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Conceptual Orientation: Schooling
as a Cultural Artifact and an
Authentic Part of Life
The Center's research program is in-
stitutional as well as developmental
in orientation. This calls for a multi-
level research perspective:
(1) With regard to the social struc-
ture of societies, formal education
can be conceived as a career-form-
ing process, even in its initial stages.
(2) From an institutional perspective,
the focus is on facilitating and fos-
tering cumulative learning within
and across subject domains.
(3) From an individual point of view,
learning development can be con-
ceptualized as a process of inter-
and intraindividual differentiation.
The Center's research agenda is
shaped by each of these perspec-
tives.
It is a structural paradox of formal
education that the experiences
made available within institutions of
formalized education are always vi-
carious—selected and prepared with
the aim of facilitating learning

processes which the learner must
nevertheless perceive as personal
and authentic. The more educational
institutions try to integrate authen-
tic everyday experiences into their
programs, the more obvious the par-
adox becomes. The acquisition of
knowledge in educational institu-
tions is confined by the structural
properties of the institution, regard-
less of whether or not authentic
learning is emphasized. This consti-
tutes the difference between learn-
ing inside and outside of school-like
institutions.
At the same time, however, school is
a central part of the student's life,
and impacts strongly on cognitive
activities, beliefs, and behavior out-
side of school. Educational institu-
tions command a large part of the
time of children, adolescents, and
young adults, and thus constitute
social environments in their own
right. The social rules and regula-
tions of educational institutions not
only create the conditions for sys-
tematic instruction and learning, but
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Introductory Overview

The Center for Educational Research was restructured in 1996 when Jürgen
Baumert was appointed director. The Center's specific concern is research
on development and learning from the perspective of institutionalized edu-
cation. Educational settings such as schools are conceived as providing a
specific structure of opportunities and constraints for learning and develop-
ment. This structure offers a variety of developmental opportunities, but at
the same time excludes others. How do aspects of schooling affect learning
within and across subject domains, impact on the intra- and interindividual
differentiation of personality traits, and guide career-forming processes?
Such questions are explored by a multidisciplinary team which includes ed-
ucational scientists, psychologists, mathematicians, and sociologists. A
strong theoretical focus is combined with an applied approach in the fields
of system monitoring, professionalization of teaching, and improvement of
learning and instruction.
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provide the setting for immediate
everyday experiences. In our re-
search program, this effect of
schooling is taken into particular
consideration in a longitudinal study
exploring individual development in
terms of cognitive competencies,
motivational and social resources,
and value commitment.
The way in which educational insti-
tutions have structured content ar-
eas into different academic subjects
determines the high domain-speci-
ficity of knowledge acquisition.
This is taken into account in our re-
search on the structure of knowl-
edge—including domain-specific
epistemological beliefs—acquired in
school. In large-scale assessment
studies, classroom studies, and ex-
perimental training studies, we
focus on domains of knowledge
which represent basic cultural
tools and, as such, are critical for
individual development in modern
societies. Mathematics and science
education and reading compre-
hension constitute main areas of
research. Special emphasis is placed
on the question of how cognitive
activation and self-regulation can
be stimulated and supported by
instructional environments.
In all our research on the interaction
between the individual learner and
the institutional educational setting,
the learner is perceived as the pro-
ducer of his or her own develop-
ment—not only in the constructivist
sense of active and idiosyncratic ac-
quisition of knowledge, but also in
the sense that he or she proactively
selects and shapes the developmen-
tal environment.

Summary Outline
The following summary of the Cen-
ter's research program is not com-
prehensive. Rather, research projects
have been selected to illustrate the
major lines of inquiry pursued in the
Center and provide a representative
overview of the three areas of our
current research.
Research Area I focuses on the re-
lationship between the opportunity
structure of schools and the opti-
mization of individual development
in terms of cognitive competencies,
motivational and social resources,
value commitment, and successful
transition to university education,
vocational training, and the labor
market. The basis for this research
program is provided by a multiple-
cohort longitudinal study which was
initiated in 1991 with a sample of
13-year-olds. In 2001 these main
cohort participants, now aged 23,
took part in a sixth wave of meas-
urement (Learning Processes, Educa-
tional Careers, and Psychosocial
Development in Adolescence and
Young Adulthood [BIJU]). BIJU is
supplemented by two longitudinal
studies focusing on students at the
end of schooling and during the
subsequent transitions: Transforma-
tion of the Upper Secondary School
System and Academic Careers
(TOSCA) and Developmental Regula-
tion during the Transition from
School to Vocational Education
(DRAMA).
Research Area II comprises studies
which can be seen as representing
the first steps in the establishment
of a national monitoring system to
gauge the performance of the Ger-
man school system. These founda-
tional studies combine basic re-



search and system monitoring in an
international comparative perspec-
tive. The most important projects in
this research area are the Third In-
ternational Mathematics and Sci-
ence Study (TIMSS), and the
OECD's Programme for Interna-
tional Student Assessment (PISA).
These studies are complemented by
the second CIVIC Education Study
initiated by the International Associ-
ation for the Evaluation of Educa-
tional Achievement (IEA). Together
with a project on state schooling in
the former GDR funded by the Ger-
man Research Foundation (DFG),
these studies provide a firm basis for
the Center's Report on Education
(Bildungsbericht), which is pub-
lished in collaboration with the Cen-
ter for Sociology and the Study of
the Life Course.

Research Area III consists of proj-
ects on learning and instruction
with an experimental or quasi-ex-
perimental approach. Most of these
studies address research questions
that have emerged directly from the
first and second areas of research.
They are conducted either in the
laboratory (ENTERPRISE) or as lon-
gitudinal studies in school environ-
ments with a strong emphasis on
teacher expertise (COACTIV). In the
field of mathematics education the
Center closely collaborates with the
Center for Adaptive Behavior and
Cognition. Building on a strong the-
oretical background, these studies
have practical implications for the
optimization of classroom instruc-
tion and teacher training.
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Inasmuch as the theoretical per-
spective of the Center for Educa-
tional Research highlights the insti-
tutional influence on human devel-
opment, it requires longitudinal
multilevel studies that collect data
at school, class, and individual lev-
els, cover more than one knowledge
domain, and allow the investigation

of intraindividual change across do-
mains and of interindividual differ-
ences in the patterns of intraindivid-
ual change. The national longitudi-
nal project Learning Processes,
Educational Careers, and Psychoso-
cial Development in Adolescence and
Young Adulthood (BIJU) fulfills the
requirements of a multilevel longi-

Research Area I
Opportunity Structures of School and Individual Devel-
opment in Adolescence and Young Adulthood

Educational Institutions as Developmental Environments
The successful development of human beings across the entire life span is
dependent both on their individual internal characteristics and on external
socializers, such as significant others and social institutions. The relative im-
portance of internal and external promoters varies across the life span and
between the areas of individual functioning. While parents, for example,
play a dominant role for their children’s development during infancy, child-
hood, and early adolescence, their influence decreases during adolescence
and often ceases entirely in adulthood. Particularly in the domain of aca-
demic learning and, more generally, cognitive development, the social insti-
tution of school plays an important role during childhood and adolescence.
Furthermore, schools have an impact on the formation or development of
motivation, emotions, attitudes, and other personal characteristics.

The Research
Team

Jürgen Baumert
Olaf Köller
(as of 2002: Uni-
versity of Erlangen-
Nuremberg)
Ulrich Trautwein
Rainer Watermann
Helmut Köhler

Ping-Huang Chang
Zoe Daniels
(until 2002)
Oliver Lüdtke
Kai Maaz
Gabriel Nagy
Regina Wolf
(predoctoral
fellows)

Figure 1. Research design
of the BIJU project.
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tudinal design in its investigation of
the effects of school and class envi-
ronments on human development.
The BIJU study has four guiding
components, each with specific
tasks and addressing specific issues:
(1) provision of institutional and
individual baseline data on the
integration of the East and West
German educational systems;
description and analysis of the
transformation of the East German
educational system and the sub-
sequent impact on system perform-
ance;
(2) analysis of domain-specific
learning as dependent on social and
cognitive resources, prior knowledge,
motivational orientation, learning
and processing strategies, quantity
and quality of instruction, and gen-
eral institutional conditions;
(3) analysis of long-term trajecto-
ries of psychosocial development in
adolescence as shaped by varying
conditions of schooling and instruc-
tion;

(4) analysis of ways of coping with
the transition from school to voca-
tional training and working life or
college, taking into account the in-
terplay of personal resources and the
conditions of the vocational training
system and the labor market.
Thus far, research has focused main-
ly on the first three guiding compo-
nents of the BIJU project. Because
all the students in the sample have
now left school, the theoretical
focus is currently shifting to the
fourth BIJU component, that is,
more emphasis is being placed on
students’ ways of coping with the
transition from school to work or to
university. BIJU is the starting point
for two supplementary studies,
TOSCA and DRAMA, which allow for
a more specific investigation of a
subset of questions concerning the
transition from school to work or
to university education.
In the following, three of the
current research projects will be
described in more detail.
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The BIJU Study Data Collection
The BIJU longitudinal study began with a survey of the main cohort (longitudinal cohort 1) during
the 1991/92 school year (see Fig. 1). Data was gathered from seventh-graders at three measurement
points. The first point of measurement coincided with the transformation of the unitary school sys-
tem of the former GDR to the tracked system adopted from West Germany. The fourth wave of data
collection was conducted in spring 1995, when the main cohort students were in the final grade of
lower secondary school. The next follow-up survey took place in Spring 1997, when the participants
were in either the vocational education system or the academic track of upper secondary level. The
sixth wave of data collection was conducted in 2001, focusing on how students have mastered the
transition from school to university or from vocational education to the labor market.
The sample of school classes comprises of some 8,000 students from 212 schools of all secondary
school types in the states of Berlin, Mecklenburg-West Pomerania, North Rhine-Westphalia, and
Saxony-Anhalt.
In Spring 1993, the sample was supplemented by a second longitudinal cohort of 1,330 students in
the final grade of lower secondary level. In order to provide a baseline for an East-West comparison
at the end of lower secondary school, a separate cross-sectional study of the tenth-grade (involving
approximately 1,600 students) was also carried out. This study concentrated on issues of political
socialization and the transition to vocational training and working life.
Overall, the BIJU design makes it possible to simultaneously analyze aspects of individual develop-
ment, the particular situation of different birth cohorts, and the impact of social change.

Associated
scientists:
Olaf Köller
(University of
Erlangen-
Nuremberg)
Kai S. Cortina
(University of
Michigan, Ann
Arbor, USA)
In collaboration
with
Jacquelynne Eccles,
Michigan Study of
Adolescent Life
Transitions—MSALT
(University of
Michigan, Ann
Arbor, USA)
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Opportunity Structures, Academic
Achievement, and Cognitive
Development in Secondary Schools
One of the basic assumptions of our
research program is that schools
represent learning environments in
which cognitive development during
adolescence may be promoted more
or less successfully. Due to its long-
term character, with five measure-
ment points over a period of six
years within the school context, the
BIJU project enables us to compare
the learning trajectories of students
in different types of secondary
schools from grade 7 to grade 12.
The findings show quite clearly that
the transition from elementary
school to different types of second-
ary school has remarkable effects on
domain-specific learning processes.
The highest achievement gains are
reached at the Gymnasium, followed
by the Realschule, the Gesamtschule
(comprehensive school), and finally
the Hauptschule. Additional analyses
show that learning differences
across the school types are not only
a consequence of reducing the
achievement heterogeneity between
students within classes, but are
mainly effects of different learning
and teaching cultures in the differ-
ent school types. Interestingly, the
different types of secondary school
do not only influence learning tra-
jectories in curriculum-based knowl-
edge, as measured with standardized
achievement tests, but also impact
on nonverbal psychometric intelli-
gence.
The rationale for the early assign-
ment to different school types in
Germany is that learning and in-
struction are supposedly more effec-
tive in relatively homogeneous

groups of students, in which teach-
ers can adapt their instructional
strategies according to the entry
achievement levels of their students.
It is, therefore, assumed that school
types differ with respect to the
demands made by instruction: The
higher the track, the more demand-
ing the classes. Being exposed to
higher demands in class should lead
to higher levels of cognitive stimu-
lation and higher gains in achieve-
ment. The different types of second-
ary school are thus assumed to pro-
vide specific learning environments
that differ with respect to how
much they promote the cognitive
functioning of their students.
The assumption that different school
types will result in different
achievement levels was tested in
a series of studies and for several
subjects. Especially for the core
subjects, such as English as a for-
eign language and mathematics,
considerable differences in achieve-
ment gains were shown even after
controlling for important precondi-
tions, such as basic cognitive abili-
ties and social background. The
steeper achievement trajectory of
Gymnasium students may not be
caused by ability-grouping per se. It
is likely that the learning environ-
ment of the Gymnasium contributes
to higher learning rates. This as-
sumption is supported by the find-
ings of the TIMS-Video study, in
which mathematics lessons in Ger-
man schools were rated by experts
on various instructional variables.
Relative to students’ prior knowl-
edge, the exercises used at the
Gymnasium are cognitively more de-
manding than in other school types,
thus helping students to learn in a

www.biju.mpg.de



more effective manner. These results
provide empirical support for the as-
sumption that different school types
in Germany represent different
learning environments, in which the
given opportunity structures have a
substantial influence on student
progress (Köller, Baumert, &
Schnabel, 1999; Köller & Baumert,
2001).
The context effect is not restricted
to curriculum-based achievement
outcomes only, but also impacts on
highly g-loaded measures of mental
ability. Because of the transforma-
tion of the school system of the for-
mer German Democratic Republic
(GDR) in 1991, the BIJU dataset is
well suited to draw conclusions
about unique schooling effects on
cognitive development. Prior to
1991, all students in the former GDR
had attended the comprehensive
Polytechnische Oberschule and thus
had experienced a similar institu-
tionalized education. After German
reunification, however, these stu-
dents were tracked in accordance

with the segregated system of the
Federal Republic of Germany (FRG).
At the beginning of the BIJU data
collection (Time 1), these students
had just been placed in either
Gymnasium or lower track schools.
A nonverbal marker test for mental
ability was available at two time
points, at Time 1, when the students
were in grade 7 and at Time 2, in
grade 10.
Our analyses replicated the well-
known finding that the choice of a
particular type of secondary school
(academic vs. vocational track) is
strongly determined by students’
prior school achievement and by
parental socio-economic status
(SES). Moreover, even after control-
ling for these variables, students’
mental ability turned out to be
highly predictive for their choices,
meaning that, all other things being
equal, brighter children were more
likely to enter the Gymnasium. This
finding indicates a self-selection
process into different types of
schooling.
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However, differences between school
tracks in psychometric intelligence
emerge not only because of self-
selection effects. Our analyses show
that prior differences increase longi-
tudinally as a function of school
type. Longitudinal multilevel and
structural equation modeling (SEM)
analyses revealed a substantial ef-
fect of school type on the develop-
ment of mental ability.
After controlling for mental ability
and social background at grade 7,
students in the academic track had
mental ability scores at the end of
grade 10 that were more than half a
standard deviation higher than vo-
cational track students. As shown in
Figure 2 for four groups of students,
gains from grade 7 to grade 10 were
larger in the Gymnasium than in the
vocational tracks of Realschule and
Hauptschule. Further research on
the details of this pattern was con-
ducted using a structural equation
model (see Fig. 3). After correcting
for measurement error, the SEM

analyses revealed a highly signifi-
cant effect of school type (Gymnasi-
um vs. others; standardized regres-
sion coefficient β = .40).
After controlling for school type
there was no effect of school-aver-
age ability score. This suggests that
institutional features of the differ-
ent school types are predictive, but
not the composition of the student
body in terms of basic intellectual
capacity. This finding is in line with
the results on the quality of mathe-
matics exercises in different types of
secondary schools reported above.
Moreover, the analyses also revealed
that parental SES did not influence
cognitive development within the
school types. Since prior differences
in all relevant variables were con-
trolled for in all reported analyses,
the differences in cognitive develop-
ment are attributable to differences
in the quality of schooling between
school tracks.
Taken together, this research shows
that different school types attract
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Figure 3. Structural equa-
tion model for predicting
mental ability in grade 10.



different student populations. The
children differ with respect to their
school achievement, parental SES,
and mental ability. Moreover, differ-
ent school opportunity structures
maximize the differences in stu-
dent’s intellectual abilities in the
long run. The substantial effect of
schools or school types on cognitive
development reaches beyond the
confines of curriculum-based knowl-
edge. Possible pedagogical implica-
tions of these results include the
provision of more favorable oppor-
tunity structures in vocational track
schools, in order to improve the
cognitive development of the stu-
dents in these schools.

Opportunity Structures and
Nonacademic Outcomes
The impact of contextual factors is
not confined to progress in specific
subjects and basic cognitive abili-
ties. Many studies have also demon-
strated the malleability of self-
concepts, academic interests, and
societal beliefs in different or
changing contexts. The BIJU design
extends beyond the effects of school
types, outlined in the previous chap-
ter, to include further contexts that
are important for individual devel-
opment. Here this will be illustrated
by the dynamics of self-concept of
students from West and East Ger-
many after reunification. A second
study focuses on the effects of
school-to-work-transition on stu-
dents’ societal beliefs.

Context Effects on the Dynamics of
Self-Concept
Context effects on self-concepts are
pervasive in the educational context.
For instance, the results of several

studies indicate that academic self-
concepts of adolescents drop after
the transition to high school. One
possible reason for this decrease in
the mean level of self-concept of
high school students is the in-
creased emphasis on achievement
and competence evaluation in high-
er grades. Moreover, transitions into
more academically selected classes
tend to have a deteriorating effect
on the self-concept of high-achiev-
ing students. These findings were
confirmed by the BIJU study, which
allowed the development of self-
concept of East German students to
be examined after introduction of
the three-tier school system (Marsh,
Köller, & Baumert, 2001). Thus, there
is clear evidence that changing
social comparison groups impact on
the mean level of self-concepts in
a particular subgroup.
However, contextual effects may not
be restricted to the mean level of
self-concepts; they may also affect
the structure of self-concept or even
moderate the dynamics of self-
concept, that is, the directionality of
causal effects between more global
self-concepts (such as self-esteem;
e.g., “At times I think I am no good
at all”) and more domain-specific
self-concepts (such as mathematics
self-concept; e.g., “Nobody’s perfect,
but I am just not good at maths”).
Whereas some classic models em-
phasize bottom-up effects (i.e.,
effects from domain-specific self-
concepts to more global self-
concepts), other researchers have
adopted a top-down perspective.
Because East and West German stu-
dents experienced very different
school environments prior to and
shortly after reunification, the BIJU
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study design provides a unique op-
portunity to examine the moderat-
ing role of context factors on the
dynamics of self-concept.
When the Wall came down, the
newly established East German
states decided to replace their uni-
tary school system with the West
German school system. Therefore,
East German students experienced a
profound change in their school en-
vironment. In addition to differing
structural elements (comprehensive
school system vs. tracking system),
there were several other differences
in the East and West German school
environment. For instance, it was an
explicit educational goal in East
Germany to foster accurate self-
evaluations. “Accurate self-evalua-
tion,” which essentially meant that
students were expected to conform
with the teachers’ evaluation, was
seen as a prerequisite for “creating
harmoniously developed socialistic
personalities.“ Accordingly, teachers
in East Germany emphasized social
comparisons in their classes. Their
feedback stressed the relative per-
formances of individual students
and was given publicly in front of
the entire class throughout the
school day and in public settings
outside of school. Hence, in the
BIJU study the members of the East
German sample differed greatly from
their West German counterparts.
Given the differences between East
and West in the school environment,
we expected the school context to
moderate the relationship between
more specific and more general self-
concepts (Trautwein, in press). More
precisely, we expected to find more
empirical support for bottom-up
effects in the dynamics of self-

concept in East Germany than in
West Germany for two reasons. First,
because the East German school
system put more emphasis on social
achievement comparisons, academic
achievement can be expected to be
of greater relevance to the general
self-concept of East German stu-
dents. Although the East German
school system was replaced by the
West German system, we assumed
that these elements of the teaching
culture should remain stable for
some time. Second, these students
had to deal with a major shift in
their school environment shortly be-
fore our study commenced—namely,
the introduction of a tracked sys-
tem. For most students, this meant
placement in a new class, the expe-
rience of new teachers, and the
establishment of new school poli-
cies. Such changes in the school
environment (e.g., grading practices
and a different social comparison
group) might lead to a readjustment
of domain-specific self-concepts
which, in turn, will affect global
self-esteem. Accordingly, relative to
their West German counterparts,
bottom-up effects should be
stronger in students from East
Germany.
The hypothesis was tested in a
three-wave cross-lagged panel de-
sign. The study took place shortly
after German reunification, using a
sample of 5,648 students from West
and East Germany. Mathematics and
German school grades and domain-
specific self-concepts in German
and mathematics were sampled in
addition to global self-esteem.
Moreover, the effects of school type
were controlled. Overall, the results
supported our hypotheses. The inter-
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relationship between self-esteem
and mathematics self-concept is il-
lustrated in Figure 4. As can be seen,
the stability of self-esteem and self-
concept was high in both the West
and the East German sample. How-
ever, stronger bottom-up effects
were found in the self-concept de-
velopment of East German students
(values following the slash), whereas
top-down effects predominated in
West German students. Thus, the
study indicates that context effects
do not only influence the mean
level of self-concept, but also might
moderate the dynamics of self-
concept.

Context Effects on the Dynamics of
Societal Beliefs
In modern liberal societies, middle
and late adolescence is known to be
the formative period for developing
political identity. It is often argued
that adults’ political attitudes and
values are shaped in part by the way
they dealt with social experiences
during this developmental phase.
One key component of political
identity formation concerns the
process of acquiring and modifying

a general understanding about the
causes of social inequality in a given
society. For instance, people make
sense of societal issues such as
social upward mobility (i.e., being
successful in one’s life or career) by
identifying their causes. Causal ex-
planations for social upward mobili-
ty typically fall into two broad cate-
gories: either individual factors or
societal factors are held responsible.
Whereas individual or dispositional
factors refer to differences in moti-
vation, effort, or capability (e.g., “in
order to get ahead in life you have
to be talented and smart”), societal
or situational factors refer to condi-
tions of birth or social background
(e.g., “in order to get ahead in life
you have to come from the right
family”). The results of several stud-
ies indicate that both individual and
societal explanations for social suc-
cess can be found in an individual’s
belief system.
In order to gain a more accurate in-
sight into why people develop par-
ticular explanations for social up-
ward mobility, contexts have to be
taken into account. General ideas
about “how society works” are
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Figure 4. The dynamics of
self-concept. T1, T2, T3 =
measurement point. Num-
bers left of slash: scores
for West German students;
numbers right of slash:
scores for East German
students.

Key Reference

Watermann, R. (in press).
Gesellschaftsbilder im Ju-
gendalter. Vorstellungen
Jugendlicher über die Ur-
sachen sozialer Mobilität
[Adolescents’ views of so-
ciety: Their causal beliefs
in upward mobility].
Opladen: Leske + Budrich.

T1-self-
esteem

T1-math
self-concept

.49***/.45***

.21***/.24***

.01/.14***

.10***/.05

.66***/.59***

.12***/.03

.39***/.42***

.16***/.12***

.47***/.62***

.01/.13***

.28***/.28*** .24***/.21*** .17***/.20***

*** p < .001.

T2-self-
esteem

T3-self-
esteem

T2-math
self-concept

T3-math
self-concept



learned during childhood and early
adolescence in the family context
and in school. Particularly the school
system fosters beliefs in the efficacy
of individual factors such as effort
and ability. In middle and late ado-
lescence, students’ growing personal
experience as well as their more
sophisticated reasoning, critical ana-
lysis of society initiated by various
subjects at school, and intense ex-
change among peers may stimulate
the awareness that both individual
and societal factors may be impli-
cated. At this stage, the belief
system is assumed to be relatively
unstable and open to diverse influ-
ences.
One of the great challenges for ado-
lescents’ societal beliefs is, of
course, the school-to-work transi-
tion. Conflicts between personal
beliefs and experiences acquired
during this stage are not unlikely to
occur. The German school system, in
which students are allocated to one
of three secondary tracks according
to their ability level, is particularly

well suited for investigating the
effects of the school-to-work transi-
tion in general, and the importance
of individual experience in particu-
lar. In Germany, vocational-track
students (but not their counterparts
in the academic track) typically face
the transition from school to ap-
prenticeship or other types of voca-
tional training at the end of grade
10. Particularly in a tight labor mar-
ket, students reflect on the difficul-
ties facing adolescents entering vo-
cational training after school. Their
experiences during the transition
from school to work are likely to
conflict to some degree with beliefs
about the efficacy of individual fac-
tors developed in school. Thus, the
interplay of peer context and the
school-to-work transition may make
young adults more aware of situa-
tional and societal factors that
might account for differences in
social upward mobility.
In light of these considerations, we
expected experiences gained during
the school-to-work transition to im-
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Figure 5. Results of multi-
ple-group longitudinal
factor analysis. Numbers
left of slash: scores for ac-
ademic track students;
numbers right of slash:
scores for vocational track
students.
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pact on the stability and change of
school leavers’ beliefs about social
upward mobility. Specifically, youths
with a less successful transition
from school to work (i.e., students
who did not manage to find an ap-
prenticeship in their desired occupa-
tion) are expected to be more likely
to endorse societal factors than
those who have been successful.
Longitudinal data were collected
from N = 1,455 German students in
grade 10 (in the school year 1995)
and again in 1997 when they were
in grade 12 (academic-track Gymna-
sium) or in vocational training. Stu-
dents were asked: “What do you
think is necessary in our society to
be successful in one’s life and
career?” Two factors were derived
based on participants’ responses to
12 Likert-type items (1 = strongly
disagree to 4 = strongly agree) that
tapped their beliefs about the rele-
vance of individual (e.g., “you have
to make an effort and work hard”)
and societal factors (e.g., “you have
to have money and wealth” or “you
have to have the right connec-
tions”).

Results of a multiple-group (acade-
mic-track Gymnasium vs. non-
academic school types) two-wave
factor analysis revealed significant
group differences in the stability
over time of beliefs about the im-
portance of societal factors for up-
ward mobility (r = .57 vs. r = .29).
Lower stability in the nonacademic
group indicates that the transition
from school to work impacts on the
formation of societal beliefs as an
ecological context variable. Group
differences in the stability of the
importance accorded to individual
factors were not significant (see
Fig. 5).
Our findings also show that the per-
ceived efficacy of individual factors
predominates in the whole sample.
In line with developmental studies,
our data provide evidence for an in-
crease in the perceived relevance of
individual factors (not illustrated).
However, as expected, adolescents
who did not find an apprenticeship
in their desired occupation become
more cognizant of societal factors
(see Fig. 6). Further analyses showed
that this change is at least partly
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explained by the tendency to blame
the system. Although students
become more critical about societal
allocation mechanisms, the per-
ceived efficacy of individual factors
for getting ahead in life remains
unaffected. In contrast, a successful
transition was related to a decline in
the perceived importance of societal
or situational factors.
Our results suggest that adolescents’
views about the causes of upward
mobility may develop in concert
with the experiences they gain in
their developmental contexts. With
regard to the process of political
socialization, it is noteworthy that—
despite an increase in the awareness
of societal factors—there seems to
be a consensus among young people
that unequal social outcomes reflect
differences in individual effort and
ability. Thus, adolescents learn to
balance individual and societal ex-
planations for social upward mobili-
ty. From a human development per-
spective, the maintenance of beliefs
about the relevance of individual
causes can be considered highly
adaptive and an important resource
for adolescents’ future career man-
agement.

Opportunity Structures and the
Transition from School to Work or
University
The BIJU study as well as the sup-
plementary data supplied by the
TOSCA and DRAMA studies provide
a deeper insight into the transition
from school to work or from school-
to-university education. In our ap-
proach, the focus is on the predic-
tors of successful transition, taking
into account individual resources as
well as certain aspects of the aca-

demic context. In a first step, the
TOSCA project is currently concerned
with students from two academic
settings, “berufliches Gymnasium”
(vocational Gymnasium) and “allge-
mein bildendes Gymnasium” (tradi-
tional Gymnasium): How do they
differ? Do they reach the same
levels of qualification for university
access and successful university
education?
Due to the opening up of the educa-
tional system, university access in
Germany has become more diversi-
fied (Köller & Baumert, 2002a).
Tracks leading to the General Higher
Education Entrance Qualification
now include the Integrated Compre-
hensive School (Integrierte Ge-
samtschule) and the vocational
Gymnasium as well as the tradition-
al Gymnasium. The former two have
the important role of providing an
access to university education for a
population that, traditionally, tended
to be averse to the preuniversity
tracks of secondary school. There is
solid evidence that, on their en-
trance to upper secondary level, stu-
dents of the traditional Gymnasium,
on the one hand, and students of
the vocational Gymnasium and the
Integrated Comprehensive School,
on the other hand, significantly dif-
fer in their social and educational
backgrounds. For instance, about
80% of the students at vocational
Gymnasiums in Baden-Württemberg,
currently under review by TOSCA,
had initially attended schools of the
non-preuniversity type. Thus, voca-
tional Gymnasiums help to ensure
that a sufficient number of students
are qualified for university educa-
tion. This school type is a typical ex-
ample of the opening up of universi-
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ty access—previous choices prompt-
ed by the three-tier school system
can be more easily revised.
Differences in students’ educational
and social backgrounds lead to dif-
ferences in the achievement levels
reached in the traditional and in the
vocational Gymnasiums. Therefore, it
seems more reasonable to focus on
the extent to which students of the
vocational Gymnasium attain the
minimum standards needed for suc-
cessful university education, rather
than on the issue of differences in
overall achievement. Furthermore, as
a matter of distributive justice, ef-
forts should be made to ensure that
assessment standards in different
school types are comparable.
Laying down minimum standards is
not always an easy task because of
the lack of criteria that teachers and
school and university administrators
agree upon. However, there are
achievement tests for which some

practical criteria exist (e.g., college
entrance exams) and tests for which
proficiency levels have been defined
on a sound theoretical basis. In the
TOSCA project (Köller, Watermann,
Trautwein, & Lüdtke, in press),
we stick to such well-established
instruments.
For assessing mathematics achieve-
ment, the preuniversity mathematics
test from the Third International
Mathematics and Science Study
(TIMSS) was used. This use of TIMSS
tasks, on the one hand, provides a
basis for comparing results with the
national average and, on the other
hand, allows for academic achieve-
ment to be interpreted in terms
of the proficiency levels defined in
TIMSS. These proficiency levels can
be described as critical thresholds in
achievement, above which there is
sufficient probability that students
will provide the correct response to
advanced mathematics questions
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The TOSCA and DRAMA Studies—Research Goals and Database
The TOSCA project combines educational and developmental questions. On the educational side,
TOSCA examines the opportunity structures for students with different backgrounds, attainment of
educational standards in German upper secondary schools, and the comparability of school-leaving
certificates in Germany. It also attempts, on the basis of multiple measures and assessments, to pre-
dict the academic choices students from different backgrounds are likely to make.
The TOSCA project encompasses data of about 4,700 students in their last year of upper secondary
education (about age 17–19). All students were sampled from Baden-Württemberg, and they attend-
ed either “allgemein bildendes Gymnasium“ (traditional Gymnasium) or one of five forms of “beruf-
liches Gymnasium“ (vocational Gymnasium). The first wave of data collection took part in March to
May 2002. A second wave of data collection in November to December 2003 is planned, thereby
opening a longitudinal perspective. By that time, a large proportion of the students (> 50%) will
attend college.
TOSCA measures focus on academic achievement variables (e.g., TIMSS tests, TOEFL scores) and cog-
nitive abilities (indicators of mental ability). Additional instruments include student self-reports on
motivation and personal goals, academic and nonacademic self-concept, interests, and family back-
ground. Moreover, the students’ school and family context was further examined using teacher,
school headmaster, and parental reports.
The DRAMA longitudinal study examines the microsequential change of adolescents’ goal engage-
ment in the transition from school to work in 760 adolescents in grade 9 and 10 of German compre-
hensive schools (N = 760). Students were examined at the beginning and the end of grade 9 and
five more times at intervals of two months during grade 10, and there are several follow-ups after
the transition to working life. Currently, goal-related strategies for the developmental goal “finding
an apprenticeship” and “qualifying for the upper level of the preuniversity school track” are a primary
research interest.
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which call for particular knowledge
or skills. Here, sufficient probability
is defined as a 65% probability that
the correct answer will be given. In
TIMSS four different levels of math-
ematical proficiency were defined.
On the lowest level, tasks involve
elementary, everyday reasoning.
Level II, characterized by the correct
application of routine procedures
which should as a rule have been
acquired before the end of compul-
sory schooling, constitutes the lower
limit of what can be expected from
students at the end of upper sec-
ondary school (Abitur). A consider-
able share of these students, how-
ever, should be able to cope with
Level III tasks, since these represent
typical upper secondary level con-
tent. The tasks posed on Level IV not
only require knowledge typical of
upper secondary level mathematics,
but call for independent argumenta-
tion and problem solving. The desir-
able minimum standard for English

can be defined as the achievement
level which will enable students
with Abitur to pursue a university
education in Anglo-American coun-
tries. The Test of English as a Foreign
Language (TOEFL), which was elabo-
rated by the Educational Testing
Service (ETS) in Princeton, New
Jersey, has been generally accepted
as a standard instrument for testing
English language proficiency in stu-
dents with English as a foreign lan-
guage, who are planning to study in
English-speaking countries. In the
USA, the lower limit is by now fixed
at a minimum score of 500, with
prestigious universities relying on a
cut-off point of 550 or more. In the
TOSCA study, a specifically validated
short version of an older TOEFL was
used.
First analyses for mathematics re-
vealed that achievement levels were
positive as compared to the national
level while, at the same time,
marked differences in achievement
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levels were shown between the
vocational Gymnasium and the tra-
ditional Gymnasium (cf. Fig. 7).
English scores of at least 500 (TOEFL
test) were achieved by more than
half of the students with Abitur in
the TOSCA sample—their English
proficiency, thus, being no obstacle
to studying in the USA. Here again,
however, marked differences be-
tween school types were revealed.
Results from TOSCA so far suggest
that differences in the opportunity
structures of different school types
have a significant effect on academ-

ic achievement. As had been expect-
ed, differences in students’ social
backgrounds and prior knowledge
could not be compensated. What,
then, are the consequences of these
differences in the achievement lev-
els reached in various subjects for a
long-term prediction of success in
university education? The longitudi-
nal design of the TOSCA study,
which in future steps will focus on
indicators for success in university
education, will provide the basis for
a more detailed examination of this
issue.

Center for Educational Research 79

The Center for Educational Research 2002

Left to right: (front row) Gundel Schümer, Mareike Kunter, Nele Julius-McElvany, Ping-Huang Chang, Ulrich Trautwein; (middle row): Oliver
Lüdtke, Anke Demmrich, Ilonca Hardy, Anja Felbrich, Jürgen Baumert, Elsbeth Stern, Petra Stanat, Martin Brunner; (back row): Helmut
Köhler, Thomas Rochow, Rainer Watermann, Michael Schneider, Cordula Artelt, Regina Wolf, Gabriel Nagy, Stefan Krauss, Kai Maaz.



In the past, the Organization for
Economic Cooperation and Develop-
ment (OECD) used the results of
studies such as the Third Interna-
tional Mathematics and Science
Study (TIMSS) as performance indi-
cators for the comparison of the
education systems in its member
states. Data on student performance
are a regular feature of the OECD’s
annual publication “Education at a
Glance“ (OECD, 2002). In 1997, the
OECD launched its own program to
monitor the outcomes of education
systems in terms of student achieve-
ment, and to provide internationally
comparable indicators for central
domains on a regular basis. All 16
of the German states participate in
this Programme for International
Student Assessment (PISA), which
builds on the experiences of TIMSS,
but seeks to achieve qualitative im-
provement in many respects. As was
the case for TIMSS, the Center for
Educational Research chairs a con-
sortium responsible for the national
management of PISA.
In addition to TIMSS and PISA, we
are also involved in the Civic Educa-
tion Study, a collaborative project of
28 countries conducted under the
auspices of the International Associ-

ation for the Evaluation of Educa-
tional Achievement (IEA). Funded by
the German Research Foundation,
the Center for Educational Research
implemented the international de-
sign and extended it with a number
of national supplements. In Spring
of 1999, 3,700 8th-grade students
participated in the assessment
which included knowledge tests and
attitude items relating to such as-
pects as democracy, social and eth-
nic disparities, and national identity.
The national report on the results
of the assessment was published in
2002 (Oesterreich, 2002).
With its involvement in internation-
al large-scale assessment studies
such as TIMSS, PISA, and Civic Edu-
cation, the Center for Educational
Research pursues several goals.
In addition to helping to establish
a monitoring system based on state-
of-the-art theoretical and method-
ological foundations, we utilize
the opportunities these studies
afford for basic research (Stanat &
Baumert, 2001). Based on theoreti-
cal approaches from psychology,
sociology, and education, we have
systematically extended the inter-
national design of each of the three
projects, allowing us to explore ba-
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sic research questions from multiple
perspectives with representative
samples of students. Examples of
such investigations will be presented
below.
Using the instruments developed
within the large-scale assessment
projects, moreover, our Center has
carried out several studies designed
to evaluate innovative school pro-
grams. These studies demonstrate
how system monitoring and school
effectiveness research—two tradi-
tions that, for a long time, were
considered to be largely incompati-
ble—can be linked. In one of the
projects, five comprehensive schools
with unique profiles in the Land of
Hesse were examined with tests and
questionnaires from TIMSS and BIJU
(see Research Area I). This project
has three goals. First, it examines
whether comprehensive schools with
innovative programs differ from oth-
er comprehensive schools in terms
of the composition of their student
bodies and in terms of achievement
levels in mathematics. Second, the
study analyzes the extent to which
cognitive and noncognitive goals of
schooling are compatible and shows
how instruments from large-scale
assessments can be used to explore
such questions. Finally, by providing
comprehensive feedback on the
results, it shows how individual
schools can utilize information from
assessment studies for school devel-
opment (Köller & Trautwein, 2003).
In a related project, instruments
from PISA and the Civic Education
Study were used to evaluate the
Laborschule Bielefeld, a prime exam-
ple of a school which has imple-
mented substantial structural
changes. With its strong emphasis

on developing the skills and orienta-
tions necessary to function as an
autonomous citizen, the school tries
to provide an environment that
functions like a small society and
gives students the opportunity to
experience being part of a demo-
cratic system. The evaluation study
explores the extent to which such a
set-up can succeed in simultaneous-
ly fulfilling the goals it aims to
achieve in the domains of personali-
ty development and civic education
as well as in the curricular domains
of reading, mathematics, and
science (Stanat, Watermann, Traut-
wein, Brunner, & Krauss, in press).
In addition to assessing existing
programs, the Center for Educational
Research has also evaluated a new
curriculum designed to improve
mathematics instruction. Again, us-
ing tests and questionnaires from
TIMSS, this study takes advantage of
the opportunities that large-scale
assessments offer in terms of instru-
mentation and benchmarking infor-
mation, and provides an example of
a productive connection between
system monitoring and school-level
evaluation (Klieme, Baumert, &
Schwippert, 2000).

The Programme for International
Student Assessment (PISA)
The Programme for International
Student Assessment (PISA) is de-
signed to provide information on the
outcomes of school systems in the
participating countries. The project
assesses the knowledge, skills, and
competencies of 15-year-old stu-
dents in reading, mathematics, and
science, as well as in cross-curricu-
lar domains. Because the assess-
ments take place on a regular basis,
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with three-year cycles, the study
presents a tool for monitoring
changes in the performance of
countries’ education systems and for
gauging the effects of measures
taken to improve learning outcomes.
Another important feature of the
PISA project is that it allows for na-
tional additions to the international
design. This gives national commit-
tees the opportunity to address
research questions that are of par-
ticular interest to them. The German
PISA consortium has made extensive
use of this opportunity and supple-
mented the program such that cen-
tral research questions in education
and educational psychology can
be addressed. Table 1 lists some of

these national additions to the in-
ternational design. As part of the
national options, moreover, the Ger-
man ministers of education decided
to enlarge the PISA sample such
that it provides reliable estimates
for the individual states and allows
results to be compared across the
states. Thus, the monitoring ap-
proach in Germany includes both an
international and a national per-
spective.
PISA allows for in-depth analyses
of the outcomes of educational
systems within and across the par-
ticipating countries. The project is
designed to yield three types of
indicators:
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Table 1
Some national supplements to the international PISA design for analyses of

knowledge structures and their determinants

Reading

• Assessment of
learning from
texts as a com-
ponent of
reading literacy
distinct from
working with
texts

• Assessment of
proximal an-
tecedents of
text compre-
hension to
identify possi-
ble points for
intervention

Mathematics

• Fine-grained
differentiation
and description
of competency
classes

• Addition of a
broader range
of items assess-
ing aspects of
mathematical
literacy not cov-
ered by the in-
ternational test

• Ratings of items
based on a the-
ory of cognitive
demands

• Identification of
effects of cur-
ricular and di-
dactical tradi-
tions on knowl-
edge structures

Science

• More compre-
hensive assess-
ment of under-
standing of sci-
entific concepts
to test the dis-
tinction be-
tween concept
and process
components of
scientific liter-
acy

• Identification
and description
of competency
levels

• Differentiation
of five cognitive
competencies
defined in terms
of processes in
working out sci-
ence problems

Cross-curricular
competencies

• Assessment of
general prob-
lem-solving
skills and vali-
dation of the
construct

• Assessment of
aspects of social
competence

• Exploration of
the role schools
play in the de-
velopment of
cross-curricular
competencies

Student
background

• Assessment of
mental ability
as a control
variable for es-
timating effects
of individual-
level and
school-level
factors

• Assessment of
additional indi-
cators for stu-
dents’ social
background

• More differenti-
ated assessment
of families’ mi-
gration history

• Assessment of
peer-group
characteristics



• Profiles of the knowledge and
skills acquired by students ap-
proaching the end of compulsory
education in curricular and cross-
curricular domains. These profiles
pinpoint the strengths and weak-
nesses of educational systems and
locate areas requiring action.

• Contextual indicators relating per-
formance to student and school
characteristics. Information on
these relationships can shed light
on the effectiveness of education-
al systems (e.g., to what extent
they succeed in weakening the
link between student performance
and social background) and draw
attention to possible points of in-
tervention.

• Trend indicators showing how re-
sults change over time.

Data collection for the first cycle of
PISA took place in the year 2000,
and the first national report was
published in December 2001
(Baumert et al., 2001). Two further
reports presenting detailed analyses
of performance profiles in the Ger-
man federal states appeared in June
2002 and March 2003 (Baumert
et al., 2002, 2003). In addition to
the level of performance, both the
international and the national re-
ports explore issues of equity in

depth. The first cycle of PISA in-
cludes a carefully designed assess-
ment of students’ socio-economic
background, cultural capital, and
social capital. The data provide a
unique opportunity to examine the
relative role of these factors for
school success in different educa-
tional systems. Analyses of the ef-
fects of socio-economic background
on student performance, and of the
ways these effects are mediated,
will be presented below, after a
description of the test design and
some of the main assessment
results.

International Test Design and
National Extensions
PISA does not seek to examine
whether students have acquired a
specific knowledge base. Rather, it
aims to assess the extent to which
young people have developed a
deeper understanding of central
concepts; master processes such as
modeling situations, communicating
results, or critically evaluating infor-
mation; and are able to apply this
conceptual and procedural knowl-
edge in various contexts (OECD,
1999/Deutsches PISA-Konsortium,
2000).
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Reading Literacy
Each cycle of the international PISA
program will focus on one of the
three assessment domains. In the
first cycle, this major domain is
reading. The international frame-
work for the assessment of reading
literacy is largely based on a struc-
tural model developed by Kirsch and
Mosenthal (1998), which strongly
influenced both the U.S. National
Assessment of Educational Progress
(NAEP) and the OECD’s International
Adult Literacy Study (IALS). At a
general level, this model distinguish-
es between a primarily text-based
and a more knowledge-based aspect
of reading comprehension. Whereas
the former relies almost exclusively
on information provided in the text,
the latter also draws on prior knowl-
edge. These two aspects are further
broken down into five types of de-
mands that readers encounter when
working with texts, namely retriev-
ing information, developing a broad
understanding, and developing an
interpretation, on the one hand
(representing text-based compre-
hension), as well as reflecting on the
content of the text and reflecting on
the form of the text, on the other
(representing more knowledge-based
comprehension). For the purposes of
reporting, these demands are col-
lapsed into three scales summarizing
students’ performance in retrieving
information, in interpreting texts,
and in reflecting and evaluating.
The PISA reading assessment covers
a broad range of text types. In addi-
tion to continuous texts, which are
typically organized in terms of
sentences and paragraphs, it also
includes noncontinuous texts, such
as graphs, tables, and forms, that

present information in a variety of
different ways. Thus, PISA adopts a
relatively broad notion of what
constitutes a text.
The international approach examines
reading comprehension in the con-
text of working with texts. In the
test, students were allowed to refer
back to the text while answering
questions about it. This approach
clearly captures an important aspect
of reading literacy. Yet, reading liter-
acy also encompasses the ability to
generate mental representations of
a text such that the information can
be used at a later point in time,
without having to consult the docu-
ment again. This aspect, which can
be described as learning from texts,
was assessed in the national exten-
sion of the international PISA
design. The national test is based on
the psychological theory of text
comprehension developed by Kintsch
(1998) and van Dijk and Kintsch
(1983). This theory differentiates
three types of text representations:
verbatim representations, which
result from the basic processing of
a text’s surface; prepositional
representations, which capture the
meaning of texts; and situational
representations, which integrate the
information from the text with
prior knowledge. By separating the
reading or learning phase from the
test phase, the national test assesses
each of these representations.
More specifically, students answered
questions about a text they had
read without being able to refer
back to it. Using methodology devel-
oped within the framework of prob-
abilistic test theory, analyses explor-
ing the dimensionality of the inter-
national and national reading tests
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show that they do, in fact, capture
distinct competencies (Artelt,
Stanat, Schneider, & Schiefele, 2001;
Artelt, Schiefele, & Schneider, 2001).

Mathematical Literacy
The international PISA framework
for the assessment of mathematical
literacy is strongly influenced by the
“realistic mathematics“ approach
introduced by Hans Freudenthal. The
approach starts with the assumption
that mathematical concepts and
ideas have primarily been developed
as tools for grasping and structuring
phenomena of the physical, social,
and mental world. In line with this
assumption, the international PISA
test consists mainly of items that
require students to apply their
knowledge and skills in authentic
situations. Moreover, the composi-
tion of the test reflects the idea that
problems involving modeling and
application present the best indica-
tors for mathematical understand-
ing. The “realistic mathematics“
approach reflects current ideas on
constructivist teaching and situated
learning that are quite popular in
research on instruction (see Re-
search Area III).
The national PISA consortium ex-
tended the notion of mathematical
literacy adopted in the international
framework to develop a broader
conceptualization of the domain.
This conceptualization is based on a
process view of working out mathe-
matical problems that draws on
models from cognitive psychology
(Kintsch & Greeno, 1985; Reusser,
1992, 1996) and mathematics edu-
cation (Blum, 1996; Schupp, 1988).
According to this view, which is
depicted in Figure 1, solving mathe-

matical problems requires the per-
son to link an initial situation with a
mathematical model (“mathematiza-
tion“). The model has to be identi-
fied, processed, interpreted, and
validated. Although the situation in
which the problem presents itself
may involve an authentic, real-life
context, it may also be situated
strictly within the world of mathe-
matics. In working on complex prob-
lems, the circle of mathematization,
processing, interpreting, and validat-
ing will have to be completed more
than once. Thus, it is assumed that
this notion of mathematical model-
ing describes the general process in-
volved in working on different kinds
of problems.
Using the theoretical framework of
mathematical modeling as a starting
point, the national consortium fur-
ther differentiated the three compe-
tency classes defined for mathemat-
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ical literacy in the international PISA
framework, thus providing a more
fine-grained conceptualization of
mathematical competency. In order
to capture the elements of this
model, the international test design
was extended by a broader range of
items that were administered on a
second, national test day. Based on
theoretical approaches from mathe-
matics, mathematics education, and
cognitive psychology, moreover, a
model of cognitive demands was de-
veloped. Trained experts applied this
model to rate the cognitive demands
of each item used in PISA. The as-
sessment data and item ratings were
used, among other things, to test
hypotheses about the structure of
mathematical competency, to iden-
tify and describe levels of mathe-
matical proficiency, and to gauge
the effects of traditions in mathe-
matics education on structures of
mathematical knowledge and skills
(Klieme, Neubrand, & Lüdtke, 2001;
Neubrand, Klieme, Lüdtke, & Neu-
brand, 2002).

Scientific Literacy
As is the case with mathematics, the
first cycle of PISA assesses scientific
literacy as a minor component. In
line with the Anglo-American notion
of scientific literacy, as described in
the Benchmarks for Science Literacy
published by the American Associa-
tion for the Advancement of Sci-
ence, for example, the international
PISA framework emphasizes process
skills. It defines processes as “mental
(and sometimes physical) actions
used in conceiving, obtaining, inter-
preting, and using evidence or data
to gain knowledge or understand-
ing“ (OECD, 1999, p. 61) and distin-

guishes five such processes: (1) rec-
ognizing scientifically investigable
questions, (2) identifying evidence
needed in a scientific investigation,
(3) drawing or evaluating conclu-
sions, (4) communicating valid con-
clusions, and (5) demonstrating the
understanding of scientific concepts.
Although some scientific knowledge
is needed for all five processes, only
the fifth primarily focuses on this
aspect of scientific literacy. In other
words, the understanding of scien-
tific concepts is not intended to be
the main challenge in working out
items designed to assess the first
four of the processes covered in the
international PISA test.
The national framework for scientific
literacy differentiates the interna-
tional conceptualization from two
perspectives. First, to ensure compat-
ibility with the German curriculum,
the subdomains of biology, physics,
and chemistry are distinguished such
that students’ performance can be
evaluated separately for each of
these school subjects. Second, the
framework adopts a psychological
perspective and defines five cogni-
tive competencies representing basic
building blocks of scientific literacy.
These competencies are described in
terms of processes involved in work-
ing out science problems, such as
transforming information from
graphs or diagrams, using knowledge
of scientific concepts or facts, or
applying a mental model. Again, we
extended the international test
design for the science domain with
national items that were adminis-
tered on the second day of testing.
Analyses of the complete item pool
confirm that the five cognitive com-
petencies form distinct components
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of scientific literacy. Using this dis-
tinction, moreover, profiles of
strengths and weaknesses could be
identified for different student
groups, such as male and female
students and students from former
East and West German states.

Assessment of Cross-Curricular
Competencies
PISA is the first international assess-
ment study that goes beyond the
measurement of knowledge and
skills in curricular domains and at-
tempts to capture so-called cross-
curricular competencies that can be
applied in a broad range of situa-
tions. This approach follows the
general idea that the goals of formal
education are not restricted to max-
imizing curriculum-based knowl-
edge. In the first cycle of PISA, cog-
nitive, metacognitive, and motiva-
tional prerequisites of self-regulated
learning were assessed in most par-
ticipating countries. The instrument
for this part of the assessment was
developed by PISA-Germany in col-
laboration with the OECD and the
University of Groningen. It is based
on Boekaerts’s (1997) model of self-
regulated learning, which assigns
equal status to the cognitive and
motivational components of learn-
ing. Boekaerts defines self-regulated
learning as a complex interactive
process involving motivational as
well as cognitive self-regulation.
Ideally, at the end of their school
career, students should have
acquired not only competencies in
school subjects, but also the ability
to evaluate whether their approach-
es to learning are effective and to
gauge their own levels of interest,
motivation, and proficiency. Motiva-

tion is vitally important for young
people leaving school. Similarly, the
capacity to evaluate one’s own ef-
fectiveness and learning strategies is
relevant for working life as well as
for leisure activities. A positive self-
concept, finally, helps individuals to
overcome barriers in such activities.
By analyzing students’ approaches
to learning, namely their motivation,
their use of learning strategies, and
their academic self-concepts, PISA
focuses on central prerequisites for
effective self-regulation and lifelong
learning. These characteristics play a
central role when it comes to the
prediction of students’ competencies
as measured with the PISA literacy
tests. The picture that emerges from
the international data is relatively
consistent across the participating
countries: Students who have
acquired the prerequisites for self-
regulated learning are at a relative
advantage in developing academic
competencies (Artelt, Baumert,
Julius-McElvany, & Peschar, in
press).
Within the framework for self-regu-
lated learning, the role of motiva-
tional dispositions in academic do-
mains is explored. In addition, we
conducted an experiment to test the
effects of different types of test mo-
tivation on student performance. In
this experiment, we investigated the
impact of (1) social incentives asso-
ciated with participation in an inter-
national study, (2) informational
feedback on performance, (3) grades,
and (4) performance-contingent
financial rewards. The findings
suggest that all of these conditions
make the various components of
test motivation equally salient. Con-
sequently, no differences were found
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with respect to either intended and
invested effort or test performance
(Baumert & Demmrich, 2001).

Performance Profiles in Curricular
Domains: Results of International
and National Comparisons
How well did students in Germany
and within the German states per-
form on the PISA tests? In reading
(see Fig. 2) as well as in mathemat-
ics and science, student perform-
ance in Germany falls below the
OECD average. The differences be-
tween the German mean and the
means of the highest performing
countries are equivalent to achieve-
ment gains of one-and-a-half to
two academic years.
Particularly in reading, variation in
student performance is compara-
tively large in Germany. The gap

between the lowest and the highest
achieving students is wider than in
any of the other participating coun-
tries. The large disparities in student
performance are attributable prima-
rily to the particularly poor results
of the least proficient students (see
left half of Fig. 3). In Germany, 13%
of students only reach the lowest
of five proficiency levels defined in
PISA and almost 10% are not even
proficient at this level. Thus, almost
one-quarter of young people can
only read at an elementary level
(OECD average: 18%). In terms of
independent reading and lifelong
learning, these students must be
regarded as a potentially at-risk
group. In countries such as Korea,
Finland, Canada, Australia, and
Sweden, this group is much smaller,
at less than 15% of students.
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Figure 2.Mean reading lit-
eracy in 14 federal states
of Germany* in compari-
son with 8 Canadian
provinces and selected
OECD countries (mean/
standard error).
* In Berlin and Hamburg, student
participation rates fell below the
specified minimum of 80%. There-
fore, these states had to be exclud-
ed from most analyses



By contrast, the proportion of stu-
dents in Germany performing at the
highest proficiency level in reading
is close to the international average,
with 9% of students reaching Level
V (see right half of Fig. 3). This is
comparable with the OECD average

as well as with the performance of
students in countries such as Den-
mark, France, Austria, and Switzer-
land.
For the most part, the pattern of re-
sults for Germany in the domains
of mathematics and science is quite
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similar to that found for reading.
Also, the findings for the German
states generally substantiate those
of the international comparison. In
almost all of the states, a relatively
low level of overall performance (see
Fig. 2) is coupled with a wide varia-
tion in student performance and a
relatively high proportion of stu-
dents classified as belonging to the
at-risk group (see Fig. 3). Most of
the states perform around the Ger-
man mean in all three domains and,
within this middle range, any cross-
state differences are practically
insignificant. When the highest and
lowest performing states are com-
pared, however, the differences are
substantial. In fact, the largest
cross-state differences are equiva-
lent to performance gains of one-
and-a-half to two academic years.
Regional performance differences
of this magnitude are also found in
other federal countries such as
Canada (see Fig. 2). Even when tak-
ing account of differences in the
composition of the student popula-
tion across the German states, and
considering the performance of stu-
dents without a migration history
separately, marked differences in
mean performance can still be ob-
served.
The performance of individual stu-
dents within a country in the read-
ing literacy assessment is related
to a number of different factors. In
Germany, there is a significant link
between student performance and,
among other things, interest in
reading and reading activities. At
the same time, the proportion of
young people who report that they
never read for pleasure is—at 42%—
particularly high in Germany. This

suggests that measures to promote
reading literacy should make reading
motivation a primary target. The
association between reading per-
formance and knowledge of effec-
tive learning strategies, moreover,
is even closer. Again, this points
to opportunities for targeted inter-
vention measures (Artelt, Schiefele,
Schneider, & Stanat, 2002).

Family Background and Student
Performance: Results of Interna-
tional and National Comparisons
Although the relationship between
social background and school suc-
cess relaxed somewhat in the two
decades following World War II, the
connection is still quite strong.
Transition points involving decisions
about future paths in the education-
al system, such as the decision for a
certain track after the completion of
elementary school, have proved to
be crucial for the development of
social disparities in attainment. At
such points, primary and secondary
disparities can be identified (cf.,
Breen & Goldthorpe, 1997). Primary
disparities are differences in compe-
tencies relevant to a transition that
persons have acquired up to that
point and that are related to their
social background. Secondary dis-
parities, on the other hand, emerge
when transitional decisions vary de-
pending on individuals’ social back-
grounds, even when their competen-
cy levels are comparable.
In PISA, primary and secondary so-
cial disparities in school type atten-
dance were estimated with odds
ratios1 (Baumert & Schümer, 2001a,
2002). Table 2 shows the relative
chances of 15-year-olds from differ-
ent social backgrounds of attending
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a certain school type. In this analy-
sis, social background is categorized
according to the multidimensional
classification system by Erikson,
Goldthorpe, and Portocarero (1979).
To facilitate interpretation, the same
reference categories were used in all
comparisons, namely, children of
skilled manual workers as the social
reference group and the intermedi-
ate track (Realschule) as the refer-
ence category for school type. Thus,
the figures reported in Table 2
describe the relative chances that
15-year-olds with a given social
background will attend a school
type other than the Realschule as
compared to children of skilled
manual workers. The odds ratios
presented for Model I show the

combined effect of primary and sec-
ondary disparities. For example, the
figure of 4.28 reported for children
of higher grade professionals in the
Gymnasium column indicates that
the relative chances of students
from this background to attend the
academic-track Gymnasium rather
than the Realschule are 4.28 times
higher than those of children of
skilled manual workers. By compari-
son, the odds that a young person
from the highest socio-economic
class will attend the vocationally-
oriented Hauptschule rather than
the Realschule are only about half
(odds ratio = .49) those of a student
from a working-class background.
To estimate secondary disparities,
Model II controlled for the level of
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Table 2
Relative chances of attending different school types depending on social class (odds ratios)1

1 Only statistically significant findings are reported; ns = nonsignificant.

2 Model I does not control for covariates; Model II controls for mental ability; Model III controls for mental ability as well as
reading, mathematical, and scientific literacy.

Social class of household head     Educational track (Reference category: Intermediate track—Realschule)
(EGP)

Lowest track/vocat. school Academic track Comprehensive school
(Haupt-/Berufsschule) (Gymnasium) (Gesamtschule)

Model2 Model2 Model2

I II III I II III I II III

Higher grade professionals (I) .49 .55 .48 4.28 3.40 2.89 .56 .61 .59

Lower grade professionals (II) .46 .54 .69 3.34 2.75 2.24 ns ns ns

Routine non-manual ns ns ns 1.80 1.83 1.97 ns ns ns
employees (III)

Self-employed (IV) ns ns ns 1.87 1.79 1.77 ns ns ns

Skilled manual workers (V, VI) Reference group (odds = 1)

Semi-skilled and unskilled 1.50 1.33 ns ns ns ns 1.51 1.52 1.40
manual workers (VII)



basic mental ability as an indicator
for the competency level reached at
the end of primary education, and
Model III also controlled for reading,
mathematical, and scientific literacy
at age 15. As Table 2 shows, even
when their basic mental ability and
reading literacy are comparable,
students from the highest socio-
economic class have an almost three
times higher chance of attending
the Gymnasium rather than the
Realschule than children of skilled
manual workers.

Social disparities in school-type at-
tendance were found in all of the 14
German states for which sufficient
data are available. However, in the
former East German states, the rela-
tive probability of attending a Gym-
nasium is far less dependent on the
family’s socio-economic status than
in the former West. In addition,
considerable differences among the
former West German states can be
observed. The association between
social background and type of
school attended is most pronounced
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in Bavaria, Rhineland-Palatinate,
and Schleswig-Holstein. Exploratory
analyses suggest that these varia-
tions between the states are, among
other things, related to regional dif-
ferences in traditions of educational
participation and accessibility of the
different school types.
To compare the extent to which stu-
dent achievement and social back-
ground are related within the OECD
countries and the German federal
states, regression analyses were per-
formed, predicting students’ per-
formance on the PISA tests from the
socio-economic status of their par-
ents. The slopes of the resulting re-
gression lines, which are commonly
referred to as social gradients, indi-
cate the extent to which students’
competency levels change when the
socio-economic index increases by
one standard deviation. These slopes
are depicted in Figure 4. In all of the
countries participating in PISA 2000,
there is a significant link between
social background and performance.
However, nowhere is this relation-
ship as strong as it is in Germany.
Links of a similar magnitude are
found in countries such as Belgium,
Switzerland, and Luxembourg. This
pattern of results suggests that the
association between social back-
ground and achievement tends to
be stronger in systems with early
tracking. Particularly Japan, Korea,
Iceland, Finland, but also Canada
and Sweden manage to combine a
high overall level of performance
with a weak relationship between
social background and student
performance. This desirable combi-
nation—high performance, low
social inequality—is attained largely
by ensuring a satisfactory level of

performance in the lower socio-
economic groups.
Again, within Germany, the closest
links between student background
and performance are found in the
former West German states (see
Fig. 4). Although the social divide
tends to be less pronounced in the
former East German states, it is still
large compared to the other PISA
countries.

Mediation of the Relationship
Between Students’ Family
Background and Achievement
As PISA and other studies have
shown, various structural aspects of
students’ family background are re-
lated to school performance. These
include socio-economic status, level
of education, and migration history.
However, little is known about the
factors that mediate this relation-
ship. Based on the work of Bourdieu
(1983) and Coleman (1988), we
explored the role of several process
factors indicating aspects of fami-
lies’ economic, cultural, and social
capital (Baumert, Watermann, &
Schümer, in press). Figure 5 shows
the resulting structural model de-
scribing the interplay between
characteristics of students’ families
and the level of reading literacy
achieved.2 The structural character-
istics of family background entered
in the model are the parents’ high-
est socio-economic status and edu-
cational level, their migration
history, and the students’ length of
residency in Germany. The process
factors are cultural practices (cul-
tural possessions, common cultural
activities) and communication with-
in the family (general amount of
discussion, discussions of cultural
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2 Due to considerable re-
gional differences in mi-
gration patterns, separate
models had to be estimat-
ed for the former East and
West German states. The
main difference between
the models is that the re-
lationship between social
background and achieve-
ment is less pronounced in
the former East German
states.
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issues), investment in consumer
goods (possession of consumer
durables), number of children, and
home language (German vs. another
language). With the exception of
number of children and home lan-
guage, the process factors are mod-
eled as latent variables, each of
which is represented by two indica-
tors. The criterion variable is reading
literacy, represented in the measure-
ment model by the three compo-
nents of retrieving information, in-
terpreting texts, and reflecting and
evaluating that were differentiated
in the PISA assessment.
The variables contained in the model
explain 36% of the variance in read-
ing literacy—a much larger propor-
tion than when only structural char-
acteristics of family background
are taken into account. Thus, when

process factors are overlooked, the
relationship between family back-
ground and competency develop-
ment is systematically and signifi-
cantly underestimated. Furthermore,
the process variables specified in the
model prove to be important media-
tors of the impact associated with
structural factors. The effect of the
parents’ educational level is mediat-
ed entirely by the family’s cultural
practices. Likewise, the family’s mi-
gration history has no direct effect
on the reading literacy of 15-year-
old students when controlling for
their length of residency in Ger-
many. Thus, consistent with the as-
sumptions of Bourdieu (1983), cul-
tural capital seems to be the best
predictor of competency develop-
ment. On the other hand, contrary
to Coleman’s (1988) predictions,
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communication within the family
was not found to have a specific im-
pact above and beyond the effects
of the other process factors. It is,
however, conceivable that the nega-
tive effect of the number of siblings
reflects changes in communication
patterns that may be associated
with this variable.
The model of the relationships be-
tween family background and read-
ing literacy presented in Figure 5 is
an improvement on simple analyses
of bivariate correlations as well as
on models that take a multivariate
approach but consider structural
aspects only. From the psychological
and sociological standpoint, how-
ever, the model is unsatisfactory as
it does not identify the psychologi-
cal and institutional mechanisms
that mediate the association be-
tween family background and com-
petency development. Such media-
tion processes are of particular
interest from a pedagogical point
of view. A relatively simple psycho-
logical and institutional mediation
model is outlined in Figure 6.

Baumert, Köller, and Schnabel
(2000) have shown that the various
school types in Germany constitute
different developmental environ-
ments. More specifically, in some
tracks, students gain more in terms
of knowledge and skills over the
course of secondary school than in
others. This means that the choice
of a secondary school track has
direct implications for students’
educational outcomes—even when
cognitive, motivational, and social
prerequisites for learning are held
constant. For this reason, it is vital
for mediation models to include an
institutional component that reflects
this choice. In the current analysis,
it is represented by the school track
attended.
However, students’ progress within
educational tracks is also largely
dependent on their prior knowledge
and motivational characteristics—
that is, the skills and dispositions
that determine which secondary
track is chosen at the end of pri-
mary schooling (see, e.g., Lehmann,
Peek, & Gänsfuß, 1997; Baumert &
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Schümer, 2001). These performance-
relevant characteristics, in turn, co-
vary with students’ social and cul-
tural background. Accordingly, basic
mental ability and reading speed (as
a proxy for prior knowledge) as well
as motivational characteristics and
metacognitive learning strategies
are included in the model as psy-
chological mediating variables.
The model presented in Figure 6
suggests that the effects of struc-
tural and process attributes of fami-
ly background on competency devel-
opment are mediated by psychologi-
cal process factors and the school
type attended. The model also al-
lows primary and secondary dispari-
ties in educational participation and
in competency development to be
disentangled. Again, secondary dis-
parities result from direct effects of
the family background that are not
mediated by performance-related or
motivational characteristics or by
differential decisions for a certain
school type. An accurate estimation
of these secondary disparities hinges
on the specification of the psycho-
logical mediation model. It is quite
possible that the relevant part of
the model is underspecified in
Figure 5 such that the secondary
disparities may, to some extent, be
overestimated.
Stepwise regression analyses were
performed to test the psychological
and institutional mediation model in
Figure 6. Due to its complexity, the
table of results is not presented
here. The structural and process as-
pects of students’ family back-
ground, the psychological variables,
and the school type attended were
entered blockwise in the regression
analyses. The complete mediation

model explains 73% of the variance
in reading literacy, indicating a very
good model fit. The predictors with
the most explanatory power are, as
expected, the indicators approximat-
ing students’ prior knowledge. More
importantly, the effects of the
process attributes of family back-
ground are mediated almost entirely
by psychological and institutional
mechanisms. At the same time, the
institutional effects of school type
attended remain substantial, even
when controlling for process attrib-
utes of family background and psy-
chological characteristics. In line
with our expectations, the academ-
ic-track Gymnasium represents the
most conducive environment with
respect to competency development,
even when holding individual differ-
ences in aptitude constant.
Overall, the results of these analyses
indicate that the relationship be-
tween social background and school
success can only be mapped out
properly if both structural and
process characteristics of the family
are taken into account. If—as is
often the case in the literature—
the analysis is limited to structural
aspects, the magnitude of the rela-
tionship is systematically under-
estimated. Furthermore, the findings
show that the effects of family
structure and process characteristics
are largely transported by individual
differences in aptitude and motiva-
tion (basic mental ability, reading
speed, interest in reading, metacog-
nitive learning strategies). The psy-
chological and institutional media-
tion mechanisms contribute jointly
as well as individually, and thus
cumulatively, to social differences in
achievement.
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Insightful Learning: A Challenge
for Teachers as well as for
Scientists
In comparison to the acquisition of
facts, skills, and routines, insightful
conceptual understanding—a central
aim of science and mathematics in-
struction, in particular—is still a
puzzle, for teachers as well as for
researchers. Nonetheless, scientific
progress in modeling and explaining
the emergence of insights and con-
ceptual understanding is evident.
It is now widely accepted that new
concepts and insights are not ac-
quired through passive transmission
of the expert’s knowledge to the
learner’s mind, but rather that they
are the result of the learner’s active
process of constructing increasingly
complex and elaborated cognitive
structures. Powerful learning envi-
ronments stimulate students’ cogni-
tive activation, that is, students'
mental involvement in the tasks to

be mastered. In so doing, learners
have to make use of, and are con-
strained by, the knowledge already
available to them. Particularly for
science and mathematics, it has
been widely shown that students
enter classrooms with intuitive con-
cepts and belief systems which are
partly based on universal conceptual
primitives. These may have innate
roots, but are also shaped by school-
ing. The negative consequences of
ignoring this kind of prior knowl-
edge have been demonstrated, par-
ticularly for physics and mathemat-
ics education. Students often only
adopt the knowledge taught at
school at a superficial level and,
therefore, can only use it when
faced with problems that have al-
ready been dealt with at school.
Overcoming certain misconceptions
that are deeply rooted in everyday
experience is the most difficult task
of science education.

Research Area III
Learning and Instruction: Cognitive Activation and
Cognitive Tools

Three cornerstones of competence acquisition have to be integrated into re-
search on learning and instruction: the tasks to be mastered, the students
(who have to be engaged in meaningful learning activities), and the teach-
ers (whose task it is to facilitate students’ learning). Each cornerstone high-
lights different aspects of the learning process. Focusing on the tasks means
asking what kinds of knowledge structures and more general cognitive pre-
conditions have to be accessible in order for certain tasks to be mastered.
Switching to the students' perspective leads to the question of how the
learners' existing knowledge can be modified, extended, cross-linked, hierar-
chically ordered, or how new knowledge can be generated, in order to mas-
ter the tasks. The teacher's role is to mediate between the tasks and the
students. By selecting learning materials, giving appropriate feedback, and
involving students in meaningful learning activities, teachers can support
learners in closing the gap between prior knowledge and the knowledge
needed to master the tasks in question.
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To effectively initiate and assist stu-
dent learning, teachers need to take
into account students’ specific prior
knowledge and understanding, and
they need to design and organize
lessons and classroom discourse in a
way that closely attends to the cur-
riculum as well as to the social con-
struction of meaning in classrooms.
Teachers can only do a good job if
they know what makes certain tasks
particularly difficult, on the one
hand, and are aware of the way
their students learn, on the other.
For instance, they have to know
what kinds of mistakes and obsta-
cles typically occur during the learn-
ing process and whether students
need special support to overcome
these. In order to combine the task
perspective and the student per-
spective, teachers need pedagogical
content knowledge. This means that
teachers have to know how particu-
lar topics, problems, or issues are or-
ganized, represented, and adapted to
meet the diverse interests and abili-
ties of learners and how they should
be presented during instruction.
Teachers’ classroom behavior thus
needs to be based on an under-
standing of how students learn in
the respective academic domains.
In order to provide teachers with
appropriate pedagogical content
knowledge, research on learning and
instruction has to focus on students’
insightful learning. Important ques-
tions to be addressed include the
following: What is the structure of
the knowledge to be acquired? What
prior knowledge does the learner
have to build on? What particular
tasks, explanations, and interactive
discourse will assist students’ con-
struction of intelligent knowledge?

Is the understanding of certain con-
cepts subject to conscious or uncon-
scious processes? At what stage of
the learning process are feedback
and direct instruction helpful? At
what age can students make sense
of certain forms of visual-spatial
representation? What kind of prac-
tice do students need for the appli-
cation of such tools in new content
domains? Which tool is most appro-
priate for reasoning in a given con-
tent domain? What kinds of miscon-
ceptions can arise from using a tool
that has not yet been fully under-
stood?

The Orchestration of Students’
Learning Activities
Classroom instruction is not the only
factor that determines the knowl-
edge structures and epistemological
beliefs acquired by students. It is,
however, the factor that is most
likely to be affected by the institu-
tions of the education system and
the professional activity of teachers.
Recent findings emphasize that
classroom instruction, rather than
the school environment or manage-
ment structures, has the main im-
pact on school effectiveness in
terms of learning outcomes. As such,
the question of what actually deter-
mines good instructional practice is
central to the success of education
and the functionality of the educa-
tion system. For this question to be
addressed, pedagogical concepts of
instructional quality need to be
combined with the analysis of indi-
vidual and collective processes of
knowledge acquisition in specific
domains.
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From Distal to Proximal Factors in
Research on Instructional Quality:
Fostering Cognitive Activation in
Powerful Learning Environments
There is a high level of consensus in
the description of “instructional
quality“ in the international research
community. High quality instruction
is typically described by a set of ba-
sic properties that combine aspects
of direct instruction with adaptivity
and affective quality:
– good classroom management,
– appropriate pacing and moderate
speed of interactional exchange,
allowing for a high level of stu-
dent attentiveness and participa-
tion,

– clear and well-structured presen-
tation of material and setting of
tasks,

– adaptivity of task selection and
feedback given by the teacher,
based on their diagnostic under-
standing of the ability and learn-
ing progress of individual students,

– affective quality of the teacher-
student relations.

This concept describes the basic re-
quirements of “instructional quality,”
the conditions that have to be met
to allow for successful knowledge
acquisition in the classroom.
However, this concept of instruc-
tional quality is limited by that fact
that (a) it does not show how
teachers implement each of its ele-
ments in the structure and delivery
of their lessons, (b) it has a distal
relationship to the students’ actual
learning processes, and (c) it over-
looks subject content and, thus,
cannot adequately reflect the struc-
ture and quality of the knowledge
acquired.

In the approach taken by the Center
for Educational Research, the con-
cept of instructional quality is
extended by adding specific peda-
gogical aspects that (a) describe how
basic elements of instructional quali-
ty are implemented in the setting of
tasks and in interaction processes,
(b) have a more proximal relationship
to the psychological processes of
insightful learning, and (c) take
domain-specific criteria of knowledge
acquisition into consideration. Link-
ing up with the investigations of do-
main-specific knowledge structures,
we ask the following question: How
should instruction be shaped to allow
students to gain a deep understand-
ing of domain-specific concepts and
develop adequate, nonschematic
epistemological beliefs?
In learning laboratories as well as in
classrooms we mainly focus on
competence acquisition in the fields
of mathematics (COACTIV) and sci-
ence (ENTERPRISE). This research
will be described in detail in the fol-
lowing section. Moreover, as a con-
sequence of the PISA study, which
revealed knowledge and effective
use of reading strategies to be im-
portant predictors of literacy, Anke
Demmrich is currently evaluating
the Reciprocal Teaching Program by
Palincsar and Brown (1984) in her
doctoral thesis. This program was
designed to teach students in spe-
cific reading comprehension strate-
gies. In an experimental training
study, central mechanisms that
might cause the large gains in read-
ing comprehension are evaluated,
and key features of the program
that contribute to its success will be
identified.
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The COACTIV study, which is funded
by the German Research Foundation
(DFG), is based on preliminary work
carried out in the context of BIJU,
TIMSS, and TIMSS Video (see Re-
search Area I). In this study, the
three cornerstones of mathematical
competence acquisition—the stu-
dents, the teachers, and the tasks to
be mastered—will be investigated
in a combined approach. The main
focus of interest will be the mathe-
matics teachers, whose role it is to
mediate between the tasks and the
students by selecting learning mate-
rials, giving appropriate feedback,
and involving students in meaning-
ful learning activities. The theo-
retical framework of the research
project is based on the process-
mediation-product model, the
(social-)constructivist approach, and
the notion of teacher expertise, and
integrates these in the context of a
multilevel and multivariate model.
On the one hand, the theoretical
framework incorporates robust find-
ings from research on teaching; on
the other hand, it broadens the
scope in the analysis of instructional
processes and practices by paying
particular attention to the enhance-
ment of cognitive activation, and by
systematically relating instructional

processes to teachers' expertise and
professional beliefs. The study focus-
es on the question of how insightful
learning can be facilitated in class-
rooms. An outline of the theoretical
framework is given in Figure 1.
Despite differences on various de-
tails in research on learning and in-
struction, there is a broad consensus
about some central principles of in-
sightful learning:
• Insightful learning is an active
process of construction of mean-
ing, in the course of which mental
representations are modified, ex-
tended, cross-linked, hierarchically
ordered or generated. Even mean-
ingful receptive learning is a con-
structive activity in this sense. The
decisive factor in insightful learn-
ing is mental involvement, which
occurs in the active engagement
with the social or natural environ-
ment or with symbolic representa-
tions. The opportunity structure of
a learning environment should
thus be evaluated in terms of the
extent to which it supports, fos-
ters, or impedes this kind of men-
tal activity.

• Insightful learning depends on an
individual’s cognitive prerequisites,
and particularly on domain-specif-
ic prior knowledge. The scope and

COACTIV: Cognitive Activation in the Classroom: The Orchestration of
Learning Opportunities for the Enhancement of Insightful Learning in
Mathematics

Teaching for Understanding: Linking PISA 2003 to Research on Learning and Instruction
With mathematics literacy forming the main component of PISA 2003, a more differentiated investi-
gation of the structure of the mathematical competencies acquired by the end of lower secondary
level will be attainable. Moreover, the PISA 2003 study will be extended to a longitudinal study span-
ning the period of one academic year, with a sampling design allowing for class and school effects to
be separated systematically. The investigation of domain-specific instructional processes as related to
the pedagogical expertise of mathematics teachers will be a main focus of the panel study. By con-
ducting a computer-based survey focused on the pedagogical content knowledge of mathematics
teachers, the study will break new grounds in the field of research on teaching.
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organization of the available
knowledge base determines the
quality and ease of further learn-
ing. The more demanding a task or
problem, the more important a
student’s prior knowledge be-
comes.

• Despite its cumulative nature, in-
sightful learning is always situat-
ed—it inevitably occurs in a given,
mostly social context. Knowledge
thus entails a connection with the
situational context of acquisition.
To a certain extent, learning is al-
ways anchored in the life world—
be it as artificial as the life world
of the school. Because knowledge
is situated in the context of
acquisition, there is an inherent
limitation on its transferability. To
broaden the area of transfer,

instruction needs to vary the con-
texts of acquisition and applica-
tion.

• Insightful learning is also regulat-
ed by motivation and the meta-
cognitive processes of planning,
monitoring, and evaluation.

• Insightful learning is supported by
mechanisms that reduce cognitive
load. These include chunking and
the automatization of processes of
thought and action.

Insightful learning thus evolves
through the active and intelligent
use of rich and diverse learning op-
portunities. The horizontal lines in
Figure 1 represent the fundamental
division between the supply and
usage of such opportunities (Fend,
2002). The most important aspect of
the learning supply side that can be
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optimized is the structure and quali-
ty of learning opportunities.
Recent research on learning in
mathematics draws attention to the
significance that demanding and
open-ended tasks, the structural and
contextual variation of those tasks,
the teacher’s response to student er-
rors, and the acquisition and autom-
atization of teaching strategies have
for high-quality instruction. These
findings highlight the importance of
teachers’ domain-specific expert
knowledge. Video analyses conduct-
ed in the framework of TIMSS and
TIMSS-Repeat have revealed consid-
erable cross-country differences
in the intelligent choreography of
domain-specific opportunities for
insightful learning in the classroom.
Based on these findings, a parsimo-
nious model of teacher expertise
distinguishing different facets and
types of teachers’ professional
knowledge was developed, focusing

on what Lee Shulman (1987) termed
pedagogical content knowledge and
the related beliefs and attitudes.
In other words, the model focuses
on the expert knowledge instructors
need to transform subject matter
into insightful learning opportuni-
ties. The most important features
are presented in Figure 2.
This conceptual framework raises
problems of data collection, how-
ever, particularly in the context of a
large-scale assessment program. To
date, the results of teacher surveys
on instructional processes and
practices have been disappointing,
and there is no reason to believe
that such questionnaires could pro-
vide valid assessments of profes-
sional expertise. In the context of
the TIMSS Video Study, which was
embedded in a one-year longitudinal
study in Germany, we asked stu-
dents, teachers, and independent
observers to rate instruction with
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respect to the same theoretical con-
structs. We ensured that the word-
ing of the items was as uniform
as possible. Nevertheless, the con-
current validity of the three rating
methods was remarkably low
(Clausen 2002). The findings suggest
that teachers, students, and inde-
pendent observers perceive instruc-
tion from different perspectives and
focus on different facets. Never-
theless, all three approaches were
shown to have differential validity
where the prediction of learning
progress is concerned:
• Students seem to be experts on
the general affective quality of
instruction, the efficacy of class-
room management, and the
occurence of infrequent classroom
events.

• Independent observers are distin-
guished by their relatively reliable
evaluation of the overall quality of
instruction assessed with high in-
ference ratings. Additionally, their
judgments of frequent events
measured with low inference rat-
ings are also reliable.

• Teacher reports on their own in-
struction are characterized prima-
rily by a self-serving bias. At the
same time, their assessments do
seem to become informative when
focusing on dimensions that can
only be evaluated by raters with
the necessary professional expert-
ise and, in particular, the neces-
sary pedagogical content knowl-
edge. Precisely these aspects are
very rarely addressed in traditional
questionnaires, however.

To elicit professional expertise, a
teacher survey must involve teachers
in a kind of conversation about their
work and give them the opportunity

to document their professional ex-
pertise. Therefore, we have decided
to develop a computer-based as-
sessment instrument that engages
mathematics teachers in a virtual
dialogue about their professional
activities. This instrument allows us:
(1) to present and manipulate
mathematic tasks on the computer
screen, and
(2) to show videos presenting criti-
cal situations from mathematics
lessons or different choreographies
of mathematics instruction.
In other words, the instrument al-
lows us to generate situations that
require the activation of pedagogical
content knowledge and professional
responses.
With this method, we will be able to
explore the following aspects of
mathematics teachers’ pedagogical
content knowledge:

Selecting Tasks for Lessons on a
Standard Grade 9 or Grade 10
Mathematics Topic
A series of tasks with differing cog-
nitive potential are presented on the
computer screen (see Fig. 3). Some
of these tasks can be solved in mul-
tiple ways, thus allowing teachers to
take different levels of students’ pri-
or knowledge into account. Teachers
are asked to select tasks appropriate
for introducing a new mathematics

Figure 3. Screenshot taken
from the computer-based
questionnaire, where
teachers were asked which
4 of the 12 tasks presented
they would use in their 9th
grade classrooms to con-
solidate the topic “areas of
plane figures.“ Teachers
could click on each of the
12 symbolic representa-
tions of geometry tasks to
view them completely.
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topic as well as for organizing prac-
tice periods, and to give reasons for
their choice.

Handling Selected Tasks in Classroom
Instruction
The aim here is to determine
whether the teachers utilize the
cognitively activating potential of
tasks effectively.

Sequencing of Tasks
Teachers are asked to select tasks
suitable for introducing a new
mathematical topic, to arrange
these tasks in the order they would
use them on the computer screen,
and to give reasons for the chosen
sequence. In a second step, they are
presented with other sequences,
each of which represents a different
instructional approach. They are
asked to select one of these
sequences for their lessons and to
give reasons for their choice.

Structuring the Content of
Instructional Processes at Critical
Points in the Lesson
Teachers are shown short videos of
mathematics lessons. The videos
break off at a point which is critical
for the further development of the
lesson. The decisions teachers make
at this point determine whether the

level of cognitive activation will be
maintained or the lesson is trivial-
ized. The teachers are asked to de-
scribe how they would continue the
lesson (see Fig. 4).

Responding to Unexpected Student
Ideas
Teachers are shown short videos or
descriptions of situations in which
students present unexpected mathe-
matical ideas. The teachers are
asked to respond to these ideas (see
Fig. 5).

Responding to Student Errors
The teachers are confronted with
student mistakes. These errors repre-
sent temporary misunderstandings,
typical misconceptions in the topic
area, as well as more unusual errors
that can be put to good use in cog-
nitively activating instruction. The
teachers are asked to account for
the errors in students’ thinking and
to give their reactions to the errors
(see Fig. 6).

Diagnostic Competence in
Mathematics
Four dimensions of the mathematics
teachers’ diagnostic competence are
examined. The teachers are present-
ed with tasks in order to explore
whether they are able to:
(1) identify misconceptions typically
held by lower secondary school stu-
dents,
(2) distinguish different approaches
to open-ended tasks and predict the
probability that students will use
these approaches,
(3) accurately gauge the difficulty of
the tasks for the students in their
class, and

Figure 4. A scene from a
geometry lesson shown to
the teachers.
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(4) diagnose the prior knowledge of
individual students.
The computer-based instrument for
the assessment of teachers’ expert
knowledge is complemented by a
random selection of homework
assignments and informal tests. This
material is analyzed from the per-
spective of its implicit pedagogical
conception. Finally, a traditional
questionnaire is used to assess
socio-demographic teacher variables
and aspects of the teachers’ occupa-
tional career, professional commit-
ment, and belief systems.
Parallel to the teacher study, we also
tap into students’ perceptions of
classroom management and instruc-
tion. A student questionnaire col-
lects data on characteristics of the
instructional process for which
students reports are reliable and

have predictive validity. For the
purposes of construct validation,
these aspects of instruction are also
assessed from the teachers’ per-
spective within traditional teacher
questionnaire.
Following initial testing in face-to-
face situations in which teachers
commented on the computer pre-
sentations, a first field trial with 80
mathematics teachers was complet-
ed successfully. A revised version of
the computer-based instrument is
now available in CD-ROM format,
and will be implemented in the PISA
2003 assessment. The study will be
repeated one academic year later.
Hierarchical linear modeling will be
used to link its results to student
performance gains and motivational
development.

Figure 5. One of the situations presented is the
following: Imagine that one of your students
comes to class very excited. She explains that she
has discovered that, as the perimeter of a closed
figure increases, the area also increases. She
shows you this picture to prove what she is doing.

The question to the teacher was:
“How would you react to this claim?“

(According to Liping Ma [1999]. Knowing and
teaching elementary mathematics).

Figure 6. One student error presented was the con-
ceptual error as depicted in this cartoon.

The question to the teacher was:
“How do you think this student formed this idea—
what was the thought process behind it?“

“If the price of candy bars
rose 20% last week and
dropped 20% yesterday,
candy bars cost
the same
as before“.
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ENTERPRISE: Cognitive Activation
in Elementary School Children:
The Potential of Diagrammatic
Tools

Symbol Systems as Reasoning Tools
It is now widely recognized that
higher order cognitive activities of
humans, such as learning, reasoning,
and transfer are based on an elabo-
rated knowledge rather than on for-
mal rigor (Haag & Stern, 2003b).
Knowledge dealt with in academic
contexts is based on symbolic sys-
tems, such as script, formal mathe-
matical language, pictures, and dia-
grammatic representations. Symbols
can be understood as mental tools
that allow the construction of
meaning in concepts, ideas, or plans.
Within the mental tool framework,
understanding can be conceptual-
ized as the ability to use representa-
tions in a flexible manner. While
pictures, number systems, and writ-
ten language have a long tradition
of use in human culture, visual-
spatial tools, such as graphs and
diagrams were only devised as tools
for knowledge representation about
two centuries ago. Since then, space
has been used to represent nonspa-
tial information, particularly in for-
mal domains, such as science and
economics. Because computers have
made the construction and modifi-
cation of graphs and diagrams so
easy, the frequency with which indi-
viduals encounter such representa-

tions has increased markedly over
the past decades. In view of this
trend, cognitive science has put a
great deal of effort into researching
diagrammatic literacy. Beyond the
function of depicting information,
however, diagrams and graphs can
also serve as active reasoning tools.
The old adage that one picture can
be worth ten thousand words has
been confirmed by cognitive science
research. Diagrams support a large
number of perceptual inferences
which are easy for humans to
process. By grouping together all
related information, extensive
searches for elements needed in a
problem-solving inference become
superfluous. Indeed, visualization
may lead to new insights into the
formal structures of a problem.
Moreover because the constraints to
be considered when drawing graphs
and diagrams are the same in differ-
ent domains and content areas,
learners using external representa-
tions may be able to identify previ-
ously imperceptible commonalities
between domains (Stern, 2001b).
Exploring best ways to implement
diagrammatic tools in science and
mathematics instruction, the ENTER-
PRISE project focuses on elementary
school children. Investigations of
this age group provide valuable in-
sights into human development,
particularly because elementary
school children’s cognitive potential
has long been underestimated (see
also pp. 116–117). (Stern, 2002).
The ENTERPRISE project has put the
main emphasis on two topics: First,
the use of line graphs as powerful
reasoning tools and second, ways of
improving children´s understanding
of floating and sinking of objects.
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The ENTERPRISE project (Enhancing KNowl-
edge Transfer and Efficient Reasoning by
Practicing Representation In Science Educa-
tion) aims to explore the conditions under
which graphs and diagrams can serve as tools
for structuring learning environments and,
thus, foster conceptual understanding in
science as well as other content areas.

Understanding
comes from having
a good represen-
tation
Novick & Hmleo
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Line Graphs as Powerful Reasoning
Tools
Line graphs are broadly disseminated
in learning materials dealing with
topics of formal domains, such as
science or economics. They are most
appropriate to represent causal as
well as incidental relationships
between two variables. In Germany,
students encounter line graphs as a
means for data representation
already in early secondary school,
while core elements of graphs, such
as the slope or the intersection on
the y-axis, are part of the mathe-
matics curriculum in eighth grade,
when students learn to map linear
functions on graphs. However,
despite the value of graphs and dia-
grams as tools for knowledge
structuring, reasoning, and problem
solving, the competent use of such
tools is not as widespread as would
be desirable. Stern, Aprea and Ebner
(2003) found that active graphical
representation—that is, transferring
information given in a table into a
graph—helped young adults of dif-
ferent educational backgrounds to
use graphs as reasoning tools in new
contexts. Without practice in active
graph construction, even university
students of mathematics and eco-
nomics were not able to exploit the
potential of graphs, which suggests
that practicing the competent use of
graphs as reasoning tools is neglect-
ed in the German curriculum.
The item following was presented to
the preuniversity sample of TIMSS III:

While 67% of the international
sample solved the problem, the
achievement in the German sample
was much worse. 55% of the stu-
dents of the Gymnasium who had
chosen mathematics as their major
subject found the correct answer
“c,” whereas only 44% of the stu-
dents from the Gymnasium who had
not specialized in mathematics gave
the correct answer. The incorrect
answer “a” was chosen most
frequently. Most of the students
had encountered distance-time
graphs, while they probably had
never before seen a velocity-time
diagram. For those students who are
aware of the fact that the slope of
a graph represents the rate of
change of the y-value in relation-
ship to the x-value, it should be
easy to map the described situation
on the graph. In contrast, students
who lack this deep understanding of
graphs have to rely on information
retrieved from memory. Differential
item functioning analyses revealed
special weakness in German stu-
dents for this item (DIF parameter =
–.30).
One of the goals of the ENTERPRISE
project is to research how the use of
graphs as reasoning and transfer
tools can be fostered already in ele-
mentary school.
In her doctoral dissertation, Susanne
Koerber showed that the interpreta-
tion of the slope of a graph is within
the realm of third-graders (for a
detailed description of the results,
see Research Report 1998–2000).
When trained to compare mixtures
of lemon and orange juice with re-
spect to their intensity of taste, with
the help of a balance beam or
graphs, it turned out that third-

The acceleration of an object moving in a
straight line can be determined from
(a) the slope of the distance-time graph
(b) the area below the distance-time graph
(c) the slope of the velocity-time graph
(d) the area below the velocity-time graph
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graders quite easily abandoned the
so-called additive misconception,
that is, taking “6” instead of “8” to
be the result when solving the prob-
lem “2 : 4 = 4 : ?.” At the end of the
two-day training, particularly those
students who had learned to repre-
sent the juice mixture by moving
the pivot of the balance beam
showed considerable improvement
in proportional reasoning. However,
also the students trained with either
the contextualized or the abstract
graph gave up the additive miscon-
ception.
The contextualized graph was artifi-
cially enriched by two elements of
the juice mixture context: Glasses of
orange and lemon juice were drawn
on the axes, and the background of
the coordinate system continuously
changed color from light yellow to
dark orange.

In a follow-up study it was investi-
gated whether two years later there
was a long-term effect of the short
training on proportional reasoning.
In order to control for learning ex-
perience at school, students who
had been trained two years ago
were compared to untrained class-
mates with similar mathematical
achievement levels. Figure 1 shows
achievement in proportional reason-
ing immediately after the training
(red bars) and two years later (blue
bars).
During those two years, proportional
reasoning had improved not only for
trained, but also for untrained par-
ticipants. In fact, untrained students
reached the scores of trained stu-
dents two years ago. However, dur-
ing these two years, students who
had been trained with graphs
achieved a head start due to the
short training. Learning to separate-
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points) immediately after
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ly represent two dimensions and to
integrate them into a single new
variable seems to give rise to a
deeper insight into proportional
structures in general.
The follow-up study also tested the
extent to which participants could
make use of graphs as reasoning
tools in a more general way. The re-
sults presented in Figure 2 suggest
that particularly the students who
had been trained with contextual-
ized graphs two years ago had
achieved a deeper understanding of
how to represent information with
the help of graphs. From these re-
sults we conclude that starting to
use graphs already in elementary
school might help students to gain
deeper insight into the structure and
the potential of these reasoning
tools when, in accordance with the
grade 8 mathematics curriculum,
they start to use them for represent-
ing linear functions. Before students
learn to map formulas on graphs,
they should have been familiarized
with their core elements as there
are the slope or the intercept. In an
experimental training study Anja
Felbrich is currently investigating

methods of focusing young chil-
dren’s attention on the meaning of
the slope of the graph.
The results of the follow-up study
were surprising in two respects.
First, contrary to conclusions drawn
in the Research Report 1998–2000,
adding elements of the context to
the graph seems to particularly sup-
port a deeper understanding of this
form of representation. Second,
long-term effects for the balance
beam were lower than what was ex-
pected from the promising effects of
the training. There may be two rea-
sons for this. First, the sample of
former participants for the longitu-
dinal approach showed a slight
(though not significant) negative
bias for the balance beam group.
Second, and probably more impor-
tant, the balance beam was a rather
complicated construction at that
time which may have impeded a
deeper understanding of its func-
tioning. In the meantime, a new ver-
sion of the balance beam has been
developed which will be described in
the following section.
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How to Improve Children´s
Understanding of Floating and
Sinking of Objects
When elementary school children
are faced with the item in Figure 3,
most of them will answer that the
tree trunk will sink, and a common
explanation is that this will happen
because the tree trunk is very heavy.
In this case the children only focus
on one dimension—the mass—while
failing to consider also the volume.
An alternative explanation often
heard from children is that the tree
trunk will sink because water sucks
it to the bottom, which means that
an active force is attributed to the
water. Those children who correctly
state that the tree trunk will float
mostly give an inappropriate expla-
nation by saying that the air pulls it
to the top. This explanation express-
es an understanding of air as some

kind of force rather than matter—a
misconception which is hard to rule
out.
Learning environments for third-
graders are worked out which sup-
port a basic understanding of the
scientific concepts underlying the
floating and sinking of objects in
water, as there are buoyancy force
and density (Möller, Jonen, Hardy, &
Stern, 2002).
Learning environments that intend
to foster conceptual development
have to acknowledge a construc-
tivist view of learning, which means
that all learning is understood to be
dependent on the individual’s own
constructive cognitive processes
(Staub & Stern, 2002).
In essence, the constructivist view
focuses on the role of the subject’s
prior knowledge, which provides the
means to relate stimuli in ways that

The Research Team

Ilonca Hardy
Elsbeth Stern

In collaboration
with
Kornelia Möller
Angela Jonen
(University of
Münster)

Funded by the Ger-
man Research
Foundation (DFG)
in the BIQUA prior-
ity program

5.  Schwimmt ein großer Baumstamm im Wasser?
(Does a large tree trunk float in water?)

Fünf starke Männer können ihn nicht hochheben.
(Five strong men are not able to lift it.)

Der Baumstamm schwimmt Der Baumstamm geht unter 
(floats) (sinks)

Warum? (Why?)

Figure 3. An item of the
test on floating and sink-
ing.
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go well beyond registering their
temporal contiguity. The basic prin-
ciples of a cognitive constructivist
view of learning do not lend them-
selves to direct practical application.
Instead, they should be thought of
as general orienting frameworks
within which to address pedagogical
issues and develop instructional ap-
proaches. Cognitive constructivist
beliefs need to be interpreted in
terms of specific content domains,
particular learners, and a socially in-
teractive context. What does it
mean for teachers to initiate and
assist the content-specific construc-
tive processes of particular learners?
How can teachers proactively initi-
ate, prompt, and assist students’
constructions of rigorous knowl-
edge?
A crucial aspect in this respect is
the degree to which students’ activ-
ities should be structured in a learn-
ing environment. From a rather
extreme constructivist point of view,
one might argue that teachers have
to provide the learning material, but
that the students themselves have
to decide when and how they will
make use of it. From a more moder-
ate constructivist view, one would
argue that learners can best make
use of a learning environment that

is already sequenced and that allows
teachers to intervene when students
get stuck or show inappropriate ac-
tivities. Two studies with third-
graders dealt with questions of ap-
propriately structuring learning
environments.

The Experimental School Study
In a classroom-based curriculum di-
vided into eight 90-minute sessions,
children had the opportunity to
engage in several experiments de-
signed to help them understand
principles, which can be seen as the
precondition for understanding
buoyancy force. For instance, chil-
dren learned that objects dunked
into water will displace water, or
they felt that water will press
against objects when putting their
plastic-gloved hands into a box of
water.
Three instructional groups were
compared: (1) some structuring (N =
71), (2) open inquiry (N = 70), and
(3) without intervention (N = 41).
Achievement measures were applied
one week after instruction and one
year later. Conceptual understanding
was assessed with a test of objects
floating and sinking considering
both the correct rejection of mis-
conceptions and the adoption of

If you put a piece of metal wire into water, it

will sink   will rise to the surface   

because it holds on.
because the displaced water weighs less than the metal wire.
because it is so long and so thin.
because the displaced water weighs more than the metal wire.
because it is not pushed up hard enough by the water.
because it is so light. Figure 4. An item of the

test on floating and sink-
ing.
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scientific explanations, which con-
tained items such as shown in
Figure 4. We hypothesized that ele-
ments of structured learning envi-
ronments, such as focused discus-
sions and sequencing of instruction-
al content, would support students’
integrated conceptual understanding
because of a direct confrontation
with existing preconceptions and
their resolution during discussions
and experimenting.
Results as represented in Figure 5
showed a significantly greater gain
in conceptual understanding of the
group with structured instruction
compared to the other groups one
week after the instruction had been
finished. Detailed analyses of stu-
dents’ answers showed that com-
pared to the baseline group, both
instructional groups gave up more
misconceptions and adopted more
scientific explanations, while the
baseline group developed a basic
understanding with regard to the
different qualities of specific materi-
als equally well. Effects one year

after instruction showed a persisting
gain for both instructional groups
concerning misconceptions, scientif-
ic explanations, and specific materi-
als, whereas the baseline group
merely intensified their understand-
ing of specific materials.
The study shows that complex
physics topics are already accessible
to elementary school children on a
lasting conceptual basis, especially if
structured instruction allows for an
integration of students’ pre-existing
and new concepts. At the same
time, the study revealed some
deficits in the understanding of the
concept of density. Many students
still focused on weight and neglect-
ed the volume, which became par-
ticularly apparent when answering
items such as shown in Figure 6. We
hypothesize that integrating tools
for representing two-dimensional
concepts into the curriculum may
help to foster the understanding of
density. In a laboratory study this
question was addressed.
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An Experimental Laboratory Study
on Structuring the Learning
Environment With the Help of
Cognitive Tools
Using tools for representation fits
into a moderate constructivist learn-
ing environment because, on the
one hand, they constrain students’
activities and, on the other hand,
they provide opportunities for self-
regulated learning (Stern, Möller,
Hardy, & Jonen, 2002).
If learners meaningfully connect the
structures of a representation to the
situational variables represented and
the phenomenon to be explained,
the use of a representation may en-
hance conceptual change by build-
ing on, refocusing, and extending
initial conceptions. Representations
focusing on the proportional rela-
tionship between two quantities will
thus lead learners to attend to both
quantities simultaneously. In an in-
structional unit on floating and
sinking, representations may thus
show the inadequacy of students’

initial conceptions, for example,
their consideration of only one
quantity when describing objects.
Representations may also support
students’ construction of new expla-
nations by allowing the prediction
of objects’ floating and sinking
based on a comparison of densities.
Representations differ in the way
they afford the integration of two
quantities. In this study, two forms
of representation for the concept of
density were compared. On the bal-
ance beam, weights representing
mass and volume can be put on
both ends of a beam. An adjustable
pivot allows the comparison of two
ratios by observing the behavior of
the beam when putting on weights
for the second ratio. Since balancing
a beam is dependent on students’
multiplicative additions on either
end of the beam, both numerical
and visual comparisons are support-
ed. With the cardboard matrix, vol-
ume is represented by large squares
of cardboard while mass is repre-
sented by small squares placed on
them. Students’ comparison of the
densities of two objects is thus
assumed to be supported especially
on a qualitative level, judging the
relative crowdedness of volume
cardboard squares.
The effects of training with the
cardboard matrix and the balance
beam on an understanding of the
floating and sinking of objects as
well as on a proportional under-
standing of density were compared
to the effects of a training with
numbers rather than with visual
representations. The material used in
this study is depicted in Figure 7.
Three dimensions of cognitive
progress were investigated: First, do

Block 1: 12 kg

Block 2: 12 kg

Which block is heavier?
Block 1 Block 2 Both are the same 

Which block is bigger?
Block 1 Block 2 Both are the same 

Which block is of the heavier material?
Block 1 Block 2 Both are the same 

Figure 6. An item of the test on floating and
sinking.
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participants adopt appropriate ex-
planations for the floating and sink-
ing of objects, such as “an object
floats if the water displaced by the
immersed object is heavier than the
object itself.” Second, do partici-
pants reject inappropriate explana-

tions, such as “objects sink because
they are not pushed up hard enough
by the water.” The third aspect
concerned proportional reasoning,
such as tested in the item in
Figure 6. Results revealed that only
the group trained with the balance

Material used by all participants

Material used in the three training groups

Balance beam Cardboard matrix Numbers

Figure 7.Material used in
the experimental laborato-
ry study.
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beam improved on all three dimen-
sions.
The group trained with numbers im-
proved with respect to adequate ex-
planations, but they also kept inap-
propriate explanations; although
trained with numbers, they did not
improve in proportional reasoning.
The group trained with the card-
board matrix, on the other hand, ex-
actly showed the inverse pattern of
learning gains. Figure 8 depicts the
decrease of inappropiate explana-
tions after the trainings.
Working with the balance beam
helped children to realize the inade-
quacy of their preconceptions as
well as to integrate mass and vol-
ume to form the proportional con-
cept of density.

Current Directions
Together with our colleagues in
Münster we are currently working
out projects of how to integrate the
balance beam into the curricula on
floating and sinking in third-grade
classrooms. For this purpose we de-
veloped a balance beam (see Fig. 9)
which is easier to handle than the
old one. Moreover, students can
operate this balance beam with
their hands and they can use the
familiar Lego bricks as weights.
As can be seen from Figure 10, this
new balance beam is already used at
school.

Figure 9. The new balance beam. Figure 10. The new balance beam at school.
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„Unabhängig von den
unterschiedlichen
Fähigkeiten und Talen-
ten der Schüler muss
alles gelernt werden,
was später gewusst und
gekonnt wird. Lernen ist
der mächtigste Mecha-
nismus der kognitiven
Entwicklung. Das gilt
uneingeschränkt sowohl
für hochbegabte Kinder
als auch für schwächer
begabte Schüler. In vie-
len Fällen ist dabei
didaktische Unterstüt-
zung notwendig und
wirksam. Noch so gut
gemeinte motivations-
psychologische oder
sozialpädagogische
Maßnahmen können für
den eigentlichen Lern-
akt kein Ersatz, sondern
nur eine oft sehr wirk-
same Voraussetzung
sein.“
F. E. Weinert, Leistungs-
messungen in Schulen,
2001, p. 85.

Translation:
Regardless of differ-
ences in students’ skills
and talents, everything
they later know or are
able to do has to be
learned. Learning is the
most powerful mecha-
nism of cognitive devel-
opment. This is true,
without exception, for
high achievers as well
as for children with
poorer preconditions. In
many cases, didactic
support is necessary
and effective in this
process. Steps taken in
terms of motivational
psychology or social
pedagogy, however well
meant, can never take
the place of the actual
learning act, but only
constitute the—often
highly effective—pre-
requisites for it.

Elementary School in Focus: Why Mathematics and Science Education Has to Become More
Challenging
In the domain-specific perspective of research on cognitive development, children’s competencies as
well as deficits in mastering mathematics and science problems are explained by their lack of prior
knowledge in the respective areas. Results from longitudinal studies suggest that within-age-level
differences in mathematics achievement are, to a remarkable extent, determined by prior domain-
specific knowledge acquired in earlier grades. Stern (2002, in press-a, in press-b), for instance, found
that achievement variance in grade 11 mathematics could be much better accounted for by mathe-
matics achievement in grade 2 than by mental abilities measured in grade 11. Detailed analyses re-
vealed that only students who, as second-graders, had been able to solve problems which required an
advanced understanding of numbers and mathematical operations showed high mathematical
achievement in secondary and high school. Advanced mathematical understanding in elementary
school, for instance, goes along with an understanding of the function of numbers beyond mere
counting, and with being aware of the inverse relationship between addition and subtraction as well
as between multiplication and division. Achievement in arithmetic word problem solving has proven
to be a good indicator of advanced mathematical understanding. In current mathematics classes in
German elementary school, most of the time is dedicated to practicing algorithms and number facts
rather than to solving challenging word problems. Therefore, elementary school children often do not
acquire the kind of mathematical knowledge they need to build on when the curriculum requires
them to deal with fractions, algebra, or trigonometry.
In science education, German elementary school teachers mainly deal with geographical or biological
topics rather than with physics or chemistry. Children, nonetheless, are interested in how the physical
world works. They construct their own explanations of why some objects will float in water while
others will not or why balloons will pop when inflated beyond their capacity. Often, children’s own
explanations are not compatible with the adequate scientific theories. If young children would be
confronted with alternative explanations that can be integrated into scientific theories, they might in
later years have less difficulties in understanding physics.
From a domain-specific constructivist perspective of cognitive development, it can be concluded that
chances for students to leave school as competent mathematics and science learners would be better
if they started to acquire and restructure elaborate knowledge in these domains at an early age.

Four Widespread Objections to a More Challenging Elementary School Education and How They
Can be Ruled Out
The call for more challenging science and mathematics classes in elementary school is not undisput-
ed. Four objections are frequently raised:

Objection 1: Children are not little adults, therefore, they have the right to grow up in environments
which are suitable for them.
Response: It is definitely true that children differ from adults in the way they process information
about the world and in the way they are emotionally affected by certain events and situations. How-
ever, it is also true that from a very early age children want to know how the world works and ask
adults for explanations. Environments which help children to find an answer to their overwhelming
number of “Why“ questions are, therefore, child-appropriate.

Objection 2: Early training means unnecessary efforts—children will anyhow achieve the same level
much easier when they are older.
Response: This is true for the emergence of competencies supported by genetically determined uni-
versal programs of neuronal development, for instance, language acquisition or cleanliness. In these
cases, the environmental and instructional input which, at a certain period of maturation, is neces-
sary and sufficient to prompt developmental progress is comparatively small in terms of time and ef-
fort. Evolution has prepared human beings for the acquisition of many competencies even if they
grow up in adverse environments. However, the use of writing systems, mathematical tools, or scien-
tific explanations is not among them, since these are the result of cultural development. Only sys-
tematic support given in professionally organized learning environments allows human beings to ac-
quire, within a few years, competencies which took mankind centuries or millenniums to develop.
Acquiring such competencies is time-consuming for all human beings—even the most competent
ones—because the underlying knowledge has to be restructured repeatedly by applying it to different
contexts. There is good reason to assume that the earlier knowledge acquisition in science and math-
ematics sets in, the higher will be the level students will have reached at the end of school.
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“It seems to be widely
believed that children
must not be told the
truth about the system
to begin with because
they could not cope
with such complexities.
I believe this to be
quite mistaken. What
underlies the mistake is,
I think, a failure to
make a crucial distinc-
tion—a failure to see
the difference between
understanding the na-
ture of the system and
mastering all the indi-
vidual patterns of rela-
tionship. It will in-
evitably take a child
some time to learn all
the sets of correspon-
dences. The question is
simply whether he will
do this better if he is
correctly informed
about the kind of thing
to expect.“
Margaret Donaldson,
Children’s minds, 1978,
p. 105.

“We begin with the hy-
pothesis that any sub-
ject can be taught ef-
fectively in some intel-
lectually honest form to
any child at any stage
of development.“
Jerome Bruner, The
process of education,
1979, p. 33.

Objection 3: In more demanding learning environments children with poor cognitive preconditions
will be overtaxed and frustrated from the very beginning of schooling.
Response: Many people involved in education think that students with poor cognitive preconditions
will benefit more from learning environments which primarily focus on associanist and rote learning
rather than on deeper understanding. The assumption is that only the more intelligent students can
profit from stimulating learning environments. There is, however, no empirical evidence for this as-
sumption. Rather, for elementary school children’s learning of mathematics, Staub and Stern (2002)
showed that regardless of students´ intelligence level, larger achievement gains were obtained in
classrooms with teachers who held a cognitive constructivist rather than a direct transmission view
of learning. Classroom observations revealed that although teachers with a direct transmission view
spent more time practicing factual knowledge and arithmetic procedures, they were not more suc-
cessful in fostering computational proficiency in students with poor preconditions. Hasemann and
Stern (2002) compared effects of two trainings on arithmetic word problem solving in second-
graders. One training focused on the use of visual-spatial representations, while the other training
referred to the everyday experience of the children. It turned out that particularly students with poor
prior knowledge gained from the more challenging training dealing with representations.
Möller, Jonen, Hardy, and Stern (2002) showed that particularly students with poor preconditions
gained from structured learning environments, which support children in acquiring scientifically ap-
propriate explanations for why certain objects will float in water while others will sink.
There is good reason to believe that stimulating learning environments, which take into account the
learner’s prior knowledge as something to be extended and restructured, will help all students to
achieve their personal optimum.

Objection 4: If young students are confronted with content they cannot fully understand, this will
necessarily result in misconceptions which will make further learning more difficult.
Response: It is true that if teachers would talk to younger children about scientific concepts in the
same way as they talk to older students, this would necessarily result in severe misunderstandings.
According to a constructivist view of learning, incoming information is always connected to knowl-
edge already existing in the mind. Misunderstandings occur if students do not access the knowledge
necessary for storing the incoming information in the way expected by the teacher. There are, how-
ever, other ways of talking to children about scientific concepts, which consist in adapting these con-
cepts to children’s prior knowledge. For instance, one can focus on the meaning of the slope of a
graph in a context of speed, density, or juice concentration without referring to the mathematical
formula. There is nothing wrong about saying that objects, which are put into water, will push
against the water while at the same time the water will push against them. This explanation is com-
patible with the scientific concept of buoyancy. What might cause misconceptions is the use of defi-
nitions based on technical terms unfamiliar to children. Presenting elementary school students with
the definition of density as the quotient of mass and volume will clearly overtax them. Young Chil-
dren will hardly understand the theoretical context which makes it necessary to distinguish between
weight and mass, and they are unfamiliar with the term “volume.” Defining density as the quotient
of weight and size, however, is definitely incorrect. Therefore, an elementary school curriculum on the
floating and sinking of objects in water will have to operate without the definition of density. In fact,
no such definition is necessary for directing young children’s attention to the relevant aspects of
floating and sinking. The major challenge of appropriate elementary school education is to find ways
to connect new information to existing knowledge that can be extended in the desired direction.
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In the last decade of the 20th cen-
tury the balanced relationship
between school and life was being
upset. An imbalance in the relation
between the school and the global-
izing economy would lead to the
potential exclusion of a sizeable
segment of young people of school-
leaving age. Simultaneously, the
unification of Germany produced a
set of problems more specifically
felt in the Eastern provinces of the
country. The unitary school system
of the GDR had been abolished and
a system akin to the three-track
Western system introduced; the job
security of the graduates, which had
been part of an institutional patron-
age system linking schools to indus-
tries and workplaces, was dissolved.

The Rise of a Right-Wing Culture
in German Youth
A review of right-wing activities
among German youth conducted for
the Federal Ministry of Education
and Science (Bromba & Edelstein,
2001) disclosed that groups of
young people who are dissatisfied
with school and complain about the
meaninglessness of their learning
experience, in particular in the non-
academic tracks of secondary
schools in the Eastern provinces,
turn out to be the major breeding
ground for antidemocratic attitudes,
right-wing postures, racism, and vi-

olence. The experience of alienation
in secondary schools thus appears
to be a major reason for adolescent
anomie (Bromba & Edelstein, 2001;
Edelstein, 2002a; Edelstein, in press-
b). The transformation of the econo-
my in the globalization process, the
imbalances created by unification,
and the extent of unemployment re-
sulting from these processes have
produced a fiscal crisis that threat-
ens the welfare system, tends to
deprive the school system both in
the old and the new German states
of essential funds, and restricts the
number of available teaching posi-
tions and thus the access of younger
teachers to schools. This fact has
led to diminishing expectations and
decreasing professional aspirations
of teachers as well as to increasing
burnout, as the average age of the
teaching force continues to rise. On
the local level this may result in
growing numbers of cancelled les-
sons and underserved extra-curricu-
lar projects, with the consequence
of diminishing discipline and in-
creasing pressure for achievement.
These stresses, of course, vary across
states, hitting the poorest like Berlin
or Mecklenburg-Pomerania harder
than some wealthier ones.
On the background of this picture of
widespread dysfunction, the results
of the PISA study caused a major
stir. Contrary to expectation, Ger-

Research Projects of W. Edelstein, Director Emeritus

Experiential Learning and the Lifeworld of the School
Until the 1990s, the basic fit between the educational system and the man-
power needs of the economic system was never called into question. How-
ever problematic their relationship, in a fairweather society with an expand-
ing economy schools continued to “prepare for life” and to guarantee the
social inclusion of their graduates.

Key References

Bromba, M., & Edelstein,
W. (2001). Das anti-
demokratische und rechts-
extreme Potenzial unter
Jugendlichen und jungen
Erwachsenen in Deutsch-
land. Expertise für das
Bundesministerium für Bil-
dung und Forschung
(BMBF). Bonn: BMFT
(56 p.).

Edelstein, W. (2002a). Die
Ausbreitung einer rechten
Jugendkultur in Deutsch-
land. Mit einigen
Vorschlägen zur Präven-
tion. In F. Büchel, J. Glück,
U. Hoffrage, P. Stanat, & J.
Wirth (Eds.), Fremden-
feindlichkeit und Rechts-
extremismus. Dokumenta-
tion einer multidiszi-
plinären Vortragsreihe
(pp. 11–62). Opladen:
Leske + Budrich.

Edelstein, W. (in press-b).
The rise of a right-wing
culture in German youth:
A study of effects of the
intersection of long
processes of social trans-
formation, identity con-
struction, and contextual
factors. In D. B. Pillemer &
S. H. White (Eds.), Devel-
opmental psychology and
the social changes of our
time. Cambridge: Cam-
bridge University Press.



Center for Educational Research 119

man schools, on average, performed
in the lower third internationally, far
below the top Scandinavian systems,
Canada, Japan and New Zealand, all
in fact either unitary or comprehen-
sive school systems. These findings
started a new educational debate in
the country. Although the debate
tended to shy away from central
structural questions raised by the
PISA results, such as the restriction
of the elementary school to a mere
four years or the selective tracking
of secondary school students from
the fifth-grade onwards, the debate
raised questions as to the quality
of instruction, teacher performance,
school change as well as various
questions concerning the quality
and development of the schools. In
the context of renewed educational
debate it seemed both reasonable
and necessary to give increased at-
tention to social psychological
processes in the schools, such as the
quality of teacher-student interac-
tions, the meaningfulness of learn-
ing experiences for students, and
the quality of the school as a setting
for life experience and moral growth
in childhood and adolescence. The
state of youth in Germany and the
dissatisfaction with schools have
become the targets of various pro-
grams and projects in which the
Institute has a share.

Self-Efficacious Schools
Already in the mid-nineties we had
been instrumental in launching a
federal pilot program of “self-effica-
cious schools” supported by private
funds from the Jacobs and the
Freudenberg foundations. The pro-
gram targeted the self-organization
of teachers and the enhanced

achievement and self-worth of stu-
dents in the age range of 12 to 18
years as a consequence of increased
self-efficacy among them. A major
objective of the program was to
change instructional modes and
evaluation strategies of teachers.
These teacher characteristics re-
mained rather resistant to change in
spite of the intervention, whereas
major effects were seen in readiness
to change in most participating
schools regarding organizational de-
velopment and collegial cooperation
among teachers. A training program
for teachers was developed in the
course of the project and refined on
the basis of the project’s evaluation
in the past years by educational psy-
chologist Matthias Jerusalem of the
Humboldt University in Berlin. The
training program has proven suc-
cessful in recent pilot runs and will
be used intensively to train teachers
in the new federal program for dem-
ocratic schools (cf. below). Prelimi-
nary evidence has shown that the
change potential of the program is
considerable. It is a sign of organiza-
tional self-efficacy that has emerged
from the program that a new “coali-
tion of self-efficacious schools” re-
mains active (Edelstein, 2002).

Youth Take Responsibility
The foundation-funded program
“Youth Take Responsibility” (“Jugend
übernimmt Verantwortung”) of the
Brandenburger Tor Foundation of
the Berlin Bank Company is another
attempt to respond to the social and
psychological situation of youth,
especially in the lower tracks of
secondary schools.
Whereas the “self-efficacious
schools” program was specifically
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designed to enhance student opti-
mism and effort and to decrease
teacher burnout through student-
oriented instruction, collegial com-
munication and organizational
processes, the focus of the youth
responsibility program is both more
limited and more precise. The aim is
to fuse the abstract characteristics
of self-efficacy beliefs with the con-
crete experience of responsibility for
cooperative action in projects based
in a school or in a community.
Again, the basic idea is to counter-
act the sense of helplessness, het-
eronomy, and alienation affecting
many, especially low-achieving stu-
dents, in the secondary schools and
to activate them through a sense of
achievement with a self-chosen task
undertaken in cooperation with
others. Projects in the program rep-
resent an experience of cooperation
and democratic exercise of control
in the context of cooperative
goalsetting and decision making
about a common task. It implies
responsibility taken for action and
responsibility shared with others.
A first expert workshop on responsi-
bility learning was held in May
2000. A conference on the learning
of responsibility in various domains
(schools, ecological projects, inter-
national youth programs, reeduca-
tion of adolescent delinquents) took
place in May 2001 and a summer
school for teachers on responsibility
learning in projects took place in
July of that year.

Learning and Living Democracy
The new federal program “Learning
and Living Democracy” (“Demokratie
lernen und leben”), which started in
Fall 2002 and will remain operative

for five years, is yet another attack
on the same set of problems. Origi-
nally developed as a measure of
prevention of right-wing radicalism
among adolescents, the program
deploys a broad strategy designed to
enhance competence, meaningful
learning in projects, students’ demo-
cratic participation at all levels of
the school, service learning and,
more generally, the school as a pro-
ductive community (Edelstein &
Fauser, 2001). Elements of this
program have been adopted by 12
of the 16 federal states establishing
networks that encompass between
6 and 24 schools each. The networks
engage in program-related organi-
zational development, providing
counsel for schools and teachers
and in-service training specific to
the program, for example, teaching
for understanding, sociomoral com-
petence, civic learning, project in-
struction, and self-efficacy training.
Transfer of competence beyond
the program schools and the five
years of the program’s operation is
warranted by training modules and
summer academies for expert school
developers and training officers who
earn credits for the courses they
attend.
The program, thus, is both more am-
bitious and more encompassing than
most previous programs targeted on
civic commitment and relying on an
extensive public-private partnership
initiative involving federal and state
authorities together with various
private foundations. It is designed to
offer assistance to schools prepared
to invest effort in change and the
development of teaching for compe-
tence and commitment as well as
democratic governance.
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