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Introductory Overview

The Center for Educational Research was restructured in 1996
when Jirgen Baumert was appointed director. The Center's
specific concern is research on development and learning from
the perspective of institutionalized education. Educational
settings such as schools are conceived as providing a specific
structure of opportunities and constraints for learning and de-
velopment. 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 differentia-
tion of personality traits, and guide career-forming processes?
Such questions are explored by a multidisciplinary team which
includes educational scientists, psychologists, mathematicians,
and sociologists. A strong theoretical focus is combined with
an applied approach in the fields of system monitoring, pro-
fessionalization of teaching, and improvement of learning and
instruction.

Conceptual Orientation: Schooling  across subject domains.

as a Cultural Artifact and an
Authentic Part of Life

The Center's research program is insti-
tutional as well as developmental in
orientation. This calls for a multilevel
research perspective:

1. With regard to the social struc-
ture of societies, formal education can
be conceived as a career-forming
process, even in its initial stages.

2. From an institutional perspective,

the focus is on facilitating and foster-
ing cumulative learning within and

3. From an individual point of view,
learning development can be conceptu-
alized as a process of inter- and in-
traindividual differentiation.

The Center's research agenda is shaped
by each of these perspectives.

It is a structural paradox of formal
education that the experiences made
available within institutions of formal-
ized education are always vicarious—
selected and prepared with the aim of
facilitating learning processes which
the learner must nevertheless perceive
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as personal and authentic. The more ed-
ucational institutions try to integrate
authentic everyday experiences into
their programs, the more obvious the
paradox becomes. The acquisition of
knowledge in educational institutions is
confined by the structural properties of
the institution, regardless of whether or
not authentic learning is emphasized.
This constitutes the difference between
learning 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 outside of school.
Educational institutions command a
large part of the time of children, ado-
lescents, 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 systemat-
ic instruction and learning, but provide
the setting for immediate everyday ex-
periences. In our research program, this
effect of schooling is taken into partic-
ular consideration in a longitudinal
study exploring individual development
in terms of cognitive competencies, mo-
tivational and social resources, and val-
ue commitment.

The way in which educational insti-
tutions have structured content areas
into different academic subjects deter-
mines the high domain-specificity of
knowledge acquisition. This is taken
into account in our research on the
structure of knowledge—including do-
main-specific epistemological beliefs—
acquired in school. In large-scale as-
sessment studies, classroom studies, and
experimental training studies, we focus
on domains of knowledge which rep-
resent basic cultural tools and, as
such, are critical for individual develop-
ment in modern societies. Mathematics
and science education and reading
comprehension constitute main areas

of research. Special emphasis is placed
on the question of how cognitive acti-
vation and self-requlation can be stim-
ulated 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 producer of
his or her own development—not only in
the constructivist sense of active and
idiosyncratic acquisition of knowledge,
but also in the sense that he or she
proactively selects and shapes the de-
velopmental environment.

Summary Outline

The following summary of the Center's
research program is not comprehensive.
Rather, research projects have been se-
lected to illustrate the major lines of in-
quiry pursued in the Center and provide
a representative overview of the three
areas of our current research.

Research Area | focuses on the rela-
tionship between the opportunity struc-
ture of schools and the optimization of
individual development in terms of cog-
nitive competencies, motivational and
social resources, and value commitment.
The basis for this research program is
provided by a multiple-cohort longitudi-
nal study which was initiated in 1991
with a sample of 13-year-olds. These
main cohort participants, who are now
aged 23, are currently taking part in a
sixth wave of measurement (Learning
Processes, Educational Careers, and
Psychosocial Development in Adoles-
cence and Young Adulthood [BIJU]).
As far as the transition from school to
work is concerned, Research Area | is
smoothly interlinked with the project
Regulating Development by Controlling
the Environment and the Self of the
Center for Lifespan Psychology.

Research Area Il comprises studies
which can be seen as representing the
first steps in the establishment of a na-



tional monitoring system to gauge the
performance of the German school sys-
tem. These foundational studies com-
bine basic research and system monitor-
ing in an international comparative per-
spective. The most important projects in
this research area are the Third Inter-
national Mathematics and Science
Study (TIMSS), and the OECD's Pro-
gramme for International Student As-
sessment (PISA). These studies are
complemented by the second CIVIC Ed-
ucation Study initiated by the Interna-
tional Association for the Evaluation of
Educational Achievement (IEA). Together
with a project on state schooling in the
former GDR funded by the German Re-
search Foundation (DFG), these studies
provide a firm basis for the Center's Re-
port on Education (Bildungsbericht),
which is published in collaboration with
the Center for Sociology and the

Center for Educational Research

Study of the Life Course. The report
appears on a regular basis and has be-
come established as a standard work.

Research Area Il consists of proj-
ects on learning and instruction with an
experimental or quasi-experimental ap-
proach. 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
video-based studies in school environ-
ments (TIMSS-Video and Pythagoras).
In the field of mathematics education
the Center closely collaborates with the
Center for Adaptive Behavior and
Cognition. Building on a strong theo-
retical background, these studies have
practical implications for the optimiza-
tion of classroom instruction and
teacher training.

The Center for Educational Research 2001

Left to right: (front row) Rainer Watermann, Cordula Artelt, llonca Hardy, Ulrich Trautwein, Zoe Daniels, Luitgard

Trommer, Mareike Kunter, Anja Felbrich, Anke Demmrich, Gundel Schiimer; (back row) Jiirgen Baumert, Helmut Kéhler,
Claudia ThuBbas, Eckhard Klieme, Petra Stanat, Olaf Koller, Elsbeth Stern, Joachim Wirth, Oliver Lidtke, Christa Héndle.

63



Center for Educational Research

Research Area |
Opportunity Structures of School and Individual
Development in Adolescence and Young Adulthood

Educational Institutions as Developmental Environ-
ments The successful development of human beings
across the entire life span is dependent both on their in-
dividual, internal characteristics and on external sociali-
zers such as significant others and social institutions. The
relative importance of internal and external promoters
varies across the life span and between the areas of indi-
vidual functioning. While parents, for example, play a
dominant role for their children's development during in-
fancy, childhood, and early adolescence, their influence
decreases during adolescence and often ceases entirely
in adulthood. Particularly in the domain of academic
learning and, more generally, cognitive development, the
social institution of school plays an important role dur-
ing childhood and adolescence. Furthermore, schools
have an impact on the formation or development of mo-
tivation, emotions, attitudes, and other personal charac-
teristics.

Inasmuch as the theoretical per-
spective of the Center for Educational
Research highlights the institutional in-
fluence on human development, it re-
quires longitudinal multilevel studies
that collect data at school, class, and
individual levels, cover more than one

The BIJU Team

Jiirgen Baumert
Sabine Gruehn
(until 1998)
Susanne Heyn
(until 1998)
Olaf Koller

Kai Schnabel
(until 2000)

Corinne Alfeld-Liro
(postdoctoral fel-
low, until 2000)

Zoe Daniels
Ingmar Hosenfeld
(until 2000)

Ulrich Trautwein
Rainer Watermann
(predoctoral
fellows)

www.biju.mpg.de

and 8 (see Research Area ll). The na-
tional longitudinal project Learning
Processes, Educational Careers, and Psy-
chosocial Development in Adolescence
and Young Adulthood (BIJU) does even
more to fulfill the requirements of a
multilevel longitudinal design in its in-
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knowledge domain, and allow the in-
vestigation of intraindividual change
across domains and of interindividual
differences in the patterns of intraindi-
vidual change. For TIMSS population Il
(7th and 8th graders), for example, a
repeated measurement design was im-
plemented with additional measure-
ment points at the end of grades 7

vestigation of the effects of school and
class environments on human develop-
ment. The BIJU study has four guiding
components, each with specific tasks
and addressing specific issues:

(1) provision of institutional and in-
dividual baseline data on the integra-
tion of the East and West German edu-
cational systems; description and analy-



sis of the transformation of the East
German educational system and the
subsequent 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 general insti-
tutional conditions;

(3) analysis of long-term trajectories
of psychosocial development in adoles-
cence as shaped by varying conditions
of schooling and instruction;

(4) analysis of ways of coping with
the transition from school to vocational
training and working life, taking into
account the interplay of personal re-
sources and the conditions of the voca-
tional training system and the labor
market.

The BIJU design—a two-cohort longi
tudinal study supplemented by a cross-
sectional survey—makes it possible to
simultaneously analyze aspects of indi-
vidual development, the particular situ-
ation of different birth cohorts, and the
impact of social change.

Center for Educational Research

Year | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999

Education

2000

2001

Grade 7 m 2]

Grade 8

|:| L 1: Longitudinal cohort 1
B L 2: Longitudinal cohort 2
[ C 1: Cross-sectional cohort 1

Grade 9

Grade 10

Grade 11/vocational
education

Grade 12/vocational
education

Grade 13/vocational 5a

education

University/vocational
education/job

il

Figure 1. Research design
of the BIJU project.

Thus far, research has focused mainly
on the first three guiding components
of the BIJU project. Because all the stu-
dents 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 uni-
versity. In the following, two of the cur-
rent research projects will be described
in more detail.

The BIJU Study Data Collection

The longitudinal study began with a survey of the main cohort during the 1991/92 school year (see Fig. 1). Data was gath-
ered from these 7th graders at three measurement points. The first point of measurement coincided with the transformation
of the unitary school system of the former GDR to the tracked system adopted from West Germany. Thus, the first survey
provides baseline data for the analysis of the situation at the end of the unitary system and the outset of the transforma-
tion process. 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 ei-
ther in the vocational education system or the academic track of upper secondary level. A new wave of data collection is
currently in progress, 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, disproportionately stratified according to state and type of school, comprises 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 order to separate school and classroom effects, two classes per school were included in

the sample.

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 10th 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.
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Opportunity Structures, Academic Achievement, and Cognitive Develop-
ment in German 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
measurement points over a period of six years, 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 tran-
sition from elementary school to different types of secondary school has remark-
able 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 re-
ducing the achievement heterogeneity between students within classes, but are
mainly effects of different learning and teaching cultures in the different
school types. Interestingly, the different types of secondary school do not only in-
fluence learning trajectories in curriculum-based knowledge, as measured with
standardized achievement tests, but also impact on nonverbal psychometric intelli-

gence.

One guiding idea behind the early
assignment to different school types in
Germany is that learning and instruc-
tion are more effective in relatively ho-
mogeneous groups of students, in
which teachers can adapt their instruc-
tional 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 demanding the classes.
Being exposed to higher demands in
class should lead to higher levels of

cognitive stimulation and higher gains
in achievement. The different types of
secondary school are thus assumed to
provide specific learning environments
that differ with respect to how much
they promote the cognitive functioning
of their students. However, recent stud-
ies from highly selective school systems,
for example Hong Kong (see Marsh,
Kong, & Hau, 2000), suggest that dif-
ferences in knowledge acquisition
across school types are not a conse-
quence of different learning environ-
ments, but can be explained entirely by

Tracked and Comprehensive System in German Secondary School
Two different approaches have been implemented in the German secondary school system: a tracked and a

comprehensive system. The former allocates students completing grade 4 (in most Ldnder, grade 6 in two Ldn-
der) to three different types of school on the basis of previous achievement: Hauptschule is the academically
least demanding track, Realschule an intermediate track, and Gymnasium the highest track. Education at the
Hauptschule ends after grade 9 or 10, when its graduates enter the dual system, which combines general and
vocational education in school with vocational training in companies. Students at the Realschule graduate
after grade 10, and also enter the dual system, but usually aspire to more highly skilled occupations than
Hauptschule graduates. Students at the Gymnasium graduate after grade 13 (or grade 12 in most of the East
German Ldnder). A successful final examination at Gymnasium level (Abitur) is required for university admis-
sion, and some of the more attractive jobs in the dual system (e.g., bank clerk) also ask for this certificate.

The other system consists of the comprehensive school (Gesamtschule). Within this type of school, stu-
dents are generally tracked from grade 7 onward, being allocated to classes according to their subject-specific
achievement levels. However, this tracking system is usually only applied in major subjects like mathematics,
German (as the mother tongue), English (as a foreign language), and sometimes physics (starting in grade 9).
Students can gain the same qualifications as in the tracked system, leaving school at the corresponding grade
levels.
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Figure 2. Learning trajectories for 250
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individual achievement differences at
the time of secondary school entry.
Marsh et al. found that, after control-
ling for individual entry achievement,
no additional effect of school-average
ability on mathematics learning was
observable. Similar findings were re-
ported by Goldstein and colleagues for
the English secondary system. In the
BIJU study we tested whether these
conclusions also hold for the German
school system.

The BIJU project not only allows in-
dividual and institutional effects on
learning to be disentangled, it also al-
lows institutional effects in different
subjects, that is, mathematics, biology,
physics, English, and civics, to be inves-
tigated. Findings show that institutional
effects are particularly apparent in core

Gymnasium

School-average

achievement in
grade 7

Individual
achievement
in grade 7

Achievement in grade 7 Achievement in grade 10

subjects like English and mathematics,
but that they are smaller in other sub-
jects such as physics, biology, and
civics. Figure 2 displays mathematics
achievement trajectories for the differ-
ent school types. The achievement
scores in grade 7 are standardized with
a mean of 100 and a standard deviation
of 30. The largest mean difference (be-
tween Gymnasium and Hauptschule) is
42 points in grade 7, increasing to 87
points in grade 10, thus suggesting that
the school-type variable is a very im-
portant predictor for learning rates in
mathematics.

In order to disentangle the effects of
prior individual achievement, school-
average achievement, and type of sec-
ondary school on later achievement,
multilevel analyses of the BIJU data

Individual
achievement
in grade 10

Figure 3. Effects of prior individual achieve-
ment, school-average achievement, and
type of secondary school (1 = Gymnasium
vs. 0 = others) on grade 10 mathematics
achievement.
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Figure 4. Quality of mathematics exercises 3,5

according to type of secondary school (find- M Hauptschule B Realschule BGymnasium B Others

ings from TIMSS-Video).

Mean

Simple repetition Cognitively demanding
exercises

were carried out. The findings of these
analyses are presented in Figure 3 (note
that there are usually large achievement
differences between individual schools
within one school type).

Obviously, the school type matters.
That is, even after controlling for prior
knowledge on the individual level and
school-average achievement, the type
of secondary school has a substantial
effect on later achievement. Note that
the effect of school type on achieve-
ment in grade 10 can be interpreted as
an effect on change in achievement,
because achievement in grade 7 is con-
trolled. The nonsignificant effect of
school-average achievement suggests
that it is not the ability-grouping per se,
but the learning climate of the Gymna-
sium that leads to higher learning rates.
This assumption is supported by the
findings of TIMSS-Video (see Research
Area Il1), in which mathematics lessons
in German schools were rated by ex-
perts on various instruction variables.
Figure 4, showing the quality of exercis-
es on two different dimensions, gives a
good insight into why the Gymnasium is
more effective at enhancing learning in
mathematics. Relative to students’ prior
knowledge, the exercises used at the
Gymnasium are cognitively more de-
manding than in other school types,
thus helping students to learn in a more
effective manner. These results thus
provide empirical support for the as-
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sumption that different school types
in Germany represent different learn-
ing environments, in which the given
opportunity structures have a substan-
tial influence on the development of
achievement. This effect is not restrict-
ed to curriculum-based tests, but also
emerges from the psychometric intelli-
gence tests administered in BIJU in
grades 7 and 10. Here, longitudinal
multilevel analyses show that the type
of secondary school (1 = Gymnasium vs.
0 = others) has a substantial impact on
nonverbal intelligence (standardized
regression coefficient p = .43, p < .001),
even after controlling for individual and
class-average intelligence in grade 7.
This last result is of paramount impor-
tance as it shows that the substantial
effect of schools or school types on
cognitive development reaches beyond
the confines of curriculum-based
knowledge. Possible pedagogical impli-
cations of these findings include the
provision of more favorable opportunity
structures in schools other than the
Gymnasium in order to optimize the cog-
nitive development of the students in
these schools.



Center for Educational Research

Opportunity Structures and the Formation of Academic Interests in
Schools

Previous research on students’ academic interests, particularly in science, has
shown a dramatic decrease in mean interest over adolescence. Explanations for this
phenomenon have usually referred to the predominantly scientific orientation of
science instruction, which ignores the everyday experiences of students. Special in-
structional programs were, therefore, developed to encourage science teachers to
build on student experiences, assuming that students will be more interested in
and learn best from their own experiences. More psychologically-driven models, for
example, the stage-environment-fit model proposed by Eccles and colleagues, sug-
gest that the decline in interests could reflect a mismatch between individual
needs in early adolescence and the opportunity structures typically provided by
secondary schools. Our theoretical approach to interest development offers ad-
ditional explanations for decreasing interests. Instead of stressing the negative role
of class and school environments, our assumptions turn to individual developmen-
tal processes in adolescence.

Although traditional research on
school effects on individual develop-
ment has primarily focused on cognitive
outcomes, especially language, mathe-
matics, and science achievement, non-
cognitive outcomes have also been in-
vestigated. These outcomes (e.g., self-
esteem, academic self-concepts, and
interests) are often seen as educational
aims in themselves, and modern schools
always strive to enhance students’ de-
velopment in these areas. Research on
the development of academic interests,
however, often suggests that schools
are very ineffective in achieving non-
cognitive goals in terms of increasing
interests over time. In fact, previous re-
search has shown a dramatic decrease
in mean interest in adolescence, partic-

ularly in science. This development was
replicated in the BIJU project. Figure 5
shows the development of interest in

mathematics and physics during lower
secondary school (from grade 7 to 10).

Interest values greater than 50 at
grade 7 indicate positive interest,
whereas values less than 50 indicate a
lack of interest in the subject. There is a
substantial decline for both girls and
boys in both subjects suggesting that
the developmental process is quite sim-
ilar for both genders.

This general decline in academic in-
terest, particularly in science and math-
ematics, has often been shown (for an
overview see Baumert & Koller, 1998).
One attempt to explain this trend as-
sumes a mismatch between instruction-
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Figure 6. The development of

interest in biology in classes

with and without biology in-

al practice in classrooms and the gener-
al interests of adolescents. More specif-
ically, it has been argued that teaching
often fails to tie into students' everyday
experiences. In fact, Schoenfeld (1988)
shows that direct instruction in mathe-
matics, which is usually regarded to be
a quite successful approach, leads stu-
dents to believe that mathematics has
nothing to do with their everyday expe-
riences and, as a consequence, they lose
interest. Travers (1978) argues that "the
school is more likely to be a killer of in-
terest than the developer.”

Viewing schools or traditional in-
struction as killers of academic interest
suggests that no instruction would
probably be a better way of promoting
students’ interests. The BIJU project al-
lows for an analysis of the development
of interest with instruction and without
instruction. Following a resolution
passed by the state government, no 7th
graders in Mecklenburg-West Pomera-
nia were taught biology during the
1991/1992 school year. This "natural
experiment" allows us to compare
changes in students' interest in biology
under conditions in which biology was
taught or not taught. Figure 6 presents
the findings of this analysis. Here, the
groups are additionally broken down
according to gender. There is clearly no
empirical evidence for any differences
between the two instructional condi-
tions. Only the time effect and the gen-

struction.
60
3 58
kS)
RS
o
£ 56
7}
o . i
o mmmm Boys with instruction ~
£ 54 - == Girls with instruction ~ ~
== == Boys without instruction
== mm Girls without instruction
52 T T T
Beginning Middle End
Grade 7

70

der effect were statistically significant,
with girls displaying more interest in
biology than boys. In sum, these find-
ings do not support the frequent claims
that lack of interest stems only from
poor instruction.

An alternative explanation for the
unfavorable interest trajectories ob-
served during lower secondary school—
and not only in the sciences—has been
put forward by Eccles and colleagues.
They point out that the field of experi-
ence outside of school broadens consid-
erably during adolescence, providing
competing opportunities for interest
development. At the same time, the au-
thors identify an institutionalized mis-
match between the students' increasing
desire for self-determination and the
sometimes restrictive learning environ-
ments of schools. According to this
view, the restrictive learning environ-
ments of lower secondary schools cause
the typical decrease in interest over
time.

A further explanation for the de-
cline in academic interest during ado-
lescence has been proposed by our re-
search group (e.g., Kéller, Schnabel, &
Baumert, 1998), both supporting and
expanding upon the argument made by
Eccles and colleagues. Instead of stress-
ing the role of curriculum and instruc-
tion, we turn to basic developmental
processes occurring in adolescence. Fol-
lowing Deci and Ryan (1985), we start
from the basic idea that students have
an innate need to autonomously ex-
plore new fields of knowledge and ac-
tion where they can develop a feeling
of self-determination and experience
competence and personal control. In
adolescence, students develop more
realistic self-concepts of their own
abilities and become more and more
aware of their specific strengths and
weaknesses in various fields of knowl-
edge and action. This intraindividual
comparison is a central mechanism in



the construction of personal identity
and the development of personal inter-
ests. Coping with developmental tasks
such as the transition from school to
vocational education and the labor mar-
ket exerts pressure on students to select
and reinforce specific fields of interest,
while giving up others. This process of
selection and optimization technically
results in decreasing mean values of in-
terest across students during lower sec-
ondary grades. The logical consequence
of this argument would be that a de-
crease in interest would not only be ex-
pected in mathematics and science, but
in other key subjects such as German
(as the mother tongue) and English (as
a foreign language) as well. Empirical
support for this assumption is presented
in Figure 7 showing data from the BIJU
project. As expected, the average inter-
est in German and English decreased
during grade 7.

In order to gather further empirical
support for our assumption that interest
development is affected by perceived
competence in personally important do-
mains, we investigated the relations be-
tween academic self-concepts and in-
terest, hypothesizing that self-concepts
would influence change in interest. Lon-
gitudinal structural equation modeling
indeed provided evidence for the as-
sumption that self-concepts are im-
portant antecedents of academic in-
terests.

In order to investigate the role inter-
est development plays in the processes
of selection and optimization in specific
academic fields, we explored the rela-
tion between academic interest and
course selection in German upper sec-
ondary schools. At grade 11, German
Gymnasium students have to choose
advanced courses in two or three do-
mains and basic courses in the remain-
ing domains. Advanced courses usually
comprise five to six lessons per week,
whereas basic courses involve two to
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three lessons per week. From our theo-
retical perspective, we predicted that
students who later choose a basic
course in mathematics would show de-
creasing interest in the subject during
lower secondary school, while students
later choosing an advanced course
would show consistently high levels of
interest.

The findings displayed in Figure 8
show that the one-third of the sample
who opted for an advanced course in
grade 11 indeed expressed high aca-
demic interest during lower secondary
school. In contrast, the two-thirds of
the students who opted for a basic
course displayed a decrease in interest,
resulting in a total decline for the
whole sample. Therefore, the data por-
trayed in Figure 8 provide strong evi-
dence for our assumption that the fre-
quently reported decline in academic
interest reflects a process of differen-
tiation with students reinforcing specif
ic fields of interest while giving up
others and trying to optimize domains
of high interest.

In our framework we propose that
competing interests are not only to be
expected in the academic field, but also
between academic and nonacademic
domains. Particularly in early adoles-
cence, students have a strong tendency
to prefer nonacademic contexts. At this
time, children experience dramatic bio-

Figure 7. Development of
academic interest in German
(as the mother tongue) and
English during grade 7; find-
ings from the BIJU project.

71



Center for Educational Research

Interest in mathematics

72

55

50

45

—

Figure 8. Development of interest in

mathematics of students opting for

an advanced or a basic mathematics
course at grade 11.

\:
—&— Advanced course (33%)

—8— Basic course (67%)
=——de— Total (100%)

T T
7 10
Grade

logical and social changes associated
with puberty. Peer groups become more
and more important, while the parents’
influence decreases and school often
becomes a context which does not cor-
respond to students' interests. Of par-
ticular interest are nonschool domains
that compete with school in terms of
attitudes, interests, and time invest-
ment. We thus hypothesized that the
decline in academic interests during
secondary school might also be a con-
sequence of the increase in nonacade-
mic interests and activities during ado-
lescence. Contrary to expectations,
however, none of the longitudinal
analyses carried out so far have provid-
ed evidence for this hypothesis, thus in-
dicating that the school context is less
influenced by students' out-of-school
experiences than suggested by prior re-

search. For German students at least, it
seems that the academic world (school)
and the nonacademic world (home,
friends, clubs, teams, etc.) form two
more or less independent domains that
do not substantially influence one an-
other. As a result, out-of-school vari-
ables and experiences have barely any
impact on the development of academ-
ic interests.



Research Area Il
Establishing a Monitoring System for Educational

Performance: Foundational Studies
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Despite the complex system of governance and federal
cooperation which has been developed in the German
educational system, Germany is one of the few industrial
states which long had no national system of quality con-
trol to monitor the outcomes of educational processes
and provide a framework for international comparison.
With its participation in TIMSS, reliable data on the lev-
els of performance of selected cohorts of students in
mathematics and science have become available for the

first time.

The Organization for Economic Co-
operation and Development (OECD) uses
the results of the TIMSS 7th- and 8th-
grade assessment as performance indi-
cators for the comparison of the educa-
tional systems in its member states.
Data on mathematics and science per-
formance are a regular feature of the
OECD's annual publication "Education at
a Glance" (OECD, 2000). The OECD has
now launched its own program to mon-
itor the outcomes of education systems
in terms of student achievement, and to
provide internationally comparable indi-
cators for central domains of the edu-

cation system on a reqular basis. All 16
of the German Ldnder are participating
in this Programme for International Stu-
dent Assessment (PISA), which builds on
the experiences of TIMSS, but seeks to
achieve qualitative improvement in
many respects. A national consortium
under the leadership of the Center for
Educational Research is responsible for
the national project management.
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The TIMSS Team

Jurgen Baumert
Wilfried Bos
(until 2000)
Eckhard Klieme
Olaf Koller
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Knut Schwippert
(until 2000)

Associated scientists:
Rainer Lehmann
(Humboldt-Universi-
tat zu Berlin)
Manfred Lehrke
(Institute for Science
Education, Kiel)

www.mpib-berlin.mpg.de/
TIMSS-Germany/

Figure 1. Design for
TIMSS/II, TIMSS-Video,
and TIMSS/III.
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The Third International Mathematics and Science Study (TIMSS)

The Third International Mathematics
and Science Study (TIMSS) is the latest
in a series of international comparative
studies on mathematics and science
teaching initiated by the International
Association for the Evaluation of Edu-
cational Achievement (IEA). TIMSS inte-
grates the two domains in a single
study, thus providing basic information
on system performance in a core area
of modern education in the 45 partici-
pating countries. The German research
group consists of three partners: the
Max Planck Institute for Human Devel-
opment (MPIB), the Institute for Sci-
ence Education at the University of Kiel
(IPN), and the Humboldt University of
Berlin (HUB). The national consortium is
headed by the Max Planck Institute for
Human Development.

The goal of TIMSS is to investigate
achievement in mathematics and sci-
ence from a cross-cultural perspective.

The international study is based on a
cross-sectional sample of three age
groups: (I) students from the two adja-
cent grades with the largest proportion
of 9-year-olds, (Il) students from the
two adjacent grades with the largest
proportion of 13-year-olds, and (l11)
students in the final grade of upper
secondary school in the general and vo-
cational education system. In Germany,
age groups Il and Ill were investigated.
As an enhancement of the international
design, the TIMSS-Germany design for
age group Il was longitudinal. Addition-
ally, an international Videotape Study
(TIMSS-Video) comparing mathematics
instruction in Germany, Japan, and the
United States has been interlinked with
the panel study in Germany (see Fig. 1;
see also Research Area Ill for a more
detailed description of TIMSS-Video).
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Research Questions

Since the publication of the reports on

Population Il, our investigations have

focused on the analysis of Population

[lI—the final grade of upper secondary

education in vocational and preuniver-

sity courses. The results of these analy-
ses are presented in two recently pub-
lished volumes.

The main foci of research were as
follows:

- the structure and level of the mathe-
matics and physics competencies ac-
quired at school,

- epistemological beliefs about mathe-
matics and physics,

- the relationship between motivation,
learning strategies, and domain-spe-
cific knowledge,

- instructional strategies in mathemat-
ics and physics classrooms and the
implications of these for the acquisi-
tion of domain-specific knowledge,
and

- the relationship between course se-
lection and domain-specific achieve-
ment, on the one hand, and career
prospects and choice of university
course, on the other.

Knowledge Structures in the Domain
of Mathematical Literacy

To analyze students' knowledge struc-
tures in a given domain such as mathe-
matics, analysis has to go beyond the
broad unidimensional achievement
scores regularly established in educa-
tional measurement. Instead, students'
understanding of the domain needs to
be elaborated by means of qualitative
categories derived from research on
mathematics education and cognitive
psychology. Therefore, test scores are
anchored within the given content ar-
eas, and score levels are associated
with cognitive demands mastered by
students reaching the respective level.
These proficiency levels also help to in-
terpret research findings in a way that
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is easily understood by teachers and
educational researchers in the field.

Technically, proficiency levels can be
described as critical thresholds in
achievement, above which there is suf-
ficient probability that students will
provide the correct response to mathe-
matics and science questions which call
for particular knowledge or skills. Here,
sufficient probability is defined as a
65% probability that the correct answer
will be given. Four proficiency levels
were defined for the domain of mathe-
matical literacy, ranging from everyday
reasoning to the application of basic
mathematical routines, and on to
mathematical modeling and argumen-
tation. When the distribution of stu-
dents across these proficiency levels is
viewed in international comparison,
qualitative differences in the structure
of mathematical knowledge acquired
become apparent. Table 1 illustrates the
literacy profiles of school leavers in five
European countries. For German mathe-
matics instruction, the proficiency lev-
els reveal an alarmingly high proportion
of students who are unable to reliably
apply basic mathematical routines—a
necessary condition for successful
transfer from school to vocational
training. By the same token, the pro-
portion of students who have attained
the level of mathematical argumenta-
tion by the end of compulsory schooling
is conspicuously low. The discrepancy
between results in Germany and the
Netherlands is striking. The finding that
one third of the Dutch students in their
final year of schooling do reach the
highest level of mathematical literacy
seems to provide convincing evidence
for the success of the realistic mathe-
matics concept developed by the
Freudenthal Institute and implemented
in the Netherlands.
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Table 1

Distribution of students across levels of mathematical proficiency at the end of

full-time schooling (in %)

Germany France Netherlands Norway Switzerland
Proficiency level (Tc1' = 78) (TCI = 84) (TCI = 78) (TCI = 84) (TCl = 82)
Everyday reasoning 15.4 5.5 3.7 7.6 5.7
Application of basic routines 36.6 33.4 21.5 325 27.8
Modeling and mathematization 34.1 443 41.3 37.4 40.9
Mathematical argumentation 13.9 16.8 334 22.5 25.6
Total 100.0 100.0 100.0 100.0 100.0

T TIMSS Coverage Index: Percentage of the age cohort covered by the TIMSS sample.
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The Structure of Knowledge Acquired
in Preuniversity Mathematics and
Physics Courses: Strengths and Weak-
nesses of Students in Academic Tracks
Previous comparative educational re-
search has shown that didactical tradi-
tions vary between countries. For exam-
ple, the realistic mathematics approach
implemented in the Netherlands as well
as the problem-oriented approaches
taken in the Scandinavian countries
highlight the linking of mathematical
concepts to authentic problem situa-
tions, while mathematics education in
France and Japan stresses the system-
atic structure of mathematical concepts
and inner-mathematical reasoning.
These observations lead to theoretical
hypotheses on relative strengths and
weaknesses of students from different
countries. Within TIMSS-Germany, we
tested these hypotheses by categorizing
the cognitive demands of TIMSS test
items and examining their differential
functioning in international compari-
son.

The difficulty parameter describing
each item's position on the proficiency
scale was broken down into two com-
ponents: (a) a component that covers
the overall difficulty of the item on the
international level and (b) a country-
specific component indicating differen-
tial item functioning (DIF) between

countries. We made systematic use of
such differential item functioning in
pairwise comparisons of the countries
participating in TIMSS. Furthermore, we
are able to refer to the additional infor-
mation provided by the proficiency
scales, on the one hand, and expert rat-
ings of the cognitive demands of the
items, on the other. Statistical methods
can be used to test which of these cog-
nitive demands are related to the DIF
parameters. The patterns of results indi-
cate systematic differences in the
structure of knowledge acquired in
the various countries, and thus reveal
the effects of the differing didactic tra-
ditions.

The German students' mathematics
performance at the preuniversity lev-
el was not only generally weaker than
that of many of their European coun-
terparts, these weaknesses were partic-
ularly pronounced in the more ad-
vanced domains of mathematical rea-
soning (see Table 2). The relative
weaknesses of the German upper sec-
ondary students lie in the domains of
conceptual and procedural mathemati-
cal knowledge. The German students
also underperformed in tasks requiring
mathematical modeling, application,
and problem solving, however. A certain
strength of German mathematics in-
struction was found in the German stu-
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Table 2

Relation between cognitive demands of advanced mathematics items and differential
item functioning in various countries in comparison to Germany'

Comparison country

Cognitive demands Austria Switzerland France Sweden USA All countries
Mathematical knowledge -.22 =31 -.28 =32 =38
Conceptual understanding -35 -.25 -.25 -.37
Algebra -.29 -.36 -34 -.28
Text comprehension .35 -.23

Modeling 40 -.24

Application -32

Problem solving 22 -.22 -20
Visualization and using 45 .25 46 .32

graphic material

1 The values given are correlations between the cognitive demands (as rated by experts) and the differential item parame-
ters across 66 TIMSS test items. Positive values indicate relative strengths of German students compared to students
from the comparison country, while negative values indicate relative weaknesses. Only significant correlations (p < 0.05)

are given.

dents' ability to visualize and use
graphic material, but this was the only
strength that could be identified. The
pairwise international comparisons re-
veal some highly interesting variations
in the country-specific cultures of pre-
university mathematics. There is little
deviation in the DIF parameters of the
three German-speaking countries (Ger-
many, Austria, and Switzerland). In oth-
er words, although the Swiss students
far outperformed their peers in Germany
and Austria, the didactic cultures of the
three countries seem to be rather simi-
lar. These findings imply scope for opti-
mization within one and the same di-
dactic tradition.

The U.S. students' performance in
the advanced mathematics test—though
very low overall—was relatively high in
tasks requiring conceptual and proce-
dural knowledge. This indicates that
high school lessons in Germany follow
the same kind of lesson script that was
also observed in the 7th and 8th grades,
emphasizing the use of repetitive exer-
cises and the rote learning of mathe-
matical concepts (Baumert, Lehmann
et al.,, 1997).

Students attending the mathemati-
cal and scientific track of the French
Lycée d'Enseignement Général generally
attain an extraordinarily high level of
mathematics achievement. Their partic-
ular strengths lie in advanced mathe-
matics and algebra skills. At the same
time, the relations between the DIF pa-
rameters and the strategic demands of
the tasks such as problem solving, re-
structuring, and spatial visualization
show that—in comparison to their ex-
tremely high performance overall—
French students are relatively weak in
these areas. French instructional prac-
tice is obviously geared to the tradition-
al approach of imparting systematic do-
main-specific knowledge.

As expected, the Swedish students’
profile is complementary to that of their
French peers. Compared to both German
students and students in the other par-
ticipating countries, the particular
strengths of the Swedish students lie in
the domains of application and problem
solving, as well as in procedural knowl-
edge and the qualitative understanding
of mathematical concepts. This confirms
that Swedish mathematics instruction
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indeed focuses more on problem solving
and understanding than is the case in
the other countries under investigation.
Moreover, the level of competence
achieved by the Swedish students was
generally high.

The task shown in Figure 2 is a good
illustration of differing knowledge pro-
files. The item, in which compulsory
material from lower secondary educa-
tion is embedded in an unfamiliar con-
text, was administered to preuniversity
students taking advanced courses in
mathematics.

Country-specific profiles also

ternational comparison, the relative
strengths of German upper secondary
students lie in the formal, quantitative
approach to physics. In contrast, Ger-
man academic-track students have par-
ticular difficulty with tasks that require
either a clear conceptual understanding
or the overcoming of misconceptions
(see Fig. 3). This finding shows that the
results of intensive research into con-
ceptual change have not been success-
fully transferred to instructional prac-
tice in Germany. This indicates a serious
shortcoming in the implementation of
research findings in in-service teacher

emerge for the knowledge acquired in

training.

preuniversity physics courses. By in-

A string is wound symmetrically around a circular rod. The string goes exactly 4 times
around the rod. The circumference of the rod is 4 cm and its length is 12 cm.

Find the length of the string. Show all your work.

Figure 2. TIMSS item on problem solving in advanced mathematics.
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Epistemological Beliefs about Mathe-
matics and Physics

The terms "epistemological beliefs" and
"worldviews" cover all beliefs and sub-
jective theories that individuals develop
about knowledge and knowledge acqui-
sition, either in general or in specific
domains. The starting point for all re-
search on epistemological beliefs is the
assumption that these intuitive theories
predetermine how the individual en-
counters and interacts with the dis-
cernible world. They impact on thought
and reasoning, information processing,
learning, motivation, and—ultimately—
academic achievement. As a rule, analy-
ses of epistemological beliefs take a de-
velopmental approach and assume an
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age-graded increase in the complexity
of the worldviews. This process can
either be fostered or obstructed by
school instruction.

When epistemological beliefs are
studied within the framework of re-
search on mathematics and science ed-
ucation, the aim is not only to optimize
the learning process. More importantly,
epistemological beliefs are perceived
as an integral component of mathe-
matical and scientific knowledge. They
provide implicit conceptual frameworks,
indicating which questions can legiti-
mately be posed in a specific domain,
which methods can be used to solve
them, and with what degree of certain-
ty. The elaboration of students' intuitive
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Figure 3. Two TIMSS items on miscon-
ceptions in advanced physics.

The figure below shows a special sort of amusement park ride. As the ride starts to rotate
about its central vertical axis the floor drops slowly but the rider does not. The rider is
pressed against the rough inside wall of the rotating cylinder and remains at rest with

)

respect to the wall. The rider's feet are not in contact with the floor.
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theories is therefore a goal in its own
right in mathematics and science edu-
cation, and epistemological beliefs are
considered to be a core element of
mathematical and scientific literacy. At
the same time, typically occurring stu-
dents' beliefs about mathematics and
physics allow inferences to be drawn
about the students’ previous instruction
in these domains (see Tables 3 and 4).
In TIMSS-Germany, epistemological
beliefs about mathematics and physics
were explored in a supplementary na-
tional investigation. The key findings
can be summarized as follows: The
mathematical worldview of upper sec-
ondary students in the academic track
is typically a schematic and algorithmic
perception of mathematics and mathe-
matics instruction. A clear majority of
respondents agreed with statements
such as: "mathematics implies remem-

bering and applying definitions, formu-
las, mathematical facts, and proce-
dures" or "doing mathematics means
applying general rules and procedures
to specific tasks." Accordingly, upper
secondary students are not familiar
with the constructivist approach to
mathematics taken in the philosophy of
science. This approach emphasizes the

Table 3
Students' beliefs about mathematics and learning mathematics

¢ Math problems have one, and only one, correct answer.

¢ There is only one approach to solving any given math problem—usually the method
recently demonstrated by the teacher.

* Normal students can't expect to understand math; they have to learn methods off
by heart and apply them mechanically.

¢ Students who have understood mathematical concepts and methods are able to
solve any math problem in a matter of minutes.

¢ School math has little or nothing to do with the real world.

¢ Doing math is a solitary activity that individuals engage in on their own.

¢ Math is a formal system, and has nothing to do with intuition or creativity.
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Table 4

Students' beliefs about science and learning science

A logico-empiricist view of the world is predominant, according to which scientific
theories are derived from observations and experiments.

An adequate understanding of the relationship between models and reality is lack-
ing. Models are viewed as a direct reflection of reality.

Scientific knowledge is the result of human beings discovering objective, perma-
nent natural laws (reification of discovery).

In contrast to other forms of discovery, science knowledge entails a claim of ab-
solute truth; the distinction between true and false is independent of theory and

context.

The notion that scientific discoveries are the result of interactive validation

processes is lacking.

The sciences represent the definitive way of understanding the world in modern

societies.

The sciences are the basis for modern technology and the engine driving progress.
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constructive and dynamic nature of
mathematics, and the fact that mathe-
matical innovation is dependent on cre-
ativity and imagination. Nevertheless,
almost all Gymnasium students are
aware of the importance of mathemat-
ics in the modern world. Rigid schemat-
ic perceptions, such as there only being
one approach to solving any given
mathematics problem—still a typical be-
lief among 14-year-olds—are no longer
found in preuniversity mathematics
courses. In contrast to physics, Platonist
perceptions play practically no role in
the domain of mathematics.

A predominant worldview among ac-
ademic-track students in upper second-
ary education can also be identified for
the domain of physics. This perception
couples the ontological belief that
physics consists in the gradual discovery
of a construction plan for the universe
with the view that physics-related
knowledge has system character. Ac-
cording to this view, the natural laws of
physics are discovered by physicists on a
step-by-step basis. The theories of
physics systematize human experience,
most of which is gained from experi-
ments. In the international research lit-
erature, this basic perception is defined
as a logico-empiricist view of science.
An understanding of the constructive

nature of scientific theories is alien to
this worldview.

As is also the case in mathematics,
the societal relevance of physics is
undisputed. The great majority of upper
secondary students believe physics to be
the driving force behind technological
progress, its aim being to solve the
practical problems encountered by hu-
manity. However, there is a systematic
difference in the physics-related world-
views of students enrolled in basic and
advanced courses, the direction of
which is worthy of note: The longer and
more intense the students' involvement
with physics in school, the more pro-
nounced their empiricist beliefs about
science, and the greater the claims of
certainty that they associate with
knowledge in physics. This finding clear-
ly contradicts the normative expecta-
tions guiding physics education.

The development of epistemological
beliefs about mathematics and physics
during adolescence can be described as
a process of differentiation. During ado-
lescence, different aspects of beliefs,
which are by no means always logically
compatible, become more distinct from
one another and thus more clearly de-
fined. Where mathematics is concerned,
a clear polarization of epistemological
beliefs occurs over the course of this
development—either in the direction of
a static schema-oriented view or in that
of a dynamic application-oriented posi-
tion. Where physics is concerned, a sim-
ilar differentiation of epistemological
beliefs can be observed over the course
of development. This has little effect on
the empiricist view of the world that
predominates in this domain, however.
The main change here lies in the rejec-
tion of schematic perceptions of
physics. Figure 4 shows the results of a
latent class analysis for mathematics
from a developmental perspective.

Epistemological beliefs are intuitive
theories which represent an integral el-



ement of domain-specific knowl-
edge and, at the same time, im-
pact on motivation, learning
processes, and ultimately academ-
ic achievement in the domain in
question. In TIMSS, structural
equation modeling was used to
analyze the relationship between
epistemological beliefs, on the one
hand, and motivational orienta-
tions, use of learning strategies,
and achievement in the given sub-
ject, on the other. It emerged that
there was a high degree of com-
parability between the two sub-
jects. The analyses of the mathe-
matical worldviews—as shown in
Figure 5—indicate that these be-
liefs have direct or indirect—that
is, mediated by other factors—
effects on achievement in math-
ematics. As expected, the effects
of Platonist and schematic per-
ceptions of mathematics are neg-
ative. The effect of schematic per-

ceptions is mediated by interest in the

Students in %

subject and rehearsal strategies. Stu-

dents who believe that mathematics
consists merely in the application of

particular algorithms to given tasks are

less interested, more likely to use sur-

face strategies when studying, and per-
form less well than their peers. As was

also predicted, the other two dimen-
sions of the mathematical worldview

proved to have positive effects on
achievement. Those students with a

constructivist perception express great

interest in mathematics and perform

better than their peers.

Summary

In Germany, the TIMSS findings on the
structure of knowledge in mathematics

and physics synthesize with the stu-

dents' modal epistemological beliefs to
form a relatively homogeneous pattern
and reflect a form of instruction which

is fundamentally schematic and ofte

n
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Indifferent

Schema-oriented  Application-oriented

Classes of epistemological beliefs

[l Population Il (lower secondary level): Gymnasium students
[ Population Il (lower secondary level): Students at other types of schools
[l Population 11l (upper secondary level): Gymnasium students

Figure 4. Students' epistemological beliefs about mathematics according to age
cohort and school type (in %).

repetitive, involves relatively little varia-
tion, and does not have the primary aim
of stimulating and fostering cognitive
activity, intellectual autonomy, and self-
regulated learning. This conclusion is
confirmed by the TIMSS data on the
structure and delivery of lessons (see
below: The Orchestration of Students’
Learning Activities). At the same time,
the TIMSS results also reveal consider-
able variation in knowledge profiles ac-
cording to the country, its didactic tra-
dition, and the subject in question.

This convergence of results in the in-
depth analyses conducted in Germany
may well explain the far-reaching im-
pact of the study. It seems fair to draw
attention to the considerable political,
practical, and scientific impact that
TIMSS has had in this country. The find-
ings have led to marked changes in the
political agenda, inasmuch as the Ldn-
der have begun to establish a national
monitoring system focusing on educa-
tional outcomes. From the practical
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point of view, the federal and Ldnder
governments have reacted with a well-
equipped development program to im-
prove instruction in individual schools
and professionalize teaching in the do-
mains of mathematics and sciences.
From the scientific point of view, the
findings of TIMSS and TIMSS-Video

Epistemological beliefs

have led to the German Research
Foundation (DFG) funding a new pro-
gram to further research on learning
and instruction in mathematics and sci-
ence, taking into account support sys-
tems existing both inside and outside of
school.

Motivation/learning strategies

\

14
\
Instrumentality .21 Elaboration
X s > N
of mathematics strategies
.32 n.s.
Constructivist .25 Interest in
h L AN .
perception mathematics
24 28
Advanced >
course 30 -
-17
-12
Schematic Rehearsal
! — > ;
perception 19 strategies
Platonist
perception —.09

Achievement in
mathematics

A

Mathematics achievement

R2=.35

Figure 5. Epistemological beliefs, motivation, learning strategies, and performance in mathematics: Structural

equation model.
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Programme for International Student Assessment (OECD-PISA)

As projects like the Third International
Mathematics and Science Study (TIMSS)
have shown, large-scale assessments of
student performance can provide valu-
able information for policy-makers,
teacher trainers, and educators. The
German ministers of education in the
16 German Ldnder have, therefore, re-
solved to monitor outcomes of school-
ing on a regular basis. The Programme
for International Student Assessment
(PISA) that was initiated by the member
countries of the Organisation for Eco-
nomic Cooperation and Development
(OECD) provides an excellent basis for
the establishment of such a monitoring
system. This project assesses knowledge,
skills, and competencies of 15-year-old
students in reading, mathematics, and
science, as well as in cross-curricular
domains. Because the assessments take
place on a regular basis, with updates
every three years, the study presents a
tool for monitoring changes in the per-
formance of the participating 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 nation-
al additions to the international design.
This gives national committees the op-
portunity to address research questions
that are of particular interest to them.
The German PISA consortium has made
extensive use of this opportunity and
supplemented the program such that
central research questions in education
and educational psychology can be ad-
dressed. One main focus of these foun-
dational studies is the explication of
structures of knowledge and competen-
cies in curricular and cross-curricular
domains. In addition, an attempt is
made to gauge the importance of indi-
vidual-level and school-level factors, as
well as curricular and didactical tradi-
tions affecting the development of
these knowledge structures and compe-
tencies. Some of the national additions
to the international PISA design and
the research questions they aim at ad-
dressing are listed in Table 5.

Table 5
National supplements to the international PISA design for analyses of knowledge
structures and their determinants

Cross-curricular

Reading

Mathematics

Science

competencies

* Assessment of learning
from texts as a com-
ponent of reading lit-
eracy distinct from
working with texts

* Assessment of proxi-
mal antecedents of
text comprehension to
identify possible points
for intervention

Fine-grained differenti-
ation and description of
competency classes

Addition of broader
range of items assess-
ing aspects of mathe-
matical literacy not
covered by the interna-
tional test

Ratings of items based
on a theory of cognitive
demands

Identification of effects
of curricular and didac-
tical traditions on
knowledge structures

* More comprehensive

assessment of under-
standing of scientific
concepts to test the
distinction between
concept and process
components of scien-
tific literacy

* |dentification and de-

scription of competency
levels for the concept
and the process dimen-
sions

¢ Assessment of general
problem-solving skills
and validation of the
construct

* Assessment of aspects
of social competence
and cooperative behav-
ior

* Exploration of the role
schools play in the de-
velopment of CCCs

The PISA Team

Cordula Artelt
Jiirgen Baumert
Eckhard Klieme
Gundel Schiimer
Petra Stanat

Anke Demmrich
Mareike Kunter
Joachim Wirth
(predoctoral fellows)

Associated scientists:
Helmut Heid (Uni-
versitat Regensburg)
Michael Neubrand
(Bildungswissen-
schaftliche Hoch-
schule Flensburg)
Manfred Prenzel
(Institute for Science
Education, Kiel)
Ulrich Schiefele
(Universitat Bielefeld)
Wolfgang Schneider
(Universitat Wiirz-
burg)

Klaus-Jiirgen Tillmann
(Universitat Bielefeld)
Manfred Weil3

(DIPF, Frankfurt a.M.)
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Analyses of Knowledge Structures

Reading literacy Each cycle of the
international PISA program will focus
on one of the three assessment do-
mains. In the first cycle, this major do-
main is reading. The international
framework for the assessment of read-
ing literacy is largely based on a struc-
tural model developed by Kirsch and
Mosenthal (1998), which strongly influ-
enced both the U.S. National Assess-
ment of Educational Progress (NAEP)
and the OECD's International Adult Lit-
eracy Study (IALS). At a general level,
this model distinguishes between a pri-
marily text-based and a more knowl-
edge-based aspect of reading compre-
hension. Whereas the former relies al-
most exclusively on information
provided in the text, the latter also
draws on prior knowledge. These two
aspects are further broken down into
five types of demands that readers en-
counter when working with texts,
namely retrieving information, develop-
ing a broad understanding, and devel-
oping 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 (rep-
resenting more knowledge-based com-
prehension).

The international approach examines
reading comprehension in the context
of working with texts. In the test, stu-
dents were allowed to refer back to the
text while answering questions about it.
This approach clearly captures an im-
portant aspect of reading literacy. Yet,
reading literacy also encompasses the
ability to generate mental representa-
tions of a text such that the informa-
tion can be used at a later point in
time, without having to consult the
document again. This aspect, which can
be described as learning from texts, was
assessed in the national extension of
the international PISA design. The na-

tional test is based on the psychological
theory of text comprehension developed
by Kintsch (1998) and van Dijk and
Kintsch (1983). This theory differenti-
ates three types of text representations:
verbatim representations, which result
from basic processing of a text's sur-
face; propositional 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.

According to Kintsch (1998), text
comprehension encompasses text-driven
construction processes and knowledge-
driven integration processes. ldea units
or propositions, on the one hand, and
the reader's goals, on the other, lead to
the retrieval and activation of associat-
ed elements (knowledge, experience)
from long-term memory and the forma-
tion of an interrelated network. At the
lowest level of comprehension, a person
may be able to reproduce a text from
memory without being able to use it for
any other purpose; in that case, the in-
formation provided by the text remains
inert knowledge. The most elaborated
form of text processing, on the other
hand, is the situational representation.
Here, the contents of the text and the
reader's current knowledge are inter-
connected and additional information
stemming from inferences is incorporat-
ed, thus reflecting the deepest level of
learning from the text. In generating
situational representations, deliberate
control becomes necessary when the
textual information interferes with the
knowledge base or when not enough
knowledge is available for an orderly
mental representation of the text to be
constructed.



Large-scale assessment studies (e.g.,
IEA, NAEP) have recently begun to try to
explain observed differences in text
comprehension skills or reading literacy
by reference to structural and individual
features. Among other things, they ex-
amined the role of such factors as
school characteristics, class size, and
students' socio-economic background
(SES). One of the main findings of these
studies was that, compared to SES,
school variables seem to have relatively
little impact on text comprehension
skills. However, the analyses did not
take into account more proximal an-
tecedents of reading comprehension
that have been identified in the psycho-
logical literature on the processes oper-
ating during the construction of mental
representations, on the one hand, and
on individual predictors of comprehen-
sion and memory skills, on the other.
Here, decoding skills, knowledge about
language, domain-specific knowledge,
basic cognitive capacities (working
memory, mental ability), learning strate-
gies, and metacognitive knowledge are
described as major predictors of text
comprehension. In addition, the con-
struction of a coherent situational rep-
resentation of a text may also depend
on the reader's goals and motivation.
The importance of motivational vari-
ables has repeatedly been shown in re-
search on learning strategies.

Rather than concluding that schools
do not make a difference, the national
PISA consortium added an assessment
of several proximal antecedents of text
comprehension which could represent
potential points of intervention, partic-
ularly in schools. The national additions
include reading and learning strategies,
thematic interest, and prior knowledge
about the topic of each text. A reading
speed test was also administered, allow-
ing for the measurement of basic read-
ing skills (decoding speed). Furthermore,
students' knowledge of learning strate-
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gies was assessed. That is, students
were asked to rate a series of learning
strategies in terms of how effective
they would be for attaining a stated
goal in six different scenarios, and their
ratings were subsequently compared
with corresponding judgments by ex-
perts.

As described above, the national de-
sign includes a second text comprehen-
sion test, differing from the internation-
al reading literacy test in several re-
spects. Whereas the international
assessment examines reading compre-
hension in the context of working with
texts, the national test requires students
to read each text within a limited peri-
od of time and to subsequently answer
comprehension-based and knowledge-
based questions from memory without
being able to consult the text again. The
extent to which students have devel-
oped a situational representation of the
information provided is regarded as an
indicator of learning from texts. On the
basis of the different assumptions about
text comprehension and literacy under-
lying the national and the international
theoretical frameworks, we expect that
different predictors will be identified for
the aspects captured with the two tests.
More specifically, the theoretical as-
sumptions depicted in Figure 6 will be
tested systematically by comparing
structural equation models with varying
constraints.

Based on the models by Kirsch and
Mosenthal and van Dijk and Kintsch, we
expect to find substantial effects of
mental ability, decoding speed, knowl-
edge about learning strategies, and in-
terest, as well as of parents’ socio-eco-
nomic status (SES) on both aspects of
text comprehension. Other predictors
are expected to influence only one of
the measures. For example, the theoret-
ical assumptions suggest that prior
knowledge and use of deep-level learn-
ing strategies (elaborations) will only
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Reading
literacy

Text comprehension:
Kirsch & Mosenthal
model

Figure 6. Theoretical
assumptions about
variables predicting
the two facets of text
comprehension.
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have a positive effect on the develop-
ment of situational text representations,
whereas instrumental motivation and
effort and persistence when studying
should primarily be associated with
higher levels of performance in the in-
ternational reading literacy test.
Analyses of data from a field trial
show that the international assessment
(working with texts) and the national
assessment (learning from texts) do, in
fact, capture different aspects of read-
ing literacy. A two-dimensional Rasch
model was shown to represent the data
better than a one-dimensional model.
Owing to design restrictions in the field
trial, however, we have not yet been
able to test the complete model depict-
ed in Figure 6 by considering both crite-
rion variables simultaneously. Neverthe-
less, in line with our theoretical as-
sumptions, partial models provided
strong evidence to show that learning
strategy knowledge and text-related
prior knowledge have the highest pre-
dictive power, particularly where learn-
ing from texts is concerned. Most im-
portantly, this conclusion holds even
when SES is included as a predictor.

These findings suggest that metacogni-
tive skills may present an appropriate
point of intervention when it comes to
fostering reading literacy in schools. To
test this idea, an experimental training
study has been designed. Based on the
concept of reciprocal instruction, stu-
dents will be trained in the use of
metacognitive strategies, and the
longer-term effects of this training pro-
gram on text comprehension will be ex-
plored.

Mathematical literacy The inter-
national framework for the assessment
of mathematical literacy is strongly in-
fluenced by the "realistic mathematics"
approach introduced by Hans Freuden-
thal. This approach starts with the as-
sumption 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 assump-
tion, the international PISA test consists
mainly of items that require students to
apply their knowledge and skills in au-
thentic situations. Moreover, the com-
position of the test reflects the idea
that problems involving modeling and
application present the best indicators
for mathematical understanding.

The "realistic mathematics" approach
reflects current ideas on constructivist
teaching and situated learning that are
quite popular in didactics and educa-
tional research (see below: Research
Area Ill). However, these conceptualiza-
tions leave unanswered such important
questions about the nature and struc-
ture of mathematical competencies as
the following:

(1) What is the relationship between
modeling-and-application kinds of
tasks, on the one hand, and inner-
mathematical problem solving and
technical skills, on the other? Do these
competencies constitute different di-
mensions of mathematical literacy or do



they represent hierarchical levels of
mathematical understanding that may
be positioned on a singular latent di-
mension?

(2) Can different levels of mathe-
matical modeling be distinguished?

To address these and other ques-
tions, the German PISA consortium has
extended the international approach in
terms of theory, design, and methodo-
logy:

(1) Further breaking down two of the
three competency classes defined in the
international framework, the national
approach establishes a more fine-
grained theory of mathematical compe-
tencies. More specifically, the model
distinguishes the following competency
classes: (1a) application of technical
skills or recall of facts, (1b) modeling
based on a single algorithm, (2a) single-
step modeling that is primarily concep-
tual in nature, (2b) multi-step modeling
that requires either the combination of
several similar steps or knowledge from
several mathematical domains, and (3)
mathematical thinking, generalization,
and insight.

(2) Based on mathematical and di-
dactical conceptualizations as well as
psychological approaches, a theoretical
model of cognitive demands has been
developed. Using this model, trained ex-
perts rated the cognitive demands of
each item used in PISA.

(3) The test design was extended by
adding a broader range of items. These
items cover a wide variety of mathe-
matical themes and a broad range of
technical skills.

The structure of mathematical com-
petence will be explored and compared
across student groups and countries.
Based on the theory of item demands
and difficulty mentioned above, levels
of proficiency will be described in detail
for the dimensions and sub-dimensions
identified in the structural analyses. In
addition to providing further informa-
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tion on structural aspects of the do-
main, these proficiency scales will allow
for criterion-referenced interpretations
of test scores. In order to gauge the ef-
fects of didactical and curricular tradi-
tions on structures of mathematical
knowledge and skills, moreover, differ-
ential strengths and weaknesses across
countries as well as regions and school
types will be examined.

Taken together, the theoretical, em-
pirical, and analytical power of the ex-
tended PISA mathematics study will
provide important insights into the na-
ture of mathematical literacy and into
specific strengths and weaknesses in
students’ knowledge and skills. Such re-
sults represent valuable information for
curriculum development, teacher train-
ing, and textbook writing.

Scientific literacy As is the case
with mathematics, the first cycle of
PISA assesses scientific literacy as a mi-
nor component. In line with the Anglo-
Saxon notion of scientific literacy, as
described in the Benchmarks for Science
Literacy published by the American As-
sociation for the Advancement of Sci-
ence, for example, the international
PISA framework emphasizes process
skills. The framework defines processes
as "mental (and sometimes physical) ac-
tions used in conceiving, obtaining, in-
terpreting, and using evidence or data
to gain knowledge or understanding”
(OECD, 1999, p. 61), and distinguishes
five such processes: (1) recognizing sci-
entifically investigable questions, (2)
identifying evidence needed in a scien-
tific investigation, (3) drawing or evalu-
ating conclusions, (4) communicating
valid conclusions, and (5) demonstrating
understanding of scientific concepts. Al-
though some scientific knowledge is
needed for all five processes, only the
fifth primarily focuses on this aspect of
scientific literacy. In other words, un-
derstanding of scientific concepts is not
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intended to be the main challenge in
solving items designed to assess the
first four of the processes covered in
the international PISA test.

The national extension in science
adds a more comprehensive assessment
of conceptual understanding to the in-
ternational design. This addition covers
concepts from biology, physics, and
chemistry. The data collected with both
the international and national items will
be used to test the distinction between
concept and process components of sci-
entific literacy. If, as expected, the dis-
tinction holds, competency levels will be
determined and described for each of
the two dimensions. Again, on the basis
of such structural analyses, specific
strengths and weaknesses of the stu-
dents can be identified.

Cross-curricular competencies
PISA is the first international assess-
ment study that goes beyond the meas-
urement of knowledge and skills in cur-
ricular domains and attempts to capture
so-called cross-curricular competencies
(CCCs) that can be applied in a broad
range of situations. This approach fol-
lows the central idea that the goals of
formal education are not restricted to
maximizing curriculum-based knowl-
edge. In the first cycle of PISA, cogni-
tive, metacognitive, and motivational
prerequisites for self-requlated learning
were assessed in most participating
countries. The instrument for this part
of the assessment was developed by
PISA-Germany in collaboration with the
OECD and the University of Groningen.

In Germany, a problem-solving com-
ponent has been added to the design.
Based on different psychological ap-
proaches to studying problem solving,
both paper-and-pencil instruments and
computer-based assessment procedures
have been developed. A main goal of
this part of the study is to determine
the extent to which problem-solving

skills can be defined and measured at a
domain-independent level and distin-
guished from general intelligence.
Analyses of the field-trial data identi-
fied two aspects of problem solving. The
first was primarily picked up by the pa-
per-and-pencil tasks, and reflects an
abstract component that is closely re-
lated to general reasoning ability. Per-
formance in the more complex, dynam-
ic, and realistic computer-based tasks,
on the other hand, seems to constitute
a distinct factor. The data from the
main study will be used to explore fur-
ther the structure of the problem-solv-
ing construct and its relationship with
other competencies and skills. Moreover,
relationships between the CCCs, stu-
dents' sociocultural background, and
school-level variables will be analyzed
to gauge the extent to which schools
can promote the development of such
general competencies.

Another national extension in the
CCC domain aimed at assessing aspects
of social competence. Particularly in the
German debate about educational goals,
social learning and social competencies
play an important role. Protagonists of
progressive education (Reformpdda-
gogik) have placed special emphasis on
social skills as paramount outcomes of
schools. However, while it is relatively
easy to capture academic achievement
reliably and validly in large-scale as-
sessments, the measurement of social
behavior or social competencies in such
studies poses more difficult problems.
Most of the measures applied in previ-
ous research have been based on self-
reports that tend to be affected by a
tendency toward socially desirable re-
sponses. In addition to employing exist-
ing self-report scales measuring cogni-
tive, emotional, and motivational an-
tecedents of interpersonal behavior
(e.g., perspective taking, social orienta-
tions), a group-task was, therefore, de-
veloped to assess cooperative behavior.
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This task requires three students to tionships between cognitive competen-

work together on a problem and to pool cies, social skills, and cooperative prob-

the various pieces of information given  lem solving will be further investigated

to each group member in order to come  with the data from the main study.

up with a joint solution. Results from a  Moreover, the assumption that cognitive
validation study show that the joint so-  and social outcomes of schooling show

lution represents a combination of the a positive rather than compensatory re-
students’ problem-solving abilities and lationship will be tested.

aspects of social competence. The rela-

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

Three cornerstones of competence acquisition have to be integrated
into research on learning and instruction: the tasks to be mastered,
the students (who have to be engaged in meaningful learning activi-
ties), and the teachers (whose task it is to facilitate students' learn-
ing). Each cornerstone highlights different aspects of the learning
process. Focusing on the tasks means asking what kinds of knowledge
structures and more general cognitive preconditions have to be ac-
cessible in order for certain tasks to be mastered. Switching to the
students' perspective leads to the question of how the learners' exist-
ing knowledge can be modified, extended, cross-linked, hierarchically
ordered, or how new knowledge can be generated, in order to master
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.

Insightful Learning: A Challenge for teachers as well as for researchers.
for Teachers as well as for Nonetheless, scientific progress in mod-
Scientists eling and explaining the emergence of
In comparison to the acquisition of insights and conceptual understanding
facts, skills, and routines, insightful is evident.

conceptual understanding—a central It is now widely accepted that new
aim of science and mathematics in- concepts and insights are not acquired

struction, in particular—is still a puzzle,  through passive transmission of the ex-
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pert's knowledge to the learner's mind,
but rather that they are the result of
the learner's active process of con-
structing increasingly complex and
elaborated cognitive structures. Power-
ful learning environments stimulate stu-
dents' cognitive activation, that is, stu-
dents' 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 sci-
ence and mathematics, it has been
widely shown that students enter class-
rooms with intuitive concepts and belief
systems which are partly based on uni-
versal conceptual primitives. These may
have innate roots, but are also shaped
by schooling. The negative conse-
quences of ignoring this kind of prior
knowledge have been demonstrated,
particularly for physics education. Stu-
dents often only adopt the knowledge
taught at school at a superficial level,
and therefore can only use it when
faced with problems that have already
been dealt with at school. Data from
the TIMS advanced physics study show
that overcoming certain misconceptions
that are deeply rooted in everyday ex-
perience is the most difficult task of
science education (see above The Struc-
ture of Knowledge Aquired in Preuniver-
sity Mathematics and Physics Courses).
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 attend to the curriculum as well
as to the social construction of meaning
in classrooms. Teachers can only do a
good job if they know what makes cer-
tain 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 obstacles typically oc-

cur during the learning process and
whether students need special support
to overcome these. In order to combine
the task perspective and the student
perspective, teachers need pedagogical
content knowledge in the sense of
Schulman (1987). This means that
teachers have to know how particular
topics, problems, or issues are organ-
ized, represented, and adapted to meet
the diverse interests and abilities of
learners and how they should be pre-
sented during instruction. Teachers'
classroom behavior thus needs to be
based on an understanding of how stu-
dents learn in the respective academic
domains.

In order to provide teachers with ap-
propriate pedagogical content knowl-
edge, research on learning and instruc-
tion has to focus on students' insightful
learning. Important questions 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 par-
ticular tasks, explanations, and interac-
tive discourse will assist students' con-
struction of intelligent knowledge? Is
the understanding of certain concepts
subject to conscious or unconscious
processes? At what stage of the learn-
ing process are feedback and direct in-
struction helpful? At what age can stu-
dents make sense of certain forms of vi-
sual-spatial representation? What kind
of practice do students need for the ap-
plication of such tools in new content
domains? Which tool is most appropri-
ate for reasoning in a given content do-
main? What kinds of misconceptions
can arise from using a tool that has not
yet been fully understood?

Questions such as these are ad-
dressed in quasi-experimental and ex-
perimental classroom studies as well
as in training studies run in the labo-
ratory. Laboratory studies are a compa-
rably cheap and particularly appropriate



method for researching certain aspects
of students' learning. They allow factors
of instructional input to be disentangled
from factors related to teacher person-
ality and the management and organi-
zation of classrooms and schools. More-
over, running studies with small groups
in the laboratory allows for detailed
video-based monitoring of learner ac-
tivities, and leaves room for additional
achievement measures to be gathered
during the learning process. Although
learning programs and training sessions
developed for the laboratory can hardly
be directly transferred to schools, they
provide insights into particular effects
of the presentation of information and
learning materials that are of central
importance for teacher education. We,
therefore, consider them a very useful
supplement to studies carried out in
schools, particularly when linked to
each other.

The Orchestration of Students'
Learning Activities

Classroom instruction is not the only
factor that determines the knowledge
structures and epistemological beliefs
acquired by students. It is, however, the
factor that is most likely to be affected
by the institutions of the education sys-
tem and the professional activity of
teachers. Recent findings emphasize
that classroom instruction, rather than
the school environment or management
structures, has the main impact on
school effectiveness in terms of
learning outcomes. As such, the ques-
tion of what actually determines good
instructional practice is central to the
success of formal education and the
functionality of the education system.
For this question to be addressed, peda-
gogical concepts of instructional quality
need to be combined with the analysis
of individual and collective processes of
knowledge acquisition in specific do-
mains.
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From Educational Productivity to

Cognitive Activation

In general, models of educational pro-

ductivity (such as those devised by Wal-

berg and colleagues), the quantity and
quality of instruction are deemed to be
productivity factors that cannot be
compensated by other components,
such as the home and classroom envi-
ronment or individual abilities and mo-
tivation. There is a high level of consen-
sus in the description of "instructional
quality” in the international research
community. High quality instruction is
typically described by a set of basic

properties that combine aspects of di-

rect instruction with adaptivity and af-

fective quality:

- good classroom management and ef-
fective responses to interruption,

- appropriate pacing and moderate
speed of interactional exchange, al-
lowing for a high level of student at-
tentiveness and participation,

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

- adaptivity of task selection and feed-
back given by the teacher, based on
his/her diagnostic understanding of
the ability and learning progress of
individual students, and

- affective quality of the teacher-stu-
dent relations.

This concept describes the basic re-

quirements of "instructional quality,”

the conditions which have to be met to
allow for successful knowledge acquisi-
tion in the classroom. However, this
concept of instructional quality is limit-
ed 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 relation-
ship to the students' actual learning
processes, and (c) it overlooks subject
content, and thus, cannot adequately
reflect the structure and quality of the
knowledge acquired.
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In the approach taken by the Center
for Educational Research, the concept
of instructional quality is extended by
adding specific didactic aspects that
(a) describe how basic elements of the
productivity model are implemented in
the setting of tasks and in instructional
interaction processes, (b) have a more
proximal relationship to the psychologi-
cal processes of insightful learning, and

(c) take domain-specific criteria of
knowledge acquisition into considera-
tion. Linking up with the investigations
of knowledge structures in mathematics
and science described above, we ask the
following question: How should instruc-
tion be shaped to allow students to
gain a deep understanding of domain-
specific concepts and develop adequate,
nonschematic epistemological beliefs?

The Research
Team

Jirgen Baumert
Sabine Gruehn
(until 1998)
Eckhard Klieme
Olaf Koller
Gundel Schiimer
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(until 2000)
Steffen Knoll
(until 1999)
Oliver Ludtke
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Figure 1. Instructional approaches in ad-
vanced mathematics courses as perceived

by students.
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Teaching for Understanding: Linking BIJU and TIMSS to Research

on Learning and Instruction

TIMSS/IIl  In the TIMS study on ad-
vanced mathematics and physics in-
struction at the end of compulsory
schooling, students were asked to rate
their instruction in each subject domain
in terms of a given list of properties. It
was possible to reduce these ratings to
4 or 5 scales (Baumert & Koller, 2000).
In both domains, the first factor clearly
represented understanding-oriented in-
struction. The three most important
items were as follows: "Explaining the
reasoning behind an idea," "describing
and analyzing relations," and "working
on tasks and problems with no immedi-
ate solution.” The corresponding scales
provide first indications of ways in
which cognitive activation can be
achieved in the classroom environment.

As shown in Figure 1, even in pre-
university mathematics courses, under-

65

standing-oriented mathematics instruc-
tion is much less prevalent in everyday
instructional practice than procedural
drills (mostly solving equations) or a re-
ceptive instructional style, with the
teacher demonstrating procedures and
the students taking notes from the
blackboard. It is even rarer for mathe-
matics to be applied to everyday prob-
lems—a characteristic which is closely
related to insightful learning. If these
four instructional characteristics are
placed in relation to the level of
achievement in the course attended
teaching for understanding emerges as
a positive predictor and teacher demon-
stration as a negative predictor. This is a
first indication that cognitively activat-
ing instruction is associated with higher
levels of mathematics knowledge—be it
that this type of instruction better fos-
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ters student achievement or that it is
more often practiced in high perform-
ing classes.

BIJU The cross-sectional design of
the TIMS upper secondary study did not
allow for a distinction to be made be-
tween the preconditions and the out-
comes of lesson structure and delivery.
This is possible within the longitudinal
framework of the BIJU study, however.
Gruehn (2000) used a multilevel ap-
proach to investigate the impact of in-
structional properties on performance
gains in mathematics and science over
the course of the 7th grade. Gruehn
also surveyed the students' perception
of their instruction, but here on a total
of 21 scales. She was, thus, able to cov-
er each of the above mentioned classi-
cal dimensions of instructional quality
by several scales. Furthermore, two as-
pects of cognitively activating instruc-
tion were tapped in BIJU: First, "cogni-
tively demanding exercises," that is, the
use of tasks which restructure and con-
textualize subject content, thus, result-
ing in the reconstruction of knowledge;
second, the "Socratic approach to mis-
takes." Gruehn (2000) was able to show
that cognitive activation has a posi-
tive effect on performance gains in
both mathematics and physics. A
dominance of simple repetition tasks, in
contrast, had a marked negative effect
in all school types. When classes with
cognitively activating instruction are
identified and compared to classes in
the same school type where instruction
is more repetitive, the effects of cogni-
tive activation on performance gains
are striking (see Fig. 2).

TIMSS-Video The BIJU scales de-
scribing the instructional approach
were also implemented in the TIMSS-
Germany 8th-grade study (Baumert,
Lehmann et al., 1997). Combining the
data gathered by these scales with the
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results of the videotape study con-
ducted in Germany, Japan, and the
USA (international coordination: James
W. Stigler) allows a multi-perspective
approach to be taken to the investiga-
tion of instructional quality. As part of
an extension of this study at the Max
Planck Institute for Human Develop-
ment (Klieme, Knoll, & Schiimer, 1999:
Klieme & Bos, 2000), the scales from
the student questionnaires were both
presented to the teacher in question,
and used as high-inference ratings by
trained video viewers (Clausen, in
press). On the basis of video analyses, it
was possible to validate the "cognitive
activation” construct and delimit it
from other dimensions of instructional
quality.

The 21 rating scale scores of the
video viewers allow three superordinal
dimensions of quality to be recon-
structed: (a) effectiveness of classroom
management, (b) individualization and
positive climate of teacher-student re-
lations, and (c) cognitive activation. The
first two dimensions correspond with
classical concepts of instructional qual-
ity. Interestingly, it emerged that in-
structional adaptivity and the affective
quality of teacher-student relations
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were confounded. The additional didac-
tic properties introduced by BlJU and
TIMSS allow the third, more content-re-
lated dimension to be identified. Per-
formance gains on the class level are
predicted by the "cognitive activation”
dimension, whereas interest gains are
predicted by individualization and the
quality of teacher-student relations.

In this extended model of instruc-
tional quality, classroom management is
no longer the central component ex-
plaining performance gains. This does
not imply that it is irrelevant, however.
As shown in Figure 3, a high level of
cognitive activation can only be
achieved in a well-managed classroom.
In other words, efficient classroom
management is a necessary condition of
good instruction, but not a sufficient
one.

Based on discourse analyses of the
videotapes by Schiimer, it was shown
that high levels of cognitive activation
are associated with changes in the ver-
bal behavior patterns of teachers:
Teachers in cognitively activating class-
rooms make more content-related, but
fewer discipline- and management-re-
lated statements; they pose more ques-
tions asking students to describe or ex-
plain something and fewer factual
questions. From independent high-infer-
ence ratings of problem solving process-
es, we can infer that
cognitive activation

whose classes show higher levels of
cognitive activation seem to act as me-
diators facilitating the students' own
learning activities and argumentation,
and not as providers of rules and facts.

Summary The various studies con-
ducted within the framework of
TIMSS/III, BIJU, and TIMSS-Video can be
summarized as follows: In addition to
the classic elements of good instruc-
tion—efficient classroom management,
adaptivity of instruction, and quality of
teacher-student relations—student sur-
veys and video-based observations al-
low the identification of a further di-
mension of instructional quality, which
can be termed "cognitive activation.”
This refers to teaching strategies, task
settings, and patterns of interaction
which allow students to actively con-
struct and cross-link knowledge. Al-
though—as assumed in educational pro-
ductivity models—efficient classroom
management is a necessary condition
for instructional effectiveness in terms
of learning outcomes, the level of cog-
nitive activation, and hence the didactic
quality of instruction, is of critical im-
portance for performance gains. This
forges a link between instructional
quality research, psychological theories
of insightful learning, and research on
mathematics and science education.
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Teacher Beliefs and the Orchestration of Learning Activities: From
TIMSS-Video to the "Pythagoras” Project

As shown by studies such as TIMSS-
Video, cognitive activation of students
requires a certain type of teaching,
where teachers act as facilitators for
students’ learning activities and guide
them toward an in-depth understand-
ing of the subject domain. This type of
teaching behavior is dependent on the
teacher having adequate understanding
of his or her role, based on beliefs
about the epistemological nature of the
domain, learning, and instruction. With
this in mind, the TIMSS teachers of
lower secondary schools were asked to
comment on the following statement:
"Basic computational skills on the part
of the teacher are sufficient for teach-
ing primary school mathematics.” The
more strongly the teachers agreed with
this statement and the more explicitly
they thus reduced the teacher's role to
the imparting of procedural skills, the
lower the level of cognitive activation
to be observed in the videos (cf. Fig. 4).
In other words, a relationship could be
identified between teacher beliefs and
instructional quality in the sense of
cognitive activation.

A new study, funded by the German
Research Foundation (DFG) as part of
its program on educational quality in

schools and carried out in the Center
for Educational Research, links up with
these findings from TIMSS-Video. The
aim of the "Pythagoras” project, direct-
ed by Eckhard Klieme, is to investigate
instructional quality and mathematical
understanding in Germany and—in col-
laboration with the University of
Zurich—in Switzerland. In the first stage
of the project, mathematics teachers
from the two countries will be surveyed
about perceived instructional condi-
tions, teacher beliefs, and instructional
practice in two specific topics: algebra-
ic word problems and the Pythagorean
theorem.

Instructional practice on the
Pythagorean theorem was surveyed
with reference to the kind of mathe-
matical tasks set. The teachers were
asked to what extent certain types of
tasks—procedural tasks, tasks requiring
a qualitative understanding of mathe-
matical concepts, proofs, inner-mathe-
matical transfer tasks, and application
tasks—were used in their lessons. On
the basis of these data, the teachers
participating in a pilot study in Ger-
many could be grouped into two latent
classes (cf. Fig. 5a): one group that used
a higher total number of tasks, a broad-
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Figure 4. Instructional quality-rated by
observers dependent on teacher's belief

about the importance of basic computa-

tional skills for teaching at primary

"Basic computational skills are sufficient" school (findings from TIMSS-Video).
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group). When these two groups are
compared in terms of their beliefs, con-
siderable differences emerge (cf. Fig.
5b): Teachers with a cognitively activat-
ing instructional approach set them-
selves more demanding instructional
goals. Their epistemological beliefs
stress the application of mathematical
models in real-world problem solving

and their beliefs about the learning
processes (questionnaire developed by
Fennema, Carpenter, & Loef and adapt-
ed by Staub & Stern) are in accordance
with constructivist ideas of knowledge
acquisition. This represents first empiri-
cal evidence confirming the existence of
a relationship between constructivist
beliefs and instructional practice. It is
a telling result that cognitive activation
was found to be associated with appli-
cation-oriented instruction among the
teachers surveyed. Although the Ger-
man-Japanese comparison in TIMSS-
Video revealed that inner-mathematical
tasks are of particular value in cogni-
tively activating instruction, German
teachers are still unfamiliar with this
approach (Klieme & Bos, 2000).

Within the framework of a longitu-
dinal videotape study, the "Pythagoras”
project will continue to explore the ef-
fects of teacher beliefs on instructional
quality and student understanding, us-
ing methods including the quasi-experi-
mental variation of instructional set-
tings to provide for higher or lower lev-
els of cognitive activation.
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Cognitive Activation by Means of Diagrammatic Tools

Knowledge dealt with in academic con-
texts is based on symbolic systems such
as script, formal mathematical lan-
guage, pictures, and diagrammatic rep-
resentations. Symbols can be under-
stood as mental tools that provide a
basis for the construction of meaning in
concepts, ideas, or plans. In order to
successfully employ such tools, it is im-
portant to know which affordances and
constraints different mental tools pro-
vide. For instance, both language and
numbers provide affordances for con-
structing the concept of infinity, even
though this concept has no direct rela-
tion to the perceivable world. Language
allows prefixes such as "in-" to be
added to words, thus reversing their
meaning. Numbers provide the means
for addition and allow quantities to be
enlarged ad infinitum by adding a num-
ber to any given number. Following this
line of argumentation, which is based
on the core ideas of Vygotski, cognitive
development and learning can be un-
derstood as a process of extending the
use of mental tools. In this sense, sym-
bols not only represent parts of the per-
ceivable world, but themselves become
objects of reasoning, thus allowing the
construction of concepts which have no
direct relation to the perceivable world.
Within this framework, understanding
can be conceptualized as the ability to
use representations in a flexible man-
ner.

While pictures, number systems, and
written language have a long tradition
of use in human culture, visual-spatial
tools such as graphs and diagrams
were only devised as tools for knowl-
edge representation about two cen-
turies ago. Since then, space has been
used to represent nonspatial informa-
tion, particularly in formal domains
such as science and economics. Because
computers have made the construction

and modification of graphs and dia-
grams so easy, the frequency with
which individuals encounter such repre-
sentations 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 depict-
ing information, however, diagrams and
graphs can also serve as active reason-
ing tools. Drawing diagrams may help
to integrate complex information or
provide a basis upon which inferences
can be drawn. It has been demonstrated
that experts in domains such as sci-
ence, mathematics, and formal logic
make extensive use of graphs and dia-
grams as reasoning tools. Apart from
this rather small group of people, how-
ever, the active use of visual-spatial
tools is not very common, neither inside
nor outside of school.

With this in mind, the ENTERPRISE
project (Enhancing KNowledge Transfer
and Efficient Reasoning by Practicing
Representation In Science Education)
directed by Elsbeth Stern aims to ex-
plore the conditions under which
graphs and diagrams can serve as tools
for structuring learning environments,
and thus foster conceptual understand-
ing in science as well as other content
areas.
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"One picture can
be worth ten
thousand words."
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The Cognitive Potential of Graphs and
Diagrams

The old adage that one picture can be
worth ten thousand words has been
confirmed by cognitive science re-
search. Diagrams support a large num-
ber of perceptual inferences, which are
extremely easy for humans to process.
They group together all related infor-
mation, thus making extensive searches
for elements needed in a problem-solv-
ing inference superfluous. Indeed, visu-
alization may lead to new insights into
the formal structures of a problem. We
will come back to this aspect when pre-
senting a study which shows that ele-
mentary school children can already
overcome misconceptions about pro-
portional reasoning with the help of ex-
ternal representations.

Diagrammatic tools not only support
the emergence of conceptual knowl-
edge, they also offer efficient ap-
proaches to solving formal problems,
for example, by comparing two slopes
in a linear graph to infer information
about different rates of change. Cross-
tabulation can also be employed as a
procedure allowing the effects of more
than one variable to be disentangled.

It is widely accepted that diagram-
matic representations also foster ana-
logical transfer. Because the con-
straints to be considered when drawing
graphs and diagrams are the same in
different domains and content areas,
learners using external representations
may be able to identify previously im-
perceptible commonalities between do-
mains. For instance, interpreting the
slope of a graph as the rate of change
requires the axes to be labeled in in-
creasing units. Core concepts from dif-
ferent content domains, for example,
price per unit, speed, density, reproduc-
tion rate, or concentration of acid can
be represented by the slope of a linear
graph. Such commonalities may bridge
the gaps between different content ar-

eas (Stern, Aprea, & Ebner, in press). The
first results of a collaborative study
between the ENTERPRISE group and
Reinhard Demuth, Institute for Science
Education at the University of Kiel
(IPN), indicate that graphs can be used
as transfer tools. In four 10th-grade
Realschule classrooms in the Kiel area,
the concept of equilibrium was intro-
duced as a new topic by means of a
computer animation showing the vary-
ing relations of sharks and herrings in a
marine ecosystem. In two of the class-
rooms, the animation was supplement-
ed by line graphs demonstrating the
regular fluctuations of the two species
over time. Results revealed that all four
classrooms improved their understand-
ing of the equilibrium, but that only
students in the classrooms using graphs
were able to transfer their knowledge
about the equilibrium to economics-re-
lated contents. This promising result
supports the core assumption of the
ENTERPRISE project that the compe-
tent use of graphs and diagrams is cru-
cial for advanced reasoning and knowl-
edge transfer in formal content areas
such as science and economics.

Why Diagrammatic Tools are Particu-
larly Appropriate for Stimulating Cog-
nitive Activation in Classrooms

We assume that forms of external rep-
resentation not only support individu-
als' cognitive functioning, but that they
are particularly appropriate for class-
room use. The major challenge for
teachers is to orchestrate students’
learning behavior by presenting prob-
lems and learning material which leave
room for self-requlated activities. Ex-
ternal representations are clearly one
way of achieving this goal. From a so-
cio-constructivist point of view, it can
be postulated that external representa-
tions such as graphs will support high-
quality discourse in the classroom as
well as in small groups by offering stu-



dents an anchor for their reasoning
processes.

Moreover, the use of external rep-
resentations may be particularly appro-
priate for classrooms because the con-
struction of graphs and diagrams leaves
learners with various degrees of free-
dom. Depending on the learner's prefer-
ences, for example, diagrams can either
be constructed in a sparse way, or they
can be enriched with concrete pictures
of the situation to be represented. In
this respect, external representations al-
low an element of freedom and leave
room for the introduction of the learn-
er's own interests. As has been demon-
strated in the BIJU study, this is other-
wise quite rare. The use of diagrammat-
ic tools may be particularly helpful in
coping with large interindividual dif-
ferences in prior knowledge and gen-
eral cognitive capabilities. Each indi-
vidual student can use and construct vi-
sual-spatial representations in the way
that is most appropriate for his or her
conceptual understanding of the given
situation. Particularly if teachers offer a
broad variety of diagrammatic tools,
they can ensure that students are nei-
ther bored nor overtaxed.

Last but not least, the use of dia-
grammatic tools can also stimulate stu-
dents' metacognitive activities, especial-
ly with respect to self-monitoring.
Dealing with complex tasks requires
particularly extensive planning and goal
setting. Difficulties may occur because a
learner does not know how to begin
structuring the problem. In this case,
familiarity with certain forms of exter-
nal representation, such as the con-
struction of concept maps, may help
him or her to access an appropriate so-
lution process. Moreover, by trying to
map a certain concept or situation onto
space, students may become aware of
which particular aspects of the content
area and the problem they do not yet
understand. In this respect, the use of
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external representations may relieve the
teacher of close supervision, in that stu-
dents can work independently in a
meaningful way. The wider use of
graphs and diagrams in classrooms may
also improve students' metacognitive
knowledge and learning strategies,
which many studies—including TIMSS
and PISA—have shown to be important.

Current Deficits in the Use of Graphs
and Diagrams Inside and Outside
School

Despite the value of graphs and dia-
grams as tools for knowledge structur-
ing, reasoning, and problem solving, the
competent use of such tools is not as
widespread as would be desirable. Sev-
eral studies conducted by the ENTER-
PRISE group have revealed that there is
room for improvement in diagrammatic
competencies, not only in students of
all ages, but also in their teachers.

For instance, Elwin Savelsbergh de-
veloped a training program which used
vector diagrams to support secondary
school students' understanding of cen-
tral concepts in mechanics, for example,
pivots and levers. However, it emerged
that the students could not take advan-
tage of this training program because of
their weaknesses in the sphere of
graphical representation. A study on the
graph-based reasoning of university
students reading mathematics and eco-
nomics (Stern, Aprea, & Ebner, in press)
showed that such deficits are not recti-
fied after leaving school. Participants in
this study answered questions on a text
dealing with the break-even point. Un-
doubtedly, the best way to infer the
necessary information from the text
was to construct hand-drawn graphs.
Without an obvious hint, however, very
few students did so.

A study with 5th-, 7th-, and 9th-
grade students from Berlin Gymnasium
schools showed that students even have
difficulty in constructing qualitative di-
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agrams. Students were presented with
short texts such as the following: "On
the faraway planet of Urx, living beings
are called pings. There are two kinds of
pings—spotted pings and striped pings.
There are also two kinds of spotted
pings—laughing pings and crying pings.
Among the striped pings, there are noisy
ones and quiet ones. Tip is a crying
ping." The best way to answer the sub-
sequent inference question "Is Tip spot-
ted or striped?" is by drawing a tree-di-
agram. However, even in 9th grade, only
very few students took advantage of
this form of representation although
they had encountered it previously, both
inside and outside of school. By varying
the instruction in an experimental de-
sign, we tested whether students had
diagrammatic methods at their disposal
but were simply unable to access them.
In fact, it emerged that students lack an
understanding of the potential of dia-
grammatic representations. The large
majority of students preferred proposi-
tional representations, although these
were less appropriate for answering the
questions posed at the end of the text.
As shown by a collaborative study with
Zhu Liqi and Fang Ge from the Chi-
nese Academy of Science, however,
the use of diagrams was quite natural
for the majority of Beijing students of
the same age. The superior performance
of the Chinese students may be due to
frequent practice of diagrams in mathe-
matics lessons, as well as to indirect ef-
fects of their symbol-based writing sys-
tem.

In sum, these findings suggest that
schools should provide more opportuni-
ties for students to practice graph- and
diagram-based reasoning. Teachers need
to learn more about the potential of
graphs and diagrams and to find ways
of using them appropriately. German el-
ementary school teachers currently lack
training in ways of providing appropri-
ate visualizations of arithmetical word

problems (Stern & Staub, 2000). Analyz-
ing the use of representations in 8th-
grade mathematics classrooms of the
TIMSS-Video sample, llonca Hardy
found that only 2.8% of introductory
tasks were based on visual representa-
tions. Although representation tasks
which demand a switch between sym-
bolic systems are associated with high-
quality instructional discourse, teachers
rarely employ them as a basis for stu-
dent activity.

Experimental Training Studies on
Elementary School Students' Use of
External Representations

In exploring the ways in which dia-
grammatic tools can best be imple-
mented in science and mathematics in-
struction, the ENTERPRISE project con-
centrates mainly on elementary school
children. Investigations of this age
group provide valuable insights into hu-
man development, particularly because
elementary school children's cognitive
potential has long been underestimated.
A widespread assumption is that stu-
dents of this age group are "concrete”
thinkers and this, in turn, has had a lim-
iting effect on the design of elementary
school science and mathematics curric-
ula. This assumption has been funda-
mentally challenged by findings show-
ing that elementary school children can
have profound domain-specific expert-
ise in several areas. There is good reason
to assume that presenting elementary
school children with more demanding
learning material will better prepare
them for the mathematics and science
lessons in secondary schools. The extent
to which elementary school children can
already make use of graphs, diagrams,
and other forms of external representa-
tion is investigated in experimental
training studies.



Study I: How Linear Graphs can Help
4th Graders to Overcome Mathemati-
cal Misconceptions

In the left-hand pitcher there is a mix-
ture of 5 glasses of orange juice and 9
glasses of lemon juice. In the right-hand
pitcher there is a mixture of 8 glasses of
orange juice and 12 glasses of lemon
juice. Which mixture tastes more orangy
or do both mixtures taste the same?

The majority of elementary school
children, and even many adults, will er-
roneously answer
that both mixtures
taste “the same.” The
so-called additive
misconception, ac-
cording to which the
difference between
quantities rather than
their ratio is consid-
ered, often prevails
until students have
acquired advanced
competencies in us-
ing fractions and
decimals.

A study with 67
4th graders (Koerber,
2000) revealed that
additive misconcep-
tions in proportional
reasoning can be
overcome with the
help of external rep-
resentations, as de-
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situation, on the other, has to be
achieved. Different representations may
meet these requirements in different
ways, depending on their structural
characteristics and the agents' prior ex-
periences. One difference between
forms of representation is their degree
of intuitive interpretability. The func-
tioning of the balance beam, for exam-
ple, is understood comparatively easily
by children. For instance, when children
put different weights on each side of

Balance beam

Figure 6. The three forms
of representation used in
the training study.
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Figure 7. Mean perform-
ance of the three differ-
ent training groups (ab-
stract graph, contextual-
ized graph, balance beam)
and of a group, that did
not receive any training
on the proportional rea-
soning test (maximum
score: 8 points) in the
pretest (yellow column),
posttest 1 (red column),
and posttest 2 (blue col-
umn).
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Number of correctly answered questions

the beam, they intuitively interpret the
side going downward as bearing more
weight, owing to their experience with
seesaws. Moreover, external representa-
tions may differ in their degree of ab-
straction with respect to the quantities
involved (e.g., numbers on axes vs.
weights which can be put on the bal-
ance beam, both representing quanti-
ties). With increasing abstraction, a def-
inition of the relationship between the
symbols used and the quantities repre-
sented becomes ever more important
for interpretation.

The balance beam and the Carte-
sian graph both allow the representa-
tion of quantitative information on their
levers or axes, respectively, and enable
the integration of two quantities form-
ing a ratio to be visualized. By taking a
balance beam, where balance can be
maintained by changing the arm length
of a movable beam, two ratios can be
compared and a conclusion drawn

about which mixture tastes more
orangy, for example. The same conclu-
sion can be drawn by comparing the
slopes of two graphs in a Cartesian co-
ordinate system representing the two
mixtures. Such coordinate systems can
be either designed in a purely numerical
way (conventional graph), or they can
be adapted to include elements of the
context in question (contextualized
graph). In the contextualized graph, the
glasses of orange and lemon juice were
depicted at the respective coordinates,
and the background was colored with
orange of increasing intensity moving
from the x-axis (number of glasses of
lemon juice) to the y-axis (number of
glasses of orange juice). The inclusion of
these two elements was intended to
foster a meaningful relation between
the unfamiliar representational format
of graphs and the mixture context, thus
facilitating the interpretation of the
graph's properties (e.g., numbers at the

12

without training




axes) and its principles (e.g., the steeper
the slope, the more intense the orange
taste).

The balance beam affords hands-on
experience and thus the witnessing of
cause-and-effect relationships. This
helps children to interpret the balance
beam intuitively without having been
explicitly exposed to its rules. In con-
trast, any meaningful use of the Carte-
sian graph requires the knowledge and
correct application of its rules (e.g., the
steeper the slope, the faster or more in-
tense the rate of change).

Tests were administered before the
training (pretest), after the first half
(posttest 1) and after the entire training
(posttest 2). Figure 7 shows that per-
formance in a proportional reasoning
test increased under all three training
conditions, but that the group exposed
to the balance beam gained the most
from the training program. Apart from
this posttest evidence for the students’
acquisition of proportional reasoning,
student activity during the training
process indicates that working with ex-
ternal representations leads to different
degrees of insight into new mathemati-
cal concepts and different levels of con-
ceptual change. In the balance beam
condition, in particular, “eureka experi-
ences" were observed when students
used the balance to explain their rea-
soning. The posttest results of children
who worked with the contextualized
graph did not differ from those of chil-
dren who worked with the conventional,
rather abstract graph. The added con-
textualization apparently did not foster
a meaningful connection between the
symbols used and the proportional prop-
erties of the situation, thus resulting in
proportional knowledge with a high lev-
el of situational specificity. This result
qualifies the widely held view that em-
bedding complex ideas and concepts
within concrete contexts is particularly
helpful for elementary school children.
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In sum, results of this study are a
promising indication that representa-
tions—once meaningfully related to the
problem context—are not only beneficial
for representing and communicating in-
formation about concepts that have al-
ready been acquired, but can be used as
scaffolding tools for the acquisition of
new concepts, and thus aid conceptu-
al change. Combining the “natural”
persuasiveness of the balance beam
with the broad applicability of the ab-
stract graph can be recommended as an
instructional approach for elementary
school.

Study 2: The Value of Self-Construc-
ted Representations for Deeper
Mathematical Understanding
Assuming that conceptual understand-
ing is supported by transforming one
representation into another, the tank
system depicted in Figure 8 may be par-
ticularly suitable as a way of laying the
foundations for an understanding of lin-
ear graphs (Hardy, in press). By pouring
water into tanks using differently sized
cups, both the y-intercept and the slope
of a graph can be visualized. Although
some elementary school children spon-
taneously see the connection between
the tank system and the graph, an addi-
tional representation that mediates be-
tween the concrete and the abstract
representational forms may be benefi-
cial. In a study with 68 4th graders,
Hardy found that a group who repre-
sented the tank quantities in tables be-
fore interpreting Cartesian graphs were
more likely to show two-dimensional
understanding of Cartesian graphs than
a group who represented the tank
quantities in self-constructed represen-
tations. Interestingly, the level of pro-
portional understanding, as evidenced
by the students' problem-solving activi-
ties with the tank system, was higher in
the group with self-constructed repre-
sentations. While tables represented the
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two dimensions of number of pours and
corresponding water level particularly
well, thus enabling transfer to Cartesian
graphs, self-constructed representations
did more to further students' percep-
tions of mathematical relationships in
the problem-solving situation.

Graphs, diagrams, tables, or other
forms of external representation are
culturally-developed tools which sum-
marize the agreed-upon understanding
of a mathematical community. However,
they may vary in their initial degree of
meaningfulness to novices. Such repre-
sentations often need to be introduced
by teachers, and only after a period of
familiarization will students be able to
use these tools in a self-determined
manner for structuring their knowledge
and reasoning. In contrast, self-con-
structed representations explicate an
individual's mathematical understanding
of a situation and, as such, are inher-
ently meaningful to the constructor.

Self-constructed and predeter-
mined visual representations may ful-
fill different purposes in students' de-
velopment of proportional reasoning.
This was explored in a study conducted
by llonca Hardy with 27 12-year-old
students who took part in a training
session with either a predetermined
form of representation or a self-con-
structed form. Effects of the one-hour
training session were assessed by
achievement gains in a proportional
reasoning test closely related to the
training domain, as well as by a transfer
test involving a structurally dissimilar
problem. In order to assess the students'
ability to use visual representations in
solving proportional problems, they
were asked to visualize if they thought
this would help their problem solving.
Results showed that both groups
achieved similar gains in performance
after the intervention, but that the
group using a predetermined form of
representation was able to visualize
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Figure 8. The tank system with differently sized cups (upper picture) and its trans-
formation into a self-constructed representation (bottom left) and a table (bottom
right).

their solutions significantly better than
the group using self-constructed repre-
sentations. In the transfer problem,
however, the group using self-con-
structed representations outperformed
the other group where both visualizing
the problem structure and solving the
problem were concerned. It seems that
the process of devising a representation
furthered students' perception of repre-
sentations as flexible tools for problem
solving, whereas instruction with a pre-
determined form of representation led




students to restrict the usefulness of
the representation to the training do-
main. In further studies, we explore
whether presenting students with pre-
determined representations only after
they have used self-constructed ones
supports flexibility in dealing with rep-
resentations.

Outlook on Further Research

The studies conducted thus far have
shown that elementary school children
are already able to map visual-spatial
representations of quite demanding
concepts and that this helps them to
overcome misconceptions which can
otherwise be quite persistent. In further
experiments, we explore what kind of
practice helps students best to use
graphs and diagrams as tools for knowl-
edge acquisition and transfer. Moreover,
in a collaborative project funded by
the German Science Foundation with
Kornelia Moller, University of Miinster,
llonca Hardy and Elsbeth Stern are in-
vestigating how graphs can be imple-
mented in an elementary school cur-
riculum on "swimming and sinking."
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These classroom studies are based on
the assumption that graphs and dia-
grams can serve as instruments to
structure learning environments, thus
allowing a practicable mode of instruc-
tion based on constructivist views of
learning.
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Experiential Learning and the Lifeworld of the

School Since the mid-century criticism of the

Wolfgang Edelstein

school had focused on problems of justice and
functionality, the fairness of school organization
to the different social classes and on acceptable
relations of outcomes to input. However, until the
nineties, the basic fit between the educational
system and the manpower needs of the economic
system was never called into question. However
problematic their relationship, in a fairweather
society with an expanding economy schools con-
tinued to prepare for "life" and to guarantee the
social inclusion of their graduates.
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In the last decade of the century the
balanced relationship between school
and life was being upset. An incipient
imbalance in the relation between the
school and the globalizing economy
would lead to the potential exclusion of
a sizeable segment of young people of
school leaving age. Although a vast ma-
jority, especially of the better students,
was not threatened, the relative shrink-
age of opportunities was bound to af-
fect the perspectives of everyone in
some way or to some extent. Increased
pressure not only derives from the
stiffer competition for economic and
social inclusion, but from the concomi-
tant imperatives of compliance and
submission to standards, the insistence
on increased speed and compression of
educational careers, and even from per-
ceived threats of a departure from con-
ventional pathways—both for individu-
als and schools.

Simultaneously with the onset of
globalization-related risks and setbacks
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 social-
ist GDR had been abolished, and a sys-
tem akin to the threepronged Western
system introduced; the job security of
the graduates which had been part of
an institutional patronage system link-
ing schools to industries and work-
places dissolved, decreasing birth rates
decimated the school population, and
threatened school sites and teaching
positions. And in the financially de-
manding reconstruction of the infra-
structure in the Eastern provinces the
needs of a renovated school system did
not top the rank. In fact there is empir-
ical evidence for alienation and disaf-
fection of school in large portions of
the population of secondary schools in
the East. It is also quite clear that the
alarming increase of right-wing ex-
tremism, xenophobia, cynicism and vio-
lence among secondary school students
in East Germany largely occurs among
those who are alienated by the school



and dissatisfied with their teachers.

In sum, the transformation of the
economy and the needs generated by
German unification have produced a fis-
cal crisis which, combined with the po-
litical goal of a lean state have deprived
schools both in the old and the new
federal states of essential funds, re-
stricted the number of available teach-
ing positions and thus the access of
younger teachers to schools, a fact
leading to diminishing expectations and
decreasing professional aspirations as
well as increasing burnout, as the aver-
age age of the teaching force increases.
On the local level, this may result in
growing numbers of cancelled lessons
and extra-curricular projects—with the
double-edged consequence of dimin-
ished discipline and increased achieve-
ment pressure. These problems, of
course, vary across the states, hitting
the poorest states like Berlin or Meck-
lenburg-West Pommerania harder than
the wealthier ones.

On the background of this picture of
widespread dysfunction it appears rea-
sonable to not only critically evaluate
the outcomes of schooling and to initi-
ate programs of curricular innovation,
but to give special attention to social
psychological processes in school—the
quality of teacher/student interaction
and of the school as a setting for life
experience and moral growth in child-
hood and adolescence:

"Coalition of Self-Efficacious
Schools" (Verbund Selbstwirksamer
Schulen). In the aftermath of a confer-
ence on applications of A. Bandura's
theory of self-efficacy sponsored by the
Jacobs Foundation in 1994, R. Brock-
meyer and W. Edelstein designed a proj-
ect targeting teacher self-organization
and students' enhanced wellbeing and
achievement in secondary schools (ages
12-18). This was an attempt to respond
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to the predicament of adolescents and
schools as described above. The project
was submitted to the Federal Commis-
sion on Educational Research and Plan-
ning (BLK), which after yearlong negoti-
ations accepted to sponsor the project,
and appropriate funds and teacher
hours for project activities. Ten German
states decided to participate, with one
school each. For a period of three years,
schools participating in the Coalition
were to receive support for their self-
designed self-efficacy projects. The sup-
port consisted in a half extra position
for each school, federal money for cen-
tral activities and foundation funding
for the support for common develop-
ment activities, conferences and teacher
training endeavors, as well as school-
based consultancies, training and evalu-
ation activities. This model of mixed
public and private appropriations was
new and opened up a window of oppor-
tunities for support of individual pro-
grams not available to previous projects.
No common treatment condition was
designed for the participating schools.
In line with the philosophy of self-effi-
cacy as applied to organizational behav-
ior the project was to rely maximally on
the school's own proposals and prefer-
ences negotiated between teachers and
the leadership of the institution. This
decision made the evaluation of the
project a much more complicated affair.
While assessing overall effects of the
intervention, each individual school had
to be evaluated, at least in part, in
terms of its own program.

The program was targeted on three
sets of objectives: the students, the
teachers, and the school. Student
change was measured through a battery
of self-efficacy scales relating to learn-
ing in various subjects, satisfaction with
school, learning climate in the class-
room, health, anxiety and control be-
liefs, and a variety of other variables.
Teacher measures related to several
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burnout dimensions, professional in-

volvement, collegial effectiveness, and
individual professional efficacy, among
others (Edelstein & Brockmeyer, 1997).

Change of the school as an organi-
zation was assessed by narrative ac-
counts and day-to-day documentation
of school events and decision making at
various levels. An important dimension
of the project was the establishment of
a complementary network of schools to
cooperate with each school in the
Coalition, comparing and contrasting
experience, and communicating through
internet messages. The evaluation
process is still under way, but major re-
sults show, on the average, slight
progress in self-efficacy of teachers,
lowered burnout scores, and, contrary to
the overall trend in the corresponding
population, arrested decrease in self-ef-
ficacy scores and interest in school for
students with large within-school and
between-school variations. On the aver-
age, scores rose significantly during the
early phase of the project to remain
stable or decrease somewhat in the lat-
er phase. The major effects were seen in
the organizational progress of (most)
schools, and important changes in atti-
tudes towards school, school reform,
and collegial cooperation among
teachers.

The major weakness proved to be the
following: Teachers were expected to
enhance the growth of self-efficacy in
students through changing their in-
structional strategies towards self-effi-
cacy generating interactions and con-
structive individualizing feedback to
students. This strategy, however, failed
to produce effects as teachers rarely
modified their didactic strategies and
tactical moves with this goal in mind.
Teachers need much more training, sup-
port, and cooperation to achieve goals
involving changes in basic professional
know-how and pedagogical attitude.
For students to develop positive expec-

tations of success and motivation to in-
vest effort in learning, as well as opti-
mistic confidence in their competence
to achieve, teachers need to be able to
implement error friendly questioning
strategies, inductive discourse, and
evaluation methods that stress individ-
ual progress (e.g., portfolio methods).
Quality of instruction and pedagogy
consequently is the focus of the succes-
sor program "Quality in Schools and
School Systems" (QuiSS) which the Fed-
eral Commission initiated to succeed
the Coalition for the next five years. It
has also influenced the preparation for
yet another program sponsored by the
Federal Commission provisionally named
"Learning Democracy in Schools and
Communities"—a program designed to
fight the right-wing extremist youth
culture to which adolescent dissatisfac-
tion with school experience and with
the lifeworld of the schools (Edelstein,
20004, in press) appears to be a con-
tributing factor.

It is a sign of success and of organi-
zational self-efficacy that, when the
project ended in 1999, the Coalition
continued its activity even without ex-
ternal support, maintaining internal co-
operation, conferences, and the external
networks, now encompassing 60
schools. A grant has been ascertained to
continue and to extend these activities
for another three years, and new mem-
ber schools are being recruited to join
the Coalition.

Program "Youth Take Responsi-
bility" (Jugend tibernimmt Verantwor-
tung) established through the Branden-
burger Tor Foundation of the Berlin
Bank Company.

Whereas the concept of the "self-
efficacious school" targeted the social
psychology of educational goals pursued
to enhance student optimism and effort
and to decrease teacher burnout
through student-oriented instruction,
communicative collegial interaction and



co-constructive organizational process,
the focus of the responsibility program
is both more limited and more precise:
The aim is to fuse the abstract charac-
teristics of self-efficacy beliefs with the
concrete experience of responsibility for
cooperative action in a circumscribed
project based in a school or community.
Again, the basic idea is to counteract
the sense of helplessness, heteronomy
and alienation affecting many students
in the secondary school (especially, but
not only, low-achieving students) and to
activate them through a sense of
achievement with a self-chosen task
undertaken in cooperation with others.
A project in the program represents an
experience of cooperation and demo-
cratic excercise of control in the con-
text of collective goalsetting and deci-
sion making about a common task. It
implies responsibility taken for action
and responsibility shared with others. It
also implies didactic and management
shifts that teachers have to acquire
(Edelstein, 1999f).
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A first expert workshop on responsi-
bility learning was held in May 2000
(Edelstein, 2000c). A conference on the
learning of responsibility in various do-
mains (schools, ecological projects, in-
ternational youth programs, reeducation
of adolescent delinquents) will take
place in May 2001, and a summer
school for teachers on responsibility
learning in projects is in preparation for
July 2001.
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