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Abstract: As a consequence of the unsatisfactory results in international compara-

tive studies such as TIMSS and PISA, the ministers of education in the 16 states of 

the Federal Republic of Germany agreed on the introduction of common national 

educational standards to ensure quality in schools. The German Conference of the 

Ministers of Education (Kultusministerkonferenz, KMK) published standards for 

the science subjects biology, chemistry and physics for the end of lower secondary 

school (grade 10; students 15-16 years old) in 2004. These standards were to be 

concretized on state level and are mandatory in school since the school year 

2005/06. The new standards have shifted the focus from input- to output-control 

of the school system – from syllabus to be taught to performance to be observed. 

They also introduced "competences" as the new paradigm for teaching and learn-

ing. In order to monitor the target achievement of the new output-orientation, the 

Institute for Educational Progress (IQB) was founded with the major task to de-

velop, conduct and evaluate tests, which have since been attached to the regular 

PISA procedures. The German process of developing, implementing and evaluat-

ing standards for science education is presented and discussed in the context of 

similar developments in other countries. 
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1 Introduction 

Germany's educational system had been seen as ambitious and efficient, not least 

in the system's self-perception. Therefore, the results of international comparative 

studies such as TIMSS (cf. Beaton et al. 1996; TIMSS 1998) and PISA (OECD 

2001, 2004) came as a shock. Germany had not partaken in international compari-

sons for some time, and the educational authorities had not expected the country to 

rank below the top. According to the underlying PISA concept of scientific litera-

cy (cf. OECD 2006), the ability to apply scientific knowledge in complex tasks 

had been the test emphasis. German students while demonstrating satisfying sup-
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plies of factual knowledge showed a disconcerting weakness in making use of this 

knowledge. These results were considered alarming particularly because applica-

tion oriented knowledge and understanding was then and is now seen as crucial 

for citizens' lifelong adjustment to an ever changing technology-dominated world. 

Not least was the poor performance of young persons, who would soon leave 

school and enter a professional life, seen as risk for the country's economic future. 

Something had to be done. 

Traditionally, science education in Germany was input-steered by the syllabus. It 

specified what teachers were required to teach grade by grade, subject by subject. 

The underlying implication was that students would learn what was taught. What 

common sense had long doubted was officially attested with the results of PISA 

and other studies: input and output were not congruent. German 15-year-olds per-

formed below expectation. Therefore the "Standing Conference of the Ministers of 

Education and Cultural Affairs of the Länder in the Federal Republic of Germany" 

(Kultusministerkonferenz, KMK) decided to change the system from input-

orientation to output-orientation. Rather than determine what was to be taught, it 

was now defined what was to be learned. 

In 2003, achievement standards were issued for German language, Mathematics, 

and first foreign language (KMK 2003a, 2003b, 2003c, 2003d), followed in 2004 

by standards for biology, chemistry and physics (KMK 2004a, 2004b, 2004c, 

2004d). These standards specify what students are expected to have learnt by the 

end of lower secondary education (grade 10, students about 16 years old). 

In this development, Germany was not alone at the time. While in some countries 

(e.g. the United States or the UK) a tradition of education standards had already 

existed, in several continental European countries a movement towards education-

al standards evolved in response to the results of international comparative as-

sessments (cf. Waddington et al. 2007, Schanze & Nentwig 2008, DeBoer 2011).  

2 Definition of Standards 

In the past, science teaching in Germany had been ruled by the syllabus for each 

subject. These syllabi had strongly focused on content, mainly organized by the 

structure of the discipline as represented in textbooks. The new education stand-

ards now introduced "competence" as the new paradigm. This development was 

strongly influenced by a report presented by a group of renowned educational ex-

perts (Klieme et al. 2003) on behalf of the KMK, in which the concept and pur-

pose of standards were laid out. In this report, the notion of competence played a 

dominant role, and it has since been the prevalent term in the German speaking 

countries and beyond in continental Europe. Together with "competences", the 

categories "basic concepts" and "attainment levels" are constitutive for the defini-

tion of education standards in Germany. Based on the above mentioned report and 

in the light of the contemporary state of the art in science education, groups of ex-
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perts from biology, chemistry and physics education were engaged by the KMK to 

write up the standards for their respective subjects. 

2.1 Competences 

"Competence" as a term is used both in everyday language and in the educational 

discourse. In the German speaking countries, the term is most often used with ref-

erence to the explication of Weinert (2001) as clusters of cognitive prerequisites 

that must be available for an individual to perform well in a particular content ar-

ea. According to Weinert, competences are individually available or learnable 

cognitive prerequisites and skills to solve particular problems. Beyond the cogni-

tive aspects, Weinert's original definition also includes motivational, volitional, 

and social willingness to use this problem solving ability in varying situations. 

This extension, however, is mostly disregarded in the term's use for standards 

formulation, mainly for practical reasons. Motivational and volitional influences 

on performance as result of competence would be too difficult to measure in the 

assessment of student learning. Therefore, the definition of competence used in 

the priority program “Competence Models for Assessing Individual Learning Out-

comes and Evaluating Educational Processes” of the German Research Founda-

tion (DFG) describes competences as “context-specific, cognitive achievement 

dispositions” (Klieme & Leutner 2006, p. 879). It has been widely accepted to see 

motivation not as component of the competence concept, but rather as an im-

portant condition for specifying the relation between competence and perfor-

mance. Thus, competence-related motivational attitudes should be measured sepa-

rately (cf. Weinert 1999). 

In the process of developing standards, the role of intelligence as a confounding 

factor in the assessment of competence has been debated. It appears obvious that 

the development of knowledge and skills is influenced by intelligence and that, 

from a psychological point of view, competence and intelligence are not complete-

ly separable. However, the restriction of competence to domain-specific 

knowledge and skills in the definition of Weinert is widely seen as functional and 

acceptable, because it places more emphasis on the learned and learnable aspects 

of education in school settings than on general cognitive abilities (cf. McClelland 

1973). 

Finally, competences are seen as domain-specific because they are acquired in 

specific situations and are linked to content-specific, task-specific, and demand-

specific knowledge and experience. In the course of a cumulative learning pro-

cess, these domain-specific competences can be generalized (cf. Klieme et al. 

2003). 

In summary, this concept of competence stresses the functional understanding 

of the term. Competence is directly linked to the application and use of the abili-

ties, proficiencies, or skills that are necessary to reach a specific goal. 



4  

For the science subjects, the authors of the standards defined competences in 

four dimensions, so called competence areas: 

 subject knowledge 

to know science phenomena, facts, laws, terms and concepts 

 epistemology and methodology 

to use experimental and non-experimental research methods and conceptual 

models 

 communication 

to retrieve, use and exchange subject related information  

 evaluation and judgment 

to evaluate and judge subject related issues 

While the content-oriented subject knowledge dimension still is a rather tradi-

tional one of knowledge recall, the other three are process-oriented and focus on 

the application of knowledge and skills. Figure 1 illustrates the interaction of the 

four competence areas. They will be further explicated below. 
 

Figure 1 Interaction of the four competence areas in dealing with science related issues. (cited 

from Niedersächsisches Kultusministerium 2007 in this author’s translation). 
 

 
 

In the German science education community, a large variety of competence 

models are being developed that go beyond the one originally used for the devel-
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opment of standards. Most are more differentiated, many are more theory driven, 

some are empirically validated (cf. Bernholt et al. 2009, Kauertz et al. 2010). Par-

ticular competence models have been developed e.g. for the subject knowledge 

competence area (Neumann et al. 2010) and for the area of epistemology and 

methodology (Neumann 2011). Further models have been proposed for communi-

cation competence (Kulgemayer & Schecker 2009) and for judgment competence 

(Hostenbach et al. 2011). While these models describe structures of competence in 

a rather static way, attempts have also been made towards dynamic models of 

competence development (Hammann 2004, Aufschnaiter & Rogge 2010). All of 

these more sophisticated models have yet to be taken account of in the develop-

ment of future versions of the science education standards. 

2.2 Basic concepts 

Syllabi for the science subjects used to represent what is seen in textbooks as the 

structure of the discipline. Following a brief preamble with rather general goals of 

teaching the particular subject, traditional syllabi would be catalogues of subject 

knowledge from simple facts to more sophisticated concepts. They specified what 

teachers were required to teach grade by grade, subject by subject. 

For the new standards, a different approach was chosen. A limited number of 

basic concepts was agreed upon in each expert group that were seen as essential 

for the subject. For chemistry, for example, they were: 

 The matter – particle relationship 

For chemistry it is assumed that all matter is built of sub-microscopically small 

particles. They do not usually exist isolated, but rather aggregate to compounds 

by forming chemical bonds. They form aggregates with specific properties (e.g. 

forming metals or salt crystals). The variety of materials results from the multi-

tude of possible combinations of a limited number of different atoms. 

 The structure – property relationship 

The properties of matter result from the kind of particles they are built of and 

from the structure of the aggregate. Combination and structure of the aggregate 

determine the properties more than the character of the individual atoms. 

 The character of chemical reactions 

In chemical reactions substances are transformed. Particles and aggregates in-

teract with each other in processes of attraction and repulsion, thus forming and 

breaking chemical bonds.  

 The energetic aspects of chemical transformations 

Energy is stored in all substances. The amount of energy stored is a characteris-

tic property. In chemical reactions, the energy amount within the reacting sys-

tem changes by energy-exchange with the environment. 



6  

The authors of the standards for physics education named matter, interaction, 

system and energy as fundamental for their domain, while the biologists identified 

system, structure and function, and development as their three basic concepts. 

With these basic concepts, science phenomena and processes that are relevant 

at school level can be organized and interpreted. They are the fundament for stu-

dents to systematically and cumulatively construct their science knowledge and 

understanding. In the German science education discussion, this process is called 

vertical crosslinking (cf. Glemnitz 2007, Wadouh 2007). At the same time, an un-

derstanding of these basic concepts supports horizontal crosslinking (cf. BLK 

1997, Nentwig 2009), i.e. connecting knowledge from one subject domain with 

experience from other contexts. Students encounter the structure - property rela-

tionship in chemistry as well as in biology, or they learn to regard physical as well 

as biologic phenomena as systems. 

Traditional syllabi tend to be overloaded with content. Basic concepts lead to 

comprehensible structures and help to narrow the bulk down to reasonable 

amounts of indispensable content. 

2.3 Attainment levels 

Ultimately, the development of standards should lead to empirically validated 

models of attainment levels. These should describe different levels of proficiency 

of students in the different competence areas. This task has been accomplished for 

German language, First Foreign Language (French or English), and Mathematics 

(IQB 2012a-f). The empirical validation was docked to the data acquisition of re-

cent PISA rounds. As science was last in the PISA sequence, data were just re-

cently collected, and their evaluation is currently not yet available. 

Therefore only normatively expected attainment levels can be reported at this 

time. Three levels of cognitive complexity were proposed for all four areas as a ra-

ther rough measure: 

I reproduction of facts, methods and skills 

II application of facts, methods and skills in new contexts 

III reflection of necessary facts, methods and skills for self-dependent problem 

solving 

This rather cursory taxonomy was then applied to the four areas of competence 

(table 1). 
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Table 1 Levels of attainment in four competence areas 

 
 

 

Fig. 2 Three-dimensional model of three categories defining chemistry standards 
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Eventually, a tiered model of competence levels will be produced post-hoc 

from the empirical data, following the procedures of PISA and other large-scale 

assessments. An example of what it might look like will be shown below from the 

evaluation of student attainment of standards in Mathematics education.  

Competence, basic concepts and attainment levels are the three categories, by 

which the science standards are defined in Germany. This can best be illustrated in 

a simplifying three-dimensional model (figure 2): 

3 Science standards examples 

Table 2 Standards for the competence area subject knowledge in chemistry (cited from KMK 

2004c, p. 11 in this author’s translation) 
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Above, the science standards have been defined in rather broad terms. To fill 

them with life, basic concepts and competence areas needed to be more explicit. 

Table 2 gives an example, how they are set in relation to each other. The standards 

for the competence area subject knowledge are arranged by basic concepts: 

In comparable ways, the standards for the other competence areas and for the 

other science subjects were formulated as expected performance of students. Table 

3 gives an example from the physics standards:  

 
Table 3 Standards for the competence area communication in Physics (cited from KMK 2004d, 

12 in this author’s translation) 

 

 
 

For each of the sciences biology, chemistry and physics and for each of the four 

areas of competence, such lists of expected competences were written by the 

groups of science education experts on behalf of the Ministers of Education. 

In the next step, the intentions of the standards were illustrated with exemplary 

tasks. These tasks demonstrated, how competences should be brought to use. In 

the style of PISA tasks, the questions and problems were embedded in common-

place contexts. An explanation was added to each task showing in detail, which 

competence was addressed, and which level of attainment the solution of the task 

would demonstrate. Table 4 gives an example from the chemistry standards. 

4 Implementation of standards 

Germany is a federal republic with 16 states. With a minimum of uniformity, stip-

ulated in interstate agreements, the states have always maintained their authority 

in all cultural and educational affairs. School systems, teacher training and syllabi 

vary from state to state to an often deplored extent. Hence, the new standards had 

to be implemented in each state separately, albeit the general structure had been 

accepted by the Conference of Ministers of Education (KMK). The implementa-

tion processes varied, and so did the results. Therefore only a general overview 

can be given here. 
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Table 4 Exemplary task from the standards for chemistry (cited from KMK 2004c, 26-28 in this 

author’s translation 
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Table 5 Exemplary page from school 

curriculum (cited from Tausch & 

Wachtendonk 2011) in this author’s 

translation) 

 

The standards as issued by the 

KMK are written in rather gen-

eral terms, notwithstanding the 

exemplary tasks that came along 

with them. To bring the new ap-

proach into schools, the most im-

portant step therefore was to de-

velop curricula, which showed 

what content might be used to 

develop an understanding of the 

basic concepts, and how teaching 

should be organized to support a 

cumulative development of com-

petences in the four areas.  

In the core curriculum for the 

state of Lower Saxony, for ex-

ample, the four areas of compe-

tence are assigned to the basic 

concepts. Within this frame, the 

subject teachers of a school 

would then design the school cur-

riculum on the basis of which the 

students are finally taught. Ob-

ligatory content is defined that is 

used to deal with basic concepts 

and to develop competences. The 

subject content is assigned to 

contexts of everyday, technologi-

cal, environmental or societal 

relevance in order to help stu-

dents to better understand why 

learning of science might be 

meaningful. (For the relevance of 

context-based learning see 

Nentwig & Waddington 2005.) A 

page from a school curriculum 

might look like shown in Table 5. 

Following such lines, teachers 

are now expected to teach. 
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5 Evaluation of standards 

The standards as issued by the KMK were based on a normative understanding of 

learning outcomes. The authors - expert teachers and science educators - thought 

that these were the competences average students would have acquired by the end 

of compulsory school at age 15 to 16. As the overarching goal of setting standards 

was the quality assurance of the educational endeavor in the school system, this 

expectation would, of course, have to be evaluated. Turning away from syllabus 

driven input-orientation the question was no longer “What was taught in school by 

teachers?” but rather “What are students’ learning outcomes?” (cf. Bernholt et al. 

2012) 

 
Figure 3 Tiered model of competence levels 

for mathematics (cited from IQB 2008 in this 

author’s adaptation) 

 

In order to measure these out-

comes, the standards had to be opera-

tionalized in far more detail than the 

original documents provided. The role 

of evaluator was given to the newly 

founded Institute for Educational Pro-

gress (IQB), who in turn engaged oth-

er agents in the respective subject are-

as for the development of suitable 

tests. The evaluation was linked to the 

PISA sequence, i.e. language first, 

then mathematics and finally science. 

For language, the first round of evalu-

ation has already been completed and 

reported (Koeller et al. 2010).  

As of now, the process of evaluat-

ing and reporting the science data is 

not yet completed. The report is ex-

pected around the turn of the year 

2012/13. In that report, the data for 

mathematics will be included. There 

have, however, been scaling reports for math that indicate which direction the 

evaluation takes. 

Following largely the PISA procedure, a representative sample of well over 

10000 students in year 9 and 10 were tested. Their performance with the mathe-

matics items was entered into a scale with a defined mean of 500 points. While the 

initial documents proposed three levels of attainment, now five levels of equal 
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width were defined post-hoc from the data (see figure 3). On this scale, easy to 

solve items have values below 400 scale points, difficult ones score above 600. 

Performances below 410 scale points are considered insufficient. This level is 

defined as a minimal standard. It is seen as a crucial threshold below which a per-

son would not be enabled to reasonably participate in societal and professional 

life. Students below this level would need special support.  

The regular standard implies that not everyone is expected to reach this level 

(above 490 scale points), while some others will overachieve. “Regular plus” is a 

level which ambitious teachers should strive for with as many students as possible, 

at the same time keeping in mind the minority of talented students with potential 

for the highest level, the maximum standard. Figure 4 shows the distribution of the 

student sample on the scale of competence levels.  

 
Figure 4 Competence distribution of students in math (cited from IQB 2008 in this author’s ad-

aptation) 

 

 
 

In similar ways, a tiered competence model can be expected for science. The 

evaluation for the science subjects is in the hands of a group of science education 

researchers (ESNaS) in cooperation with the Institute for Educational Progress 

(IQB) (cf. Kauertz et al. 2010). Figure 5 shows the timeline for the evaluation of 

the science standards. 

Several groups of experienced teachers assisted by science education experts 

and advised by experts for psychometry devised several hundred science items, 

basically following the PISA scheme: one item stem introducing the context and  
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Figure 5 Time line for the development of tests for the evaluation of science standards 

 
 
giving some basic information followed by a number of questions about the con-

text.  

The peculiarity of these items was that they were aiming at competences as de-

scribed above rather than at traditional content knowledge. These items were pi-

loted, partially revised and scaled under the guidance of the IQB. To make them 

meaningful from a science education perspective, valid from a curricular view-

point and reliable and sufficiently selective was an obvious challenge. For this 

round of evaluation the emphasis is on the competence areas subject knowledge 

and epistemology/methodology. The areas of communication and judgment have 

been postponed until PISA’s next science focus in 2018. As of today, the report is 

yet to be published. 

6 Concluding considerations 

The introduction of standards to the educational system in Germany mainly served 

two purposes: the enhancement of educational quality and the harmonization be-

tween states.  

When international comparative studies such as TIMSS and PISA proved that 

education in Germany was not as effective as had been believed by most, politi-

cians felt the country’s competitiveness endangered. Science and technology in 

particular were seen as problematic with little popularity among students and dis-

satisfying enrollments for further education in that field. Hence the setting of 

standards and the close monitoring of learning outcomes are expected to improve 

the situation. 

When PISA results were scrutinized for the different states in the federal re-

public, alarming differences were detected. While some states could compete with 

the top in the PISA ranks, others performed far below the average. Standards 

combined with national assessment should therefore help to level the differences. 

Certainly this problem is far too complex to be solved with standards alone. Issues 

of teacher training, curriculum, school structure, facilities and support need to be 

considered. This is still work in progress. 

Not only were standards and the focus on educational outcome rather than in-

put new to the educational system in Germany, a whole new category was intro-
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duced with them: competence. Although the term had been widely in use with a 

multitude of connotations, it was now specified for the results of students’ learn-

ing. 

While “subject knowledge” and “epistemology/methodology” had been familiar as 

knowledge of and knowledge about science, the inclusion of communication and 

judgment as expected competences was new to most science teachers. The re-

quested changes were an enormous challenge. Documents were produced by the 

states’ ministries of education, and in-service training courses were offered in var-

ious degrees of quantity and quality. Research has yet to show to what extent the 

change has reached classrooms. 

Germany was not alone in introducing competence as a category of learning 

outcome. Around the same time as in Germany, the concept appeared in educa-

tional documents in many European countries (cf. Waddington et al. 2007). The 

German speaking countries Austria and Switzerland, in particular, followed the 

German notion of the concept, basing their considerations on the same report of 

Klieme et al. (2003). 

 

Nationwide assessment was a controversial issue. It was argued that teachers’ 

fear of external scrutiny might stifle educational creativity and innovation. In this 

case, the reform was the educational innovation. Looking at the standards should 

compel responsible teachers to adjust their classroom practice in order to enhance 

competence development. Thus, external evaluation might be seen as a chance ra-

ther than a threat.  

“Teaching-to-the-test”, in other cases the opponents’ battlecry against central-

ized assessment, was advisable in this context. If the assessment is looking at hith-

erto uncommon competences and at content newly structured by basic concepts, 

then teachers are expected to teach to the test. Teaching and assessing need to be 

aligned in order to make the change valuable. How far this process has grown is 

yet to be seen 

Certainly, assessing competences is a challenge. Valid, reliable, and feasible 

instruments need to be developed to assess students’ science competencies rather 

than just their content knowledge. Especially “soft” competences like communica-

tion and judgment are difficult to grasp in feasible large scale procedures. Not 

without reason has their assessment been postponed until PISA comes around to 

science the next time. 

In some countries with a tradition of setting standards, nationwide assessment 

has led to what some see as debatable use of data (e.g. league tables, high-stakes 

examination). In Germany the authorities have confirmed that with each round of 

evaluation only a representative sample will be tested. Thus, the results allow no 

judgment below the system level. States can be compared (for the purpose of har-

monization), as they provide the student samples, but not schools and absolutely 

not individual students. 

One strongly debated issue in the implementation of standards was the curricu-

lum or rather its absence. The standards were issued first, and the alignment of the 
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curriculum was left to the states, most of whom passed the task on to schools and 

eventually to teachers. While teachers indispensably have to be involved in the 

curriculum reform, not few felt overburdened with this task and not sufficiently 

valued as partners in this process. Among parts of the teaching force there was a 

tendency to sit and wait for this reform to pass – as others had in the past. 

This might be the most critical issue in the implementation of standards to the 

educational system in Germany. They were served from the top down. Within a 

relatively short time they were made compulsory. Curricula still had to be devel-

oped, and not everyone was enthusiastic about the concept of competence as a 

goal for teaching. Whether the standards, as defined in the initial documents, will 

be reached by the average student will be seen when the evaluation report has 

been published.  

In Switzerland, although the same understanding of standards was applied 

based on the so called Klieme report, the process was reversed. The concept was 

elaborated, tasks were tested, a competence model was validated (cf. Labudde 

2007, Labudde 2008, Ramseier et al. 2011). Teachers were involved all along. The 

result was finally subjected to political hearings, and only then did the Swiss min-

isters of education release the standards as a framework for curriculum develop-

ment and national monitoring (EDK 2011). This lack of haste might have suited 

the development in Germany as well. 
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