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Introduction

The main function of this chapter is to create a link between the previous 
three theoretical chapters and the detailed content specifi cations appear-
ing in the next chapter of this volume. We further provide a characterisa-
tion of the genre of frameworks and discuss the considerations justifying 
our choice of solutions.

Chapter 1 gave an overview of international research fi ndings related 
to the development of scientifi c thinking and in general to the role of 
science in the improving thinking processes, approached mostly from the 
perspective of developmental psychology. Chapter 2 is similarly based 
on international research fi ndings, but approaches the issue with the ex-
ternal goals of science education kept in mind. Chapter 3 moved on to 
the traditions and curricular features of public education in Hungary and 
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a picture of the system emerged to which the diagnostic program would 
need to be tailored. All this information delineates the fi rst problem to be 
solved: the achievements of the forefront of scientifi c research must be 
adapted to such an extent that they have the greatest educational effect both 
on individual students and on the public education system as a whole. 

The diagnostic assessment system is developed in parallel for three 
main domains, each of which rests on the same set of principles.1 The 
parallel treatment of reading, mathematics and science is justifi ed by 
several principles of psychology and education as well as by considera-
tions of education organisation. On the one hand, an appropriate level of 
reading comprehension is essential for learning both mathematics and 
science and on the other hand, mathematics and science enhance reading 
skills by offering texts that do not appear among literary styles. The 
logic of mathematics and that of language can mutually reinforce each 
other. Science is the best practice fi eld for the application of relation-
ships learnt in mathematics. Drawing attention to and making use of 
different types of relationship systems is especially important during the 
fi rst stage of schooling, when students’ intellectual development is very 
fast-paced and exceptionally sensitive to stimulating factors.

The parallel treatment of the three domains has the further advantage 
that they mutually fertilise one another, the ideas and formal solutions 
emerging in one can be used in the other two. The development of test 
questions, uniform measurement scales, data analysis methods and feed-
back systems also calls for the parallel treatment of the three domains 
and the sharing of certain principles. This parallel treatment also means, 
however, that certain compromises must be made: there is a limit to what 
extent the same principles can be adhered to in all three domains. In the 
interest of uniformity, the three-dimensional approach is preserved and 
uniformly applied, but the interpretation of each dimension takes the 
special features of individual assessment domains into account.

Another benefi t of parallel treatment may be a complementarity effect. 
The three domains are discussed in a total of nine theoretical chapters.
We made no effort to create parallel chapter outlines. This made it possible 
to give in-depth coverage to one issue in one domain and another issue 
in another domain. In the fi rst chapter of the volume dedicated to the 

 1 This chapter also contains sections appearing in the corresponding chapters of the other two 
volumes.
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domain of reading, for instance, special emphasis is given to issues in 
developmental psychology and neuroscience, which also offer important 
insights for mathematics and to some extent for science education. Certain 
reasoning skills are discussed in greater detail in the fi rst chapter of the 
science volume, but the same skills are also important for mathematics 
education. The second chapters of the volumes focus on the issue of 
knowledge application and each of them draw general conclusions that 
equally apply to the other two domains. The third chapters examine 
practic al questions related to the curriculum in their respective domains, 
but they share a commitment to the historical traditions and current prin-
ciples of Hungarian public education. At the same time, the proposed 
choice and structuring of the contents of education also refl ect the need 
to follow progressive international trends and to make use of the achieve-
ments of other countries. 

In line with the above principles, we regard the nine theoretical chap-
ters in combination as the theoretical foundation of the diagnostic assess-
ment system. The background knowledge analysed in these chapters thus 
constitutes a common resource for each of the domains, without the need 
to detail the shared issues separately in the equivalent chapters of the 
different volumes.

The fi rst section of the present chapter reviews the main factors taken 
into consideration during the development of the frameworks. First, the 
tools used for the specifi cation of the goals of education and the contents 
of assessment are discussed and our solution to the problem of providing 
a detailed characterisation of the contents of diagnostic measurement is 
outlined. The next sections show how these principles are used in the 
development of the science frameworks.

Taxonomies, Standards and Frameworks

The development of frameworks of diagnostic assessment was assisted 
with a number of different resources. Our work followed an approach 
undertaking to offer a precise defi nition of educational targets and of the 
contents of assessment. First, we discuss various systems used around 
the world to characterise contents, which we then use as a standard of 
comparison in describing the method we developed.
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Taxonomies

Efforts to defi ne curricular goals in great detail fi rst appeared in the 
1950s. This was the time when as a combined result of various processes 
Bloom and his colleagues developed their taxonomic systems, which 
made a strong impact on education theoretic objectives for the next few 
decades. One of the triggers prompting the development of the taxono-
mies was a general dissatisfaction with the vague characterisation of 
curricular goals, and the other was the rise of the cybernetic approach to 
education. There appeared a need for controllability, which required 
feedback, which in turn presupposed the measurement of both intended 
targets and actual performance. By comparing targets with actual per-
formance, weaknesses may be identified and interventions may be 
planned accordingly. During the same period, other processes led to a 
heavier emphasis on educational assessment and the expansion of testing 
also created a need for a more precise characterisation of the object of 
measurement. 

Taxonomy is essentially a structured frame providing a system of or-
dering, organising and classifying a set of objects, in our case, the body 
of knowledge to be acquired. It is like a chest of drawers with a label on 
each drawer showing what should be placed in it. A taxonomy can also 
be interpreted as a data table with the headings indicating what can ap-
pear in its various rows and columns. Compared to the previous general 
characterisations of goals, planning based on such a formalised system 
constituted a major step forward, and prompted educators responsible for 
defi ning specifi c curricular objectives to think very carefully about what 
behavior could be expected as a result of learning.

The greatest impact was made by the fi rst taxonomic system, one de-
scribing the cognitive domain (Bloom et al., 1956), which opened a new 
path for curriculum and assessment theory. This taxonomic system char-
acterised expected student behavior in concrete, observable categories. 
The most obvious novelty was the system of six hierarchically organised 
frameworks, each of which was designed to apply uniformly to all areas 
of knowledge. Another signifi cant improvement was the level of descrip-
tion that surpassed by far all previous efforts in detail, precision and 
specifi city. As a further advantage, the same detailed description could 
be used to plan learning processes and to develop assessment tools. This 



Diagnostic Assessment Frameworks for Science: Theoretical Background and Practical Issues

151

is the origin of the name taxonomies of objectives and assessments, 
which refers to the two functions. 

The Bloom taxonomies exerted a signifi cant direct infl uence fi rst in 
the United States, and later on this system provided the foundations for the 
fi rst international IEA surveys (see also Chapter 2). The empirical surveys, 
however, did not corroborate every aspect of the hierarchy of knowledge 
proposed by the taxonomic system. Also, the behaviorist approach to 
psychology underlying the Bloom taxonomy lost its dominant position in 
the interpretation of educational processes and was replaced by other para-
digms, most importantly by cognitive psychology. The original cognitive 
taxonomies thus became less and less popular in practice. The corres-
ponding taxonomies for the affective and the psychomotor domains were 
constructed at a later stage and, although used in several areas, they did 
not make a wide-ranging impact similar to the cognitive taxonomy.

The taxonomies as organisational principles are ‘blank systems’, i.e. 
they do not specify content. References to specifi c contents only serve 
illustrative purposes in taxonomy handbooks. If, for instance, the six 
levels of Bloom’s taxonomy – knowledge, comprehension, application, 
analysis, synthesis and evaluation – are applied to the educational goals 
in a specifi c area of chemistry, we need to specify what exactly must be 
remembered, understood, applied, etc. (see e.g., Kloppfer 1971).

The original taxonomies, their revisions or modernised versions gave 
rise and still continue to give rise to new systems and handbooks guiding 
the defi nition of objectives in a similar spirit (Anderson & Krathwohl, 
2001; Marzano & Kendall, 2007). A common feature of these initiatives 
is that they carry on the tradition Bloom established and continue to treat 
the operationalisation of objectives and the decomposition of knowledge 
into empirically measurable basic elements as central issues. The meth-
ods emerging during the course of taxonomy development later became 
important methodological resources in the development of educational 
standards. 

Standards in Education

The development of standards in education gained impetus in the 1990s. 
This process was especially spectacular in the English-speaking world, 
where previously there had been no normative documents regulating 
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teaching content in public education. In some countries, for instance, – with 
some exaggeration – every school taught whatever was locally decided 
upon. Under these conditions, education policy had a very restricted 
margin of movement and there was little opportunity to improve the per-
formance of the education system. This situation then gave rise to various 
processes leading to a centrally defi ned set of educational goals at some 
level (state or national).

Standards essentially represent standardised educational targets. In 
contrast with taxonomies – as systems, – standards always refer to speci fi c 
education content. They are developed by specialist, professional teams, 
working groups composed of experts in a given fi eld, and depending on 
the properties of the various fi elds, several methodological solutions may 
be used.

Although the development of standards takes the latest theoretical 
constructs and scientifi c achievements into account, there may be sub-
stant ial differences between the science standards of different countries 
(see e.g., Waddington, Nentwig & Schanze, 2007). Standards are usually 
descriptive and defi ne what a student should know in a given subject on 
completion of a given grade of school.

As the standards were developed, they were also put into practice both 
in assessment and in teaching processes, similarly to the earlier taxono-
mic systems. A series of handbooks were published discussing in great 
detail the methods of standard development and their applications. There 
are differences in emphasis, however, compared to the taxonomies. Stan d-
ards have a direct effect fi rst of all on the contents of education (see e.g., 
Ainsworth, 2003; Marzano & Haystead, 2008), and the question of as-
sessment based on them is of secondary importance (e.g., O’Neill & 
Stansbury, 2000; Ainsworth & Viegut, 2006). Standards-based education 
essentially means that there are certain carefully specifi ed, standardised 
education targets that students of a given age can be expected to attain.

The concept of standards and standards-based education is not en-
tirely new to professionals working in the Hungarian or other strongly 
centralised education systems. In Hungary, before the 1990s, a single 
central curriculum specifi ed all education content and a single textbook 
was published based on this curriculum. Every primary school student 
studied the same contents and in theory everyone had to achieve the 
same set of targets. The standardised subject curricula were polished 
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through several decades of practical professional experience in some 
areas (mathematics, science), while other areas remained subject to the 
whims of political and ideological agenda. While the processes taking 
off in the 1990s were greatly infl uenced by the Anglo-American stand-
ards-based model, curriculum regulation could not avoid the pendulum 
effect and has swung to the other extreme: the current Hungarian Na-
tional Curriculum contains only a minimum of central specifi cations. 
This process took a course contrary to what was taking place in other 
countries. As a comparison, it is worth noting that the volume discussing 
the American mathematics standards (National Council of Teachers of 
Mathematics, 2000) is alone longer than the entire fi rst version of the 
Hungarian National Curriculum published in 1995. Since then the Na-
tional Curriculum has become even shorter.

The appearance of standards and standards-based education is not, 
however, a simple matter of standardisation or centralisation but also 
introduces a professional and scientifi cally based method of organising 
education content. Standards constitute a new approach, which has be-
come dominant even in countries that also had centrally developed cur-
ricula before. In Germany, for instance, where education content is al-
ready strongly regulated at the level of federal states, new research 
efforts have been initiated to develop new-style standards (Klieme et al. 
2003). The most important defi ning feature of standards is that they are 
scientifi cally based. The development of standards and standards-based 
education has launched extensive research and development activities 
throughout the world.

Both the theoretical foundations of standards-based education and the 
contents and structure of individual specifi c standards were an important 
source of information in the development of frameworks for diagnostic 
assessments. The decision not to impose a uniform structural solution on 
the content specifi cations in reading, mathematics and science but, in-
stead, respect the special features of the different content and assessment 
domains also refl ects the traditions of learning standard development.

The frameworks developed here, however, differ from standards in 
that they do not defi ne requirements or expectations. They share other 
features, however: the criteria of detailed, explicit and precise description 
and a strong scientifi c basis.
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Frameworks

To mirror international practice, we use the term frameworks for the de-
tailed specifi cations we have developed. The frameworks of assessments 
are similar to standards in that they contain a detailed, structured de-
scription of knowledge. They differ from standards, however, in that 
standards approach education from the perspective of outcomes. In con-
trast to traditional curricula, frameworks do not specify what should be 
taught or learnt. They also do not set attainable targets although they do 
convey implicitly what knowledge could or should be possessed at the 
highest possible level of achievement. 

The most widely known examples of frameworks are the ones de-
veloped for international surveys. Self-evidently, in the case of assess-
ment programs covering several countries, standards make little sense. 
These frameworks therefore characterise the knowledge that can be 
reason ably assessed. When defi ning contents, a number of different con-
siderations may be observed. In the fi rst waves of the IEA survey, for 
instance, the starting points of assessment contents were the curricula of 
participating countries, i.e., what was usually taught in a given domain.

The frameworks of the PISA surveys cover the three major domains of 
assessment and for each of these, characterise the applicable knowledge 
that fi fteen year-old youths living in our modern society need to possess. 
In the development of these frameworks a dominant role is played by the 
typical contexts of application, and the focus is of course on the applica-
tion of the knowledge of the given disciplines and school subjects. 

A third approach to framework development is rooted in scientifi c re-
search concerned with learning and knowledge, namely, in the achieve-
ments of developmental and cognitive psychology. These considerations 
also dominate in cross-curricular domains related to more than one (or 
just a few) school subjects. One example for this type of assessment is 
the fourth domain of the 2000 wave of the PISA survey, which focused 
on learning strategies and self-regulated learning. The frameworks of this 
domain were essentially shaped by psychological evidence provided by 
learning research (Artelt, Baumert, Julius-Mc-Elvany, & Peschar, 2003). 
The insights of psychology also help characterise learner attitudes, which 
have been an object of assessment in almost every international survey, 
and played an especially important role in the PISA science survey of 2006 
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(OECD, 2006). A further aspect of knowledge acquisition contributed by 
psychological research is the structure of problem-solving processes, 
which was a special domain of assessment in PISA 2003 (OECD, 2004), 
and the latest results of cognitive research provide the background for 
the assessment of dynamic problem-solving skills planned for PISA 2012.

The frameworks developed for diagnostic assessments (see Chapter 5) 
have drawn from the experiences of the frameworks of international sur-
veys. They are similar to the PISA frameworks (e.g., OECD, 2006, 2009) 
in that they create the foundations for the assessment of the three major 
measurement domains of reading, mathematics and science. They differ, 
however, in that while PISA focuses on a single generation of students 
– 15 year olds – providing a cross-sectional view of student knowledge, 
our frameworks cover six school grades, assess younger students and 
place special emphasis on the issue of student progress over time.

Each set of the PISA frameworks is developed for a specifi c assess-
ment cycle and although there is considerable overlap between individu-
al assessment cycles, the frameworks are renewed for each. The PISA 
frameworks cover the entire assessment process from the defi ning of the 
assessment domains through to the characterisation of the organising 
principles of the domain, the specifi cation of reporting scales and the 
interpretation of results. The frameworks we have developed cover se-
lected sections of the assessment process: a defi nition of the assessment 
domains, a description of the organising principles and a detailed speci-
fi cation of contents. While the major dimensions of assessment and the 
contents of measurement scales are defi ned, performance scale levels and 
quantitative issues related to scales are not discussed. Given the longitu-
dinal component of student development, the construction of scales re-
quires further theoretical research and access to the empirical data.

Multidimensional Organisation 
of Assessment Contents 

The dominant force shaping the educational innovations of the past decade 
has been the integrative approach. The competencies appearing in the 
focus of attention are themselves complex units of distinct knowledge 
components (and, according to some interpretations, also of affective 
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components). Competency-based education, the project method, content-
embedded skill development, content-integrated language teaching and 
various other innovative teaching and learning methods realise several 
different goals at the same time. The knowledge acquired through such 
integrative methods is presumably more readily transferable and can be 
applied in a broader range of contexts. Similar principles are likely to 
underlie summative outcome evaluations, and both the PISA surveys and 
the Hungarian competency surveys embrace this approach. 

A different assessment approach is required, however, when we wish 
to forestall problems in learning and identify delays and defi ciencies 
endangering future success. In order to be able to use assessment results 
as a tool in devising the necessary interventions, the tests we administer 
should provide more than global indicators of student knowledge. We 
need to fi nd out more than just whether a student can solve a complex 
task. We need to discover the causes of any failures, whether the problem 
lies in defi ciencies in the student’s knowledge of basic concepts or in 
inadequacies in his or her reasoning skills, which are needed to organise 
knowledge into logical and coherent causal structures.

Since diagnostic assessment requires an enhanced characterisation of 
student knowledge, we adopt an analytic approach as opposed to the in-
tegrative approach dominating teaching activities. An assessment pro-
gram intended to aid learning must, however, stay in tune with actual 
processes in education. In line with these criteria a technology of diag-
nostic and formative assessments is being developed drawing from the 
experiences of summative evaluations but also contributing several new 
elements of assessment methodology (Black, Harrison, Lee, Marshall, & 
Wiliam, 2003; Leighton & Gierl, 2007).

The development of frameworks for diagnostic assessments can benefi t 
a great deal from the experiences of previous work carried out in similar 
areas, especially from the assessment methods used with young children 
(Snow & Van Hemel, 2008) and the formative techniques developed for 
the initial stage of schooling (Clarke, 2001). For our purposes, the most 
important of these experiences is the need for a multifaceted, analytic 
approach and a special emphasis on psychological and developmental 
principles. Previous formative and diagnostic systems, however, relied 
on paper-based testing, which strongly constrained their possibilities. We 
replace this method by online computer-based testing, which allows more 
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frequent and more detailed measurements. The frameworks must be 
accord ingly tailored to this enhanced method of assessment. 

The Aspects of the Organisation of the Content to be Assessed 

The contents of assessments can be organised in terms of three major 
perspectives. This three-perspective arrangement creates a three-dimen-
sional structure, which is schematised in Figure 4.1. In expounding the 
contents of measurements, however, the building blocks of this three-
dimensional structure need to be arranged in a linear fashion. The com-
ponents of the structure may be listed in various different ways depend-
ing on our fi rst, second and third choice of dimension along which we 
wish to dissect it. In what follows, the structure is peeled open in the 
way best suited to the purposes of diagnostic assessment. 

Our fi rst perspective, the objectives of education, is a multidimen-
sional system itself that encompasses the three major dimensions of our 
analysis: the psychological (cognitive), social (application) and discipli-
nary (school subject) objectives. It is these three dimensions for which 
development scales are constructed in each assessment domain (reading, 
mathematics and science) (see the next section for details). 

Figure 4.1
The multidimensional organisation of the content of assessments 
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Our second perspective is development. In this dimension, the six 
grades of school are divided into three blocks of two years each: Grades 
1–2, 3–4 and 5–6. Since the period spanning the six grades is treated as 
a continuous development process, the above grouping is simply a tech-
nical solution to the problem of content disposition. In the absence of 
empirical evidence, the assignment of contents to different ages (grades) 
can in any case be no more than an approximation. 

Finally, our third perspective is the question of contents available to a 
given domain of assessment. The content blocks thus broken up consti-
tute the units of the detailed frameworks. With the various possible com-
binations of the different perspectives, increasing the number of values 
in any given dimension may easily lead to a combinatorial explosion. In 
order to avoid that, the number of assessment contents must be deter-
mined with caution. The combination of the three learning factors, three 
age groups and three main content categories of science creates a total of 
27 blocks. Identifying further subcategories would substantially increase 
this fi gure.

Scales of Diagnostic Assessments, Psychological, 
Application and Disciplinary Dimensions

Drawing on our experiences of previous empirical studies, the model we 
have developed is structured along three dimensions corresponding to 
the three main objectives of education. These objectives have accompanied 
the history of education and also correspond to the main targets of mod-
ern educational performance assessment (Csapó, 2004, 2006, 2010).

The cultivation of the intellect and the development of thinking are 
objectives that refer to personal attributes rather than invoke external 
contents. In modern terminology this may be called a psychological di-
mension. As was mentioned in the previous section, this dimension also 
appeared in the PISA surveys. We have seen a number of assessment 
domains that interpreted the contents of measurement in terms of psycho-
logical evidence. In the case of science, the function of this dimension is 
to reveal whether science education improves thinking processes, general 
cognitive abilities or more narrowly defi ned scientifi c reasoning to the 
expected extent.
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Another long-standing objective is that schooling should offer know-
ledge that can be used and applied in non-school contexts. This consid-
eration is termed the social dimension and refers to the usability and 
applicability of knowledge. The concept of knowledge application is 
related to the notion of transfer of learning, which is defi ned as the ap-
plication of knowledge acquired in a given context to a different context. 
There are degrees of transfer defi ned by the transfer distance.

The third major objective is that the school should ensure that students 
acquire the important elements of the knowledge accumulated by science 
and the arts. This goal is attained when students approach learning observ-
ing the principles and values of the given discipline or fi eld of science. 
This is the disciplinary dimension. In recent years a number of educa-
tional initiatives have been launched in an effort to counterbalance the 
previous, one-sided disciplinary approach. Competency-based education 
and performance assessment focusing on the issue of application have 
somewhat overshadowed disciplinary considerations. However, for a 
course of studies to constitute – in terms of a given discipline of science 
– a coherent and consistent system, which can be reasonably understood, 
it is necessary to acquire those elements of knowledge that do not di-
rectly contribute to the development of thinking or application processes 
but are indispensable for the understanding of the essence of the disci -
p line. That is, students must be familiar with the evidence supporting the 
validity of scientifi c claims and learn the precise defi nitions ensuring the 
logical connectedness of concepts in order to possess a system of know-
ledge that remains coherent in terms of the given scientifi c discipline.

The three-dimensional model ensures that the same contents (possibly 
with minor shifts in emphasis) can be used for test task specifi cations in 
all three dimensions. Let us illustrate this feature through the skill of or gan i-
sation. At an elementary level, the operations subsumed under organisa-
tion skills, e.g., ordering, classifi cation and grouping, appear during the 
childhood years. The objects in the world are grouped into categories 
and conceptual categories cannot be constructed without recognising 
similarities and differences between these objects or without deciding 
what attributes to use as a basis for categorisation. The various aspects 
of organisation skills are improved by classroom exercises and also by 
the structured presentation of scientifi c knowledge. The developmental 
level of organisation skills may be measured with the help of reasoning 
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tasks based on simple content (e.g., classifi cation of everyday objects, 
grouping of items of clothing according to the season of the year in 
which they are worn). The task of application may be embedded in an 
everyday situation such as the grouping of food items to plan a daily and 
weekly diet according to various criteria (e.g., composition and nutri-
tional values). Finally, we can test whether students have acquired the 
principles used in biology to classify life forms, the basis of categorisa-
tion, the main groups of life forms, the names of these groups and ways 
of visualising the relationships between the groups and the hierarchy of 
life (e.g., tree diagrams or Venn diagrams). The last of these is a knowl-
edge component that cannot be developed through exercises stimulating 
cognitive development but requires specifi c disciplinary knowledge.

The learning of science is closely connected to general intellectual 
development. Formal operations and thinking play a dominant role in 
every area of science and in several areas the applicability of knowledge 
also has a prominent place. For this reason, there may not be a sharp 
boundary between the three dimensions in all cases. Whether a certain 
task belongs to the dimension of thinking, application or disciplinary 
knowledge depends on the degree of association between the content it 
measures and disciplinary knowledge, the course syllabus or the context 
of classroom activities. 

The Psychological Dimension of the Assessment 
in Science

The development of thinking skills and the assessment of their level of 
advancement as proposed in the detailed frameworks are discussed in the 
first section of the next chapter, where – in addition to the system of com-
p etencies shared with the domain of mathematics – examples are also 
provided for the assessment of domain-specifi c elements of scientifi c 
inquiry and research. The theoretical framework underlying the exam -
p les is presented in Chapter 1 of the volume, where the system of gen-
eral thinking abilities and various issues in development and the foster-
ing of development are discussed and the relationship between everyday 
thinking processes, general scientifi c thinking and the specifi c reasoning 
pro cesses of the natural sciences is analysed.
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Thinking in Sciences

Scientifi c thinking is often regarded as a specifi c mode of thinking. It is 
used as a cover term for all mental processes used when reasoning about 
some content of science (e.g., force in physics, solutions in chemistry or 
plants in biology), or when engaged in a typical scientifi c activity (e.g., 
designing and performing experiments) (Dumbar & Fugelsang, 2005). 
Scientifi c thinking encourages the development of general thinking skills 
and is at the same time a prerequisite to the successful acquisition of 
scientifi c disciplinary knowledge. 

Scientifi c thinking cannot be reduced to familiarity with the methods 
of scientifi c discovery and their application. It also involves several ge n-
e ral-purpose cognitive abilities that people apply in non-scientifi c domains 
such as induction, deduction, analogy, causal reasoning and problem-
solving. Specifi c components of scientifi c thinking are linked with spe-
cifi c steps in scientifi c investigation (e.g., the formulation of questions, 
the recognition and clear defi nition of problems; the collection and eval-
uation of relevant data; the drawing of conclusions, an objective evalua-
tion of results; and the communication of results). They involve the 
analysis of scientifi c information (e.g., the comprehension of scientifi c 
texts, evaluation of experiments and establishing connections between 
theories and facts). Further components of scientifi c thinking include 
knowledge related to the workings of science and to the evaluation of its 
impact (e.g., the explanation for the constant evolution of scientifi c 
knowledge; the recognition of the close relationship between the physi-
cal, the biological and the social world; the recognition of the utility and 
dangers of scientifi c achievements; evidence-based reasoning and deci-
sion-making), which leads to the dimension of knowledge application.

Development of Scientific Thinking 

The intellectual development of children cannot be separated from the 
evolution of other components of their personality. Students’ interests 
vary with their age: children of different ages think and act differently 
and have a different relationship to reality. Since there may be substan-
tial individual variation in the pace of cognitive development, the differ-
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ent age-defi ned stages can have no rigid boundaries. For our frameworks, 
Grades 1 to 6 of schooling are treated as a single developmental process 
and, in the absence of empirical evidence, the developmental stages of 
thinking skills are not linked to the three age groups. However, for the 
interpretation of the development of thinking and for the analysis of 
thinking operations, we rely on the psychological attributes known from 
developmental psychology and make a distinction mainly between 
Grades 1–4 and Grades 5–6.

In terms of Piaget’s stages of cognitive development, the age group 
covered by Grades 1–6 is essentially characterised by Concrete Operations 
but signs of the next stage, Formal Operations, may also appear in Grades 
5–6. Students in Grades 1–4 are characterised by concrete operations re-
lated to their experiences: they can handle a limited number of variables; 
they can recognise and describe the relationship between the variables 
but cannot provide an explanation for it. In the Formal Operational stage 
children can handle problems involving several variables; they can pre-
dict and explain events. When characterizing an ecological system, for 
instance, a student in the Concrete Operational stage will be able to 
recogn ise and describe a simple food chain and identify the relationship 
between the members of the food chain. However, to be able to under-
stand the dynamic balance of the ecosystem as a multivariate system and 
to understand that a change in the system may bring about further chang-
es upsetting this balance, a higher level of thinking is needed (Adey, 
Shayer, & Yates, 1995).

The development of scientifi c thinking is closely related to the level of 
mathematical skills and to their applicability. The process of scientifi c 
inquiry and the operation of scientifi c research skills require, for in-
stance, elementary counting skills, an ability to use the concept of pro-
portionality, calculate percentages, convert units of measurement, display 
data, create and interpret graphs, and think in terms of probabilities and 
correlations.

The operations involved in scientifi c thinking may be developed from 
the start of formal education. During this period, a special role is played 
by direct experience and the observation of objects and phenomena but 
thinking operations may also be encouraged without performing experi-
ments (e.g., by designing experiments and analysing the results of obser-
vations and experiments). As students get older and move forward in 
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their school, the curriculum and the textbooks expect them to learn and 
apply increasingly diffi cult scientifi c methods with a growing number of 
content areas, while displaying an increasing level of independence 
(Nagy, 2006a, 2008, 2009).

Several methodological publications have pointed out that young chil-
dren should be involved in doing science (‘sciencing’) rather than be 
taught ready-made scientifi c facts. The action-oriented and the inquiry-
based approaches have also been adopted in science education for young 
children; with the help of activities and tasks, the children are encouraged 
to raise questions, search for answers, design experiments and collect 
data. The results of research on this method suggest, however, that only 
a few children can acquire the system of scientifi c knowledge based on 
simple discovery-based learning. A combination of directed discovery 
and explicit instruction is a more effi cient method. 

Chapter 5 discusses how to take into account in the assessment of 
scientifi c thinking the psychological attributes characterizing the stages 
of development of children in Grades 1–4 and 5–6 and the order of ap-
pearance of cognitive operations following from them. The operation of 
general thinking processes is characterised with reference to contents 
selected from the three science content areas. The development of the 
detailed content framework made use of the experiences of previous 
assessment programs in Hungary: with respect to general thinking abili-
ties, the results of studies on inductive (Csapó, 2002), deductive (Vidá-
kovich, 2002), analogical (Nagy, 2006b), combinatorial (Csapó, 1998) and 
correlational (Bán, 2002) reasoning and organisation skills (Nagy, 1990). 
The assessment of domain-specifi c processes is illustrated with examples 
from the areas of scientifi c inquiry, problem-solving, text comprehension, 
evidence analysis and decision-making.

The Application Dimension in the Frameworks

In the three-dimensional model of the contents of diagnostic assessments 
(Figure 4.1), application is the dimension refl ecting social expectations 
related to learning, and focuses on the social utility of knowledge, its 
applicability to different contexts, the development of transfer of learning 
and the ability to create connections between science, technology, society 
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and the environment. The social dimension carries approximately as 
much weight in the detailed frameworks as do the thinking and the dis-
ciplinary dimensions. It describes the standards along which it can be 
assessed whether at a given stage of development students possess scien-
tifi c knowledge that can be applied in a way useful to their immediate or 
wider environment.

The theoretical foundations of the dimension of application are pro-
vided by the concept of scientifi c literacy representing the goals and 
principles of science education. Scientifi c literacy has several different 
defi nitions. While there are differences in emphasis, all of the interpreta-
tions invoke essentially the same social expectation. They construct a 
theoretical framework of applicable knowledge underlying individual 
decisions and supporting the interpretation and resolution of day-to-day 
problems.

Applicable Knowledge

Applicable knowledge may be defi ned as a complex system composed of 
content knowledge (factual knowledge) and operations (thinking skills) 
that remains functional in different contexts. Psychological studies (e.g., 
Butterworth, 1993; Clancey, 1992; Schneider, Healy, Ericsson, & Bourne, 
1995; Tulving, 1979) reveal that learning is situational and the activation 
and application of knowledge are dependent on the relationship between 
the context of learning and the context of application. That is, applica-
tion is not an automatic process; students must learn to transfer both 
contents and operations. During transfer, the similarities and differences 
between the two tasks or situations must be identifi ed. The distance be-
tween the familiar and the novel task may be unequal in terms of contents 
versus operations. In addition to transfer distance, several attributes and 
forms of transfer are discussed in the literature (Molnár, 2006). The cur-
rent detailed frameworks use the concepts of near and far transfer. Near 
transfer refers to cases where there is a high degree of similarity between 
the context of learning and the context of application. For instance, the 
knowledge acquired in the context of a given topic in a school subject 
may be applied in the context of a different topic of the same school 
subject or in a different school subject. Far transfer refers to an instance 
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of application where there are substantial differences between the learn-
ing and the application situations, such as the application of school 
knowledge to complete tasks involving everyday situations and real-life 
problems (Figure 4.2). Transfer of learning and the application of knowl-
edge are greatly infl uenced by the attributes of the task and the situation 
or context appearing in the task. For this reason, the context must be 
described before applicable knowledge can be evaluated.

The Context of Application

The interpretation of context varies considerably between the different 
disciplines of science (Butterworth, 1993; Goldman, 1995; Grondin, 2002; 
Roazzi & Bryant, 1993). For the purposes of the detailed frameworks, 
context is defi ned as the totality of objects (people, things and events), 
their properties and interrelationships, i.e., all the information character-
ising a situation that activates the relevant knowledge and determines the 
choice of solution to the task problem. 

In the international standards and in the theoretical frameworks of the 
various surveys, context usually appears in the form of pairs of contrast-
ing modifi ers, such as ‘familiar versus unfamiliar/new;’ ‘in the classroom 
versus outside the classroom;’ or ‘scientifi c/academic versus real-life/
realistic.’ The fi rst program to provide a relatively detailed characterisa-
tion of context was the PISA survey (OECD, 2006). Our detailed frame-
works essentially adopt the PISA system, where one test component fo-
cuses on the context (personal/social/global) and the other component 
focuses on the scientifi c contents and problems having social relevance 
(e.g., health, natural resources, risks) that are assessed in the various 
contexts. While these components are preserved in our frameworks, the 
program is extended to include the assessment of the application of 
knowledge not only in everyday situations but also in school contexts. 
Three types of school (classroom) context are distinguished: (1) a differ-
ent topic within the same school subject, (2) a different science subject 
and (3) a non-science subject (see Figure 4.2). Non-school contexts cover 
everyday, real-life situations, which are grouped according to the PISA 
system into personal, social and global settings.
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School

Different topic in the same school subject

Different science subject

Non-science subject

Real-life
Authentic Personal (self, family, peer groups)

Social (community)
Non-authentic Global (life in the world)

Figure 4.2
The contexts of knowledge application

Real-life situations refer to phenomena, events, questions and problems 
that students of a given age are expected to be able to interpret and handle 
for various reasons, e.g., because they are elements of scientifi c literacy. 
Since for younger students (Grades 1 to 6), personal experiences play an 
important role both in learning and in application, and it is primarily the 
handling of problems in their immediate environment that constitutes 
relevant knowledge, real-life tasks are grouped into two categories de-
pending on whether students may reasonably have a concrete experience 
of the situation represented by the task. A task may thus be classifi ed as 
authentic or as non-authentic. The contexts of authentic tasks are related 
to situations taken from students’ lives (e.g., travelling or sport) involving 
mostly their personal or occasionally their social environments: issues 
concerning their own selves, their families, their peer groups or their 
wider environment. Non-authentic tasks refer to day-to-day problems 
involving links between science, technology and society that are not di-
rectly relevant to children of the given age (e.g., global warming, alter-
native sources of energy). For Grades 1–6, the majority of social problems 
and the set of global issues, i.e., issues impacting on the human race in 
general, are non-authentic.

The Disciplinary Dimension of the Frameworks 

Within the content dimension, science contents are organised in terms of 
two sets of factors: interdisciplinary and disciplinary considerations. With 
respect to interdisciplinary considerations, we place special emphasis – in 
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agreement with the discussion of the disciplinary dimension in Chapter 3 – 
on the development of basic concepts, principles and relationship sys-
tems connecting individual disciplines. These constitute the foundations 
of scientifi c literacy and can be shaped and expanded not only in Grades 
1–6 but throughout the period of science education. The science stand-
ards of other countries include several examples of specifying basic con-
cepts and principles, and the Hungarian National Curriculum undertakes 
to follow this practice. The system we propose includes two basic concepts, 
matter and energy, and the relationships refer to the relationship between 
structure and properties, the nature of systems and interactions, the no-
tions of constancy and change, the nature of scientifi c discovery and the 
relationship between science, society and technology.

The other approach to science contents follows disciplinary considera-
tions. Based on the four disciplines of science, three content areas have 
been constructed: Non-Living Systems, Living Systems and Earth and 
Space Systems. The two disciplines of science concerned with the physi-
cal world, materials and their properties and states – chemistry and phys-
ics – are not treated separately but are contained within a single content 
area. Even though in Hungary science education is integrated combining 
the different disciplines into a single school subject in Grades 1–6 (En-
vironmental Studies or Nature Studies), there are reasons to adopt the 
above division. The separation of the three content areas allows the various 
elements of disciplinary knowledge to be monitored in the different age 
groups, and the method provides an organised system showing the differ-
ent topics, concepts, facts and relationships appearing within each disci-
p line up to Grade 6. Another advantage of distinguishing these three con-
tent areas is that the system can be applied to the entire period of science 
education, including Grades 7–12, where science is taught divided into 
disciplinary subjects. The three content areas are in line with the system 
of categorisation used in the PISA surveys. The frameworks for the 2006 
and 2009 waves use similar titles for the knowledge areas in the science 
domain: Physical Systems, Living Systems, and Earth and Space Systems. 
In addition to these three areas, the PISA surveys also include Technology 
Systems and topics related to scientifi c inquiry and scientifi c explana-
tions (OECD, 2006, pp. 32−33; OECD, 2009, pp. 139−140). In our pro-
g ram, the latter three areas are positioned among interdisciplinary rela-
tionship systems. 
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For each of the three content areas (Physical Systems, Living Systems, 
Earth and Space), the knowledge components considered to be of special 
signifi cance from the perspective of the disciplines of science are dis-
cussed in the third section of the Chapter 5. Our discussion of the knowl-
edge, skills and competencies that can be taught and assessed in Grades 
1–6 takes the research evidence related to students’ thought processes 
and the development of their knowledge system, and notes variations in 
student knowledge across the different age groups into account. During 
the fi rst stage of the study of science, students primarily rely on their 
own experiences, which is an exceptionally useful starting point but in 
several areas of science, everyday experiences cannot be directly linked 
to scientifi c knowledge; the path leading to understanding of science 
concepts stretches longer than that. Wherever possible, the relevant stag-
es of conceptual development, their typical manifestations and diagnostic 
features are described. The description of knowledge development is il-
lustrated with sample tasks that can be used in diagnostic assessments. 
As the disciplinary dimension takes the standpoint of science disciplines, 
the tasks appearing here assess the level of acquisition of science content 
knowledge in contexts familiar from classroom activities.

Physical Systems

This content area encompasses knowledge related to non-living systems 
in nature. Although the Hungarian National Curriculum places heavy 
emphasis on knowledge related to the physical world even during the 
foundational stage of science education, an analysis of the currently rec-
ommended framework curricula and the textbooks and practice books 
currently in circulation reveals that for Grades 1  –6, contents providing 
the foundations of the study of physics and chemistry as science disci-
plines are considerably underrepresented compared to contents for other 
science disciplines. We consider the fi rst years of schooling to be an ex-
ceptionally important preparatory period with respect to the discovery of 
the physical world and the acquisition of scientifi c knowledge and the 
scientifi c way of thinking. For this reason, the detailed frameworks – in 
line with the Hungarian National Curriculum and with curriculum and 
assessment standards in other countries – encourage the early develop-
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ment of the basic concepts of physics and chemistry, and place more 
emphasis on knowledge areas preparing the ground for the study of these 
disciplines (Properties of bodies and matter, Changes of matter, Interac-
tions and Energy) than is currently typical of Hungarian schools. 

Children are fascinated by the natural and social environment sur-
rounding them, attempt to fi nd explanations for natural phenomena and 
are curious to know how the technical tools they encounter every day 
work. The school plays an important part in helping children to organise 
the knowledge they have picked up in several different places. If the 
school fails to fulfi ll this function, the naive theories constructed by the 
children can lead to the emergence of misconceptions and to their en-
trenchment. It is a very important task of education to steer students 
from the very fi rst years of schooling towards the knowledge and way of 
thinking that will later enable them to understand the role of science and 
technology in people’s lives. The content framework of non-living sys-
tems also points out that the varied activities involved in the study of 
physics and chemistry develop thinking skills that will come useful in 
the study of other school subjects and will also be needed for later success 
in life.

Living Systems

The detailed content framework developed for the knowledge area of 
living systems describes what knowledge is expected of students in con-
nection with living organisms while also referring to related knowledge 
in physics, chemistry and physical geography. The contents are fully 
compatible with the teaching principles defi ned in the National Curricu-
lum and take into consideration the attributes of different age groups and 
the objective that the acquisition of the subject matter should help en-
hance students’ cognitive abilities and increase their motivation to learn. 
The system of expected knowledge contents and the defi nition of knowl-
edge areas (Criteria of life and the properties of living organisms, Single-
celled organisms, Plants, Animals, Fungi, Humans, Populations and En-
vironmental Protection) have been developed keeping the school leaving 
examination standards in biology in mind, thus allowing the system cover-
ing Grades 1–6 to be extended to cover the remaining grades of public 
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education. An important feature of the system is that the detailed content 
framework emphasises the need to teach the methods of the science of 
biology (observation and experiments), to highlight the close relationship 
between biology, technology and society, and to describe concepts and 
relationships reaching across the various knowledge areas from different 
viewpoints.

Earth and Space

This content area fulfi ls a special function in the knowledge of science 
as it includes knowledge components that are closely related to other 
fi elds of knowledge (e.g., mathematics) and, due to their connections 
with social geography, act as a bridge between natural and social science. 

The content framework has been developed with reference to the 
major logical dimensions of geographical and environmental contents. 
Geography being a science of space and time, the basic knowledge areas 
are orientation in space and time, the structures of and events in Earth’s 
spheres (lithosphere, hydrosphere and atmosphere), the properties of re-
gional space at different scales (home environment and Hungary, our 
planet and the Universe) and issues related to space (the relationship 
between the natural environment and society, the state of the environ-
ment). The content framework describes the contents of geography as 
environmental science in public education and the basics of the compe-
tencies required for the acquisition and application of these contents. The 
development of the framework relied to some extent on standards in 
other countries and to a larger extent on the results of Hungarian curri-
culum theoretical research, current educational documents (the National 
Curriculum and the school leaving examination standards) and recent 
trends in geography education theory. An important feature of the frame-
work is that special attention is paid to the step-by-step development of 
skills and competencies related to the knowledge contents for the differ-
ent age groups.
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Summary and Future Objectives

The detailed frameworks of science are no more than the fi rst step in the 
lengthy process of developing a diagnostic assessment system. Further 
work on the theoretical background and the detailed frameworks may be 
assisted by a number of different sources.

The limited time frame of development excluded the organisation of 
an external professional debate. Now that the frameworks are published 
in these volumes in both Hungarian and English, they become accessible 
to a broader academic and professional audience. The feedback we receive 
from this audience will be the main source of the fi rst cycle of refi ne-
ments.

A second, essentially constant source of improvements is the fl ow of 
new research evidence that can be incorporated in the system. Some areas 
develop at an especially rapid rate, such as the study of learning and 
cognitive development in early childhood. Several research projects are 
concerned with the analysis and operationalisation of knowledge, skills 
and competencies. Issues in formative and diagnostic assessment consti-
tute a similarly dynamic research area. The results of these projects can be 
used to revise the theoretical background and to refi ne the detailed content 
specifi cations.

The most important source of improving the frameworks will be their 
use in practice. The diagnostic system will be constantly generating data, 
which may also be used to test and rethink the theoretical frameworks. 
The system offered here is based on the current state of our knowledge. 
The organisation of the contents and their assignment to different age 
groups rely not on facts but on what science views as a hypothesis. The 
measurement data will provide empirical evidence on what students 
know at a given age. This information and the results of further experi-
ments will be needed to fi nd an answer to the question of how much 
further can students progress if their learning environment is organised 
more effi ciently.

An analysis of the relationships among the various tasks reveals cor-
relations between the scales characterising development. In the short 
term, we can identify the tasks bearing on the nature of one or another 
scale and those affecting more than one dimension of assessment. The 
real benefi t of the data, however, lies in the linked data points allowing 
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the longitudinal analysis of the results of successive diagnostic assess-
ments. In the long term, this makes it possible to determine the diagnos-
tic power of the various tasks and to identify the content areas the results 
of which can predict later student performance.
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