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Abstract: Due to the remarkably positive results of Polish students in
Mathematics in the PISA survey it is of interest from a didactic point of
view to focus on instruments which can be regarded to significantly en-
hance the impact on quality. Therefore a current survey investigates the
assessment tasks of the Polish middle school examinations which were
used between 2002 and 2015 with the concept of cognitive activation. By
analyzing this particular period the effect of the 2012 reforms in curricula
and organization of the middle school examinations and their impact on
the concept of the assessment tasks are difficult to grasp, thus the results
can only be categorized as indistinct. The present study expands on this
approach by adding a development perspective and consequently it is
compiled as longitudinal study. In doing so the long-term change of the
cognitive requirements of the assessment tasks of the Polish middle school
examinations between 2002 and 2015 have been recorded and analyzed.
The term “cognitive requirements” refers to various expressions within
a broad range of cognitive categories that can be activated throughout
the process of solving a task. The investigation starts by shedding light
on the curricular framework of the middle school examination in mathe-
matics, whose directives form an important basis for the development
of assessment tasks. The longitudinal change in cognitive requirement
is assessed by analyzing the problems used during the initial years of
the middle school examinations (2002–2005; N = 65) and in the years
following their reform (2012–2015;N = 92). This shows that the distribu-
tion of mathematical activities and, with some restrictions, the respective
difficulty levels, has become arguably more balanced after the reforms,
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and that tasks tend to be more difficult than before. This development
is particularly evident regarding tasks that require mathematical argu-
mentation and an increased amount of task context processing, and task
contexts now involve both intra-mathematical and extra-mathematical
matters alike.

1 Introduction

Intense political debates about the defective state of the Polish educational
system led to extensive restructuring in the late 1990s: The reforms, which
came into effect in 1999, introduced a new school structure, central exams,
exam committees, and core curricula (cf. Denek, 2005; Konarzewski, 2004;
Kupisiewicz, 2006; Zahorska, 2002). Considering the positive development in
mathematical performance that followed, and in light of the new educatio-
nal reforms of 2018, it seems highly relevant for didactics of mathematics to
investigate control mechanisms that promise a particularly large impact on
quality (cf. Bialecki, Haman, 2001; Kunter, Voss 2013; MEN, 2013). Current
empirical findings primarily assign such impact to instruments that not only
express desired effects from educational politics, but that show actual obse-
rvable effects (cf. Maier et al., 2011)1. Unlike system monitoring studies with
evaluations based on a multi-matrix design, the middle school examination
introduced in 2002 is primarily relevant on an individual level (primary func-
tion) and can be described as highly effective in terms of control, especially
regarding the ISCED 2 level2. Here, observable effects within mathematics as
an exam subject can be viewed as problem formats or difficulty-increasing fe-
atures of problems and their orchestration (cf. Ibd.; Jordan et al., 2006). This
research aim is addressed by Scheja (2017) with the concept of cognitive acti-
vation (cf. Baumert et al., 2010; Kunter et al., 2013; Neubrand et al., 2013),
which is applied in the analysis and assessment of the entire set of tasks for
the middle school examination between 2002 and 2015. The choice of this pe-
riod ignores the effects of the 2012 reforms to the curriculum and organization
of the middle school examinations on the development of assessment tasks,
so that the results of this study must be regarded as indistinct. The present
study expands on this approach by adding a development perspective. It is a
longitudinal study that analyzes the tasks of the middle school examination

1For instance, German studies show that problems posed in centralized final exams only
form an unbalanced representation of the respective core curriculum. Büchter and Pallack
(2012) describe this as implicit standardization, i.e., standardization anchored in the exam
questions (cf. Kühn, Drüke-Noe, 2013; Neubrand, Neubrand, 2010; Scheja, 2017).
2International Standard Classification of Education, lower Secondary
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for the periods of 2002–2005 and 2012–2015. By investigating this change over
time, any developments in terms of cognitive requirements between 2002 and
2015 can be shown. This forms the basis for a study of implementation (cf.
Gräsel, Parchmann, 2004; Karpinski et al. 2013) that assesses whether and to
what extent the curricular guidelines of the two periods are represented in the
middle school examination tasks.
The theory section below outlines the curricular and organizational fra-

mework of the middle school examination. Next, the question whether and to
what extent the concept of cognitive requirements has evolved in recent years
and is suitable for analyzing the assessment tasks is addressed. The methodo-
logy section introduces the underlying scheme of categories, which draws upon
established research on cognitive requirements. The results chapter compares
the tasks used during the periods when the examination was first introdu-
ced (2002–2005) and after the exam reforms (2012–2015). Particular interest
is placed on differences between the assessment tasks in question. This focus
aims at creating a testing profile for each period of investigation.

2 Theoretical Background

2.1 Mathematics Tasks of Polish Middle School Examinations

Over the past three decades, the instrument of external performance asses-
sment has gained in significance across Europe, as shown by van Ackeren
(2003) in a study of selected countries that participate in PISA. Poland’s
emphasis on implementing this instrument in its educational policies is evi-
denced by its explication as one of the five elements of reform. Kupisiewicz
(2006, p. 80) and others welcome this decision; Brozek (2005, p. 240) discusses
introducing a “system of external performance assessment” in the context of
this instrument, which shows that he considers this element of reform as an
organized complex of individual elements that unites institutional and concep-
tual aspects of educational reform. The term is based on the following elements
that constitute the system of external performance assessment:

1. Boards of examiners that design, organize, and to some extent perform
external examinations

2. External performance assessments at the end of the 2nd, 3rd, and 4th

educational stages

3. Directives for performance assessments in the form of standards

External performance assessments are distributed vertically on the ISCED
1 and ISCED 2 levels, and horizontally on the ISCED 3 level. Figure one
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illustrates the timing of the assessments and how they are embedded in the
new school structure.

School years Type of school ← Centralized A-levels/
Professional exams10–12 Stage IV: advanced

ISCED 3 school types ← Middle school
7–9 Stage III: middle school ← Primary
4–6 Stage II of primary school
- - - - - - - - - - - - - - - - - - - - - - - - - - -
1–3 Stage I of primary school
Figure 1. Embedding of centralized examinations into the school structure
(Art. 9, MEN, July 25th, 1998).

At the end of the third and final year of middle school (ninth grade overall),
which is just before the end of mandatory education, the responsible Regional
Boards of Examiners (Abbr.: OKE) work together with the individual schools
to perform the second centrally designed examination. This is the nationally
standardized middle school exam (cf. Fig. 1), which is mandatory for all Polish
students aged between 15 and 16 years since it was conducted for the first time
in 2002.
In a step towards the central research question of this study, the next

subsections outline the following aspects of the mathematics section of the
exam:

• Which curricular focus was set in the middle school examinations during
the two periods under review here and

• On which evaluation concept the exam is based.

2.1.1 Curricular bases for Mathematics Tasks in 2002–2005 and
2012–2015

After the middle school examination was introduced in 2002, the exam
consisted of two parts: The mathematics and science part of the exam was
conducted on the second day of examinations and focused on subjects such
as mathematics, biology, geography, physics, astronomy, and chemistry. One
essential component of this part of the exam was mathematical problems,
which were the same across the entire country and accounted for 40–50% of
the exam each year (cf. Scheja, 2017). The time allotted for answering the 35
mathematical and scientific questions was 120 minutes. In terms of content,
the questions were based on nation-wide directives which included the core
curriculum (MEN, 1999), which was also introduced as part of the reforms, and
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Field of Standards Abilities and Skills of the Field
I. Correct use of terms,
formulas, and procedu-
res in mathematical and
scientific subjects that
are relevant for everyday
life and professional edu-
cation

The student uses ma-
thematical and scientific
terms and procedures.

The student. . .
a) . . . reads and understands
texts that contain mathema-
tical and scientific terms and
concepts, e.g., from books or
newspapers.
b) . . . chooses proper terms
and concepts to describe phe-
nomena, properties, and be-
haviors of objects and orga-
nisms.
c) . . . applies rational con-
cepts with regards to interac-
tion with the environment.

The student performs
calculations in various
practical situations.

a) . . . applies calculations in
practice.
b) . . . uses percentages.
c) . . . uses approximations.
d) . . . uses units of measure-
ment.

The student utilizes the
properties of shapes.

a) . . . recognizes geometrical
shapes in his/her surroun-
dings.
b) . . . calculates the dimen-
sions of planar and spatial
shapes.
c) . . . utilizes the properties of
units of measurement.

II. Finding and utilizing
information

.. ..

III. Recording and de-
scribing facts, systema-
tic connections and de-
pendencies, especially in
causal, functional, spa-
tial, and temporal terms

.. ..

IV. Applying integral
knowledge and abilities
to the process of problem
solving

.. ..

Table 1. Exemplary specification of requirement standards in mathematical and natural
science subjects (cf. CKE, 1999).
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the Standards for Requirements of Mathematical and Natural Science Subjects
(cf. CKE, 1999), which stem from the same period. The latter are divided into
four standard areas and feature three levels of abstraction (level 1: standards,
levels 2 and 3; abilities and skills). Table 1 shows the implementation of these
specifications for the standards level (level 1). When the Central Board of
Examiners (Abbr.: CKE) developed the exam questions, they required that
the scheme of standards is properly operationalized in the tasks (cf. MEN,
1998b).
The nation-wide middle school examination underwent extensive reforms in
2012, primarily as a result of great conceptional needs for improvement in
terms of the correlation between the curricular basis and the examination stan-
dards shown in table 1 (cf. Konarzewski, 1998; Konarzewski, 2004, p. 127).
Mathematics now forms a separate exam. This exam consists of 23 tasks, is
designed for a duration of 90 minutes, and forms one out of two components in
the mathematical and scientific examination day (“Mathematics”, 90 minutes,
and “Scientific Subjects”, 60 minutes). The content is now based exclusive-
ly on the nationwide core curriculum, which was thoroughly redesigned in
2008. With regards to the requirements, it defines two types of categories: five
general requirements and eleven content requirements. The first category is
characterized below.

1. Using and creating information

The student interprets and creates a text of a mathematical nature, uses
mathematical language to describe the reasoning and obtained.

2. Using and interpreting representations

The student uses simple, well-known mathematical objects, interprets
mathematical concepts, and makes use of mathematical objects.

3. Mathematical modelling

The student assigns a mathematical model to a simple situation, creates
a mathematical model of a situation.

4. Using and creating strategies

The student makes use of the strategy clearly defined in the task, creates
problems-solving strategies.

5. Reasoning

The student provides simple reasoning, justifies its validity (cf. MEN,
2008, p. 35).

Comparing these requirements to the general requirements of the German
Educational Standards for Middle School Exams shows great similarities, and
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only the K53 category has no equivalent in the core curriculum. This concep-
tional similarity is surprising, since neither of the standards has any explicit
foundation in specific learning theories (cf. MEN, 2009; Reiss, 2004). At the
same time, the overlap between the two systems reflects an equal influence
of Heinrich Winter’s Three Basic Experiences in Mathematics Education (cf.
1995). Their intended implementation in the general requirements is reflected
– though not completely isolated – in the following definitions:

• Structure-Orientation: using and interpreting representations, mathema-
tical modeling and using and creating strategies

• Application-Orientation: using and creating strategies, using and inter-
preting representations and using and creating information

• Problem-Orientation: using and creating strategies and reasoning.

If we look at the pre-reform standards with a view to achieving a similar
alignment of one basic experience and individual requirements (Tab 1.; CKE,
1999), it turns out that almost only the basic experiences of application- and
problem-orientation are regarded as major goals of educational processes.
At the same time, the aforementioned shift in orientation regarding the

required abilities corresponds to the vaguely outlined task concept of their
designers. For instance, in breaking with the problem design from the early
days of the middle school examination, a smaller portion of tasks is now in-
cluded to test knowledge and use of algorithms in their typical application.
Instead, tasks that require an understanding of mathematical concepts and
the ability to select the right mathematical strategies for solving unfamiliar
types of problems are to account for a larger portion of the exams (CKE,
2010). Samborska argues in favor of these new directives, invoking “a deeper
understanding of mathematics” (2015, p. 49) as their main goal.
The two requirement categories of the newly devised core curriculum are

essentially scales for standardization and comparison, which serve the intra-
disciplinary advancement of schools and lessons by specifying the educational
mission of middle schools in the subject of mathematics on two distinct levels
of abstraction (orienting function). Their second purpose is to provide the
Central Board of Examiners with a basis for devising the assessment tasks
each year – just like the exam standards did between 2002 and 2011. The
responsible CKE bodies have the goal of ensuring that the performance of
students is assessed with respect to the requirement standards (evaluating
function; Art. 9 MEN, 1998b).

3K5: dealing with symbolic, formal, and technical elements of mathematics (KMK, 2003,
p. 8).
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Much to the dismay of some educators, the specific implementation of this
process, i.e., which conceptional aspects are involved regarding the existence
of distinct requirement levels or even their relation to the defined standards,
is not published (cf. Konarzewski, 2004, p. 126.). In his interviews on the
new core curriculum, Konarzewski shows that the responsible CKE employ-
ees remained silent when faced with questions about especially the design of
assessment tasks, invoking official confidentiality. Since strict secrecy is a co-
re principle of developing assessment tasks, the actual problems used in the
middle school examinations are not tested empirically in advance – much like
in the centralized examination administered in North-Rhine Westphalia, and
unlike system monitoring studies (cf. Büchter, Pallack, 2012; Konarzewski,
2004).

2.1.2 Evaluation of Mathematics Tasks in the Middle School Exam

The middle school examinations are evaluated by external examiners from the
Regional Board of Examiners (OKE; Art. 9 MEN, 1998b). The assessment
tasks are officially divided into open ended and closed tasks, depending on their
individual characteristics. Closed tasks are multiple choice, and the evaluation
sheet distinguishes between correct and incorrect solved states (1 or 0 points,
respectively) (CKE, 2010 p. 61; Greefrath, 2004, p. 17.). Open ended tasks
typically involve ambiguous transformations and unclear target states. They
are assigned more points (between 2 and 5 points each), and they can have
up to six distinct levels of solution (cf. CKE 2010, p. 61). In the periods
under review, these tasks accounted for 7–13 % of all tasks (cf. Scheja, 2017).
Much like the tasks of the centralized examination administered in North-
Rhine Westphalia, the weighting of the solution levels does not follow any
established educational concept. We can therefore assume that the mapping
of solution levels and points in the expectation specifications is based on the
“extent of processing” (cf. CKE 2010, p. 61; Büchter, Pallack, 2012). The seven
levels of solution for open ended tasks are defined in general and then applied
to each exam problem in the expectation specifications.
The numbers of points are then mapped to percentages and percentiles,

which are handed out with the middle school diplomas. And although the-
se numbers do not influence the grades, the fact that the examinations are
mandatory for all students if they wish to graduate from middle school and
factor into the recruitment scores for admission to the (subsequent) ISCED 3
schools, the middle school exams also serve a purpose of selection in addition
to their informative purpose.
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2.2 Mathematical Tasks and Cognitive Requirements

2.2.1 Conceptual Development in the Cognitive Requirement of
Mathematical Tasks

Cognitively demanding mathematical education is currently operationalized in
different ways. According to Leuders and Holzäpfel (2011, p. 213), this can be
done either by means of observable teaching methods, or – as it is done in this
study – by means of the tasks used. Following this second approach, Neubrand
et al. (2002, p. 105.) identified properties that make tasks more difficult by
analyzing 117 tasks used in PISA-2000 (PISA international: 31 tasks; PISA
national: 86 tasks) from a cognitive science point of view. These properties
include:

1. the curricular knowledge level,

2. the context given for a task,

3. and the complexity level of the required modeling.

Furthermore, it turns out that the following sub-processes within the mo-
deling process contribute to the cognitive requirements of tasks:

3.1 Openness of the modeling process,

3.2 Degree of processing,

3.3 and forming arguments.

Neubrand et al. conclude that the cognitive complexity of mathematical
tasks, and therefore their empirical difficulty, increase with a growing number
of cognitive processes that must be completed on the path to a solution (cf.
ibid.). More generally speaking, and focusing on the quality of mathematical
instruction, Klieme et al. (2001, p. 51) and others demand complex tasks and
chains of argument as a means of facilitating comprehensive learning proces-
ses. This kind of learning is characterized in particular by the way it provokes
contemplation, argumentation, communication, invention, and decision ma-
king in the students. Finally, the amount of pre-existing knowledge activated
during a learning process contributes to cognitive activation as well, according
to Leuders and Holzäpfel (2011, p. 124).
Based on work by Neubrand et al. (2002), the COACTIV project defines

cognitive activation based on the potential inherent in the relevant tasks. Tasks
that have this kind of potential are supposed to offer students opportunities for
learning during lessons, encourage them to engage in goal-oriented cognitive
activities relevant to the subject, prompt them to think more deeply, and get
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them to actively engage their minds. Tasks that fulfill these criteria are particu-
larly suitable for changing or expanding existing knowledge structures, create
new ones, and form connections within them (Neubrand et al. 2013, p. 129).
The COACTIV project assesses the degree of cognitive activation, the level of
cognitive requirement, based on four types of mathematical activities required
for solving tasks: extra-mathematical modeling, intra-mathematical modeling,
argumentation, and using mathematical representations (Jordan et al., 2006,
p. 31.). This approach to the concept forms an instrument for describing the
level of cognitive requirement that can describe the potential of mathematical
tasks drawing only upon properties of those tasks. In a study of task culture,
Drüke-Noe also shows that the four COACTIV assessment categories require
an addition (2014, p. 66.), because they do not differentiate between levels
of processing calculus; for instance, the use of numbers and symbols required
for solving tasks can vary a lot in terms of cognitive complexity, resulting in
varying levels of cognitive requirement in the respective tasks. Approaches to
operationalizing the processing of calculus can be found in Cohors-Fresenborg
et al. (2004) or in the PISA category mathematical symbols and formalism
competency (Turner et al., 2013). These approaches take evaluation elements,
specifically the “degree of processing” (Neubrand et al., 2002, p. 111) into ac-
count within the required calculations. However, unlike Drüke-Noe’s technical
work, they do not fully meet the COACTIV criteria for an assessment cate-
gory because, among other things, they are operationalized using a different
number of requirement levels (cf. ibid.).
It remains to be clarified whether the use of analytic categories for asses-

sing the cognitive requirements of learning tasks can be adopted as a valid
instrument for analyzing centrally devised examination tasks, and vice versa.
Learning tasks are tasks that are used in learning situations, for instance as
introductory tasks or homework assignments (cf. Jordan et al., 2006). They
are an interface for activities and communication between teachers and stu-
dents, which makes them a key instrument for controlling lessons and therefore
also students’ mental activities. Within this process, tasks become the main
conveyors of mathematical content, determining its scope. We can therefore
consider them the primary control medium for building competence. The requ-
irements demanded of and experienced by students can in turn be identified by
analyzing the tasks used for teaching. This makes learning tasks a vehicle for
a wide variety of learners’ cognitive activities in the process of knowledge buil-
ding. These activities can be classified by using the previously mentioned five
categories (ibid.). Unlike learning tasks, assessment tasks are designed with
the goal of identifying which skills and knowledge were successfully taught in
the educational process (cf. Terhart et al., 2009, p. 24). They can be designed
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internally – e.g., for regular exams – or externally – e.g., for centralized exams.
Contrary to expectations, there is strong evidence based on extensive analyses
of structures and requirements which suggests that learning and assessment
tasks share mostly identical cognitive requirement characteristics (Drüke-Noe
2014, p. 9). The only differences are in the treatment and evaluation of solu-
tions (cf. Büchter, Leuders, 2005). Regarding the purpose of assessment tasks,
note that the cognitive activities that learners are potentially expected to per-
form during the solution process can be interpreted as cognitive requirement
expectation. To conclude, the kind of assessment tasks under investigation in
this study can be viewed and analyzed in the same way as learning tasks as
bearers of cognitive requirement.

2.2.2 Findings on the Cognitive Requirement of Mathematical Ta-
sks

The number of studies focusing on the identification of cognitive requirement
levels in teaching and assessment tasks has grown steadily, especially in recent
years. With regards to assessment tasks, a study by Neubrand et al. (2002),
which investigates the tasks used in national and international PISA tests,
is particularly noteworthy. The requirement level of the national PISA tests
turns out to be relatively high, as almost three quarters of the tasks require
modeling operations that primarily belong into the categories of reproduction
and connection (95% in total). Ultimately, around 77% of the tasks have some
connection to some intra- or extra-mathematical context, while at the same
time being highly open ended; in turn, a relatively small amount of argumen-
tation is required (ibid.).
Apart from German learning and assessment tasks (introductory tasks,

homework, and exam tasks) analyzed as part of the COACTIV study, which
were found to be overall homogeneous and have a very low level of cogniti-
ve requirement (cf. Neubrand et al. 2013), this paper draws heavily on re-
sults of studies investigating the written tasks of centralized (final) exams and
the expected cognitive requirement. For instance, Drüke-Noe (2014) and later
Scheja (2016) report on the cognitive requirement level of exam questions in
two German federal states: Hesse (H; 2007–2009) and North-Rhine Westphalia
(NRW; 2007–2016). Both studies are based on the five (or six) mathematical
activities (extra- and intra-mathematical modeling, argumentation, use of ma-
thematical representations, working technically, and processing mathematical
texts). One major insight of both studies is that the distribution of activi-
ties and requirement levels is fairly even; the assessment tasks have an overall
high level of cognitive requirement and feature much less technical work than,
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for instance, COACTIV exam tasks (cf. Drüke-Noe, 2014). Modeling tasks
account for 92.5% (H) and 91.4% (NRW) respectively, and they are mostly
embedded in extra-mathematical contexts (H: 80%; NRW: 75.2%). Tasks that
require extra-mathematical modeling mostly do so on low (H: 56.1%; NRW:
32.5%) or medium (H: 20.2%; NRW: 41.9%) requirement levels; more deman-
ding intra- or extra-mathematical modeling tasks are used sparingly (<2%
in both cases). Much like the “processing context”, the using mathematical
representations and working technically contribute significantly to the level
of cognitive requirement in Hesse’s and North-Rhine Westphalia’s assessment
tasks, while the overall share of argumentation tasks (H: 16%; NRW: 9.9%) is
fairly low.
The second point of interest, investigated in Scheja’s (2017) study of co-

gnitive requirement levels in the Polish middle school examinations, lies in a
centralized, also recently reformed education system. It shows that assessment
tasks from the 2002–2015 period have a generally rather high level of cognitive
requirement. This is a result of relatively demanding representations and tech-
nical work embedded in complex modeling processes that often involve several
steps (modeling tasks: 98.6%; mid-level intra- and extra-mathematical mode-
ling tasks: 64.5% in total). Argumentation, which is merely required by 4.5%
of assessment tasks, has only a minor impact on the overall level of cognitive
requirement. Scheja sees a major difference between the requirement profiles in
NRW and Poland in the amount and requirement levels of intra-mathematical
modeling tasks included (ibd.). However, statements about the middle school
exam questions and their contextual embedding and argumentation elements
are rather indistinct due to the monolithically analyzed period under review
(2002–2015). This criticism is probably accurate, as the 2012 reform of the
middle school exam presumably led to longitudinal shifts in task design. For
instance, comparing the conceptual guidelines before and after the reforms (cf.
2.1) clearly shows that there was a shift from extra- to intra-mathematical pro-
blem contexts, and that argumentation has become more important. If these
guidelines were implemented as expected, the tasks from the 2012–2015 period
would tend to diverge more with regards to different contexts and the requ-
ired level of argumentation would become more similar between the two task
profiles4. So far, there has yet to be a confirming analysis that goes beyond
a qualitative description of the status quo and takes into account the deve-
lopment of requirement by means of a longitudinal study. This paper is an
attempt to start closing that gap by taking on a development perspective.

4This was confirmed for longitudinal development findings by Kühn and Drüke-Noe with
respect to the NRW task pool. They find the German task design to be conceptually stable
(2013, p. 925 f.).
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In order to answer the central question of this paper, we shall now catego-
rize the tasks of the Polish middle school exam in such a way that their contri-
bution to the cognitive requirement becomes evident. The categories used for
this purpose are empirically tried and tested, and they are based on pertinent
didactic and pedagogical/psychological literature. The central question of this
paper is:
Do the mathematical tasks of the Polish middle school exam from different

periods of examination (2002–2005, after the introduction, and 2012–2015,
after the reform) exhibit any tendencies for change regarding the level of co-
gnitive requirement, and which possible explanations can be found for this?

3 Method

The present study investigates the cognitive complexity of assessment tasks
using the concept of cognitive requirement. For this purpose, the author draws
upon methods for categorizing tasks first proposed by Neubrand et al. (cf.
2002) and expanded conceptually by Drüke-Noe (cf. 2014). After presenting
the two datasets in 3.1, the conceptual foundations and the method of task
categorization are explained (3.2). The last subsection outlines the process of
coding (3.3).

3.1 Sample and Dataset

The two sets of data analyzed in this study are, on the one hand, the pool
of tasks for Polish middle school exams between 2002 (when the exam was
introduced) and 2005. During this period, the mathematics section was an
integral part of the mathematics and science exam (cf. 2.1). The set comprises
65 task instructions (assessment tasks). On the other hand, there are 92 tasks
from the period after the mathematical section of the test was separated from
the mathematics and science part of the middle school exam (2012–2015). The
following conditions ensure comparability between the two periods:

• Tasks from the main test date were used for both periods under compa-
rison.

• Both datasets comprise tasks from periods of the same total duration
(4 years each).

• Both sets of tasks stem exclusively from the “pool of tasks for learners
without impairments and learners with specific learning impairments”.
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The much smaller number of tasks from the introductory phase of the mid-
dle school exam results in greater relative effects from possible errors in coding.
As a result, statements can only be generalized within certain limitations.

3.2 Categorization Scheme for Determining Cognitive Requ-

irement

To determine the degree of cognitive activation, i.e. the level of cognitive re-
quirement, for the assessment tasks, the author uses a selection of tried and
tested categories. These are taken from the conceptual work done by Neu-
brand et al. (2002), which was expanded upon in the COACTIV project and
by Drüke-Noe, and applied on a large scale in analyses of the cognitive activa-
tion achieved by learning and assessment tasks in German schools (Drüke-Noe,
2014; Jordan et al., 2006; Neubrand et al., 2013). The study is based on a total
of six categories for analyzing sources of cognitive requirement. Classifications
must be regarded as highly inferential (cf. table 2). Further details can be fo-
und in the categorization scheme below, and in Drüke-Noe (2014, p. 71.) and
Jordan et al. (2006).

Category Properties
Extra-mathematical
modeling

0 - not required, 1 - standard modeling, 2 - multistep mode-
ling,
3 - reflection on a model, development and validation of com-
plex models

Intra-mathematical
modeling

0 - not required, 1 - standard modeling, 2 - multistep mode-
ling,
3 - reflection on a model, validation, strategy development

Mathematical argu-
mentation

0 - not required, 1 - standard reasoning, 2 - multistep argu-
mentation, 3 - development of complex argumentation, pro-
ofs, evaluation of arguments

Using mathematical
representaions

0 - not required, 1 - standard represenataions, 2 - switching
between different representations, 3 - evaluating representa-
tions

Working technically 0 - not requiered, 1 - standard technic, 2- simple hierarchical
operations, 3 - complex hierarchical operations

Processing mathe-
matical texts

0 - not required, 1 - direct text comprehension, 2 - text com-
prehension with reorganisation, 3 - comprehension of logically
complex texts

Table 2. Pivotal assessment criteria of this study (cf. Neubrand et al., 2013, p. 134; Drüke-
Noe, 2014, p. 72).
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The underlying categories for sources of requirement operationalize ma-
thematical activities5 on four cognitive requirement levels each. These levels
express whether an activity is required on a high (3), medium (2), or low level
(1), or not at all (0) for solving a task. The degree of cognitive complexity
involved in an activity is expressed by these levels.

SIT −→ MOD
↑ ↓
KON ←− RES
Figure 2. Simplified cyc-
le of modeling in mathe-
matics (cf. Jordan et al.
2006).

Neubrand et al. (2013, p. 130) assume that
modeling tasks involve a model-like solution pro-
cess that can be based on either an intra- or an
extra-mathematical context,6which is completed in
a “structurally equivalent” (ibid.) way for both con-
texts. Figure 2 is a schematic showing the cyclical
view of modeling in mathematics. This cycle ideali-
zes the multi-step process of solving modeling tasks,

focusing on reading and understanding a problematic situation (SIT), trans-
ferring it into a model for processing (MOD), and applying the results (RES)
and the consequences (KON) to the original situation (SIT) (Jordan et al.
2006, p. 31). In addition to the cognitive requirement for translating betwe-
en contexts, the level of argumentation required for completing the modeling
process is assessed as well. Jordan et al. (2006, p. 40) define mathematical
argumentation as the ability to present a valid chain of reasoning or to under-
stand and evaluate various forms of mathematical arguments. This extends
to all kinds of reasoning, including the ability to reflect on a mathematical
model. Just like the modeling process, this cognitive activity relates to both
intra- and extra-mathematical facts (say, as a proof or explanation). The cate-
gory using mathematical representation – based on work by Brunner (1972) –
primarily distinguishes between iconic levels of representation with regards to
cognitive complexity. In working technically, individual elements of technical-
ly processing calculus in an idealized problem solution process are identified.
Throughout these classifications, the levels from table 2 are assessed with re-
gards to one of the four subject areas (arithmetic, algebra, geometry, and
stochastics) based on the relevant term structures and applicable operations
and any rules regarding their order. For the field of arithmetic, the four levels
are implemented as follows:

5The category “Processing mathematical texts” is not strictly speaking a mathematical
activity (cf. Neubrand et al. 2013). However, this category is included as a mathematical
activity due to its significance for international comparative studies and within the Polish
core curriculum and the standards (cf. Scheja, 2017).
6If a task merely requires the context-free use of abilities or factual knowledge with given

parameters, no processing skills such as modeling or structuring are involved in the solution
process (level 0). Neubrand et al. (2002, p.101) call this type of task technical.
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Level 0: Not required, e.g. a0.

Level 1: Only multiplication and division calculation/ only addition and sub-
traction calculation, e.g. simple exponentiations (positive base and
power).

Level 2: Simple hierarchical operations (multiplication and division calcula-
tion before addition and subtraction calculation, exponentiation be-
fore multiplication and division calculation), e.g. multiplying/dividing
exponentiations (positive base and power), extracting the root of a
given number.

Level 3: Complex hierarchical operations (exponentiation with multiplication
and division calculation/addition and subtraction calculation) (cf.
Drüke-Noe, 2014, p. 78).

Finally, the tasks are classified according to the skill level in processing
mathematical texts required for filtering information on the structure of the
solution process from the task text in a structured manner. Here, tasks are
particularly difficult (level 3) if the order of sentences or phrases does not
match the order of mathematical processing. Logical connections are only pre-
sent in a covert way; the main clauses and subclauses refer back to each other;
important logical operators are multiple conditionals (if-then-connections) or
all-quantifiers (Jordan et al., 2006, p. 53).
As an example of the categorization scheme from table 2, selected asses-

sment tasks from the middle school examinations of the two periods under
review are presented below.
The following table shows an overview of the ratings of the assessment

tasks shown in table 3 with regards to the levels of requirement in the different
categories described above.
In what follows, the coding process is explained using tasks 3 and 4 as

examples (cf. tab 3; tab 4). Task 3 is open-ended (cf. 2.1.2), and its empi-
rically most probably solution approach requires procedural modeling. The
complexity of its linguistic logic is of a medium level, since the sentences and
clauses do not directly match the steps of mathematical processing. There are
several main clauses and sub-clauses, as well as references; the values given
in the text (volume of the two pot sizes) cannot simply be copied into the
calculation. Extra-mathematical modeling is also required on a medium level,
because it takes the right translation processes between reality and mathe-
matics to calculate the volume of a small and large pot, respectively (MOD
I: system of linear equations with two variables). The given numbers of pots
which Wojtek wants to fill allow multiplying these values (MOD II) and gi-
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ving a complete answer. The required argumentation is of a medium level,
since it requires a closed chain of argument involving several steps. The visual
representation merely provides redundant information and is therefore not ne-
cessary, and neither is any intra-mathematical modeling (both rated 0). The
requirements regarding calculus processing are rated 2; solving the linear sys-
tem involves the application of simple hierarchies (e.g., order of operations).
We can conclude that with the exceptions of intra-mathematical modeling
and using mathematical representations, all mathematical activities contribu-
te substantially to the cognitive requirement level of this task.

Example tasks from the 2002–2005
period

Example tasks from the 2012–2015
period

1) During a bicycle tour, Jacek and Mar-
ta met in the middle between their ho-
mes, which are 8 km apart. Marta’s
average speed was 16 km/h, Jacek’s 20
km/h. Marta left home at 14:00. When
did Jacek leave home if he arrived at the
meeting point at the same time as Mar-
ta?
A. 13:53 B. 13:57 C. 14:03 D. 14:12

3) Asia, Kasia, andWojtek are re-potting
their flowers. Each of them has a 6-liter
bag of soil and several pots of different si-
zes. Asia has used up all her soil by filling
2 large and 9 small pots. Kasia has used
up all her soil to fill 4 large and 6 small
pots. Wojtek wants to fill 5 large and 4
small pots. Does he have enough soil in
his bag for this? Explain your answer.

2) The table shows admission prices for a
swimming pool according to the number
of visits and their individual duration.

Ticket
type

I II III IV

Swi-
mming
times

10×1h 8×1.5 h 20×1h 15×1h

Price 50 zł 50 zł 80 zł 70 zł

One hour of swimming is the cheapest
using ticket type
A. I B. II C. III D. IV

4) If a, b, and c are the lengths of the
sides of a triangle and c is the longest
side, that triangle is:
– a right triangle if a2 + b2 = c2,
– an obtuse triangle if a2 + b2 < c2,
– an acute triangle if a2 + b2 > c2.
Complete this sentence using the correct
answer.
The lengths 2

√
3, 3
√
2,
√
3.

A. do not form a triangle.
B. form a right triangle.
C. form an obtuse triangle.
D. form an acute triangle.

Table 3. Example tasks from 2002–2005 (tasks 1 and 2) and 2012–2015 (tasks 3 and 4).
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Requirement categories and their ratings
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1) 2 0 0 0 1 2
2) 2 0 0 1 1 1
3) 2 0 2 0 2 2
4) 0 2 0 0 3 2
Table 4. Requirement ratings for the tasks from tab. 3 in the
categories from tab. 2.

Take assessment task no. 4 from 2012 (cf. tab. 3; tab. 4) as an exam-
ple. It requires a medium understanding of mathematical text; logical con-
nections are only given underneath the external linguistic form (multiple “if-
then-connectives”), and the given values are not immediately applicable for
the required calculations, because the specific lengths are not openly assigned
to their individual designations. The subsequent intra-mathematical modeling
is also on a medium requirement level (extra-mathematical modeling is not
required and rated 0). Solving the task requires establishing connections –
using, for instance, power laws – that go beyond the object mentioned in the
task itself; therefore, the correct approach to solving it is not obvious from the
information provided but requires several steps of modeling (cf. Jordan et al.,
2006, p. 36). Since neither mathematical argumentation nor the use of ma-
thematical representations are required, both are rated 0. Lastly, the require-
ments regarding the processing of calculus, i.e., working technically, are high,
because complex hierarchical operations (powers, multiplication/division, and
addition/subtraction) are involved in the solution process. Overall, we can
note that intra-mathematical modeling, working technically, and processing
texts are the exclusive sources contributing to task no. 4’s level of cognitive
requirement.
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3.3 Coding the Tasks

The rating training and final rating of the 157 assessment tasks included in
this (sub-)study form an integral part of the overarching study by Scheja (cf.
2017), which rated all tasks of the Polish middle school examination for the
period of 2002 to 2015 (N = 249). The rating was done independently by
the author (evaluator 1) and an experienced mathematics teacher (evaluator
2), who was thoroughly instructed about the details of the study in advance.
Since the reliability of the rating is extremely important due to the highly
inferential categories, both evaluators trained the rating in advance using CO-
ACTIV tasks that had already been assigned ratings in all six categories. A
minimum reliability value before switching from the training tasks to rating
the assessment tasks was set to 0.7 <k (cf. Wirtz, Caspar, 2002). This value
corresponds to an excellent consistency of ratings. Comparing the two evalu-
ators’ ratings to those of the COACTIV evaluators (i.e., Drüke-Noe and her
team) showed that the training ratings (N = 291) had a match rate of no less
than “good” (k  0.7) for all categories and levels (cf. ibid.). Finally it was
determined that the ratings for the entire set of Polish tasks was sufficiently
compatible to the rating levels of the selected categories (cf. Scheja, 2017).

4 Results

This section presents descriptive, statistical results and analyzes the two task
sets with a view to specific temporal variations. In light of the main question of
this paper, the discussion focuses on requirement level distributions across the
six requirement-generating categories. Thanks to the developmental perspecti-
ve, the findings presented here extend beyond previous results on the cognitive
requirement of mathematical tasks in the Polish middle school examination
(cf. 2.2.2; Scheja, 2017).
The first set of tasks under examination comprises tasks from the introduc-

tory phase of the middle school examinations, during which the mathematics
section was one component of the mathematics and sciences test section (A1:
exam years 2002–2005). The other set of tasks was chosen to show potential
effects of the mathematics section’s separation in 2012 and the relevant concep-
tual goals of the CKE on the tasks – also with a view to future developments
in Polish students’ performance (A2: 2012–2015) (cf. table 5).
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Middle school examinations: Distribution of ta-
sks from 2002–2005 and 2012–2015 with regards
to the levels in each category and their levels
Set 1 (A1: N= 65) Set 2 (A2: N= 92)

Category Level 1 2 3 xA1 1 2 3 xA2

Extra-ma-
thematical
modeling

Number
Share in%

5
7.7

23
35.4

35
53.8

2
3.1

1.523 50
54.3

8
8.6

32
34.8

2
2.2

0.848

Intra-ma-
thematical
modeling

Number
Share in%

61
93.9

1
1.5

1
1.5

2
3.1

0.138 44
47.8

2
2.2

39
42.4

7
7.6

1.098

Mathemati-
cal argumen-
tation

Number
Share in%

64
98.5

0
0

1
1.5

0
0.0

0.030 82
89.1

1
1.1

9
9.8

0
0.0

0.207

Using mathe-
matical re-
presentations

Number
Share in%

29
44.6

34
52.3

2
3.1

0
0.0

0.585 45
48.9

26
28.3

20
21.7

1
1.1

0.751

Working
technically

Number
Share in%

7
10.8

39
60.0

12
18.5

7
10.8

1.293 12
13.0

44
47.8

24
26.1

12
13

1.390

Processing
mathemati-
cal texts

Number
Share in%

6
9.2

41
63.1

18
27.7

0
0

1.185 4
4.3

59
64.1

25
27.2

4
4.3

1.314

Table 5. Distribution of tasks from the Polish middle school examinations from 2002–2005
(A1) and 2012–2015 (A2) with regards to requirement-generating categories and their levels.

As expected, the modeling process accounts for the vast majority of ma-
thematical work in both sets (A1: 98.4% and A2: 98.9%). However, there are
significant differences in the distribution of modeling tasks with regards to
their contextual embedding. For instance, assessment tasks from the 2002–
2005 period require a much larger amount of extra-mathematical modeling
(A1: 92.3%) than those from the 2012–2015 period (A2: 45.6%). Within this
category, there is a very high amount of “multi-step modeling” required in A2,
whereas simple and complex extra-mathematical modeling only accounts for
9.8%. The A1 tasks are more balanced with regards to their distribution across
low (35.4%) and especially medium (53.8%) requirement levels of modeling,
which also means they have a lower level of cognitive requirement overall.

Intra-mathematical modeling is only required by four tasks from the first
set (6.1%). Compared to the entire collection of tasks from 2002 to 2015
(22.1%) on the one hand (cf. Scheja, 2017) and A2 (52.2%) on the other
hand, this points to a drastic conceptual shift within modeling tasks towards
intra-mathematical problem contexts with mostly medium (42.4%) and high
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(7.6%) cognitive requirement levels. The focus on the first two activities can
be accounted for primarily by a respective shift in the underlying exam direc-
tives. From 2002 to 2011 – unlike the following ones – they feature only a few
isolated intra-mathematical problem contexts. Furthermore, they emphasize
particularly those abilities that correspond to extra-mathematical application
and problem contexts (cf. 2.1.1). With regards to the medium requirement
levels of the first two mathematical activities in A1, it is of particular interest
that their share seems to match the high requirement levels of the PISA 2003
tasks (extra-math. modeling: 1.52; intra-math. modeling: 0.20; cf. Neubrand
et al., 2013, p. 139). Corresponding effects of exam directives only provide
limited explanations for the distribution of mathematical argumentation; it is
only required by one task in A1, but has gained significantly in importance
in A2 (10.9%) in accordance with the underlying general requirements (cf.
2.1.1). Here, it is typically required by open-ended tasks on low (1.1%) and
especially medium (9.8%) requirement levels, while the average requirement
level is relatively high (cf. ibid.). On the other hand, the average requirement
level for argumentation in the 2002–2005 period is far below that of the other
categories as well as that of the PISA tasks (argumentation: 0.15; cf. ibid.).
This shows that, contrary to expectations, conceptual directives for assessment
tasks that include this ability within the requirement spectrum – if only impli-
citly – were not properly implemented (ability: “the student identifies correct
processes”; cf. CKE 1999). The average level of requirement for the use of
mathematical representations has increased slightly in A2, but this value is
generally high in both sets (cf. Neubrand et al. 2013, p. 139f.). Among A1
tasks, low-requirement representations are dominant (52.3%), while A2 tasks
are distributed almost evenly across the low (28.3%) and medium (21.7%) le-
vels. The distribution across requirement levels in A1 is surprising in how the
underlying standards of mathematical and scientific subjects include “finding
and utilizing information” as one of the four main standards (cf. 2.1.1), which
would presumably lead to a greater differentiation of representations regarding
their cognitive complexity.
The average level of requirement for working technically is high in relation

to the other activities in both sets; comparing the distributions within A1
and A2 shows minimal deviations, and low- to medium-level calculus is pre-
dominant in both sets. The requirement regarding this mathematical activity
has therefore contributed to the requirement level of the middle school exa-
minations in a constant fashion over the long term. The average requirement
levels of both periods roughly match that of the centralized exam ZP 10, a
comparable instrument of external performance assessment from North-Rhine
Westphalia wchich are taken at the end of grade 10 in all scholl forms (cf.
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Scheja, 2017). Processing mathematical texts is required on a relatively high
level (cf. Neubrand et al. 2013, p. 139), which is only comparable with some
restrictions. These restrictions arise because the low (A1: 63.1%; A2: 64.1%)
and medium language requirement levels (A1: 27.7%; A2: 27.2%) have almost
the same distribution, which means that the slightly higher average require-
ment level in A2 results from a distribution shift in the other two levels (level
0: 9.2% to 4.3%; level 3: 0.0% to 4.3%). As a result, the overall distributions of
activities and requirement levels can only be compared between the two sets
to a limited extent. Shared task characteristics include the fairly high level of
cognitive requirement, which is generated by a fairly broad spectrum of re-
quired activities and their average requirement levels. A difference that must
be considered a fundamental one since the 2012 reform of the middle school
examination can be seen in the amount and requirement level of tasks that
involve intra-mathematical modeling and argumentation.

5 Discussion and outlook

5.1 Summary and discussion of findings

This paper presents the findings of a comparative analysis of assessment tasks
from the Polish middle school examination (N=157) in the periods after its
introduction (2002–2005, N=65) and after its organizational and conceptual
reform (2012–2015, N=92). An empirical examination based on a system of
categories investigated the extent to which tendencies for change regarding
the level of cognitive requirement are present. Based on longitudinal studies
of the distribution across requirement levels for mathematical activities, pre-
vious findings have been expanded by showing that (and to what extent) the
results from Scheja (2017) must be regarded as indistinct. First, it turns out
that both periods under review are characterized by a relatively high level of
cognitive requirement, which is generated by a fairly broad spectrum of requ-
ired activities and rather high average requirement levels. These properties of
mathematical tasks for centralized (final) exams make the findings presented
here compatible to those already known in the relevant didactics discourse
(Drüke-Noe, 2014; Scheja, 2016; Scheja, 2017).
However, the detailed analysis showed that splitting off the mathematics

exam from the mathematics and sciences exam section in 2012 involved exten-
sive conceptual shifts in the assessment tasks. One major area of differences
can be found in the representation of intra- and extra-mathematical modeling
activities; here, we see a strong focus on extra-mathematical context in the
introductory period, whereas post-reform tasks are distributed evenly across
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the two categories. Taking into account the category of technical tasks, which
both sets of tasks require only occasionally (cf. Scheja, 2017), the two types
of contextual embedding can be regarded as a profile-forming characteristic,
which would seem to appropriately represent the profiles demanded by the
examination directives of both periods. This shift in focus of the middle scho-
ol examination after 2012, as well as the observed recent longitudinal shifts in
German centralized final exams, confirm the presumed divergence of the two
task profiles (cf. Kühn, Drüke-Noe, 2013; Scheja, 2017).
Another difference was shown between the two sets of tasks regarding the

contribution of mathematical argumentation to the overall level of require-
ment: Against all expectations based on the exam directives, which greatly
emphasize argumentative skills, this activity has only been a significant fac-
tor in terms of cognitive requirement in the exam after the reform. Contrary
to the activities discussed above, the requirements in working technically and
processing mathematical representations and texts exhibit comparable levels
(cf. Neubrand et al. 2013, p. 139).
Just like the core curriculum, the post-reform assessment tasks demand an

overall broad spectrum of mathematical activities which contribute to their
level of cognitive requirement. Bearing Winter (1995) in mind, this charac-
teristic points strongly to a) a balanced foundation in the three basic expe-
riences of mathematics education, and b) a movement away from a limited
requirement profile which highly resembles that of PISA tasks. Within the
required spectrum of mathematical activities, there is also a higher average
requirement level for all activities with the exception of extra-mathematical
modeling, which results in a higher overall level of cognitive requirement in
assessment tasks after 2012.
A point of criticism regarding the observed development of the middle

school examination is that the mathematical activities are now broadly re-
presented – as demanded in the relevant literature – whereas the requirement
levels for argumentation as well as extra- and intra-mathematical modeling
are not distributed very well across the entire requirement spectrum. This pri-
marily becomes evident in the portion of tasks with low or high requirement
levels due to the fact that these activities are underrepresented in relation to
medium-level tasks. In light of the fact that calculus-oriented technical tasks
are hardly included at all, this raises the question to what extent the reformed
middle school examination can be said to fulfill its primary purpose of asses-
sing the knowledge and abilities visà-vis the core curriculum– especially with
regards to lower-performing students. A very interesting question that remains
to be answered is in which ways such a low level of requirement control affects
work done on meso and micro levels of the Polish education system. It seems
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mostly plausible that (assessment) tasks themselves can be increasingly consi-
dered as a summative instrument of standardization, which will likely lead to
washback effects with regards to teaching practices (cf. Büchter, Pallack, 2012).
Evidence for this effect would include, on the one hand, a noticeable focus of
lessons on assessment tasks, and on the other hand a steadily growing sup-
port industry supplying teaching aids like training books, preparation exams,
and lesson plans and teaching materials (cf. Klein et al., 2014; Maier et al.,
2011; Smith, 1991). Studies investigating such mechanisms in Polish mathe-
matics education have yet to be conducted, although their existence has at
least been suggested (Konarzewski, 2008). However, against the background
of the observed broad spectrum of requirements – i.e., relatively high average
requirement levels for the sic mathematical activities – paired with areas of
suboptimal distribution within at least the assessment tasks’ medium level of
requirement, it must be assumed that this type of effect is only present to a
minor extent (cf. Skowronek, 1989).

5.2 Outlook

Against the background of these empirical results, normative suggestions for
the design of assessment tasks for future centralized examinations, such as
the middle school examination and the eighth-grade examination that will be
introduced with a new set of reforms in 2019 are given below.
Because the assessment tasks from the periods studied here represent their

respective directives to a sufficient extent, it seems like a sensible further step,
to operationalize levels of cognitive requirement with respect to the general
requirements. This should aim to leverage the cognitive complexity of the
general requirements in such a way as to produce an increasing empirical level
of difficulty from one level to another. Those involved in education, including
the people who design the assessment tasks, would thus receive an effective tool
for designing tasks with specific requirements in mind and to cover Winter’s
basic experiences of mathematics education not only across their spectrum,
but also along the qualitative axis, i.e., vertically (conceptual function). A
more varied spectrum of mathematical tasks would help the results of the new
eighth-grade examination provide a greater range of indicators for student
competence. To this end, the design of the tasks used would have to be done
in such a way as to require as many mathematical activities on different levels
as possible. Fine-tuning the requirement levels to such an effect would enable
fine-grained performance evaluation, and centralized examinations with this
kind of diagnostic advantage could provide more useful feedback to members
of CKE and OKE for lesson planning and quality development (analytical



The changing cognitive requirement of test tasks 125

function).
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ich von Prüfungsanforderungen im Fach Mathematik zum Erwerb des Mittle-
ren Schulabschlusses. Erscheint in Zeitschrift für Pädagogik, 6, 912–932.
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Zmiany kognitywnych wymagań zadań egzaminacyjnych

z matematyki – Wyniki przekrojowych badań
egzaminu gimnazjalnego

S t r e s z c z e n i e

Intensywne dyskusje w obszarze polityki edukacyjnej dotyczące złego funk-
cjonowania polskiego systemu szkolnego doprowadziły pod koniec lat 90-tych
do głębokich jego zmian. Głównymi elementami sukcesywnie wprowadzanych
reform było wprowadzenie w 1999 nowej struktury szkolnictwa, co skutkowało
stworzeniem nowej podstawy programowej, organizacji centralnych egzaminów
i powołaniem komisji egzaminacyjnych. Badania PISA, realizowane w okre-
sie pomiędzy 2000 i 2015 wykazały, że wprowadzone zmiany poskutkowały
pozytywnymi wynikami w odniesieniu do nauczania matematyki. W obliczu
aktualnie wprowadzanych reform, z dydaktycznego punktu widzenia staje się
interesujące zbadanie tych instrumentów sterowania, co do których można
przyjąć, że mają pozytywny wpływ na osiągane wyniki. Z badań empirycz-
nych prowadzonych w Niemczech wynika, że na przebieg procesu nauczania
wpływ instrumentów, w których manifestują sie oczekiwane efekty (np. Curri-
culum, Standardy itp.) jak i tych, w których odbijają się obserwowalne efekty
(np. egzaminy) jest duży. Z powodów formalnych można przyjąć, że dla po-
ziomu lower secondary education (ISCED 2) takim instrumentem jest egza-
min gimnazjalny. Dla przedmiotu matematyka na efekty typu obserwowalne
wpływ mogą mieć np. struktura zadań egzaminacyjnych jak i cechy generujące
ich poziom trudności. Ten to aspekt badawczy był brany pod uwagę w arty-
kule Scheja (2017). Tam koncepcja kognitywnej aktywizacji została użyta do
analizy i oceny pełnego zestawu zadań z egzaminów gimnazjalnych z okresu
pomiędzy 2002 i 2015. Jednak we wspomnianym artykule nie został wzięty
pod uwagę wpływ reformy egzaminów, dokonany w roku 2012 ze względu na
wprowadzone wtedy zmiany w podstawach programowych, dlatego też wyniki
przeprowadzonych tam analiz powinny być raczej oceniane jako niespójne.
Obecny artykuł poszerza to podejście o perspektywę rozwojową. Badania

przekrojowe dotyczą zadań matematycznych z egzaminów gimnazjalnych z lat
2002–2005 (N = 65) i 2012–2015 (N = 92). Został opisany i zanalizowany
zawarty w nich poziom kognitywnych wymagań. Jest to poziom kognitywnej
aktywizacji, czyli wymiar złożoności odnoszony do kategorii kognitywnych,
które potencjalnie mogą być zidentyfikowane w procesie rozwiązania zada-
nia. Dla analizy zadań przyjęto 6 kategorii, w których rozróżniane są cztery
poziomy kognitywnej kompleksowości: modelowanie praktyczne, modelowanie
matematyczne, argumentacja, wykorzystanie matematycznych reprezentacji,
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sprawność wykonywania działań matematycznych i posługiwanie się matema-
tycznym tekstem.
Celem badań jest prześledzenie pod tym względem czasowych zmian ob-

serwowanych w strukturze i stopniu złożoności zadań egzaminacyjnych. Na
tej podstawie możliwe jest – poszerzając perpektywę badawczą – szukanie
odpowiedzi na pytania dotyczące stopnia powiązania zadań egzaminacyjnych
z podstawą programową.
Z przeprowadzonych badań wynika między innymi, że:

• Centralnym typem matematycznych zagadnień w dwóch seriach zadań
jest spodziewane modelowanie. Duże różnice wystepują jednak w pro-
ponowanym kontekście tych zadań. W okresie 2002–2005 mocno domi-
nują zadania umieszczone w kontekście praktycznym, głównie o śred-
nim poziomie kognitywnej kompeksowości. W latach 2012–2015 można
stwierdzić koncepcyjne przesunięcie w obrębie modelowania w kierunku
matematycznego modelowania o średniej i wysokiej kompleksowości ko-
gnitywnej. W tych dwóch kognitywnych kategoriach zaznacza się duży
związek zadań egzaminacyjnych z podstawami programowymi.

• W przeciwieństwie do modelowania, potrzeba argumentacji jest wymie-
niona tylko w jednym zadaniu z okresu 2002–2005, zaś pomiędzy 2012
i 2015 w około 11% wszystkich zadań. Tutaj analogiczne – skutkowanie
podstawy programowej na poziom tej kognitywnej umiejętności, w szcze-
gólności w latach wprowadzania egzaminu gimnazjalnego, jest bardzo
ograniczone.

• Średni poziom kognitywny wykorzystania matematycznych reprezentacji
jest a) porównywalnie wysoki i b) wzrasta lekko w zadaniach po reformie
egzaminu w 2012. Zadania z lat 2002–2005 cechują się jednak – wbrew
oczekiwaniom – brakiem szerokiego rozłożenia kompeksowości tej umie-
jętności na wszystkie cztery stopnie.

• Średni poziom wymagań sprawności w wykonywaniu matematycznych
obliczeń, w porównaniu do pozostałych kognitywnych umiejętności może
być oceniony w obu okresach jako wysoki. Odpowiada on zarazem po-
ziomowi tej umiejetności w Zentrale Prüfung ZP 10, porównywalnemu
instrumentowi zewnętrznego pomiaru osiągnięć w Nadrenii Północnej-
Westfalii (Niemcy) po dziesiątej klasie.

• Średni poziom obu zestawów zadań w posługiwaniu się matematycz-
nym tekstem jest a) w porównaniu do badania PISA wysoki, zarazem
b) w obydwu zestawach zadań raczej ograniczenie porównywalny. Pod-
punkt b) jest spowodowany przede wszystkim częściowym przemieszcze-
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niem w latach 2012-2015 zadań z poziomu „0” na poziom wysoki w tej
kategorii.

Można wieęc stwierdzić, że rozkład zadań na kognitywne kategorie i ich stopnie
kompeksowości w zadaniach egzaminu gimnazjalnego jest w dwóch badanych
zestawach tylko ograniczenie porównywalny. Do wspólnej charakterystyki za-
dań zaliczyć można względnie wysoki poziom kognitywnych umiejętności, któ-
ry jest generowany dość szerokim zakresem aktywności i ich raczej wysokim
poziomem. Fundamentalna różnica w zadaniach matematycznych po reformie
egzaminu gimnazjalnego w roku 2012 w stosunku do zadań wcześniejszych
polega na mierze i poziomie wymagań dotyczących modelowania oraz argu-
mentowania.
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