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Developing teacher competence regarding

the cognitive requirement of mathematical tasks

– a video-based intervention

Abstract: To date, there has not been much research into the practice
of planning math lessons and how teachers make didactic decisions re-
garding the basic dimension of cognitive activation. The present study
shows how video-based trainings can be used to help teachers (N = 48)
expand their categorical knowledge in terms of cognitive requirement of
mathematical tasks and use that knowledge in a flexible manner. This is
meaningful insofar as it can show whether and to what extent teachers
can address such challenges more effectively when planning their lessons.
For example, such challenges might arise in the field of individualized
learning processes. Finally, implications for optimizing teacher training
and for further research requirements are discussed.

1 Introduction

As teaching and learning depend on the relevant domains, there is currently
consensus in the relevant disciplines that a firm foundation of specialized di-
dactic knowledge is essential to the instructional quality in any subject (cf.
e.g., Ball et al., 2001; Kunter et al., 2013; Kunter, Voss, 2013; Grossman,
Schoenfeld, 2005; Mewborn, 2003; Schoenfeld, 1998; Stigler et al., 1999). This
knowledge determines the extent to which teachers succeed in creating the
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right kind of structures, which allow students to experience learning proces-
ses that enhance understanding. These structures provide an appropriate level
of motivation in math lessons and include what Oser and Baeriswyl (2001)
call sight structures and deep structures of teaching. With regard to deep
structures, studies show that especially the potential for cognitive activation
in teaching processes and, accordingly, the selection of tasks which feature co-
gnitive activation, are beneficial to the performance development of students
(Kunter, Voss, 2013). Against this background, the following two points seem
surprising: First, current empirical studies on the tasks used in math lessons
continue to identify a low level of cognitive requirement (cf. Neubrand et al.,
2013; Drüke-Noe, 2014; Karpinski et al., 2013). For the obviously necessary
improvement of mathematical instruction, we can ,therefore, assume that te-
achers would benefit from a conscious familiarization with various features
that contribute to the cognitive requirements of mathematical tasks. Second,
and against all expectations, it seems that the criteria for designing tasks are
still hardly featured in teacher training and that any properties of tasks are
hardly known beyond the level of content (cf. Drüke-Noe, 2014, p. 250).

This research gap is addressed by the present study, which first assesses
the categorical knowledge about requirements, and then expands it by means
of a video-based training that comprises several steps in order to make it usa-
ble when selecting, modifying, or designing mathematical tasks. This teacher
training concept would be a prudent addition to existing training programs
for teachers in North-Rhine Westphalia across all levels (individual, micro,
and meso level). Based on existing findings (cf. Kunter, Voss, 2013), we for-
go an accompanying evaluation study that would monitor the development of
student competence as a means of assessing the effectiveness of the program
regarding teacher performance.

2 Theoretical background

2.1 Assumptions regarding the nature of effective teacher tra-

ining programs

Over the last 20 years, more and more training concepts have been developed
and empirically examined. Their effects can be assessed according to several
aspects (cf. Guskey, 2000), which Lipowsky (cf. 2010) arranges into four levels:

Level 1: Immediate reactions and opinions shared by teachers who partici-
pated in the training

Level 2: Expanded teacher cognition after the training
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Level 3: Changes in teaching practice of the participants

Level 4: Effects of teacher training on the students development of perfor-
mance or motivation

Across all of these levels, the development of teachers’ cognition is influenced
by several success factors of the trainings. According to Lipowsky (ibid.), these
factors can be divided into two main categories: Structural aspects (cf. Garet et
al., 2001; Yoon et al., 2007) andmethodical or didactic/content-related aspects.
Dreher et al. (2017) list three relevant structural aspects: format (conferences,
workshops or networks), duration (a minimum of contact hours increases the
long-term effectiveness of a training)1 and collective participation (e.g., several
teachers of one faculty taking part together) (cf. Garet et al., 2001; Yoon et
al., 2007).
With regards to the methods used in a training, studies show that consi-

dering cooperation and professional learning groups has a positive impact on
the effectiveness of trainings. Especially regarding active participation, Maldo-
nado (2002) talks about “collaborative grouping” and “establishing learning
communities”, which foster a deeper reflection about lessons and the learning
processes of students. Effective teacher trainings should also take matters of
content and didactics into account. Against this background, trainings turn
out to be more effective if they are domain-specific and limited to or focu-
sed on a narrow range of content (cf. Maldonado 2002). “Successful programs
should not address ‘generic’ learning, but instead focus on the learning of par-
ticular mathematical ideas” (ibid., p. 8). As a result, it is assumed that – if
the content is focused on one specific subject – teachers can apply what they
have learned in their lessons: “Context-specific approaches promote teaching
practices that are consistent with the principles of effective teaching but also
assist teachers to translate those principles into locally adapted applications.
By developing this kind of knowledge teachers can better solve identified issues
about student outcomes in their particular teaching situations” (Timperley,
2008, p. 10).
Lipowsky and Rzejak conducted a study about the success of a training,

which showed a variety of influencing factors. The research question was, which
kind of characteristics influence the effectiveness of trainings. The teacher’s
characteristics, such as expectations, goals, attitude towards own learning and
student’s learning, prior knowledge, specific motivation towards attending this
training and the teacher’s willingness to use the learned content play a major
role for the individual success of a training. The contextual conditions like the

1Yoon et al. (2007) cite a training duration of at least 14 hours for lasting effects on
level 4.
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concept and the design of the training and the integration and support of the
school may influence the success as well. The effectiveness of a training can be
measured by the immediate reaction of the participants, the learning progress
of the participants, the changes in teaching and the impact on students (cf.
Lipowsky, Rzejak, 2012, p. 2ff). However, not all participants benefit of a
training to the same extent, because of individual motivations, prior knowledge
and self-efficacy expectations (cf. ibid., p. 11).

Furthermore, Lipowsky and Rzejak investigated a variety of criteria to de-
cide, which characteristics distinguish an effective teacher training. To achieve
an effective teacher training, the pedagogical content knowledge and diagno-
stical knowledge of the participant have to be expanded. An effective training
is also the realization that teaching can be changed, and these changes will ha-
ve impact on students, just as a permanent expansion of professional teaching
and giving space to deepen conceptual comprehension, gain new knowledge,
changing behavior patterns and reflecting with other participants about that
(cf. Lipowsky, Rzejak, 2012, p. 5ff).

While the present study focuses on effects of teacher training on teachers’
cognition (level 2), its conclusions can also be considered relevant for their te-
aching practices on the respective level. The aforementioned success factors for
teacher training are essential to the design of the video-based teacher trainings
outlined in this study (cf. sections 3.1–3.5).

2.2 Impact and effectiveness of video-based trainings

There are many studies on the impact and effectiveness of video usage in te-
acher education and training of (mathematics) teachers (e.g. Blomberg et al.
2014; Mitchell, Marine, 2015; Sherin, van Es, 2009; Star et al. 2012; Stockero,
2008). Those studies consistently show the positive impact of the meaningful
use of video sequences at certain times of education for the competencies of
reflection of participants as well as for the professionalism of teachers in gene-
ral. For example, Blomberg et al. (cf. 2014, p. 443) resume that videos can be
a valuable tool in teacher training, but only under the condition of fully inte-
grating it into teaching syllabuses. Mitchell et al. (cf. 2015, p. 551) found out
that participants of video-based training could appreciate important aspects
of mathematics in general and in specific. For this study in particular, the
study of Sherin and van Es is interesting. The authors investigate, whether
teachers will develop a professional perspective and establish certain compe-
tencies, if they participate in a video-based training. Their results show that
the participation will affect the professional vision of teachers (cf. Sherin, van
Es, 2009, p. 20). The study of Star et al. (cf. 2011, p. 117) shows that the
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observational abilities of teachers will increase after a video-based action. Par-
ticularly, the abilities to recognize characteristics of the teaching environment
and the mathematical content will improve. Stockero (cf. 2008, p. 373) has
indicated similar results. She concludes that participating teachers will show
significant changes on their reflection competences.
Brouwer (cf. 2014, p. 180) conducted a literature review of empirical studies

published since 2000 and analysed the effects, processes and conditions of video
usage in the teacher education and training. He took 388 empirical studies
into account, mainly from the USA, Germany and the Netherlands. Brouwer
only included studies, whose research question, data and results refer to the
professional learning of teacher with digital videos.
Brouwers results are significant: more than 60% of the studies measure the

effect of video usage on the thinking and teaching of the participating teachers
(cf. Brouwer 2014, p. 182f). One can name different effects on altered thinking:
the altered recognition of effective behavioural patterns, the strengthened ca-
pability to analyse the interdependencies of teaching and learning of students
as well as the increased efforts at the lesson planning (cf. Brouwer, p. 184).
At those video-based interventions, in which changes in teaching could

be registered, are a variety of influential characteristics including (amongst
others) the discussion of videotaped lessons with colleagues and/or a coach as
well as the rehearsal of specific skills (cf. Brouwer 2014, p. 183).
Brouwer sees a central element of the teacher education and training in

the connection of professional thinking and action. He criticizes that teachers
are expected to just apply the didactical concepts they’ve learned (cf. Brouwer
2014, p. 177). By increasing usage of videos in teacher education and training,
one can observe a different approach to bridge the gap between theory and
praxis. The digital tool „video“ is suitable, because four characteristics are
present: video usage in teacher education and training can channel the interest
to specific aspects; statements are given a unique concreteness by videos and
thereby domain specificity; videos are creating a representative experience and
an emotional compassion for the viewer; one can repeat the analysis of content
from different perspective without pressure to immediate action (cf. Brouwer
2014, p. 177).
Vondorvá (cf. 2016, p. 699) examined the effect of video-based interven-

tions on the knowledge-based thinking of future mathematics teachers. She
was interested in the impact of video-based interventions on the thinking as
part of a professional vision. Also based on other studies, one result is that
the perception of teachers (here primarily: teachers in preparation) is being
influenced in a major way by video-based interventions (cf. ibid., p. 712).
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2.3 Cognitive Activation in the Context of Instructional Qua-

lity

One influential approach to simplifying the notion of quality while at the same
time enabling fine-grained analyses is attributed to Donebedian (1966). This
approach introduces the distinction between quality of structures, processes,
and results as the main dimensions of quality.

Bloom also worked on a classification scheme of learning domains in con-
sideration of demanded cognitive processes in 1956 (cf. Bloom 1994). Up until
now his six-stage taxonomy of learning domains in the cognitive domain (know-
ledge, comprehension, application, analysis, synthesis and evaluation) and mo-
dified versions are being used and considered necessary.

The consideration of learning domains within the meaning of his taxo-
nomy emphasizes the necessity to integrate learning domains, which require
a higher level of cognitive abilities, which lead to a deeper learning and transfer
of knowledge and abilities. This leads to a bigger variety of tasks and contexts.
One aim of using the taxonomy in teacher education is to encourage teachers
to gradually realize ambitious activities, therefore to initiate and realize mo-
re complex cognitive processes in class. An orientation along the hierarchy of
learning domains enables a reflexion towards the level of difficulty of a task
and their imparted content. By considering the stages of the learning domain,
necessary competencies to manage the task, can be described in more detail.
Over decades, Bloom has provided an important contribution to the profes-
sionalization of teachers and he has also influenced working with tasks.

Turning towards the question which factors contribute the most to the qu-
ality of results in teaching, Oser and Baeriswyl (2001) point to sight structures
and deep structures. The perspective of describing lessons using sight structu-
res draws from their overarching organizational features, which according to
Kunter and Voss (2013, p. 99) include framework conditions, observable in-
structional arrangements and teaching methods. The individual properties of
deep structures can vary independently and relate to the processes of interac-
tion between teachers and students, among students, or between students and
the material being taught. Current studies in empirical teaching research show
that sight structures have much less explanatory power than deep structures
when it comes to the learning progress of students (cf. Hattie, 2012).

In the German-speaking world, a threefold distinction of basic dimensions
has become prevalent for the systematic description of deep structures: poten-
tial for cognitive activation, classroom management, and individual learning
support (Kunter, Voss, 2013; Riecke-Baulecke, 2017). By now, there are seve-
ral studies that demonstrate how these three dimensions affect specific aspects
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of learning. For instance, cognitive activation has been shown to have the gre-
atest influence on the performance of students (effect strength: 0.32*) (Kunter,
Voss, 2013, p. 115). The degree of cognitive activation in turn depends on the
extent to which students are challenged to deal with a topic in depth and on
their own, changing and expanding their own knowledge structures. In math
lessons, the tasks used are the primary mediators of this effect (Jordan et al.,
2006). They form a link between the normative curricular structures and the
professional actions of teachers on the one side and the individual learning
processes of students on the other side (Neubrand et al., 2013). They struc-
ture the learning opportunities on the level of mathematical work, which are
then specified and worked out in more detail during the teaching discourse.
As a result, the tasks form the framework for generating learning processes
and define the basic structure of potential learning opportunities in their role
as “bearers of cognitive activities” (Jordan et al., 2006). Learning activities
can be described as „cognitive activating“, if all students can be stimulated
to an active discussion about content on their own individual level. So, if the
teacher stimulates the learners on a high level, and if he is picking up on the
prior knowledge and if he gives the opportunity to explain individual ideas,
concepts and solutions while being flexible, the lesson is cognitive activating
(cf. Leuders, Holzäpfel 2011, p.212).

In research cognitive activating teaching can be operationalized differently
by characteristics of tasks, by visible characteristics of teaching or by the per-
ception of teachers and students (cf. Leuders, Holzäpfel 2011, p. 214). Against
this background, we can conclude that mathematical tasks are an effective in-
dicator for the basic dimension of cognitive activation and can therefore serve
as a source of indirect information about instructional quality.

2.4 Mathematical Tasks as a Control Device for Teachers

Neubrand defines a task as a teacher’s instruction to work on a defined ma-
thematical topic with a specified goal (2002, p. 16). The complexity of the
relations involved can range all the way up to general relations (cf. e.g., Jor-
dan et al., 2006), as these also require dealing with a specific mathematical
situation. Regardless of the quality of the required activities, tasks can be
functionally regarded as a crucial link between the curricular framework and
the professional knowledge of teachers on the one hand and the learning pro-
cesses within a group of students on the other hand (cf. Neubrand et al., 2013,
p. 128). They serve to control the level of motivation as well as the creation
and development of students’ knowledge networks. Luthiger calls tasks that
are embedded in learning situations like this learning tasks (2012, p. 5), which
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on the highest level of abstraction include introductory and practice tasks (cf.
Abrah, Müller, 2009, p. 6). Learning tasks form an interface of activity and
communication between teachers and students, which makes them an essential
tool of lesson design.

In a study about the reflection of creating tasks as one way of improving
teachers´ professionalism, Hošpesová and Tichá have shown that teachers abi-
lity to design tasks (i.e. designing new tasks, pre-formulating specific tasks and
changigng parameters) ist part of teachers´ set of professional competences and
also contributes to the development of a key element for the professional deve-
lopment of teachers trainees: qualified pedagogical reflection (cf. 2010, p. 122
f). Future teachers should evolve this. The authors are accentuating the ne-
cessity of actions, which are focused on building tasks, as inevitable in teacher
education. One indication of the competence to build tasks is the competence
to detect mathematics. The competence to build tasks is a way to improve
teacher competence altogether (cf. Hošpesová, Tichá, 2010, p. 123). In the-
ir study of conducting teacher competences they found out that participants
worked and argument on building and assessing tasks homogenous regarding
situational contexts, quality of environment and interpretation. They are often
incapable to use representations and transfer between them (cf. Hošpesová,
Tichá, 2010, p. 124).

According to Drüke-Noe et al. (2017, p. 209), tasks are intended to build,
consolidate, and deepen or practice knowledge and skills. This requires appro-
priate tasks, which can be used as “flexible, broadly applicable, and actively
configurable content-related and didactic elements that serve to structure ma-
thematics instruction” (Neubrand et al. 2013, p. 126) in order to serve as
bearers of cognitive activities. The intended purpose of a task ultimately de-
termines the broad spectrum of its possible uses, ranging from types of tasks
with homogeneous solutions, which only need to be adapted to a certain spe-
cified case, all the way to completely open-ended tasks. Depending on the
current phase of teaching, this spectrum of tasks is a formative element of
introducing, practicing, and deepening mathematical contents and abilities
(cf. Luthiger 2012, p. 5).

Unlike learning tasks, assessment tasks serve the purpose of certifying
which level of skill has been attained during the educational process (Ter-
hart et al. 2009, p. 24). Assessment tasks for centralized exams are designed
externally. Depending on the functionality of individual tasks, task design is
supposed to operationalize the curricular goals in different ways (cf. Büchter,
Pallack, 2012). The (assessment) tasks used in local exams, in turn, are the
key instrument of performance evaluation in a particular school. When de-
signing or selecting tasks for these exams, teachers tend to act according to
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their own lessons and the curricular goals, favoring tasks which they expect to
provide an adequate representation of the level of achievement in their class
(cf. Blum, Neubrand, 1998; Lenné, 1969). As a result, tasks in local exams re-
flect the types of tasks used in the lessons and can provide information about
the normative expectations of a teacher with regards to what their students
should have learned. This is adequately reflected by what Jordan et al. (2006,
p. 11) call the “summative core of a lesson” in this context. Regarding the
purpose of assessment tasks, note that the cognitive activities that learners
may experience during the solution process can be interpreted as “expected
lesson results”.

Contrary to expectations, there is strong evidence based on extensive ana-
lyses of structures and requirements which suggests that learning and as-
sessment tasks share mostly identical cognitive requirement characteristics
(Drüke-Noe 2014, p. 8). The only differences are in the treatment and eva-
luation of solutions (cf. Büchter, Leuders 2005).

2.5 Cognitive Requirement in Mathematical Tasks – Concep-

tual Developments

The current debate about cognitive activation in mathematics lessons is quite
extensive (cf. Hiebert et al., 2003; Jordan et al., 2006; Neubrand et al., 2013;
Stigler, Hiebert, 1999; Stigler et al., 1999). Due to different operationaliza-
tions, the findings are only comparable within certain limitations according to
Leuders and Holzäpfel (2011). For instance, Hugener et al. (2007) consider a
lesson to feature cognitive activation

• if the teacher lets students explain their own ideas, concepts, and solu-
tions and treats this output in a flexible and evolving manner,

• and if they use tasks to foster the students’ thinking on a high cognitive
level.

Math lessons with good cognitive activation can thus be characterized either
by using observable features, which according to Oser and Baeriswyl (cf. 2001)
are primarily found insight structures, or by using features of the tasks em-
ployed, which are part of the deep structures. Following this second approach,
Neubrand et al. (2002, p. 105 ff) 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 the curricular knowledge level, the context given for a task,
and the complexity level of the required modeling. In addition, it has also been
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shown that the openness of the modeling process, the necessary extent of pro-
cessing, and elements of argumentation within the modeling process contribute
to the cognitive requirement of a task.
Neubrand et al. conclude that the cognitive complexity of mathematical

tasks, and therefore their empirical difficulty, increases with a growing num-
ber of cognitive processes that must be completed on the path to a solution
(cf. ibid.).
Based on work by Neubrand et al. (2002), the COACTIV project defines

cognitive activation via the potential inherent to 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
them to actively engage their minds (Neubrand et al. 2013, p. 129 f). Tasks
that fulfill these criteria are particularly suitable for changing or expanding
existing knowledge structures, create new ones, and form connections within
them. The COACTIV project assesses the degree of cognitive activation, i.e.,
the level of cognitive requirement, according to four mathematical activities
required for solving a task:

• extra-mathematical modeling,

• intra-mathematical modeling,

• argumentation, and

• using mathematical representations (cf. Jordan et al., 2006).

This approach forms an instrument for describing the level of cognitive re-
quirement that can describe the potential of mathematical tasks drawing only
upon properties of those tasks. In a study of task culture in German-language
math instruction, Drüke-Noe also shows that the four COACTIV assessment
categories require an extension (2014, p. 66 ff), because they do not differen-
tiate 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 respec-
tive tasks. Among others, Cohors-Fresenborg et al. (2004) provide approaches
to operationalizing the use of calculus. These approaches take evaluation ele-
ments, specifically the “degree of processing” into account. However, unlike
Drüke-Noe’s technical work (cf. 2014), they do not fully meet the COACTIV
criteria for an assessment category, because, among other things, they are
operationalized using a different number of requirement levels.
The system of categories discussed above, which is highly inferential in

parts, has proven quite useful and is suitable for describing the requirement
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level of tasks by means of identifying certain task properties. Unsurprisingly,
a reliable application of this system requires appropriate training for the re-
spective teachers (cf. Jordan et al., 2006). The question whether and to what
extent it is already used in teaching with regards to the breadth and com-
plexity of cognition – say, in terms of Winter’s basic experiences of general
education (cf. 1995) – is addressed in the following subsection.

2.6 Findings on the Cognitive Requirement of Teaching Tasks

The number of studies focusing on the identification of cognitive requirement
levels in teaching and assessment tasks has grown steadily, especially in re-
cent years. Primary examples regarding externally designed assessment tasks
include the work of Neubrand et al. (cf. 2002, 2013), Drüke-Noe (2014), as
well as Scheja (2016, 2017a, 2017b). Unlike the admittedly vast canon of exi-
sting empirical research into externally designed assessment tasks, only a few
studies have investigated the level of cognitive requirement of learning tasks
and assessment tasks conceived within individual schools. So far, the findings
in this area are in agreement. With regards to the type of mathematical ac-
tivity (cf. Neubrand et al, 2002), they show that nearly half the assessment
tasks used in local tenth grade exams are technical tasks which only require
factual knowledge or skills. The remaining tasks require modeling (43 % pro-
cedural and 8 % conceptual), which only require argumentation in 1/4 and
inner-mathematical modeling in 1/3 of cases. Without going into detail about
the categories of cognitive requirement, Kunter et al. (2006) conclude that
the overall requirement level is low and that context-free calculus is highly
significant.

Further evidence of an overall very low requirement level can be found in
a study of homework tasks, introductory tasks, and class tests from two periods
(more than 45,000 tasks from 2003 and 2004) from various school forms with
regards to four activities (extra-mathematical modeling, inner-mathematical
modeling, argumentation and using mathematical representations) conducted
by Neubrand et al. (2013, p. 137 f). It becomes apparent that the aforemen-
tioned tasks, and therefore the German system of math instruction, hold very
little potential for cognitive activation. For instance, the tasks do not requ-
ire argumentation at all, while extra- and intra-mathematical modeling turn
out to only be required on a very low level. In terms of using mathematical
representations and processing mathematical texts, the situation is equally
dire, with very little differentiation across requirement levels. Furthermore,
Neubrand et al. show that the three types of tasks under examination barely
differ in terms of their level of cognitive requirement (ibid.).
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Maier et al. (cf. 2010, p. 84) point out that tasks are a central element for
planning lessons and are significant to the capability of assessing the cognitive
activating potential. The competence to assess tasks suitable by its level of
difficulty is significant and has an impact on the success of teaching (cf. Maier
et a. 2010, p. 94). The estimation of the cognitive potential of tasks is also
a central characteristic of diagnostical competence of teachers (cf. Maier et al.
2010, p 94). More than 60% of the study is limited to tasks, which require only
skills of reproduction. The evaluated learning and audit tasks mostly had low
cognitive requirements, so (future) teachers should be able to refine tasks and
use them on its periphery (cf. Maier et al. 2010, p. 94). Knowledge of benefits
of a category system of cognitive requirement may help with that.

The widespread lack of tasks that involve cognitive activities on medium or
high requirement levels, which would actually foster active integration of con-
tent, raises the question of why there is so little variation. Highlighting possible
causes is of interest insofar as it has also been shown that the use of tasks with
high levels of cognitive requirement is beneficial to the performance of students
(cf. Kunter, Voss, 2013). Drüke-Noe argues that one possible reason for the
current use of tasks could be that the literature mentions criteria-based design
of learning and assessment tasks only rarely (2014, p. 249). This would suggest
that teachers are hardly, or perhaps not at all, trained to use these methods,
which would lead to an unsatisfactory level of awareness for task properties
beyond the level of content. Current studies with classifications across subjects
would seem to support this claim (cf. Drüke-Noe et al. 2017). With regard to
mathematics, the question whether teachers know, understand, and are able
to use such classification structures for planning and evaluating their lessons,
remains unanswered. This research gap is addressed in the present study based
on the following three research questions:

• Which properties of cognitive requirement in mathematical tasks do te-
achers know?

• To what extent are teachers able to actively adjust these properties of
cognitive requirement with regards to cognitive complexity?

• To what extent is the knowledge which teachers hold about the properties
of cognitive requirement extended and can it be used in a flexible manner?

3 Method

A concept for a video-based teacher training was devised based on the the-
oretical and empirical findings outlined above. The aim of this training, which
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is described below, is to use a system of categories to help teachers recognize
the level of cognitive requirement of mathematical tasks and to expand the-
ir categorical knowledge. To fully explain the training concept, the following
subsections present the categories of cognitive requirement (3.1), outline the
design and organizational structure (3.2 and 3.3) and describe its implemen-
tation (3.4 and 3.5).

3.1 Categories for Assessing the Cognitive Requirement of

Mathematical Tasks

We will be basing our efforts to assess and promote the level of cognitive
requirement in mathematical tasks on a selection of empirically proven clas-
sification categories, which were originally developed as part of the PISA and
COACTIV projects (cf. OECD, 1999; Jordan et al., 2006) and further expan-
ded by Drüke-Noe (cf. 2014). Building on the preliminary work by Neubrand
et al. (2002), the latter two studies included large-scale analyses of cognitive
activation through teaching and assessment tasks used in the ninth and tenth
grades at German schools. The assessment categories chosen for this study are
further distinguished into four levels, which describe the respective degrees of
cognitive complexity within each category (cf. Tab. 1)2. The categories them-
selves range from low (e.g., using mathematical representations) to medium
level inferential classifications (mathematical modeling), while highly inferen-
tial categories are excluded due to a complex overarching didactic concept.3

The underlying categories for sources of requirement operationalize ma-
thematical activities4 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.

A detailed description of the five assessment categories, the relevant the-
oretical background, and numerous example tasks can be found in the existing
literature (Jordan et al., 2006; Neubrand et al. 2013; OECD, 1999).

2These categories are conceptually equivalent to four of the general mathematical com-
petences referenced in the education standards for mathematics (cf. KMK, 2004).
3For instance, the basic concepts category used in both PISA and COACTIV is not

applied here.
4The category “using mathematical representations” is not strictly speaking a mathema-

tical activity, because several regression analyses have not shown any contribution to the
difficulty level of a task. However, this category is included as a mathematical activity due
to its significance for international comparative studies.
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Cognitive ca-
tegory

Level of cognitive activity

Mathematical
modeling

0 – not required, 1 – reproduction, standard modeling, 2 – con-
nection, multistep modeling, 3 – generalization, reflection on a
model, development and validation of complex model

Argumentation 0 – not required, 1 – standard reasoning, 2 – multistep argu-
mentation, 3 – development of complex argumentation, proofs,
evaluation of arguments

Using mathema-
tical representa-
tions

0 – not required, 1 – standard representations, 2 – switching
between different representations, 3 – evaluating representations

Working techni-
cally

0 – not required, 1 – standard technic, 2 – simple hierarchical
operations, 3 – complex hierarchical operations

Processing ma-
thematical texts

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

Table 1. Pivotal categories of this study (cf. OECD, 1999; Neubrand et al., 2013; Drüke-
Noe, 2014.

3.2 Designing and Organizing a Video-Based Teacher Training

The aim of the video-based training described here is to use a system of ca-
tegories to help teachers recognize the level of cognitive requirement of ma-
thematical tasks and to expand their categorical knowledge. It is intended to
expand teachers’ professional knowledge by the core competence of selecting,
modifying, or even designing adequate learning and assessment tasks based
on the criteria of features which contribute difficulty. The system of categories
shown in table 1 comprises cognitive activities for describing these kinds of
task characteristics in order to conceptually comprehend the level of cognitive
requirement. All in all, the study is based on research by Drüke-Noe et al.
(2017, p. 209 ff). However, it does not apply subject-independent categories,
but investigates cognitive activities specific to the subject of mathematics.
The study was conducted between February 2017 and July 2017 and compri-
ses three main phases: preliminary research (February and March), a four-step
video-based training (April to June) and concluding research (July).

3.3 Preliminary Research

Neubrand et al. (2013) and Drüke-Noe (2017, p. 213) identified research gaps
regarding the question whether teachers know about structures for descri-
bing and analysing tasks and whether they are able and willing to use these
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structures when planning or reviewing their lessons. This is where this study
continues by assessing teachers’ cognition with regard to tasks. It is expected
that the participating teachers can name some task characteristics and apply
them to the tasks presented based on their familiarity with the categorization
from the standards of education (KMK, 2004), while not applying all available
characteristics and failing to employ the breadth of the categories discussed
in this study.

The first question, which serves to establish the prior knowledge of difficulty-
generating task characteristics, is: “Name characteristics according to which
you determine the difficulty of a mathematical task.” Next, the participating
teachers are asked to apply the features of cognitive requirement they listed
to mathematical tasks by modifying them to adjust the difficulty level.

Task 1

During periods of drought in the sum-
mertime, many American farms use ir-
rigation systems. They are firmly atta-
ched at the center, while long “arms”
with water pipes on large wheels ride
over the fields in circles. The image
shows an arrangement of such irriga-
tion devices.

Calculate the percentage of field area
that is not irrigated (marked in grey).
Assume that h = 840 m.

Task 2

Julian and Anja are wondering abo-
ut the maximum number of intersec-
tions between seven straight lines. Ju-
lian says: “It’s simple – I can even tell
you, how many intersections there can
be between 100 straight lines.” How did
Julian figure out the solution?

Figure 1. Tasks from the preliminary research for this study (task one taken from
MSW, 2008.

The participants are offered two tasks (cf. Fig. 1); one task that requ-
ires extra-mathematical modeling, and one that requires intra-mathematical
modeling (cf. Neubrandt et al. 2013). The teachers are told to alter the intra-
mathematical task in a way that lowers its requirement level, and to alter the
extra-mathematical task both in a way that lowers and in a way that increases
its requirement level. This is to be done by increasing or reducing the cognitive
complexity according to one of the previously discussed categories. The task
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is phrased as follows: “Using the following task, explain how you would alter
the task characteristics you described before to make it easier/harder.”

3.4 Video-Based Intervention

The idea of a video-based training of teachers is based on the firm belief that
a system of categories can help increase awareness for different types of tasks
and to effectively employ tasks that belong to the categories (cf. Drüke-Noe et
al., 2017, p. 219). Kleinknecht et al. (2014) have conducted a study about the
necessity that teachers should be able to verify and change tasks individually,
but criteria are missing. These criteria are important for the diagnoses, the
support and reviewing the learning processes. In addition to Kleinknecht et
al. (cf. ibd. 2014, p. 137f), this study investigates the criteria that teachers
use to evaluate the difficulty of tasks and how teacher training about criteria
for a content-pedagogical analysis can be supported to a better targeted as-
sessment of tasks. But the system of catalogue of task characteristics, which
is interdisciplinary and pedagogy in general, as well as the training, which has
a classical setting and is focusing on working on tasks, varies.

Kleinknecht et al. (cf. 2014, p. 140) are viewing tasks as significant indica-
tors of the difficulties of teaching. Therefore, the task analysis is enabling to
determine the level of available learning opportunities in the class by standar-
dized tools.

Even though the focus is on the analysis of the potential of tasks, it is
important to the quality of class, how tasks are used in the class and how
students use the range of tasks (cf. ibd. 2014, p. 140f).

Teachers may simply require the right concepts to analyse and describe
tasks according to the processes of cognition and learning they bring about
in students or to accurately assess the potential for cognitive activation of a
task.

Assuming that – as suggested by previous studies – a catalog of task cha-
racteristics can serve to determine the difficulty levels of tasks, there needs to
be specific training to show teachers how to employ this system of differen-
tiating categories. Training teachers to use the system of categories is already
necessary for conveying unambiguous definitions of the concepts involved and
then applying them in an explanatory way to sample tasks.

Starting with the classification categories and the four levels outlined in
table 1, the videos should demonstrate tasks that highlight what each category
entails and how it can be utilized to identify or adjust the level of cognitive re-
quirement in any given task. To this end, examples of tasks from various levels
in each category are explained and rated. Teachers should also be trained in
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applying their categorical knowledge to select, design, or modify appropriate
learning and assessment tasks. They should be able to apply their professio-
nal knowledge when planning, conducting, and evaluating their lessons, for
instance by means of internal differentiation.

The authors decided to settle on video-based training, because of the effects
presented in chapter 2.2. The video-based training is divided into four sequen-
ces, which are made available to the participants on a portable medium as well
as in a wiki once the preliminary research is concluded. In order to provide the
best possible support, manuals with further explanations and additional ma-
terial for sequences two through four are provided as well. The first sequence
(duration: approx. 29 minutes) introduces and explains the cognitive activities
of the system of categories and the four levels. Alongside increasing transpa-
rency regarding the training, it also involves clarification and standardization
of terms (e.g. “cognitive requirement”: impacts within the rage cognitive cate-
gories of different states, which are potentially activating at solving processes
of tasks), the necessity and importance of cognitive activation, the presen-
tation of the COACTIV study and the detailed analysis and explanation of
the category system. In the second sequence (duration: approx. 38 minutes,
incl. accompanying print materials), the categories are used to assess the level
of cognitive requirement for fitting tasks by showing how to rate them. For
each category of registration and for each category of requirement is a coded
sample task. All terms and the whole process are being explained. The third
sequence (duration: approx. 46 minutes, incl. accompanying print materials) is
about modifying existing tasks. Teachers learn to alter specific characteristics
in order to increase or decrease the difficulty of a task. There are specifically
chosen tasks, which are changing in many states of requirements. The fourth
sequence (duration: approx. 22 minutes, incl. accompanying print materials) is
about using the system of categories for preparing everyday lessons in school.

A video-based approach was chosen for the training because this format
does not require physical attendance and allows the greatest planning flexibi-
lity for each individual participant. Another advantage of educational videos
is that the participants can select specific video sequences to re-watch as often
as they like in order to deepen their understanding of the subject matter.

3.5 Concluding Research

We expect that teachers can expand their existing knowledge identified in the
preliminary stage to include the system of categories by taking part in the
video-based training. By dealing with the categories in depth, the participants
should have gained or expanded their ability to describe and modify the co-
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gnitive requirement of tasks in order to use them for their respective groups
of students.
In the concluding research phase, teachers are asked to describe their prior

knowledge about difficulty-generating features of tasks, just like in the preli-
minary phase. The respective task is phrased as follows: “Name characteristics
according to which you determine the difficulty of a mathematical task.” Next,
the participants are asked to once again apply the features of cognitive re-
quirement they listed to the two mathematical tasks by modifying them to
adjust the difficulty level up or down. We expect that teachers list a greater
number of more differentiated task properties than in the preliminary phase,
and that they know how to employ these properties.

3.6 Study Design and Sample Selection

Comparing the results from the preliminary and concluding stages provide
first insights into the development of the participants’ way of thinking abo-
ut tasks. The researchers involved in the project hope to gain insights into
how the teachers’ understanding of tasks and their difficulty has changed (cf.
Kleinknecht et al., 2014, Drüke-Noe et al., 2017). To this end, the answers of
the teachers are put into context with the system of categories. In the first
step of evaluation, the categories are applied deductively to sort the characte-
ristics named by the participants. Any responses that cannot be sorted into
any of the categories of the system require the inductive development of new
categories. The training concept outlined above was tested once in advance.
The 48 participants are fully trained teachers working at schools in North-
Rhine Westphalia, which all belong to the ISCED 25 level. The participating
teachers aren’t inexperienced. Besides Mathematics. they all have a second
teaching subject. The participants (male and female) are between 30-60 years
old. To utilize the established structural properties of trainings (“collective
participation”; cf. 2.1) for increased benefits to the participants, and their re-
spective schools, three to five teachers from each of the 11 participating schools
were included. Due to the fundamentally exploratory character of the study,
the results were empirically evaluated without further differentiation by the
teachers’ personality traits or their type of school.

5International Standard Classification of Education, lower secondary
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4 Results

The results regarding the first research question show that the participating
teachers do have some prior knowledge of task characteristics (M = 3.38),
though only some of these characteristics match the categories of the system
outlined above. Each participant listed between two and four characteristics.
The four most common responses were the number of cognitive steps or pro-
cedures required (deductively assigned → mathematical modeling, 39 times),
the complexity of tasks/texts (deductively assigned → processing mathema-
tical texts, 37 times), curricular/thematic breadth (inductively developed, 25
times), and the openness of the task (inductively developed, 21 times) (cf. ta-
ble 2). Overall, it seems noteworthy that three of the categories on which this
study is based are barely known and were only mentioned by less than 10%
of participants (argumentation, using mathematical representations, and wor-
king technically); this is surprising as these categories are also represented in
the obligatory system put forward by the standards of education. However,
some categories were developed or identified inductively as well. While these
categories have been studied and discussed to some extent, they have mere-
ly been classified in terms of cognitive complexity but not yet operationalized
with regards to generating cognitive requirement due to lacking evidence. This
points to some conceptual ambiguity among the participants, especially when
it comes to the two inductively developed categories, an openness of the task
(cf. Greefrath, 2004) and manifestation in the curriculum (cf. Jordan et al.,
2006).

Furthermore, the degree of familiarity with a task type, the use of sup-
porting resources, the orientation of the lessons, and the time allowance were
regarded as significant, even though all of these are not task properties per se
but rather characteristics of the lessons and cannot be assigned to any of the
categories (see table 2).

With regard to the second research question, the results show that the
previously mentioned aspects of the tasks provided were only specifically ma-
nipulated in three cases. This is mainly due to the fact that changing the
requirement level was not discussed with regard to all of the previously in-
troduced characteristics. Explications about how to increase or decrease the
difficulty of a task were limited to one characteristic in 29 out of 48 cases.
Moreover, the suggestions not always matched the characteristics discussed
beforehand, which strongly limits any statements about how these characte-
ristics are actually employed. Overall, the teachers gave a fairly wide variety
of different suggestions how to alter the difficulty of the two tasks (cf. Fig. 1).
Suggestions for simplifying task 1 were primarily geared towards simplifying
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the required modeling by including parts of the area to be calculated in the
text or drawing. Suggestions for increasing the difficulty of this task involved
reducing the amount of available information (“don’t show h in the drawing”,
“don’t specify r”, “rearrange the circles”), using different units of measure-
ment, or moving the problem into a more realistic context (“photo of the real
setup → justified estimations”).

Category
Number
of items
(N = 162)

Percent-
age with
N = 162

Deductive assigned
cat. (d)/ inductive
developed cat. (i)

Mathematical Modeling 39 24,07 d

Argumentation 11 6,79 d

Using math. Representa-
tions

8 4,93 d

Working technically 9 5,56 d

Processing mathematical
texts

37 22,84 d

Openness of the Task 21 12,96 i

Manifestation in the
Curricul.

25 15,43 i

Other Items 12 7,41 Without categorization

Sum: 162
(M = 3,38)

Sum: 100

Table 2. Results of the preliminary studies on difficulty characteristics of mathematical
tasks.

In order to simplify task 2, participants put forward suggestions that, with
the exception of excluding “special cases,” focused almost exclusively on dif-
ferent modes of representation that would allow students to manipulate them
more actively. These suggestions included a possible visual representation of
the first four cases or listing them in a table showing the individual cases.

Overall, the results indicate that the participating teachers were only fa-
miliar with a limited set of categories for describing and analyzing the level
of cognitive requirement in mathematical tasks at the beginning of the video-
based training. They were then barely able to apply these categories to the
tasks in a purposeful, differentiated, and flexible manner.

With regards to the third research question, the results of the follow-up
study clearly indicate that participating teachers expanded their knowledge to
include features which contribute to the cognitive requirement of mathemati-
cal tasks. First, this is evident because the categories that were at the focus
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of the video-based training could now be named more reliably (M =4.4). Se-
cond, categories that were previously described in primarily associative ways
and which do not contribute to the cognitive requirement of a task (e.g., ma-
nifestation in the curriculum, degree of familiarity, time allowance, or use of
resources) were only considered to be part of this construct in a few isolated
cases. Regarding the question whether this knowledge can be applied in an
effective and flexible manner, several tendencies can be identified. Comparing
the results of the preliminary and concluding surveys indicates that the requ-
irement categories can not only be employed with greater precision, but also
in a more differentiated way, as most participants now identified the require-
ment levels of each category correctly – albeit implicitly – and then utilized
them more effectively to alter the overall requirement level of a task as well
as the required level in a specific category as needed. These observations can
be made across the entire spectrum of the five categories but are particularly
apparent with regards to the awareness for and utilization of argumentation,
using mathematical representations, and working technically.

Thanks to the design of the study, these results can be carefully interpreted
to mean that the teachers who participated in the training now possess a much
broader range of categories for assessing and analyzing the level of cognitive
requirement in mathematical tasks. Furthermore, they are able to implicitly
identify the categorical requirement level and alter it as needed in most cases.

Those results confirm the study of Kleinknecht et al. The aim of their
study was to develop a manual to analyse tasks. This manual focusses on an
interdisciplinary design and reflection of tasks in every-day lessons. It aims to
empirically proof the quality of measurement and to offer a training, in which
teachers can learn to analyse and change tasks oriented to learning processes
(cf. Kleinknecht et al. 2014, p.147). By using an evaluation in the beginning
and at the end, they delivered the following results: some teachers only name
a few criteria (pedagogical and cognitive characteristics) to assess tasks. They
often named a high amount of pedagogical criteria, even though they were
asked to name criteria to assess the difficulty of tasks. It was noticeable, so
the authors that teachers put an emphasis on educational standards and more
overtly on operators (cf. Kleinknecht et al. 2014, p. 156).

Other criteria being named were aimed at the amount/time to solve,
prior knowledge, relations to the surrounding world, connection to other to-
pics/subjects. Only half of the named criteria aiming at the cognitive potential
of tasks (cf. Kleinknecht et al. 2014, p. 156). The authors put an emphasis on
the necessity to apply the analysis of tasks within the planning and follow-
up of lessons as a result, but they also see an intensive preparation to theuse of
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(pedagogical in general) criteria of analysis and a discussion of relevant content-
pedagogical terms (cf. Kleinknecht et al. 2014, p. 156).

In order to professionalize teachers, it raises a challenge at analysing tasks
to sensitize teachers to connect general pedagogical and content-pedagogical
knowledge and to support them at applying this knowledge on the analysis of
different sample task (cf. ibid., p. 157).

5 Discussion

The aim of this exploratory study was to examine the effects of a video-based
teacher training (N = 48) on the participants’ development of task compe-
tence regarding the cognitive requirement of mathematical tasks. The concept
of cognitive requirement was defined by means of five cognitive categories:
mathematical modeling, argumentation, use of mathematical representations,
working technically, and processing mathematical texts. Compared to previo-
us, large-scale empirical studies (Komorek, 2006; Jordan et al., 2008; Neubrand
et al., 2013, Drüke-Noe, 2014), this study stands out because teachers’ cogni-
tive processes and their changes were investigated “directly”, i.e. on level 2
according to Lipowsky’s (2010) model.

The results of the study indicate that the teachers’ prior knowledge abo-
ut the range of requirement-generating categories falls short of expectations.
They are initially only able to identify categorical requirement levels and apply
them to tasks or the challenge of altering tasks in a few cases. Given this limi-
ted potential, it seems questionable whether and to what extent the teachers
will be able to anchor, for instance, Winter’s (1995) three basic experiences in
their lessons by selecting, designing, and modifying their mathematical tasks
accordingly. This reinforces existing assumptions from subject-independent re-
search, which identify the low potential for cognitive activation in learning and
internal assessment tasks (cf. Karpinski et al., 2013; Neubrand et al., 2013) by
showing possible causes of these shortcomings. Furthermore, the aforementio-
ned results seem to make Drüke-Noe’s assumption (2014, p. 249) more plau-
sible that tasks are only occasionally designed based on criteria beyond the
level of content, since we have found that other systems of categories are not
known to a sufficient degree either, first and foremost the mandatory standards
of education for mathematics (cf. KMK, 2004).

First results of the four-stage training point towards a successful expan-
sion of teachers’ knowledge regarding requirement levels based on the system
of categories. In particular, the results of the surveys indicate that significan-
tly more task characteristics are taken into account, and that this is done
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in a more differentiated way within each category. This tendency towards a
better conceptual grasp of “cognitive requirement” is also apparent in the
participants’ reduced use of task characteristics whose intensity has not been
empirically linked to task difficulty so far. Therefore, we can assume that the
training benefits an effective variation of the level of cognitive requirement for
mathematical tasks, which in turn supports expectations of improved teaching
practices (level 3) (cf. Lipowsky, 2010). Since this study also takes into account
the structural feature of collective participation (cf. Garet et al., 2001), it can
be further assumed that this potentially opens up room for discourse within a
faculty, which can even the path towards category-based task design and les-
son planning within the mathematical faculty. Such processes ultimately hold
a potential for moving towards individualized learning processes, which better
addresses the needs of individual students and their often unequal levels of
ability, both on the individual and the classroom level.

However, it became apparent during the study that the narrow focus of
the training and lack of expert support can lead to delayed or difficult progress
for some participants, which can only partially be attributed to the increased
study workload. Especially learning and applying the requirement levels ga-
ve rise to conceptual difficulties, which could not be compensated entirely by
the intended collective participation. In terms of overall effectiveness, it would
seem like a good idea to add on-site training phases with opportunities for
professional communication to other video-based trainings with a similar nar-
row content focus (cf. Maldonado, 2002). One possible alternative method for
effectively addressing these input difficulties might be the concept of an inver-
ted classroom, where the on-site phases are used primarily for asking questions
and having discussions (cf. Strayer, 2012).

The results of the present study cannot explain why teachers have such
limited prior knowledge of requirement-generating categories and their requ-
irement levels, as one should expect subject-specific category systems that have
already been implemented to be sufficiently well known. But it shows, that the
application of knowledge (even if it is low) about requirement-generating cate-
gories needs support and preparation in practice. Eventually, terms (especially
those of pedagogy in general) have to be explained and translated to content-
specific terminology, which can be a fundamental problem (cf. Kleinknecht et
a. 2014, p. 156).

Another question that remains unanswered is to what extent the system of
categories can be beneficial to teaching practices in the long run, and how it
actually influences the design and reception of mathematical tasks. It is neces-
sary to examine the question whether the used system of categories is selective
in itself and its specifications critically. A task-based approach is problematic
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because one can conclude from cognitive potential of a task to the cognitive
quality of doing tasks (cf. Leuders, Holzäpfel 2011, p. 214).

Lastly, the effectiveness of combining a video-based training with accom-
panying print materials, and to what extent this combination is necessary to
rise a significant increase in the participating teachers’ knowledge, remains
unknown.

Teachers should be sensitized, in order to achieve teacher competencies
and the competence to stimulate thinking of student on a high cognitive level
on tasks. A joint analysis of sample tasks can be a good start for that.
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W., N e u b r a n d, M., L ö w e n, K., B r u n n e r, M., K u n t e
r, M.: 2006, Klassifikationsschema für Mathematik-aufgaben: Dokumentation
der Aufgabenkategorisierung im COACTIV-Projekt Berlin: MPI

K a r p i n s k i, M., G r u d n i e w s k a, M., Z a m b r o w s k a, M.: 2013,
Nauczanie matematyki w gimnazjum- Raport z badania Warszawa: IBE

K l e i n k n e c h t, M., O t t i n g e r, S., R i c h t e r, D.: 2014,
Aufgabenanalyse erlernen – Empirische Forschung zum Einsatz eines allgeme-
indidaktischen Kategoriensystems in der Lehrerfortbildung, in: Pfitzner, M.
(Eds.), Aufgabenkultur im Sportunterricht, Bildung und Sport 5, 137–159,
Wiesbaden: Springer.
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Wykorzystanie nagrań wideo dla rozwijania kompetencji

nauczycieli w zakresie kognitywnych wymogów zadań
matematycznych

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

Szerokie debaty w obszarze polityki edukacyjnej dotyczące złego funkcjono-
wania systemu szkolnego doprowadziły w latach 80-tych i 90-tych w wielu
krajach do poważnych zmian systemowo-organizacyjnych. Głównymi elemen-
tami tego nowego podejścia było między innymi wprowadzenie nowych struk-
tur w szkolnictwie, opracowanie nowych podstaw programowych dla nauczania
różnych przedmiotów, wprowadzenie egzaminów centralnych. Innym istotnym
elementem zmian było preferowanie nowej koncepcji uczenia się i nauczania,
zorientowanej bardziej na założenia konstruktywizmu.
W literaturze dydaktycznej nie ma zbyt wielu publikacji badawczych zwią-

zanych z praktyką planowania lekcji matematyki, których celem jest przeba-
danie jak nauczyciele podejmują decyzje dydaktyczne dotyczące kognitywnej
aktywacji, jako podstawowego wymiaru mającego wpływ na jakość „nowego
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nauczania” (Oser & Besriswyl, 2001; Kunter & Voss 2013). W tym artykule
przedstawiamy w jaki sposób szkolenia wideo mogą być wykorzystywane dla
podnoszenia jakości pracy nauczycieli w kierunku poszerzenia ich wiedzy od-
nośnie kognitywnych wymagań zadań matematycznych i sposobów korzystania
z tej wiedzy w elastyczny sposób. Jest to istotne o ile może wykazać, czy i w
jakim zakresie nauczyciele są w stanie skuteczniej radzić sobie z aktualnymi
wyzwaniami podczas planowania lekcji. Takie wyzwania mogą pojawić się na
przykład w trakcie prowadzenia zindywidualizowanego procesu uczenia i na-
uczania. Badanie zostało przeprowadzone na N = 48 nauczycielach ze szkół
poziomu ISCED 2 z Nadrenii Północnej-Westfalii. W koncepcji szkolenia brano
pod uwagę 5 kognitywnych kategorii: modelowanie matematyczne, argumen-
tacja, wykorzystanie matematycznych reprezentacji, sprawność wykonywania
działań matematycznych i posługiwanie się matematycznym tekstem. W ra-
mach tych kategorii wyróżniono cztery poziomy kognitywnej kompleksowości
(0–3).

W artykule zostały omówione wnioski z przeprowadzonych badań:

• Wstępne wyniki badania wskazują, że wiedza nauczycieli dotycząca ka-
tegorii generujących kognitywną kompleksowość jest niższa niż oczeki-
wano. Ponadto tylko niekiedy są oni w stanie zidentyfikować poziomy
wymagań (związane z określonymi kategoriami) i zastosować je w za-
daniach lub w trakcie modyfikacji zadań. Biorąc pod uwagę ten ograni-
czony potencjał, wydaje się wątpliwe, czy i w jakim stopniu nauczyciele
są w stanie stosować trzy podstawowe elementy (wybieranie, projekto-
wanie i modyfikowanie zadań matematycznych zgodnie z (Winter 1995))
na swoich lekcjach, wybierając odpowiednie zadania czy też modyfikując
swoje zadania matematyczne. Te wyniki są zgodne z innymi badaniami
(cf. Karpinski et al., 2013; Neubrand et al., 2013), które określają niski
potencjał aktywacji kognitywnej lekcji matematyki, związany z doborem
zadań wykorzystywanych na lekcjach.

• Pierwsze wyniki czterostopniowego szkolenia wskazują na znaczący roz-
wój wiedzy nauczycieli na temat kognitywnych wymagań opartych na
wybranym systemie kategorii. W szczególności wyniki ankiet wskazują
na to, że biorą oni pod uwagę znacznie więcej cech zadań i że odbywa się
to w sposób bardziej zróżnicowany w ramach każdej kategorii. Ta tenden-
cja do głębszego pojęciowego pojmowania „wymagań kognitywnych” jest
również widoczna w węższym stosowaniu przez uczestników zadań o ce-
chach, których intensywność nie była dotychczas empirycznie powiązana
z trudnościami zadania. W związku z tym możemy założyć, że szkolenie
przynosi wymierne zróżnicowanie poziomu wymagań kognitywnych dla
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zadań matematycznych, co z kolei wspiera oczekiwania związane z po-
prawą praktyki pedagogicznej.

Na koniec zostały omówione wnioski w kierunku optymalizacji szkolenia
nauczycieli oraz wskazane zostały kierunki dalszych badań.
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