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Abstract (300 words)

The quality of mathematics instruction is a complex, multi-dimensional construct. It is the interplay of
different actors and factors inside and outside of the classroom, which determines the nature of a
mathematics lesson. Mathematical tasks are often at the centre of both students’ and teachers’
attention before (lesson preparation), during (main carriers of student activity) and after the lesson
(homework and other assignments) and are used to assess students’ learning gains. In addition, they
facilitate the students’ access to the mathematical content. The present study based on the TEDS-
Validate research project aims to better understand the relations between the instructional quality
(assessed via classroom observations), and the quality of the tasks that the students work on during
lessons.

Trained raters assessed the instructional quality in 28 classrooms in different regions of Germany using
an observation protocol developed for the TEDS-Instruct study. The observation protocol comprises
items concerning the surface and the deep structure of both generic and subject-specific dimensions
of instructional quality. The potential of the approximately 2600 tasks taken from the observed
classrooms was rated based on a newly developed classification scheme for mathematical tasks. First
results suggest the validity and reliability of the ratings. In accordance with prior studies, we expect to
find significant correlations between task quality and the cognitive activation in the classroom as well
as subject-specific aspects of instructional quality.

Extended summary (1000 words, excluding reference list) introduction, theoretical background,
methods, preliminary findings/findings, results, reference list.

Instructional quality — or teaching quality — is a question of great interest in current research in
mathematics education. There is, however, no clear consensus when it comes to defining high quality
teaching. According to Berliner (2005), quality teaching is both good and successful. In this context,
the former refers to a normative and rather theoretical outlook on teaching. In contrast, the latter
examines the outcomes of teaching from an empirical point of view. Effective (or successful) teaching
is characterized by certain outcomes on the side of the students such as high learning gains, intrinsic
learning motivation and a positive self-concept in mathematics (Scherer et al. 2016). Thus, “[based] on
the educational effectiveness paradigm, teaching quality can be defined as instructional aspects
influencing students’ cognitive and affective learning outcomes” (Fischer et al. 2019). Following this
perspective, in order to better understand instructional quality, one needs to identify and investigate
those aspects on mathematics teaching that have an impact on students’ learning.

From a cognitive perspective, the detail and content of tasks have a significant effect on learning; from
a cultural perspective, tasks shape the learners’ experience of the subject and their understanding of
the nature of mathematical activity; from a practical perspective, tasks are the bedrock of classroom
life, the ‘things to do’ (Watson & Ohtani 2015, S. 3).



Evidence from the COACTIV project (Professional Competence of Teachers, Cognitively Activating
Instruction, and Development of Students’ Mathematical Literacy) suggests that task quality is an
indicator for the level of cognitive activation and promotes students’ learning as part of instructional
quality (Baumert et al. 2010). The aim of the present study is to explore the relations of different
aspects of instructional quality and the quality of the tasks implemented throughout the corresponding
lessons.

The studies TEDS-Instruct and TEDS-Validate (Teacher Education and Development Study) focus on
relations between mathematics teachers’ professional competences and their students’ learning gains
(Kaiser et al. 2017). In this context, the quality of both the teaching and the tasks from the classrooms
are estimated and interpreted as mediating variables between the teacher and the students. The
instructional quality was assessed based on the classroom observation protocol developed in the
context of the study TEDS-Instruct (Schlesinger et al. 2018). It comprises various items from three
generic dimensions — that is classroom management, cognitive activation and student support (Klieme
& Rakoczy 2008) — as well as subject-specific items of instructional quality. In addition to these
measurements, all mathematical tasks set by the teachers throughout the observed lessons were
collected resulting in a total sample of approximately 2600 tasks.

Regarding the scope of task analysis, Resnick (1975) distinguishes between rational and empirical task
analysis. The former is based on the task itself as well as potential and idealized performances
imaginable as successful approaches in solving the task. Empirical task analysis, on the other hand,
integrates actual solution processes using transcripts of students’ notes or self-reports. While there
have been attempts to combine aspects of both approaches in order to contrast the (intended) task
potential with the actual implementation in the classroom (e.g. Blomeke et al. 2006), the present study
focuses on rational task analysis — hence, task potential only — in order to minimize intersections with
classroom features that also impact the measurement of instructional quality.

A comprehensive analysis of mathematical task quality — or task potential — requires the consideration
of various aspects. In order to allow for construct validity and reliability, a classification scheme
consisting of different dimensions of mathematical task quality was developed based on prior work
from COACTIV (Jordan et al. 2006) and PISA (Turner et al. 2015). The classification scheme includes
categories to examine the tasks with regard to surface features, the underlying mathematical concepts
and ideas, the procedural characteristics of doing mathematics as well as the cognitive and linguistic
complexity. In addition, special task characteristics such as the openness of a task were included in the
analysis. While surface features do not necessarily allow for consistent scales, all other characteristics
were assessed using a four-point ordinal scale to enable computational comparability. The interrater
reliability proved to be good or very good for the majority of the categories, but 20% of the tasks in
the sample were still coded by two raters in order to control for rater effects.

First results indicate that the tasks from the observed lessons in different federal states of Germany
offer little potential for cognitive activation and thus confirm the findings from the COACTIV project
(Neubrand et al. 2013). To give an example, approximately 80 % of tasks in the sample required no or
only little problem-solving activities. One reason for this may lie in their lack of openness. Considering
the openness of the solution method, half of the tasks from the sample do not allow for more than
one method by, for instance, stating the anticipated method or by requiring the students to recall
declarative knowledge without applying it. Both categories show a medium level correlation (.386**),
which makes sense as task openness is often considered to be a prerequisite for mathematical problem
solving (Cai 2000).



Following the current matching of tasks and corresponding measurements for instructional quality,
the relations between the task characteristics and the different dimensions of instructional quality will
be analyzed. First results may be presented at the QUINT conference 2021. In accordance with prior
studies, we expect to find significant correlations between task quality and the cognitive activation in
the classroom as well as subject-specific aspects of instructional quality. As rational task analysis is
limited to the task potential as opposed to the actual implementation in the classroom, we do not
expect significant correlations between task potential and classroom management or student support.
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