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In this article, we present initial results of the research on formative feedback, which is used by
teachers in problem-solving orientated lessons in German primary schools. The analyses of five
lessons on problem solving from German primary schools revealed 15 different forms of formative
feedback from different levels (Hattie & Timperley, 2007) which will be exemplified. Most of the
feedback forms identified relate to the task, results or process. Formative Feedback regarding the
level of self-regulation could not be identified.
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Introduction

We all need people who will give us feedback. That's how we improve.
Bill Gates

Problem solving (PS) is a one of the main activities of mathematical work and therefore an important
skill to be learned in school mathematics. It is uncontroversial that students should learn to solve
problems from primary school onwards and to reflect on and, if necessary, adapt their approaches to
PS. However, studies have shown that primary school students in particular have problems in
performing these skills (Heinrich et al., 2014). As a result, there is an increased need for teacher
support to improve students’ PS skills. The opening quote supports the importance of feedback for
improvement — feedback can therefore be seen as a starting point for promoting problem-based
teaching. As the particular complexity of everyday teaching makes diagnosis and specific support for
students difficult (Heinrichs & Kaiser, 2018), this study focuses on formative feedback from teachers.

Theoretical Background

Feedback is one of the key strategies of formative assessment (Black & William, 2009), which can
be defined as a practice that is

formative to the extent that evidence about student achievement is elicited, interpreted, an used by
teachers, learner, or their peer, to make decisions about the next step in instruction that are likely
to be better, or better founded, than the decision they would have taken in the absence of the
evidence that was elicited (Black & Wiliam, 2009, p. 9).

Feedback can generally be “conceptualized as information provided by an agent (e.g., teacher, peer,
book, parent, self, experience) regarding aspects of one’s performance or understanding” (Hattie &
Timperley, 2007, p. 81). In the field of educational research, a distinction is also made between
formative and summative feedback. Formative feedback aims to record the current learning status of
the students and, based on this, to adapt the teaching and control the learning process of the students
(Black & Wiliam, 2009; Polly et al., 2017). Hattie and Timperley (2007) also distinguish between
four different levels of formative feedback. Feedback at the personal level is aimed directly at students
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and mainly includes praise or motivation and is often unrelated to the task or performance of the
student (Hattie, 2012; Hattie & Timperley, 2007). Feedback at the task and product level includes all
feedback and information about how well a task has been mastered or performed (Hattie & Timperley,
2007). It is also often called corrective feedback and is the most common form of feedback given in
a classroom setting (Hattie, 2012). Feedback at the process level refers to the processes on which the
execution of a task is based. It “can lead to providing alternative processing, reducing cognitive load,
[or] helping to develop learning strategies and error detection” (Hattie, 2012, p. 119). The highest
form of feedback takes place at the level of self-regulation. Feedback at this level refers to the
students’ ability to monitor their own learning processes (Hattie, 2012). Although the influence of
feedback on learning is undisputed, there are so far — especially in relation to problem-based teaching
— only a few empirical findings on the implementation of formative feedback in mathematics
education (e.g. Green, 2023). Since studies have shown that the positive effects of formative feedback
on learning could depend on the subject and specific implementation (McLaughlin & Yan, 2017),
studies are needed specifically on problem-based mathematics teaching.

Research question and study design

To be able to make statements about the effectiveness of specific forms of feedback in problem-based
teaching, it is useful to identify the forms of feedback that teachers use in everyday teaching. Amongst
this background, the aim of the study is to investigate how teachers support their students’ solution
processes in problem-based lessons. This article will focus on the question which forms of formative
feedback can be identified among primary school teachers in problem-based lessons. Tor this study,
five lessons were videotaped in different primary schools in which the predefined aim of the lessons
was to work on a problem-based task. For this purpose, the teachers were given a catalogue of
problems to choose from. Three teachers taught a 2"d-grade class, the other two 4%-grade classes;
more lessons are currently recorded and evaluated. Each lesson (45 min) was videotaped using two
cameras to cover the classroom and a microphone or GoPro for the teacher. No further specifications
were given to the teachers in advance.

The analysis is based on Mayring’s (2000) qualitative-content-analysis methodology, allowing for an
deductive-inductive category development. To develop a category system, the levels of feedback
(Hattie & Timperley, 2007) were used as superordinate categories to provide a basic structure. The
various forms of feedback that could be identified in the analysis were then described in detail,
categorized by similar characteristics and subordinated to the levels of feedback. The previous
analyses were performed by one coder.

Results

We identified a total of 176 situations in which teachers gave feedback to students on their work.
These could be summarized into 15 feedback categories, which in turn could be categorized into three
of the four feedback levels. Only three, because feedback at the level of self-regulation has not been
identified in the so-far recorded data. One category, the feedback form R;: Reception signal, could
not be assigned to any of the four levels and was therefore coded as Unspecific reactions (Rx). Typical
reception signals that could be observed were hm, mhm, aha or emotional expressions such as laughter
as reactions. The category 7. Correctness of Result — categorized at the task and product level (7%) —



is coded when the teacher explains to the students that a (partial) result is correct, incorrect or
incomplete without providing further information. As this category could be identified in the lesson
of each teacher, it will be shown as an example below. Mrs. P’s interaction with a student illustrates
this. The students must find the number of squares that can be found on a chessboard (204), which is
likely to be a problematic task for many primary school students, as they do not have a suitable
solution scheme is not immediately obvious. The student approaches her teacher during the lesson

and states:
157 Student Mrs. P. .. I think I’'m done, I have 118.
158 Mrs. P.: No its more.
159 Student: What, great.

After the last sentence, the student returns to her seat. The teacher does not provide any further
information, such as what has not yet been correct or forgotten by the student. Interactions that could
be assigned to this category were identified 24 times.

A complete list of all categories that could be identified is given in figure 1. It also shows how often
each category occurred in the analyses. The letter in the abbreviation stands for the level to which the
categories have been assigned — personal level (Sy), task and product level (7%) and process level (Px).
The complete coding agenda will be gladly provided on request.

Tip Cards (P5) mmm 2
Social exchange (P4) T 12
process level —< Notation of the solution path (P3) m— 3
Showing a counter-example - with generalisation (P2) m——m 4
Sketches (P1) m——————— 10

—

Providing a solution approach (T8) 22

Showing a counter-example (T7) mm 2
Request for control (T6) m————————— 14
task and - Elimination of error (T5) mmmm 3
product level Questions regarding the result (T4) m—————— 3
Suggestive questions (T3) m— 5

Reference to task conditions (T2) 26

~—~ Correctness of Result (T1) 24
Praise (S1) 20
Receptionssignal (R1) 17

Figure 1: Categories of formative Feedback in problem-based lessons

It is noticeable that some forms of feedback such as 7>: Reference to task conditions and Ts: Providing
a solution approach were identified very frequently and with every teacher, while others such as Ps:
Tip Cards occurred only with individual teachers. However, it should be noted that these results may
be due to the small amount of data in this study. The analysis of further lessons will provide more in-
depth findings here. The results presented support the findings of Hattie (2012) that most feedback is
given at the task and product level. Overall, it is noticeable that the teachers in this study most
frequently chose forms of feedback that address the product level, although problem solving is a
process-related skill and therefore the actual process should be the focus.

The study also revealed that certain forms of feedback were identified as recurring for a teacher. An
exemplary case of this is Mrs. T. In the evaluation of her lesson, 40 feedback situations were identified
in which she responded with one of three forms of feedback in around 64% of cases (77, T and Ty).
All other identified categories occurred only sporadically. While this phenomenon was recognizable



among all teachers, the categories that occurred particularly frequently differed between the
individual teachers. This will be analyzed in greater depth in further analyses.

Discussion

The aim of this study was to identify and analyze different forms of formative feedback which are
used by German primary school teachers in lessons regarding problem solving. It was possible to
identify 15 different categories, which can be assigned to three levels of feedback. The catalogue of
criteria resulting from this study is currently being further tested for its applicability by expanding
the data by analyzing additional lessons — including external analyzes by other coders. It should be
noted that there may be further changes to the list of categories in the subsequent analyzes. In
particular, categories at the level of self-regulation (Hattie & Timperley, 2007) that could not be
identified in the current analyzes are conceivable here. Based on the findings so far, further analyses
should also focus on exploring possible recurring preferred forms of feedback that occur across
lessons for individual teachers. In the long term, it seems particularly interesting to examine what
effect the forms of formative feedback used by the teachers have on students’ problem-solving
processes in order to allow specific conclusions for teaching practice.
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