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Abstract
Multiple studies have been conducted regarding teachers’ error-handling practices, 
and how errors can be treated as opportunities for learning, albeit in the context of 
whole-class discussions. The aim of the present research is to continue to investigate 
teachers’ error-handling practices as they occur in different phases of maths lessons: 
introduction of the task, when students are working alone, and when students are 
working in pairs and finally, as part of the whole-class discussion. The study included 
51 lessons from twelve teachers. A cross-case analysis was made across the individ-
ual teacher cases to look for similarities and differences between different teachers’ 
error-handling practices across the lesson phases in order to create teaching profiles 
with similar handling of student errors across the lesson phases. Five error-handling 
teaching profiles were identified; correcting errors throughout all phases, correcting 
errors during students’ work while few errors are brought up in whole class, correct-
ing errors during students’ work while using a variety of practices in whole class, 
ignoring errors while using some of them in whole class, and discussing and explain-
ing errors.
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Introduction

About two decades of research has been dedicated to exploring how teachers handle 
student errors as part of their classroom interactions. Errors can provide opportuni-
ties for learning if the reasoning and underlying errors can be identified and explored 
as part of learning activities (Brodie, 2014). Alternatively, certain error-handling 
practices could also influence students to develop unproductive mathematical iden-
tities (Gardee & Brodie, 2021). Due to several dimensions of the role of errors for 
students’ learning, research has examined different strands of teachers’ error-han-
dling practices in mathematical teaching, such as how student errors can be treated 
as an opportunity for learning in the classroom (Ingram et al., 2015), how teachers 
from different cultures handle errors differently (Santagata, 2005; Schleppenbach 
et al., 2007), and how teachers’ beliefs and knowledge influence their error-handling 
practices during whole-class discussions (Bray, 2011). In this article, we examine 
teachers’ error-handling practices in different phases of mathematics lessons. That 
is, although research has investigated how teachers handle errors in whole-class situ-
ations (Bray, 2011; Ingram et al., 2015; Schleppenbach et al., 2007), limited atten-
tion has been paid to ascertain patterns of error-handling practices across different 
lesson phases. Moreover, there is still limited research on how teachers actually deal 
with learner errors in mathematics classrooms (Gardee & Brodie, 2015). The aim 
of the present paper is to add to this literature by answering the following research 
question: What characterizes teachers’ error-handling practices of students’ con-
ceptual errors within and across different lesson phases? Based on Schleppenbach 
et al.’s (2007) and Santagata’s (2005) frameworks, an abductive process was used to 
develop an analytical framework for teachers’ error-handling practices. A cross-case 
analysis was conducted on teachers to look for similarities and differences between 
different teachers’ error-handling practices across the lesson phases. The analysis 
of twelve teachers in 51 lessons enable us to characterize patterns of error-handling 
practices in different lesson phases as well as to identify teaching profiles of how 
teachers handle errors across different lesson phases.

Research background

The research background is presented in three parts. The first part describes what is 
considered as an error in the mathematics classroom. The second part presents the 
role errors can take in the classroom, and how errors can be used as an opportunity 
for learning. The third part describes different ways teachers’ responses to errors 
have been categorized in the existing research.

What is considered an error in the mathematics classroom?

The concept of an error is used in research with slightly different meanings and 
used interchangeably at times with related concepts such as misunderstanding, 
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slip, and mistake. Gardee and Brodie (2015, 2021) distinguish between errors 
and slips. Errors occur at a deeper conceptual level than slips (which are 
caused by carelessness). Errors are systematic and caused by misconceptions, 
often due to overgeneralizations of correct prior knowledge (Gardee & Brodie, 
2015). In some studies, a distinction between conceptual errors and slips is not 
made (e.g., Bray, 2011; Ingram et al., 2015; Schleppenbach et al., 2007). We, 
however, expect that teachers would handle errors and slips differently, i.e., it 
would not make sense to have a long discussion or offer an explanation in rela-
tion to a slip since slips are easily corrected when pointed out. We, therefore, 
distinguish between slips and conceptual errors. As mentioned in the intro-
duction and then further clarified in the methodology, this study focused on 
conceptual errors, which might be considered either misconceptions, or yet 
incoherent knowledge pieces that are productive in some situations but not in 
others (Gardee & Brodie, 2021; Scheiner, 2020). According to a knowledge-
in-structures’ perspective, students’ misconceptions can be characterized as 
systematic patterns of errors (Scheiner, 2020). Alternatively, students’ concep-
tual errors could be characterized as alternative conceptions that prove produc-
tive in some situations but not in others—a phenomenon that Scheiner (2020) 
refers to as a “knowledge-in-pieces perspective.” These two perspectives give 
different but complementary accounts of conceptual errors (Scheiner, 2020). 
As Scheiner (2020) emphasizes, “the two perspectives give different accounts 
for knowledge development on different levels over different time spans” (p. 
137). From our data, we could not decide whether a student error stems from 
a more stable misconception or from an alternative conception that is more 
contextual in nature. Yet, we believe that it is crucial to focus on the reasoning 
behind such conceptual errors in mathematics teaching, regardless of whether 
a student’s conceptual error stems from a misconception, a not yet developed 
conception, or an alternative conception that is more contextual in nature 
(Brodie, 2014). Therefore, we analyze the teacher-student interaction in the 
episode that follows when a conceptual error occurs in the classroom (cf. Bray, 
2011; Ingram et al., 2015; Schleppenbach et al., 2007).

The role of errors in teaching and learning mathematics

Student errors are a natural and inevitable part of all classroom interactions, and 
the mathematics classroom is no different. Although every maths teacher will 
experience his or her students making errors, recent research suggests that how 
teachers handle these errors in the classroom is essential for students’ opportu-
nity to learn (Brodie, 2014). The role of errors can be conceptualized in two dis-
tinct ways: as a problem to be avoided or as an opportunity for learning (Ingram 
et  al., 2015; Swan, 2006). Influential steering documents, such as National 
Council of Teachers of Mathematics [NCTM] (2000), put forth the argument 
that teachers should develop their basis for teaching around a familiarity with 
the common difficulties and misconceptions encountered by their students. 
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From such a perspective, two major functions of errors in mathematics educa-
tion are highlighted in the research literature: (1) the neurological point of view 
where, for example, Boaler (2015) argues that errors are particularly productive 
pathways for building new concepts and thus require students and teachers to 
develop dynamic mindsets and (2) errors as “springboards for inquiry” (Borasi, 
1994; Bray, 2011) into mathematical concepts, which ensures that students are 
supported in mathematical investigations and have opportunities to explore, dis-
cuss, and justify their ideas. Discussing errors with the students will give teach-
ers access to students’ current thinking (Gardee & Brodie, 2015). Students might 
understand and learn better when errors are discussed in the classroom, rather 
than being corrected or avoided (Gardee & Brodie, 2021). If teachers avoid or 
ignore the error, the students will not have access to understand why their errors 
are incorrect. Further, when teachers correct the error, it might be the case that 
the teacher has identified and evaluated the error rather than interpreted the error 
from the learner’s perspective (Gardee & Brodie, 2015).

Teachers’ responses to errors

The existing research has categorized teachers’ responses to errors (i.e., error-han-
dling practices) in different ways: Santagata (2005), for example, compared teach-
ers’ error-handling practices in American and Italian classrooms and coded teach-
ers’ responses into ten categories; Schleppenbach et al. (2007) compared teachers’ 
error-handling practices in American and Chinese classrooms and categorized these 
practices into two types of responses —teachers’ statements and teachers’ ques-
tions—which were subsequently coded into eleven categories. These categories 
from Santagata (2005) and Schleppenbach et al. (2007) will be further elaborated in 
the analytical framework section.

Bray (2011) analyzed teachers’ error-handling practices in 16 math lessons, 
four per teacher, and categorized these practices using three dimensions: (1) inten-
tionally focusing on erroneous solutions as part of whole-class discussions, (2) 
responding to students’ errors in whole-class discussions in ways that promote 
conceptual understanding (e.g., teachers successfully interpret students’ errors in 
the moment and formulate clear, conceptually based questions and explanations), 
and (3) mobilizing students as a community of learners when errors emerge in 
whole-class discussions (e.g., teachers engage students in addressing and discuss-
ing the errors). Handling of errors in ways that adhere to Bray’s (2011) dimen-
sions can be seen in contrast to teachers keeping a tight control of the discourse 
and limiting the extent to which students work together to judge and resolve math-
ematical errors.
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In their examination of how one teacher in her Grade 9 classroom engaged with 
mathematical errors, Gardee and Brodie (2015) identified four kinds of different 
ways teachers interacted with learner errors: (1) ignoring, (2) correcting, (3) prob-
ing, and (4) embracing students’ errors. Ignoring means that the teacher does not 
acknowledge or engage with learner errors. Correcting means that the teacher has 
identified and evaluated the errors rather than interpreted the errors from the learn-
ers’ perspective. Probing means that the teacher attempts to understand how the 
errors make sense to learners, by asking follow-up questions. Embracing means 
that the teacher uses errors constructively to generate new knowledge for the learner 
who has made the error. Gardee and Brodie (2015) found that errors were ignored in 
about one third of the instances in which errors occurred.

The categorization of the errors from the research studies mentioned above could 
also be divided into private and public error-handling (Heinze, 2005). Bray (2011), 
Ingram et al. (2015), and Schleppenbach et al. (2007) focused on public error-handling 
practices as part of whole-class discussions. Santagata (2005) focused on the differ-
ence between private (i.e., only for the student who made the mistake) and public error-
handling. She found that even if the nature of mistakes that occurred in Italian and US 
mathematics lesson were very similar, the two countries differed in the extent to which 
the activity of correcting mistakes in public versus private setting. In Italy, almost all 
mistakes (97%) were discussed publicly while in USA, about 61% of mistakes per les-
son were discussed publicly. The focus was on the average percentages of mistakes per 
lesson discussed publicly versus privately, and Santagata did not specify the categoriza-
tion of teachers’ error-handling practices in public or private handling of the error.

In terms of what influences teachers’ responses to errors in the classroom, the 
research literature has identified as contributing factors the classroom norms, the teach-
ers’ beliefs about mathematical learning and teaching and the teachers’ mathematical 
knowledge (Bray, 2011; Ingram et  al., 2015). Bray (2011) calls for further research 
to consider if teachers error-handling practices hold true across various settings. We 
elaborate on and contribute to what influences teachers’ responses to errors in the class-
room, to consider different phases of the lesson, and we build on Santagata’s (2005) 
argument that teachers’ error-handling can either be a public or a private activity.

Methodology

In order to capture teachers’ responses to students’ errors in the classroom, the goal 
of this study was to consider teacher-student communication when a student has said 
or written something that is not mathematically correct. The sections below describe 
the study context, data collection techniques, and analysis of how teachers respond 
to student errors.
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Study context

To be able to explore how teachers handle conceptual errors in mathematics class-
room, we collected data from the “Boost for Mathematics.” This program aims 
at supporting teachers in establishing ambitious teaching (Lampert et  al., 2010; 
Skolverket, 2018). The key principles of ambitious teaching are, e.g., to focus on 
developing conceptual understanding of key mathematical ideas and to engage stu-
dents in mathematical practices that include reasoning, problem-solving, and com-
municating mathematically. Teachers’ error-handling practices are not an explicit 
part of this program, but since “Boost for Mathematics” builds on ambitious teach-
ing, student errors are an important role in mathematics lessons. Therefore, we find 
this program as an interesting case for teachers’ error-handling practices. Below, we 
describe more about the “Boost for Mathematics” program. In Sweden, the Swed-
ish National Agency for Education launched the curriculum-based professional 
development program called “Boost for Mathematics” (Skolverket, 2018), which 
cost approximately 65 million euros. The aim of the program was to strengthen the 
quality of teaching and student performance and was carried out by almost 80% of 
Swedish mathematics teachers during the 2013/2014, 2014/2015, and 2015/2016 
academic years.1 The program was made up of 24 modules for teachers in compul-
sory school, eight modules per grade level (1–3, 4–6 and 7–9), which were devel-
oped to support teachers working in teams to plan, establish, and reflect on pedagog-
ical practices in the math classroom. Each module focuses on certain mathematical 
content (i.e., number sense, algebra, geometry, and problem-solving), how students 
learn this content, and how teachers can support their learning. The focus is on the 
five mathematical competencies in the Swedish curriculum, which include problem-
solving, reasoning, communication, conceptual understanding, and procedural flu-
ency. The curriculum is distributed digitally via a web portal2 and includes articles, 
instructions, and video films. Each module is designed to support groups of teachers 
within a given semester to engage in eight iterations containing individual prepara-
tions (session A), collegial discussions regarding the resources as well as planning 
lessons (session B), individual classroom teaching based on the planning (session 
C), and collective reflections on their classroom instruction (session D). Teachers 
are required to complete two modules, one module per semester, and the PD ses-
sions are held at each school with the support of a trained coach who is also an expe-
rienced mathematics teacher. The goals for “Boost for Mathematics” is to increase 
students’ mathematical achievement by strengthening the instruction and support-
ing teachers’ implementation of the national mathematics curriculum (Skolverket, 
2018).

1  In this project, the authors constructed the data set for the 2015/2016 academic year.
2  https://​larpo​rtalen.​skolv​erket.​se/#/​modul​er/1-​matem​atik/​alla

https://larportalen.skolverket.se/#/moduler/1-matematik/alla
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Data collection

A large data set from the “Boost for Mathematics” program was constructed during 
the 2015/2016 academic year funded by the Swedish National Research Council. 
Mathematics teachers and coaches from several large Swedish municipalities teach-
ing grades 1–9 were asked to participate in the data collection process if they were 
about to start the “Boost for Mathematics” program in the autumn of 2015. Fifty-
one teachers in years 1–9 agreed to participate. The present paper is part of this 
larger research project. Only teachers (N = 12) from the fourth, fifth, and sixth grade 
were included in the present research; however, as they formed a large data set (51 
lessons) making it feasible to analyze all the lessons within this grade span. The les-
sons studied form a part of the PD initiative and are focused on conceptual aspects 
of mathematics and problem-solving. As such, the data enables us to contribute to 
conceptualizations of teachers’ error-handling practices in conceptually and prob-
lem-solving focused lessons, rather than practices in procedurally oriented math-
ematics lessons. The number of video-taped lessons for each teacher varied from 
two to six lessons spread over the academic year. Two video cameras and one sound 
recorder were used in the classroom to capture these interactions. One of the cam-
eras was statically located at the back of the classroom, and the second camera was 
handled by a mobile research assistant following the teacher.

Analytical framework

An abductive process was used to develop the analytical framework for the pre-
sent research (Bryman, 2016). Drawing upon Schleppenbach et  al.’s (2007) and 
Santagata’s (2005) frameworks, modifications were made to their categories to 
create eight categories in total (which will be discussed in more detail below). 
Developing the analytical framework has been a continuous process, moving back 
and forth between our data and the analytical framework, and gradually making 
distinctions between different categories clearer. We focus on whole episodes of 
teachers’ error-handling practices. We started by categorizing teachers’ error-han-
dling practices with the type of discourse (non-interactional or interactional) and 
foci (non-conceptual or conceptual). Within these four combinations, four catego-
ries appeared (Table 1).

Table 1   Four of the categories of the analytical framework, with the aspects of interactivity, foci, and 
description

Interactive/non-interactive Foci

Direct correction Non-interactive Non-conceptual
Embedded correction Interactive Non-conceptual
Teacher explanation Non-interactive Conceptual investigation
Discussion Interactive Conceptual investigation
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Direct correction and teacher explanation are constituted by a non-interac-
tive type of discourse. Direct correction is non-conceptual as the teacher does not 
explain the underlying conceptual reasons for why it is not correct while Teacher 
explanation has a conceptual focus. These non-interactive practices stem from the 
previous literature. For example, Teacher explanation stems from Schleppenbach 
et  al.’s (2007) category “providing explanation or direction.” Direct correction 
stems from Brodie’s (2013) category “correct errors,” Santagata’s (2005) category 
“Gives correction,” and Schleppenbach et  al.’s (2007) categories “Giving the cor-
rect answer” and “Telling the student the answer is wrong.” Since the focus of this 
study is on conceptual versus non-conceptual handling of student errors, we chose 
not to divide direct correction in different subcategories, although some literature 
(e.g., Schleppenbach et al., 2007) make distinctions between correcting the error by 
giving the correct answer and telling the student that the answer is wrong so that the 
students themselves can correct it. Other scholars (e.g., Gardee & Brodie, 2015) do 
not make this distinction but frame it as the teacher correcting errors.

Embedded correction and Discussion are constituted by an interactive type 
of discourse. Embedded correction has a non-conceptual focus as the teacher 
asks funneling questions without probing deeper to understand the underly-
ing reasons for the error. Discussion has a conceptual focus as the teacher 
involves the students while trying to understand the underlying reasons for 
the error. Since the unit of analysis is whole episodes of teachers’ error-
handling practices, categories from previous literature such as questions are 
part of the interactive episodes coded as Embedded correction and Discus-
sion. For example, “Hint to the same/other student” (Santagata, 2005) can be 
parts of Embedded correction and asking a “why” question (Santagata, 2005) 
or “asking for certainty or agreement” (Schleppenbach et  al., 2007) can be 
parts of Discussion. Ingram et  al. (2015) suggest that the teacher initiates a 
repair regarding the student’s response instead of correcting it (e.g., asking 
additional, prompting questions to give the student an opportunity to correct 
themselves). The repair can be part of either Embedded correction or Discus-
sion, depending on the non-conceptual or conceptual nature of the interac-
tive discourse that unfolds. Regarding Discussion, elements of both probing 
and embracing errors (Brodie, 2013) can be present, which can contribute to 
developing students’ reasoning and raise students’ awareness of their errors 
(Gardee & Brodie, 2015). We discovered quite early on that these four cat-
egories did not cover all teachers’ error-handling practices. New inductive 
categories were uncovered and specified through a joint discussion after per-
forming a new review of the episodes of these practices. This is especially the 
case for the three categories, Reflect, Ignore use later, and Praise, which—as 
far as we know—are not described in the literature on teachers’ error-han-
dling practices. In line with Table 1, a similar overview was made to describe 
the other four categories in Table 2.
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Ignore corresponds to Schleppenbach et al.’s (2007) category “ignoring the error” 
and is framed by Gardee and Brodie (2015) as teachers’ absence or avoidance of 
dealing with a learner error. Different reasons for ignoring student errors might be 
that the teacher deliberately chooses not to engage with the erroneous response or 
that the teacher did not hear or notice the response (Gardee & Brodie, 2015). Reflect, 
Ignore use later, and Praise stem from the data. Further descriptions of these cat-
egories will be given below.

In line with Gardee and Brodie (2015), but unlike previous research (i.e., San-
tagata (2005) and Schleppenbach et  al. (2007)), whole sequences (i.e., episodes) 
of teachers’ error-handling practices were coded in the present research instead of 
only coding the teacher’s response immediately following a student’s error. There 
are advantages and disadvantages with these two approaches: coding whole epi-
sodes can better capture the nature of teachers’ interactive error-handling practices, 
but at the same time, is more comprehensive for the coder than coding only indi-
vidual turns since episodes are of different lengths and number of turns. Having 
clear criteria for the start and end of episodes was thus crucial, which in the pre-
sent research was defined as such: an episode starts when a student error occurs, 
an error here defined as a mathematically incorrect statement or answer. An epi-
sode ends when either of the following occurs: (a) the error is resolved, (b) the 
teacher leaves a student/a group of students, (c) another task is undertaken, or (d) 
another error occurs. The following eight different categories for how teachers han-
dle errors were thus created:

Direct correction

The teacher corrects the error, either by saying the right answer, telling the students 
s/he is wrong or showing by means of body language that the error is wrong. For 
example, a student is asked to compare the fractions 2

5
 and 4

7
 and replies that they are 

same. The teacher says, “No, they are not similar, 4
7
 is bigger than 2

5
.”

Embedded correction

The teacher attempts to lead the student with one or more questions or comments 
towards the right answer. For example, a student is asked how many sixths there 
are in a whole and replies that there are 12. The teacher follows up with a leading 
question: “You have a pizza divided into six slices. If you are going to eat the whole 
pizza, how many slices have you eaten?” The student then answers, “Six.”

Teacher explanation

A teacher explanation of the error is a non-interactive talk when the teacher makes 
a conceptual explanation in relation to the error made by a student. This means that 
the teacher emphasizes key mathematical concepts in response to the student error. 
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For example, a teacher elaborates on the difficulties students have in comparing the 
size of 2

5
 to 4

7
 . Several students have tried to compare them by drawing circles divided 

into five and seven parts; however, the drawings were too inaccurate. The teacher 
says: “Sometimes it could be nice to draw circles, but sometimes it could be hard as 
you have to draw them quite exactly, and in this case, it is hard to draw the circles 
with the right shape and compare them. It would be easier to compare the fractions 
if you use a paper with squares and use the squares to draw a rectangle.” Then, the 
teacher draws two rectangles divided into five parts and seven parts, respectively.

Discussion

The teacher invites the student/s to engage in a conceptual discussion about the 
error, and the students contribute by giving different suggestions and explanations 
regarding the error. For example, the students are discussing the shaded part of 
Fig. 1 as a fraction and their suggestions include that it is 1

4
,
1

3
 , and 1

2
 . The teacher 

turns to those who have answered 1
3
 and asks them to explain their thinking without 

correcting this suggestion. Another student does not agree with their explanations 
and says the answer must be 1

4
 : “If you divide the largest part in two, you will get 

four parts.” When the teacher asks why they should draw a new line and divide the 
figure in four, another student answers that the figure must have equal parts.

Ignore

By ignoring, the teacher does not pay attention to the error made by the student; 
the teacher does not say or use embodied language or long pauses to signal that the 
statement made by a student is incorrect. For example, the teacher does not say any-
thing if a student claims that 2

5
 is greater than 4

7
 . In situations where students spoke 

simultaneously and one student said something incorrect, and it seems that the 
teacher may have missed noticing what that student said, we did not interpret this 
an error. Similarly, if a student had written an error in his/her notes but that part of 
the notes was not in focus of the conversation between the teacher and the student, 



	 O. T. Kaufmann et al.

1 3

we did not code such an instance as an error since it is likely that the teacher did not 
notice the error.

Ignore use later

The way this category differs from the former is that although the error is initially 
ignored, the teacher registers the error and uses it in a subsequent stage of the les-
son. This error-handling practice was thus coded twice. First, it is coded as Ignore 
use later when the teacher ignores the error, and then in the subsequent situation 
in which the error is emphasized and used by the teacher for further instruction it 
is coded as another category. For example, the students are working on a task to 
mark a cross where they think one third of the distance around a square is (refer 
Fig.  2), and the teacher listens to the students’ suggestions without intervening. 
This instance is coded as Ignore use later. At the end of the lesson, the teacher 
focuses on three different student solutions, marked with a cross in Fig.  2. She 
draws a square on the board and marks the different solutions in order to ask: 
‘How could we figure out which of these marks are the right one? What do you 
think’? and the students contribute with suggestions. This latter instance is coded 
as Discussion.

Reflect

The teacher focuses on an error made by one or several students and asks them to 
think or talk further about the error. For example, a teacher observes a calculation 
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two students have done and says: “Till here the calculation is right, very good! Then 
from this line to the next, something’s happened. Read through it once more. Think 
about it once more. You’re almost there.”

Praise

The teacher praises a mathematically incorrect statement made by a student by say-
ing that it is good. This should not be confused by the teacher praising an aspect of 
the error and then correcting the error, as this error-handling practice would be cat-
egorized as Direct correction. Within this category, it can also be the case that the 
teacher praises other aspects of the error made by a student than just the error itself, 
i.e., the teacher ignores the mathematical aspect and praises aspects as having a 
suggestion, making an everyday example etc. For example, students have written 
an everyday example to 0.6–0.4: A pizza is divided into ten parts, Melissa ate six 
slices and Anne four slices. The teacher says: “You have made an everyday exam-
ple for the task. Very good example.” The teacher praises the everyday example 
made by the students even though the example is not correct. Note that this cat-
egory should not be confused with praising an error as a positive opportunity for 
learning.

As can be seen from the examples above, errors are predominantly of a concep-
tual nature (e.g., related to the concept of fractions), which is the case for the data 
set as a whole due to the conceptually and problem-solving oriented lessons in Boost 
for Mathematics.

In this section, we explore in more detail the quality of teachers’ error-han-
dling practices. In the discussion, we will elaborate on different teacher pro-
files in terms of the quality for students’ learning, and therefore, we will briefly 
describe how we conceptualize this quality. Regarding the quality of teachers’ 
error-handling practices, we consider some practices as more valuable for stu-
dents’ opportunities to learn. Regarding the interactive error-handling practices, 
we consider Discussion as more valuable than Embedded correction since stu-
dents are involved in a conceptually grounded discussion in the practice Discus-
sion. Regarding the non-interactive error-handling practices, we consider Teacher 
explanation as more valuable than Direct correction, owing to the fact that the 
teacher explaining the underlying conceptual reasons for why an error is not cor-
rect gives students’ richer opportunities to learn than just correcting the error 
(Brodie, 2014; Radford et al., 2011). Further, Ignore use later is considered more 
valuable than just Ignore. The quality of Ignore use later is however dependent 
on how the teacher acts when the error is raised in a subsequent stage of the 
lesson. Reflect implies that the teacher hands over the authority (Ingram et  al., 
2015) to the student(s) after having pointed out something specific to discuss in 
relation to an error. This could be an opportunity for students’ learning, but the 
teacher leaves the students alone and hence does not have control of the quality 
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of students’ reasoning. Lastly, we consider Praise as a low-quality error-handling 
practice as the teacher praises a student error, and in such situations the students 
will probably believe that their answer is correct.

Method of analysis

The analysis for the present research was performed in the following manner: 
The first and second author coded lessons from six teachers each, 26 and 25 les-
sons respectively. In the process, the first and second author studied their respec-
tive lessons several times. Each coder marked all the instances when a student error 
occurred in a lesson, i.e., the time and the error that occurred. The following episode 
was then coded according to one of the eight categories in the analytical framework 
described above. In Excel, one sheet per teacher was created for the coded error epi-
sodes for each lesson, as well as including extra descriptors such as time, category, 
description of the error and the lesson phase. Regarding lesson phase, according 
to Jackson et  al. (2013), a common lesson structure in a reform-oriented middle-
grade mathematics curriculum is the three-phase lesson. A complex task is intro-
duced, students work on solving the task, and the teacher orchestrates a conclud-
ing whole-class discussion. Heinze (2005) separates private error-handling practices 
into individual (students are working on their own) and small groups/pairs. Based 
on the literature, we have decided to divide the lesson into four phases: Introduction 
of the task, students working alone, students working in pairs or groups and whole-
class discussion. Note that the different phases of the lesson were not always struc-
tured linearly as some teachers skipped certain phases of the lesson (e.g., letting the 
students work in groups directly after the introduction of the task), or conducted a 
shorter whole-class discussion in the middle of the lesson.

We aimed to capture situations wherein the teacher handled a mathematical error 
in the classroom and investigate the moment when the teacher ignored an undis-
putable mathematically incorrect statement. Regarding Ignore it might either be the 
case that the teacher deliberately chose to not handle the error or that the teacher did 
not notice the error. Therefore, it is not as clear with Ignore as with the other error-
handling practices whether the teacher actually viewed the statement as an error. 
However, considering that we excluded errors that were only peripherally written in 
student notes (without pointed to or spoken about) and errors that were uttered by 
the students talking to one another (in parallel with the teacher focusing on the utter-
ance of another student), it can reasonably be assumed that the errors we coded as 
Ignore were noticed by the teacher, and thus, the teacher chose to deliberately ignore 
the error.

An inter-rater reliability test was conducted by randomly selecting lessons from 
each coder (first and second author) to be coded by the other coder using the catego-
ries from the analytical framework for teachers’ error-handling practices. After each 
of the coders completed the coding, the marked times and descriptions of student 
errors were compared, and after reaching an agreement upon which time stamps 
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should be included in relation to the student errors, the respective categorizations 
of the error-handling were compared. This procedure was repeated two lessons at 
a time (one lesson from each coder) until 12 lessons had been double-coded and 
compared: one lesson per teacher of the 12 teachers in the study. Therefore, 12 out 
of the 51 lessons (24%) were compared between the two coders to assess inter-rater 
reliability according to: (a) occurred student errors and (b) categorization of epi-
sodes. The inter-rater agreement for the time stamps of student errors was found 
to be 87%, which could be considered a substantial inter-rater reliability (Stemler, 
2004). In almost all the cases of disagreement, the reason was that one of the authors 
had overlooked the error, rather than a disagreement whether the episode should be 
coded as an error handling episode or not. The inter-rater agreement for the catego-
rization of episodes was found to be 92% with a Cohen’s kappa of 0.95, which could 
also be considered a substantial inter-rater reliability (Landis & Koch, 1977; Stem-
ler, 2004). After the inter-rater reliability test, each of the two coders went through 
the rest of their respective lessons once more to make sure that any of the latest dis-
tinctions that were agreed upon as part of the inter-rater reliability process were not 
overlooked.

We registered 491 episodes of error-handling practices of teachers. Considering 
that we focused on handling of conceptual errors of the teachers, we classified errors 
types by using the categories slips and conceptual errors from Gardee and Brodie 
(2015). A conceptual error is caused by a misconception (Gardee & Brodie, 2015) 
or a developing conception of a newly learnt content. The first and second authors 
coded all 491 instances as either a conceptual error or a slip. Disputes were resolved 
by discussion until agreement was reached upon whether it was considered a con-
ceptual error or a slip. In total, only 22 (4.5%) instances were considered as slips, 
with the remaining 469 instances of conceptual errors that we should focus on. An 
overview of teachers’ error handling practices across the whole lesson can be found 
in appendix. The conceptual errors thus dominate as for Gardee and Brodie (2015) 
which is not surprising due to the conceptually and problem-solving oriented les-
sons in the “Boost for Mathematics.” The teachers in our study handled the slips by 
Direct correction (10), Embedded correction (5), Reflect (3), and Ignore (4), which 
is natural because slips are caused by carelessness, and it would not make sense 
to have a long discussion or offer an explanation in relation to a slip. Regarding 
lesson phases, no disagreements were found in the process. After the coding was 
completed, the actions of each teacher in various lesson phases were summarized 
for all her/his lessons in a separate document. The diagrams depicting an overview 
of the error-handling practices of each teacher in divergent lesson phases for all her/
his lessons were also created (refer Diagram 1). For instance, a summary of one of 
the teachers’ actions in different lesson phases includes the following information 
(which is illustrated in Diagram 1):

Lisa,3 Summary: Here, it is clear that the teacher solely uses Direct correction 
in the introduction of the task. In the other phases, it is more varied, but Direct and 
Embedded correction dominate individual and pair work. In whole-class discussion, 
it is more varied between different error-handling practices.

3  Pseudonyms are used to ensure the confidentiality of the participants.
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A cross-case analysis was conducted to compare the lesson phases for each of 
the individual teacher cases to capture any existing patterns in teacher responses 
to errors, i.e., across the lesson phases. The proportion of error-handling practices 
in different lesson phases (as illustrated for one teacher in Diagram  1) was com-
pared between individual teacher cases. By looking for similarities and differences 
between teachers’ error-handling practices across lesson phases, different error-han-
dling teaching profiles emerged.

Results

The results will be presented in two parts. The first part describes teachers’ error 
handling practices in different phases of the lesson. The second part describes five 
error-handling teaching profiles we identified across individual teacher cases.

Teachers’ error‑handling practices in different lesson phases

After analyzing 51 lessons from 12 different teachers, 469 episodes were regis-
tered where the teacher handled a conceptual error. The total number of regis-
tered errors in each phase of the lesson was 38 in the introduction of the task, 

Diagram 1   Summary of Lisa’s error-handling practices for all her lessons
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144 when students worked individually, 184 when they worked in pairs/group, 
and 103 in whole-class discussions. Diagram  2 summarizes all 12 teachers’ 
error-handling practices as a percentage of the different lesson phases.

The categories of Direct correction and Embedded correction dominated all four 
of the lesson phases. In terms of the former, it was by stating the correct answer or 
saying the answer was wrong either verbally or non-verbally through body language, 
and in terms of the latter, it was by guiding the students with a series of questions to 
help the student(s) to state the correct answer. In regard to the category of Discus-
sion, this was found to be more likely to occur as part of the whole-class phase, but 
was also found to be totally absent in the introduction of the task. Although in the 
introduction and whole-class phases the teachers usually engaged with the whole 
class, the distribution of Discussion was found to differ considerably which will be 
further elaborated in the discussion section. Discussion was also found to occur dur-
ing individual work and pair/group work, but only to a small extent. Except for the 
introduction of the task, Teacher explanation was found to have a very similar dis-
tribution between the phases as the category of Discussion. One possible way of 
explaining these similarities is that the error-handling practices teachers generally 
use during the introduction of a task tend to minimize or steer students’ contribu-
tions. From this perspective, avoiding Discussion and Reflect and instead correcting, 
ignoring, and explaining makes sense.

Ignore was found to be relatively equally distributed across the phases and was 
found, surprisingly enough, to be used more frequently compared to Teacher expla-
nation. Other studies have found that teachers ignore errors to a large extent (e.g., 

Diagram 2   Teachers’ error-handling practices in different phases of the lesson



	 O. T. Kaufmann et al.

1 3

Gardee & Brodie, 2015; Schleppenbach et al., 2007). Ignore use later was found to 
be most dominant when students were working in pairs or groups. Most often the 
teacher returned to these errors as part of a whole-class discussion by explaining or 
discussing the error that had occurred earlier. Although the category of Praise was 
found to seldom occur (only two teachers praised errors repeatedly), when they did 
occur it was as a part of whole-class discussions to praise an error without correct-
ing it. It is only possible to speculate upon why teachers use such an error-handling 
practice, but one guess is that the teacher praises students’ working process rather 
than digging into the error. The Reflect category was found to be most likely used 
when students were working alone or in pairs/groups which was not a surprising 
finding. In this category, when the teacher asked a question or made a statement to 
the student(s) with the aim of having them reflect further the teacher often moved 
away to leave the students to reflect by themselves.

Error‑handling teaching profiles

To be able to draw conclusions not only about the aggregated proportion of error-
handling practices in different lesson phases for all the teachers, but also about indi-
vidual teachers’ error-handling practices across lesson phases, an analysis focusing 
on the lesson phases for each teacher was conducted. In addition, a cross-case analy-
sis was made across the individual teacher cases to look for similarities and differ-
ences between different teachers’ error-handling practices across the lesson phases 
in order to create teaching profiles with similar handling of student errors across the 
lesson phases. Five error-handling teaching profiles thus emerged among the twelve 
teachers in the study. Although in the first three teaching profiles the teachers correct 
students’ errors extensively during students’ work time, the first three profiles were 
found to differ in regards to teachers’ error-handling practices during the whole-
class phase. The following five teaching profiles emerged:

(1) Correcting errors throughout all phases

This profile is characterized by teachers who used corrections extensively—both 
Direct corrections and Embedded corrections—in the introduction of the task, in 
individual and small-group work as well as in the whole-class phase. Two teach-
ers (Tracy4 and Brenda) mainly adhered to this pattern. For Tracy, Embedded cor-
rections dominated, whereas for Brenda, Direct corrections dominated. Another 
teacher (Jennifer5) could be partly identified as adhering to this teaching profile as 
she used Direct correction in all the phases and used Embedded correction exten-
sively during small-group work. Apart from making corrections, however, Jennifer 
made use of Teacher explanations several times in small-group work and whole-
class phase, as well being in the minority of teachers who gave an explanation in the 

4  For Tracy, a third dominating error-handling practice in the introduction of the task was to ignore the 
error.
5  In Jennifer’s case, the number of errors was low in all the lesson phases except for small-group work.
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introduction phase. The baseline for her error-handling practices was thus Correc-
tions, even though she used Teacher Explanations to a certain extent.

(2) Correcting errors during students’ work while few errors are brought up in 
whole class

Teachers in this profile mainly corrected errors with Direct and Embedded correc-
tion in individual and small-group work as well as the introduction of the task (even 
though there were no errors made during Nicole’s introduction). However, in contrast 
to the first teaching profile, very few errors were highlighted by the teacher and the 
students in the whole-class phase. It might be the case that these teachers (Amy and 
Nicole), and their students tried to avoid errors in the whole-class phase. Worth men-
tioning is that both these teachers praised mathematically incorrect statements several 
times: Amy as part of whole-class work, and Nicole in individual work.

(3) Correcting errors during students’ work while using a variety of practices in 
whole class

Teachers in this profile mainly corrected students’ errors with Direct and Embed-
ded corrections in individual and pair work. In the whole-class phase, however, the 
teachers used a variety of different ways of handling errors, e.g., Teacher expla-
nation, Discussion, Reflect, Direct, and Embedded correction (see Diagram  1 for 
Lisa’s error-handling practices). In other words, the teachers’ actions in the whole-
class phase differed in significant ways compared to the first two teaching profiles. 
Two teachers (Lisa and David) adhered to this pattern. Lisa’s error-handling practice 
in the introduction phase was to use Direct correction, whereas David’s introduction 
produced no errors.

(4) Ignoring errors while using some of them in whole class

Teachers in this profile were found to mainly Ignore errors during individual 
and pair work but noted and handled some of the previously ignored errors in the 
whole-class discussion using different error-handling practices. Two teachers (Patri-
cia and Rebecca) adhered to this pattern. However, in individual work Rebecca also 
performed quite a lot of corrections of students’ errors, while Patricia only used 
Reflect. Rebecca deliberately used student errors in one lesson in particular, with 
a large amount of errors, emphasizing the most frequently occurring errors during 
the whole-class phase. No student errors were found to occur in the introduction of 
the task of Patricia and Rebecca’s lessons (except for one error that was ignored by 
Patricia).

(5) Discussing and explaining errors

In the last profile, teachers were found to use Discussion and/or Teacher explana-
tion extensively in the whole-class phase, digging conceptually into students’ errors 
and misconceptions that occurred. Discussion and Reflect were also prominent 
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practices in individual and/or small-group work. Two teachers (Melissa and Sarah) 
acted according to this pattern, which can be seen as a conscious way of handling 
errors in line with reform ideas. During these teachers’ lessons, no student errors 
were found in the introduction of the task, and consequently, there were no errors 
to handle during this lesson phase. Another teacher (Eric) can be partly identified 
as acting in line with this teaching profile, but not adhering to it entirely. Eric con-
ducted entire lessons consisting of either individual and small-group work or whole-
class work (apart from the introduction phase). His most often used error-handling 
practice during small-group work was Reflect, and in the whole-class phase, he 
began with handling errors by Discussion in the first half and by making Direct cor-
rections in the second half. This shift might be explained due to lack of time as 
this teacher seemed to be striving to implement the reform ideas for handling stu-
dent errors.6 In summary, we identified five distinct error-handling profiles across 12 
teacher cases. These error-handling profiles will be further elaborated post discus-
sion on the results in relation to different lesson phases in a broader sense.

Discussion

This article contributes to research about the error-handling practices of teachers. 
Research has focused on the error handling practices of teachers in different set-
tings and related to factors such as culture (Santagata, 2005; Schleppenbach et al., 
2007), teacher beliefs, and knowledge (Bray, 2011) and error types (Gardee & 
Brodie, 2015). As far as we know, only Santagata (2005) studied error-handling 
practices in various lesson phases. She also examined an average percentage of 
mistakes per lesson discussed publicly versus privately in Italy and the USA. We 
add to this by characterizing the patterns of error-handling practices in differ-
ent lesson phases. The research question focuses on what characterizes teachers’ 
error-handling practices of students’ conceptual errors within and across different 
lesson phases. The analysis also reveals that teachers handle errors differently in 
divergent lesson phases. Further, the public and private error-handling practices 
of teachers also differ, and we will elaborate on these differences.

The analysis of the phases

The results exhibit a great difference between the private and public error-han-
dling practices of teachers, especially between private lesson phases and whole-
class discussion. In the private activities of the students working alone and in 
small groups, three dominating error-handling practices were found, namely, 
Direct correction, Embedded correction, and Reflect (refer Diagram  2). Con-
versely, in the public activity of the whole-class discussion, error-handling prac-
tices of teachers, namely, Direct correction, Embedded correction, Discussion, 

6  How different situations such as time pressure influence how teachers handle student errors will be fur-
ther explored in forthcoming publications.
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Teacher explanation, and Ignore were more equally distributed than in the private 
activities.

Direct correction and Embedded correction are common error handling prac-
tices that occur in all the four phases of the lesson. In addition to these two 
error handling practices, we find in each phase of the lesson different dominat-
ing types of error handling practices. In the introduction of the lesson, Ignore is 
the most common error handling practice beside Direct correction and Embed-
ded correction. In this phase of the lesson, the majority of teachers do not probe 
further into errors and students are therefore given few opportunities to clarify 
and justify their ideas (White, 2003). Approximately one fifth of the errors in 
the introduction of the lesson are ignored (refer Diagram 2). Other studies, such 
as Gardee and Brodie’s (2015) study, have found that errors are relatively often 
ignored in classroom settings. It might be different explanations as to whether 
teachers ignore students’ errors in the introduction of the lesson, but it seems 
that teachers strive towards keeping this phase focused on launching the math-
ematical problem, rather than dwelling into students’ misconceptions. We guess 
that the teachers both want to keep this phase short and avoid too many poten-
tially confusing mathematical discussions but further studies are needed.

When students are working alone or in pairs, Reflect is the most common error 
handling practice beside Direct correction and Embedded correction. Reflect implies 
that the teacher hands over the authority (Ingram et al., 2015) to the student(s) after 
having pointed out something specific to discuss in relation to an error. The set-up of 
error-handling practices during these phases is in resonance with the idea that teach-
ers should not disturb students during their mathematical work, hence being some-
what invisible (Valoyes-Chávez, 2019) or non-intervening (cf. Kaufmann & Ryve, 
2022), but further studies are needed both for understanding the reasons for and the 
function of these practices.

A larger variation of error-handling practices was found in a whole-class discus-
sion including Discussion and Teacher explanation. In a whole-class discussion, 
commonly at the end of the lesson, the teacher obtains the opportunity to bring up 
errors that she/he had noticed during individual/group work. In such situations, the 
teacher thus involves the students in the discussion more than in other phases. How 
teachers handle students’ errors can have significant implications to students’ learn-
ing (Ingram et al., 2015) and using students’ errors as springboards for inquiry has 
been emphasized by several scholars (Bray, 2011; Brodie, 2014; Gardee & Brodie, 
2015, 2021; Ingram et al., 2015; Santagata, 2005; Schleppenbach et al., 2007). It can 
be argued that when the teacher uses students’ errors to set up a discussion with the 
class, the errors can act as productive pathways for building new concepts (Boaler, 
2015). Students can clear up the misunderstanding in order to be able to work fur-
ther with the problem and are encouraged to talk about the reasoning behind the 
error (Fennema et al., 1996). Although research has investigated teachers’ error-han-
dling practices in whole-class situations (Bray, 2011; Ingram et al., 2015; Schlep-
penbach et al., 2007), we characterized patterns of error-handling practices across 
different lesson phases. Our result reveal that the use of Discussion and Teacher 
explanation is most prominent in whole-class discussion, but not in the other phases 
of the lesson.
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Teaching profiles

Previous research has affirmed that teachers predominantly correct and ignore 
student errors (Gardee & Brodie, 2015). In line with the results from previous 
studies, the error-handling practices of teachers are dominated by correcting or 
ignoring student errors in the first four teaching profiles that emerged in our 
study. Nonetheless, there are crucial differences among these four teaching pro-
files in how teachers handle student errors. By taking a closer look at how the 
error-handling practices of teachers differ in different lesson phases, the picture 
from previous studies on error-handling practices is further nuanced. The five 
error-handling teaching profiles that emerged in our study are new findings in 
the research literature, and the teaching profiles are here discussed in relation 
to previous research and implications for learning.

In the first three profiles, teachers mainly correct errors in individual and 
small-group works. Nevertheless, in the whole-class phase, it differs signifi-
cantly how teachers act. In the first profile, Correcting errors through all phases, 
errors are mainly corrected, and also in the whole class. In the second profile, 
Correcting errors during students’ work while few errors are brought up in the 
whole class, few errors are highlighted in the whole class. These profiles can 
be seen in relation to the finding of Bray (2011) that some teachers avoid the 
discussion of erroneous solutions publicly. Given the lack of student–teacher 
discussion in relation to students’ errors in both these profiles, students have 
minimal opportunities to talk about their mathematical thinking (Fennema et al., 
1996) and to discuss conceptual underpinnings of their errors (Bray, 2011). This 
way of handling errors prevents errors from constituting a fundamental part of 
students’ learning in the whole-class phase, which is in stark contrast to the Ital-
ian teachers in Santagata’s (2005) study and the Chinese teachers in Schleppen-
bach et  al.’s (2007) study who publicly discussed a majority of errors. In the 
third profile, Correcting errors during students’ work while using a variety of 
practices in whole-class, errors are used as opportunities for learning through 
public discussions to a certain extent in the whole-class phase (cf. Bray, 2011).

In the fourth profile, Ignoring student errors while using some of them in whole 
class, a prominent feature is that teachers ignore student errors that they have found 
during individual and pair work and use some of them later in the whole-class phase. 
In other words, teachers ignore errors in private, but use errors to a certain extent 
in public. A large proportion of the errors are however ignored altogether without 
being followed up in the whole class. The quality of how errors are followed up in the 
whole class also differs. The intentionality level (cf. Bray, 2011) might hence be high 
in terms of focusing on student errors in this teaching profile, but this is not always 
the case. The intentionality level depends on how the teacher uses the errors in the 
whole class, i.e., to which degree the errors are employed as an opportunity to learn 
or not. In contrast to Chinese teachers in the study of Schleppenbach et al. (2007), 
who intentionally used student errors for discussing common errors, the teachers in 
the fourth profile did not use the errors intentionally, except in some cases.

In the fifth profile, Discussing and explaining errors, teachers discuss and 
explain students’ errors extensively in the whole-class phase, and to some extent 
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also when students work alone or in pairs. Errors are publicly–and to some extent 
privately–handled by digging into conceptually founded reasons for the errors. This 
profile is related to promoting conceptual understanding through the discussion of 
errors (cf. Bray, 2011). Such error-handling practices are indicative of a more pro-
ductive maths teaching style to foster reasoning by asking “why questions” instead 
of giving corrections (Radford et al., 2011).

In summary, in the fifth error-handling teaching profile errors are used produc-
tively to a higher extent, i.e., utilize errors as opportunities for learning (Brodie, 
2014; Ingram et  al., 2015; Swan, 2006) and as springboards for inquiry (Borasi, 
1994; Bray, 2011). The fourth teaching profile has the potential to create opportuni-
ties for learning from errors, but how productive it becomes relies on how teachers 
actually deal with errors when they are brought up in the whole class. Additionally, 
the third teaching profile to a certain extent adheres to the principle that learning 
may occur through the public discussions of errors, which is not the case for the first 
and second teaching profiles in which errors are mainly corrected or avoided in the 
whole-class setting. Although the findings of this study provide insights into teach-
ers’ error-handling practices, it is important to note that this study also has several 
limitations. First, it has a limited scope. In particular, this study focuses on teachers 
from the fourth, fifth, and sixth grades. Thus, studying the error-handling practices 
of teachers in Grades 1–3 and 7–9 could be of interest to future researchers who 
aim to compare the different grade levels. Second, this study highlights teachers’ 
error-handling practices within and across lesson phases. However, we have not 
considered the influence of teachers’ beliefs and knowledge on their error-handling 
practices, or whether such practices hold across different settings. In some of the 
teachers’ lessons, numerous errors occurred. The amount of errors committed dur-
ing a lesson may have affected their error-handling practices.

It is the authors’ hope that designers of professional development programs in 
mathematics education might benefit from the findings of the present study. A sig-
nificant challenge in accomplishing ambitious reform is the way teachers view their 
students’ capabilities (Jackson et al., 2017), which can further be revealed by how 
teachers handle student errors in the classroom. The findings of this study reveal 
how teachers handle errors differently in divergent lesson phases. Therefore, teach-
ers must know these differences to create springboards for inquiry (Borasi, 1994; 
Bray, 2011) by giving students time and opportunities to discuss their errors with 
their peers in small groups and in the whole-class setting. Further research is essen-
tial to investigate potential reasons for these five error-handling teaching profiles. In 
some lesson sequences, especially in individual and pair works, we observed fairly 
considerable disturbance and time pressure. The teacher needed to handle many 
questions and errors. Further research could also consider whether—and how—the 
error-handling practices of teachers are affected by these factors. Moreover, by con-
necting teacher beliefs and mathematical knowledge for teaching to the error-han-
dling practices of teachers, we answer questions as (1) under what circumstances 
teachers decide and manage to handle students’ errors in productive and conceptu-
ally founded ways and (2) what might be the reasons for such teachers to correct and 
ignore student errors instead.
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