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ABSTRACT

This study aims to determine how the error-based activity (EBA) applications used in teaching 
fractions to sixth-grade students affect the academic achievement of the students, the 
perceived error climate in the classroom, student math anxiety levels, the permanence of 
the knowledge, and student views on the EBA applications. In the quantitative part of this 
research, a mixed-method study, a quasi-experimental design with a pretest-posttest control 
group was used to examine the effects of EBA applications on math achievement, math 
anxiety levels, classroom error climate, and permanence. A purposive sampling method was 
used to collect the quantitative data for the study. In the qualitative part of this research, a 
case study, semi-structured interviews were conducted with nine volunteers from the 
experimental group to determine the student views of EBA practices. Analyzing the data 
obtained showed that EBA had a positive effect on student success, positively affected the 
perceived error climate in the classroom, and effectively reduced student math anxiety levels 
and made the knowledge permanent. Apart from this, the results indicated that EBA 
applications positively affect students in terms of cognitive and affective aspects, increase 
the quality of teaching, and can be effective in different subjects and courses.
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Introduction

All students make some mistakes in mathematics lessons. Unsuccessful 
students make mistakes often. Successful students also sometimes struggle 
with new easy topics and make mistakes. But this is expected (Hodgen & 
Askew, 2010). Unfortunately, many students are afraid of making mistakes 
due to their personal characteristics (Käfer et al., 2018; Tulis et al., 2016). 
Without a positive attitude toward mistakes, learning does not take place 
(NCTM, 2000). Errors must be incorporated into the learning environment 
in the right way or students will believe that they have failed (Matteucci et 
al., 2015). Although making mistakes is seen as a negative situation, mistakes 
can often be more informative than correct answers in the learning environment 
(Kurdal, 2016), because the mistake made by the student gives the educator 
the opportunity to determine the extent to which the subject is understood 
and to provide feedback to the student (Hodgen & Askew, 2010). 
 Since mistakes cannot be prevented, suitable environments can be created 
for better recognition of mistakes and learning from mistakes. These mistakes 
should be used appropriately, discussed in the course, and turned into 
opportunities (Borasi, 1988, 1996). Students should be given the opportunity 
to examine and criticize different ways of thinking. Thus, errors should be 
used as a teaching tool in the classroom and students should be supported 
in their creation of knowledge by improving their understanding (Borasi, 
1994; Heinze, 2005; Kurdal, 2016; Seifried & Wuttke, 2010). Große and Renkl 
(2007) referred to this as learning with incorrect solutions. Learning with 
incorrect solutions is important because being able to explain why the incorrect 
is wrong as well as saying why the correct is right is seen as proof that learning 
has been effective (Siegler, 2002). Since we use learning with incorrect 
solutions as a method in our study and have also included some more 
conceptual errors, we refer to the activities as error-based activities (EBA).

1 Theoretical framework

1.1 Positive and Negative Knowledge
Mistakes have been seen as obstacles for students to learning the truth (Ingram 
et al., 2015; Matteucci et al., 2015; Metcalfe, 2017; Swan, 2002; Wasilewski, 
2023). Especially toward the end of the 20th century, when the effects of the 
constructivist approach emerged in education, mistakes became an important 
part of learning (Konyalıoğlu et al., 2019; Oser & Spychiger, 2005). Thus, the 
concept of negative knowledge was formed. Negative knowledge is when 
invalid or unnecessary knowledge is not seen as worthless on the way to the 
goal of completing a specific task. In short, negative knowledge is when an 
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individual knows what is wrong and what should not be done about a particular 
task (Gartmeier et al., 2008). In the field of education, Oser and Spychiger 
(2005) evaluated negative knowledge as a part of learning and put forward 
the negative knowledge theory, which states that negative knowledge plays 
an important role in preventing errors. According to the theory, errors in 
mathematics lessons significantly support the development of mathematical 
knowledge (Heinze, 2005). This theory also mentioned positive knowledge. 
 Positive knowledge, free from errors, is defined as knowing what a person 
should do or avoiding mistakes (Akpınar & Akdoğan, 2010). In short, it is 
doing the right thing (Spychiger et al., 2006). Using only positive knowledge, 
however, the student continues to think in previous ways and is unable to 
use new ways of thinking. For this reason, the cognitive approach, which 
advocates the use of only positive knowledge, and the behavioral approach, 
which ignores errors, have been criticized (Heinze, 2005; Parviainen & 
Eriksson, 2006). Positive knowledge alone cannot enable a metacognitive 
approach; teaching with activities aimed at gaining negative knowledge 
contributes to metacognitive development (Melis et al., 2010). Although 
positive knowledge is necessary for learning, it is not sufficient on its own. 
According to Heinze (2005), when making mistakes is prohibited during the 
learning process, knowledge cannot be structured. Negative knowledge is 
needed to eliminate this inadequacy. In this context, instead of saying that 
one of these two types of knowledge is more valuable than the other, it would 
be more appropriate to use these two types of knowledge together and consider 
negative knowledge, which supports cognitive and affective features, as a 
complement to positive knowledge. Positive knowledge is lacking in terms 
of questioning and gaining different perspectives. Therefore, it is thought 
that negative and positive knowledge should be used together in learning 
environments (Akpınar & Akdoğan, 2010; Heinze, 2005).

1.2 Error Based Activities
Positive knowledge is necessary for learning, but it is not sufficient. Negative 
knowledge is needed to complete the missing points of positive knowledge. In 
order to meet this need, a constructivist approach should be adopted. In this 
approach, correct knowledge can be clearly determined by using errors, an 
environment can be created for high-level learning, and questioning, discovery, 
and knowledge structuring can be achieved. Thus, by appropriately incorporating 
errors into the learning process, the learning action can be conducted correctly 
(Gedik, 2014; Heinze 2005; Özkaya, 2015; Özkaya et al., 2022). 
 In the learning environment, mistakes are seen as a springboard (Borasi, 
1994). In other words, students can turn mistakes into useful steps in their 
learning process (Borasi, 1988; Heinze & Reiss, 2007; Rach et al., 2013). Some 
studies have achieved positive results in relation to the use of errors in the 
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classroom (Abay & Clores, 2022; Durkin & Rittle-Johnson, 2012; Heemsoth 
& Heinze, 2016; Heinze & Reiss, 2007; Matteucci et al., 2015; Rach et al., 
2013). But first, the students’ emotional-motivational positioning toward 
mistakes needs to be improved to develop a positive understanding of errors 
in learning (Grassinger & Dresel, 2017). 
 When students make mistakes in lessons, they often develop a negative 
emotional-motivational state (Tulis et al., 2016). Teachers, in particular, should 
make an effort to correct this situation. According to Tulis (2013), teacher 
behavior toward mistakes affects student performance in learning from 
mistakes. Teacher behaviors toward errors include organizing and implementing 
activities to reveal errors, deliberately addressing errors, promoting conceptual 
learning by discussing errors, and mobilizing students toward errors (Bray & 
Santagata, 2013). An important point here is to deliberately turn to mistakes. 
Teachers must be able to deliberately produce inaccuracies and, of course, be 
willing to do so. Palkki and Hastö (2019) stated that even when teachers had 
developed a positive perspective on mistakes, they were not sure about the 
effectiveness of mistakes in learning. However, making errors is an important 
experience that increases learning and motivation (McMillan & Moore, 2020). 
Dresel et al. (2013) explained this experience as the ability to transform errors 
into action processes. Students who can transform errors into action processes 
explain the underlying cause of the error with cognitive and metacognitive 
processes, thereby gaining affective abilities such as resilience and risk-taking 
(Dresel et al., 2013; McMillan & Moore, 2020). 
 It is clear that mistakes benefit the student cognitively, because the act of 
learning is associated with detecting errors and discovering their causes. If 
learning has occurred, errors must be identified with the knowledge learned 
(Konyalıoğlu et al., 2010). Errors play a key role in understanding why and 
how wrong situations occur. In this way, learning negative knowledge is 
effective (Dalehefte et al., 2012). Mistakes are an effective tool for revealing 
the learning difficulties experienced by the student and in reducing and 
improving these difficulties. By using errors appropriately, students can 
become aware of their mistakes so that they are not deprived of the opportunity 
to explain and correct them. A difficult lesson can become extremely 
motivating thanks to activities in which mistakes are used as instruction 
(Borasi, 1987). Errors in the classroom are analyzed by teachers in different 
ways. Peng (2010) mentioned that the types of error analysis, defined as 
identification, interpretation, evaluation, and correction, can be developed 
from the definition at the bottom to the correction at the top. Correction is 
a teaching strategy used to eliminate a mathematical error that has occurred 
(Peng & Luo, 2009). An error defined in class can be addressed either 
pragmatically and in a results-oriented way or analytically in a process-oriented 
way. In the second approach, the error is analyzed and its prevention is 
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attempted, but it is not directly corrected (Rach et al., 2013). The role of error 
in the learning process in the classroom is a key point in preventing errors. 
 Matteucci et al. (2015) evaluated the research on how error is handled in 
the classroom in two parts. The first approach concerns social situations for 
errors; the second approach involves situations for using errors effectively in 
student learning. The latter is important because, as in the constructivist 
approach, errors promote cognitive conflict and are part of the learning 
process (Matteucci et al., 2015). It is clear that errors are effective for learning, 
but it is not clear how errors should be used in the classroom (Heemsoth & 
Heinze, 2016). In addition to using student mistakes, incorrect examples can 
also be used during teaching (Heemsoth & Heinze, 2014). Error-based 
activities also use incorrect examples after the correct examples are given. 
This practice is effective if students fully understand the concepts and study 
the correct examples (Große & Renkl, 2007). 
 The essence of EBA, which provides expertise in negative knowledge, is 
learning from mistakes. Examples with incorrect solutions are given to the 
student, and then the student is asked to find the errors made and give the 
correct solution. Presenting correct and incorrect examples together ensures 
that knowledge is learned in a consistent structure. The most critical point 
here is that an error can be structured so as to prevent further errors during 
the learning process and can be used in the lesson. The student can be enabled 
to recognize what is wrong, avoid these actions, and turn to what is right 
(Akpınar & Akdoğan, 2010; Heinze & Reiss, 2007; Yıldırım, 2019). Thus, the 
concept of error, the existence of which may have previously caused negative 
thinking, can now be considered as conveying a positive message that correct 
learning can be achieved (Doğan-Fırat, 2011). 
 EBA emerges as teaching practices that structure knowledge. To ensure 
this structuring, correct and incorrect information is presented together and 
both types of knowledge are learned. In this way, errors made are transformed 
into beneficial structures (Dalehefte et al., 2012; Gedik, 2014). This approach 
aims to ensure that individuals create accurate knowledge of themselves. 
Errors are thus an aid to correct information in creating knowledge.  
The point to be considered here is not to avoid making mistakes; it is to be 
aware of the mistake made (Akpınar & Akdoğan, 2010; Gedik, 2014; Özkaya 
et al., 2022). Preventing errors is contrary to knowledge structuring, which 
is the main principle of the constructivist approach (Heinze, 2005). For this 
reason, the idea that errors are to be prevented and avoided should not be 
imposed on the student. Otherwise, the student will not have the opportunity 
to explore and evaluate their misconceptions (Tulis, 2013).
 When empirical research on error-based activities was examined, Durkin 
and Rittle-Johnson (2012) showed that students learned the concept of decimal 
representations and its key components better in a classroom in which errors 
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were used in teaching. Heemsoth and Heinze (2014), who investigated 
fractions lessons in the seventh and eighth grades, experimentally showed 
that teaching with errors played a role in the acquisition of negative knowledge 
by students with sufficient prior knowledge. Again, it has been shown that 
students who adopt learning from their own errors are experimentally superior 
in terms of conceptual learning (Heemsoth & Heinze, 2016). In addition to 
these studies in which there are cognitive differences, there are also studies 
in which there is an affective difference instead of a cognitive difference. 
Rach et al. (2013) revealed that after the error-based activity (EBA) training 
they had provided teachers, the student fear of making errors decreased  
and the teacher behaviors were perceived as positive. In their quasi-
experimental study demonstrating the effectiveness of error-based activities, 
Heinze and Reiss (2007) investigated the effectiveness of teacher-implemented 
error-based activities in middle and high school students. In this study, 
although there was no significant difference between the experimental and 
control groups in terms of cognition, there were differences in terms of affect. 
This situation shows that a positive error climate should be created in 
classrooms where error-based activities are implemented. Thus, the affective 
effects of error-based activities can also be examined. 
 Students and teachers must develop positive attitudes toward mistakes, 
that is, a positive error climate must be created in the classroom to adopt the 
approach of learning from errors (Guzmán-Muñoz et al., 2009; Tulis, 2013). 
With such a positive attitude, students do not hesitate to make errors. Correct 
perspectives can then be gained by analyzing the errors made and the 
necessary corrections can be made (Soylu & Soylu, 2006). The possible effects 
of the perceived error climate in the classroom, as revealed by Steuer et al. 
(2013), are shown in Figure 1. 

Figure 1 
Expected Effects of Perceived Error Climate Source: Steuer et al. (2013)
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Figure 1  

Expected Effects of Perceived Error Climate                                              Source: Steuer et al. (2013) 

 

It may be that error-based activities will positively change the perceived error climate in 

the classroom. It is important to reveal the affective results, as mentioned. It has been shown 

that students do not hesitate to make mistakes in a class with a positive error climate, especially 

in mathematics (Heinze & Reiss, 2007; Rach et al., 2013). Again, it was determined that 

students in a positive error climate developed a positive attitude toward mathematics (Özkaya 

et al., 2022) and had high motivation toward the course (Turner et al., 1998). Another affective 

situation that should be considered in a classroom where error-based activities are practiced is 

mathematics anxiety. Math anxiety is caused by the student, the teacher, or the teaching (Harris 

& Harris, 1987). Error-based activities are directly related to these three situations (Palkki & 

Hästö, 2019). It has been found that mathematics anxiety decreases in mathematics lessons in 

non-traditional classroom environments (Batton, 2010). 

 

1.3 Research Questions 

The main purpose of this study is to seek an answer to the question “What is the impact of EBA 

applications used in teaching fractions to sixth-grade students in terms of some variables?” In 

this context, answers to the following sub-research questions were sought. 

1. What is the effect of EBA applications on sixth-grade student success in fractions? 

2. What is the effect of EBA applications on the perceived error climate in the classroom? 
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It may be that error-based activities will positively change the perceived error 
climate in the classroom. It is important to reveal the affective results, as 
mentioned. It has been shown that students do not hesitate to make mistakes 
in a class with a positive error climate, especially in mathematics (Heinze  
& Reiss, 2007; Rach et al., 2013). Again, it was determined that students in  
a positive error climate developed a positive attitude toward mathematics 
(Özkaya et al., 2022) and had high motivation toward the course (Turner et 
al., 1998). Another affective situation that should be considered in a classroom 
where error-based activities are practiced is mathematics anxiety. Math anxiety 
is caused by the student, the teacher, or the teaching (Harris & Harris, 1987). 
Error-based activities are directly related to these three situations (Palkki  
& Hästö, 2019). It has been found that mathematics anxiety decreases in 
mathematics lessons in non-traditional classroom environments (Batton, 
2010). 

1.3 Research Questions
The main purpose of this study is to seek an answer to the question “What 
is the impact of EBA applications used in teaching fractions to sixth-grade 
students in terms of some variables?” In this context, answers to the following 
sub-research questions were sought.

1. What is the effect of EBA applications on sixth-grade student success 
in fractions?

2. What is the effect of EBA applications on the perceived error climate 
in the classroom?

3. What is the effect of EBA applications on sixth-grade student math 
anxiety levels?

4. What is the effect of EBA applications on the persistence of fraction 
understanding?

5. What are the opinions of sixth-grade students about EBA applications?

2 Methods

The quantitative aspect of the study was aimed to examine the effects of EBA 
applications on mathematics achievement, math anxiety levels, classroom 
error climate, and permanence of knowledge. For this purpose, a quasi-
experimental design with a pretest-posttest control group was used. Certain 
variables that could be affected in these patterns were tested. Lessons were 
carried out with EBA applications in the experimental group to determine 
the effect of the independent variables. In the control group, the curriculum 
lessons were carried out and no other intervention was made. In this research, 
pre-tests were applied to the experimental and control groups before the  
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EBA application lessons were started, and post-tests were applied after the 
lessons were taught. The relevant data were collected. 
 The qualitative dimension of this study was a case study to determine 
student attitudes toward errors. After the post-tests were applied to the groups, 
semi-structured interviews were conducted with voluntarily selected students 
from the experimental group. Student opinions about EBA applications were 
thus obtained.

2.1 Participants 
The “sequential mixed method sampling” method was used to determine the 
sample of this mixed method research. In this method, sample selection is made 
sequential ly using probabil ity and purposeful sampling methods.  
With this technique, a sample of the quantitative research becomes the 
determining factor for the subsequent qualitative research (Baki & Gökçek, 
2012; Kemper et al., 2003). This research was aimed at selecting information-
rich situations and examining them in depth (Büyüköztürk et al., 2020). 
The research group consisted of 44 sixth-grade students, 21 from the experimental 
group and 23 from the control group. In the qualitative dimension of the 
research, nine students from the experimental group were selected for interviews. 
While selecting these students, the changes between the pre-tests and post-tests 
results and the changes in their participation in the course were taken into 
consideration. Three groups were created: high, medium, and low level, and 
three students were randomly selected from each group. The selected students 
were asked whether they wanted to participate in the interview, and interviews 
were held following their voluntary consent. The students interviewed were 
categorized as L (low), M (medium), and H (high).

2.2 Data Collection Tools
Both quantitative and qualitative data collection tools were used in the 
research. The data collection tools of this study consisted of Subject 
Comprehension Test, Classroom Error Climate Student Questionnaire, 
Mathematics Anxiety Scale, and Semi-Structured Interview Questions.

2.2.1 Subject Comprehension Test (SCT)
The Subject Comprehension Test (SCT), consisting of open-ended questions, 
was prepared by the researcher and an expert in the field in order to determine 
the success of sixth-grade secondary school students in fractions. Using open-
ended questions is more effective in measuring high-level behaviors such as 
analysis, synthesis, and evaluation (Atılgan et al., 2007). In particular, the phrase 
“Explain how you did it” was added to the end of the questions. The student 
answers were thus examined in depth. The last version of the SCT was evaluated 
by an expert in the field after the pilot application and was prepared for use for 
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the main study. It was applied at pre-test and post-test. A scoring key for the 
SCT was prepared by the researchers. The scoring key was created to check the 
existence and accuracy of the solution and an explanation for each question. 
The scoring key was examined by an expert and finalized. In order to determine 
the reliability of the scoring by the researchers in line with the scoring key, 14 
exam papers randomly selected from the pilot study were read by a mathematics 
teacher other than the researchers. The correlation coefficient of the scores 
made independently of each other was calculated. The determination of an 
agreement between scorers is presented as evidence of reliability (McMillan & 
Schumacher, 2010). The results showed a positive significant relationship 
between the two raters [r = 0.924, p < 0.01]. According to this result, the 
consistency between raters is quite high. Based on all the validity and reliability 
studies, it was decided that the SCT was appropriate for use in the main study. 
Scoring key is given in Table 1.

Table 1
The scoring key

EXPLANATION

No  
Explanation  

 
(0)

False 
Explanation  

 
(1)

Partially True/ 
Incomplete 
Explanation  

(2)

Complete/ 
Accurate 

Explanation  
(3)

No Solution (0) 0 1 2 3

Incorrect Solution (1) 1 2 3 4
Incomplete/Partly Correct 
Solution (2) 2 3 4 5

Complete/Correct Solution (3) 3 4 5 6

2.2.2 Classroom Error Climate Student Questionnaire (CECSQ)
In order to determine the effect of EBA on the perceived error climate in 
the classroom, the Classroom Error Climate Student Survey (CECSQ), 
developed by Steuer et al. (2013) and adapted into Turkish by Kalaç et al. 
(2022), was used. Validity and reliability studies of the scale were conducted 
by Kalaç et al. (2022), and Cronbach’s α value was calculated as 0.86. In order 
to recalculate the reliability of the scale, the Cronbach’s α value was calculated 
by the researcher as 0.92 with data obtained from 43 students who were not 
in the experimental or control groups. According to Field (2009), if the 
Cronbach α coefficient calculated for a test is equal to or greater than 0.70, 
the reliability of the scale is at an acceptable level. Therefore, it was decided 
to use the scale in the main study.

ERROR-BASED ACTIVITY APPLICATIONS IN SIXTH GRADE FRACTION TEACHING



42

2.2.3 Mathematics Anxiety Scale (MAS)
In order to determine the effect of EBA on the level of anxiety toward 
mathematics, the Mathematics Anxiety Scale (MAS) created by Bindak  
(2005) was used. The validity and reliability studies of the scale were tested 
by Bindak (2005), and Cronbach’s α value was calculated as .84. Cronbach’s 
α value was recalculated by the researcher with the data obtained from  
43 students who were not in the experimental or control groups and was 
found to be .87. According to the Cronbach α coefficient, it can be concluded 
that the MAS is quite reliable for measuring the level of anxiety toward 
mathematics. Therefore, it was decided to use MAS in the main study.

2.2.4 Semi-Structured Interview Questions (SSIQ)
Semi-structured interviews were conducted to determine student thoughts 
about EBA applications. SSIQ were prepared by the researchers and an expert 
in order to collect the qualitative data of the study and describe the obtained 
quantitative data. After the post-tests were administered, interviews were 
held with nine volunteer students from the experimental group. The interviews 
were audio-recorded to ensure an objective process, and data loss prevention 
was attempted. It was stated that students would be given pseudonyms.

Figure 2
Process of Study
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2.3 Process 

The study lasted five weeks. In the experimental group, incorrect and correct question solutions 

were given together and the students were asked to discuss these solutions and find the reasons 

for the error and the correct solution. Afterward, the correct solution was shown and the reasons 

for the errors made in the incorrect solution were explained. While the lessons were conducted 

with EBA applications in the experimental group, the lessons simply followed the mathematics 

curriculum in the control group: the correct solution of the given problem was made, but 

incorrect solutions were not given. The process of study is shown in Figure 2 and an example 

application in the experimental group is shown in Figure 3. 

 

Figure 2 

Process of Study 

APPLICATION PROCESS

PRE TESTS
Subject Comprehension Test (SCT)

Classroom Error Climate Student Questionnaire (CECSQ)
Math Anxiety Scale (MAS)

POST TESTS
Subject Comprehension Test (SCT)

Classroom Error Climate Student Questionnaire (CECSQ)
Math Anxiety Scale (MAS)

PERSISTENCE TEST
Subject Comprehension Test (SCT)

Semi-Structured Interview 
Questions

(SSIQ)

Teaching with Error-Based 
Activity Applications

Teaching in Accordance with 
the Mathematics Curriculum

EXPERIMENTAL GROUP CONTROL GROUP
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Figure 3
Sample activity for the experimental group

 
Figure 3 

Sample activity for the experimental group 

1. Through error-free question solutions prepared classroom activity 

Question: Show the fraction 1
4
 on the number line. 

Solution: First, we must check whether the given fraction is a simple or compound fraction is a simle or 
compound fraction. Since the numerator of the given fraction is less than the denominator, it is simple fraction. 
Simple fraction; It is means dividing the denominator of a whole into equal parts and considering the 
numerator. In other words, we need to divide the range range 0-1 on the number line into four equal parts and 
determine the first part. 

  

The range 0-1 on the number line into 4 equal parts and the first part is marked. 

2. Prepared based on wrong question solutions classroom activity 

Error Phase: The teacher ask the students to read the given question and think about the solution. 

Question: Show the fraction 5
6
 on the given number line. 

 

Solution: We must divide the given range into six equal parts and mark the fifth part. 

 

Discussion Phase: The teacher asks the students to determine whether there is an error in solving this problem 
and, if so, what the reason. The teacher expects students to express their opinions through questioning, 
discussion and active learning methods. 

Evaluation Phase: Based on the feedback from the students for the incorrect solution, it evaluates this solution 
with all students in the class. 

Giving the Correct Answer Phase: The teacher presents the correct solution to the problem to the student. 
The given fraction is a simple fraction and lies between 0-1. The integer 1 should be written on the number 
line. Then, the area between 0 and 1 is divided into 6 equal parts and the fifth part is marked. In this way, we 
show the location of the fraction 5

6
.  

 

Explaining the Reason for the Error Phase: The teacher explains the reason for the incorrect solution to the 
students. When showing the place of a fraction, a whole is taken and divided into equal parts equal to the 
number in the denominator. However, it was not noticed that the numbers on the number line given in the 
above solution do not consist of consecutive integers. Therefore, a correct solution could not be made. The 
range 0-1 should be divided into six equal parts and the fifth part should be marked.  
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Figure 4
Tests used in the analysis of SCT
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2.4 Analysis of Data 

The analysis method to be applied to the quantitative data obtained from SCT, CECSQ, and 

MAS was chosen by looking at normality conditions. Qualitative data were subjected to content 

analysis. 

 

2.4.1 Analysis of SCT 

Considering that the difference scores exhibited a normal distribution, a dependent samples t-

test was conducted in order to determine whether there was a significant difference between the 

pretest-posttest scores and the persistence test scores. An independent samples t-test was 

conducted to compare SCT scores in independent samples. The tests used within and between 

groups are shown in Figure 4. 

 

 
Figure 4 

Tests used in the analysis of SCT 

 

2.4.2 Analysis of CECSQ  
Since the difference scores showed a normal distribution, a dependent samples t-test was conducted to 

determine whether the difference between the pre-test and post-test scores in dependent samples was 

significant. In addition, since the post-test scores of the experimental group did not exhibit a normal 

distribution, the Mann-Whitney U-test used to determine whether there was a significant difference 

between the post-test CECSQ scores of the experimental and control groups. An independent samples 

SCT 

Experimental group Control group 

Independent samples t test 
Pre-test Pre-test 

Independent samples t test 
Post-test Post-test 

Permanence test Permanence test 

Dependent samples t test Dependent samples t test 
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2.3 Process
The study lasted five weeks. In the experimental group, incorrect and correct 
question solutions were given together and the students were asked to discuss 
these solutions and find the reasons for the error and the correct solution. 
Afterward, the correct solution was shown and the reasons for the errors 
made in the incorrect solution were explained. While the lessons were 
conducted with EBA applications in the experimental group, the lessons 
simply followed the mathematics curriculum in the control group: the correct 
solution of the given problem was made, but incorrect solutions were not 
given. The process of study is shown in Figure 2 and an example application 
in the experimental group is shown in Figure 3.

2.4 Analysis of Data
The analysis method to be applied to the quantitative data obtained from 
SCT, CECSQ, and MAS was chosen by looking at normality conditions. 
Qualitative data were subjected to content analysis.

2.4.1 Analysis of SCT
Considering that the difference scores exhibited a normal distribution, a 
dependent samples t-test was conducted in order to determine whether there 
was a significant difference between the pretest-posttest scores and the 
persistence test scores. An independent samples t-test was conducted to 
compare SCT scores in independent samples. The tests used within and 
between groups are shown in Figure 4.
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2.4.2 Analysis of CECSQ 
Since the difference scores showed a normal distribution, a dependent samples 
t-test was conducted to determine whether the difference between the pre-test 
and post-test scores in dependent samples was significant. In addition, since 
the post-test scores of the experimental group did not exhibit a normal 
distribution, the Mann-Whitney U-test used to determine whether there was 
a significant difference between the post-test CECSQ scores of the experimental 
and control groups. An independent samples t-test was conducted to compare 
the pre-test CECSQ scores of the groups. The tests used within and between 
groups are shown in Figure 5.
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Figure 6
Tests used in the analysis of MAS

2.4.4 Analysis of semi-structured interviews
Content analysis is defined as summarizing and stating the basic content of 
the written data and the messages it contains (Cohen et al., 2005). With content 
analysis, the available data can be coded and managed (Büyüköztürk et al., 
2020). The resulting codes can be organized, defined, and interpreted under 
certain themes (Yıldırım & Şimşek, 2011). In this research, the audio recordings 
obtained from the interviews were converted into written text documents by 
the researcher and the answers were transferred to a computer environment 
in direct quotes. Coding was done to analyze the answers given. Student 
statements were frequently included in the findings section. The data obtained 
from the interviews were analyzed by an expert in the field and reliable results 
were attained.

3 Findings

3.1 Findings regarding the effect of EBA applications on student achievement
In this section, an answer was sought to the research problem “What is the 
effect of EBA applications on the achievement of sixth-grade students in 
fractions?”

Table 2
SCT Independent t-test

Test Group N M SD df t p

Pre-Test
Experimental 21 25.333 10.827

42 −0.099 0.922
Control 23 25.652 10.598

Post-Test
Experimental 21 73.762 25.420

42 2.582 0.013
Control 23 56.522 18.628
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As the SCT was applied as a pre-test, no statistically significant difference 
was observed between the pre-test SCT average of the experimental group 
M = 25.33 and the pre-test SCT average of the control group (M = 25.65) 
[t(42)= −0.099, p > 0.05]. In other words, the groups were equal in terms of 
success before the study started. When the SCT was applied as a post-test,  
a statistically significant difference was observed between the post-test 
SCT average score of the experimental group (M = 73.76) and the post-test 
SCT average score of the control group (M = 56.52) in favor of the experimental 
group [t(42) = 2.582, p < 0.05] (see Table 2). However, the effect size was 
calculated as η2=.137, which shows that the difference between the post-test 
scores of the two groups was moderate. 

Table 3
Pre-test and post-test SCT-dependent t-test

Group Test N M SD df t p

Experimental
Pre-Test 21 25.333 10.827

20 −13.183 0.000
Post-Test 21 78.762 25.420

Control
Pre-Test 23 25.652 10.598

22 −9.034 0.000
Post-Test 23 56.522 18.628

There was a significant difference between the mean of pre-test scores  
(M = 25.33) and the mean of post-test scores (M = 78.76) in the experimental 
group [t(20) = −13.183, p < 0.05] (see Table 3). The effect size of this difference  
was calculated as η2 = 0.897. Almost 90% of the significant difference between 
the pre-test and post-test scores is probably due to the teaching method 
(teaching with EBA applications). In the control group, there was also a 
significant difference between the mean of pre-test scores (M = 25.65) and 
the mean of post-test scores (M = 56.52) in favor of the post-test [t(22) = −9.034, 
p < 0.05] (see Table 3). The effect size of this difference was calculated as  
η2 = 0.788. Almost 79% of the significant difference between the pre-test and 
post-test scores is probably due to the teaching method (teaching by the 
curriculum). Considering that the calculated eta square effect sizes are 0.897 
in the experimental group and 0.788 in the control group, it can be concluded 
that teaching with EBA applications is more effective for learning.

3.2 Findings regarding the effect of EBA applications on the perceived error climate  
in the classroom

In this section, an answer was sought to the research problem “What is the 
effect of EBA applications on the error climate perceived in the classroom?”

ERROR-BASED ACTIVITY APPLICATIONS IN SIXTH GRADE FRACTION TEACHING
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Table 4
Pre-test CECSQ independent t-test

Groups N M SD df t p
Experimental 21 104.641 19.576

42 0.868 0.390
Control 23 99.904 16.615

As the CECSQ was applied as a pre-test, there was no statistically significant 
difference between the pre-test CECSQ average of the experimental group 
(M = 104.64) and the pre-test CECSQ average of the control group (M = 99.90) 
[t(42) = 0.868, p > 0.05] (see Table 4). In other words, the groups were equivalent 
to each other in terms of the perceived error climate in the classroom before 
the study started.

Table 5
Post-test CECSQ Mann-Whitney U Test

Groups N Rank Average Rank Sum U z p
Experimental 21 29.57 621

93 −3.491 0.000
Control 23 16.04 369

There was a statistically significant difference between the scores of the 
experimental group (Median: 123) and the control group (Median: 94) (U = 93, 
p < 0.05) (see Table 5). The effect size of this difference was found to be  
r = 0.53. The calculated r value shows that the difference between the post-
test scores of these two groups is a high-level difference in favor of the 
experimental group. When compared to the control group in terms of 
classroom error climate, it can be said that a positive attitude toward errors 
was developed in the experimental group.

Table 6
CECSQ dependent t-test

Groups Test N M SD df t p

Experimental
Pre-Test 21 104.641 19.576

20 −8.620 0.000
Post-Test 21 116.454 17.839

Control
Pre-Test 23 99.904 16.615

22 1.385 0.180
Post-Test 23 93.518 18.439

The dependent samples t-test of the CECSQ showed a significant difference 
between the mean of the pre-test (M = 104.64) and the mean of the post-test 
(M = 116.45) in favor of the post-test in the experimental group [t(20) = −8.620, 
p < 0.05] (see Table 6). The effect size of this difference was calculated as 
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η2=.788. There was no significant difference between the mean of the pre-test 
(M = 99.90) and the mean of the post-test (M = 93.52) in the control group 
of CECSQ [t(22) = 1.385, p > 0.05] (see Table 6). Considering that while no 
difference was observed in the control group, the eta squared effect size 
calculated in the experimental group was 0.788 and that this effect created  
a significant difference in favor of the post-test, it can be concluded that 
teaching with EBA applications is effective in the formation of a positive 
error climate in the classroom.

3.3 Findings regarding the effect of EBA applications on math anxiety
In this section, an answer was sought to the research problem “What is the 
effect of EBA applications on sixth-grade student math anxiety levels?” 

Table 7
MAS Mann-Whitney U test

Test Groups N Rank Average Rank Sum U z p

Pre-Test
Experimental 21 19.29 405

174 −1.588 0.112
Control 23 25.43 585

Post-Test
Experimental 21 14.90 313

82 −3.759 0.000
Control 23 29.43 677

The Mann-Whitney U test performed for the scores obtained from the  
pre-test MAS showed no statistically significant difference between the scores  
of the experimental group (Median: 18) and the control group (Median: 29) 
(U = 174, p > 0.05). The experimental and control groups were equal in terms 
of math anxiety levels before starting the study (Table 7). 
 A statistically significant difference was observed between the scores  
of the experimental group (Median: 13) and the control group (Median: 29) 
from the post-test MAS (U = 82, p < 0.05) (see Table 7). The effect size of 
this difference was calculated as r = 0.57. The calculated r value shows that 
the difference between the post-test scores is a high-level difference in favor 
of the control group. Therefore, there was a decrease in the math anxiety 
levels of the experimental group students as compared to the control group.

Table 8
MAS Wilcoxon signed-rank test applied to the experimental group

Pre-Test/Post-Test N Rank Average Rank Sum z p
Negative Rows 21 11 231

−4.021 0.000Positive Rows 0 0.0 0.0
No Difference 0
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Table 9
MAS dependent t-test applied to the control group

Test N M SD df t p
Pre-Test 23 28.030 10.010

22 1.545 0.137
Post-Test 23 26.936 10.515

There was a statistically significant difference between the pre-test and post-
test scores of the experimental group participating in the study [z = −4.021, 
p < 0.05]. Considering the rank average and total of the difference scores, 
the fact that this difference is in negative ranks, that is, in favor of the pre-
test, shows that EBA has a significant effect on reducing math anxiety.  
The effect size value is r = 0.88; the effect of the difference is large and 88% 
of the total variance is explained by the independent variable, EBA applications. 
In the control group, there was no significant difference in terms of math 
anxiety [t(23) = 1.545, p > 0.05] (see Tables 8 and 9). 

3.4 Findings regarding the effect of EBA applications on the permanence of knowledge
In this section, an answer was sought to the research problem “What is the 
effect of EBA applications on the permanence of fraction understanding?”

Table 10
Dependent t-test for permanence test and SCT post-test

Groups Test N M SD df t p

Experimental
Post-Test 21 73.762 25.420

20 1.615 0.122
Permanence Test 21 69.714 29.784

Control
Post-Test 23 56.522 18.628

22 2.681 0.014
Permanence Test 23 47.435 17.604

According to the dependent sample t-test result of SCT, there was no 
significant difference between the average of post-test scores (M = 73.76)  
and the average of retention test scores (M = 69.71) in the experimental group  
[t(20) = 1.615, p > 0.05]. In the control group of SCT, there was a significant 
difference between the mean of the post-test scores (M = 47.44) and the mean 
of the retention test scores () in favor of the post-test [t(22) = 2.681, p < 0.05]. 
The effect size of this difference was calculated as η2=.246. In this case,  
it can be concluded that teaching with EBA applications is more effective  
in the retention of knowledge.
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3.5 Findings regarding the semi-structured interview process 

In this section an answer was sought to the research problem “What are the opinions of sixth-

grade students about EBA applications?” In order to find an answer, the categories, codes, 

students, and sample expressions resulting from the content analysis of the semi-structured 

interviews conducted with the experimental group after the post-tests were examined. Four 

categories were obtained: “cognitive effects of EBA,” “affective effects of EBA,” “effects of 

EBA on the quality of teaching services,” and “field of application of EBA.” Codes and 

individuals related to the category of cognitive effects of EBA are given in Figure 7. 
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3.5 Findings regarding the semi-structured interview process
In this section an answer was sought to the research problem “What are the 
opinions of sixth-grade students about EBA applications?” In order to find 
an answer, the categories, codes, students, and sample expressions resulting 
from the content analysis of the semi-structured interviews conducted with 
the experimental group after the post-tests were examined. Four categories 
were obtained: “cognitive effects of EBA,” “affective effects of EBA,” “effects 
of EBA on the quality of teaching services,” and “field of application of EBA.” 
Codes and individuals related to the category of cognitive effects of EBA  
are given in Figure 7.
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Eleven codes emerged belonging to the cognitive effects of EBA category. 
Some student expressions belonging to this category are presented in Table 11.

Table 11
Codes and expressions related to the “Cognitive Effects of EBA” category

Codes Sample Expressions

Realize the mistake H1: “I started to see my mistakes.”
Fix the error L3: “I started correcting our mistakes after you pointed 

them out.”
Using mistakes on the path to truth H2: “We learn a lot of information thanks to mistakes.”
Increasing success M1: “I think it was effective. At first, I added fractions 

without equalizing the denominators. I think mistakes 
help us learn.”

Don’t repeat the mistake M2: “I am not making that mistake again.”
Providing conceptual learning L2: “When we make a mistake, we understand the basis 

of that problem.”
Learning from mistakes H3: “When we make a mistake, instead of being sad, we 

become happy because we learn from our mistakes.”
Identifying and completing 
deficiencies

H3: “Since I am now doing right the things, I did wrong. 
I have completed my shortcomings.”

Ensuring the permanence of 
knowledge

M3: “If we make a mistake, I learn the thing and never 
make that mistake again.”

Provide an opportunity to 
understand the causes of the error

M2: “We need to know how we did right or wrong.”

Do not mix knowledge with each 
other

H2: “I used to always mix fractions, but now I never mix 
them.”

Figure 7 shows that all the interviewed students gave answers in the codes 
of “realizing the mistake,” “correcting the mistake,” “using mistakes on the 
path to the truth,” and “increasing success.” The smallest number of students 
is included in the codes “providing an opportunity to understand the reasons 
for the error” and “not mixing information with each other.” The success 
level of the two students in the code “providing an opportunity to understand 
the reasons for the error” is at a medium level. In the code “not mixing 
information with each other,” there are two students with high success levels. 
Codes and students related to the affective effects of EBA category are given 
in Figure 8.
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Figure 8
Codes and students for the “Affective Effects of EBA” category

Thirteen codes emerged belonging to the affective effects of EBA category. 
Some student expressions from this category are presented in Table 12. 
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Table 12
Codes and expressions related to the “Affective Effects of EBA” category

Codes Sample Expressions

Reduce fear H1: “I used to be afraid of making mistakes and rarely got 
up to the board, but now I am not afraid at all.”

Increasing interest/desire L2: “I attended classes more willingly.”

Increasing self-confidence L3: “I even teach it to my brother. When people come to us, 
they always come to me and ask me questions, and I help them.”

Increasing motivation L2: “It increased my motivation even more.”

Looking forward to math lessons L1: “I always wanted to go into mathematics, mathematics is 
very good.”

Developing a positive attitude 
toward mistakes

H3: “When we make a mistake, instead of being sad, we 
become happy because we learn from our mistakes.”

Entertain in class M1: “I think math lessons are more fun.”

Thinking the subject is easy H1: “I understood how easy it is to divide, multiply, add, 
subtract and order fractions.”

Make you feel happy H3: “I am happier now because I have no shortcomings.”

Increased belief in ability to do M1: “Even if I make a mistake, I think I will find the 
truth immediately.”

Don’t hesitate M3: “In the past, when a question appeared on the board, I 
would hesitate a little more, wondering if  
I would make a mistake. But now, even if a make  
a mistake, I get up knowingly to learn the right thing.”

Reduce anxiety H2: “I used to be more anxious, now I have no more anxiety.”

Reduce stress H3: “Teacher, I used to get a little stressed when I made 
mistakes, but when we learn to learn from our mistakes, 
nothing happens anymore.”

All of the interviewed students gave answers coded as “reducing fear” and 
“increasing interest/desire.” The smallest number of students was in the 
“reducing stress” code, and the student with the highest level of success 
answered for this code.
 The codes and students related to the category of EBA’s effects on the 
quality of teaching services are presented in Figure 9.
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Figure 9
Codes and persons related to the category “The effects of EBA on the quality of teaching services”.

Four codes emerged in the category of effects of EBA on the quality of 
teaching services. Some student expressions from this category are presented 
in Table 13.

Table 13
Codes and expressions related to the category “The effects of EBA on the quality of teaching services”

Codes Sample Expressions

Ensuring active participation in 
the lesson

L2: “I used to lift my fingers less, but now I lift them more.”

Reinforcing the topic H1: “We can see our mistakes and understand which ones we 
need to reinforce more.”

Providing a better learning 
environment/efficient lesson

M2: “Mistakes help us learn the truth. I learn better. Before, 
we continued to make our mistakes and made them 
constantly.”

The student develops a positive 
attitude toward the teacher

D3: “Teacher, for example, when we stand up at the board and 
make a mistake, you say, ‘You made a very good mistake.’”
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Most of the interviewed student answers are in the code of “active participation 
in the lesson” and the success level of three of these students is high, two are 
medium, and two are low. The smallest number of students is within the code 
of “student developing a positive attitude toward the teacher” and one of 
these students has a high level of success and two of them have a low level 
of success. 
 Codes and people related to EBA’s application field category are given in 
Figure 10. 
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Figure 10
Codes and persons related to the “Application field of EBA” category.

Two codes emerged belonging to the application field category of EBA. Some 
student expressions from this category are presented in Table 14.
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Table 14
Codes and expressions related to the “Application field of EBA” category

Codes Sample Expressions

Usage 
in other 
courses

M3: “I would like it to happen in other lessons as well because in other lessons we see our 
mistakes and we turn to the right way and do not make that mistake again.”

Usage 
in other 
subjects

L3: “We need to learn 
through mistakes, not only 
on fractions but also on 
different subjects.”

(Every subject)
M1: “Teacher, I think the faulty solutions used in the 
course are necessary. Mistakes help us learn, whether  
it’s a subject we know or a subject we don’t know.”

(Not well-known topic)
H3: “If it’s something we don’t know, we need to see  
it to learn. If our knowledge about that subject is good, 
it may be possible even if we do not see it.”

Nine students are in the “usage in other subjects” code. Two students used 
expressions included in the code “usage in other courses” and the success 
level of both of these students was medium. In the “usage in other subjects” 
code, seven students used expressions in the “every subject” code and two 
students use expressions in the “well-known subject” code. The achievement 
level of the students in the “every subject” code is high for two, medium for 
three, and low for two. The success level of the students in the “not well- 
known subject” code is high for one and low for the other.

4 Discussion and Conclusions

This study aimed to examine the effects of EBA applications in teaching 
fractions in sixth grade on student success, in-class error climate, math anxiety, 
and retention of knowledge, and to determine student opinions about EBA 
applications. For this purpose, in order to find answers to the research 
questions, data were collected using SCT, CECSQ, MAS, and SSIQ data 
collection tools and findings were presented. In this part of the research, the 
findings are discussed comprehensively and a conclusion is reached.
 Based on the results of SCT and the interviews, teaching with EBA 
applications is effective in increasing the success levels of students. When 
looking at the literature, different studies support this result. Akkuşci (2019) 
asserted that EBA applications have a positive effect on success. In another 
study, Yıldırım (2019) concluded that the incorrect solution method contributes 
to better learning of the subject. In another study, Altıntaş et al. (2020) stated 
that there is a positive relationship between academic success and the scores 
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Providing a better learning 

environment/efficient lesson 

M2: “Mistakes help us learn the truth. I learn better. Before, 

we continued to make our mistakes and made them 

constantly.” 

The student develops a 

positive attitude toward the 

teacher 

D3: “Teacher, for example, when we stand up at the board 

and make a mistake, you say, ‘You made a very good 

mistake.’” 

 

Most of the interviewed student answers are in the code of “active participation in the 

lesson” and the success level of three of these students is high, two are medium, and two are 

low. The smallest number of students is within the code of “student developing a positive 

attitude toward the teacher” and one of these students has a high level of success and two of 

them have a low level of success.  

Codes and people related to EBA’s application field category are given in Figure 10.  
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obtained from the EBA test. Similarly, a study conducted by Karadağ (2004) 
with seventh grade students found that the group in which mistakes were 
explained and discussed was more successful, and it was stated that mistakes 
were learning opportunities. McLaren et al. (2015) stated that EBA had a 
positive effect on the experimental group and that the experimental group 
performed better than the control group. Similarly, Durkin and Rittle-Johnson 
(2012) concluded that giving incorrect examples as well as correct examples 
is more effective in learning. Apart from this, Heinze and Reiss (2007) 
determined that the group trained with EBA had better reasoning and proof 
skills than the control group and that the students were more successful in 
complex mathematical problems. Borasi (1989) examined the structuring and 
use of errors in his study and found that students became aware of mistakes, 
gained new ideas, and developed questioning skills; it was stated that mistakes 
can help success. Akpınar and Akdoğan (2010) mentioned that using mistakes 
can provide new expansions that can increase low success. Özkaya and 
Konyalıoğlu (2019) stated that thanks to EBA, teachers were able to realize 
their own conceptual levels. EBA is thus reportedly effective in teaching  
a new concept if there is a certain level of readiness. Gürbüz et al. (2021) 
concluded that EBA applications are more effective in learning than traditional 
teaching method. In their study, Steuer et al. (2013) concluded that a positive 
error climate in the classroom had a positive effect on students’ learning. 
The study conducted by Francome and Hewitt (2020) showed that students 
valued mistakes, and it was concluded that they developed a more positive 
attitude toward mistakes, that mistakes help them, and that they see mistakes 
as opportunities for learning, meaning that better learning can occur. Gedik 
et al. (2017) also mentioned that EBA has a positive effect on students both 
cognitively and affectively. The results of this study are therefore consistent 
with these listed studies (Akkuşci, 2019; Akpınar & Akdoğan, 2010; Altıntaş 
et al., 2020; Borasi, 1989; Durkin & Rittle-Johnson, 2012; Francome & Hewitt, 
2020; Gedik et al., 2017; Gürbüz et al., 2021; Heinze & Reiss, 2007; Karadağ, 
2004; McLaren et al., 2015; Özkaya & Konyalıoğlu, 2019; Steuer et al., 2013; 
Yıldırım, 2019) and show that EBA applications have positive effects on 
learning and student achievement. 
 Based on the results of CECSQ and the interviews, EBA applications 
positively affect the error climate in the classroom. Other studies support 
this result. Durkin and Rittle-Johnson (2012) observed that students were 
more active in a suitable discussion environment when incorrect examples 
were given as well as correct examples. Rach et al. (2013) considered mistakes 
as learning opportunities. The research showed that the error-tolerant 
classroom culture increased to effective levels and this classroom environment 
had a positive effect on the student’s affective level. In the study conducted 
by Steuer et al. (2013), the perceived error climate in the classroom affected 
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students in terms of effort and self-regulation. The study by Gedik et al. 
(2017) showed that EBA has a positive effect on students both cognitively 
and affectively, and it was concluded that EBA has a motivating effect on 
students’ mathematics learning and provides them with an innovative, 
interesting, and critical perspective. Heinze (2005) concluded that low-
achieving students are not aware that mistakes are an opportunity to learn. 
The study conducted by Francome and Hewitt (2020) concluded that students 
value mistakes, develop positive attitudes toward mistakes, can be helped  
by mistakes, and see mistakes as opportunities for learning. The study by 
Heinze and Reiss (2007) found that teacher attitudes toward errors can have 
a positive impact on student success. Our results were consistent with those 
of these listed studies (Durkin & Rittle-Johnson, 2012; Francome & Hewitt, 
2020; Gedik et al., 2017; Heinze, 2005; Heinze & Reiss, 2007; Rach et al., 
2013; Steuer, et al., 2013), showing that EBA applications have a positive 
effect on the formation of a positive error climate in the classroom.
 Based on the MAS and interviews, teaching with EBA applications is 
effective in reducing student math anxiety. Studies have showed that the use 
of errors affects students positively in terms of affective aspects. Gedik (2014) 
found that EBA practices had a positive impact on secondary school teachers 
in terms of cognitive and affective aspects and had a motivating effect. 
Akkuşci (2019) concluded that EBA positively affects students cognitively 
and affectively. The study by Rach et al. (2013) observed that the fear of 
making mistakes decreased in the experimental group of students with a 
positive error climate. In another study, Gedik et al. (2017) found that EBA 
had a positive effect on students both cognitively and affectively. Similarly, 
Heinze (2005) stated that if teachers do not allow mistakes students are afraid 
of making mistakes. Based on this result, students will not be afraid if making 
mistakes is not prohibited. Durkin and Rittle-Johnson (2012) observed that 
students were more active in a suitable discussion environment when incorrect 
examples were given. This result is consistent with this study, which concluded 
that students overcame the anxiety of making mistakes and therefore 
participated more in the lesson. The studies mentioned above (Akkuşci, 2019; 
Durkin & Rittle-Johnson, 2012; Gedik, 2014; Gedik et al., 2017; Heinze, 
2005; Rach et al., 2013) showed that EBA applications affect students 
positively. It affects people’s anxiety, decreasing their anxiety levels.
 The permanence test SCT and interviews indicated that teaching with 
EBA applications has a positive effect on the permanence of knowledge. 
McLaren et al. (2015) found that EBA had a positive effect on the experimental 
group and provided more opportunities for knowledge to remain in long-term 
memory than the traditional teaching method. Gedik (2014) stated that  
EBA is effective in making learning more permanent. The results of Heinze’s 
(2005) study supported the results of this study regarding the permanence 
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of knowledge. Borasi (1989) observed that by structuring and using errors, 
knowledge becomes more permanent and there is an increase in the level of 
curiosity and interest in knowledge. The results of this study were found to 
be compatible with the studies mentioned above (Borasi, 1989; Gedik, 2014; 
Heinze, 2005; McLaren et al., 2015). Therefore, EBA has a positive effect on 
the permanence of knowledge. EBA positively affects students cognitively 
and affectively, increases the quality of teaching services, and can be used in 
different subjects and different mathematics lessons, according to the results 
of the semi-structured interviews.

Note

This study was produced from the first author’s master’s thesis. A part of this 
study was presented as a summary paper at TURCOMAT-6.
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