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Abstract 

 

A large body of educational literature and research suggests that there is a deficit in students’ 

mathematics proficiency and performance. Students often make errors when completing 

mathematics problems but are not capable of identifying the errors or reasons that the errors 

occurred. This lack of understanding can affect test scores and students’ comprehension of 

subsequent mathematics topics and skills. This study responds to the need for improved 

mathematics instruction in elementary classrooms by proposing a strategy for increasing 

students’ usage of error analysis in order to improve their mathematics accuracy and 

comprehension for the skills of addition, subtraction, and multiplication. The study was 

conducted for six weeks and included 17 fourth grade participants. The researcher utilized pre- 

and post-assessments and exit slips to collect data in the study. Based upon the data collected, the 

strategy of error analysis was effective in increasing participants’ proficiency in addition, 

subtraction, and multiplication in fourth grade. Results revealed the mean pre-assessment score 

was 4.29 (SD =2.52) and the mean post-assessment score was 14.76 (SD= 1.55). Participants 

made an overall mean score gain of 10.47 (SD=2.12) from the beginning to the end of the study. 

This reveals that error analysis had a positive effect on participants’ mathematics scores. 

 Keywords: elementary school, mathematics teaching, error analysis 
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Impact of Implementing Error Analysis on Mathematics Proficiency in Fourth Grade 

There is a dilemma in the United States (U.S.) that has affected young students 

negatively, and it is imperative that the problem is addressed. Mathematics proficiency in 

elementary students has greatly decreased in the past few years, widely due to the impacts of the 

COVID-19 pandemic. Specifically, students on average today are approximately five months 

behind in mathematics due to the significant effect that the COVID-19 pandemic had on their 

learning (Dorn et al., 2021). It is essential to address this issue because of the importance of 

mathematics in elementary schools as well as in students’ later lives. “Mathematics is one of the 

most important subjects learned in school, since mathematic achievement is one of the strongest 

predictors of later academic success” (Lucangeli et al., 2019, p. 578). When students come to 

school with a deficit in mathematics proficiency, it is vital that teachers begin instruction and 

intervention immediately.  

Addressing needs of unique students and having all students achieving proficiency in 

mathematics is challenging in today’s classrooms. Lang-Raad and Marzano (2019) note:  

“Unfortunately, many mathematics teachers focus on fluency and practice in ways that 

give students the impression that practice, drills, tips, and tricks are the focus of solving 

mathematics problems. Ideally, mathematics practice and fluency should illuminate the 

flexible nature of numbers and the different mathematical contexts that exist. (p. 45) 

Students who are in fourth grade are introduced to many new, challenging concepts and 

skills in the mathematics content area, and if students acquire understanding of the fourth-grade 

standards, this will aid in their future mathematics success and level of proficiency. “Students’ 

ability to meet fourth grade benchmarks is a strong predictor of later academic success. It is a 

fundamental grade to develop and master skills that prepare students for moving on to more 
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advanced math” (Sattem et al., 2022, p. 9). COVID-19 increased learning gaps in American 

schools, and, according to testing data, the greatest needs for today’s students have been seen in 

mathematics (Sattem et al., 2022). Teachers can choose to address this deficit using various 

strategies and methods. One of the most worthwhile options for instructional strategies that will 

adequately address the deficit in mathematics proficiency in elementary students is to implement 

error analysis with students.  

The purpose of the study was to determine the effect implementing error analysis 

activities will have on student understanding of fourth grade mathematics concepts. The 

increased learning gaps in mathematics proficiency in today’s elementary school students is 

alarming enough to warrant further research (Sattem et al., 2022). Due to the push for educators 

to make an attempt to close the mathematics achievement gaps in today’s elementary school 

students, the researcher was determined to utilize a proven effective strategy to improve 

mathematics instruction and student understanding. The researcher used the instructional strategy 

of error analysis in the study because the research on this particular strategy indicates that it is 

highly effective in accurately solving mathematics problems and comprehending mathematics 

content (Lang-Raad & Marzano, 2019. The study will offer educators research-based data about 

the value or non-value of implementing error analysis in mathematics instruction in a fourth- 

grade classroom. 

Two research questions guided this study: 

1. Does the use of error analysis affect participants’ comprehension of mathematical 

procedures and skills? 

2. Does the use of error analysis affect participants’ accuracy when completing mathematics 

problems? 
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The study hypothesized that engaging in error analysis will improve participants’ ability to 

comprehend mathematical procedures and skills. The study also hypothesized that correcting 

errors and explaining the reason for errors in mathematics will help participants to describe 

mathematical procedures in their own words, define key vocabulary terms, and solve future 

problems accurately.  

In the following literature review, the author will synthesize studies and define what error 

analysis is and to examine the benefits of error analysis in mathematics instruction, including 

brain growth and positive impacts on student accuracy and comprehension. An overview of the 

strategy, theoretical foundations, and historical context are provided with this review. 

Additionally, a review of the research in favor of implementing error analysis in mathematics 

instruction will be analyzed, particularly the abundant research conducted by Marzano. The 

researcher will discuss how teachers can plan for the implementation of error analysis in 

elementary mathematics instruction. Lastly, the researcher will address how implementing error 

analysis can assist reluctant learners in feeling more confident and comfortable in their 

mathematics learning. 

Error Analysis 

Overview 

Error analysis is an evidence-based instructional strategy and cognitive skill that requires 

students to assess errors in computation and mathematical processes, describe why the solution is 

incorrect, and correctly complete the problem. Marzano (2017) defines error analysis as 

“identifying common logical errors or common misconceptions in content; identifying common 

errors in the execution of a process” (Marzano et al., 2019, p. 34). Error analysis can be an 

addition to mathematics instruction at any grade level in order to improve student learning. 
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Studies have shown that students’ understanding of proficiency in mathematical concepts 

increases when they use the strategy of error analysis (Rushton, 2018). Therefore, error analysis 

is capable of being an asset to mathematics instruction. “Incorrect knowledge can induce 

cognitive conflicts which prompt the learner to build up a coherent knowledge structure” 

(Rushton, 2018, p. 2). In other words, when students correct their incorrect reasoning, they are 

likely to comprehend material better. Several past researchers have found that “students ranging 

from elementary mathematics to university undergraduate medical school who, when given 

correctly worked examples and erroneous examples, learned more than students who only 

examined correctly worked examples” (Rushton, 2018, p. 3). Research supports the use of error 

analysis in mathematics instruction due to its success in assisting students in knowledge and skill 

retention.  

Standards for Mathematics 

The majority of school districts in the U.S. plan instruction in mathematics based upon 

the Common Core State Standards, which were developed to address the need for mathematics 

instruction in the United States to become more focused and clearer in order to improve 

mathematics achievement (Common Core State Standards Initiative, 2021). The Common Core 

State Standards guide teachers’ instruction, and error analysis can be implemented as an 

instructional strategy in order to support students in learning the content stipulated in the 

standards. “Researchers found the process of explaining and justifying solutions for both correct 

and erroneous examples to be more beneficial for achieving learning outcomes than explaining 

and justifying solutions to correctly worked examples only” (Rushton, 2018, p. 2). Requiring 

students to analyze errors in mathematical solution paths allows them to construct practical 

arguments and describe the reasoning of erroneous solutions (Rushton, 2018). This addresses the 



 7 

Common Core State Standards’ stipulation that students must solve real-world problems and be 

able to not only use a procedural mathematics skill but be able to understand the meaning of and 

reason for a procedure in mathematics. It is imperative that students are able to justify the reason 

that a mathematical statement is true (Common Core State Standards Initiative, 2021). 

Additionally, the National Council of Teachers of Mathematics (NCTM) standards 

stipulate that instructional programs should enable all students to “monitor and reflect on the 

process of mathematical problem solving” (NCTM, 2023, para. 1). Engaging students in error 

analysis allows them to reflect upon how to accurately solve mathematics problems. Another 

standard described by the NCTM is that instructional programs for mathematics should enable 

students to “analyze and evaluate the mathematical thinking and strategies of others” (NCTM, 

2023, para. 3). A significant component of elementary students participating in error analysis is 

understanding the mathematical thinking of others. Students must be able to explain why certain 

steps were taken and why they are incorrect; therefore, this communication standard is addressed 

through implementing error analysis into mathematics instruction. 

Theory on Error Analysis in Mathematics 

Students require direct instruction and guidance in the skills and strategies needed to 

increase understanding of mathematics concepts. Analyzing errors is a strategy that can aid in 

improving students’ use of new, difficult fourth grade mathematics skills. Students in the fourth 

grade are expected to be able to comprehend and apply algorithms for solving multi-digit 

addition, subtraction, multiplication, and division. However, students struggle to accurately 

utilize computational skills beyond elementary school (Nelson & Powell, 2018). National 

research conducted by McKinsey and Company showed that students were at least four months 

behind in math at the start of the 2021-2022 school year due to past learning gaps combined with 
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the impacts of the COVID-19 pandemic (Sattem et al., 2022). Improved instruction in 

mathematics is necessary in order to improve student proficiency in mathematics (Nelson & 

Powell, 2018). 

Historical Context 

 Teachers have used strategies of error analysis since the 1950s (Marzano, 2017). 

However, error analysis has not always been included as an instructional strategy in mathematics 

classrooms. For several decades, the educational pedagogy of “has relied most heavily on 

teachers demonstrating correctly worked example exercises as models for students to follow 

while practicing their own exercises. In more recent years, incorrect exercises have been 

introduced for the purpose of student-conducted error analysis” (Rushton, 2018, p. 1). The 

history of mathematics has frequently shown that educators can capitalize on errors in many 

ways, and failure to accomplish an initial goal has the ability to lead to revolutionary results 

(Borasi, 1987). Research also shows that while teachers may find value in analyzing their 

students’ errors in mathematics, they should not be the only party involved in analyzing errors; 

students must be involved as well. When students are not involved, teachers and researchers are 

the only ones involved in looking at the error. “The students themselves would be deprived of 

the opportunity of engaging in the activity of attempting to ‘explain’ and ‘fix up’ their own errors 

– an activity that could prove to be highly motivating and challenging” (Borasi, 1987, p. 4). 

Historical research clearly indicates that students must be involved in error analysis just as much 

as teachers and researchers. 

Benefits of Error Analysis 

 “Error analysis can create unique learning opportunities for students and should be 

utilized by teachers” (Mallue, 2018, p. 54). There are many benefits that are likely to accompany 
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the implementation of error analysis in mathematics instruction at the elementary school level. 

Utilizing error analysis improves students’ accuracy when completing mathematics problems and 

improves their level of understanding of mathematics skills. In particular, error analysis inclusion 

in mathematics instruction can have a positive impact on brain growth and can positively impact 

students’ mathematics comprehension. 

Impact on Brain Growth 

 Using error analysis has positive impacts on student learning, but it also has positive 

effects on children’s brains. Psychologist Jason S. Moser “discovered that errors contribute to 

brain growth. In his study, he explains that when people make errors, the brain has two potential 

responses: error related negativity and error positivity” (Lang-Raad & Marzano, 2019, p. 42). 

When children have an error-related negativity response, the brain has increased electrical 

activity. Then, when children become aware of the error, error positivity occurs. “Thus, making 

mistakes in mathematics should be an integral part of classroom activity as it not only 

encourages healthy motivation for learning but also contributes to deeper learning experiences 

through neural activity” (Lang-Raad & Marzano, 2019, p. 43). An increase in brain growth is a 

viable reason for teachers to implement error analysis as a strategy in their weekly mathematics 

instruction. 

Impact on Student Accuracy 

 Error analysis has a positive impact upon student accuracy in mathematics. In a study 

conducted by Rushton (2018), students were given homework assignments, and one group was 

given problems that included erroneous examples. The participants in the study completed a pre-

assessment prior to any homework assignments, and both groups completed a post-assessment. 

The Levene Statistic for the pre-assessment scores (p  >  0.05) showed that there was not a 
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significant difference in the accuracy of the two groups prior to engaging in the learning process. 

Following the pre-assessment, only one group of students participated in error analysis. On the 

post-assessment, there was a significant difference in scores for the control group ((M = 5.96, 

SD = 4.90) and the treatment group (M = 9.41, SD = 4.77); t(51) = 2.60, p = 0.012 (Rushton, 

2018). The retention of mathematical accuracy and knowledge significantly increased when error 

analysis was intentionally incorporated into the students’ assignments. “Even though there was 

not a significant difference in the means, the treatment group did show a greater improvement” 

(Rushton, 2018, p. 6). It is clear that when students participate in error analysis, they are able to 

grow more in their mathematics accuracy than when they do not participate in frequent error 

analysis.   

Impact on Student Comprehension 

In addition to stimulating brain growth and positively impacting student accuracy, error 

analysis can positively impact students’ comprehension levels. “Researchers posit a result of 

increased mathematical understanding when these practices are used with a combination of 

correctly and erroneously worked exercises” (Rushton, 2018, p. 1). Error analysis has often been 

utilized by teachers in order to diagnose students’ misunderstandings, initiate discussions, and to 

clarify misconceptions. However, error analysis can also be used by students in order to increase 

their understanding of mathematical concepts. In fact, incorporating the instructional strategy of 

error analysis helps students to retain knowledge and skills in mathematics.  

Error analysis for elementary students involves students being presented with a problem 

that has been completed incorrectly. Students then participate in analyzing and describing the 

error or errors that were made and also completing the problem correctly on their own. A 

landmark study reported that error analysis is likely to be successful when students are able to 
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study a specific error in an in-depth manner (Borasi, 1987). When students analyze a specific 

error, they can correct their own thinking processes or understand why an alternative thinking 

process is correct. “Error analysis leads students to enact two Standards of Mathematical 

Practice, namely (a) make sense of problems and persevere in solving them and (b) attend to 

precision” (Rushton, 2018, p. 2). Due to error analysis leading to students having an increased 

level of retention of knowledge, students who engage in error analysis may increase their 

mathematics scores on future assessments. 

When error analysis is incorporated, teachers are able to observe the following behaviors 

in their students: 

• Students actively identify and analyze their own errors.  

• Students actively identify and analyze others’ errors.  

• Students can describe and exemplify the different types of errors one might make.  

• Students can explain how the activities have increased their understanding of the 

content. (Marzano, 2017, p. 42) 

Research Supporting Error Analysis Implementation 

 There has been a great deal of research about the implementation of error analysis in 

mathematics classrooms. Research supports the implementation of error analysis due to its many 

benefits to students of all ages. While there are many examples of error analysis in research, 

perhaps the most renowned research about error analysis and its benefits to students of all ages 

has been completed by Marzano. In particular, Marzano has completed research that explains 

why teachers should frequently implement this instructional strategy into their mathematics 

instruction. 

Marzano and Error Analysis 
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Error analysis is included in Marzano’s indicators of higher order thinking skills, 

meaning that error analysis can be viewed as an essential instructional practice when attempting 

to increase students’ level of understanding and thinking (Insani, et al., 2019). Students in fourth 

grade encounter many challenging mathematics skills and processes that are new to them and 

that are crucial for future mathematics success and proficiency. Due to this, it is important that 

teachers begin to utilize instructional strategies that work to improve students’ understanding of 

these new, difficult concepts. Error analysis can assist students in grasping important skills, to 

avoid errors in their own work, and to utilize important vocabulary to describe how to solve 

mathematics problems. When students can explain errors in solution paths, they begin to 

comprehend why the correct solution path works and should be utilized when they solve future 

mathematics problems. 

Error analysis is one of 43 key instructional elements described by Marzano and is 

thoroughly based upon research. Students who engage in error analysis increase their ability to 

use logic, which will assist them in improving their mathematics skills throughout their 

schooling and careers. When students examine errors, it helps to “deepen students’ 

understanding of content by having them examine their own reasoning or the overall logic of 

information presented to them” (Marzano, 2017, p. 41). There are several strategies that can be 

utilized by teachers and students within the realm of error analysis, including identifying errors 

of faulty logic, identifying errors of attack, identifying errors of weak reference, identifying 

errors of misinformation, finding errors in the media, examining support for claims, and more 

(Marzano, 2017). Teachers can use multiple strategies of error analysis with their students in 

order to improve their understanding of mathematics content and broaden their thinking about 

mathematics. 
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Evaluating and revising instruction is a vital step when implementing a new instructional 

strategy. Teachers must evaluate if the new strategy is positively impacting their students, and if 

it is not, teachers must revise their instruction methods. In order to assess if error analysis 

implementation is successful for students, according to Marzano (2022), teachers should observe 

visible evidence in their instruction as well as in student performance. The eight examples of 

visual evidence for error analysis and correction described by Marzano (2022) are presented in 

Figure 1.  

Figure 1 

Visible Evidence for Examining and Correcting Errors 

 

 Marzano also suggests that teachers assess their own success and effectiveness when 

implementing error analysis into their instruction. Teachers should not only evaluate behaviors in 

their students to assess for success of a new strategy; teachers should also evaluate themselves. 

As teachers become more comfortable using a strategy, their instruction improves and becomes 

more proficient. In order to be deemed successful in utilizing error analysis in mathematics, 

teachers must be using the strategy correctly, and students must be clearly deepening their 

knowledge. Proficiency scales and rubrics are often used to assess students. These methods may 

also be utilized by elementary school teachers when they assess their own teaching. A self-rating 
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scale for examining errors in reasoning as created by Lang-Raad and Marzano (2019) is 

presented in Figure 2. 

Figure 2 

Teacher Self-Rating Proficiency Scale for Examining Errors in Reasoning 

 

Planning for Implementation of Error Analysis 

 “Before students can recognize these errors, they must understand them” (Marzano, 2017, 

p. 44). When implementing error analysis within mathematics instruction in elementary 

classrooms, teachers must be intentional in their planning of their direct instruction content and 

strategies. “To plan, a teacher must consider the specific types of content that are the focus of 

instruction. If content is procedural, then structured practice is a necessity” (Marzano, 2017, p. 

44). In other words, teachers must teach error analysis skills in addition to the mathematics 

procedures and skills directly to students before expecting students to complete the analysis on 

their own. Teachers must also instruct students about the new set of skills (error analysis) in a 

way that includes information, such as errors of attack, faulty logic, and misinformation 

(Marzano, 2017, p. 43). When implementing error analysis into instruction in an elementary 

mathematics classroom, teachers may choose to have students correct content errors in the 

context of a cumulative review or as an insertion into a portion of a class period (Marzano, 

2022).  
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 A possible error analysis activity presented by various former studies is to require 

students to be given a copy of an activity that has been completed incorrectly, correct the 

included mistakes, and explain the possible reasons that the person who completed the activity 

may have made the errors. Students correcting mistakes that were not made by themselves 

allows them to analyze others’ errors in thinking. It also “allows students to feel more 

comfortable making mistakes in class – they know they are not the only ones who do it” 

(Marzano, 2022, p. 68).  

Instructional Strategies for Error Analysis  

 There are many possible ways in which teachers can implement error analysis into their 

mathematics instruction. Marzano has presented several possible strategies that can be used for 

error analysis with young students. Specific instructional strategies that support elementary 

school teachers in the implementation of error analysis into their mathematics instruction include 

the following: reasoning aloud, grouping patterns in errors, and peer reviewing.  

Reasoning Aloud 

Reasoning aloud is a viable strategy option for teachers to utilize in their instruction. 

Reasoning aloud is comparable to a think-aloud, which involves students explaining their 

thinking or reasoning out loud to the teacher and their peers. When using this strategy, a teacher 

should reason out loud with their students while solving a mathematics problem and purposefully 

include natural errors in their thought processes (Lang-Raad & Marzano, 2019). In the end, the 

class will correctly solve the mathematics problem as a whole group. The goal of reasoning 

aloud is for students to begin to notice errors that the teacher makes. When students are able to 

point out errors, they become more accurate when participating in the mathematics procedure on 

their own. This instructional strategy also aids in helping students to understand that all people 
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make mistakes, even their teacher. This gives students confidence when completing their own 

independent work, which can also lead to increased learning and comprehension.  

Grouping Patterns in Errors 

Grouping patterns in errors that are made can also help students to better comprehend 

new mathematics content. This strategy requires students to first, solve a mathematics problem 

on their own. Then, the teacher will collect various students’ responses. Following this, the 

students as a whole group will agree on the correct solution for the problem through making 

groups of solutions based upon certain qualities. Once the students agree upon a solution and 

valid solution paths, the teacher should help students to discuss consistent errors in particular 

strategies used by the class members (Lang-Raad & Marzano, 2019).  

Peer Reviewing 

 Finally, teachers may choose to utilize peer reviewing as a way to implement the error 

analysis strategy in their classroom. This instructional strategy requires teachers to require their 

students to exchange their solutions with their peers. The peers then check their partner’s 

response for errors in reasoning and mistakes. Students should talk about how they solved the 

problem and explain why they made certain choices when solving the problem using vocabulary 

that is related to the solution path. This strategy is capable of increasing students’ ability to talk 

about their thinking and to understand why errors occurred or why a particular solution path 

makes the most sense (Lang-Raad & Marzano, 2019).  

Error Analysis and Reluctant Learners 

 Students engaging in error analysis can be an asset for addressing reluctant learners in 

elementary classrooms. This is because error analysis assists students in understanding that 

mistakes help them learn. Due to this, error analysis can be a great help when students are 
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reluctant or nervous to learn. Specifically, “elaborative interrogation involves asking students 

how they know that their answer is true…[it] steers students to identify and correct their own 

errors which is possibly one of the most powerful things students can do to enhance their own 

learning” (Marzano, 2022, 135-136). Making errors, analyzing errors, and correcting errors is a 

key part of the learning process. Doing this consistently in a classroom will continually help 

students to feel comfortable during mathematics instruction, and it will help them to feel more 

comfortable and confident when they are completing work on their own. When students are 

comfortable, they are able to learn and retain more content. Making mistakes is a part of 

learning. “Teachers should overtly point this out, perhaps by describing times when they, too, 

misunderstood content and how their understanding was enhanced when they looked for the 

misconceptions in their own thinking” (Marzano, 2022, p. 136). Doing so will show students that 

mistakes are acceptable, and, in fact, that mistakes are capable of helping them grow into better 

learners and mathematicians. 

Summary 

 There is no denying that intentional, research-based mathematics instructional strategies 

are an essential part of improving mathematics growth for students at all grade levels. The 

instructional strategy of error analysis is a viable option for teachers who hope to increase their 

students’ mathematics proficiency. It has been shown that when students are able to analyze 

errors in reasoning and solution paths, they find later success in mathematics accuracy and 

comprehension. Researchers and educators have found valuable ways to implement error 

analysis into mathematics instruction and have created various strategies for students to analyze 

errors in mathematics classrooms. With careful, intentional instruction and practice, students are 

able to learn and retain the mathematics skills and knowledge that they need in order to be 
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successful in the future. The research that has been completed has all come to the same 

conclusion from different parts of the world and from different grade levels: that error analysis is 

an advantageous strategy that improves students’ mathematics proficiency and should be utilized 

in more classrooms. It is vital that educators begin to implement this strategy more frequently in 

order to improve students’ understanding of mathematics content. A number of different 

strategies have been tested for implementing error analysis in mathematics instruction, but this 

has never been completed on a larger scale. Therefore, it is possible for there to be doubt that 

there has not been a very large-scale study done to prove beyond reasonable doubt that one 

specific strategy is more practical than another. Additionally, there has not been research about 

how much error analysis should be incorporated into mathematics instruction. While there is 

abundant research about the benefits if including error analysis in mathematics instruction, 

research does not tell if this should be completed only when students are making errors, or if it 

should be included in order to improve upon students’ general understanding of a mathematics 

procedure. More research is needed in order to provide more clarity about implementing this 

strategy into mathematics instruction. 

 The research that was analyzed in this paper has outlined the benefits of error analysis, 

including brain growth and increased student comprehension levels. When children make errors, 

an error-related negativity response occurs, which stimulates increased electrical activity. Then, 

when students understand the error that has been made, they have error positivity, which leads to 

increased understanding of the skill on which they are working (Lang-Raad & Marzano, 2019). 

Error analysis also increases students’ comprehension levels in that it can lead to better retention 

of content. Including error analysis activities in mathematics can help students to identify and 
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analyze errors, describe and exemplify different types of errors, and explain how error analysis 

has increased their understanding of the mathematics skill (Marzano, 2017).   

The research that was analyzed also described some of the most viable strategies for error 

analysis to consider when planning to implement this notable strategy into mathematics 

instruction. Marzano’s error analysis instructional strategies, such as reasoning aloud, grouping 

patterns in errors, and peer reviewing are approaches that have been proven to positively impact 

student learning. Students may analyze their own errors or others’ errors in order improve their 

accuracy and comprehension of mathematics skills. Hopefully, in the near future, the body of 

research about error analysis in mathematics instruction will widen, and educators will no longer 

have a need to question which strategy is best when implementing error analysis or what 

frequency of error analysis is most advantageous for students’ learning.  

Methods 

This study utilized a quantitative approach using quasi-experimental design. It consisted 

of one group of participants. There were pre-assessments and post-assessments prior to and 

following the intervention for the mathematics content. Additionally, there were formative 

assessments within the unit to check for participants’ understanding and growth in mathematics. 

Formative assessments included exit slips and teacher-created quizzes. This enhanced 

participants’ understanding of the mathematics content and participants’ knowledge of using 

error analysis throughout the intervention. During the study, participants received six weeks of 

instruction from the researcher about how to adequately describe errors in mathematics 

processes. The intervention of error analysis aimed to help participants to more effectively 

understand how to complete mathematics problems correctly on their own. Participants were 

formerly introduced to writing about how they solved problems using the previously taught 
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mathematics skill of place value, content area exit slips, and the McGraw Hill My Math textbook 

prior to the start of the study. 

Participants  

The participants of this study were purposely selected from the teacher researcher’s 

fourth grade general education class in East Central, Illinois. The sample included male and 

female participants ranging in age from nine to 10 years old. Seventeen fourth graders 

participated in the study. Of these participants, nine were male and eight were female. 

Additionally, 15 participants were White, and two participants were Black. One participant had a 

learning disability and had an Individualized Education Plan that stipulated that they be pulled 

out by a special education teacher for 30 minutes daily during mathematics and 30 minutes daily 

during reading. Participants in the class ranged in socioeconomic status, reading ability levels, 

and mathematics ability levels. Particularly, on the Northwest Evaluation Association Measures 

of Academic Progress (NWEA MAP) Growth Assessment taken by the student participants in 

August 2023, 10 scored below the 60th percentile in reading, and 11 scored below the 60th 

percentile in mathematics. The participant academic results are presented in Table 1. 

Table 1 

Number of Participants according to Designation and Category of Mathematics. n=17 

     Category of Mathematics (Percentile) 

   ____________________________________________________________ 

   >80th   61-80th  41-60th  21-40th  <21th Total  

   ___________________________________________________________ 

Number of  2  2  2  7  4 17 

Participants 

______________________________________________________________________________ 

Note: Percentile results are based upon Fall 2023 MAP scores. 

Setting 
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The location of this study will be in a fourth grade classroom in East Central, Illinois. The 

city has a population of over 16,500 people, according to the United States Census Bureau 

(2022). The school consists of six school buildings; there is one preschool, two elementary 

schools with students ranging from kindergarten to fifth grade, one middle school with students 

ranging from sixth to eighth grade, one high school, and LIFT (Leaders Innovating for 

Tomorrow), which is a regional innovation and technology center available to high school 

juniors and seniors in central Illinois. According to the 2022 Illinois Report Card, the school’s 

population of 614 students includes 81.6 % White students, 2.8% Black students, 6.7% Hispanic 

students, and 8.8% mixed race students (Illinois State Board of Education, 2023). The school 

includes 326 male students and 288 female students, 66.8% of students are described as low-

income students, and 18% of students have Individualized Education Plans (Illinois State Board 

of Education, 2023). Of the students in the school, 20.4% met or exceeded standards on the 

Illinois Assessment of Readiness (IAR) in English Language Arts, and 8.1% of students met 

standards on the IAR in Mathematics (Illinois State Board of Education, 2023).  

Data Source and Research Materials 

 The teacher researcher utilized five main instruments to conduct this study. Participants 

also used handouts from the McGraw Hill My Math curriculum as they participated in activities 

and completed mathematics problems, including addition, subtraction, and multiplication 

throughout the units. The main data gathering instruments were as follows: pre-assessment and 

post-assessment, McGraw Hill My Math student workbooks and presentation materials, exit 

slips, teacher-created independent practice quizzes, and error analysis activities. 

There were four mathematics units included in this study: addition and subtraction, 

multiplicative comparison, multiplication by a one-digit number, and multiplication by a two-
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digit number. Each unit took between seven and 10 days to complete, with the exception of the 

multiplicative comparison unit. The multiplicative comparison unit took two days due to its 

lower level of complexity. All scores for the assessments, exit slips, and quizzes were recorded at 

the time of completion. All assessments and quizzes were developed by the teacher researcher. 

Concepts and sample questions for the exit slips were drawn from the McGraw Hill My Math 

textbook. 

Pre- and- Post Assessment 

The mathematics pre- and post-assessment included all skills that are incorporated in this 

unit: addition, subtraction, and multiplication (See Appendix A). The assessments were identical 

so that the participants’ scores could be compared. The assessments included computation and 

word problems. The pre-assessment was completed by participants on the first day of the study, 

and the post-assessments was completed by participants on the final day of the study. These 

assessments showed the teacher researcher the difference in participants’ accuracy prior to and 

following the unit of study, and it gave continuous data about participants’ level of growth from 

the beginning to end of the mathematics unit. In addition to the mathematics problems, there was 

a place for participants to notate their level of understanding following the completion of the 

assessment. This data source was used to answer both research questions because the 

participants’ percent of questions correct will check for accuracy, and their notation of their level 

of understanding describes their comprehension level. 

McGraw Hill My Math Presentation and Student Workbook Materials 

The McGraw Hill My Math presentation and student workbook materials were used 

mainly during instruction by the teacher-researcher to informally check for participants’ 

understanding (See Appendix B). Additionally, the independent practice problems were used as 
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quizzes to check for accuracy when solving mathematics problems. The continuous data from the 

independent practice pages in the student workbook was used to answer the question, “Does the 

use of error analysis affect participants’ accuracy when completing mathematics problems?” 

Exit Slips  

Exit slips were used following each mathematics lesson and following each error analysis 

activity (See Appendix C). The two scores were compared to evaluate if an increase occurred. 

Exit slips included two to three mathematics problems. Responses to exit slips were scored and 

assigned a percent correct. This continuous data was used to answer the research question about 

whether or not implementation of error analysis increases participants’ accuracy when solving 

mathematics problems. On each exit slip, participants notated their level of understanding to 

show their perception of how they did on the exit slip. This answered the research question about 

if participants’ comprehension is increased following error analysis.  

Teacher-Created Independent Practice Quizzes  

Teacher-created independent practice quizzes were utilized throughout the mathematics 

unit as formative assessments (See Appendix D). These quizzes included computation and word 

problems. The independent practice quizzes gave specific, continuous data about participants’ 

accuracy when completing mathematics problems, providing data to answer the second research 

question. The quizzes were scored by the teacher researcher, and each participant earned a 

percent correct.  

 Error Analysis Activities  

Error analysis activities (See Appendix G) for addition, subtraction, and multiplication 

were utilized following the initial practice exit slips. Following the initial teaching of the skill 

and exit slip, the participants engaged in error analysis. These activities were based upon 
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common mistakes made by participants. The continuous data compiled from this source included 

whether or not the participant correctly completed the error analysis activity. The effects of this 

instrument led to answered to both the first and second research questions.  

Procedures of Data Collection 

 There were six weeks of data collection in this study. The first day of the study involved 

participants taking the mathematics pre-assessment, which consisted of addition, subtraction, and 

multiplication skills (See Appendix A). The pre-assessment was administered through a 

traditional paper-and-pencil assessment and consisted of computations and word problems. 

Participants also notated their level of understanding following the assessment.  

Week One 

 The first unit of the study lasted 10 days and focused upon addition and subtraction skills. 

Included skills were adding multi-digit numbers, subtracting multi-digit numbers, and 

subtracting across zeros. Each skill took three days to complete. On the first day, the teacher 

researcher taught a mini-lesson about adding multi-digit whole numbers. Participants partook in 

guided practice during the mini-lesson; this guided practice was provided in the online lesson 

presentation from chapter two of the McGraw Hill My Math fourth grade curriculum. At the 

conclusion of the lesson, participants completed the adding multi-digit whole numbers exit slip 

(See Appendix C). These exit slips included a section in which participants notate their level of 

understanding. These exit slips were scored upon completion for accuracy and level of 

understanding.  

 The following day (day 3 of the study), all participants engaged in teacher-led error 

analysis activities focused upon adding multi-digit whole numbers. The activities focused on 

participants identifying the error that occurred and describing the possible reasons for the error 
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occurring. Participants then completed their own error analysis using a pre-solved addition 

problem that utilized an incorrect solution path (See Appendix G). A sum of 723,651 was given 

for the addition problem, 519,563 + 214,198. Participants were required to correctly solve the 

addition problem and explain the reason that the pre-solved problem was incorrect.  

 On day four of the study, the teacher researcher and participants reviewed the skill of 

adding multi-digit whole numbers. This was done using white boards and sample questions from 

chapter two of the McGraw Hill My Math fourth grade online curriculum (See Appendix B). 

This procedure involved the teacher researcher writing a problem for all participants to see, 

participants solving the problem independently, checking their solution path with a peer, and the 

whole group reviewing the solution together. Approximately 15 problems were completed by all 

participants using this procedure. At the end of the mathematics period, participants completed 

the adding multi-digit numbers exit slip (See Appendix C).    

 On day five of the study, there was a teacher-led mini-lesson about subtracting multi-digit 

whole numbers. The teacher researcher utilized the McGraw Hill My Math presentation 

materials to present this skill, and the teacher researcher along with the participants utilized the 

student workbook guided practice problems to practice as a whole group. Following the lesson, 

all participants completed guided practice and an exit slip about the topic to check for accuracy.  

Week Two 

 The schedule for the lesson of adding multi-digit whole numbers was repeated for the 

topics of subtraction multi-digit numbers and subtracting across zeros. For each of these topics, 

there was one day of a teacher-led mini-lesson and completion of guided practice and an exit slip 

Then, there was one day of error analysis for each topic. Finally, the whole group reviewed the 

skill using white boards and then completed a final exit slip for the skill. 
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 Specifically, on day six of the study, participants completed an error analysis activity 

about subtracting multi-digit whole numbers. The lesson of the day began by participants 

engaging in teacher-led error analysis activities focused upon subtracting multi-digit whole 

numbers. The activities focused on participants identifying the error that occurred and describing 

the possible reasons for the error occurring. Participants then completed their own error analysis 

using a pre-solved subtraction problem that utilized an incorrect solution path (See Appendix G). 

A difference of 108,778 was given for the subtraction problem, 197,053 – 88,285. Participants 

were required to correctly solve the subtraction problem and explain the reason that the pre-

solved problem was incorrect.  

 On day seven of the study, a second mini-lesson to review subtracting multi-digit whole 

numbers was presented by the teacher-researcher using the presentation materials produced by 

McGraw Hill My Math. This was done using white boards and sample questions from chapter 

two of the fourth-grade online curriculum (See Appendix B). This procedure involved the 

teacher researcher writing a subtraction problem for all participants to see, participants solving 

the problem independently, checking their solution path with a peer, and the whole group 

reviewing the solution together. Approximately 15 problems were completed by all participants 

using this procedure. At the end of the mathematics period, participants completed the 

subtracting multi-digit numbers exit slip (See Appendix C).   

 On day eight of the study, there was a teacher-led mini-lesson about subtracting across 

zeros. The teacher researcher utilized the McGraw Hill My Math presentation materials to 

present this skill, and the teacher researcher, along with the participants, utilized the student 

workbook guided practice problems to practice as a whole group. Following the lesson, all 

participants completed guided practice and an exit slip about the topic to check for accuracy.  
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 On day nine of the study, participants completed an error analysis activity about 

subtracting across zeros. The lesson of the day began by participants engaging in teacher-led 

error analysis activities focused upon subtracting multi-digit whole numbers. The activities 

focused on participants identifying the error that occurred and describing the possible reasons for 

the error occurring. Participants then completed their own error analysis using a pre-solved 

subtraction problem that utilized an incorrect solution path. A difference of 432,112 was given 

for the subtraction problem, 508,200 – 136,118. Participants were required to correctly solve the 

subtraction problem and explain the reason that the pre-solved problem was incorrect.  

 On day ten of the study, a mini-lesson to review subtracting multi-digit whole numbers  

across zeros was presented by the teacher-researcher using the materials created by McGraw Hill 

My Math. This was done using white boards and sample questions from chapter two of the 

fourth-grade online curriculum. This procedure involved the teacher researcher writing a 

subtraction problem for all participants to see, participants solving the problem independently, 

checking their solution path with a peer, and the whole group reviewing the solution together. 

Approximately 15 problems were completed by all participants using this procedure. At the end 

of the mathematics period, participants completed the subtracting across zeros exit slip. 

Week Three 

 On day 11 of the study, participants completed a teacher-created independent practice, 

paper-and-pencil quiz, Adding and Subtracting Multi-Digit Whole Numbers (See Appendix D) 

in which they used their knowledge about addition and subtraction to solve mathematics 

computation and word problems.  

 The second unit took two days, which satisfied days 12 and 13 of the study. This unit 

followed a similar structure as the first unit; however, there was a slight difference in the 
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schedule of this unit due to its simplicity for fourth grade students. On the first day of this unit 

and day 12 of the study, the teacher researcher taught a mini-lesson about multiplicative 

comparison. Participants partook in guided practice during the mini-lesson; this guided practice 

was provided in the online lesson presentation from chapter three of the McGraw Hill My Math 

fourth grade curriculum. At the conclusion of the lesson, participants completed the 

multiplicative comparison exit slip (See Appendix C). These exit slips included a section in 

which participants notate their level of understanding. These exit slips were scored upon 

completion for accuracy and level of understanding.  

On the second day of this unit and day 13 of the study, all participants engaged in 

teacher-led error analysis activities focused upon multiplicative comparison. The activities 

focused on participants identifying the error that occurred and describing the possible reasons for 

the error occurring. Participants then completed their own error analysis using a pre-solved 

multiplicative comparison problem that utilized an incorrect solution path (See Appendix E). A 

multiplication sentence of 18 x 6 = 3 was given for the multiplicative comparison problem, write 

eighteen is six times as many as three in equation format. Participants were required to correctly 

solve the multiplicative comparison problem and explain the reason that the pre-solved problem 

was incorrect. The final review of this skill and following exit slip were completed in 

conjunction with the beginning of the third unit, Multiplication by a One-Digit Number.  

 The third mathematics unit, Multiplication by a One-Digit Number, took seven days and 

satisfied days 14 through 20 of the study. This unit also followed a similar structure to the 

preceding units. On day 14 of the study, the teacher researcher first reviewed multiplicative 

comparison with the participants for approximately five minutes. This review required 

participants to answer multiplicative comparison questions independently on a white board. 
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Following this brief review, the teacher researcher taught a mini-lesson about multiplying by a 

one-digit number. Participants partook in guided practice during the mini-lesson, which was 

provided in the online lesson presentation from chapter four of the McGraw Hill My Math fourth 

grade curriculum. At the conclusion of the lesson, participants completed two exit slips: the 

multiplicative comparison exit slip as well as the multiplication by a one-digit number exit slip 

(See Appendix C). These exit slips included a section in which participants notate their level of 

understanding. These exit slips were scored upon participant completion. The exit slips were 

scored for accuracy and level of understanding.  

 One the second day of this unit and day 15 of the study, participants completed error 

analysis activities that were focused on the skill of multiplying by one-digit numbers. The error 

analysis activities required participants to identify the error that occurred and to explain the 

possible reasons for the error occurring. Participants then completed their own error analysis 

using a pre-solved addition problem that utilized an incorrect solution path (See Appendix C). A 

product of 410 was given for the multiplication problem, 42 x 5. Participants were expected to 

correctly solve the multiplication problem and explain the reason that the pre-solved problem 

was incorrect.  

Week Four 

On day three of the multiplying by a one-digit number unit and day 16 of the study, the 

teacher researcher and participants reviewed the skill of multiplication. This was done using 

white boards and sample questions from chapter four of the McGraw Hill My Math fourth grade 

online curriculum. This process involved the teacher researcher writing a problem for all 

participants to see, participants solving the problem independently, checking their solution path 

with a peer, and the whole group reviewing the solution together. Approximately 10 problems 
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were completed by all participants using this procedure. At the end of the mathematics period, 

participants completed the multiplying by a one-digit number exit slip (See Appendix C).    

 Day 17 of the study focused on the skill of multiplying multi-digit numbers. This consists 

of multiplying three- and four-digit numbers by a one-digit number. During this day’s lesson, the 

teacher-researcher taught a mini-lesson about the skill. The class participated in guided practice 

following the mini-lesson, which was provided using the online lesson presentation from chapter 

four of the McGraw Hill My Math fourth grade curriculum. At the end of the lesson, participants 

completed the multi-digit multiplication exit slip (See Appendix C). The exit slip included a 

section in which participants show their level of understanding. These exit slips were scored 

upon participant completion. Specifically, the exit slips were scored for accuracy and level of 

understanding.  

 Day 18 of the study participants in error analysis activities that utilized the skill, multi-

digit multiplication. These error analysis activities were similar to the error analysis activities 

completed for multiplying by a one-digit number. The desired outcome was the same: for 

participants to successfully be able to correctly solve the mathematics problem and explain the 

reason that the pre-solved solution path was incorrect. The only difference between these two 

error analyses was that this day required participants to analyze and solve multi-digit 

multiplication problems. Specifically, in this error analysis activity, a product of 8,324,048 was 

given for the multiplication problem, 1,456 x 8. Participants were expected to identify the error 

and solve the problem correctly. 

 Day 19 of the study mirrored the activities from the third day of the unit, with the only 

difference being the skill of focus. The whole class engaged in review of multiplying a multi-

digit number by a one-digit number. Similar to past review days, this was accomplished using 
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white boards and approximately 10 sample questions from chapter four of the McGraw Hill My 

Math fourth grade online curriculum. At the end of the mathematics period, participants 

completed the multiplying multi-digit numbers exit slip (See Appendix C).    

 Multiplication of a multi-digit number by a one-digit number is a more complex concept 

for fourth grade students than previously taught topics; therefore, the teacher researcher included 

a second day of error analysis for this unit. On day 20, participants the teacher researcher 

implemented error analysis activities for participants to complete. The error analysis included the 

skill of multiplying multi-digit numbers. The end result was participants independently 

completing an error analysis of an incorrectly solved multiplication problem. A product of 7,154 

was given for the multiplication problem, 1,352 x 7. Participants were expected to identify the 

error and solve the problem correctly. 

Week Five 

The final mathematics unit of this study lasted nine days and satisfied days 21 through 29 

of the study. The skill taught during this unit was multiplying two-digit numbers by two-digit 

numbers. On day one of this unit and day 21 of the study, the teacher researcher taught the whole 

group a mini-lesson about the new multiplication skill. In particular, participants learned two 

procedures for solving complex multiplication problems: the standard algorithm and the partial 

products method. The materials for this mini-lesson were provided by the online lesson 

presentation from chapter five of the McGraw Hill My Math curriculum. Following the 

completion of the mini-lesson, the teacher researcher guided participants in approximately five 

minutes of practice with the new skill. This guided practice involved the teacher researcher and 

participants solving two-digit by two-digit multiplication problems together. At the end of the 

lesson, participants completed the two-digit multiplication exit slip (See Appendix C). 
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On the next day of this unit and day 22 of the study, error analysis was implemented. The 

error analysis activities on this day were similar to the error analysis activities completed in past 

daily lessons. The desired outcome was that participants would be capable of to accurately 

solving the multiplication problem and define the reason that the pre-solved solution path was 

incorrect. A product of 6,032 was given for the multiplication problem, 84 x 73. Participants 

were expected to identify the error and solve the problem correctly. 

Day 23 of the study involved the whole group reviewing the procedure for multiplying 

two-by-two digit numbers. This was fulfilled with individual participant white boards and 

sample questions from chapter five of the McGraw Hill My Math fourth grade online 

curriculum. This procedure involved the teacher researcher writing a problem for all students to 

see, participants solving the problem independently, checking their solution path with a peer, and 

the whole group reviewing the solution together. Approximately 8 problems were completed by 

all participants using this procedure. At the end of the mathematics period, participants 

completed the adding multi-digit numbers exit slip (See Appendix C). The number of problems 

included in this review is less than previous review lessons due to the amount of time necessary 

to solve these more intricate multiplication problems.  

In order to check for understanding of the fourth  grade participants, day 24 of the study 

required them to complete a quiz about multiplication of two-digit numbers (See Appendix E). 

This independent practice quiz included computation problems only in order to assess if 

participants could accurately use the standard algorithm or partial products method for solving 

multiplication problems, both of which were discussed on the first day of the unit. The scores of 

these quizzes were scored for accuracy and participants’ level of understanding.  
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Day 25 of the study incorporated error analysis. Using errors made by participants on the 

independent practice quiz, the teacher researcher guided participants in identifying errors and 

debating and reasoning why these errors may have occurred. Following this, the participants 

were asked to independently analyze an error in a two-by-two digit multiplication problem. 

Participants were required to accurately solve the multiplication problem, 56 x 45, and then write 

an explanation for why the original solution path, with an answer of 504, was inaccurate and 

provide a reason the error possibly occurred. 

Week Six 

The sixth day of this multiplication unit and day 26 of the study involved an additional 

teacher-created independent practice quiz (See Appendix F). Another quiz was included due to 

the complexity of this multiplication process. The independent practice quiz allowed participants 

to further explore their knowledge of the multiplication process and allowed the teacher to check 

for participants’ proficiency. This quiz included computational problems, and it was scored by 

the teacher researcher for accuracy and level of understanding.  

The next two days of the multiplication by two-digit numbers unit consisted of error 

analysis activities. This satisfied days 27 and 28 of the study. These error analysis days followed 

the design of previous error analysis days and were derived from mistakes that participants had 

made. On the final day of the unit and day 29 of the study, participants completed another 

independent practice quiz (See Appendix G), which included both computation and word 

problems. This activity was scored immediately by the teacher researcher for the participants’ 

accuracy and level of understanding.  

On day 30 of the study, participants took the mathematics post-assessment (Appendix A). 

This assessment was identical to the pre-assessment. The assessment was be administered 
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through a traditional paper-and-pencil assessment and included computations and word 

problems. Participants notated their level of understanding following the assessment. The 

difference in score and participants’ notation of their level of understanding was used to show 

participants’ growth. 

Data Analysis and Results  

 Data was analyzed quantitatively using descriptive statistics. The researcher collected 

pre-assessment and post-assessment scores for all mathematics topics: addition, subtraction, and 

multiplication. Additionally, the researcher collected mathematics exit slip scores for accuracy 

and comprehension for six weeks. During these six weeks, the weekly data collected was the 

result of exit slips consisting of two computation problems. Participants completed an exit slip 

prior to engaging in error analysis as well as an exit slip following the intervention of error 

analysis.  

Data Analysis 

 The researcher used descriptive statistics to analyze quantitative data. A pre-assessment 

and post-assessment were given on the first and last day of the study. Each week, the researcher 

collected data from exit slips prior to and following participants engaging in error analysis. All of 

the data collected from the assessments and exit slips was organized and reported as scores using 

Microsoft Excel. All of the data from the study utilized central tendency, using mean and 

standard deviation, to answer the research questions. The analysis of data is reported in five 

tables. The first table was created to compare all participants’ pre- and post-assessment scores as 

well as the difference between the two mean scores. A second table shows accuracy data from all 

participants’ scores from the addition and one-digit multiplication exit slips prior to error 

analysis. A third table shows accuracy data from all participants’ scores from the addition and 
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one-digit multiplication exit slips post error analysis. A fourth table shows comprehension level 

data from all participants’ scores from the subtraction and two-digit multiplication exit slips prior 

to error analysis. A fifth table shows comprehension level data from all participants’ scores from 

the subtraction and two-digit multiplication exit slips post error analysis. 

 It was hypothesized that engaging in error analysis would improve participants’ ability to 

accurately solve addition, subtraction, and multiplication problems. The study also hypothesized 

that engaging in error analysis would improve participants’ ability to comprehend mathematical 

procedures and skills. As a result, the researcher created a table showing the mean pre- and post-

assessment scores and the difference between each score of all participants. Following is a 

discussion of the results of the study based on the research questions, does the use of error 

analysis affect participants’ comprehension of mathematics procedures and skills, and does the 

use of error analysis affect participants’ accuracy when completing mathematics problems? 

Results 

 Overall results from pre- and post-assessments revealed that all participants made 

accuracy and comprehension gains following engagement in error analysis. This appears that 

error analysis had a positive effect on participants’ mathematics performance. The mean pre-

assessment score was 4.29 (SD =2.52) and the mean post-assessment score was 14.76 (SD= 

1.55). These assessments were given on the first day and last day of the study. Participants made 

an overall mean score gain of 10.47 (SD=2.12) from the beginning to the end of the study. Table 

2 below reports participants’ scores from the pre- and post-assessments and the difference 

between the two assessments.  

Table 2 

Participants’ Scores from Pre-Assessment and Post-Assessment. (n=17) 
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Participant               Pre-Assessment Score               Post-Assessment Score               Difference                 

______________________________________________________________________________ 

1                                             4                                                   16                                     12 

2                                             1                                                   12                                     11 

3                                             9                                                   16   7 

4                                             3                                                   15                                     12 

5                                             4                                                   16                                     12 

6                                             6                                                   13                                      7 

7                                             3                                                   15                                     12 

8                                             6                                                   15                                      9 

9                                             1                                                   16                                     15 

10                                           8                                                   16                                      8 

11                                           5                                                   15                                     10 

12                                           5                                                   16                                     11 

13                                           1                                                   13                                     12                                           

14                                           0                                                   11                                     11 

15                                           4                                                   16                                     12 

16                                           7                                                   16                                      9 

17                                           6                                                   14                                      8 

Mean                                    4.29                                              14.76                                10.47 

Standard Deviation              2.52                                               1.55                                  2.12 

______________________________________________________________________________ 

Note: The items for the pre-assessment and post-assessment were identical and consisted of 16 

questions. 

The highest pre-assessment score was 9, and the lowest score was 0. Only one 

participant, participant 14, scored a 0, and this participant has an individualized education plan 

(IEP) for mathematics and normally receives support from a special education teacher. On this 

pre-assessment, the student completed the work on their own.  

For the post-assessment, the highest post-assessment score was 16. The participants who 

scored 16 were participant 1 3, 5, 9, 10, 12, 15 and 16. The lowest post-assessment score was 11, 

and participant 14 was the only one who scored the lowest. This was the same participant that 

scored the lowest on the pre-assessment. The participants who scored the lowest, however, made 
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greater growth than those who scored the highest. See Table 3 to view data of the highest and 

lowest achieving participants in the study.   

Table 3 

The Pre- and Post-Assessment of Three Highest and Three Lowest Scores of Participants. (n=6)  

Participant  Pre-Assessment Post-Assessment   Difference  

Highest  

3   9    16          7 

10                                8                                              16                                       8 

16                                7                                              16                                       9 

 

Lowest 

2                                  1                                              12                                      11 

13                                1                                              13                                      12 

14                                0                                              11                                      11 

 

The research questions that drove this study were focused upon mathematics accuracy 

and comprehension. Therefore, it is important that data specific to these two categories is 

examined. The next section of results is reported based on the research questions.  

Research Question 1: Does the Use of Error Analysis Affect Participants’ Comprehension 

of Mathematical Procedures and Skills? 

 According to the data collected and the overall comparisons made between the exit slips 

before and after error analysis, participants as a whole increased their mathematics 

comprehension. Table 4 shows a comparison of each participant’s exit slip comprehension scores 

prior to and following the implementation of error analysis for the mathematics skill of 

subtraction. This skill was analyzed to assess whether or not participants made gains in 

mathematics comprehension. The scores for this data were derived from participants’ notation of 

their level of understanding. The levels of understanding were on a scale of one to four, with one 
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meaning that they did not understand the skill at all and four being that they could explain how to 

use the skill. These exit slips were completed in weeks one, two, and five.  

Following the implementation of error analysis, the mean score increased by 1.82 points 

(SD=0.62) from the first exit slip to the second exit slip for subtraction. After completing both 

subtraction exit slips and recording the data, the total scores were compared for the first exit slip 

(M=1.65, SD=0.76) and the second exit slip (M= 3.47, SD=0.50). This means that the 

comprehension scores of participants on the second exit slip following error analysis were less 

varied than the scores on the first exit slip as shown by the smaller standard deviation. When 

looking at individual participants, all participants reached at least a level three of understanding, 

meaning that all participants felt that they could comprehend the subtraction tasks without 

assistance.  

Participants 4 and 16 made the greatest growth as they went from a level one to a level 

four of understanding.  Both of these participants scored a 1 on the first exit slip and a 4 on the 

second exit slip. Participants 3, 10, and 12 made the least amount of growth as their first exit slip 

showed the highest levels of comprehension. These participants scored a 3 on the first exit slip 

and a 4 on the exit slip following error analysis. The participant with an IEP, participant 14, also 

made the least amount of growth. This participant went from a score of 2 to 3 following error 

analysis with assistance from a special education teacher when completing the exit slip. See 

Table 4. 

Table 4 

Participants’ Scores from Subtraction Exit Slips Prior to and Following Error Analysis. (n=17) 

                                          Comprehension Notation Subtraction Exit Slips 

______________________________________________________________________________ 

Participant                       Score Before Error Analysis                      Score After Error Analysis               

______________________________________________________________________________ 
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1                                                            1                                                                   3 

2                                                            1                                                                   3 

3                                                            3                                                                   4 

4                                                            1                                                                   4 

5                                                            2                                                                   4 

6                                                            1                                                                   3 

7                                                            1                                                                   3 

8                                                            1                                                                   3 

9                                                            2                                                                   4 

10                                                          3                                                                   4                                                                  

11                                                          1                                                                   3 

12                                                          3                                                                   4 

13                                                          1                                                                   3 

14                                                          2                                                                   3 

15                                                          2                                                                   4 

16                                                          1                                                                   4 

17                                                          2                                                                   3 

Mean                                                   1.59                                                              3.47 

Standard Deviation                             0.76                                                              0.50 

______________________________________________________________________________ 

Note: Comprehension levels range from one to four.  

Table 5 shows a comparison of each participant’s exit slip comprehension scores prior to 

and following the implementation of error analysis for the mathematics skill of multiplication by 

two-digits. This skill was analyzed to assess whether or not participants made gains in 

mathematics comprehension. The scores for this data were derived from participants’ notation of 

their level of understanding. Similar data was shown for the mathematics skill of multiplication 

by two-digits as was shown for subtraction. Following the implementation of error analysis, the 

mean score increased by 1.71 points (SD=0.75) from the first exit slip to the second exit slip for 

two-digit multiplication. After completing both multiplication by two-digits exit slips and 

recording the data, the total scores were compared for the first exit slip (M= 2.0, SD= 0.77) and 

the second exit slip (M= 3.71, SD= 0.46). This means that the comprehension levels of 

participants for multiplication were closer to the mean after error analysis.  
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When looking at individual participants, all students made growth in their comprehension 

levels. The three participants who made the highest growth were Participants 4, 6, and 7. These 

participants scored 1 on the exit slip prior to error analysis and 4 on the exit slip following error 

analysis. They increased their scores by 3 points. Participants 3, 7, 10, and 12 made the least 

amount of growth between exit slips as they initially scored the highest in comprehension on the 

first exit slip. Participant 14, who has an IEP, also only gained one point between exit slips. This 

participant also received support from a special education teacher when completing the exit slips. 

See Table 5.  

Table 5 

Participants’ Scores from Multiplication by Two-Digit Exit Slips Prior to and Following Error 

Analysis. (n=17) 

                       Comprehension Notation Multiplication by Two-Digit Exit Slips 

______________________________________________________________________________ 

Participant                       Score Before Error Analysis                      Score After Error Analysis               

______________________________________________________________________________ 

1                                                            2                                                                   4 

2                                                            1                                                                   3 

3                                                            3                                                                   4 

4                                                            1                                                                   4 

5                                                            2                                                                   4 

6                                                            1                                                                   4 

7                                                            1                                                                   4 

8                                                            3                                                                   4 

9                                                            2                                                                   4 

10                                                          3                                                                   4                                                                  

11                                                          1                                                                   3 

12                                                          3                                                                   4 

13                                                          2                                                                   3 

14                                                          2                                                                   3 

15                                                          3                                                                   4 

16                                                          2                                                                   4 

17                                                          2                                                                   3 

Mean                                                    2.0                                                              3.71 
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Standard Deviation                            0.77                                                              0.46           

______________________________________________________________________________ 

Note: Comprehension levels range from one to four.  

Research Question 2: Does the Use of Error Analysis Affect Participants’ Accuracy When 

Completing Mathematics Problems? 

According to the data collected and the overall comparisons made between the exit slips 

before and after error analysis, participants as a whole made gains in addition proficiency. Table 

6 shows a comparison of each participant’s exit slip scores prior to and following the 

implementation of error analysis for the mathematics skill of addition. This skill was analyzed to 

assess whether or not participants made gains in addition accuracy. Students completed exit 

slips, and the researcher scored each mathematics problem as either correct or incorrect. The 

scores students earned on these exit slips were used for this data. These exit slips were completed 

in week one.  

Following the implementation of error analysis, the mean score increased by 0.59 points 

(SD=0.60) from the first exit slip to the second exit slip for addition. After completing both 

addition exit slips and recording the data, the total scores were compared for the first exit slip 

(M= 1.35, SD= 0.68) and the second exit slip (M= 1.94, SD= 0.24). This shows that the 

accuracy of participants for addition increased and were less varied after error analysis than prior 

to error analysis.  

When looking at individual participants, all eight began with a perfect score of two out of 

two questions answered correctly remained at that level. The participants who began on the first 

exit slip with a score of 2 were Participants 1, 3, 6, 7, 10, 11, 12, and 17. The other nine 

participants made gains of one or two points in their scores following error analysis. More 

specifically, Participant 9 had the highest amount of growth with a score of 0 on the first exit slip 
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and a score of 2 on the exit slip following error analysis. Participants 1, 3, 6, 7, 10, 11, 12, and 17 

made the least amount of growth due to them scoring a 2 on the first exit slip and a 2 on the 

second exit slip. These participants initially scored the highest, and they made the least growth as 

growth was not possible. The participant who has an IEP, Participant 14, went from a score of 0 

to 1 on the two exit slips with the support from a special education teacher in addition to the 

general education teacher. See Table 6. 

Table 6 

Participants’ Scores from Addition Exit Slips Prior to and Following Error Analysis. (n=17) 

                        Participants’ Scores on Addition Exit Slips 

______________________________________________________________________________ 

Participant                       Score Before Error Analysis                      Score After Error Analysis               

______________________________________________________________________________ 

1                                                            2                                                                   2 

2                                                            1                                                                   2 

3                                                            2                                                                   2 

4                                                            1                                                                   2 

5                                                            1                                                                   2 

6                                                            2                                                                   2 

7                                                            2                                                                   2 

8                                                            1                                                                   2 

9                                                            0                                                                   2 

10                                                          2                                                                   2                                                                  

11                                                          2                                                                   2 

12                                                          2                                                                   2 

13                                                          1                                                                   2 

14                                                          0                                                                   1 

15                                                          1                                                                   2 

16                                                          1                                                                   2 

17                                                          2                                                                   2 

Mean                                                  1.35                                                             1.94 

Standard Deviation                            0.68                                                             0.24 

______________________________________________________________________________ 

Note: This exit slip was out of a total of 2 points. 
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Tables 7 shows a comparison of each participant’s exit slip scores prior to and following 

the implementation of error analysis for the mathematics skill of multiplication by one-digit. This 

skill was analyzed to assess whether or not participants made gains in multiplication accuracy. 

Students completed exit slips, and the researcher scored each mathematics problem as either 

correct or incorrect. The scores students earned on these exit slips were used for this data. These 

exit slips were completed in week four. According to the data collected and the overall 

comparisons made between the exit slips before and after error analysis, participants as a whole 

made gains in multiplication proficiency.  

Similar data was shown for the mathematics skill of multiplication by one-digit as shown 

for addition. Following the implementation of error analysis, the mean score increased by 0.82 

points (SD=0.71) from the first exit slip to the second exit slip for one-digit multiplication. After 

completing both exit slips and recording the data, the total scores were compared for the first exit 

slip (M= 1.33, SD= 0.68) and the second exit slip (M= 2.0, SD=0). This shows that accuracy 

levels of participants for multiplication by one-digit increased and were closer to the mean after 

error analysis.  

When looking at individual participants, all six who began with a perfect score remained 

at that level. The other 11 participants made gains in their scores following error analysis with 

multiplication by one-digit. Participants 1, 2, and 5 showed the highest amount of growth. 

Participants 1 and 5 were absent for the first exit slip and scored a 2 on the second exit slip. 

Participant 2’s score on the exit slip prior to error analysis was 0, and the score following error 

analysis was 2. The participants who made the least amount of growth between exit slips were 

Participants 3, 6, 10, 12, 15, and 16. These participants each scored 2 on the first exit slip and 2 

on the second exit slip. The participant with an IEP, Participant 14, gained one point between 
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exit slips. The participant scored a 1 on the first exit slip and a 2 on the second exit slip. The 

student received support from a special education teacher. See Table 7. 

Table 7 

Participants’ Scores from Multiplication by One-Digit Exit Slips Prior to and Following Error 

Analysis. (n=17) 

                              Participants’ Scores on Multiplication by One-Digit Exit Slips 

______________________________________________________________________________ 

Participant                       Score Before Error Analysis                      Score After Error Analysis               

______________________________________________________________________________ 

1                                                            -                                                                    2 

2                                                            0                                                                   2 

3                                                            2                                                                   2 

4                                                            1                                                                   2 

5                                                            -                                                                    2 

6                                                            2                                                                   2 

7                                                            1                                                                   2 

8                                                            1                                                                   2 

9                                                            1                                                                   2 

10                                                          2                                                                   2                                                                  

11                                                          1                                                                   2 

12                                                          2                                                                   2 

13                                                          1                                                                   2 

14                                                          1                                                                   2 

15                                                          2                                                                   2 

16                                                          2                                                                   2 

17                                                          1                                                                   2 

Mean                                                  1.33                                                                2.0 

Standard Deviation                            0.59                                                                 0 

______________________________________________________________________________ 

Note: The symbol - represents a participant who was absent. 

 The results from this study showed that participants’ accuracy and comprehension of 

addition, subtraction, and multiplication increased following partaking in error analysis. 
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Following participating in error analysis activities for addition, subtraction, and multiplication, 

participants made gains in their scores.  

Findings 

 Based upon the data collected during the study, the strategy of error analysis was 

effective in increasing participants’ mathematics proficiency in fourth grade. When examining 

the group of participants overall, regardless of mathematics achievement designations, error 

analysis was effective with 100 percent of participants from beginning to end of the study. Error 

analysis was effective in increasing comprehension scores in 100 percent of participants and 

increasing accuracy scores in 58 percent of participants. The participants that did not show 

growth in accuracy completed the exit slip prior to error analysis implementation. 

 The purpose of the study was to determine the effect implementing error analysis 

activities has on student understanding of fourth grade mathematics concepts. The research 

questions for this study focused on mathematics comprehension and mathematics accuracy 

following the implementation of error analysis activities. The study hypothesized that engaging 

in error analysis would improve participants’ ability to accurately solve addition, subtraction, and 

multiplication problems. The study also hypothesized that engaging in error analysis would 

improve participants’ ability to comprehend mathematical procedures and skills. The study 

concluded that 100 percent of fourth grade participants made growth or received two perfect 

scores when graded for accuracy, and 100 percent of fourth grade participants made growth in 

mathematics comprehension following error analysis. Therefore, in this study, implementing 

error analysis into mathematics instruction did increase fourth graders’ overall mathematics 

proficiency in addition, subtraction, and multiplication. 

Conclusion and Discussion 
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Conclusion 

 Error analysis implementation in mathematics instruction in a fourth grade classroom did 

prove to be effective as hypothesized by the researcher. When conducting the study, the 

researcher observed that the fourth grade participants became more confident in their 

mathematics skills after engaging in error analysis activities. This helped to increase their 

accuracy and comprehension levels. For example, when learning about subtraction, students 

began with confusion and unease about regrouping. The error analysis activity focused on errors 

made in regrouping. Following this, the students understood how regrouping is completed 

correctly and were able to successfully complete the second exit slip with no errors in 

regrouping. Error analysis allows students and educators to identify common problems and 

mistakes and focus on how to fix them. This, in turn, helps students to avoid these errors when 

they are completing mathematics problems on their own in the future.  

Discussion 

 The results of the study showed that participants grew in mathematics proficiency 

following the implementation of error analysis. There were two research questions in this study: 

Does the use of error analysis affect participants’ comprehension of mathematical procedures 

and skills, and does the use of error analysis affect participants’ accuracy when completing 

mathematics problems? The results from the study showed that participants’ comprehension and 

accuracy were positively affected by error analysis. The participants’ scores increased following 

error analysis. The study hypothesized that engaging in error analysis would improve 

participants’ comprehension when solving mathematics problems. The study also hypothesized 

that participants engaging in error analysis would assist them in solving future mathematics 

problems accurately. The results from this study proved the hypothesis was true. 
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Implications and Limitations 

Implications 

 Educators of all grade levels have countless choices when it comes to instructional 

methods and strategies to utilize in their classrooms. Educators also have a multitude of different 

learning styles and academic ability levels within their students that must be taught. It is 

imperative that educators utilize applicable practices in their classrooms to address all learners 

and their needs in order to effectively promote academic growth.  

Mathematics instruction is one of the most significant points of discussion in education 

today due to the decrease in mathematics proficiency in students at all grade levels post-

pandemic. Students’ mathematics scores on standardized tests have seen a decrease since this 

time. Because of this, it is imperative that educators choose to implement effective and engaging 

strategies for mathematics instruction. Extensive research has shown that error analysis can assist 

students in grasping important skills, to avoid errors in their own work, and to utilize important 

vocabulary to describe how to solve mathematics problems. When students can explain errors in 

solution paths, they begin to comprehend why the correct solution path works and should be 

utilized when they solve future mathematics problems. This increased understanding of 

mathematics problems and possible errors will lead to increased proficiency in mathematics and 

an increase in students’ scores on standardized tests. 

The results of this study showed that, for the participants in the fourth grade classroom 

used in this study, error analysis was positively effective for all levels of students when it comes 

to mathematics accuracy and comprehension. This is advantageous for educators in this 

particular school because they are looking for strategies to improve mathematics instruction. 

Also, educators in this particular school utilize Marzano’s higher order thinking skills in 
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conjunction with Marzano’s proficiency scales for mathematics instruction. Fourth grade 

educators in this school in particular can be confident that their students will increase their 

mathematics proficiency using the error analysis strategy. They can also be confident in 

supplementing their current mathematics curriculum, McGraw Hill MyMath, with error analysis 

activities with more frequency. The data collected in the study showed that student who scored 

the lowest on the pre-assessment also scored the lowest on the post-assessment. This student 

made the least amount of growth following error analysis. It may be appropriate for the educator 

to utilize additional strategies from the MyMath curriculum to aid in mathematics growth in 

addition to error analysis activities. This student also receives support in special education, and 

extra supports could be provided. 

The administration of the school where the study was completed can be assured that the 

adjustments to mathematics instruction in the elementary grades that have been suggested for 

educators to use with students is effective in helping students in the fourth grade make gains in 

mathematics accuracy, comprehension, and proficiency as a whole. The elementary school and 

school district have spent time and resources on increasing educators’ understanding of error 

analysis and Marzano’s higher order thinking skills, and this study shows that it is a good use of 

their time and resources.  

Limitations 

 One limitation of the study was that the sample of participants was quite small, and the 

study took place in a singular classroom. A larger sample of students and educators would give 

more reliable data and results. Additionally, conducting the study across multiple grade levels 

would give a more accurate account of effectiveness of error analysis upon mathematics 

proficiency.  
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 A second limitation was that some participants missed a day or more of instruction during 

the six week study due to illness, appointments, or repeated truancy. When participants miss 

portions of the instruction, it is possible that results could be skewed as these participants did not 

receive the exact same amount of error analysis instruction as their peers in the study. 

Participants were only absent on days in which the class was receiving instruction about a 

mathematics topic, completing exit slips, completing quizzes, or completing error analysis 

activities. No participants were absent on the days of the pre-assessment and post-assessment. 

Action Plan 

 The researcher plans to enlist fellow fourth grade teachers to experiment with 

supplementing the current McGraw Hill MyMath curriculum with more error analysis activities 

to see if they get similar results to this study. The researcher also plans to later enlist fellow 

teachers in other grade levels to examine if they get similar results to this study at different 

levels. Additionally, the researcher plans to present this study at a future academic team meeting 

to share the findings of the study with colleagues along with strategies from Marzano’s higher 

order thinking skills to try when students struggle with mathematics accuracy and 

comprehension. The data and findings of the study will be presented in a professional poster at 

Eastern Illinois University. 

 The researcher suggests that more research be conducted on the effects of error analysis 

on mathematics instruction to determine how it can be used most effectively. It would be 

beneficial to conduct studies with larger participant samples, multiple grade levels, and a longer 

study to produce more reliable data. In the meantime, the researcher will use the knowledge 

gained from this study to better serve students in the classroom when it comes to mathematics 

instruction.   
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Appendix B 

  

McGraw Hill My Math Materials 
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Appendix C 

 

Mathematics Exit Slips 

 

  



 70 

 



 71 



 72 



 73 

 
 

  



 74 

Appendix D 

 

Teacher-Created Independent Practice Quiz for Addition and Subtraction 
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Appendix D 

 

Teacher-Created Independent Practice Quiz for Multiplication  
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Appendix E 

 

Teacher-Created Independent Practice Quiz for Two-by-Two Digit Multiplication 
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Appendix F 

 

Teacher-Created Independent Practice Quiz for Multiplication with Varied Problems 
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Appendix G 

 

Error Analysis Activities 
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