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ABSTRACT

NICOLEE C. CARROLL
THE IMPACT OF ANALYTIC RUBRIC FEEDBACK IN EIGTH GRADE 
MATHEMATICS
Under the direction of H. ANNE HATHAWAY, Ed.D.

Middle school students often have difficulty mastering the basic skills associated 

with rational numbers, which are essential to algebra and higher mathematics. The 

purpose of this quantitative study was to investigate the impact of analytic rubrics on 

student mastery performance with basic skills associated with rational numbers in an 

eighth grade mathematics class. Fifty non-gifted eighth grade students in a southeastern 

public middle school participated in this study.

A pretest/post-test design was used to collect data for the analysis. Item analyses 

on the pre-test revealed a large percentage of these students struggled to master all 

operations with fractions and mixed numbers in addition to converting decimals to 

fractions. Post-test scores showed only 56% of participants achieved mastery 

performance by scoring at or above 70%. Simple linear regressions were calculated to 

determine the significance of the pretest/post-test design. A simultaneous multiple linear 

regression was calculated to determine the impact of the analytic rubric on a post-test of 

basic skills with rational numbers. Differences between group means were analyzed 

using Mests but the results were found to be insignificant. Results of the pretest/post-test



simple linear regression were found to be significant at the p < .05 level. Results of the 

simultaneous multiple linear regression revealed an overall significance of the model at 

the p < .05 level and a significant unstandardized regressed coefficient associated with 

the combined pretest scores at the p < .05 level. Yet, the unstandardized regression 

coefficient associated with the use of analytic rubrics was not significant at p = .639.

Findings from this study indicate that non-gifted eighth grade students struggle 

with conceptual and procedural fluency associated with computations involving rational 

numbers. When teachers provide students with corrective feedback following a formative 

assessment and an opportunity to retest, students improve their mastery of concepts, but 

the impact of analytic rubrics was found to be inconclusive. Additional research is 

needed to study the impact of rubrics on student achievement in mathematics.



CHAPTER ONE 

INTRODUCTION TO THE STUDY 

Today’s mathematics curriculum consists of broad standards (Davison &

Mitchell, 2008); consequently, many students often have difficulty mastering the 

necessary basic skills needed to develop a solid command of the discipline (Steinfort, 

1996; Yopp and Rehberger, 2009). This lack of comprehension inhibits students’ 

conceptual understanding each year as they encounter new mathematical concepts (Seah 

& Booker, 2005). Furthermore, remedial college mathematics teachers have also 

observed this phenomenon with their students and have declared that fundamental core 

knowledge of basic mathematical skills is more important than exposure to new concepts 

(ACT 2007, Yopp and Rehberger, 2009). Booth and Newton (2012) suggested that 

students who have strong skills utilizing fractions will be more likely to master algebra in 

high school and are more likely to enroll in secondary math and science courses. 

Therefore, mathematics educators must ensure that students have acquired a strong grasp 

of rational number sense before entering high school potentially leading to future 

enrollment in post-secondary mathematics classes.

Classroom teachers at all levels have determined that rubrics are a constructive 

form of written feedback to aid students’ performance in the classroom (Depka, 2001; 

Jonsson & Svingby, 2007; Yopp and Rehberger, 2009). There are various types of

1
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rubrics, but essentially, they are a form of written feedback that benefit students by 

providing them with specified learning outcomes that address both cognitive and 

motivational influences that can encourage learning in the classroom (Brookhart, 2008; 

Depka, 2001; Jonsson & Svingby, 2007; McGatha & Darey, 2010). Despite the benefits 

of the use of rubrics as formative assessments, there are several limitations associated 

with their use, such as time needed for teachers to incorporate rubrics as assessments, 

inconsistencies with inter-rater reliability issues associated with the rubrics, and 

discrepancies within the actual design of the rubrics resulting in threats to the validity and 

reliability of the rubrics (Jonsson & Svingby, 2007; Moskal, 2000; Tierney & Simon,

2004). However, the use of an analytic rubric in mathematics can provide students with 

specific information on all of the steps needed to solve a problem while providing both 

teachers and students with identifiable errors that need to be corrected.

In an effort to close the achievement gaps for students in mathematics, mastery 

learning instructional strategies, initially developed by John Carroll (1963) and then 

refined by Benjamin S. Bloom (1968), can be utilized to improve knowledge of content, 

increase student achievement, raise self-efficacy, and finally encourage and foster future 

interest in the subject for students in elementary, secondary, and collegiate levels of 

education (Zimmerman & Dibenedetto, 2008).

Extensive research has shown improvements in student achievement when 

mastery learning strategies, such as corrective feedback and opportunities to retest, are 

employed in the classroom (Block & Bums, 1976; Bloom, 1984; Guskey, 2005; Kulik, 

Kulik, & Bangert-Downs, 1990; Yopp & Rehberger, 2009; Zimmerman & Dibenedetto,
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2008). Ames and Archer (1988) also suggest that a mastery arrangement of instruction is 

more likely to promote long-term use of learning strategies and a belief that 

accomplishment is linked to one’s intrinsic motivation.

In an effort to identify appropriate teaching methods with which to close the 

student achievement gaps as prescribed by the federal requirements of No Child Left 

Behind (U.S. Department of Education, 2001) and Race to the Top (U.S. Department of 

Education ,2010), educators and researchers are seeking instructional strategies that are 

beneficial for student mastery of the curriculum at all levels and disciplines.

Currently, there has been a push for teachers to implement formative assessments 

on a regular basis to evaluate student progress with the skills and content contained in 

each curriculum in order to help students identify, correct, and master any 

misconceptions prior to summative assessments (Brookhart, 2005; Guskey, 2005; 

Stiggins, 2005; Tomlinson & Eidson, 2003). Bloom (1968) suggested these same 

instructional strategies for school-aged children many years ago in his mastery learning 

model. Bloom (1968) encouraged teachers to formatively assess students’ progression 

with a particular skill or concept by providing students with descriptive feedback 

regarding their performance along with additional opportunities for students to 

demonstrate mastery. However, Bloom’s model did not identify mastery with a 

numerical value, but did recommend students not be allowed to progress to the next level 

until the prior level was mastered. This process was very difficult for teachers to manage 

since mastery was determined by individual teachers and not all students mastered the
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prescribed skills and content contained within the curriculum at the same time (Bloom, 

1968).

Today, the use of analytic rubrics can be effectively utilized by mathematics 

teachers to identify students’ mastery of basic skills associated with rational numbers. 

Since an analytic rubric is essentially a checklist, teachers can analyze student work and 

provide corrective feedback to the student in a timely manner by specifying any strengths 

or weaknesses that need to be addressed prior to summative assessments.

As an eighth grade mathematics teacher, this researcher is aware that many of her 

students struggle to master the standards contained within the eighth grade curriculum; 

this difficulty is a result of students not mastering the basic skills associated with rational 

numbers taught in earlier grades. In the southeastern state where this study was 

conducted, the eighth grade is a gate year, meaning that eighth graders are required to 

demonstrate minimal competency of the curriculum in order to be promoted to the ninth 

grade. Therefore, the researcher is constantly searching for new and established 

strategies that may help her students master the curriculum and develop positive attitudes 

about math. Consequently, this study was designed using several of Bloom’s (1968) 

mastery learning instructional strategies in order to evaluate the impact of analytic rubrics 

as a form of corrective feedback on student mastery performance with the basic skills 

associated with rational numbers.

Statement of the Problem

Mathematics students of all ages have demonstrated difficulty mastering the 

fundamental basic skills of fractions, decimals, and percents contained within the set of
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rational numbers (Seah & Booker, 2005; Steinfort, 1996). Kloosterman and Gorman 

(1990) claim that children in the primary grades are eager to learn mathematics; however, 

by the time students reach middle school, math becomes more difficult and many 

students do not attain levels of success and barely pass the subject.

Unfortunately, students in the middle school years begin to associate success in 

math with being smart; therefore, they may believe that if one struggles in math one must 

not be smart (Middleton & Spanias, 1999). These barriers result in fewer students 

enrolling in higher mathematics courses in high school (Dossey, Mullis, Lindquist, & 

Chambers, 1988). This domino effect is also witnessed by post-secondary professors 

who claim that students of all ages entering college have not yet mastered the required 

basic skills in mathematics (Newman-Ford, Lloyd, & Thomas, 2007; Yopp & Rehberger,

2009). These students exhibit low self-efficacy in their ability to perform mathematical 

computations successfully, which often results in constant remediation of elementary 

algebra in intermediate algebra courses (Steinfort, 1996). Without the mastery of these 

necessary basic skills, students will continually experience failure in this subject at all 

levels of education and eventually lose interest and confidence in their ability to succeed 

in mathematics (Kloosterman & Gorman, 1990; Middleton & Spanias, 1999; Yopp & 

Rehberger, 2009).

Purpose of the Study 

The purpose of this experimental quantitative study was to determine whether the 

use of analytic rubrics impacted student mastery performance with the basic skills 

associated with rational numbers in an eighth grade mathematics class. The instructional



strategies implemented in this study were associated with mastery learning and have been 

shown in prior studies to improve student achievement (Block & Bums, 1976; Bloom, 

1984; Guskey, 2005; Kulik, Kulik, & Bangert-Downs, 1990; Yopp & Rehberger, 2009; 

Zimmerman & Dibenedetto, 2008). The key component in this design was the use of a 

correction/feedback element in the form of an analytical rubric following a pretest 

containing 20 questions that incorporated all operations associated with rational numbers. 

Each of the analytic rubrics contained a step-by-step checklist of all of the necessary 

operations needed to solve each the problems. These rubrics provided students with 

written corrective feedback which identified specific measures with which to rectify 

substandard outcomes with computations involving rational numbers on a post-test while 

improving mastery performance with rational numbers.

Research Question

This study sought to determine whether analytic rubrics are effective instruments 

for assisting eighth grade students with attaining mastery of the basic mathematic skills 

associated with all operations contained within the set of rational numbers. The 

researcher examined the following question: To what extent do analytic rubrics as a form 

of written corrective feedback impact student mastery performance with basic skills 

associated with rational numbers in an eighth grade mathematics class?

Rationale and Significance 

The goal of this study was to provide educators with empirical evidence 

associated with the use of corrective feedback in the form of an analytic rubric on 

increased mastery performance with basic skills associated with rational numbers.
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Mastery of the basic skills associated with rational numbers is essential for students 

learning the concepts taught in a standards-based eighth grade math class (Mazzocco & 

Devlin, 2008). Bloom (1968, 1984) claimed that more than 90% of students are capable 

of mastering what is taught; therefore, it is the responsibility of the teacher to utilize 

methods of instruction that will assist students with attaining mastery of the content. By 

providing students with appropriate corrective feedback on formative and/or summative 

assessments, as well as providing students with opportunities to implement the corrected 

misconceptions associated with the concepts on retests, students will ultimately achieve 

mastery of the basic skills that are embedded in the concepts taught in the classroom. 

Analytic rubrics are a form of written corrective feedback that can be used following a 

formative assessment that may help students achieve mastery performance with rational 

numbers.

Seah and Booker (2005) suggest that educators cannot exclude students’ 

perceived abilities with mathematics and motivational factors when devising intervention 

plans. Prior studies (Eccles, Wigfield, & Reuman, 1987; Middleton & Spanias, 1999; 

Midgley, Feldlaufer, & Eccles, 1989) have indicated that when students realize that they 

are competent with the applications in mathematics, they are also able to appreciate the 

significance of mathematics more than those who do not perform as well in the subject. 

Additionally, when students perceive their accomplishments in math as significant and 

based on their effort and ability, they are more apt to have the confidence needed to 

continue with the higher-level mathematics classes (Relich, 1984). As students
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experience positive results in middle school mathematics, the willingness to enroll in 

higher math courses will increase (Middleton and Spanias, 1999).

This study suggests that corrective feedback in the form of an analytic rubric can 

impact student mastery performance with rational numbers. The results of its use in this 

study were inconclusive; however, the use of a pretest/post-test design revealed 

significant results. Therefore, educators are encouraged to utilize formative assessments 

along with corrective feedback and an opportunity to retest in order to provide students 

with an opportunity to rectify any misunderstandings associated with basic skills 

associated with rational numbers. Teachers should note that some students might need 

more than one opportunity to retest in order to achieve the desired mastery performance 

level.

Assumptions

During this study, the researcher believed the following to be true:

1. The teachers administering the pre-and post-tests maintained a secure testing 

environment.

2. Corrective oral and written feedback (Bloom, 1968, 1984) can assist students 

with achieving mastery performance with rational numbers.

3. A statistical study using a simple linear regression is a valid and effective 

method to measure the significance of a pre-and post-test design (Keith, 

2006).



4. A simultaneous linear regression is a valid and effective method to measure 

the impact of analytic rubrics on mastery performance of basic skills with 

rational numbers (Keith, 2006).

5. The use of /-tests is a valid and effective method to measure the mean 

differences between groups (Sprinthall, 2012).

Limitations

Due to the following potential limitations, generalizability may be difficult to 

apply to students outside of this study’s sample population:

1. In order to complete this study in a timely manner, the sample was 

conveniently selected from eighth grade mathematics students enrolled at the 

researcher’s place of employment.

2. The sample size of 50 participants was relatively small.

3. The effectiveness of oral and written forms of feedback could not be 

compared.

4. The unavailability of a standardized test with rational numbers mandated the 

creation of an author-made test.

5. Participant scores on the pre-and post-tests may not reflect the students’ true 

ability with rational numbers since the scores were not applied to their class 

averages.
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Definition of Terms

In an effort to maintain consistency throughout this study, the following terms are 

defined:

Analytic rubrics are similar to a descriptive checklist that assesses specific criteria 

at different levels of a student’s performance (Depka, 2001; McGatha & Darey, 2010; 

Moskal, 2000).

Assessment is defined as a means of monitoring students’ comprehension of the 

skills and concepts during and after instruction (Stiggins, 2005). There are two types of 

assessment: Formative and summative.

Conceptual understanding is defined as an understanding of the relationships 

between mathematical concepts (Skemp, 1976)

Corrective feedback refers to oral or written suggestions from the teacher which 

students can utilize for correcting any skills or misconceptions following a formative or 

summative assessment (Bloom, 1968; Guskey, 2005; Hattie & Timperly, 2007).

Feedback is defined as oral or written information provided by the teacher 

regarding a student’s performance on a task (Hattie & Timperley, 2007).

Formative Assessment is defined as any resources, procedures, and assessment 

results that teachers can utilize during learning (Arter, 2005) to increase student learning 

(Brookhart, 2005).

Gatekeeper refers to one’s ability to compute with fractions as a predictor for 

success in algebra 1 (National Mathematics Advisory Panel, 2008) or one’s performance 

in algebra 1 as a predictor for success in higher mathematics (Booth & Newton, 2012). If
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a student is able to successfully compute with fractions, then one should be successful 

with the algebra 1 course. If one is successful with the algebra 1 course, then one should 

be successful with higher mathematics. If a student is unsuccessful with either then that 

student will typically struggle with the following course.

Mastery learning is defined as an instructional strategy that emphasizes a 

feedback/correction element following a formative assessment. Afterwards, students can 

correct their mistakes and/or misunderstanding and then retest on the same concepts with 

a parallel test covering the same material (Bloom, 1968).

Mastery learning performance is defined as student mastery of 70% or higher on 

a basic skills mathematics test containing problems with rational numbers.

MDL is defined as a mathematical learning disability (Mazzocco & Devlin, 2008)

Procedural fluency refers to knowing how to solve mathematical problems using 

the correct algorithms but not understanding why they are used (Skemp, 1976).

Rubrics are a form of written feedback utilized in many classrooms today. There 

are various forms of rubrics, but they are essentially a written form of feedback that 

provides students with specified learning outcomes that address both cognitive and 

motivational influences that encourage learning in the classroom (Stergar, 2005).

Summative Assessment represents student achievement on standardized tests at 

specific moment in time (Brookhart, 2005) after the learning has taken place (Arter,

2005).
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Test/retest refers to a process of providing students with an assessment following 

instruction, corrective feedback, and then an opportunity to retest using a parallel test that 

covers the same content as the original assessment (Bloom, 1968; Guskey, 2005).

Summary

As school systems attempt to close achievement gaps throughout all grade levels 

and subject areas, teachers’ use of formative assessments has been encouraged as a means 

to assess students’ progression during the learning process. Teachers and students can 

utilize the data obtained from these assessments to correct any misunderstandings 

regarding the concepts taught in the classroom and make adjustments prior to summative 

assessments.

This quantitative study investigated the impact of analytic rubrics as a form of 

corrective feedback on eighth grade students’ mastery performance with rational numbers 

using a simultaneous multiple linear regression. The literature review addresses the 

significance of rational numbers in mathematics, examines the key components of 

formative assessment, corrective feedback, and opportunities to retest that are associated 

with Bloom’s (1968) mastery learning model, and examines the impact of the use of 

analytic rubrics as a form of corrective feedback following formative assessments. The 

study’s methodology, data collection strategies, and data analysis are presented in the 

following chapters, along with a review of the study and its implications for future 

research.



CHAPTER TWO 

REVIEW OF LITERATURE 

The purpose of this study was to investigate the impact of analytic rubrics as a 

form of corrective feedback for mastery performance with basic skills in eighth grade 

mathematics. In view of the components of this study, review of the research literature in 

this chapter is organized into three major topics: significance of mastery with rational 

numbers, assessment, and corrective feedback with analytic rubrics.

Significance of Mastery with Rational Numbers 

The framework for The Common Core State Standards fo r  Mathematics (Council 

of Chief State School Officers and the National Governors Association Center for Best 

Practices [CCSSO], 2010) was adapted from recommendations devised by the National 

Council fo r  Teachers o f Mathematics (National Council for Teachers of Mathematics 

[NCTM], 2003c). The CCSSM curriculum standards outline the content, effective 

pedagogical strategies associated with the content and expected traits for students to 

attain in order to be mathematically competent (Gojak, 2013). The curriculum is divided 

up into five domains for each grade: Number and operation; algebra; geometry; 

measurement; and data analysis and probability. Each standard also contains focal points 

and process standards (NCTM, 2003a).

13
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NCTM (2003a) identified focal points as essential ideas that are pivotal to 

learning mathematics in specific grades. They outline the basic content and skills that 

everyone should learn by providing students with a fundamental knowledge base for 

future studies in higher mathematics. Focal points are also designed to assist teachers by 

providing enrichment activities for students who have mastered the content or by 

identifying areas for students who need remediation. Furthermore, focal points 

emphasize the processes associated with mathematics such as problem solving, reasoning 

and proof, communication, connections, and representation (NCTM, 2003a).

Booker, Bond, Sparrow, and Swan (2004) suggest that students who fail to 

develop mathematical reasoning and computation skills will be disadvantaged and, 

according to Windsor (2009), will lack the essential skills needed to enter our 

technologically advanced society. Despite the National Council of Teachers of 

Mathematics’ (2009) push for student participation in higher level mathematics classes, 

the number of college students actually graduating with degrees in higher mathematics is 

declining, leading to a shortage of individuals who are employable in the fields of 

science, technology, engineering, and math (STEM) in which mathematics is essential 

(Hall, Dickerson, Batts, Kauffmann, & Bosse, 2011; National Science and Technology 

Council, 2000). Machi (2008) claims there are only 60,000 students graduating from 

engineering programs in the United States with 200,000 available jobs yearly. Machi 

(2008) also suggests the lack of qualified students in the U.S. forces companies to seek 

qualified individuals from other countries, including India and China (Machi, 2008).
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The Common Core State Standards fo r  Mathematics (Council of Chief State 

School Officers and the National Governors Association Center for Best Practices 

[CCSSO], 2010) has authorized a push down of content to the earlier grades according to 

Bush and Karp (2013) in an effort to provide students with more opportunities to take 

higher mathematics courses in high school and increased enrollment in post-secondary 

STEM programs. However, it is too soon to determine whether this push down reform 

will have positive effects on increased student enrollment in higher mathematics. 

Therefore, Windsor (2009) asserts it is imperative for educators to recognize that 

teaching algebraic concepts sooner does not necessarily eliminate the need to identify and 

resolve students’ misconceptions related to the concepts being taught.

Mazzocco and Devlin (2008) allege that many students in middle school often 

display deficiencies with all operations associated with rational numbers. Ketterlin- 

Gellar and Chard (2011) claim that students typically begin to develop an understanding 

of numbers before middle school while the National Mathematics Advisory Panel (2008) 

contends that student achievement in mathematics seems to decline during the middle 

school years. Both Bush and Karp (2013) and Mazzocco and Devlin (2008) assert that 

students must master the necessary conceptual understanding and computation skills 

associated with rational numbers, especially with fractions and decimals (Bottoms, 2003; 

Silver, 2000; Stacey & MacGregor, 1997a), in order to be successful in algebra. Booth 

and Newton (2012) suggest mathematics educators perceive the middle school algebra 

course as the gatekeeper to mathematics and science courses in secondary and post

secondary education.



16

Siemon (2003) contends that the ability to compute with fractions, decimals, 

percents, ratios and proportions are skills one uses regularly in the real world. Siemon 

(2003) also suggests that teachers must provide students with learning experiences that 

not only emphasize skills such as place value, multiplicative reasoning, and fluency with 

rational numbers, but also provide students with opportunities to develop their ability to 

read, decipher, and solve problems using a variety of interpretations. By developing 

these skills and the mathematical literacy needed to be successful in higher mathematics, 

students will become numerate, and ultimately, more ready to participate in our 

technologically advanced society (Siemon, 2003). Consequently, the mastery of 

mathematic skills in middle school is of critical importance for students today.

Studies Relating to the Significance of Rational Numbers

Mazzocco and Devlin (2008) claim that mastery with rational numbers should 

occur before students enter high school, but many students do not gain this mastery by 

the end of the eighth grade. This gap cannot be attributed solely to mathematical learning 

disabilities (MLD) (Mazzocco & Devlin, 2008) as only ~6-14% of the population is 

actually diagnosed with this type of learning disability according to Barbaresi, Katusic, 

Colligan, Weaver, and Jacobsen (2005). In fact, the number of middle school students 

struggling to master fractions surpasses the numbers of students diagnosed with MLD 

(Barbaresi et al., 2005).

Mazzacco and Devlin (2008) completed a longitudinal study examining middle 

school students’ difficulties with the mastery of rational numbers throughout 6th, 7th, and 

8th grades. The study investigated whether difficulty with mastering rational numbers
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indicated a mathematical learning disability (MLD), how these difficulties compared to 

students who were not diagnosed with MLD, and how educators and researchers could 

use the data collected to predict which students would continue to exhibit problems 

mastering rational numbers. The participants were divided into three groups: students 

diagnosed with a MLD, students with low average achievement in mathematics, and 

students with typical achievement in mathematics.

Participants in the study were given a Ranking Proportions Test (RPT) each year 

in the spring. The RPT included a warm-warm up, a reading task, and four additional 

subtests requiring students to identify and rank provided rational numbers in a variety of 

numerical and pictorial fraction and decimal representations. The results of Mazzocco & 

Devlin’s (2008) study indicate that students identified with a MLD displayed a marginal 

comprehension of number sense along with misguided perceptions regarding rational 

numbers. Low achieving students in mathematics displayed a limited understanding of 

rational numbers and often relied on their ability to memorize the processes needed to 

solve the problems without truly understanding the concepts and the rules associated with 

the concepts (i.e. 0.50= Vi =5/10).

Mazzocco and Devlin (2008) recognize that rational number sense is essential to 

solving problems involving computations with fractions. Therefore, they recommend 

that teachers incorporate daily basic skills assessments, such as the RPT, along with their 

required curriculum to monitor students’ progress with attaining mastery of rational 

numbers. While Mazzocco and Devlin (2008) acknowledge that there is not one method 

of intervention that will remedy this problem, educators must address the ongoing
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struggles that non-MLD students display with fractions throughout high school and post

secondary education.

Seah and Booker (2005) investigated Australian high school students’ mastery of 

numeration competency and multiplication reasoning in relation to problem solving 

before entering high school. The students were provided with two diagnostic 

assessments contained within the Booker Screening Group Test (1995). The students’ 

skills assessed on the 20-question numeration exam included the following concepts: 

matching symbols, language to symbols, comparing and sequencing numbers, counting, 

rounding, place value, and renaming. The multiplication test consisted of 15 questions 

that were broken into two segments: a paper-and-pencil test and an oral-and-written test. 

Students’ comprehension and application of basic skills, concepts, and algorithms with 

problem solving were examined using the multiplication test.

Seah and Booker (2005) determined that students’ knowledge of multiplication 

was approximately two years below average. They determined that students’ knowledge 

of the number system was limited to relatively small, three and four digit numbers, 

inhibiting their computation with larger numbers. Students also exhibited weaknesses 

with problems incorporating place value, renaming, and internal zeroes. Finally, Seah 

and Booker (2005) concluded that students struggled mostly with identifying and 

applying a suitable method for solving word problems accurately. Overall, the students 

in this study displayed a deficiency with the conceptual understanding of numeration and 

the relationships between them and other mathematical concepts resulting in their lack of 

readiness for higher mathematics.
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Seah and Booker (2005) proposed three recommendations for improving students’ 

conceptual knowledge with numeration and multiplication. First, middle schools should 

implement intervention programs to remedy students’ misunderstandings with 

numeration and multiplicative reasoning before they enter high school. Second, teachers 

should emphasize place value and renaming in the context of numeration and 

computation with all four operations (addition, subtraction, multiplication, and division). 

Finally, teachers should participate in professional development programs in order to 

learn to design instruction that will help student develop and link conceptual and 

procedural understandings that emphasize the relationships between mathematical 

concepts through fun and engaging activities.

Booth and Newton (2012) proclaim that algebra 1, often referred to as a 

gatekeeper course, is a prerequisite for higher mathematics and science courses. 

According to the National Mathematics Advisory Panel (2008), fractional knowledge is 

essential to one’s success in algebra yet many students struggle to master the skills 

associated with fractions. The National Mathematics Advisory Panel (2008) suggest the 

use of number lines to represent fraction values is the secret to bridging students’ 

conceptual and procedural knowledge. The Common Core State Standards for 

Mathematics (2010) heeded the advice from the NMAP and now recommends the 

inclusion of number lines beginning in the third grade.

Booth and Newton (2012) examined the significance of fractions in relation to 

students’ readiness for success in algebra 1 by analyzing students’ performance on three 

different estimation tasks using a number line: Ordering fractions between 0 and 1 on a
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number line; ordering whole numbers between 0 and 10,000 on a number line; and 

ordering whole numbers between 0-6257 on a number line. The rational for using these 

values was to determine the relationship between whole numbers and fraction values, 

which are also known as fraction magnitude (Booth & Newton, 2012), and to build upon 

a prior study conducted by Siegler, Thompson, and Schneider (2011). Additionally, 

Booth and Newton (2012) wanted to study how knowledge of fraction and whole number 

values influences whether a student has been prepared to take algebra. The algebra 

readiness portion of the assessment included having students interpret symbolic 

notation(s) contained within algebraic expressions and equations, solve four equations, 

and incorporate problem-solving strategies to solve three word problems.

Booth and Newton’s (2012) findings for this study reinforced the results from 

Siegler et al.’s (2011) prior study by showing that comprehension of fraction magnitude 

is a significant predictor of a student’s readiness for algebra. Students who demonstrated 

knowledge of fraction magnitude, along with unit fractions, exhibited a deeper 

understanding of fractions, which is essential to learning algebra. Booth and Newton 

(2012) suggest this deeper comprehension of fractions could signify a student’s ease with 

symbolic notations and the ability to concentrate on the mechanics and processes needed 

to solve equations accurately instead of focusing on the fractions and what to do with 

them (Siegler et al., 2011).

In their quest for literature on the significance of fractional knowledge for 

algebra readiness prior to this study, Booth and Newton (2012) determined there was 

very little empirical evidence to support their claim. However, they suggest there is a
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strong relationship between fraction knowledge and adequate preparation for students of 

algebra that future studies must continue to investigate. Therefore, more empirical 

evidence is needed to support NMAP’s (2008) claim that fractions are the gatekeeper to 

students’ success with algebra.

Assessment

There are two categories of assessment: formative and summative. Brookhart 

(2005) differentiates between the two by defining formative assessments as any 

resources, procedures, and assessment results that teachers can utilize during learning 

(Arter, 2005) to increase student learning; whereas summative assessments (Brookhart,

2005) represent student achievement on standardized tests at specific moment in time 

after the learning has taken place (Arter, 2005). Student achievement results on 

summative, standardized tests have ultimately redefined our education system. As a 

result, much of our teaching in the United States, according to Zimmerman and 

Dibenedetto (2008), has been geared toward increasing student achievement scores on 

these various standardized tests resulting in educators feeling pressured to teach to the 

test. Yet Guskey (2005) asserts that teachers’ main objective should be assisting students 

with reaching proficiency, not focusing on the end results of summative assessments.

No Child Left Behind (U.S. Department of Education, 2001) was enacted as a 

result of the large number of students not performing at grade level on local, national, and 

international tests. At the inception of NCLB (2001), roughly 70% of urban 4th graders 

were not reading at the basic level and one-third of all college freshmen had to enroll in 

remedial classes as a result of not having mastered the necessary prerequisite skills.
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Additionally, NCLB (2001) stressed closing achievement gaps among the varying 

subgroups of students and holding schools and teachers accountable for dismal results. 

Ironically, Guskey (2005) claims the process of closing achievement gaps is not new to 

education; it has been an on-going process since the 1960s.

In order to increase student achievement in mathematics, NCTM’s Principles 

and Standards fo r  School Mathematics (2000) recommended a standards-based approach 

to teaching mathematics. According to Porter, McMaken, Hwang, and Yang (2011), the 

Common Core State Standards fo r  Mathematics (CCSSM), adopted by more than 40 

states in 2010, was developed to create uniformity throughout the United States for the 

mathematical skills and knowledge students should receive at each grade level. The 

mathematics curriculum was divided up into five standards for each grade: number and 

operation; algebra; geometry; measurement; and data analysis and probability. Each 

standard contained focal points (NCTM, 2003a) and process standards ((NCTM, 2003b).

Bush and Karp (2013) assert that the CCSSM (Council of Chief State School 

Officers and National Governors Association, 2010) ascribes to the principle that students 

must develop a conceptual understanding of mathematics in order to learn mathematics. 

Yet, many educators believe that a conceptual understanding is not enough. Procedural 

fluency is just as important and there must be a balance of the two, especially in algebra 

(Capraro & Joffrion, 2006; Fennell, Ma, Stotsky &Wu, 2007; NCTM, 2000; NCTM,

2006). Davison and Mitchell (2008) suggest that critics (Hechinger, 2006) of the CCSSM 

emphasize group work, calculator dependence, and real world problem solving while 

ignoring individual responsibility, mastery of computation with basic skills, and
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algorithmic reasoning. Glenda Lappan, former NCTM president, declared that teachers 

misunderstood the intent of the Curriculum and Evaluation Standards fo r  School 

Mathematics (NCTM, 1989) by placing more emphasis on the development of conceptual 

knowledge instead of advancing students’ basic skill proficiency (Davison & Mitchell, 

2008).

Guskey (2005) asserts that the standards-based curriculum is advantageous. 

However, in order for this type of curriculum to be effective teachers must ensure two 

practices: First, teachers should incorporate classroom experiences that assist with 

student learning and second, teachers must utilize assessments that evaluate student 

learning appropriately. Fuchs (1995) suggests that teachers can utilize assessment data to 

make instructional, evaluative, and diagnostic judgments about where and when to teach 

or reteach certain concepts. Unfortunately, many teachers do not know how to use the 

data gained from formative assessments to adjust their own instruction (Ayala, 2005; 

Kim, 2005) so as to maximize learning for their students (Stiggins, 2005).

Davison and Mitchell (2008) suggest that teachers collaborate professionally with 

their peers via planning, discussions, and teaching in addition to participating in peer 

evaluations that are safe and informative. Seah and Booker (2005) claim that 

collaboration amongst mathematics teachers at all levels is the key to success for future 

students of mathematics. As teachers are made aware of the misconceptions students 

develop while learning math and, unfortunately, take with them to the next level, teachers 

will be able to assist their students with correcting the misconceptions while progressing 

with their comprehension and achievement in higher math courses (Bush & Karp, 2013;
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Siemon, 2003). For example, Mazzocco and Devlin (2008) claim that rational number 

sense is the foundation for computation with fractions and decimals for middle school 

students but is often disregarded throughout assessments and interventions designed for 

struggling students. When teachers are knowledgeable of the misconceptions students 

have at various levels, informed decisions can be made as to what pedagogical strategies 

can be used to improve student learning of the concepts (Fuchs, 1995).

Tomlinson and Eidson (2003) assert that students should be provided with ample 

opportunities to achieve mastery of the content. Many educators perceive assessment as 

occurring only after instruction; however, students should be assessed formatively 

throughout each unit so as to evaluate progression with the content before a summative 

test is taken. Teachers should use a variety of formative assessments, such as walking 

around the room observing students’ work, offering oral feedback, providing written 

feedback via analytical rubrics, or even non-graded quizzes (Tomlinson & Eidson, 2003). 

Furthermore, Black and Wiliam (1998) advise teachers to present students with 

descriptive feedback and to also include students in evaluating their own work.

Feedback

Winnie and Butler (1994) define feedback as evidence that a learner can use to 

ensure or alter their beliefs, misconceptions, or strategies regarding their learning. Hattie 

and Timperley (2007) assert that feedback can be either oral or written, should follow 

some form of assessment and should address three questions: What are the objectives of 

the assessment? What growth is being made toward the objective? What interventions are 

needed to progress toward mastery of the concept?
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Yet, according to Brookhart (2008), feedback is not effective if students are not 

provided with opportunities to actually use it. Therefore, utilizing feedback by the 

teacher, students should be provided with opportunities to correct their assessments 

independently, with a peer-tutoring group session, or in a teacher-directed re-teaching 

session. Additionally, because feedback is a form of constructive criticism, it should not 

be used against students in relation to a grade or final assessment (Brookhart, 2008).

Hattie and Timperley (2007) refer to the benefits and transaction costs of 

feedback in relation to the learning outcomes of the student. These transaction costs 

include three components: effort costs, face costs, and inference costs. Effort costs 

indicate the student’s willingness to pursue applicable feedback. Face costs are 

associated with how the student seeking the feedback relates to the individual providing 

the feedback. Inference costs are linked to any incorrect misinterpretations of the 

feedback by the student resulting in erroneous conjectures regarding the content. As 

teachers begin to cultivate these transaction costs associated with feedback with their 

students, the benefits will counterbalance the costs, resulting in a reduction of 

achievement gaps between existing, preferred, and anticipated learner outcomes (Hattie 

& Timperley, 2007). Additionally, as students begin to seek out corrective feedback and 

learn how to utilize it effectively to transform their understanding, the effort needed to 

utilize the feedback to transform their misunderstandings will increase, their self- 

regulatory levels toward learning will improve, and ultimately, their intrinsic motivation 

for education will grow.
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Mastery Learning

Benjamin S. Bloom (1968) was an early advocate for incorporating formative 

assessments on a regular basis to assess his students’ progress. These assessments were 

followed up with some form of corrective feedback. Bloom then allowed his students 

multiple opportunities to demonstrate their knowledge of the concepts and skills being 

assessed. This process was coined mastery learning. John B. Carroll initially developed 

the conceptual model of mastery learning in 1963 (Block & Burns, 1976). However, 

Benjamin S. Bloom (1968) and Fred S. Keller (1968) are the two seminal figures 

recognized for the development of mastery learning (Kulik, Kulik, & Bangert-Downs, 

1990).

Bloom’s (1968) Learning fo r  Mastery (LFM) and Keller’s (1968) Personalized 

System o f Instruction (PSI) were the two primary methodologies for mastery learning. 

According to Block and Bums (1976) both of these philosophies were embedded with 

fundamental ideas from early educators such as Comenius, Pestalozzi, Herbart, and 

Locke. Bloom (1968) and Keller (1968) believed an individual could learn anything 

he/she would like to, but learning occurs instinctively at a child’s own pace (Comenius, 

1657, as cited in Schaller, 1962) and is initiated by a child’s interests at that particular 

moment, not at a pre-designated moment in time (Gutek, 1968). Lastly, Bloom (1968) 

and Keller (1968) alleged new knowledge is constructed as one builds upon one’s prior 

experiences, perceptions, and considerations (Herbart, 1895; Locke, 1690).

Bloom’s (1968) background was in education; therefore, his philosophy was 

directed toward elementary and secondary education learners. Because Keller’s (1968)
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experience was in psychology, his version of mastery learning was based on the work of 

B. F. Skinner’s (1938) work in operant conditioning and was intended for independent 

learners at the college level (Block & Bums, 1976). Both LFM and PS I were designed 

for use in a standard classroom where the teacher had a prescribed curriculum to teach 

students within a specific time period (Block & Bums, 1976). Students were then 

assessed for achievement and retention of the concepts. The key component to each of 

these philosophies is a feedback/correction element following a formative assessment 

which provides the student with measures to rectify substandard outcomes (Block & 

Bums, 1976; Yopp & Rehberger, 2009). Interestingly, Bloom (1968) never associated 

mastery with a specific numerical percentage. Today, a measurable level for mastery 

based on summative assessments has yet to be defined (Yopp & Rehberger, 2009).

Advocates for mastery learning claim student achievement can be increased in 

addition to students’ perceptions about a specific subject (Bloom, 1968, Guskey, 2005; 

Kulik, et al, 1990). However, some students demonstrate an aptitude for specific subjects 

which Carroll (1963) defined as the time needed for one to master a task (Bloom, 1968; 

Carroll, 1963). Therefore, little extra time is necessary in order for these students to 

master certain concepts (Carroll, 1963; Bloom, 1968). Likewise, these students typically 

retain positive attitudes about their abilities which are reflective of their performance in 

the class.

Bloom (1968) believed that students not showing an aptitude for specific subjects 

typically have lower achievement scores, low self-perceptions of ability in the class, and 

loss of interest in the subject as time progresses. Bloom (1974) determined that low
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achievers needed three times the amount of time high achievers needed to learn concepts 

(Martinez, 2010). Ames & Archer (1988) claimed that as a student experiences success 

in a difficult class, the aptitude for that subject can increase, as well as the students’ 

individual perceptions of their ability in the subject. Hence, some students simply need 

more time in order to develop both an aptitude and mastery for a specific subject.

Studies Related to Corrective Feedback

Bloom (1984) along with two doctoral students (Anania, 1981; Burke, 1983) 

conducted a study known as The 2 Sigma Problem which addressed the issue of how 

researchers and teachers can create practical learning environments that enable students 

in a whole class setting to reach achievement levels that mirror those of students who 

receive individualized tutoring. This particular study analyzed several prior studies 

(Levin, 1979; Mevarech, 1980; Nordin, 1979; Tenenbaum, 1982) and a variety of 

alterable variables (Walberg, 1984) such as time on task, participation, and homework, to 

determine whether other practical, realistic, cost-efficient methods of group instruction, 

in addition to mastery learning, could achieve the two sigma, or two standard deviations, 

or higher in student achievement that had been observed with students who had been 

tutored individually or in small group settings.

Bloom (1984) utilized three types of learning strategies in this study. The 

conventional classroom employed the traditional forms of lecture, mastery learning 

techniques, and tutoring. Students in the conventional classroom, or the control group, 

received the customary methods of lecture delivered to the whole class with formative 

assessments given periodically. Students in the mastery learning group received
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instruction similar to those receiving the conventional forms of instruction, in addition to 

feedback, following formative assessments. These students were provided with 

opportunities to retest using parallel tests in order to assess whether the students had 

mastered the concepts. The final group of students was provided with individual or small 

group tutoring sessions, teacher-feedback, corrective procedures, and opportunities to 

take parallel tests.

Bloom (1984) examined the results of this study by identifying the differences in 

the final achievement measures of the three groups by using the standard deviation, or 

sigma, of the control group. The average student in the tutoring group was approximately 

two-sigma above the students in the control group, which is equivalent to 98% of the 

students in the tutoring group exceeding those in the control group. The typical student 

in the mastery learning group was approximately one-sigma, or 84%, above the students 

in the control group. Interestingly, the gains in student achievement levels for the 

students in the tutored group, as well as the mastery learning group, represented levels 

only attained by 20% of the students in the conventional learning group. The results of 

this study also indicated increases in time-on-task, increases in students’ positive 

attitudes, and increased interest in the subject matter for students in the mastery learning 

and tutored groups.

During his studies on mastery learning, Bloom (1984) recalled testing many 

combinations of variables, in addition to mastery learning, approaching or equivalent to 

the two sigma effect size. However, Bloom was unable to determine whether any other 

variable exceeded the two sigma effect size. Bloom (1984) encouraged future
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researchers and educators to continue searching for methods of instruction that are as 

valuable as one-to-one tutoring.

Kulik et al. (1990) completed Effectiveness o f Mastery Learning Programs: A 

Meta-Analysis of various mastery learning studies for the purpose of presenting all of the 

results in a coherent format from which to analyze the variables that influence the 

effectiveness of mastery learning strategies. The 108 empirical LFM and PSI studies 

from elementary to college levels of education examined in this study had to meet the 

four following criteria in order to be included: First, researchers were required to 

compare student performances from mastery learning and conventional programs; each 

study utilized a minimum of 70% mastery; each study incorporated a strong 

methodological design without errors; and finally, each study featured a quantitative 

calculable form of analysis to determine effect sizes.

Kulik et al. (1990) concluded that mastery learning exhibited a positive effect size 

on student achievement with an average effect size of 0.52 standard deviations in 103 of 

the 108 studies examined. Mastery learning strategies were shown to improve all 

students’ levels of mastery however, the largest gains were observed with the low 

average students. Mastery learning strategies were also shown to raise final exam scores 

from the 50th percentile to the 70th percentile and 0.76 standard deviations greater on 

standardized tests in all levels of education from the upper grades in elementary schools 

to early collegiate levels. Additionally, mastery learning in the social science disciplines 

showed the largest gains of 0.89 standard deviations. (Kulik et al., 1990) claimed the 

largest effect sizes were observed in mastery learning programs where high student



31

expectations were clearly established, programs were teacher paced, and more feedback 

was provided to the students following quizzes and other forms of assessments.

Hattie (1999) conducted a study of more than 500 meta-analyses examining the 

various influences affecting student achievement. These meta-analyses included 

approximately 25 million students. Some of Hattie’s (1999) findings included the 

average effect size for the more than 100 identified factors, such as cues and corrective 

feedback (Lysakowski & Wahlberg, 1982), cues, participation, reinforcement, feedback, 

correctives (Tenenbaum & Goldring, 1989), and types of feedback interventions on 

performance (Kluger & DeNisi, 1996), was 0.40 (SE=0.05), which was determined to be 

the standard to which all other effect sizes were compared. Additionally, twelve out of 

the 500 meta-analyses examined focused on the effects of feedback in the classroom. 

These twelve meta-analyses included 196 studies and 6972 effect sizes. The average 

effect size was 0.79 and was determined to be in the top five to ten highest effects on 

student learning when emphasizing feedback as it related to performance on a task.

Hattie (1999) concluded that corrective feedback is more valuable to the student when the 

teacher outlines specific information on correct answers versus incorrect ones so as to 

build on prior knowledge; also, corrective feedback is valuable when objectives are 

detailed and thought-provoking and the task is simplified and direct (Hattie & Timperley, 

2007. Ironically, verbal praise for a performance task was relatively ineffective, as it 

does not specify any learning gaps in the student’s performance (Hattie, 1999; Hattie & 

Timperley, 2007).
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Rubrics

Brookhart (2008) maintained that teacher-feedback is an integral element in the 

formative assessment process of learning as teachers and students are provided with 

information about the student’s performance in the class. Panadero & Jonsson (2013) 

determined rubrics are a form of written feedback utilized by teachers in many 

classrooms today. Classroom teachers have determined that rubrics are a suitable form of 

written feedback to aid students’ performance in the classroom (Depka, 2001; Jonsson & 

Svingby, 2007). There are various forms of rubrics, but essentially, rubrics provide 

students with specified learning outcomes that address both cognitive and motivational 

influences that encourage learning in the classroom (Brookhart, 2008; Depka, 2001; 

Jonsson & Svingby, 2007; McGatha & Darey, 2010).

Rubrics can be utilized as feedback for either formative or summative 

assessments that guide student learning and teacher instruction (Depka, 2001; Jonsson & 

Svingby, 2007; McGatha & Darey, 2010). There are two primary forms of rubrics: 

holistic and analytic. When there is little distinction of independent criteria, holistic 

rubrics are used to evaluate the student’s entire performance. Analytic rubrics, similar to 

a descriptive checklist, assess specific criteria at different levels of a student’s 

performance (Depka, 2001; McGatha & Darey, 2010; Moskal, 2000).

According to McGatha and Darey (2010) and Moskal (2000) rubrics are scored 

according to what performance, specific or general, the teacher is trying to assess. The 

criteria for the assessment must then be determined to evaluate the performance. The 

rubric is developed based on a rating scale with individual criteria having numerical
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values, typically ranging from one to four. Depka (2001) claimed that each scale in the 

rubric clearly identifies specific components for each level of a student’s development of 

the desired task. If the performance task is assessed as a whole, then a holistic rubric is 

recommended. If the performance task is evaluated for explicit levels of development, 

then a specific analytic rubric should be used (Depka, 2001; McGatha & Darey, 2010; 

Moskal, 2000). There are rubrics that include both general and specific tasks; however, 

the commonalities associated with both of the general and specific criteria may be 

difficult to differentiate (Moskal, 2000). In the event this form of rubric is used for a 

grade, educators must remain cognizant of the overlap when evaluating student 

performance (Moskal, 2000).

Jonsson & Svingby (2007) claim the use of rubrics as a formative assessment of 

student performance has been determined to add to the value of the assessment by many 

in the field of education. Furthermore, the use of rubrics aids in the development of 

students’ intrinsic motivation to learn (Guskey, 2003; Jonsson & Svingby, 2007;

McGatha & Darey, 2010).

Despite the benefits of the use of rubrics as assessments, there are several 

problems associated with their use such as time needed to incorporate rubrics as 

assessments, inconsistencies with raters, and discrepancies within the actual design of the 

rubric resulting in threats to the validity and reliability of rubrics (Jonsson & Svingby, 

2007; Moskal, 2000; Tierney & Simon, 2004). Jonsson and Svingby (2007) maintain that 

threats to inter-rater reliability have been established due to the differing interpretations 

of rubrics by more than one evaluator. Intra-rater reliability has also been questioned as a
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result of the inconsistencies associated with only one person evaluating each individual 

(Jonsson & Svingby, 2007). Finally, McGatha and Darey (2010) recognized that much 

time is needed for teachers, who already have very little time, to create specific rubrics 

that assess each individual task.

Acknowledging the benefits and disadvantages of the use of rubrics as an 

instrument for providing students with teacher feedback regarding their performance 

leads to the research question for this study: To what extent do analytic rubrics as a form 

of written corrective feedback impact student mastery performance with basic skills 

associated with rational numbers in an eighth grade mathematics class?

Studies Related to the Use of Rubrics

Jonsson and Svingby (2007) conducted a meta-analysis of the empirical research 

from 75 studies associated with the explicit use of rubrics as performance assessments. 

They concluded that the use of rubrics can enrich authentic assessments and improve 

student learning and teachers’ instructional strategies. Additionally, the use of rubrics 

can increase the reliability of the scoring of individual performance assessments.

Yopp and Rehberger (2009) investigated the use of mastery learning strategies 

with students enrolled in a remedial college math class. The students registered in this 

pilot study titled, A Curriculum Focus Intervention’s Effects on Prealgebra Achievement, 

were given a formative assessment referred to as a focal point test (FPT), which was used 

to examine their conceptual understanding and computational fluency with rational 

numbers, as well as their ability to verbalize their understanding using the appropriate 

language of the discipline.
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The students were divided into two groups: the control group and the treatment 

group. Students in both groups were initially given a practice version of the FPT test 

following the midterm. However, students in the treatment group were provided with a 

rubric outlining the levels of applications associated with their performance in solving the 

problems. Remedial college mathematics professors created the analytic rubric to 

identify the necessary basic mathematical skills students must master in order to become 

proficient in their current and future mathematical endeavors.

Students in the treatment group who did not achieve 100% mastery on the FPT 

were told they received a zero and were then required to attend a one-to-one tutoring 

session with their professor. Following the tutoring session, the students were required to 

retest, solving only the incorrect problems. The students were provided with four 

opportunities to complete the cycle of test, corrective feedback, tutoring, and retest. 

Students in the control group were not required to achieve 100% mastery, nor did they 

receive the rubric. Yet, these students were allowed to correct any problems missed with 

the incentive of receiving half of the points added back to their grade.

In addition to the FPT, the students in this study were given the Mathematics Self- 

Efficacy Scale (Nielson & Moore, 2003) assessment at the beginning of the semester and 

once again at the end of the treatment period. Students completed this seven question 

self-assessment designed to measure their own aptitude related to particular mathematics 

skills and processes (Yopp & Rehberger, 2009). Nielson and Moore (2003) originally 

designed this assessment for 14-16 year old students enrolled in prealgebra classes.
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However, Yopp and Rehberger (2009) believed this assessment was just as appropriate 

for remedial, college level students.

Yopp and Rehberger (2009) acknowledge that the statistical data from this study 

were not able to quantify the students’ motivation and interest in mathematics; therefore, 

generalizability could not be applied. However, despite the small sample size and lack of 

experimental research design of this pilot study, Yopp and Rehberger (2009) identified 

several strengths that could not be ignored: students in the treatment group appeared to 

participate more often in the classroom; were able to effectively communicate and utilize 

the appropriate skills necessary to solve problems; displayed improved attitudes and 

beliefs regarding their own mathematical abilities; and exhibited genuine interest in the 

subject.

Panadero and Jonsson (2013) reviewed 21 studies that emphasized the use of 

rubrics as formative assessments to support increased student learning performance in 

combination with metacognitive factors such as self-assessment, peer assessment, and 

self-regulation. Panadero and Jonsson (2013) determined that the majority of prior 

studies were qualitative in design and typically focused on the use of rubrics as 

summative assessments. Therefore, they examined only studies that contained empirical 

data that were associated with the use of rubrics as formative assessments for student 

learning performance.

Panadero and Jonsson (2013) ascertained that the use of rubrics can possibly 

impact student performance by providing students with transparency regarding the 

criteria associated with the desired learning outcomes; minimizing apprehension
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regarding assignments; supplementing feedback; and promoting confidence and self

regulation. Additionally, the use of rubrics can be incorporated to promote performance- 

based learning by forcing students to focus their attention on what components of the 

assignment are important to the desired learning outcomes. Moreover, in order for the 

use of rubrics to be successful, students must be provided with enough time to achieve 

the desired outcomes. In fact, the positive effects of using rubrics appear to improve 

student learning when utilized for longer periods of time, especially with school-aged 

children. Furthermore, the use of rubrics as formative assessments can support increased 

student learning performance in combination with metacognitive factors such as self- 

assessment, peer assessment, and self-regulation.

Panadero and Jonsson (2013) identified 57 studies that utilized rubrics as 

formative or summative assessments. Panadero and Jonsson (2013) concluded that the 

results of rubrics impacting student learning are too inconsistent to be conclusive, due to 

the small number of actual studies investigating their use. Additionally, educators and 

researchers should consider such variables as metacognitive levels, educational levels, 

and time needed for students to understand how to implement the use of rubrics as 

formative assessments. Therefore, there is a need for more studies to be conducted to 

determine the effects that rubrics have on student learning.

Panadero and Jonsson (2013) suggest future studies on rubrics should examine the 

following questions to contribute evidence to the current research: How can different 

rubric designs affect student learning? How can rubrics affect students with diverse 

learning styles and/or abilities? What methods do students incorporate when using
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rubrics to assist them in their learning? How can rubrics in combination with other 

factors, such as feedback and assessment, impact student learning? How does student 

gender impact the use of rubrics? Panadero and Jonsson (2013) recommended that future 

studies incorporate more quantitative or mixed-methods designs that can provide more 

empirical data to either support or refute the current findings in the field, which consist 

primarily of descriptive data collected from qualitative research designs. Panadero and 

Jonsson suggest future studies include explicit information on the design of the rubric, the 

participants, the methodology, and the analyses of the data, including the effect size, 

since the effect size is used to determine the impact of an intervention.

This study addresses several of Panadero and Jonsson’s (2013) recommendations 

for future studies by utilizing quantitative data to provide more empirical data to support 

or refute the current findings in the field; including specific information on the design of 

the rubric, the participants, the methodology, and the analyses of the data used for the 

study; investigating the use of rubrics as a corrective feedback component prior to a post

test; and examining how gender impacts the use of the rubric.

Summary

Studies included in this literature review focused on four main areas: significance 

of mastery with rational numbers, assessment, feedback, and rubrics. Conclusions of the 

literature support the significance of student mastery with rational numbers prior to 

entering high school. Rational numbers are the foundation of fraction and decimal 

knowledge, which in turn leads to future success in algebra 1 and higher mathematics.
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Studies on assessment revealed that frequent formative assessments are effective 

in assisting teachers with helping students who are struggling to master rational numbers. 

Frequent formative assessments provide teachers with instructional, evaluative, and 

diagnostic data that can assist students with gaining conceptual and procedural 

understandings with rational numbers. Studies on feedback support the notion that 

corrective feedback is the most beneficial when the feedback relates to a performance 

task. Corrective feedback should be specific by outlining the correct answers versus the 

incorrect ones so students can build upon their prior knowledge.

Studies on the use of analytic rubrics as a form of corrective feedback support the 

notion that student mastery performance with rational numbers can be achieved with their 

use. Additionally, analytic rubrics can provide teachers and students with evidence on a 

performance task; analytic rubrics can be designed in a manner that lists specific 

outcomes leading to student mastery; and analytic rubrics can provide the teacher and 

student with detailed information that can be used to differentiate instruction and enhance 

learning. However, as Panadero and Jonsson (2013) suggested, there are a limited 

number of studies, especially ones that are experimental in design, investigating the 

impact that rubrics have on student learning outcomes. The review of literature also 

suggests there is not enough conclusive evidence relating to the positive impacts of 

rubrics on student learning, so future studies are needed.

In conclusion, standardized tests typically measure a student’s proficiency with 

the mandated standards but do not clarify mastery of each discrete standard. However, 

many of the necessary basic skills associated with students’ mastery performances with
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rational numbers are embedded in the mathematics standards, which fail to assist teachers 

with specific instructional decisions for use in the classroom. The review of the literature 

indicates the need for future studies to investigate the significance of rational numbers on 

student achievement in algebra 1 as it is seen as the gatekeeper for higher mathematics 

courses.



CHAPTER THREE 

METHODOLOGY 

This study investigated to what extent analytic rubrics impacted student 

mastery performance with rational numbers in an eighth grade mathematics class. A 

pretest/post-test design was implemented to determine the impact of the use of the 

analytic rubrics as a type of corrective feedback. The data were obtained from the 50 

participants’ test scores from two different teachers’ math classes. The tests were 

administered in the final month of the 2013-2014 academic school year.

The purpose of this chapter is to explain the research design, the delimitations of 

the study, the creation of the instrument, the selection of the participants, and the data 

collection. This study addressed several of Panadero and Jonsson’s (2013) 

recommendations for future research by utilizing quantitative data to provide more 

empirical data to support or refute the current findings in the field; including specific 

information on the design of the rubric, the participants, the methodology, and the 

analyses of the data used for the study; investigating the use of rubrics as a corrective 

feedback component prior to a post-test; and examining the role of gender and the impact 

of the rubric.

Research Design

This quantitative experimental study investigated the extent to which analytic

rubrics as a form of written teacher feedback impacted student mastery performance with

41
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basic skills in an eighth grade mathematics class. The key component in this design was 

the use of a corrective feedback element in the form of an analytic rubric following a 

formative assessment (pretest). The analytic rubric provided students in the treatment 

group with measures to rectify substandard outcomes with computations involving 

rational numbers. Students in both the treatment group and control group were then 

given a post-test which was used to analyze the impact of the analytic rubric on the post

test. As this study sought to determine the impact of the use of an analytic rubric 

(independent variable) on the outcome of a post-test over rational numbers (dependent 

variable), the use of an experimental design was appropriate.

Research Question 

Acknowledging the benefits and disadvantages of the use of rubrics as an 

instrument for providing students with corrective feedback regarding their performance 

toward mastery with basic skills, the researcher examined the following research 

question: To what extent do analytic rubrics as a form of written teacher feedback impact 

student mastery performance with basic skills in eighth grade mathematics class?

Participants and Sample 

Despite sending out 139 parental consent forms, the participants in this study 

comprised only 50 eighth grade students from a public middle school located in the 

southeastern region of the United States. The socioeconomic status of the school 

represented a population comprised mostly of middle-to-upper class students. The 

students, male and female, ranged in ages from 13 to 15. Several students with 

disabilities in an area other than mathematics also participated in this study. A few gifted
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students were asked to participate in this study since they are not gifted in mathematics. 

However, parental consent was not provided for them to participate. Additionally, there 

were two English language learners (ELLs) who participated in the study. There were 

10 students, five in each group, with either a 504 or individual education plan (IEPs) who 

participated in the study but only four of the students actually received services for 

mathematics in a collaborative setting. These four particular students were in the control 

group.

The participants for this study were selected as a convenience sample based on 

the researcher’s access to the school. Creswell (2012) defines a convenience sample as 

one which the participants are chosen due to their accessibility and eagerness to 

participate in the study. The eighth graders at this particular school were divided into 

three teams, two of which were comprised of four academic teachers. The third team was 

comprised of three teachers who taught one social studies class in addition to their other 

academic class. None of the students from the gifted team participated in the study as the 

majority had already mastered the basic skills associated with rational numbers. 

Participating students and their parents provided informed assent and consent and consent 

prior to the study. Copies of the informed assent and informed consent forms are included 

in Appendix A and Appendix B.

Delimitations

The researcher delimited this study in the following ways:

1. Participants were selected via convenience sampling.

2. The participants were enrolled in regular mathematics classes.
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3. Gifted students enrolled in the accelerated math class were not included in the 

study as they have typically mastered all operations with rational numbers.

4. Students enrolled in self-contained math classes typically struggle to master 

all operations and are allowed to use a calculator on a regular basis.

5. The impact of gender on the use of analytic rubrics was not addressed as it 

was not the focus of this study.

6. The control and treatment groups were selected so as to maintain their normal 

testing environments.

7. The assessments and rubrics were created by the researcher because none 

were available to address the research question of this study.

Instrumentation

The participants in this study were provided with a teacher-made pretest (See 

Appendix C) and posttest (See Appendix D) of basic mathematics skills to assess their 

mastery of the basic skills. A parallel form, or equivalent version of the original but with 

different numerical values (Mertens, 2010), of the pre-test was used for the post-test. 

Mastery performance was quantified as achieving a minimal score of 70 percent on the 

post-test. A sufficient amount of time of one week was provided between tests so as to 

maximize test-retest reliability (Creswell, 2012). This amount of time gave each of the 

teacher’s time to grade each test. This also gave the treatment group teacher time to 

evaluate the students’ work and fill out the analytic rubrics. The test was created by the 

researcher and was composed of 20 items adapted from a practice workbook titled 

Fractions, Decimals, & Percents (Moran, 1994). The test included the following areas of
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content: the order of operations; all operations with decimals and fractions and mixed 

numbers; all operations with integers; converting fractions, decimals and percents; and 

comparing decimals.

Following the pretest, the researcher analyzed the test items for the participants in 

the treatment group using an analytic rubric (See Appendix E) created by the researcher 

for each problem using Moran’s (1994) suggested steps for solving each of the problems. 

Each item on the test was assessed on the accuracy of the problem. Each rubric 

contained 4 levels associated with the students’ comprehension and application of the 

skills and concepts associated with each test item: 0 indicates “needs instruction;” 1 

suggests the participant is still “developing an understanding” of the concepts; 2 implies 

the student is “almost there” with comprehending the concepts associated with the skill; 

and 3 deems the participant has “mastered” the skill.

In an effort to ensure the validity of the experiment, the content contained within 

the tests and the rubrics was judged by an expert mathematics professor (Creswell, 2012). 

This particular mathematics professor holds an Ed.D., has taught mathematics at the 

middle school, secondary, undergraduate, and graduate levels for numerous years, and 

held a county math coordinator position for several years in one of the largest school 

districts located in the southeastern United States.

In order to minimize internal threats related to the treatment, the control group 

and the treatment group remained separated during the experiment and the procedures 

were standardized (i.e. anchor charts were removed from the walls of the classroom; 

desks were arranged in rows to ensure ample working space; talking was prohibited
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during testing) during the administration of the pretest and post-test. Finally, students in 

the control group were provided with an opportunity to access the analytic rubric as a 

form of corrective feedback following the experiment so as not to deny any student with 

a potential positive intervention (Creswell, 2012).

In order to curtail external threats to the validity of quantitative studies, Creswell 

(2012) recommended that the experiments should be conducted in a timely, convenient 

manner for the participants. In order to comply with Creswell’s (2012) recommendation, 

the researcher administered the post-test a week after administering the pre-test. This was 

the time period needed for the researcher to provide corrective feedback to students.

Data Collection

This quantitative study sought to determine whether the use of an analytic rubric 

in the form of written teacher feedback would impact student mastery performance with 

basic skills associated with rational numbers in an eighth grade mathematics class. A 

total of 50 students from seven classes made up the sample of the study. Eighteen 

students from three class periods on one team represented the control group (Group A) 

while 32 students in the other four classes from the other team represented the treatment 

group (Group B).

Following the initial assessment, or pretest, students in the control group (Group 

A) were provided with oral feedback one week later via a question and answer session 

which included the teacher working problems on the interactive whiteboard to explain the 

problems students missed on the pretest. Students representing the treatment group 

(Group B) received in the same instructional process as the control group. However,
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students in the treatment group also received corrective feedback in the form of an 

analytic rubric which contained a description of the required criteria for mastery of each 

task on the test. Following a sufficient interval of one week, students in both groups were 

provided with an opportunity to rectify their mistakes on the post-test. Students were 

given an entire class period lasting 60 minutes to complete the pre- and post-tests, yet 

many students completed the tests in less than 60 minutes. Both tests were scored on a 

100% scale.

Data Analysis

Both the pretest and post-test contained 20 computation problems associated with 

all operations involving rational numbers. The independent variables for the study were 

the pretest score and the use of rubric. The dependent variable was the post-test score. 

Each question was evaluated for 100% accuracy. In order to receive full credit for each 

problem, students had to reduce fractional solutions to lowest terms; percent answers had 

to include the percent sign; and integer answers had to include the correct sign. This 

ensured equitable grading for both groups and also forced students to attend to precision 

when solving problems.

Both groups received oral feedback, yet only the treatment group received the 

analytic rubric. Scores were calculated for the treatment group. The researcher analyzed 

the students’ work to fill in the rubrics. Each rubric contained 4 levels which outlined the 

required steps needed to solve each problem correctly. Level 0 declared there is either 

“not enough information” to assess the error(s) in solving the problem as a result of little 

to no work available or “needs improvement” indicated that the student completed one to
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two steps, depending on the problem, correctly but had very little comprehension of 

“how” to solve the problem. Level 1 implied that the student completed 2 to 4 steps 

correctly, depending on the problem, and was still “developing an understanding” of the 

skill but needed more instruction to clarify any misconceptions. Level 2, “almost there” 

suggested that the student completed 5 to six steps accurately but made a careless mistake 

resulting in an incorrect answer. Level 3, “mastery” of the skill, showed that the student 

solved the problem correctly and had mastered the task, or skill.

The dependent variable for this study was the post-test score. Therefore, a 

simultaneous multiple linear regression was used to examine the impact of the use of the 

rubric, or lack of use, on the post-test. Simple linear regressions were also calculated to 

examine whether the use of a pretest would significantly influence the outcome on the 

post-test. T-tests were also analyzed to determine any differences between the control 

and treatment groups as well as differences within each group. Additionally, effect sizes 

were calculated between the various groupings to determine the amount of variance, or 

magnitude, in the 8th grade mathematics basic skills post-test scores explained by 

membership in those various groupings. Effect size measured the strength of the 

difference between groups (Salkind, 2011). Additionally, the data were examined to 

answer the following sub-questions:

1. Did students who received the analytic rubric as corrective feedback show 

significant increases between the pretest and posttest?

2. Did students who did not receive the analytic rubric as corrective feedback show 

significant increases between the pretest and posttest?



49

3. Were there significant differences between the control and treatment groups prior 

to the treatment?

4. Were there significant differences between the control and treatment groups after 

the treatment?

5. Were there significant differences between the gender of the participants and the 

pretest scores?

6. Were there significant differences between the gender of the participants and the 

post-test scores?

Summary

In this study, the author utilized a pre- and post-test to measure student mastery of 

basic skills associated with rational numbers in an eighth grade mathematics class. The 

author created both tests and the analytic rubric used to provide corrective feedback to the 

participants in the treatment group. Data collected from both groups were used to 

analyze the data. The sample included 50 students from a southeastern public middle 

school; the control group was comprised of 18 students and the treatment group was 

comprised of 32 students. Results of the data analysis conducted by the researcher are 

presented in the following chapter.



CHAPTER FOUR 

DATA ANALYSIS

The purpose of this study was to examine the impact of analytic rubrics on student 

mastery performance with basic skills associated with rational numbers in an eighth grade 

mathematics class. The sample consisted of 50 students, 28 girls and 22 boys, divided 

into two groups. The control group consisted of 18 students, 8 girls and 10 boys. The 

treatment group consisted of 32 students, 20 girls and 12 boys.

Students who participated in this study were given a pretest of basic skills 

associated with rational numbers. The pre-test score was the first independent variable. 

Following the pretest, all students received oral feedback via a question and answer 

session with the teacher, who worked out solutions to the problems on a Smartboard. 

Students in the treatment group then received additional written feedback in the form of 

an analytic rubric, which was the second independent variable. One week later, students 

received a post-test, which was a parallel version of the pretest. The post-test score was 

the dependent variable. Both tests were given in the final month of the school year.

The data analysis for this study was divided into four parts. The first part of the 

analysis focused on the students’ mastery performance with rational numbers. An item 

analysis was conducted to identify any areas of strengths and weaknesses on the pre- and 

post-tests. The second part of the analysis examined the impact of the pre-test on the

post-test using a simple linear regression for the treatment group and the control group.
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The third part analyzed the differences between various groups contained within the 

sample using f-tests. The final part of the analysis tested the impact of analytic rubrics on 

student mastery performance with basic skills using a simultaneous linear regression.

An Item Analysis of Student Mastery with Rational Numbers 

Data about the mastery performance scores for the participants were obtained 

from the pre-and post-tests. The mean pre-test score for the control group, as seen in 

Table 1, was 56.9% (SD = 24.919) with 8 (44.4%) students scoring at or above 70%, 

which was designated as the minimal mastery performance level.

Table 1
Pre-and Post-test Scores fo r  Control Group with Differences and Means

Student ID Pre-Test Scores Post-Test Scores Differences
A1 5 35 30
A2 85 100 15
A3 35 55 20
A4 85 85 0
A5 30 35 5
A6 60 70 10
A7 35 95 60
A8 75 85 10
A9 85 90 5
A10 40 65 25
A ll 50 70 20
A12 70 85 15
A13 60 35 -25
A14 75 75 0
A15 20 30 10
A16 90 85 -5
A17 55 50 -5
A18 70 80 10
Means 56.944 68.056 11.111
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Following the post-test, the mean score for the control group increased to 68.05% 

(SD = 22.760) with 11 students, representing 61.1% of the group, scoring at or above 

70%. The mean difference from the pretest to the post-test was 11.111. The range of 

pretest scores was 5 to 90 while the range of post-test scores was 35 to 100. Student A7 

showed the highest gains of 60 points between tests. Student A13 regressed 25 points on 

the post-test which contradicts the original performance on the pretest, since five 

questions were answered incorrectly on the post-test by this student despite showing 

mastery on the pretest.

An item analysis of the control group pretest scores, as seen in Table 2, indicated 

that more than 50% of the students missed 9 of the 20 questions on the test. The students 

in this group performed reasonably well on order of operations (Question No. 1), all 

operations with decimals (Question Nos. 2-5), and all operations with integers (Question 

Nos. 12-15). Yet 44% of the students missed comparing decimals (Question No, 20). A 

little more than half of the students struggled with converting fractions, decimals, and 

percents with 50% of the students incorrectly converting a decimal to a percent (Question 

No. 16) and a fraction to a decimal (Question No. 18) while 61 % of the students missed 

converting a decimal to a fraction (Question No. 17) and converting a fraction to a 

percent (Question No. 19).

Students appeared to struggle the most with problems that were associated with 

fractions and mixed numbers with 83% of the students missing multiplying mixed 

numbers (Question No. 9), 72% missed dividing mixed numbers (Question No. 11), 67% 

missed adding a fraction and a mixed number (Question No. 6), and 56% missed
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subtracting a fraction and a mixed number (Question No. 7). Only 28% of the students 

missed multiplying fractions (Question No. 8).

Table 2
Item Analysis fo r  Control Group

Question Descriptor % Missed % Missed %
on Pre-Test on Post-Test Difference

1 Order of Operations 28 39 -11
2 Adding Decimals 28 22 6
3 Subtracting Decimals 28 28 0
4 Multiplying Decimals 28 17 11
5 Dividing Decimals 28 22 6
6 Adding Fraction & Mixed Numbers 67 -22 89
7 Subtracting Fractions & Mixed Numbers 56 56 0
8 Multiplying Fractions 28 33 -5
9 Multiplying Mixed Numbers 83 44 39
10 Dividing Fractions 50 22 28
11 Dividing Mixed Numbers 72 56 16
12 Adding Integers 22 28 -4
13 Subtracting Integers 22 6 16
14 Multiplying Integers 28 28 0
15 Dividing Integers 28 33 -5
16 Convert a Decimal to a Percent 50 6 44
17 Convert a Decimal to a Fraction 61 50 11
18 Convert a Fraction to a Decimal 50 22 28
19 Convert a Fraction to a Percent 61 22 39
20 Compare Decimals 44 11 33
Note. All percentages were rounded to the nearest percent. Missed questions > 50% are in 
boldface. Zero gains and negative differences are in boldface.

The post-test scores for the control group, as seen in Table 2, indicated 

improvement on 12 of the 20 questions. However, three of the questions (Nos. 3, 7, and 

14) showed zero improvements while five questions (Nos. 1, 6, 8, 12, and 15) revealed 

higher percentages of students missing questions than on the pretest. However, more 

than 50% of the students still missed four of the 20 questions on the post-test, three of
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which dealt with adding (Question No. 6), subtracting (Question No. 7), and dividing 

fractions and mixed numbers (Question No. 11). Exactly 50% of the students incorrectly 

converted a decimal to a fraction (Question No. 17).

The mean pre-test score for the treatment group, as seen in Table 3, was 57.8% 

(SD = 17.224) with only 10, or 31.2%, students in the treatment group scoring at or 

above 70%. Following the pretest, the mean score on the post-test for the treatment 

group was 66.7% (SD = 15.210) with 17, or 53.1%, students scoring at or above 70%. 

The mean difference from the pretest to the post-test was 9.687. The range of pretest 

scores was 30 to 90 while the range of post-test scores was 35 to 95. Students B7 and 

B30 showed the highest gains of 30 points between tests. Student B9 regressed 30 points 

on the post-test which opposes the original scores on the pretest. 72% of students missed 

adding a fraction and a mixed number (Question No. 6), 69% missed subtracting a 

fraction and a mixed number (Question No. 7), 56% missed dividing fractions (Question 

No. 10) and 56% dividing mixed numbers (Question No. 11). Only 31% of the students 

missed multiplying fractions (Question No. 8).
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Table 3
Pre-and Post-test Scores fo r  Treatment Group with Differences and Means

Student ID Pre-test scores Post-test scores Differences

B1 45 55 15
B2 45 70 25
B3 75 75 0
B4 50 55 25
B5 35 50 15
B6 90 85 -5
B7 45 75 30
B8 50 60 10
B9 85 55 -30
BIO 65 75 10
B ll 40 50 10
B12 40 50 10
B13 60 55 -5
B14 75 70 -5
B15 45 55 10
B16 35 45 10
B17 65 85 20
B18 50 75 25
B19 75 95 20
B20 60 70 10
B21 80 80 0
B22 45 70 25
B23 70 90 20
B24 50 60 10
B25 45 45 0
B26 85 85 0
B27 75 75 0
B28 55 65 10
B29 40 55 15
B30 60 90 30
B31 85 80 -5
B32 30 35 5

Means 57.812 66.843 9.687
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The post-test scores for the treatment group, as seen in Table 4, indicated 

percentages of improvements on 17 of the 20 questions. However, one question (No. 18) 

showed zero improvement, while the adding a fraction and mixed number problem (No. 

6) and the converting a decimal to a fraction problem (No. 17) revealed a higher 

percentage of students missing the questions on the post-test than on the pretest. 

Additionally, more than 50% of the students still missed five of the 20 questions on the 

post-test, four of which dealt with adding (Question No. 6), subtracting (Question No. 7), 

multiplying (Question No. 9), and dividing fractions and mixed numbers (Question No.

11). 63% of the students incorrectly converted a decimal to a fraction (Question No. 17).
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Table 4
Item Analysis fo r  Treatment Group

Question
No.

Descriptor % Missed on 
Pre-test

% Missed on 
Post-test

% Difference

1 Order of Operations 56 34 22
2 Adding Decimals 31 25 6
3 Subtracting Decimals 44 34 10
4 Multiplying Decimals 25 19 6
5 Dividing Decimals 41 31 10
6 Adding fraction & 

Mixed Numbers 72 78 -6
7 Subtracting fractions & 

Mixed Numbers 69 50 19
8 Multiplying fractions 31 19 12
9 Multiplying Mixed 

Numbers 66 53 13
10 Dividing Fractions 56 31 25
11 Dividing Mixed 

Numbers 78 56 22
12 Adding Integers 28 22 6
13 Subtracting Integers 6 3 3
14 Multiplying Integers 28 22 6
15 Dividing Integers 34 19 15
16 Convert a Decimal to 

a Percent 34 28 6
17 Convert a Decimal to 

a Fraction 56 63 -13
18 Convert a Fraction to 

a Decimal 34 34 0
19 Convert a Fraction to 

a Percent 38 34 4
20 Compare Decimals 28 9 19

Note. All percentages were rounded to the nearest percent. Missed questions > 50% are in 
boldface. Zero gains and negative differences are in boldface.

A combined item analysis for both control and treatment groups, as seen in Table 

5, revealed more than 70% of the students in the sample struggled on the pretest with



adding (Question No. 6), multiplying (Question No. 9), and dividing (Question No. 11) 

problems associated with fractions and mixed numbers on the pretest. Sixty four percent 

of the students missed the subtracting fractions and mixed numbers problem (Question 

No. 7), 54% of the students missed the dividing fractions problem (Question No. 10), and 

58% of the students incorrectly converted a decimal to a fraction (Question No. 17) on 

the pretest. The post-test scores showed positive differences for all but two questions on 

the post-test (Nos. 6 and 17). However, the combined item analysis indicated that 82% of 

the students in the sample missed the adding a fraction and mixed number problem 

(Question No. 6) on the post-test resulting in a difference of -12. The only question that 

resulted in zero gains was the problem converting a decimal to a fraction (Question No. 

17).

The combined scores indicated only 18 of the 50 participants, or 31.2%, achieved 

mastery performance on the pretest. Following the post-test, the number of students who 

demonstrated mastery performance with rational numbers increased to 28 out of the 50 

participants. Despite the increased number of students in both groups scoring at or above 

70% on the post-test, only 56% of the students in this sample achieved mastery 

performance of basic skills associated with rational numbers.
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Table 5
Combined Item Analysis fo r  Combined Control and Treatment Groups

Question Descriptor % Missed on % Missed on % Difference
No. Pre-test Post-test

1 Order of Operations 46 36 10
2 Adding Decimals 30 24 6
3 Subtracting Decimals 38 32 6
4 Multiplying Decimals 26 18 8
5 Dividing Decimals 36 28 8
6 Adding fraction &

Mixed Numbers 70 82 -12
7 Subtracting fractions &

Mixed Numbers 64 52 12
8 Multiplying fractions 30 24 6
9 Multiplying Mixed

Numbers 72 50 18
10 Dividing Fractions 54 28 26
11 Dividing Mixed

Numbers 76 56 20
12 Adding Integers 26 24 2
13 Subtracting Integers 12 4 8
14 Multiplying Integers 28 24 4
15 Dividing Integers 32 24 8
16 Convert a Decimal to

a Percent 40 20 20
17 Convert a Decimal to

a Fraction 58 58 0
18 Convert a Fraction to

a Decimal 40 30 10
19 Convert a Fraction to

a Percent 46 30 16
20 Compare Decimals 34 10 24

Note. All percentages were rounded to the nearest percent. Missed questions > 50% are in 
boldface. Zero gains and negative differences are in boldface.
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Impact of Pretest on Post-Test 

A linear regression analysis was conducted to assess whether the control group’s 

pretest scores could significantly impact their post-test scores. As seen in Figure 1, the 

scatterplot indicated that the two variables were somewhat linearly related such that 

higher values on the pretest tended to be associated with higher values on the post-test. 

The regression equation for impacting the post-test scores was:

Post-test scores = 0.667 (pretest score) + 30.065.
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Figure 1. Control Group Linear Regression Scatterplot
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As seen in Table 6, the predictor was significant, F  (1, 16) = 18.300, p = .001. 

The correlation between the pretest score and post-test score was 0.730. Approximately 

53.4% of the variance in post-test scores was accounted for by its linear relationship with 

the pretest scores.

Table 6

Model Summary fo r  Control Group Pretest and Post-test Simple Linear Regression

Std. Error . Change Statistics

R Adjusted R of the R Square F Sig. F
Model R Square Square Estimate Change Change df1 df2 Change

1 ,730a .534 .504 16.02376 .534 18.300 1 16 .001

a. Predictors: (Constant), Control Group Pretest

As seen in Table 7, the 95% confidence interval for the slope was from 0.337 to 

0.998. For each point increase in the pretest scores, the students could expect to see a 

0.667 increase in the post-test scores.
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Table 7
Coefficients Table fo r  Control Group Pretest and Post-test Simple Linear Regression

Standardize 95.0%

Unstandardize d Confidence Collinearity
d Coefficients Coefficients Interval for B Correlations Statistics

Lowe Zero
r Upper -

Std. Boun Boun orde Parti Par Toleranc

Model B Error Beta t Sifl- d d r al t e VIF

1 (Constan 30.06 9.650 3.11 .00 9.607 50.52

t) 5 5 7 3

Control .667 .156 .730 4.27 .00 .337 .998 .730 .730 .73 1.000 1.00

Group 8 1 0 0

Pretest

Note, p < .05

A linear regression analysis was also conducted to assess whether the treatment 

group pretest scores could significantly impact their post-test scores. As seen in Figure 

2, the scatterplot indicated that the two variables were somewhat linearly related such that 

higher values on the pretest tended to be associated with higher values on the post-test. 

The regression equation for impacting the post-test scores was:

Post-test scores = 0.63 (pretest score) + 30.422.
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Figure 2. Treatment Group Linear Regression Scatterplot

As seen in Table 8, the predictor was significant, F (1, 30) = 31.093, p = .000. 

The correlation between the pre-test score and post-test score was 0.731. Approximately 

50.9% of the variance in post-test scores was accounted for by its linear relationship with 

the pretest scores.
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Table 8
Model Summary fo r  Treatment Group Pretest and Post-Test Simple Linear Regression

Std. Error _ Change Statistics

R Adjusted R of the R Square F Sig. F

Model R Square Square Estimate Change Change df1 df2 Change

1 .713® .509 .493 10.83504 .509 31.093 1 30 .000

a. Predictors: (Constant), Treatment Group Pretest
As seen in Table 9, the 95% confidence interval for the slope was from 0.399 to

0.861. For each point increase in the pretest scores, the students could expect to see a

0.63 increase in the post-test scores.

Table 9
Coefficients Table fo r  Treatment Group Pretest and Post-Test Simple Linear Regression

Standardize 95.0%

Unstandardize d Confidence Collinearity

Model

d Coefficients Coefficients

t SiR-

Interval for B Correlations Statistics

B

Std.

Error Beta

Lower

Boun

d

Upper

Boun

d

Zero

orde

r

Parti Par 

al t

Toleranc

e VIF

1 (Constan 30.42 6.807 4.46 .00 16.52 44.32

t) 2 9 0 0 3

Treatmen .630 .113 .713 5.57 .00 .399 .861 .713 .713 .71 1.000 1.00

t Group 6 0 3 0

Pretest

Note, p < .05
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Differences Between Groups 

Several independent f-tests were utilized to examine whether the means of various 

gender groupings between and within the control and treatment groups were significantly 

different from each other. The first independent samples f-test was conducted to evaluate 

the difference between the pretest group score means of the control group and the 

treatment group score means. As shown in Table 10, students in the treatment group (M 

= 57.812, SD = 17.224) do not have significantly higher pretest scores than their 

counterparts in the control group (M = 56.944, SD = 24.919). The data shown in Table 

11 show that the test was not significant, t (48) = (-0.145), p = 0.885 so the results do not 

support the directional research. The confidence interval for the difference in the means 

was 12.885 to 11.149.

Table 10
Combined Control and Treatment Group Pretest Group Statistics

Use of Rubric N Mean Std. Deviation Std. Error Mean

Combined Pretest Scores No 18 56.9444 24.91981 5.87365

Yes 32 57.8125 17.22421 3.04484
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Table 11
Combined Control and Treatment Group Pretest Group Independent Samples Test

Levene's 

Test for 

Equality of

Variances___________________ t-test for Equality of Means_______________

95% Confidence 

Qin Interval of the

(2- Mean Std. E rror Differencg-----

F Sig. t df tailed) Difference Difference Lower Upper

Combined

Pretest

Scores

Equal

variances

assumed

3.637 .062

.145

48 .885 -.86806 5.97694

12.88549

11.14938

Equal

variances
not

assumed

.131

26.322 .897 -.86806 6.61596

14.45925

12.72314

Note, p < .05

An independent samples f-test was conducted to evaluate the difference between 

the post-test group score means of the control group and the treatment group. As shown 

in Table 12, students in the treatment group (M = 66.843, SD = 15.210) did not have 

significantly higher post-test scores than their counterparts in the control group (M = 

68.055, SD = 22.760).
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Table 12
Combined Control and Treatment Group Post-Test Group Statistics

Use of Rubric N Mean Std. Deviation Std. Error Mean

Combined Posttest Scores No 18 68.0556 22.76083 5.36478

Yes 32 66.8438 15.21058 2.68888

The data shown in Table 13 reveal the test was not significant, t (25.724) = 

(0.202), p = 0.842 so the results do not support the directional research. The confidence 

interval for the difference in the means was 11.129to 13.553.

Table 13
Combined Control and Treatment Group Post-Test Group Independent Samples Test

Levene's 

Test for 

Equality of

Variances___________________ t-test for Equality of Means_______________

95% Confidence 

cjn Interval of the

(2- Mean Std. Error Difference 

F Sig. t df tailed) Difference Difference Lower Upper

Combined

Posttest

Scores

Equal

variances

assumed

4.969 .031 .225 48 .823 1.21181 5.37564 -9.59664 12.02025

Equal

variances

not

assumed

.202 25.724 .842 1.21181 6.00091

11.12969

13.55330

Note, p < .05



68

An independent samples /-test was conducted to evaluate the difference between 

gender and pretest scores. As shown in Table 14, girls (M = 59.107, SD = 17.323) do not 

have significantly higher pretest scores than their male counterparts (M = 55.454, SD = 

23.396) on the pretest.

Table 14
Combined Gender and Pretest Group Statistics

Gender N Mean Std. Deviation Std. Error Mean

Combined Pretest Scores Girts 28 59.1071 17.32337 3.27381

Boys 22 55.4545 23.39664 4.98818

The data shown in Table 15 revealed the test was not significant, t (48) = (0.634),

p = 0.529; therefore, the results do not support the directional research. The confidence

interval for the difference in the means was 7.922 to 15.227.
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Table 15
Combined Gender and Pretest Group Independent Samples Test

Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means

Sig.

(2-

95% Confidence 

Interval of the 

Mean Std. E rror Difference___

Combined

Pretest

Scores

Equal

variances

assumed

2.237 .141 .634 48 .529 3.65260 5.75680

7.92223

15.22743

Equal

variances

not

assumed

.612 37.567 .544 3.65260 5.96655

8.43064

15.73583

Note, p < .05

An independent samples f-test was conducted to evaluate the difference between 

gender and post-test scores. As shown in Table 16, girls (M = 70.178, SD = 17.239) do 

not have significantly higher scores than their male counterparts (M = 63.590, SD = 

18.819) on the post-test.
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Table 16
Combined Gender and Post-test Group Statistics

Gender N Mean Std. Deviation Std. Error Mean

Combined Posttest Scores Girls 28 70.1786 17.23917 3.25790

Boys 22 63.5909 18.81909 4.01224

The data shown in Table 17 revealed the test was not significant, t (48) = (1.288), 

p = 0.204; therefore, the results do not support the directional research. The confidence 

interval for the difference in the means was 3.693 to 16.868.

Table 17
Combined Gender and Post-test Group Independent Samples Test

Levene's 

Test for 

Equality of

Variances___________________ t-test for Equality of Means

F Sig. t df

Sig.

(2-
tailed)

Mean

Difference

Std. Error 

Difference

95% Confidence 

Interval of the 

Difference

Lower Upper

Combined Equal .808 .373 1.288 48 .204 6.58766 5.11327 - 16.86858

Posttest variances 3.69326

Scores assumed

Equal 1.275 43.211 .209 6.58766 5.16836 - 17.00919

variances 3.83387

not

assumed

Note, p < .05
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An independent samples /-test was conducted to evaluate the difference between 

girls only and post-test scores. As shown in Table 18, girls in the control group (M = 

70.000, SD = 24.784) do not have significantly higher scores than girls in the treatment 

group (M = 70.250, SD = 13.999) on the post-test.

Table 18
Combined Girls and Post-Test Group Statistics

Combined Girts' Groups N Mean Std. Deviation

Std. Error 

Mean

Combined Giiis'Scores Control 8 70.0000 24.78479 8.76275

Treatment 20 70.2500 13.99953 3.13039

The data shown in Table 19 revealed the test was not significant, / (26) = (-0.034),

p = 0.973; therefore, the results do not support the directional research. The confidence

interval for the difference in the means was 15.355 to 14.855.
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Table 19
Combined Girls and Post-Test Group Independent Samples Test

Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means

Sig.

(2- Mean Std. Error

95% Confidence 

Interval of the 

Difference

df

Combined

Girls'Scores

Equal

variances

assumed

3.118 .089

.034

26 .973 -.25000 7.34888

15.35584

14.85584

Equal

variances

not

assumed

.027
8.848 .979 -.25000 9.30511

21.35502

20.85502

Note, p < .05

An independent samples t-test was conducted to evaluate the difference between 

boys only and post-test scores. As shown in Table 20, boys in the control group (M = 

66.500, SD = 22.242) do not have significantly higher scores than boys in the treatment 

group counterparts (M = 60.833, SD = 16.353) on the post-test.
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Table 20
Combined Boys and Post-Test Group Statistics

Combined Boys' Groups N Mean Std. Deviation
Std. Error 

Mean

Combined Boys' Scores Control 10 66.5000 22.24235 7.03365

Treatment 12 60.8333 16.35311 4.72074

Data shown in Table 21 reveal the test was not significant, t (20) = (0.688), p = 

0.499; therefore, the results do not support the directional research. The confidence 

interval for the difference in the means was 11.506 to 22.840.

Table 21
Combined Boys and Post-Test Group Independent Samples Test

Levene's 

Test for 

Equality of

Variances___________________ t-test for Equality of Means

F Sip. t df

Sig.

(2-
tailed)

Mean

Difference

Std. Error , 

Difference

95% Confidence 
Interval of the 

Difference

Lower Upper

Combined Equal 1.537 .229 .688 20 .499 5.66667 8.23285 - 22.84010

Boys' variances 11.50676

Scores assumed

Equal .669 16.239 .513 5.66667 8.47098 - 23.60293

variances 12.26960

not

assumed

Note, p < .05



An independent samples r-test was conducted to evaluate the difference on the 

post-test scores between boys and girls in the control group. As shown in Table 22, girls 

in the control group (M = 70.000, SD = 23.921) do not have significantly higher post-test 

scores than boys in the control group (M = 65.625, SD = 22.589).

Table 22
Control Group Gender and Post-Test Group Statistics

Treatment Group Gender N Mean Std. Deviation

Std. Error 

Mean

Control Group Posttest Girls 10 70.0000 23.92117 7.56454

Boys 8 65.6250 22.58911 7.98646

The data shown in Table 23, indicate the test was not significant, t (16) = (0.395),

p = 0.698; therefore, the results do not support the directional research. The confidence

interval for the difference in the means was 19.102 to 27.852.
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Table 23
Control Group Gender and Post-Test Group Independent Samples Test

Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means

F Sig. t df

Sig.

(2-
tailed)

Mean

Difference

Std. Error , 

Difference

95% Confidence 
Interval of the 

Difference

Lower Upper

Control Equal .002 .969 .395 16 .698 4.37500 11.07481 - 27.85254

Group variances 19.10254

Posttest assumed

Equal .398 15.494 .696 4.37500 11.00026 - 27.75650

variances 19.00650
not

assumed

Note, p <  .05

An independent samples t-test was conducted to evaluate the difference on the 

post-test scores between girls and boys in the treatment group. As shown in Table 24, 

girls in the treatment group (M = 70.250, SD = 13.999) do not have significantly higher 

post-test scores than the treatment group boys (M = 61.166, SD = 16.038).
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Table 24
Treatment Group Gender and Post-Test Group Statistics

Treatment Group 

Gender N Mean Std. Deviation
Std. Error 

Mean

Treatment Group Girls 20 70.2500 13.99953 3.13039

Posttest Boys 12 61.1667 16.03878 4.63000

The data shown in Table 25 indicates the test was not significant, t (30) = (1.683), 

p = 0.103; therefore, the results do not support the directional research. The confidence 

interval for the difference in the means was 1.938 to 20.105.

Table 25
Treatment Group Gender and Post-test Group Independent Samples Test

Levene's 

Test for 
Equality of 

Variances t-test for Equality of Means

Sig.

(2- Mean Std. Error

95% Confidence 

Interval of the 

Difference

df

Treatment

Group

Posttest

Equal

variances

assumed

.440 .512 1.683 30 .103 9.08333 5.39688

1.93856

20.10523

Equal

variances

not

assumed

1.625 20.835 .119 9.08333 5.58894

2.54511

20.71178

Note, p < .05
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Impact of Analytic Rubrics on Student Mastery Performance with Basic Skills 

The aim of this study was to analyze the impact of analytic rubrics on student 

mastery performance with basic skills associated with rational numbers. A simultaneous 

multiple linear regression was calculated to analyze the impact the use of analytic rubrics 

had on the mastery performance on the post-test. “Combined post-test scores” was 

regressed on the “combined pre-test scores” and the “use of an analytic rubric.” 

Curvilinearity was not utilized in this statistical analysis due to the fact that the “use of 

rubrics” was a categorical variable. As seen in Table 26, the overall multiple regression 

model was statistically significant (R2 = .523, F  [2, 47] = 25.723, p  <.001) and the two 

predictors accounted for 50.2 % of the variance in combined post-test score change.

Table 26
Model Summary fo r  Simultaneous Multiple Linear Regression

Std. Error . Change Statistics

R Adjusted R of the R Square F Sig. F Durbin-

Model R Square Square Estimate Change Change dfl df2 Change Watson

1 ,723a .523 .502 12.74705 .523 25.723 2 47 .000 1.730

a. Predictors: (Constant), Use of Rubric, Combined Pretest Scores

The assumption of linearity was tested using the residual scatter and P-P plots.

The results indicated that the assumption was met based on random scatter on the residual 

scatter plot reasonably evenly disbursed around the center as seen in Figure 3. As 

displayed in Figure 4 , the P-P plot was acceptably linear based on a small sample size.
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The assumptions of normality/independence of residuals were tested using the 

residual scatter and P-P plots as well as the Durban Watson residuals, histogram, and 

casewise diagnostics. The results indicated that the assumptions were met based on 

random scatter on the residual scatter plot reasonably evenly disbursed around the center, 

a P-P plot that is acceptably linear based on the small sample size, a Durbin Watson 

residual of 1.730, and a reasonably normal histogram seen in Figure 5. As seen in Table 

27, there was one outlier in the data, case 7, which was not removed. The removal of the 

outlier was not significant enough to improve the regression model.

Histogram
Dependent Variable: Combined Posttest Scores

20-

15-

S 10-
IL

5-

Regression Standardized Residual

Figure 5. Histogram for Simultaneous Linear Regression
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Table 27
Casewise Diagnostics

Combined

Case Number Std. Residual Posttest Scores Predicted Value Residual

7 3.233 95.00 53.7948 41.20515

The assumption of homoscedasticity was tested using the residual scatter plot. 

Results indicated that the assumption was met based on random scatter reasonably evenly 

disbursed around the center. The assumption of the absence of multicollinearity was 

tested using the correlation matrix and the Tolerance and VIF collinearity statistics. The 

results, as seen in Table 28, indicated that the assumption was met based on no higher 

correlation than -.021, a Tolerance of 1.000, and a VIF of 1.000.

Table 28
Correlation Matrix fo r  Simultaneous Linear Regression

Standardize 95.0%

Unstandardize d Confidence Collinearity
d Coefficients Coefficients Interval for B Correlations Statistics

Zero

Lower Upper -
Std. Boun Boun orde Parti Par Toleranc

Model B Error Beta t Sig. d d r al t e VIF

1 (Constan 29.27 5.707 5.12 .00 17.79 40.75

t) 4 9 0 3 5

Combine .650 .091 .722 7.16 .00 .467 .832 .721 .723 .72 1.000 1.00

d Pretest 5 0 2 0

Scores

Use of 1.776 3.756 .048 .473 .63 - 9.333 .033 .069 .04 1.000 1.00

Rubric 9 5.781 8 0
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The unstandardized regression coefficient was utilized to measure the variables as 

they were measured on a meaningful scale. Additionally, the effects were compared 

across the control and treatment groups. The unstandardized regression coefficient (bi) 

for combined pretest scores was 0.650, t (47) = 7.165, p < .001. The unstandardized 

regression coefficient (62) associated with the use of rubrics was 1.776, t [47] = .473, p  = 

.639, which was too low to be significant and therefore was not meaningful in the 

regression model. This finding suggests that, for each additional pre-test, the post-test 

score would be predicted to increase by .650 of a point, controlling for the use of the 

rubric. Both the standardized and unstandardized regression coefficients, as well as the 

95% Confidence Intervals, are shown in Table 29.

Table 29
Impact o f Analytic Rubrics with Mastery o f Rational Numbers

Math Test Scores

Variable Model 1 b 95% Cl

Constant

[Combined posttest] 29.274*** [17.793,40.755] 

0.048 [-5.781, 9.333]

0.722*** [3.427, 3.801]

Use of rubric 

Combined pretest 

R2

0.650***

1.776

0.523

F 25.723***
Note. N = 50. Cl = confidence interval. *** p <.001.
Above write-up taken from: T. Z. Keith (2006), Multiple Regression and Beyond, pp. 31-32 and 
from APA Publication Manual (2010), p. 139.
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Summary

The results of the pre-test and post-test item analyses indicated students in both 

groups had difficulty achieving the desired 70% mastery performance level with basic 

skills associated with rational numbers. Despite a 20% increase in the number of 

students in the sample achieving the desired mastery performance level on the post-test, 

only 28 students, or 56% of the sample, demonstrated mastery performance with rational 

numbers. Students in both groups displayed difficulties with operations involving 

adding, subtracting, and dividing fractions and mixed numbers along with converting 

decimals to fractions. However, students in the control group exhibited greater 

challenges with all of the other fraction-decimals-percent conversions, while students in 

the treatment group presented greater errors with simplifying expressions using the order 

of operations.

Linear regressions were calculated for each group to determine whether the pre

test scores significantly impacted the post-test scores. The pre-test scores were found to 

significantly impact the post-test scores for both groups.

A variety of independent samples /-tests were utilized to analyze the differences 

between the pre-test and post-test means of the control and treatment groups as well as 

any differences between the gender mean scores and pre-test and/or post-test mean 

scores. The results for each of the /-tests were not significant. Therefore, the results 

indicated the mean scores were not significantly higher than the mean scores for any 

other group tested.
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Finally, a simultaneous multiple linear regression was calculated to analyze the 

impact the use of analytic rubrics had on the students’ mastery performance on the post

test. Results indicated the overall multiple regression model was significant; however, 

the unstandardized regression coefficient associated with the use of rubrics was not 

meaningful in the regression model. This finding aligned with the results of the simple 

linear regression which indicated there was a significance of the impact of the pretest on 

the post-test, but not with the use of the analytic rubric. Therefore, the findings of this 

study did not support the impact of analytic rubrics on student mastery performance 

associated with rational numbers in an eighth grade mathematics class, thus answering 

the research question for this study. The summary, findings and conclusions, and 

implications for further study will be addressed in the following chapter.



CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this experimental, quantitative study was to determine whether the 

use of corrective feedback in the form of an analytic rubric would impact student mastery 

performance with basic skills associated with rational numbers in an eighth grade 

mathematics class. In this chapter, a summary of the study, conclusions and discussion 

of the findings, and implications for further research will be presented.

Summary of the Study

The convenience sample for this study was comprised of 50 eighth grade students

who were divided into two groups, with 18 students in the control group and 32 students

in the treatment group. The mathematics teacher for each group administered the pre and

post-tests. Following the pretest, the control group received oral corrective feedback

while the teacher reworked problems on the interactive whiteboard. Students in the

treatment group went through the same process; however these students received an

analytic rubric that identified their level of performance for each question prior to

receiving oral feedback from the teacher. One week later, students in both groups

received the post-test. The pretest scores and the use of analytic rubrics were utilized as

the independent variables while the post-test scores were designated as the dependent

variable. The data obtained from these two tests, which were given in the final month of

the academic school year, were used to determine the impact of the use of the

84
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analytic rubric on students’ mastery performances with basic skills associated with 

rational numbers.

Findings and Conclusions

An item analysis of student mastery with rational numbers was conducted using 

the pretest and post-test data for both groups. As outlined in Chapter 4, the results on 

both tests were similar for both groups. The combined pretest results for both groups 

indicated that the majority of the students had difficulty with all operations involving 

fractions and mixed numbers and nearly 60% of the students converted decimals to 

fractions incorrectly. Results from the combined post-test scores for both groups 

revealed positive improvements on all but two questions. Students showed zero gains 

between tests on the question converting a decimal to a fraction while an even larger 

number of students, 82%, in the sample inaccurately solved the adding a fraction and 

mixed number question. Following the post-test, only 56% of the students in this sample 

demonstrated mastery performance with basic skills associated with fractions.

When analyzing the impact of the pretest scores (independent variable) on the 

post-test scores (dependent variable), the results of the simple linear regressions indicated 

that the pretest score was a significant predictor, at the p < .05 level, of the post-test score 

for both groups.

Independent sample r-tests were calculated to determine whether the means of 

various gender groupings within and between the control and treatment groups were 

significantly different from one another. As reported in the previous chapter, none of the 

independent sample /-tests revealed significant differences between the means of the
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various groupings. As a result, effect sizes were not calculated. For the final analysis of 

this study, a simultaneous multiple linear regression was used to analyze the impact of 

the use of analytic rubrics on the mastery performance of basic skills associated with 

rational numbers on the post-test. The “combined pretest scores” (both groups) and “the 

use of the analytic rubric” were the independent variables while the “combined post-test 

scores” (both groups) was the dependent variable. As outlined in the previous chapter, 

the overall multiple regression model was statistically significant (p < .001) along with 

the unstandardized regression coefficient (bj) associated with the combined pretest scores 

(p < .001). However, the unstandardized regression coefficient (fo) associated with the 

use of the rubric was too low to be significant (p = .639) and therefore was not 

meaningful in the regression model.

Discussion

The results of the pre-and post-test item analyses reinforced Mazzocco and 

Devlin’s (2008) claim that many students in middle school often display deficiencies with 

all operations associated with rational numbers. These results also aligned with Seah and 

Booker’s (2005) assertions that students who display these difficulties do so as a result of 

deficits with conceptual understanding of numeration and the relationships between them 

and other concepts. Rational number sense is essential to solving problems involving 

computations with fractions (Mazzocco & Devlin, 2008) and fractional knowledge is 

crucial to one’s success in algebra (Booth & Newton, 2012). Therefore, the development 

of conceptual understandings in mathematics must be combined with opportunities for 

students to develop procedural fluency in order to prepare students for higher
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mathematics (Capraro & Joffrion, 2006; Fennell et al., 2007; NCTM, 2000; National 

Council of Teachers of Mathematics [NCTM], 2006). Windsor (2009) claims if these 

deficiencies are not corrected before leaving middle school, students will lack the 

essential rational number skills needed to be successful in higher mathematics resulting in 

limited opportunities for students to compete for the increasing number of technological 

jobs in the future.

The results of the simple linear regressions were as expected since students in 

both groups were provided with oral corrective feedback on the pretest as well as an 

opportunity to retest with a parallel version of the pretest. Both of these strategies are 

associated with Bloom’s (1968, 1984) mastery learning, which have been shown in prior 

studies (Block & Burns, 1976; Bloom, 1984; Guskey, 2005; Kulik et al., 1990; Yopp & 

Rehberger, 2009; Zimmerman & Dibenedetto, 2008) to increase student achievement. 

Assessment and feedback go hand-in-hand when maximizing student mastery learning. 

Feedback should follow an initial formative assessment (Hattie & Timperley, 2007) that 

provides both the teacher and student with information regarding the students progression 

with the concepts taught in the classroom. In order to determine whether the students 

have adjusted their misconceptions, more opportunities must be provided to the students 

to demonstrate mastery of the content (Tomlinson & Eidson, 2003).

Based on the statistical evidence in this study, one conclusion that can be drawn is 

that a pre-and post-test design, along with the implementation of oral, corrective 

feedback, does have a statistically significant impact on student learning. However, the 

insignificant results of the use of the analytic rubrics could have been attributed to a
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couple of factors. First, the rubrics were teacher-made; therefore, the design of the 

rubrics may have been flawed and not an appropriate measure for determining the 

significance of their use. Second, the students were not regularly exposed to the 

utilization of rubrics throughout the year which could have minimized the familiarity and 

effectiveness of their purpose. Yet, the results of this study support the findings of 

Panadero and Jonsson (2013), who claim the use of rubrics can have the potential to 

impact student performance by providing students with transparency regarding the 

criteria associated with the desired learning outcomes; minimizing apprehension 

regarding assignments; supplementing feedback; and promoting confidence and self

regulation. However, the results are too inconsistent to be conclusive.

Implications for Future Research 

Based upon the findings of this study, implications for future research are as 

follows:

• Future research is needed to examine the relationship between students’ 

mathematical procedural fluency with rational numbers in middle school 

with student enrollment in higher mathematics.

•  Future quantitative studies are needed to examine the impact of analytic

and holistic rubrics on student achievement in mathematics at all levels of

education to provide the field of educators with more empirical evidence 

pertaining to their use.

• Future quantitative studies are needed to examine the impact of analytic

and holistic rubrics on student achievement and gender in mathematics at



all levels of education to provide the field of educators with 

empirical evidence pertaining to their use.
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1 0 0

l ift College of education

Dissertation Research Project 
Informed Assent for Children Age 12-14

The impact of analytic rubrics on student mastery performance w ith rational numbers.

Mrs. Nicolec C. Brinkman, a Ph.D. candidate at Mercer University, is doing a research studs 
where she is trying to learn whether the use of analytic rubrics impact student mastery 
performance with rational numbers (fractions, decimals, and percents). The objective of this 
study is to determine whether the use of the analytic rubrics will provide students with a type of 
checklist (the analytic rubric) following an assessment that will help students correct their errors 
and/or misconceptions about solving problems that contain rational numbers.

The purpose of this study is to implement instructional strategics associated with mastery 
learning that have been shown in prior studies to improve student achievement (Block & Bums. 
1976: Bloom, 1984: Ciuskey. 2005; Kulik. Kulik. & Bangert-IXiwns. 1990; Yopp & Rehberger. 
2009: Zimmerman & Dibcncdctto. 2008) in an eighth grade mathematics class. The key 
component in this design is the use of a correction/feedback clement in the form of an analytical 
rubric following a pretest containing 20 questions that incorporate all operations associated with 
rational numbers. The analytic rubric provides the students with measures with which to rectify 
substandard outcomes with compulations involving rational numbers on a post-test (Block & 
Bums. 1976: Bloom. 1984) while improving mastery performance with rational numbers.

Students are to participate to lest whether the use of analytic rubrics will actually assist them 
with mastery performance of rational numbers. Without real student participation, researchers 
will never know if the use of analy tic rubrics will impact their mastery performance with rational 
numbers.

The person in charge of this study is Mrs. Nicolec C. Brinkman, who is employ ed as an 8,h grade 
mathematics teacher at Mossy Creek Middle School.

The study will take place in your classroom at Mossy Creek Middle School.

this quantitative study examines the impact of analytic rubrics as a type of corrective feedback 
which students can utilize to improve mastery with rational numbers. 8th grade mathematics 
students in the treatment and control groups will take a pretest consisting of 20 math problems 
associated with rational numbers. Students in the control group will receive oral feedback from 
their teacher following the pretest while working out the problems on the Smart board. Students 
in the treatment group will receive written feedback in the form of an analytic rubric 
(independent variable) for each question missed as well as oral feedback while working out 
problems on the Smartboard. Students will then receive a post-test (dependent variable), which 
is a parallel version o f the pretest, two weeks later. Scores will be calculated for both the pretest 
and post-test based on 100%. A simple linear regression will be utilized to measure the impact 
of the analytic rubric.* t<li

..• i t,
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The students will take both tests in their regular math class with their regular math teacher so as 
to maintain a routine testing environment. The rcscarchcr-teacher will conduct the testing 
environment for the treatment group, while the other 8lh grade math teacher employed at Mossy 
Creek Middle School. Mrs. Shaw, will conduct testing environment for the control group.

Students will be asked to complete the assent form along with the pre-test and post-test. Your
parents will receive a copy of your pre-test and post-test upon request. I will save the actual pre
test and post-test scores along with the scored rubrics for students who are in the treatment 
group. ITicsc lest scores and rubrics will be placed in a locked cabinet at Mercer University for 
three years after the study is completed. Your name will not be on the forms, only your alpha 
numeric code. Your information will be kept private.

Only Mrs. Brinkman, the researcher, and Mrs. Shaw, the test administrator for the control group, 
will know your answers.

Your parcnl(s) have said that it is okay for you to be in this research study. You do not have to be 
in this study if y ou do not want. You can change your mind at any time by telling your Mom. 
Dad. Teacher, or the person conducting this study.

 No. I do not want to be in this study. Yes. I want to be in this study.

Signature of Participant Dale

Signature of Person Obtaining Assent Date
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Tift College of Education

The impact «f analytic rubrics on student mastery performance with rational numbers.
Parent or Guardian 

Informed Consent Form

Your child has been asked to participate in a research study entitled, “The impact of analytic 
rubrics on student mastery performance with rational numbers. The study is being conducted by 
Nicolec C Brinkman, a candidate for the Ph.D. in Curriculum and Instruction degree, who can be 
contacted by phone at 478-747-7704 or by e-mail at Nicolee.colcen.brinkman@live.mercer.edu. 
Mrs. Brinkman’s advisor is Dr. H. Anne Hathaway, who can be contacted by phone at 478-301- 
S439 or by e-mail at Hathaway_ha@mercer.edu. The results will be used to further my 
understanding of the impact o f analytic rubrics as a form of corrective feedback with student 
mastery performance with rational numbers (fractions, decimals, and percents. Your 
son’s/daughter's participation is voluntary. A decision to participate in the research will not 
affect his/her relationship with Mossy Creek Middle School, his/her relationship with other 
teachers, or his/her academic standing.

It Th? pmpw 9f ay imfa kto wptore
This research study is designed to examine the impact of analytic rubrics as a form of corrective 
feedback with student mastery performance with rational numbers. Student mastery of rational 
numbers is imperative for future studies in higher mathematics. The analytic rubric designed for 
this study is a check list o f the steps required to solve rational number problems.

The data from this research will be used to compare traditional measures of oral feedback while 
working out problems on the board with the use o f analytic rubrics as an additional written form 
of corrective feedback for students as they seek to improve mastery performance with rational 
numbers. The results of this study will contribute to the literature in the field of mathematics 
education as well as the everyday classroom practices of the researcher.

II. Procedures:
If you allow your child to volunteer for this study, your child will be asked to take a pre-test 
containing 20 math computation problems associated with fractions, decimals, and percents. 
Students will be divided into two groups: the control group (Group A) and the treatment group 
(Group B). Both groups will take the pre-test in a 60 minute class period. The test will be 
graded on 100% scale. The grade will not count towards the grade in the class.

Following the pre-test, students in Group A will correct the pre-test as the teacher works out the 
problems on the Smartboard while providing oral feedback. Students in Group B will be 
provided with a unique analytic rubric identifying the level towards mastery for each of the 20 
test hems. Students in Group B will also receive an opportunity to correct their missed problems 
as the teacher works out the problems on the Smartboard.

One week later, the students in both groups will take a post-test that is a  parallel version o f the 
pre-test (same questions, different numbers). The students will be given 60 minutes to complete 
the post-test as well. Student scores on the pie-test and post-test from both groups will then be 
compared to determine whether analytic tastery performance with

-proval OMC _ 
DtOCOt

-vptrdCton Date affnlM r
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rational numbers. Students in the control group will receive the analytic rubrics following the 
post-test. Student participation will take approximately one class period a week for three 
consecutive weeks fora total of 180 minutes.

Your child will be asked to assent to participate in this research. (Assent means that your child 
will be asked to voluntarily participate in this research.) Following a description of the 
procedures for this study as outlined in section II. your child will be asked to till out the student 
assent form to let the teacher know whether they want to participate in the study and what he'she 
will be asked to do.

Parent/guardians who allow student to narticinate roust:
If you as the parent or guardian of the student allow your student to participate in this study, 
please read and complete the consent form al the bottom of this letter. Follow ing the pre-test and 
post-test, you will be given a copy of your student's scores upon request.

HI. Potential benefits to students and/or society
There are some potential benefits for students and society. The results of this study can enhance 
teaching and assessment procedures for mathematics and will also contribute to the existing 
literature regarding teaching and assessment of mathematics.

IV. Potential Risks/Discomfort
There are no foreseeable risks associated with the study.

V. Withdrawal of Participation
Your child's participation is voluntary. Your child will not be penalized or lose any benefits that 
he/she arc otherw ise entitled to if you decide that your child will not participate in this research 
project.

If your child decides to participate in this project, he/she may discontinue participation at any 
time without penalty or loss of benefits. You have the right to inspect any instrument or materials 
related to the proposal. Your request will be honored within a reasonable period after the request 
is received.

VI. Payment for Participation
Students will not be paid for their participation. There is no financial obligation for participants.

VII. Confidentiality
In an effort to maintain student confidentiality, each student will be provided with an alpha 
numeric code that will be only known to the researcher. These identification codes will be stored 
on the researcher's personal laptop that is password protected and only known to the researcher. 
The data collected must be stored al Mercer University for at least 3 years after completion of the 
study. The data collected will be stored on a password protected hard drive located in Dr. 
Hathaway's office. Your child's individual responses will not be shared with parents or others.

Questions about the Research
If you have any questions about the research, please speak with Nicolec C. Brinkman state whom 
to contact). If you have questions later, you may contact Nicolee C. Brinkman or Dr. H. Anne 
Hathaway who can be contacted by phone at 478-301-5439 or by e-mail at 
I lathaway_ha@mercer.edu.

mailto:lathaway_ha@mercer.edu


105

You have been given the opportunity to ask questions and these have been answered to your 
satisfaction. If you do agree to allow your child to participate in this research, please complete 
the information below :

I. . do want  . to participate in
this research study.

Participant's Name (Print I Date

Parent Guardian's Name Parent Guardian's Signature Date

Please return to Nicolee ('. Drinkman as soon as possible.

In order to  conduct this research, this project has been reviewed and approved bv M crccr I iniversitv‘s Institutional 
Review Board (IRB). If  vou believe there is anv infringem ent upon vour ch ild 's  rights as a research subject, please 
contact the IRB C hair al (478) 301-4101 I he IRBs are the governing bodies that are set in place to  ensure 
responsible and safe conduct o f  research investigations

"H'.i oifjilhU*/ 
oiJnliMS-
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Use th e  order of operations to  simplify the 
expression.

1. 7 •  4 + (22 + 63 + 9)

Add the  decimals.

2. .3 + .13 + 4.04 

Subtract the  decimals.

3. 7 - .378 

Multiply the  decimals.

4. 5.05 X 1.7 

Divide th e  decimals.

5. 34.2 4 .5

Add the  fraction and mixed number.

6. 4 - +  -
6 4

Subtract the  fraction and mixed number.

7. 1 2 ± - ^
3 4

|Name_

Basic Skills Pre-Assessment

Divide the  mixed numbers.

Multiply the  fractions.

8. i x i i
5 16

Multiply the mixed numbers.

9. 3 -  x  1 —
2 14

Divide th e  fractions.

11. 1 -  +  2 -
3 5

Add the integers.

12. -64 + 7 8 -2 0  

Subtract the integers.

13. -175 -  (-175) + 15 

Multiply the  integers.

14. (-4) •  5 *(-3)

Divide the  integers.

15. (-51)+ 17

Convert the  decimal to  a percent.

16. .374

Convert the  decimal to  a fraction.

17. 0.48

Convert the  fraction to  a decimal.

18. is
20

Convert the  fraction to  a percent.

19. is

Compare the  decimals (Use <, >, or =). 

20. 0.744 0.74

(Adapted from Moran, 1994}
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Use the order of operations to simplify the 
expression.

1. 8 •  3 + (42 + 54 + 6)

Add the decimals.

2. .5 + .11 + 6.06 

Subtract the decimals.

3. 8 - .427 

Multiply the decimals.

4. 6.06 X 1.3 

Divide the decimals.

5. 44.1 + .5

Add the fraction and mixed number.

6. 7 — + -
14 6

Subtract the fraction and mixed number.

7. 1 0 - -  -
3 6

Multiply the fractions.

8.
4  IS

Multiply the mixed numbers.

9. 4 -  x 1 —
2 18

Divide the fractions.

10. i+ 1

|Name_

Basic Skills Post-Assessment

Divide the mixed numbers.

11. I - h- 3 -
S 3

Add the integers.

12. -54 + 87-40  

Subtract the integers.

13. -223-(-223)+  23 

Multiply the integers.

14. (-5) •  7 •(-2)

Divide the integers.

15. (-64)+ 16

Convert the decimal to a percent.

16. .582

Convert the decimal to a fraction.

17. 0.72

Convert the fraction to a decimal.

18- £20
Convert the fraction to a percent.

Compare the decimals (Use <, >, or =). 

20. 0.366 0.36

(Adapted from Moran, 1994)
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Name.

Pre-Assessment Rubrics
1. Order of Operations Grading Rubric

Category 0 1 2 3
Rating Need!

Instruction
Developing an 
Understanding

Almost There! Mastery!!

E
va

lu
at

io
n

No work 
OR 

Completed 
one step 

accurately.

( )

Exponents

x/+

+ / -

Completed two 
steps accurately.

( ) 

Exponents

X/H-

+ /-

Completed 
three steps 
accurately.

( )

Exponents

x/ t

+ /-

Completed order of 
operations within the ( 
) accurately.

Completed 
simplification of 
exponents accurately.

Completed all 
multiplication and/or 
division accurately.

Completed all addition 
and/or subtraction 
accurately.

2. Addition of Decimals Grading Rubric

Category 0 1 2 3
Rating Needs Developing an Almost ThereT Mastery!!

Instruction Understanding
No work Completed two steps Completed three 1. Lined up decimals

C l OR accurately. steps accurately. accurately.
W-l Completed one
O step accurately. 2. Brought the decimal

down accurately.
I 1 1

3. Added in zeros to
2 2 2 keep the columns

lined up.

£
3 3 3

4. Added; carried
4 4 4 when necessary.

(Adapted from Moran, 1994)



3. Subtraction of Decimals Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an Almost Therel MasterylT

Understanding
No work Completed two- Completed three- 1. Placed the decimal

OR three steps four steps after whole number
Completed one- accurately. accurately. accurately.£ two steps

o accurately. 2. Lined up the
•«—t 1 1 decimals accurately.
■4-̂ 1cS 2 2 3. Added in zeros after£ 2 the decimal to keep

> ' i
3

3 3 the columns lined up.

> 4 4 4. Brought the decimalM 4 down accurately.
5 5

5 5. Subtracted;
borrowing as needed.

4. Multiplication of Decimals Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an 

Understanding
Almost Therel MasterylT

No work Completed two Completed three 1. Placed digits in

£

OR
Completed one 
step accurately.

steps accurately. steps accurately. position to multiply 
accurately.

1 1 1 2. Multiplied
. 2 2 2 2

accurately.

3. Counted the

£
3 3 3 number of places to 

the right of the

W

4 4 4 decimals accurately.

4. Placed the decimal 
point in the product 
accurately (the same 
number of places from 
the right).

(Adapted from Moran, 1994)



5. Division of Decimals Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an 

Understanding
Almost Therel MasterylT

E
va

lu
at

io
n

No work 
OR

Completed one- 
two steps 

accurately.

1

2

3

4

5

Completed two- 
three steps 
accurately.

1

2

3

4

5

Completed three- 
four steps 

accurately.

1

2

3

4

5

1. Placed digits in 
position to divide 
accurately.

2. Moved decimal in 
divisor to the right of 
the number 
accurately.

3. Moved decimal in 
dividend the same 
number of places to 
the right accurately.

4. Brought the decimal 
up in the quotient 
accurately.

5. Divide; adding 
zeros to the dividend 
as needed.

6. Adding Fractions and Mixed Numbers (Unlike Denominators) Grading
Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an 

Understanding
Almost Therel MasterylT

NOwork Completed two- Completed three- 1. Found the LCM of
OR three steps four steps both denominators

Completed one- 
two steps 

accurately.

accurately. accurately. accurately.

2. Multiplied the
C
o 1

1 1 numerator and 
denominator of each

•9-H
2

2 2 fraction by a number 
to make the LCD

3
3 3 accurately.

>
w

4
4 4 3. Added the whole 

numbers accurately.

4. Added the fractions 
accurately.

5. Reduced to lowest 
terms (even if left as an 
improper fractionT).

(Adapted from Moran, 1994)
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7. Subtracting Fractions and Mixed Numbers (Unlike Denominators) Grading
Rubric

Category 0 I 2 3
Rating Needs Instruction Developing an 

Understanding
Almost Therel MasterylT

No work Completed two- Completed three- 1. Found the LCM of
OR three steps four steps both denominators

£

Completed one- 
two steps 

accurately.

1

accurately.

1

accurately.

1

accurately.

2. Multiplied the 
numerator and 
denominator of each

. 2 2
2 2 fraction by a number 

to make the LCD

3
3 3 accurately.

J3

r lW

4
4 4 3. Subtracted the 

fractions accurately, 
borrowing if necessary.

4. Subtracted the whole 
numbers accurately.

5. Reduced to lowest 
terms accurately (even 
if left as an improper 
fractionD-

8. Multiplying Fractions

Cate«ory 0 1 2 3
Rating Needs Instruction Developing an Almost Therel MasterylT

Understanding
No work Completed two- Completed three- 1. Cross cancelled

OR three steps four steps accurately.
Completed one- accurately. accurately.c two steps 2. Multiplied theo accurately. numerators accurately.

1 1
1 3. Multiplied the

2 2 denominators
£ 2 accurately.

3
3 3

4. Reduced to lowest
& 4 4 terms accurately (evenW 4 if left as an improper

fractionl).

(Adapted from Moran, 1994)



9. Multiplying Mixed Numbers Grading Rubric

Category 0 I 2 3
Rating Needs Instruction Developing an Almost Therel Masteryn

Understanding
No work Completed two- Completed three- 1. Converted mixed

OR three steps four steps numbers to improper
Completed one- accurately. accurately. fractions accurately.

two steps
C accurately. 2. Cross cancelled
o 1 I accurately.

1
15 2 2 3. Multiplied the

2 numerators accurately.£ 3 3
3 4. Multiplied the

4 4 denominators
4 accurately.

5. Reduced to lowest
terms accurately (even
if left as an improper
fraction I).

10. Dividing Fractions

Category 0 1 2 3
Rating Needs Instruction Developing an Almost Therel Masteryn

Understanding
No work Completed three- Completed five 1. Multiplied by the

OR four steps steps accurately. reciprocal accurately
Completed one- accurately. (Keep-change-flip).

two steps
C accurately. 2. Cross cancelled
o 1

1 1 accurately.
• H

2 2 3. Multiplied the
2 numerators accurately.

3 3
3 4. Multiplied the

4 4 denominators
i> 4 accurately.

5. Reduced to lowest
US

5
5 5

6 6 terms accurately (even
6 if left as an improper 

fraction!).

(Adapted from Moran, 1994)



11. Dividing Mixed Numbers Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an Almost Therel Masteryn

Understanding
No work Completed three- Completed five 1. Converted mixed

OR four steps steps accurately. numbers to improper
Completed one- accurately. fractions accurately.

two steps
accurately. 2. Multiplied by the

1 1 reciprocal accurately
£ 1 (Keep-change-flip).
o 2 2

* i«H 2 3. Cross cancelled

H 3
3 3 accurately.

4 4 4. Multiplied the

1 ?
4

5 S
numerators accurately.

> 3 5. Multiplied the
W 6 6 denominators

6 accurately.

6. Reduced to lowest
terms accurately (even
if left as an improper
fraction!).

12. Adding Integers with Like and Unlike Signs Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an Almost Therel Masteryn

Understanding
No work Only adds integers Adds integers Added integers

OR with like signs with like signs accurately:
S-i Does not add accurately. accurately. Does
O integers with like not add integers '  When the signs are

" • £ or unlike signs * When the signs with unlike signs the same: add the
cj accurately. are the same: add accurately. digits and keep the

the digits and keep sign.
_ = the sign 'Either finds the

difference of the ■ When the signs are
5 digits OR keeps different: find the

r iT the sign of the difference of the digits
largest digit (Not and keep the sign of
both). the largest digit.

(Adapted from Moran, 1994)



13. Subtracting Integers with Like and Unlike Signs Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an Almost Therel MasterylT

Understanding
No work Only subtracts Subtracts integers Subtracted integers

OR integers accurately accurately when accurately;
Does not subtract when subtracting subtracting a ‘Adds the opposite
integers with like a negative integer. negative integer. accurately to create an£ or unlike signs adding integer

o accurately. ‘Is able to ’Is able to problem.
•fH recognize recognize

subtracting a subtracting a Then recognizes:
5 negative integer is positive number * When the signs are

the same as adding is the same as the same: add the
a positive integer. adding a negative digits and keep the

number but does sign.> not use diew correct sign for 
the final answer.

* When the signs are 
different: find the 
difference of the digits 
and keep the sign of 
the largest digit.

14. Multiplying Integers with Like and Unlike Signs Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an Almost Therel MasteryfT

Understanding
No work Multiplies whole Only multiplies Multiplies integers

OR numbers integers accurately with like
Does not multiply accurately but accurately when and unlike signs.o whole numbers does not the signs of the

•i"HI accurately. understand the integers are the ‘When the signs are
rules of the signs. same. the some: Multiply the

OR digits; the sign will be
3 positive.

Only multiplies
integers ‘When the signs are> accurately when different: Multiply theW the signs of the digits; the sign will be
integers are the negative.
different.

(Adapted from Moran, 1994}



15. Dividing Integers with Like and Unlike Signs Grading Rubric

Cateway 0 1 2 3
Rating Needs Instruction Developing an Almost There! Masteryn

Understanding
No work Divides whole Only divides Divides integers

OR numbers integers accurately with like
£ Does not divide accurately but accurately when and unlike signs.
o whole numbers does not the signs of the

•wM accurately. understand the integers are the 'When the signs are
rules of the signs. same. the same: Divide the

OR digits; the sign will be
£ positive.

Only divides
integers 'When the signs are
accurately when different divide the

W the signs of the digits; the sign will be
integers are the negative.
different.

16. Converting a Decimal to Percent Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an Almost There! MasterylT

Understanding
No work Does not move the Moves the Converts a decimal to

OR decimal the decimal 2 places percent accurately.
Only adds a correct number of to the right

£ percent sign. places to the right. adding zero(s) if Moves the decimal 2
o necessary. places to the right

•l-H adding zero(s) if
13 Does not adda necessary.
S3 percent sign.

Adds a percent sign.

Understands that
> “moving” the decimal

W 2 places to the right is
the same as
multiplying the
decimal by 100.

(Adapted from Moran, 1994)



17. Converting a Terminating Decimal to a Fraction Grading Rubric

Category 0 I 2 3
Rating Needs Instruction Developing an Almost Therel MasterylT

Understanding
No work Creates a fraction Uses the correct Converts a terminating

G OR but does not use base ten in the decimal to a fraction
O Creates a fraction the correct base denominator. accurately.

‘4- but the ten in the
denominator is denominator. Does not reduce Uses the correct base
not a base ten. the fraction to ten in the1—a r H lowest terms denominator.

B j (simplifies).
> Reduces the fraction to

W lowest terms
(simplifies).

18. Converting a Fraction to Terminating Decimal Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an Almost Therel MasterylT

Understanding
No work Sets up the Sets up the Converts a fraction to a

OR fraction as a fraction asa terminating decimal
Did not set up division problem division problem accurately.

the fraction as a accurately. accurately.
division problem Sets up the fraction as

accurately. Did not divide Divided the digits a  division problempH

. 2
accurately. accurately accurately.

adding zeros to
the dividend as "Placed the numerator

csj needed. in the dividend.
G "Placed the

1

Did not place the denominator as the
decimal in the divisor,
quotient. "Brought the decimal

up in the quotient 
accurately.
"Divided the digits 
accurately adding 
zeros to the dividend as 
needed.

(Adapted from Moran, 1994)



19. Converting a Fraction to a Percent Grading Rubric

category 0 I 2 3
Rating Needs Instruction Developing an Almost Therel Masteryfl

Understanding
No work Sets up the Sets up the Converts a fraction to

OR fraction as a fraction as a a percent accurately.
Did not set up the division problem division problem

fraction as a accurately. accurately. Set up the fraction as a
S3 division problem division problem

accurately. Did not divide Divided the digits accurately.
.2 accurately. accurately

adding zeros to Divided and placed
s the dividend as the decimal in the

needed. quotient accurately.

£ Did not place the Moved the decimal 2
decimal in the places to the right

Mh quotient
accurately. Included the percent

sign.
Did not include
the percent sign.

20. Comparing Decimals Grading Rubric

Category 0 1 2 3
Rating Needs Instruction Developing an Almost Therel Masteryn

Understanding
No work Lines up the digits Lines up the Compares decimals

OR accurately by the digits accurately accurately.
Does not line up decimal. by the decimal.

the digits Lines up the digits
according to the Fills in the empty Fills in the empty accurately by the

C decimal. places with zeros. places with zeros. decimaL
O

‘4 2 Compares each Fills in the empty
cti digit accurately places with zeros.
a beginning with

tenths place, Compares each digit
hundredths place, accurately beginning

> thousandths with tenths {dace,
w placeetc. hundredths place,

thousandths place etc.

Uses the correct
symbol (>, c ,or =) to
compare the decimals.

(Adapted from Moran, 1994)
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Institutional Re^'iew Board 
fo r Research Involving Human S'ubjects

17*Apr-2014

Ms. Nicolee C. Brinkman 
Mercer University 
Tift College of Education 
1400 Coleman Avenue 
Macon, GA 31207-0001

RE: The impact of analytic rubrics on student mastery performance with rational numbers (H1404150)

Dear Brinkman:

Your application entitled: The impact of analytic rubrics on student mastery performance with rational 
numbers (H1404150) was reviewed by this Institutional Review Board for Human Subjects Research in 
accordance with Federal Regulations 2 1 CFR 56.110(b) and 45 CFR 46.110(b) (for expedited review) and 
was approved under Category 7 per 63 FR 60364.

Your application was approved for one year of study on 17-Apr-2014. The protocol expires 17-Apr-2015. 
If the study continues beyond one year, it must be re-evaluated by the IRB Committee.

Item(s) Approved:
New Application

Please complete the survey for the IRB and the Office of Research Compliance. To access the survey, 
click on the following link: h ttp ://h ttp s ://w w w . survey mon key.com/s/K7CTT8R

Ava Chambliss-Richardson, M.Ed., CIP, CIM
Associate Director of Human Research Protection Programs (HRPP)
Member
Intuitional Review Board
Mercer University IRB & Office of Research Compliance 
Phone (478) 301-4101 
Fax (478) 301-2329 
ORC_Mercer@Mercer.Edu

Respectfully,

Mercef umveraily na* adopted and agrees to conduct it* cimtc«M research studies m accordance wilts tne 
international Conference on Harmonization s (ICH| Gutdelines tor Good ctmica F^actxe

1508 C ollege S n m  • Macon Geoifta 4 1207 OOO.t 
(4 78) 401 4101 • t  AX (4 78) lOl ’ ».’9

http://https://www
mailto:ORC_Mercer@Mercer.Edu

