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ABSTRACT 

The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory to compare math curricula choice to Louisiana Education Assessment Program 

(LEAP) math achievement for third, fourth, and fifth grade students in public schools within 

the state of Louisiana. The independent variable of interest, math curricula choice, was 

generally defined as curriculum materials. The dependent variable of interest was third, 

fourth, and fifth grade math LEAP achievement scores. Studies from diverse researchers, 

both recent and less recent, suggest different curricula materials can have varying results on 

student learning (Bhatt & Koedel, 2012; Bhatt et al., 2013; Koedel et al., 2017; Lein 

Authement, 2022; Polikoff, Petrilli, et al., 2020; Walsh, 2009; White, 2018). Considering the 

potential value of curriculum materials, the LDOE attempted to leverage curriculum material 

influence, partially through the aid of a tiered ranking system of Tier 1 through Tier 3, for 

school use to help inform curriculum material selection to facilitate improvement in student 

achievement (Kaufman et al., 2018). 

Information for this study was gathered through LDOE provided data, survey results, 

and school parishes within Louisiana. A one-way ANOVA was used to compare the means 

from the different tiers. The findings from this study produced mixed results and support the 

need for continued persistence within this area of study. Explicitly, more investigation should 

determine whether the Tier 1 curriculum material’s high performance in maintaining the 

highest average scores for all comparisons with reliable sample sizes for each grade and year 

of this study, and statistically significant results for higher achievement during the 2017-2018 

school year, was a consistent pattern with Tier 1 curriculum materials for other grades and 

years, other curriculum materials nationwide, or if these results are an irregularity. 
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CHAPTER ONE 

Introduction 

Albert Einstein once stated, “Do not worry about your difficulties in mathematics. I 

can assure you mine are still greater” (Hawking, 2009, p. 337). While the accuracy of 

Einstein’s self-deprecating statement might be up for debate, the reality is many American 

students are experiencing difficulties in mathematics. A quick review of both international 

and national achievement of American students will confirm this problem. Using the 

Program for International Student Assessment (PISA) for international comparison, the 

United States ranked 37th out of about 80 countries in mathematics in 2018 (Schleicher, 

2019), which was only a marginal improvement from being ranked 39th in 2015 to a similar 

listing of countries (Organization for Economic Co-operation and Development [OECD], 

2018). However, the National Center for Educational Statistics (NCES) painted a better, but 

not completely reassuring, picture from the 2019 Trends in International Mathematics and 

Science Study (TIMSS) ranking fourth grade United States students at 15 out of 64 and 

eighth grade students as 11 out of 46 (NCES, 2019). 

In the United States, the National Assessment of Educational Progress (NAEP) test in 

2017 showed the math gap between high-performing and low-achieving math students 

continued to grow and has been growing since 2007 (Oglesby-Phelps, 2022; Sparks, 2018). 

A major factor influencing the achievement gap and the growth in the achievement gap is the 

expanding skill gap between students from different socioeconomic backgrounds (Hanushek 

et al., 2019; Owens 2018; Whilby, 2020). Furthermore, the overall scores on the NAEP test 

for fourth graders from 2007 to 2017 were stagnant, ranging from 240 to 242 on a 500-point 

scale (U.S. Department of Education, National Center for Educational Statistics [NCES], 



 
 

2 

2019). While these scores are higher than the results during the 1990s, ranging from 213 to 

226, they still reflected a decade of scores that lack growth.  

The combination of stagnant growth and a widening achievement gap in mathematics 

has educators, administrators, and policy makers searching for new ways to improve student 

learning and achievement. While several factors can influence student achievement, one of 

the prevailing avenues school districts have pursued to increase student achievement is using 

effective curricula materials (Koedel et al., 2017; Reys et al., 2003; Solomon et al., 2019; 

Superfine et al., 2010). To aid school districts, or parishes as they are referred to in 

Louisiana, in selecting quality curriculum materials, the Department of Education in 

Louisiana (LDOE) has developed a tier system to evaluate curriculum materials’ alignment 

to the state standards and grade level learning (Louisiana Department of Education [LDOE], 

2022). 

The researcher examined what curriculum materials were used for third, fourth, and 

fifth grade mathematics within the state of Louisiana to see if student achievement differed 

based on curriculum material choice between each tier. Typically, the small amount of 

research related to what curriculum materials are used in schools is a major roadblock when 

it comes to evaluating their use (Blazar et al., 2020; Cummins-Colburn, 2007; Hutt & 

Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018), but the state of Louisiana’s 

tiered system with preexisting textbook groups alleviated some of this challenge by creating 

population groups. This allowed the researcher to attempt to discover the differences in 

student achievement and curriculum material choice. To achieve this goal, the researcher 

used the existing Louisiana Department of Education textbook tiers (LDOE, 2022) as a 

curriculum material differentiator. To gain a large data set, the researcher sent out surveys to 
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all the elementary school parish administrators in Louisiana to determine what curriculum 

materials were used at each school and utilized the LDOE data to review student 

achievement.  

In Chapter One, the researcher presents the problem statement by briefly discussing 

the consequences of not providing proper math education and then addressing the general 

lack of literature around curriculum material choice and student achievement in mathematics. 

Robert Gagne’s cumulative learning theory (Gagne, 1962a, 1962b, 1965) formed the 

theoretical framework of this study and is utilized within the purpose statement to examine 

curriculum material choice and mathematical student achievement in the state of Louisiana. 

The significance of the study detailed how this research adds to the body of literature in this 

area while also inspecting whether a statistically significant difference between curriculum 

material choice and student achievement in mathematics exists. Other foundational aspects of 

Chapter One include the research questions, null hypotheses, definition of terms, limitations, 

delimitation, and assumptions, along with what designs and controls were used to help this 

study remain valid and reliable. 

Problem Statement  

A strong mathematical understanding is a key component in ensuring an individual’s 

success in academics and future career, therefore effective math instruction is crucial for 

building a healthy workforce (Daro & Asturias, 2019; Denton, 2021; Hiser, 2016; National 

Council of Teachers of Mathematics [NCTM], 2018; White, 2018). Logically, failure to 

properly educate students in mathematics will not only negatively impact each individual, but 

collectively have an adverse effect on the society to which individuals belong. As a result, 

the best learning outcomes will only be achieved when educators promote equity in 
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education by providing schooling that prepares all students for their future in academics or 

the workforce regardless of students’ initial abilities (Lambert 2018). Analyzing curricula 

materials based on student achievement scores has been done before and is an area where 

further research is needed (Blazar et al., 2020; Bhatt & Koedel, 2012; Chingos & Whitehurts, 

2012; Hiser, 2016; Kane, 2016; Koedel et al., 2017; Polikoff, Campbell, et al., 2020; Nargi, 

2018; Ruggeri, 2021; Solomon et al., 2019; Steiner, 2017). 

Some recent studies suggested different curricula materials have varying impacts on 

student learning (Agodini et al., 2010; Bhatt & Koedel, 2012; Bhatt et al., 2013; Cress, 2019; 

Koedel et al., 2017; Lein Authement, 2022; Polikoff, Petrilli, et al., 2020; Walsh, 2009; 

White, 2018). Yet, administrators are often unable to make better decisions related to 

instructional materials due to a lack of evidence on the impact of the materials being used 

(Blazar et al., 2020; Chingos & Whitehurts, 2012; Cummins-Colburn, 2007; Koedel et al., 

2017; Polikoff, Campbell, et al., 2020; Ruggeri, 2021). Koedel et al. (2017, p. 3) described 

the deficiency of research as a “frustrating lack of information,” while Steiner (2017, p. 1) 

viewed the shortage of research in this area as a “matter of deep concern and urgent need.” 

Of the research that has been done on the effectiveness of curricula, few research methods 

stand up to scrutiny (Chingos & Whitehurts, 2012; Solomon et al., 2019). As school districts 

and policy makers continue to recognize the importance of math education and measure 

student achievement based on standardized tests, school districts are searching for the best 

approaches for not only teaching students, but also demonstrating student achievement on 

standardized tests. Because research aimed at curriculum materials has received significantly 

less focus than the research and theory of teaching, opportunity for discovery in this area is 

plentiful (Remillard, 2005). Logically then, a proper analysis of curricula material choice, 
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which often requires an initial investigation into what curriculum materials are being used 

(Kane, 2016; Koedel et al., 2017; Polikoff, 2018), is a key part of the educational structure 

that needs to be scrutinized. The state of Louisiana attempted to help teachers and school 

parishes partially overcome these difficulties with their curriculum materials tier system.  

To help school districts find curriculum materials that reliably align with the 

Louisiana state standards, the Louisiana Department of Education provided a tiered ranking 

system for school districts to optionally use to help guide curriculum material selection. The 

tiered system consisted of curriculum materials rated as Tier 1 through Tier 3. Curriculum 

materials categorized as a Tier 1 material have been reviewed and shown to best align to the 

Louisiana state standards with a Tier 2 and then a Tier 3 material designation for material 

choice less aligned to the standards than the previous (LDOE, 2022). This process will be 

discussed in more detail in Chapter Two. This study utilized Louisiana Department of 

Education’s tier groupings of curriculum materials, along with any non-tiered materials not 

listed, to determine whether a difference exists between curriculum materials and student 

achievement between each tier.  

Purpose Statement  

The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory (Gagne, 1962a, 1962b, 1965) to compare math curricula choice to Louisiana 

Education Assessment Program (LEAP) math achievement for third, fourth, and fifth grade 

students in public schools within the state of Louisiana. The independent variable of interest, 

math curricula choice, will be generally defined as curriculum materials. The dependent 

variable of interest is third, fourth, and fifth grade math LEAP achievement scores. Both 

recent and historical research show a strong connection in mathematics education between 
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the written curriculum within the textbook or program choice and the curriculum and 

instruction that takes place in the classroom (Arican, 2018; Ball & Cohen, 1996; Bellens et 

al., 2020; Eisner, 1987; Elliott, 1990; Monaghan, 2013; Remillard, 2005; Ruggeri, 2021; 

Tyson & Woodward, 1989; Walsh, 2009; Westbury 1990).  

Specifically, within the math classroom, Ball and Cohen (1996) and Bellens et al. 

(2020) argued textbooks were the leading factor for what takes place during instruction, with 

Ball and Cohen (1996) and Walsh (2009) asserting few teachers detour from textbook 

outlines and information. Additionally, Arican (2018) and Ruggeri (2021) both stated the use 

of textbooks or curriculum materials to implement instruction was heightened further when 

teachers were not comfortable teaching mathematics. Solomon et al. (2019) went on to note 

approximately 85 percent of elementary classrooms within the United States rely on at least 

one curriculum material for science and mathematics. Elliott (1990) states more than any 

other subject area, math textbooks are more prone to be used as taught curriculum at the 

elementary level. Then additional research conducted by Tyson and Woodward (1989) 

showed 75 percent to 95 percent of the total classroom instruction at the elementary level 

comes from the textbook structure. This led Monaghan (2013) to proclaim math textbooks as 

the “de facto” curriculum and the best textbooks should be viewed as the ones that get the 

best results, which Polikoff, Petrilli, et al. (2020) also contended. As a result, studies in this 

area often use textbook, curriculum, curricula, and curriculum materials interchangeably to 

represent the written curriculum from the textbook or program of choice (Blazar et al., 2020; 

Koedel et al., 2017; Rahman, 2018; Suppa, 2018), which this study has also done to examine 

the differences between curriculum material choice and student achievement. 
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Significance of Study 

The significance of this study was found by examining whether a statistically 

significant difference exists comparing student achievement between groups of curriculum 

material choices. As discussed previously, analysis related to the differences in student 

achievement and curriculum choices is lacking (Blazar et al., 2020; Bhatt & Koedel, 2012; 

Chingos & Whitehurts, 2012; Cummins-Colburn, 2007; Kane, 2016; Koedel et al., 2017; 

Polikoff, 2018; Steiner, 2017), thus significance from this study is found by adding to this 

area of need. Achievement scores on high stakes tests were a main source of measuring 

student success for years, but it was not until the No Child Left Behind (NCLB) Act in 2001 

that it became national policy (Ford, 2018). This emphasis on using an accountability system 

utilizing high stakes testing was carried into the Common Core State Standards (CCSS) era 

in the fields of mathematics and English Language Arts (ELA). For students and schools to 

achieve greater success on these standard tests, it is important for both best practices from 

research and practical application to complement each other within curriculum designs 

(Schoenfeld, 2014). Since a curriculum material change requires some level of both time and 

money, it is important to know if there is a statistically significant difference between the 

available choices for schools to best allocate their time and money. But lack of research in 

this area means educators and policy makers are merely beginning to recognize the degree to 

which math curriculum materials influence math learning (Solomon et al., 2019), and the 

need for more research in this was an area this study helps address.  

This issue is further complicated by the fact there is only a small amount of research 

related to what curriculum materials are being used in schools (Blazar et al., 2020; Hutt & 

Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018). Discovering what 
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curriculum materials are used is time consuming since only a handful of states gather 

information on curriculum material adoption use (Blazar et al., 2020; Hutt & Polikoff, 2018; 

Kane, 2016; Koedel et al., 2017; Polikoff, 2018). Thus, determining what differences exist 

between different curriculum choices is inherently problematic and starts with an 

investigation related to what materials are utilized within the research population. The state 

of Louisiana provided a unique opportunity to partially overcome this challenge since the 

state has already separated curriculum materials into tiers based on how closely they are 

aligned to the state standards. This allowed for analysis of curriculum materials within each 

preexisting tier rather than individual analysis of each curriculum material choice.  

Research Questions 

The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory (Gagne, 1962a, 1962b, 1965) to compare math curricula choice to math Louisiana 

Education Assessment Program (LEAP) achievement for third, fourth, and fifth grade 

students in public schools within the state of Louisiana. Several questions were examined 

within this study related to the difference of math curriculum material choice and Louisiana 

student achievement on the LEAP: 

RQ1. What are the differences in advanced and mastery level third grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices?  

RQ1a. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017? 
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RQ1b. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018? 

RQ1c. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019? 

RQ2. What are the differences in advanced and mastery level fourth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices? 

RQ2a. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017?  

RQ2b. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018?  

RQ2c. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019?  

RQ3. What are the differences in advanced and mastery level fifth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices?  
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RQ3a. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017?  

RQ3b. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018?  

RQ3c. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019?  

Null Hypotheses 

The researcher utilized Louisiana Department of Education (LDOE) data to examine 

the math achievement scores of all public Louisiana school districts for grades three through 

five to scrutinize the null hypotheses:  

H₀1: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for third grade students as measured by the LEAP. 

H₀1a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for third grade students as measured by the LEAP in 2016-

2017. 
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H₀1b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for third grade students as measured by the LEAP in 2017-

2018. 

H₀1c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for third grade students as measured by the LEAP in 2018-

2019. 

H₀2: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fourth grade students as measured by the LEAP. 

H₀2a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2016-2017. 

H₀2b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 
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at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2017-2018. 

H₀2c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2018-2019. 

H₀3: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fifth grade students as measured by the LEAP.  

H₀3a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2016-

2017.  

H₀3b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2017-

2018.  

H₀3c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 
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Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2018-

2019. 

Theoretical Framework 

Cumulative learning theory has been used as a framework for developing curriculum 

in schools over the past several decades (Beatty & Pritchett, 2012; Okey & Gagne, 1970; 

Spaull & Kotze, 2015). Gagne’s cumulative learning theory was of particular interest to this 

study because it has been used as a framework within education-based studies before (Chen, 

2021; Udensi, 2019), applied to examinations of mathematical learning within studies 

(McBride, 1996; Walsh, 2009), and considered in similar studies to specifically compare the 

difference of curriculum material selection and student achievement (Walsh, 2009). Gagne’s 

cumulative theory can be summarized by three basic tenets. The first is to deliver instruction 

on component tasks that scaffold to the desired task. Second, to confirm each component task 

is mastered. Third, to sequence component tasks for optimum transference to the desired 

final task (Gagne, 1962a, 1962b, 1965; Walsh 2009). These three tenets essentially 

summarize what curriculum materials overall are designed to do, as they help the teacher 

scaffold learning through instruction, monitored progress through learning activities, and 

provide sequenced learning with clear assessment over the established learning goals 

(Machalow, 2020; Remillard & Kim, 2020; Stein et al., 2007; Suppa 2018). Additional 

frameworks used to study the difference of curriculum material selection and student 

achievement that support Gagne’s cumulative learning theory were the behaviorist stimulus-

response works of Pavlov, Watson, and Skinner. This is discussed in more detail within 

Chapter Two. 
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Definition of Terms  

Accountability systems: systems that evaluate a school’s performance based on 

predetermined performance measures (Hudak, 2022).  

Achievement Gap: the differences between the test scores of minority students 

and/or low-income students and the test scores of their White peers (Pardini, 2022). 

 Behaviorism: theory of learning based upon the notion all behaviors are acquired 

through one’s conditioning. Behaviorist theory posits a person’s conditioning occurs through 

interaction with the environment while responses to environmental stimuli shape our actions 

(Uibelhoer, 2020).  

Casual-comparative design: a research design that seeks to find relationships 

between independent and dependent variables after an action or event has already occurred 

(Rivero, 2022). 

Common Core Standards: a set of high-quality academic standards in mathematics 

and English language arts/literacy (ELA). These learning goals outline what a student should 

know and be able to do at the end of each grade. The standards were created to ensure all 

students graduate from high school with the skills and knowledge necessary to succeed in 

college, career, and life, regardless of where they live. (Common Core State Standards 

Initiative [CCSSI], 2022a.). 

COVID-19: 'CO' stands for corona, 'VI' for virus, and 'D' for disease. Formerly, this 

disease was referred to as '2019 novel coronavirus' or '2019-nCoV.' The COVID-19 virus is a 

new virus linked to the same family of viruses as the Severe Acute Respiratory Syndrome 

(SARS) and some types of common cold (Barthelemy, 2022). 
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 Criterion-Referenced: Determined how an individual is performing in relation to a 

criterion, or educational objectives (Conrad, 2021). 

Curriculum: the content taught to students, the sequencing structure of that content, 

and the learning goals associated with that content (Suppa, 2018). 

Data-driven decision-making: a process using results of summative and formative 

assessment data to improve instructional planning across schools (Mai-Huntley, 2022). 

Educational Standards (Standards): what students should know and be able to do 

to demonstrate proficiency by the end of a grade level or course (Robertson, 2022). 

Enacted Curriculum: refers to what actually takes place in the classroom related to 

the curriculum including the teacher’s implementation of the official curriculum and the 

ways in which learners experienced the official curriculum (Roeder, 2020). 

Fidelity: refers to the provision or delivery of instruction in the way it was designed 

or prescribed (Joyner, 2022). 

High Stakes Testing: standardized testing used as a data source to determine 

distribution of funds/resources and used as a means of evaluation of students/teachers 

(Benton, 2022).  

Intended Curriculum: The intended curriculum refers to the teacher’s aims, learning 

goals, and intentions for students (Suppa, 2018). 

LEAP or LEAP 2025 Test: the standardized test given in the state of Louisiana to 

students in grades three through eight. The acronym LEAP stands for Louisiana Educational 

Assessment Program. The Louisiana Educational Assessment Program (LEAP 2025) test is 

used to assess how well students perform (Waller, 2021). 

Parish: the equivalent of a school district in the state of Louisiana.  
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Student Achievement: the measurement of academic content a student learns in a 

given timeframe (Barthelemy, 2022). 

Written Curriculum: refers to the written content, learning goals, activities, and 

resources the teacher uses to plan lessons, such as a textbook or teacher’s guide (Suppa, 

2018). 

Limitations  

Limitations within this study have been identified and include: 

1. District and school curriculum choice: The researcher was not able to control school 

district curriculum material selection. 

2. Fidelity: The researcher did not account for the degree to which teachers implemented the 

curriculum materials as intended by the developer. 

3. Implementation dip: The researcher did not categorize results based on the number of 

years curriculum materials had been utilized within each school district. 

4. Participant drop-out: The researcher is not able to account for student migration between 

different curriculum materials within a school year and can only evaluate the student 

school and curriculum material choices at the time of the LEAP. 

5. Pedagogy: The researcher did not examine pedagogical differences between teachers who 

used different curriculum materials. Differences in pedagogy within different 

socioeconomic groups were also not examined. 

6. Professional development: The researcher did not include analysis based on either the 

quality or quantity of professional development on curriculum materials by participants 

within the study.  
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7. Purposive Sampling: The researcher sent a survey to each public elementary school 

building administrator in the state of Louisiana with some combination of grades three, 

four, or five within the building.  

8. Reliability and validity of test: The researcher examined the reliability and validity of the 

LEAP data presented by LDOE. 

9. Socioeconomic levels: The research was not able to control which schools or school 

districts utilized different curriculum materials based on socioeconomic levels or account 

for differences in educational achievement based on socioeconomic levels. 

10. Teacher effectiveness: The researcher did not attempt to gauge the effectiveness of 

individuals or groups of teachers within the LDOE tier groups. 

11. Time period: The researcher used data from the 2016-2017, 2017-2018, and 2018-2019 

school years. Due to COVID-19 interference with 2019-2020 testing, the earlier year of 

2016-2017 was added to the data set to replace the 2019-2020 school year. 

Delimitations  

Delimitations within this study have been identified and include: 

1. Curriculum: The researcher only analyzed curriculum material choice between Tier 1, 

Tier 2, Tier 3, and non-tiered curriculum material choices for 2016-2017, 2017-2018, and 

2018-2019 returned from the survey.  

2. Location: The research only used public school districts within the state of Louisiana. 

3. Sample size and selection: LEAP data was only analyzed for elementary schools, 

specifically grades three, four, and five. 
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4. Research questions: The researcher limited the research questions to only include 

questions related to the null hypotheses and not all questions that might relate to this area 

of study.  

5. Theoretical objectives: Gagne’s cumulative theory provided the framework for analyzing 

differences in student achievement and curriculum material choice; other theoretical 

concepts related to achievement were not included as an objective.  

6. Time frame: Data was analyzed from a three-year period consisting of LEAP data from 

2016-2017, 2017-2018, and 2018-2019 school years.  

7. Variables: The researcher limited the variables of interest to those mentioned in the 

purpose statement, which were student achievement and curriculum material choice. 

Assumptions 

Assumptions within this study have been identified and include: 

1. Curriculum: This study assumed principals or school leaders had accurate and up-to-date 

information related to which school districts were or were not using specific curriculum 

materials during the 2016-2017, 2017-2018, and 2018-2019 LEAP test years. 

2. Data: Both the data gathered from the researcher survey and data compiled by the LDOE 

will be accurate. 

3. Generalizability: This study assumed the use of purposive sampling of each school in the 

state of Louisiana provided a large enough and broad enough data sample for the results 

of this study to be valid for the state of Louisiana and applicable to other related research, 

and therefore be generalizable.  
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4. LDOE validity and reliability related to LEAP data: This study assumed the data posted 

by the Louisiana Department of Education (LDOE) and gathered by the LEAP 

assessment is valid and reliable. Support for this is discussed in Chapter Three. 

Design and Controls 

 A causal-comparative research design was used to compare student achievement 

across school parishes within the state of Louisiana based on curriculum material choice. 

This quantitative study utilized LEAP achievement data from all school parishes in the state 

of Louisiana found on the LDOE website. The purpose of this type of design was to discover 

what curriculum materials are commonly used in schools within each curriculum tier and 

what correlation and impact exists, if any, between the dependent and independent variables.  

 Several different limitations, delimitations, and assumptions within this study need to 

be acknowledged and are addressed below to maintain academic integrity. While the 

researcher was not able to select what curriculum materials a school district used, the 

researcher was able to group the curriculum materials into tiers based on LDOE information. 

The researcher utilized the LDOE curriculum materials tier system which rates curriculum 

materials as Tier 1, Tier 2, or Tier 3 curriculum depending on how well the curriculum 

materials align to the Louisiana state standards. Louisiana was selected for this study because 

of the existence of this unique tier system resource. The LDOE tier systems are discussed in 

more detail in Chapter Two. Although the LDOE does provide a tier system to assist 

educators in evaluating how well curriculum materials align to the state standards, there is no 

public record outlining specific textbook or curriculum material use for each school within 

the state of Louisiana. Therefore, the researcher sent out a survey to each public school in 

Louisiana to determine which schools used the varying curriculum materials. As a result of 
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all Louisiana schools having the opportunity to complete the survey, the data should have 

generalizability since the data reflects the state as a whole despite no random sampling being 

a limitation of this study. More specifically, the survey was sent out by the researcher to all 

public schools and their administrative leaders within the state of Louisiana to determine the 

specific curriculum materials used during the 2016-2017, 2017-2018, and 2018-2019 school 

years.  

Since the time frame of the study is recent, the researcher assumed administrators 

either had an awareness of what curriculum materials were used during those years or had the 

ability to access information to complete the survey. It should be noted, the 2019-2020 

school year was projected to be a part of this study. However, it was not included because the 

LEAP was not administered in the 2019-2020 school year due to COVID-19 related issues 

and schools not participating in the LEAP that year. As a result, the 2016-2017 school year 

was used as a replacement. Other curriculum and student achievement related concepts such 

as professional development of teachers, teacher experience, student migration, student 

socioeconomic status, and the number of years a curriculum material had been implemented 

were not included in the survey and viewed as limitations or delimitations of this study. 

While gathering that type of data could be possible and beneficial in some cases, the 

researcher determined it would be overly burdensome to gather and analyze that additional 

information along with the fact it would distract from the main objective and framework of 

the study. 

 The survey the researcher sent out only asked for curriculum materials for third, 

fourth, and fifth grade since those are the first three elementary years students in Louisiana 

take the year-end LEAP assessment. A list of all public schools in Louisiana was gained by 
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using the LDOE website which listed each public school in the state and therefore provided 

the necessary information to send the surveys. The LEAP data was attained by accessing the 

LDOE website, which displayed the achievement results for every public school by grade in 

Louisiana. Researched and utilized data was ex post facto nonexperimental since it was 

collected after the LEAP assessments had already taken place each year and the schools had 

already selected their curriculum materials.  

Summary 

The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory (Gagne, 1962a, 1962b, 1965) to compare math curricula choice to Louisiana 

Education Assessment Program (LEAP) math achievement for third, fourth, and fifth grade 

students in public schools within the state of Louisiana. Gagne’s cumulative learning theory 

can be broken down into three main components: providing scaffolded instruction of 

supporting skills or tasks, confirming supporting skills or tasks are mastered, and finally, 

sequencing supporting tasks in a way to help students best master the desired final task(s) 

(Gagne, 1962a, 1962b, 1965). This essentially outlined what a curriculum, and curriculum 

materials, provided (Walsh, 2009). As stated above, textbooks are a driving force behind 

curriculum and instruction within the classroom (Ball & Cohen, 1996; Bellens et al., 2020; 

Eisner, 1987; Elliott, 1990; Monaghan, 2013; Remillard, 2005; Tyson & Woodward, 1989; 

Walsh, 2009; Westbury 1990). According to Gagne’s theory, a curriculum that scaffolds 

instruction, builds supporting skills, sequences tasks, and builds to the final task and skills 

should have the most beneficial results. Therefore, the researcher decided to investigate if 

there was a difference between student achievement and curriculum materials associated with 

the LDOE tier system.  
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Since records on what curriculum materials used by each school are scarce (Blazar et 

al., 2020; Hutt & Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018), the state 

of Louisiana provided a unique opportunity for investigation since the LDOE provided a 

tiered system outlining numerous textbooks based on each textbook’s alignment to the 

Louisiana state standards. The LDOE tiered system provided two things. First, it provided a 

starting point to conduct research on curriculum materials by listing several of the curriculum 

materials utilized by schools, which most states do not have in place (Blazar et al., 2020; 

Hutt & Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018). Second, the tiered 

system provided categories to determine how well each curriculum material is aligned to 

state standards, or what Gagne (Gagne, 1962a, 1962b) would view as the support tasks and 

final tasks. Using Gagne’s cumulative theory as the lens through which to view curriculum 

materials, the above-mentioned research questions were developed with the aim to 

investigate what difference existed, if any, between student achievement and curriculum 

materials from Tier 1, Tier 2, Tier 3, and other non-tiered curriculum materials.  

Chapter Two of this study provides a literature review examining topics directly 

connected to the current state of education within the United States and the state of 

Louisiana, the importance of math education as a whole, and other achievement related 

factors such as socioeconomic differences and curriculum choice in education. Topics are 

arranged thematically, and peer reviewed findings are utilized to guide the researcher and 

support the theoretical framework of the study. Chapter Three outlines the methods for 

gathering and analyzing data within this study, the selection and categorization of school 

districts based on specific curriculum material usage, and the data collection techniques 

utilized. Chapter Four focuses on communicating the results from this study. Chapter Five 
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consists of a summary review of the entire scope and sequence of this study and outlines the 

implications of the findings along with recommendations for future studies. 
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CHAPTER TWO 

REVIEW OF RELATED LITERATURE 

Introduction 

 Former University of California, Los Angeles professor James Caballero stressed the 

importance of math education when he said, “I advise my students to listen carefully the 

moment they decide to take no more mathematics courses. They might be able to hear the 

sound of doors closing” (Caballero, 1989). Dr. Caballero was not alone in his thinking as 

many researchers have stated the importance of mathematical knowledge to optimize 

opportunity individually and collectively at the societal level (Daro & Asturias, 2019; 

Denton, 2021; Hiser, 2016; NCTM, 2018; White, 2018). The opportunity to examine whether 

curriculum materials could help keep doors open for more students within mathematics 

provided the backdrop for this causal-comparative study, the purpose of which was to use 

Gagne’s cumulative learning theory (Gagne, 1962a, 1962b, 1965) to determine if there is a 

relationship between math curricula choice to Louisiana Education Assessment Program 

(LEAP) math achievement for third, fourth, and fifth grade students in public schools within 

the state of Louisiana. To support that purpose, Chapter Two provides a thematic review of 

literature related to math curriculum materials.  

Chapter Two begins with a brief history of the standardized testing movement, to 

examine legislation related to both education and math education movements within the 

United States. The legislation review is followed by discussion associated with textbook and 

curriculum material choice within education. The rationale for starting with the standardized 

testing, legislation, and curriculum material topics was to provide context for how curriculum 

materials connect with the current Common Core State Standards (CCSS), the LEAP 

assessment, and the standardized testing atmosphere within the United States. Chapter Two 
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ends with analysis of learning theories associated with Gagne’s cumulative learning theory 

and curriculum materials use, which were previously outlined in Chapter One.  

Review of Math Standardized Testing and Educational Policy in the United States   

The genesis of the contemporary accountability movement within the United States 

started nearly 50 years ago with the publication of A Nation at Risk (Hudak, 2022; Kemler, 

2022; Mai-Huntley, 2022; Monaghan, 2013). It was at this point the United States was 

confronted with the fact other countries were not only equal to the United States education 

system but surpassing it, and the education system within the United Stated needed 

adjustment (Horne Wooley, 2022; Mitra, 2018; Pardini, 2022). From that point forward, the 

creation of state level commissions, along with emphasis on rigorous and career ready 

education and standardized testing, received increased levels of scrutiny and importance to 

improve education within the United States (Horne Wooley, 2022; Hudak, 2022). Math 

education was one of the key areas of concern since math performance was one of the 

primary factors used to rank schools (Burnette, 2018). However, schools failing to properly 

educate students in math literacy continued to be a major problem in the United States 

despite years of effort to improve in this area (Berrett & Carter, 2018). 

Assessment over the last hundred years has mostly been rooted in behaviorist 

ideology as instruction; curriculum materials and classroom practice focused on what skills 

could be seen and what information could be memorized to show student mastery of content 

(Hageman, 2020). Essentially, from an accountability standpoint, the focus by education 

stakeholders was on Gagne’s second and third tenets of cumulative learning theory as they 

attempted to determine if students had accurately learned component skills, tenet two, for the 

student to reach mastery of the final task, the expected learning for the grade level, which is 
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tenet three (Gagne, 1962a, 1962b, 1965). The combination of the above events led to an 

increase in school accountability through standardized tests, which were a key element of the 

No Child Left Behind (NCLB) Act and remain a prevalent focus today (Cage, 2021; Davis, 

2022; Walker, 2022). 

The United States has both recently and historically gone through several different 

educational transitions and political alignments (Horne Wooley, 2022; Lein Authement, 

2022; Stralek, 2018). The expanded use of standardized testing as a measurement of student 

learning and accountability starting in the 1980s (Clemons, 2022), the No Child Left Behind 

(NCLB) Act along with previous legislation such as the G.I. Bill, the Elementary and 

Secondary Education Act (ESEA) of 1965, and ideas put forth in A Nation at Risk have 

aimed to increase equity in education within the United States (Horne Wooley, 2022). 

Recently math and science education has received even more attention as the United States 

attempts to stay internationally competitive in math and science career fields (Cruze, 2022) 

and in the global marketplace as a whole (Horne Wooley, 2022). The following review of 

education legislation within the United States focuses primarily on events since the year 

2001, prudent to the current educational environment related to standardized testing, learning 

standards, and math education. 

No Child Left Behind ACT and Standardized Testing 

Starting in the early 2000s, The No Child Left Behind (NCLB) policy was an attempt 

by the federal government to increase academic readiness of students within the United 

States, as a continuation of the Elementary and Secondary Education Act (ESEA) of the 

1960s (Cruze, 2022; Pennington, 2022; Perry, 2021). As a result, education reform from the 

last two decades, starting with NCLB, had focused on promoting equity and equal 
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opportunity within the United States education system (Hanselman, 2018). In terms of 

Gagne’s first tenet of cumulative learning theory, delivery of instruction on component tasks 

to reach the final task was lacking equity across the country and adjustments to instructional 

practices were needed. The NCLB Act specifically brought with it a renewed focus on 

observable and tangible learning outcomes based on standardized test results to measure 

student progress. This focus on learning outcomes connected to both the second tenet of 

cumulative learning theory, confirmation of component tasks or knowledge, and the third 

tenet, students reaching the desired final result through properly sequenced instruction. The 

direct use, even if not directly stated, of Gagne’s cumulative learning theory to guide 

education policy should not be viewed as a surprise since it has been used to guide 

curriculum frameworks before (Beatty & Pritchett, 2012; Okey & Gagne, 1970; Spaull & 

Kotze, 2015). 

Standardized testing ultimately dominated the operationalization of NCLB despite the 

Act’s structure, which focused on student achievement along with state flexibility, research-

based practices for instruction, and more school choice for families (Cruze, 2022; Horne 

Wooley, 2022). Horne Wooley (2022) and Walker (2022) stated one of the main goals of 

NCLB was to reduce the achievement gap that existed within public education which was 

most visible between minority or special populations and non-minority students. 

Additionally, NCLB intended to raise achievement for all students through a focus on 

curriculum connected to state standards and outlining the curriculum teachers should focus 

on within their classrooms (Horne Wooley, 2022). Thus, the NCBL effort to view student 

achievement to some extent as a byproduct of curriculum, represented a need to have 

instruction properly scaffolded to each desired task, tenet one of cumulative learning theory 
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(Gagne, 1962a, 1962b, 1965). The NCLB era’s use of standardized testing to measure what 

students have actually learned, accountability for schools by requiring schools make 

Adequate Yearly Progress (AYP), and for schools to develop a plan if they did not meet the 

desired AYP goals on high stakes tests (Horne Wooley, 2022), reflected the focus on tenets 

two and three of cumulative learning theory, as previously stated. The widening achievement 

gap and inequities in education were believed to be a main reason the United States had 

fallen behind other countries and NCLB aimed to correct that issue utilizing the above 

methods (Cage, 2021). In fact, NCLB had the stated objective, “all children will reach, at a 

minimum, proficiency on challenging state academic achievement standards and state 

academic assessments” (Regenstein et al., 2018, p. 3) by the year 2014 (Perry, 2021; 

Williams, 2019).  

Since math and English were the focus of the standardized tests within NCLB, other 

content areas such as science, social studies, and the fine arts suffered because they were not 

tested areas (Heise, 2017; Cruze, 2022). Generally, the results of NCLB impacted low-

income school districts the most with changes seen through the adoption of new curriculum, 

longer school days and more emphasis on standardized assessments (Troppe et al., 2017). 

The heavy focus on academic standards and testing within NCLB was a major concern as the 

policy approached reauthorization, therefore preliminary work on adjustments to improve the 

legislation began in 2006 (Fertile, 2022). From the perspective of cumulative learning theory, 

too much emphasis has been placed on measuring the final task, through standardized testing, 

without enough focus on the actual scaffolding and delivery of instruction to the final task 

(Cruze, 2022; Fertile, 2022; Horne Wooley, 2022; Pennington, 2022). Pennington (2022) 
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went on to highlight the lack of national or common standards across the United States as a 

concern and most likely having a negative impact on the educational system overall.  

Every Student Succeeds Act and Common Core State Standards 

The issues associated with NCLB standardized testing and varying curriculums led to 

adjustments in the subsequent years. Two of the more recent reforms to math education in the 

United States that followed NCLB were the implementation of the Common Core State 

Standards (CCSS) in 2010 and Every Student Succeeds Act (ESSA) of 2015. The ESSA was 

the replacement to NCLB and further continuation of the ESEA of 1965 (Barthelemy, 2022; 

Cage, 2021; Koenig, 2022). The ESSA attempted to reconcile the shortcomings of the NCLB 

Act which consisted of states lowering standards to more easily meet high stakes testing 

goals, the predisposition of penalizing failure instead of celebrating achievement, evaluating 

student achievement scores in isolation rather than looking at student progress and finally 

NCLB’s tendency to apply a one-size-fits-all type of correction process for under-achieving 

schools (Barthelemy, 2022). To avoid the one-size-fits-all approach, the federally mandated 

AYP goals from NCLB were substituted for state designated goals that simply required states 

to include student achievement goals for all students and student subgroups (Cage, 2021; 

Koenig, 2022; Perry, 2021). While the ESSA still utilized high stakes testing, the focus 

somewhat shifted as the ESSA goals consisted of first helping states align curriculum to 

better match college and career readiness standards and second, to focus on equity in 

education (Barthelemy, 2022; Clemons, 2022), which represented a more holistic view of 

cumulative learning theory principles with a focus on both the process toward the final goal 

as well as the final goal itself. Chu (2019) summarized the change between NCLB and the 

shift to ESSA by stating there was higher devotion to “equity and excellence (that can be 
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represented globally) with a focus on closing the achievement and opportunity gaps among 

students within and between schools and districts, especially students who have been 

historically underserved in terms of educational achievement” (p. 3). 

Clemons (2022) also stated graduation rates and tests scores are the main criteria used 

to evaluate schools to designate them as either low- or high-performing within ESSA. Part of 

the ESSA effort was to provide education departments within each state the means to 

improve school performance and toughen accountability within each state (Kannam & Weiss, 

2019). To address accountability required by ESSA, states provided a School Performance 

Grade (SPG) and categorized low-performing schools into one of three categories: 

Comprehensive Support and Improvement (CSI), Targeted Support and Improvement (TSI), 

or Additional Targeted Support and Improvement (ATSI) as of the 2017-2018 school year. 

This was part of the schools’ report card (Clemons, 2022). Additionally, ESSA mandated 

states provide comprehensive information regarding the performance of all public schools 

within the state (Clemons, 2022). The continued use of high stakes standardized testing and 

reporting of student data for accountability purposes within ESSA, which was also used by 

NCLB, meant the ESSA was essentially a revision and expansion of NCLB rather than a 

complete fundamental shift in testing and accountability practices (Barthelemy, 2022; 

Clemons, 2022; Williams, 2019).  

The second recent event following NCLB that influenced math education within the 

United States was the CCSS. The CCSS not only brought about common national standards 

but also heightened expectations for math education and a renewed focus on skills needed for 

college and career readiness with practices aligned with high-performing international 

countries (CCSSI, 2021b; Fertile, 2022; Mangram & Solis Metz, 2018; Pennington, 2022). 
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Allensworth et al. (2021) stated, “the adoption of the Common Core State Standards in 

Mathematics (CCSS-M) by most states across the country brought ambitious new targets for 

what students should learn and be able to demonstrate in school” (p. 1). Additionally, 

standards across grade levels were built with more vertical harmony, intentionally connecting 

previous knowledge to current learning from year to year (Pennington, 2022). This correlated 

to the three cumulative learning theory tenets by examining how to properly scaffold 

instruction, evaluate component tasks to reach the final task, and examine if the sequence 

properly led to the desired final outcome. The ambitious task outlined by the CCSS did cause 

substantial adjustments for what was taught at each grade level in most states (Letwinsky & 

Cavender, 2018). In all, 41 states along with the District of Columbia and four United States 

territories implemented the CCSS (CCSSI, 2022b). Even with the political pushback and 

repeal efforts, most states are still utilizing the CCSS (Lein Authement, 2022; Petrilli, 2017) 

or a close representation of them even if the state shifted from the official CCSS (Friedberg 

et al., 2018). This was significant since the LEAP 2025, simply referred to as the LEAP test, 

was built on the CCSS which was the measurement of student achievement within this study 

and other recent research within Louisiana (Lein Authement, 2022).  

Planning for the CCSS started when state commissioners of education and governors 

from 48 states, along with other United States districts and territories, gathered in 2009 to 

develop the CCSS (CCSSI, 2022b). “Core math standards emphasize increased 

communication about math (purportedly, to demonstrate understanding) while somewhat de-

emphasizing the performance of mathematical procedures (such as performing computations, 

solving equations, or solving word problems)” (Rebarber & McCluskey, 2018, p. 10). 

Because of this shift, Fertile (2022) detailed how a lack of training or professional 
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development opportunities for teachers related to the shift, and continuation of CCSS 

instruction, hindered the potential of the CCSS; this could be viewed as a lack of 

prioritization of tenet one, effectively scaffolding instruction, of cumulative learning theory. 

While it is true public scrutiny caused several states to shy away from the CCSS over the past 

few years, most states still use the CCSS through slight modification, or renaming them, 

leaving the core of the standards in place despite some setbacks (Allensworth et al., 2021; 

Friedberg et al., 2020; Petrilli, 2017).  

Since the concepts within the CCSS had already been shown to be successful by other 

countries, there had been optimism the CCSS would have a positive impact on the United 

States education system as well. (CCSSI, 2021a; Pennington, 2022). In fact, the CCSS were 

envisioned to “serve as an equalizer for high poverty students and the related achievement 

disparity” (Buzick et al., 2019; Davis, 2019, p. 1). However, despite the success other 

countries were having, concerns related to student performance on standardized mathematics 

assessments persisted and were seen through low ACT scores (Gewertz, 2018), a decline in 

the math ranking of the United States (OECD, 2020), an overall lack of student achievement 

growth (Denton, 2021; Oglesby-Phelps, 2022; Sparks, 2018) and an expanding achievement 

gap (Rotermund & Burke, 2021; Sparks, 2018) despite the efforts made through the CCSS. 

As stated in Chapter One, the combination of stagnant growth and a widening achievement 

gap in mathematics has educators, administrators, and policy makers searching for new ways 

to improve student learning and achievement. While several factors can influence student 

achievement, one of the prevailing avenues school districts have pursued for an increase in 

student achievement is the use of effective curricula materials (Koedel et al., 2017; Reys et 

al., 2003; Solomon et al., 2019; Superfine et al., 2010).  
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Factors Influencing Elementary Students’ Math Achievement 

The above educational policies and practices have directly impacted elementary math 

students and shaped the educational experience of those students; however, the results of 

these policies left room for more improvement. In fact, recent national and international 

testing revealed progress in mathematical achievement from students within the United 

States yet showed little or no progress with lower achieving students performing worse, 

which has widened the achievement gap in recent years (Carunungan, 2022; Oglesby-Phelps, 

2022; Rotermund & Burke, 2021; Sparks, 2018). This little to no progress was seen through 

only incremental growth on the NAEP over the last decade (Denton, 2021; Hussar et al., 

2020; NCES, 2019), where approximately 59 percent of fourth grade students performed 

below NAEP proficiency levels (NAEP, 2019). The NAEP test results were particularly 

concerning because the design of the NAEP test aimed to specifically represent 

characteristics from students across the United States and best approximate the ability of all 

fourth-grade students within the population (NCES, 2020). Internationally on the PISA, the 

United States ranked of 37 out of 80 countries in 2018, which only slightly improved on the 

rank of 39 in 2015 (OECD, 2018; Schleicher, 2019). Additionally, the TIMSS results from 

2019 were marginally positive and showed fourth-grade United States students ranked 15 out 

of 64 and 8th grade students ranked 11 out of 46 (Carunungan, 2022; NCES, 2019). Despite 

those somewhat positive results on the TIMSS and PISA, the United States Department of 

Education (2021) still expressed concern over the current math literacy level of elementary 

students. 

Educators have had difficulty with teaching mathematics not only because the 

concepts have been a challenge for some elementary students, but also because it has been 
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hard to always determine where learning gaps exist (Gillespie, 2021), highlighting the 

importance of proper examination of component tasks that lead to the final task from tenet 

two of cumulative learning theory. Another gap experienced, but not always addressed by 

students, was the motivation and engagement gap which has also been connected to student 

achievement (Ager-Sharrieff, 2022). The lack of success related to properly motivating 

students during mathematical learning opportunities has continued to be a concern (Lee et al., 

2021). Both Goodwin (2018) and Olgesby-Phelps (2022) discussed how important it was for 

students, especially struggling students on the lower end of the achievement gap, to make a 

connection between the subject and themselves, which is referred to as math identity. In fact, 

positive math identity has been shown to impact student learning (Nelson, 2021). A common 

hindrance to developing a positive math identity experienced by students, and possibly their 

parents and teachers before them, was the myth that some people were naturally good “math 

people” and other people were simply not good “math people” (Boaler et al., 2018). Clark 

(2021) pointed out the development of positive math identity for students included the initial 

belief they could actually learn and improve in mathematics and develop a growth mindset, 

which was why the myth that people either are or are not “math people” and similar beliefs 

about mathematics by students hindered student growth. Furthermore, Carunungan (2022) 

addressed both student and teacher math identity and noted part of the issue elementary 

students encountered with mathematics was the elementary teacher, since elementary 

teachers were often uneasy teaching mathematics and therefore resorted to teaching in ways 

that were not always best for students. Based on Gagne’s cumulative learning theory, using 

teaching methods that do not allow students to make mathematical connections has the 

potential to not only hinder scaffolding rigorous course content, (tenet one), but also, impact 
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the efficiency at which students learn and progress through component tasks and formative 

assessments (tenet two).  

Despite these obstacles, Hatcher (2018) encouraged teachers to understand and help 

students work through mindset issues and reframe negative feelings toward mathematics to 

empower students to learn better. In fact, Clark (2021) discussed how teachers who helped 

students develop positive math mindset actually helped them engage with mathematics in a 

more meaningful way. While the issue might seem complicated, Brodesky et al. (2021) stated 

part of the solution was as simple as educators showing students they believed the students 

had the ability to master math content and placed high expectations on each student’s 

mathematical growth. Meanwhile, Carunungan (2022) saw the variance in math mindset by 

students, and teachers, and called for more research-based, teacher-friendly curriculum 

materials to support teacher instruction. Teacher-friendly resources could be especially 

beneficial since teachers who struggle in mathematics tend to heavily rely on the provided 

curriculum materials (Arican, 2018; Ruggeri, 2021). To help struggling students, Sterner et 

al. (2019) outlined a more detailed approach summarized by the need for systemic 

curriculum materials along with scaffolded learning with discussion, the application of 

problem-solving strategies, and cumulative reviews at the end of tasks. These ideas from 

Sterner et al. (2019), while not directly stated, clearly connected to the cumulative learning 

theory concepts of instruction that effectively scaffolded learning and monitored progress as 

students progressed toward their learning goals in the most effective way possible. The more 

detailed systems approach outlined by Sterner et al. (2019) was echoed by Polikoff (2021) 

who viewed curriculum materials as one possibility to improve both teacher instruction, 
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through curriculum material provision of correct learning goals and standards, along with the 

potential increase in student achievement. 

Textbooks and Curriculum Material Choice within Math Education 

The assertion by Polikoff (2021) that curriculum materials could be leveraged to both 

improve teacher instruction and increase student achievement aligned with the purpose of 

this causal-comparative study. Gagne’s cumulative learning theory (Gagne, 1962a, 1962b, 

1965) was used by the researcher to determine whether a relationship existed between math 

curricula choice and Louisiana Education Assessment Program (LEAP) math achievement 

for third, fourth, and fifth grade students in public schools within the state of Louisiana. An 

examination of Polikoff’s assertion, as well as the purpose of this study, required an 

investigation into several other related topics connected to curriculum materials and student 

achievement to thoroughly scrutinize the issue. First and foremost, was the association 

between math curriculum materials and the math curriculum taught within the classroom. If 

so, to what degree did math curriculum materials influence the actual instructional practices 

of teachers? If there was little to no association between math curriculum materials and 

teacher utilization of those materials, then any investigation into curriculum effectiveness 

might be seen as fundamentally flawed because of curriculum materials’ limited association 

to either what was taught or how it was taught. Additionally, the researcher found it prudent 

to examine how curriculum materials had adjusted to the CCSS and potential gaps in 

research related to the CCSS, curriculum materials, and student achievement within 

mathematics. To empower schools to make informed curriculum materials decisions (through 

the transition to the CCSS and address the lack of efficacy studies on curriculum materials 

and student achievement), the state of Louisiana’s unique tiered ranking system was also a 
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key element of the literature review within this section given its central role within both the 

purpose statement and study as a whole.  

Curriculum Materials as Curriculum 

Marzano (2003) stressed the need for a guaranteed and viable curriculum within 

schools. But have curriculum materials influenced the curriculum and educational process 

within schools, and if so, in what way? Despite teachers having their own unique opinions 

and teaching styles, teachers more often than not addressed curriculum topics based on the 

prescribed materials provided by the school district for which they work rather than cover 

topics not within those materials (Ball & Cohen, 1996; Bellens et al., 2020; Chingos & 

Whitehurts, 2012; Machalow, 2020). Furthermore, teachers tend to follow the sequence of 

topics within the provided curriculum resources rather than determining their own order 

(Reyes et al. 2003; Ruggeri, 2021; Walsh, 2009) and do so even more when they are not 

comfortable with the content (Arican, 2018; Ruggeri 2021). Therefore, curriculum materials 

have often provided both the scope and sequence for classroom curriculum; the pedagogical 

approach teachers utilized during instruction has also been shown to be influenced by those 

same curriculum materials (Machalow, 2020; Remillard & Kim, 2020; Stein et al., 2007; 

Suppa 2018). When viewed from the perspective of Gagne’s cumulative learning theory, the 

curriculum materials used by teachers within the classroom address all three tenets of the 

theory as they influence the scaffolded component task instruction of teachers, formative 

assessment, and learning opportunities for teachers to monitor student progress, as well as the 

scope and sequence utilized by the teacher intended to lead to mastery of the final task. 

Both recent and historical research have shown a strong connection in mathematics 

education between the written curriculum within the textbook, program choice or curriculum 
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materials, and the enacted curriculum and instruction that takes place within the classroom 

(Ball & Cohen, 1996; Bellens et al., 2020; Eisner, 1987; Elliott, 1990; Koedel et al., 2017; 

Machalow, 2020; Monaghan, 2013; Remillard, 2005; Solomon et al., 2019; Tyson & 

Woodward, 1989; Walsh, 2009; Westbury, 1990). Eisner (1987) surmised textbooks were the 

leading stimulus for teachers to determine what was taught, which was supported by 

Monaghan (2013) years later and specified math curriculum is significantly dependent on 

textbooks. Solomon et al. (2019), nearly 30 years after Eisner (1987), confirmed Eisner’s 

analysis, stating curriculum materials still have a prominent place within the math classroom, 

followed by Machalow (2020) who asserted textbooks are what help transition a neutral 

standard into an actual classroom learning experience.  

This longitudinal consistency presented by Eisner (1987), Monaghan (2013), 

Solomon et al. (2019), and Machalow (2020) within the math classroom was not unique. Ball 

and Cohen (1996) and Bellens et al. (2020) argued textbooks were the leading factor for what 

took place during instruction, while Ball and Cohen (1996) and Walsh (2009) asserted few 

teachers detour from textbook outlines and information. Arican (2018) and Ruggeri (2021) 

both stated the use of textbooks or curriculum materials to implement instruction was 

heightened further when teachers were not comfortable teaching mathematics. Solomon et al. 

(2019) went on to note approximately 85 percent of elementary classrooms within the United 

States relied on at least one curriculum material for science and mathematics. Elliott (1990) 

stated more than any other subject area, math textbooks are more prone to be used as taught 

curriculum at the elementary level, while research conducted by Tyson and Woodward 

(1989) showed 75 percent to 95 percent of the total classroom instruction at the elementary 

level comes from the textbook structure. Blazar et al. (2020) found across six different 
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demographic and geographic areas approximately 94 percent of elementary teachers used 

district-adopted curriculum materials on more than half of their lessons. This led Monaghan 

(2013) to proclaim math textbooks are the “de facto” curriculum and the best textbooks 

should be viewed as the ones that get the best results, which Polikoff, Campbell, et al. (2020) 

also contended. Given the previously stated relationship between cumulative learning theory 

and curriculum materials, the theory’s core tenets of scaffolded instruction of smaller tasks or 

skills that build to the final task, confirmation or formative assessment to aid in mastery of 

those small tasks, and the sequence of instruction and task acquisition to reach mastery of 

final tasks would also appear to have a prominent place within elementary math education.  

Research has also shown teachers in more literature-based subjects use trade books, 

authentic resources, primary documents, and other non-textbook related items to shape 

curriculum, yet mathematical instruction tended to utilize only the provided curriculum 

materials, such as textbooks (Remillard, 2005). In fact, Remillard (2005) also pointed out 

teachers who taught both mathematics and more literature-based subjects would enhance the 

textbook or provided curriculum materials in language arts and reading but not do so when 

they taught mathematics. A decade before Remillard (2005), Ball and Cohen (1996) 

concluded any endeavor to introduce change in mathematics teaching needed to be rooted in 

textbook or curriculum materials change due to the reliance on curriculum materials by 

teachers when teaching mathematics, echoed again recently by Polikoff (2021). The 

influence curriculum materials have had on the educational process within mathematics and 

elementary classrooms has been foundational, both in terms of teacher lesson preparation and 

instruction (Ball & Cohen, 1996; Land et al., 2019; Polikoff, 2021; Remillard, 2005, 2018; 

Stein et al., 2007). Concerning math curricula specifically, Polikoff (2015) stated curriculum 
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materials were one of the most important influencers on teacher instruction, which was 

supported both recently and historically through the work of Ball and Cohen (1996), Bellens 

et al., (2020), Eisner (1987), Elliott (1990), Machalow (2020), Monaghan (2013), Polikoff 

(2021), Remillard (2005, 2018), Solomon et al. (2019), Tyson and Woodward (1989), Walsh 

(2009), and Westbury (1990). 

Curriculum Materials and Instruction 

While the above section focused on the affiliation between curriculum materials as 

curriculum, instruction was mentioned due to the interdependent nature of curriculum, 

curriculum materials, and instruction within the educational process. Machalow (2020) 

summarized this dynamic suggesting teachers similarly understood and operationalized 

standards within classrooms principally through textbook information, since textbooks exist 

in the middle ground between a neutral standard and classroom enactment. However, a closer 

examination of how curriculum materials specifically transformed instruction was warranted 

and is included below. The curriculum enactment process from Stein et al. (2007) was a 

relatively recent expansion of how curriculum materials, teacher instruction, and student 

learning interact and has been utilized in recent studies (Harvey, 2021; Remillard, 2018b; 

Remillard & Kim, 2020; Richman, 2021; Suppa, 2018; Tanck, 2021).  

The curriculum enactment process essentially outlined in three steps how curriculum 

materials, teacher planning, and classroom instruction interacted in the teaching and student 

learning process, which were similar to concepts within the three tenets of Gagne’s 

cumulative learning theory. The textbook or curriculum materials provided the written 

curriculum which led to an intended learning opportunity created by the curricula author. The 

teacher then operationalized the written curriculum or intended learning opportunity for their 
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classroom which, after operationalization, became the intended curriculum. While the 

curriculum materials, the written curriculum, directly interacted with the teacher to develop 

the intended curriculum, the instruction during the lesson the teacher actually provided the 

students was the enacted curriculum. What the students experienced within instruction may 

or may not have had degrees of variance from the written curriculum and intended 

curriculum (Stein et al., 2007). Tanck (2021) reflected on that process and concluded that 

while teachers did possess leverage on how curriculum was delivered, both the importance of 

objectives within curriculum materials and their entanglement with teacher curriculum design 

cannot be overlooked. 

Both the degree to which the student took advantage of the learning opportunity and 

the teacher’s fidelity in how he or she implemented the written curriculum can impact student 

learning (Suppa, 2018). While recent research (Rahman, 2018; Remillard & Kim, 2020; 

Suppa, 2018) has focused on this process, the idea is not new. Approximately 25 years ago as 

Ball and Cohen (1996) studied the importance of textbooks and other curriculum materials, 

they noted how the enacted curriculum was something the curriculum materials, teachers, 

and students helped co-construct. Through an examination of curriculum materials, Rahman 

(2018) inferred curriculum materials within the mathematics classroom had a substantial 

influence on both what was taught by the teacher and learned by the students, which is 

supported by the works of Monaghan (2013), Remillard and Kim (2020), Schoenfeld (2014), 

and Wang and McDougall (2019), who drew similar conclusions.  

While Rahman (2018) and Suppa (2018) mostly focused on the interaction between 

what the teacher planned (intended curriculum), and what actually took place during the 

teacher’s lesson (enacted curriculum), Suppa made two important observations related to 
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curriculum materials as the written curriculum and instruction. First, Suppa (2018) stated 

most student learning studies focused on teacher effectiveness and the strategies utilized by 

teachers and overlooked the impact the intended learning opportunities supplied through the 

written curriculum in the form of curriculum materials.  

Second, Suppa (2018) expressed how the significance of curriculum materials were 

two-fold when viewed through the curriculum enactment process. Traditionally, curriculum 

materials were seen as a student support and something that provided the students with a 

learning opportunity. But curriculum materials have been shown to provide the teacher an 

opportunity to learn since teachers interacted with the written curriculum or curriculum 

materials as the teacher developed the intended learning opportunities for students. This was 

not only supported by Suppa (2018) but also by Monaghan (2013), Prigodich (2021), 

Rahman (2018), and historically by Ball and Cohen (1996). This led Suppa (2018) to surmise 

one of the ways to partially provide more equity in math education was to study how written 

curriculum could support improvements in how mathematics was taught. Suppa (2018) in 

this regard was not alone, as other researchers from the past few decades came to the shared 

opinion the learning opportunities students obtained during instruction related to 

mathematical achievement (Monaghan, 2013; Remillard & Kim, 2020; Stein & Kim, 2009). 

These learning opportunities, based on cumulative learning theory, represent the importance 

of delivery of instruction scaffolded to the desired task and examining the sequence of 

instruction to optimize transference. 

Curriculum Materials and Alignment to State Standards 

Due to the influence curriculum materials have on curriculum and instruction, Steiner 

(2017) stated curriculum choice can noticeably influence student learning, but the lack of 
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research in this area hinders quality instruction, purchasing, and policy choices related to 

curriculum materials. In fact, curriculum material alignment to the CCSS has been one key 

area of concern (Polikoff, 2021). If viewed through the lens of cumulative learning theory, 

the proper alignment of standards, curriculum materials, and instruction would represent the 

importance of instruction correctly scaffolded to the desired task, along with investigating 

whether the overall sequence of instruction was optimized for transference. Polikoff (2015) 

investigated fourth grade mathematics textbook alignment and noticed the degree to which 

textbooks advertised alignment to the new CCSS and how well they are actually aligned were 

not in sync. This is deeply concerning since “the ways that textbooks present standards may 

stand in for the standards themselves from teachers’ and students’ perspectives. This gives 

curriculum developers great power in determining or guiding how standards are translated 

into action in classrooms” (Machalow, 2020, p. 21). While many problems existed, issues 

related to how curriculum material aligned to the CCSS were echoed by Polikoff (2015, 

2021) and Polikoff, Petrilli, et al. (2020) who stated textbooks overemphasized 

memorization, procedures, and other content not connected with the standards and further 

research in this area was needed. Other researchers noticed similar issues and claimed efforts 

to raise teacher effectiveness within mathematics will consistently fail to improve 

achievement if the curriculum materials they used were not high-quality and aligned to the 

CCSS (Chingos & Whitehurts, 2012; Polikoff, Petrilli, et al. 2020). According to Machalow 

(2020), the earliest fully aligned curriculum to the CCSS was in 2013, despite the 

introduction of the CCSS in 2010, with two of the other largest publishers within the United 

States not introducing a fully aligned curriculum to the CCSS until the year 2020. 
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Issues Tracking Curriculum Material Usage and Efficacy 

While statistics have shown substantial curriculum material usage during the current 

era of CCSS (Blazar at al., 2020; Koedel et al., 2017; Solomon et al., 2019), research related 

to what curriculum has been utilized by schools and the influence of curriculum materials on 

student learning has been hindered because nearly all the states do not track or record what 

curriculum materials have been used (Blazar et al., 2020; Hutt & Polikoff, 2018; Kane, 2016; 

Koedel et al., 2017; Polikoff, 2018). Of the few states that have gathered and reported data on 

curriculum materials, the data has suffered from misspellings or a general lack of 

organization and made the data unviable or immensely difficult to use (Kane, 2016). Even in 

California, which required schools to report what curriculum materials were used, there 

appeared to be a lack of accountability as the data appeared to have a significant number of 

schools that did not report curriculum materials or lacked the necessary detail to distinguish 

between similar editions of related curriculum materials (Koedel et al., 2017). A proper 

analysis of curricula material choice has required an initial investigation into what curriculum 

materials were used (Blazar et al., 2020; Hutt & Polikoff, 2018; Kane, 2016; Koedel et al., 

2017; Polikoff, 2018), which has been burdensome, and a key part of the educational 

structure that needs to be scrutinized. Building on Koedel’s already mentioned frustration 

(Koedel et al, 2017) and Steiner’s concern related to the lack of knowledge associated with 

curriculum materials (Steiner, 2017), Blazar et al. (2020) investigated this issue in a 

collaborative effort that involved ten co-authors. Since 2010, Blazar et al. (2020) found only 

one multi-textbook randomized trial, two randomized trials assessing the effectiveness of a 

single textbook, and a few non-experimental studies that relied on matching techniques to 

estimate textbook effects had been completed to examine curriculum material effectiveness. 
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Following that summary of available research, or lack thereof, Blazar et al. (2020) went on to 

state most curriculum materials used currently have never gone through a rigorous test of 

efficacy.  

In addition to the above issues, deficient research in this area might be the result of a 

combination of lack of commitment or lack of interest in this area of research. Remillard 

(2005) described how an ample amount of research had been dedicated to the research and 

theory of teaching, yet little data is available on curriculum resources or guides. This view is 

supported by Suppa (2018) who stated most student learning studies focus on teacher 

effectiveness and the strategies utilized by teachers, while often overlooking the impact the 

intended learning opportunities supplied through curriculum materials. Whether there was 

one dominant reason or several reasons, experts in the field agree there is a gap in research 

related to the relationship between the choice in curriculum material and its impact on 

student achievement (Blazar et al., 2020; Bhatt & Koedel, 2012; Chingos & Whitehurts, 

2012; Cummins-Colburn, 2007; Kane, 2016; Koedel et al., 2017; Polikoff, 2018; Polikoff, 

Campbell, et al., 2020; Steiner, 2017). 

Curriculum Materials and Student Achievement 

While research related to curriculum materials and student achievement was limited, 

as shown above, there was still a body of research related to the topic available for discussion 

even if it was scarce. To highlight the importance of proper curriculum selection, Chingos 

and Whitehurts (2012) discovered through their research the choice of curriculum materials 

had a comparable effect on student achievement to teacher effectiveness. Given the 

previously mentioned connection curriculum materials had to cumulative learning theory as a 

tool that helped guide the scaffolded delivery of instruction, provide formative assessment 
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and learning activities for progress monitoring, and helped form the scope and sequence of 

learning within classrooms, the importance of proper curriculum materials selection was also 

examined by the researcher. Chingos and Whitehurts (2012) noted improving teacher 

effectiveness was complicated and expensive, however another avenue to improve student 

achievement would be through the selection of better curriculum materials. Chingos and 

Whitehurts (2012) argued selecting better materials would be easier, less expensive, and 

quicker to implement. The utilization of curricula to increase student achievement was not a 

new concept and has been used by stakeholders in the educational community for many years 

(Polikoff, 2021; Reys et al. 2003; Solomon et al. 2019; Superfine et al. 2010). Curriculum 

material efficacy research was important not only because of the potential to enhance student 

learning but also because of its potential to increase student learning with little to no added 

expense to school budgets since curriculum materials are already part of school budgets 

(Koedel et al., 2017; Solomon et al., 2019).  

 Within this study, the researcher specifically aligned the research questions for grades 

three, four, and five for three reasons. First, the grade range aligned this study with previous 

investigations that were similar (Agodini et al., 2010; Bhatt & Koedel, 2012; Bhatt et al., 

2013; Kendrick et al., 2020; Koedel et al., 2017; Nargi, 2018). Second, the elementary grades 

tend to be the focus of improving math achievement since difficulty in the elementary years 

cannot only be detected as early as kindergarten but are also used to predict later success or 

difficulty within mathematics (Metzger, 2018; Solomon et al., 2019). Third, the LDOE did 

not start LEAP testing until the third grade (LDOE, 2018), which would make research of 

other grade levels related to student achievement problematic because they would lack 

alignment to grades three, four, and five within this study. 
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As mentioned before, both Steiner (2017) and Chingos and Whitehurts (2012) stated 

curriculum choice can noticeably influence student learning, with Ruggeri (2021) adding 

curriculum materials greatly influenced a student’s opportunity to learn and, as a result, 

different curriculum material created different opportunities. This would appear logical given 

Ruk’s (2021) review of teaching practices, which found textbooks were the most recurrently 

utilized resource within math classrooms by teachers to determine student tasks. When 

viewed through the lens of Gagne’s cumulative learning theory, this would correlate to 

different curriculum materials potentially providing different scaffolding opportunities, 

different progress monitoring opportunities, and different sequences of tasks toward the 

desired learning goals that might naturally result in different student achievement based on 

different curriculum materials. Additional research in this area, both recently and historically, 

and through a variety of research designs showed curriculum materials had a significant 

educational effect on student achievement or the potential to increase student achievement 

(Agodini et al., 2010; Bhatt & Koedel, 2012; Bhatt et al., 2013; Cress, 2019; Koedel et al., 

2017; Lein Authement, 2022; Polikoff, Petrilli, et al., 2020; Walsh, 2009; White, 2018). 

Koedel et al. (2017), with later affirmation from Polikoff (2021), stated even minor increases 

in student achievement related to curriculum materials could be viewed as significant 

because implementation would be as simple as picking one curriculum material instead of 

another, requiring little cost and effort, and even more importantly the curriculum material 

choice would have a school-wide effect and not be constrained to a specific population 

within the school. Polikoff (2021) also described curriculum improvement as a high leverage 

improvement since it had the ability to scale and reach the entire population, and went on to 

recommend individual state agencies increase their role and help evaluate materials to ensure 
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schools are more knowledgeable and empowered to select quality materials, much like the 

LDOE in Louisiana. 

Despite the above research which detailed the significance of curriculum materials, it 

was prudent to discuss related research that provided contradictory findings. Even as 

Monaghan (2013) and Blazar et al. (2020) outlined the prominent place curriculum materials 

have within the math classroom, their research showed mixed results and concluded there 

was no consistent difference between a student’s achievement who used one type of 

curriculum material compared to another. Similar conclusions were made by other 

researchers who investigated differences in curriculum materials and student achievement 

ranging from single school comparisons (Kendrick et al., 2020; Womersley, 2020) to those 

who utilized larger samples (Blazar et al., 2020; Nargi, 2018). Furthermore, both Monaghan 

(2013) and Nargi (2018) expressed concern that a direct comparison between curriculum 

material choice and student achievement is too simplistic when evaluating curriculum 

materials, given the complex nature of student learning and classroom instruction. However, 

Nargi (2018) went on to say those concerns should not limit further research in this area. 

Instead, Nargi (2018) stated more causal and correlational studies were needed to provide 

more clarity.  

When discussing the mixed results, both Blazar et al. (2020) and Koedel et al. (2017) 

acknowledged the confines in this area of research due to the limited number of states that 

gather curriculum material information along with the limited number of research studies in 

this area which most likely contribute to the mixed results. The limited research related to 

what curriculum materials schools utilize presents a major roadblock when it comes to 

evaluating curriculum material use (Blazar et al., 2020; Cummins-Colburn, 2007; Hutt & 
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Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018). Often administrators have 

been unable to make better decisions related to instructional materials due to the lack of 

evidence on the impact of the materials used (Blazar et al., 2020; Chingos & Whitehurts, 

2012; Cummins-Colburn, 2007; Koedel et al., 2017; Polikoff, Campbell, et al., 2020; 

Ruggeri, 2021). Studies in this area were a relatively recent focus and the lack of research 

meant educators and policy makers have only started to recognize the degree to which math 

curriculum materials did or did not influence math learning (Solomon et al., 2019). 

Louisiana Department of Education 

As the United States adjusted to NCLB, CCSS, and the ESSA movements, the 

Louisiana Department of Education (LDOE) made changes at the state level that coincided 

with the changes that had occurred at the national level (Walker, 2022). In 2014 the LDOE 

developed district report cards, adjusted teacher certification procedures, and aligned 

assessments on standardized tests for elementary and high school (Walker, 2022). Kaufman 

et al. (2018) stated the focus of the LDOE was on “identifying, recommending, and even 

developing resources and tools intended to make it easier for districts and teachers to teach in 

ways that are aligned with state standards and assessments” (p. 50). Considering the potential 

importance of curriculum materials, as detailed above, the LDOE attempted to leverage 

curriculum material influence within the classroom to help improve student achievement 

(Kaufman et al., 2018). Through the lens of cumulative learning theory, the LDOE attempted 

to leverage an increase in the quality of scaffolded instruction, progress monitoring, and the 

overall sequence of learning opportunities to optimize transference. A byproduct of that 

thinking led the LDOE to create the tiered list of resources that can be accessed by teachers, 

school parishes, and other interested parties so they could more easily teach in ways aligned 
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to the state standards (LDOE, 2022). This freedom of curricula choice and LDOE guidance, 

was brought about by a change in Louisiana textbook adoption laws in 2015 (Kaufman et al., 

2018). 

The review process for curriculum materials utilized a rubric from an educational 

nonprofit, which helped the LDOE determine how aligned to the Louisiana State Standards 

(LSS) each curriculum material was, which after review allowed it to be placed in the 

corresponding tier (LDOE, 2022). The tier rankings consisted of three tiers: Tier 1, 

exemplified quality, meant all non-negotiable criteria was covered and the curricula scored 

the best on indicators of superior quality. Tier 2, approached quality, meant the curricula met 

all non-negotiable criteria and met some indicators of superior quality. Tier 3, did not 

represent quality, referred to curriculum that had not met the non-negotiable criteria (LDOE, 

2022). For the purposes of this study, the researcher included another tier labeled “non-tiered 

curriculum” to potentially include curriculum used by schools not contained within one of 

the three existing LDOE tiers.  

Prior to the above listed tiers, the LDOE simply provided a list of acceptable 

curriculum materials without guidance or bias. Once the LDOE shifted to the new tier 

system, they discarded the previous list with the hope schools would utilize the new tier 

system, which was designed to aid school parish selection of quality curriculum materials 

(Kaufman et al., 2018). However, it should be noted the LDOE did not promote one 

curriculum material over another and when the LDOE referred to the tiered curricula list the 

LDOE stated, “Each local school system should determine if their use is appropriate to meet 

the educational needs of their students” (LDOE, 2022, para. 1.). The process used to review 

which curricula belongs in each tier did not provide high marks easily, with only four 
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curriculum materials reaching Tier 1, while fourteen were evaluated as Tier 3. (Kaufman et 

al., 2018). Curriculum material providers, often publishing companies, were provided 

feedback from the LDOE related to tier ranking with suggested area of improvement if the 

curricula provider desired a better evaluation (LDOE, 2022). While school parishes were not 

required to select specific curriculum materials, it should be noted they were incentivized in 

Louisiana to select Tier 1 curriculum. This was done through an offer of free professional 

development that corresponded to Tier 1 curriculum material use provided by the LDOE 

(Kaufman et al., 2018). The efforts of the LDOE to provide support for curriculum material 

choice to raise student achievement was not only supported by the educational practices 

previously mentioned within this chapter, but were also based on sound educational theory, 

including Gagne’s cumulative learning theory, which is discussed below.  

Learning Theories and Curriculum Materials  

To complement the above section related to both historic and current practical 

research related to curriculum materials, the researcher provides the below theoretical 

support for curriculum material use and the association of cumulative learning theory with 

curriculum materials. This was done to detail both the practice, seen above, and theory of 

curriculum materials, seen below. For centuries, prominent philosophers and theorists 

debated and have continued to debate the ideas behind knowledge and learning with names 

such as Bruner, Dewey, Gagne, Pavlov, Piaget, Skinner, Watson, and Vygotsky, all 

expanding on these ideas within the last hundred years. Despite the expansive research and 

theory related to learning and knowledge, there was not a singular learning theory or 

theoretical framework universally associated with the use of curriculum materials to aid in 

the acquisition and measurement of knowledge. Rather, there were a multitude of different 
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theories that supported their use and established their place in the learning process, which are 

outlined below. As mentioned in the previous section, Marzano (2003) explained that a 

guaranteed and viable curriculum was a key factor shown to influence student achievement. 

The importance of curriculum prompted the researcher to examine curriculum materials and 

then apply Gagne’s cumulative learning theory as the theoretical framework to examine 

curriculum material choice within this study.  

As previously stated in Chapter One, the three tenets of cumulative learning theory 

essentially summarized what textbooks, curriculum materials, and curriculum overall were 

designed to do as they helped the teacher scaffold learning through instruction, monitored 

progress through learning activities, and provided sequenced learning with clear assessment 

over the established learning goals. While the cumulative learning theory from Gagne 

(Gagne, 1962a, 1962b, 1965) served as the theoretical foundation of this study, additional 

details related to this theory and Gagne’s thinking provided more context and support for 

cumulative learning theory. From this, the researcher found it important to review the origins 

of stimulus-response research and behaviorism to understand how those related to curriculum 

materials and cumulative learning theory since Gagne’s thinking was rooted in behaviorism 

(Galoyan, 2019; Hunsaker, 2019; Nimtz, 2018) which viewed the introduction of new 

information as the stimuli (Zhou, 2020). Additional analysis of how Gagne and other 

researchers interpreted, operationalized, and expanded on these concepts was also included 

within this section.  

 As Dellner (1979) pointed out, Gagne’s background originated in military practice 

where external instruction was the stimulus for learning and problem solving. Thus, an 

understanding of stimulus-response theory aided in the understanding of Gagne’s theories, 
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even if Gagne eventually transitioned past basic stimulus-response thinking (Dellner, 1979; 

Gagne, 1985; Heaster-Ekholm, 2020; Hunsaker, 2019). Over the last hundred and fifty years, 

some of the earliest theories of learning originated from non-education settings based on 

stimulus-response behaviorism research (Hageman, 2020; Lofland, 2021; Russell, 2020; 

Uibelhoer, 2020). Psychological research related to stimulus-response interactions was most 

notably associated with Pavlov, Watson and Skinner, but it was Watson’s social efficiency 

theory that helped pioneer the term “behaviorism” (Albert, 2020; Hageman, 2020; LaFave, 

2020). It was specifically Pavlov and Watson that laid the behaviorism foundation through 

their work with animals in stimulus-response environments as they worked on what would 

later be termed conditional reflex and classical conditioning before behavioristic ideas later 

transitioned to educational settings (Bates, 2019; McConnell et al., 2020; Russell, 2020; 

Schunk 2018).  

Pavlov, Watson, and Stimulus-Response Behaviorism 

 Pavlov discovered and later experimented with classical conditioning through the 

routine task of feeding his dogs (Fernandez, 2021; Gyke, 2020). Through informal 

observation, Pavlov noticed his dogs would salivate after he brought food into the room. His 

dogs eventually made a connection between Pavlov and the food, which caused the dogs to 

salivate simply by Pavlov entering the room, even when there was no food present 

(Fernandez, 2021; Gyke, 2020). This led to one of the best-known psychological experiments 

when Pavlov introduced the sound of a ringing noise, specifically a metronome, with food 

when feeding his dogs. The ringing noise acted as a stimulus, which led the dogs to later 

demonstrate a learned response, salivating, simply by the ringing noise without the presence 

of food (Clark, 2018; Fernandez, 2021; Gyke, 2020). Much like Pavlov’s dogs, research has 
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shown humans respond to stimuli within their environment (Brock, 2021; Gleckler, 2021). 

Fernandez (2021) affirmed this and stated the key essentials of behaviorism consisted of 

three things: the stimulus, the response to the stimulus, and how the relationship amongst the 

two is maintained. 

 Watson demonstrated the relationships between learning, stimuli-response, and 

relationship to stimuli through experiments on infants, including his famously controversial 

experiment with “Little Albert” (Lafave, 2020; Russell, 2020). To best understand Watson’s 

experiment with Little Albert, it was important to recognize Watson believed prearranged 

stimuli calculated to incite the desired response or behavior would produce the best results 

(LaFave, 2020). Within the experiment Little Albert was exposed to white rats, which piqued 

Little Albert’s interest, evident by Little Albert’s desire to interact with these animals. 

However, Watson later introduced loud sounds and used a hammer, metal rods, and similar 

objects as a stimulus to the environment when Watson brought a white rat within Little 

Albert’s view. Over time, it was observed Little Albert learned to not only fear white rats 

because of the loud noises but also developed a fear of anything white and furry (Albert, 

2020; Bates, 2019; Lafave, 2020; Russell, 2020). LaFave (2020) summarized the application 

of Watson’s research to learning, stating both behavior and thought, from Watson’s 

perspective, are learned through a response to stimulus.  

Instructors applied concepts of behaviorism to educational practice by focused use of 

skills that could be observable, performance measured, demonstrated, and tangible within 

curriculum objectives (McConnell et al., 2020). The approach of behaviorism, as outlined 

above, focused on concrete observation or measurement of learned skills that were produced 

as a result of environmental stimuli. The influence of Gagne’s behaviorist thought process 



 
 

55 

(Galoyan, 2019; Hunsaker, 2019; Nimtz, 2018) is seen through the second tenet of Gagne’s 

cumulative learning theory (Gagne, 1962a, 1962b, 1965), in that the second tenet focused on 

the importance of the instructor confirming that each component task or stimulus (Zhoa, 

2020), was mastered as knowledge builds. Gagne essentially advocated for what Conrad 

(2021) stated was a criterion-referenced measurement, which used formative assessment to 

monitor what students learned based on a set of predetermined educational objectives or 

tasks.  

The application of these basic concepts of behaviorism along with other concepts to 

instruction and learning helped develop what Gagne called the field of instructional design 

(Reisner, 2001; Uibelhoer, 2020). McConnell et al. (2020) mentioned observable behaviors 

associated with learning could be seen once the teacher provided the environment with the 

proper stimuli. The influence of behaviorist learning theories as they related to measurable 

and tangible learning outcomes not only influenced instructional design within the classroom, 

as mentioned by McConnell et al. (2020), but laid the foundation for criterion-referenced 

assessments as a whole (Uibelhoer, 2020). This was a significant connection to this study, 

and other studies that utilized state standardized tests to evaluate student achievement since 

most state standardized tests utilized criterion-referenced tests, including the LEAP 

(Williams, 2019). While complex learning or problem solving related to stimulus-response 

environmental factors goes beyond the initial work for Pavlov and Watson, Skinner’s work 

on the process of operant conditioning and both Skinner and Gagne’s work with chaining 

helped show how behaviorism principles could be used to aid in problem solving and 

learning at a more complex level (Lewis-Davis, 2022; Morales, 2021). Hunsaker (2019) 

stated Gange’s ability to translate learning theory into meaningful instructional practices as a 
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major contribution to the field, with Stalbert (2022) recognizing Gagne as the catalyst for 

contemporary instructional design. 

Skinner, Gagne, and Behaviorism in Education 

Following the work of Pavlov and Watson, Skinner expanded on the thinking behind 

behaviorism through his work on operant conditioning and chaining (Lofland, 2021; 

Morales, 2021). Skinner built what would later be referred to as a “Skinner Box” to study, or 

observe in terms of behaviorism, the problem-solving abilities of rats to push a lever. Skinner 

used food as the environmental stimuli and reinforcement to teach the rats to use the lever 

(Hudson, 2021; Lofland, 2021; Morales, 2021). Ewen (2010) reflected on Skinner’s work 

and noted operant conditioning showed how the method and concentration of reinforcement 

strongly impacted both behavioral change and learning. Since Skinner viewed thinking as 

behavior, he concluded behavior change, thinking and problem solving within an educational 

context, was impacted by the environmental design (Ewen, 2010). Hudson (2021) went 

further, and surmised behaviorism essentially viewed all behavior, activities, actions, and 

learning as a response to environmental stimuli and the associated reinforcement.  

When applied to an educational context, correct responses by students would reveal 

successful conditioning (Russell, 2020). The connection to the first tenet of Gagne’s 

cumulative learning theory complimented Skinner’s work as Gagne stressed the importance 

of scaffolding instruction and learning to meet the goals of the final task (Gagne 1962a, 

1962b, 1965). Jad-Moussa (2022) noted Skinner supported this concept and outlined the 

importance of presentation, assessment, and feedback as part of the instructional design 

process with presentation equating to stimulus and feedback from the assessment as the 

reinforcement. Additionally, the added reward of acknowledgement, favorable grades, and 
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good status among peer groups or similar educational practices served as the reinforcement 

which complements instruction as an educational stimulus that leads to learning (Ewen, 

2010; Hudson, 2021; Russell, 2020; Lofland, 2021; Uibelhoer, 2020).  

McConnell et al. (2020) reinforced that idea and maintained teachers could alter the 

environment in a variety of ways but specifically mentioned the importance of creating and 

operationalizing a lesson plan in order to provide the stimuli or environment for learning. 

This was significant for the context of this study since curriculum materials for teachers have 

been publicized to commonly be a large part of the classroom instructional design process 

and shown to be an even larger part of the instructional design process for elementary 

teachers during mathematics lessons (Ball & Cohen, 1996; Bellens et al., 2020; Eisner, 1987; 

Elliott, 1990; Monaghan, 2013; Remillard, 2005; Tyson & Woodward, 1989; Walsh, 2009; 

Westbury 1990). Understanding the importance of instruction as an educational stimulus and 

precursor to learning, Brock (2021) summarized the role of behaviorism within education 

stating environment impacted learning because it was the teaching that proceeded learning. 

Additionally, Brock (2021) stated learning within an academic environment transitioned 

from initial stimuli to response or behavior development, which was learning. To aid in the 

learning process within the behaviorism model, new behavior or learning was best followed 

by reinforcement, which was consistent with other recent summaries of the behaviorism 

model by Albert (2020), McConnell et al. (2020), Fernandez (2021), LaFave (2020), and 

Lofland, (2021). 

As shown above, textbooks and other curriculum materials can be viewed as an 

educational stimulus. Curriculum materials provided learning objectives to scaffold 

instruction illustrated by the practice problems and learning activities utilized by teachers to 
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monitor completion of each component task. Additionally, curriculum materials provided 

both sequenced instruction and assessment through practice problems, quizzes, tests, or 

activities to ensure transfer. This idea was supported by Gagne (1974) who surmised the set 

of planned stimuli provided through instruction influences the process of learning and 

enhances transference. Gagne often referred to learned skills, behaviors, and observable 

knowledge of students as “transfer,” instead of “learning” (Gagne, 1962b, 1974). As teachers 

produced the environmental and intellectual conditions that satisfied the needs of students, 

they helped students internalize control of their learning, which aided in transference (Gagne 

& Deci, 2005; Vareberg, 2021). The genesis of Gagne’s environmental stimulus-to-

instruction and instruction-to-transfer viewpoint, can be observed from Gagne’s early 

publications and subsequent writings related to cumulative learning theory consisting of 

Military Training and Principles of Learning, The Acquisition of Knowledge, and The 

Conditions of Learning, and other related works.  

Cumulative Learning Theory and Gagne 

As stated in Chapter One, cumulative learning theory has been used as a framework 

for developing curriculum in schools over the past several decades to help with transference 

(Beatty & Pritchett, 2012; Okey & Gagne, 1970; Spaull & Kotze, 2015). Gagne’s cumulative 

learning theory was of particular interest to this study because it has been used within 

education-based studies before (Chen, 2021; Udensi, 2019), and has been applied to the 

examination of mathematical learning (McBride, 1996; Walsh, 2009). Furthermore, 

cumulative learning theory has also been used to specifically compare the impact of math 

curriculum selection on student achievement by Walsh (2009) in a similar study. 
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In fact, Gagne utilized fractions and arithmetic sequences (Gagne, 1962a) as well as 

volume (Gagne, 1968) to help illustrate the connection between cumulative learning theory 

and both mathematics instruction and curriculum materials. While Gagne was often 

connected with behaviorism, where the process of learning takes place through systematic 

and stimulus driven constructs (Dellner, 1979; Galoyan, 2019; Hunsaker, 2019; Nimtz, 2018; 

White 2018), there have been others who viewed his learning theories as more than basic 

behavioristic constructs (Dellner, 1979; Hoffman, 2021; Kubota, 1991; Mayers, 2021; 

Simmons, 2021; White, 2018; Zama & Endeley, 2021; Zhou, 2020). Gagne described 

instruction as a "set of events external to the learner which are designed to support the 

internal processes of learning" (Gagne & Briggs, 1979, p. 155). Gagne and Briggs (1979) 

showed how Gagne focused not only on what would be considered the behaviorist 

observable events or stimuli external to the learner but also on the mental processing of the 

learner as he evaluated the learning process. Balancing external stimuli and internal 

processing within learning led some to refer to Gagne as an eclectic-behaviorist, cognitive-

behaviorist, or even a cognitivist (Dellner, 1979; Hoffman, 2021; Lewis-Davis, 2022; 

Maggio 2021; Mayers, 2021; Simmons, 2021; White, 2018; Zama & Endeley, 2021; Zhou, 

2020). 

 Previously, the researcher stated Gagne’s cumulative theory could be summarized by 

three basic tenets connected to the cumulative learning process Gagne (1962b) outlined from 

the publication, Military Training and the Principles of Learning in 1962. During that same 

year, Gagne published The Acquisition of Knowledge and stated,  

In productive learning, we are dealing with two major categories of variables. The 

first of these is knowledge, that is, the capabilities the individual possesses at any 
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given state in the learning; while the second is instructions, the content of the 

communications presented within the frames of a learning program. (Gagne 1962a, p. 

355-356)  

As Gagne (1962a) discussed within The Acquisition of Knowledge, it was important to notice 

the focus was on both the internal, “capabilities the individual possesses at any given state in 

the learning” and the external, “communications presented within the frames of a learning 

program,” with the second essentially referencing instruction or teaching. Gagne (1962a) in 

more basic terms later stated positive transfer was the result of relevant recall of existing 

knowledge and the effect of instruction to increase knowledge. Aldamen et al. (2018) 

summarized cumulative learning as, “the gradual increase in knowledge over the period in 

which the learning process takes place” (p. 21). Cumulative learning, also referred to as 

sequence learning, has been so prevalent the majority of curriculum development and 

presentation of curriculum utilized this concept (Aldamen et al., 2018; Anastasiou, 2022, 

Nimitz, 2018), of which Gagne has been the foremost advocate (McBride, 1996). Even as 

Lewis-Davis (2022) reviewed Gagne’s work through a cognitivist lens with theorists like 

Vygotsky and Dienes, it was noted Gagne and others showed how the process of learning 

was cumulative since learning was built on previous knowledge.  

 Utilizing the backdrop of Gagne’s previous work (Gagne, 1962a, 1962b) to 

understand learning is cumulative, (Aldamen et al., 2018; Anastasiou, 2022; Dellner, 1979; 

Gagne, 1962a, 1962b) based on a learner’s previous knowledge and the environmental 

stimulus of instruction, it was possible to understand how Gagne operationalized cumulative 

learning through his later ideas related to instruction. Gagne, in The Conditions of Learning, 

articulated the five domains of learning and nine events of instruction. It was within this 
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initial work (1965) and future expansion (1985) that Gagne emphasized human learning is 

cumulative and can be enhanced under certain conditions, which provided the basis for the 

domains of learning and events of instruction. The five domains consisted of verbal 

information, intellectual skills, psychomotor skills, attitudes, and cognitive strategies (Gagne 

1965, 1985). However, it was the domain of intellectual skills Gagne focused on and 

believed was the area central to the primary content of school learning (Cummins-Colburn, 

2007; Fernandez, 2021; Oberhausen, 1975).  

  To aid in intellectual skill development, Gagne developed the nine events of 

instruction: “gain attention, identify objective, recall prior learning, present stimulus, guided 

learning, elicit performance, provide feedback, assess performance, and enhance 

retention/transfer” (Gagne, 1985, p. 243). Even though Gagne’s domains and events of 

instruction concepts were over 40 years old, they were still utilized within recent research 

and teaching (Anastasiou, 2022; Polczynski, 2021). These events of instruction were viewed 

by Gagne as the environmental stimulus to aid in the cognitive learning process (Kubota, 

1991, Zhou, 2020). However, it is important to note these steps were flexible and not 

concrete as Good and Brophy (1977) articulated when they stated, 

Gagne’s nine steps are general considerations to be considered when designing 

instruction. Although some steps might need to be rearranged (or might be 

unnecessary) for certain types of lessons, the general set of considerations provide a 

good checklist of key design steps. (p. 200)  

Kubota (1991), like Good and Brophy (1977), discussed the adaptable nature of Gagne’s 

cumulative learning theory as one that was not dominated by either the craft and science of 

teaching or solely focused on the environmental nurturing of students, but rather a systems 
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approach focused on the importance of sequenced events within the learning process to 

maximize transfer. Thus, Good and Brophy (1977) and Kubota (1991) underscored flexibility 

in the operationalization of cumulative learning theory without explicit behavioristic, 

constructivist, cognitivist, or similar learning theory restrictions based on the type of lesson 

the instructor desired, since continuity within the sequence of instruction was the foundation 

of cumulative learning theory (Aldamen et al., 2018; Anastasiou, 2022; Dellner, 1979; 

Gagne, 1962a, 1968). Gagne (1968) supported this contention as he described cumulative 

learning as the acquisition of skills, typically oriented from basic to more progressively 

complex, which interacts and builds to increase learning and is cumulative in impact. 

However, Gagne (1968) finished by stating learning capacity was built gradually and the 

“magic” is not found in structure, but merely in learning, retention, and transfer.  

Additional theoretical support that stressed the importance of curriculum materials 

following Gagne’s work was Charlie Reigeluth’s Elaboration Theory (ET), which was rooted 

in Gagne’s concepts (Hunsaker, 2019) and suggested differing design or sequence of learning 

can be utilized to produce the best learning outcomes (English & Reigeluth, 1996). Design 

sequence, or scaffolding, was typically but not always maximized with simple to complex 

sequencing of concepts (English & Reigeluth, 1996). While numerous factors affected 

student achievement within and outside of the school’s control, the sequence of what was 

taught and in what order concepts were taught was often within a school’s control and was 

seen through a school district’s curriculum choice. Bruner (1966) supported this idea and 

stated the order of instruction impacted students’ capacity to understand, master, and 

ultimately demonstrate what they have learned. This may especially be true in mathematics 

instruction in which Bruner’s concept of spiral curriculum is often seen. The National 



 
 

63 

Council of Teachers of Mathematics (NCTM, 2014) asserted the critical issue for processing 

and retaining information within learning theory was the order of instruction. Research by 

both Bruner (1966) and Reigeluth (1996) supported Gagne’s third tenet within cumulative 

learning theory, which stated the importance of sequencing instruction for optimum 

transference (Gagne, 1962a, 1962b, 1965). Bruner, Reigeluth, and many others who followed 

Gagne’s early publications (Gagne, 1962a, 1962b, 1965) helped reinforce cumulative 

learning theory and either directly or indirectly featured the importance of curriculum 

materials within the learning process since textbooks and other curriculum materials have 

been shown to greatly influence curriculum, and therefore the sequencing of instruction and 

learning (Ball & Cohen, 1996; Bellens et al., 2020; Eisner, 1987; Elliott, 1990; Monaghan, 

2013; Remillard, 2005; Tyson & Woodward, 1989; Walsh, 2009; Westbury 1990). 

Summary  

The literature review within Chapter Two focuses on the use of curriculum materials 

and how education legislation, school and classroom practices, and educational theory have 

influenced and supported curriculum material use. While most states were using the CCSS in 

some capacity (Lein Authement, 2022; Friedberg et al., 2020; Petrilli, 2017), those standards 

and other education legislation alone are not enough to improve student achievement and 

positively impact the achievement gap (Gewertz, 2018; OECD, 2020; Sparks, 2018). As 

stated in Chapter One, math achievement must be addressed for the United States to have a 

capable thriving workforce in the future (Cruze, 2022; Hiser, 2016; Horne Wooley, 2022; 

White, 2018). Improvement will not come easy but is possible. As Chapter Two illustrates, 

part of the solution to overcome low student achievement and the achievement gap could 

reside with effective curricula (Chingos & Whitehurts, 2012; Koedel et al., 2017; Polikoff, 



 
 

64 

Petrilli, et al., 2020; Reys et al., 2003; Solomon et al., 2019; Superfine et al., 2010). 

However, more research is needed in determining whether curriculum materials did in fact 

impact student achievement. (Blazar et al., 2020; Bhatt & Koedel, 2012; Chingos & 

Whitehurts, 2012; Hiser, 2016; Kane, 2016; Koedel et al., 2017; Polikoff, Campbell et al., 

2020; Nargi, 2018; Ruggeri, 2021; Solomon et al., 2019; Steiner, 2017). 

The next segment, Chapter Three, outlines the methods used for analyzing data within 

this study, the selection and categorization of schools based on curriculum material usage, 

and the data collection techniques utilized. Chapter Four focuses on communicating the 

results from this study. Chapter Five consists of a summary reviewing the entire scope and 

sequence of this study while outlining implications of the findings. The study concludes with 

recommendations for future studies.   
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CHAPTER THREE 

RESEARCH DESIGN AND METHODOLOGY 

Introduction 

 Chapter Three outlines what the researcher attempted to discover, who was involved 

in the research, and what research methods were used by the researcher to gather data. The 

researcher attempted to discover if curriculum material choice made a difference in student 

achievement within public school parishes in the state of Louisiana. The researcher utilized 

public school data from third, fourth, and fifth grade for the purpose of this study. To analyze 

the data, the researcher utilized a one-way analysis of variance (ANOVA) for H01, H02 and 

H03, and the corresponding sub hypotheses to determine if a difference existed.  

Recent studies from a few different researchers suggested different curricula materials 

have varying results on student learning (Agodini et al., 2010; Bhatt & Koedel, 2012; Bhatt 

et al., 2013; Cress, 2019; Koedel et al., 2017; Lein Authement, 2022; Polikoff, Petrilli, et al., 

2020; Walsh, 2009; White, 2018). However, administrators are frequently lacking the needed 

statistics to make determinations related to instructional materials due to a shortage of 

evidence on the differences between student achievement and the curriculum materials being 

used (Blazar et al., 2020; Chingos & Whitehurts, 2012; Cummins-Colburn, 2007; Koedel et 

al., 2017; Polikoff, Campbell, et al., 2020; Ruggeri, 2021). This issue was described by 

Koedel et al. (2017, p. 3) as a “frustrating lack of information” and this position was echoed 

by Steiner (2017, p. 1), who addressed the problems as a “matter of deep concern and urgent 

need.” Chingos and Whitehurst (2012), along with Solomon et al. (2019), continued to 

highlight the trouble in this area by stating most research done on the effectiveness of 

curricula failed to stand up to scrutiny. Adding to the problem is the fact research aimed at 
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curriculum materials has received significantly less focus than the research on the theory of 

teaching (Remillard, 2005). Louisiana has partially overcome these difficulties by providing 

educators with a curriculum materials tier system based on alignment to the state standards, 

but connections to student achievement are still absent.  

 The LDOE theory of action views curricula as an important area of focus to improve 

student learning and classroom instruction (Kaufman et al., 2018). A byproduct of this 

thinking led the LDOE to create the tiered list of resources that can be accessed by teachers, 

school parishes, and other interested parties so they can more easily teach in ways aligned to 

the state standards (Kaufman et al., 2018). This freedom of choice, which was brought about 

by a change in Louisiana textbook adoption laws in 2015 (Kaufman et al., 2018), has left a 

gap in knowledge pertaining to what curricula is being used within Louisiana and if 

achievement among students is different between curricula choices or between curricula tiers. 

This gap in knowledge formed the foundation of this study.  

 The researcher organized Chapter Three by revisiting the purpose statement, research 

questions, and hypotheses to help connect the research objectives with the data gathering 

methods below. The remaining sections of Chapter Three progress through the variables and 

measurement, participants, selection and sampling, research setting, and research design. The 

chapter then finishes with discussion of the instrumentation used, procedures, data analysis, 

and summary of Chapter Three.  

Purpose of the Study 

The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory (Gagne, 1962a, 1962b, 1965) to compare math curricula choice to the Louisiana 

Education Assessment Program (LEAP) math achievement for third, fourth, and fifth grade 
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students in public schools within the state of Louisiana. The independent variable of interest, 

math curricula choice, will be generally defined as curriculum materials. The dependent 

variable of interest is third, fourth, and fifth grade math LEAP achievement scores. Both 

recent and historical research showed a strong connection in mathematics education between 

the written curriculum within the textbook or program choice and the curriculum and 

instruction that takes place in the classroom (Ball & Cohen, 1996; Bellens et al., 2020; 

Eisner, 1987; Elliott, 1990; Monaghan, 2013; Prigodich, 2021; Remillard, 2005; Tyson & 

Woodward, 1989; Walsh, 2009; Westbury 1990). Eisner (1987) summarized textbooks were 

the leading stimulus for teachers to determine what was taught.  

Within the math classroom Ball and Cohen (1996) and Bellens et al. (2020) argued 

textbooks were the leading factor for what takes place during instruction, with Ball (1996) 

and Walsh (2009) asserting few teachers detour from textbook outlines and information. 

Arican (2018) and Ruggeri (2021) both stated the use of textbooks or curriculum materials to 

implement instruction was heightened further when teachers were not comfortable teaching 

mathematics. Soloman et al. (2019) went on to note approximately 85 percent of elementary 

classrooms within the United States relied on at least one curriculum material for science and 

mathematics. Elliott (1990) stated more than any other subject area, math textbooks were 

more prone to be used as taught curriculum at the elementary level, while research conducted 

by Tyson and Woodward (1989) showed 75 percent to 95 percent of the total classroom 

instruction at the elementary level comes from the textbook structure. This led Monaghan 

(2013) to proclaim math textbooks are the “de facto” curriculum and the best textbooks 

should be viewed as the ones that get the best results, which Polikoff, Campbell, et al. (2020) 

also contended. Since studies in this area often use textbook, curriculum, curricula, and 
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curriculum materials interchangeably to represent the written curriculum from the textbook 

or program of choice (Blazar et al., 2020; Koedel et al., 2017; Rahman, 2018; Suppa, 2018), 

this study has also done so to examine the differences in curriculum material choice and 

student achievement. 

Research Questions 

The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory (Gagne, 1962a, 1962b, 1965) in comparing math curricula choice to math Louisiana 

Education Assessment Program (LEAP) achievement for third, fourth, and fifth grade 

students in public schools within the state of Louisiana. Several questions were examined 

within this study related to the difference of math curriculum material choice and Louisiana 

student achievement on the LEAP: 

RQ1. What are the differences in advanced and mastery level third grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices?  

RQ1a. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017? 

RQ1b. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018? 

RQ1c. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019? 
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RQ2. What are the differences in advanced and mastery level fourth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices? 

RQ2a. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017?  

RQ2b. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018?  

RQ2c. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019?  

RQ3. What are the differences in advanced and mastery level fifth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices?  

RQ3a. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017?  

RQ3b. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018?  
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RQ3c. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019?  

Null Hypotheses 

The researcher utilized Louisiana Department of Education (LDOE) data to examine 

the math achievement scores of all public Louisiana school districts for grades three through 

five to scrutinize the null hypotheses: 

H₀1: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for third grade students as measured by the LEAP. 

H₀1a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for third grade students as measured by the LEAP in 2016-

2017. 

H₀1b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for third grade students as measured by the LEAP in 2017-

2018. 

H₀1c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 
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Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for third grade students as measured by the LEAP in 2018-

2019. 

H₀2: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fourth grade students as measured by the LEAP. 

H₀2a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2016-2017. 

H₀2b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2017-2018. 

H₀2c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2018-2019. 
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H₀3: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fifth grade students as measured by the LEAP.  

H₀3a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2016-

2017.  

H₀3b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2017-

2018.  

H₀3c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2018-

2019. 

Variables and Measurement  

 The two variables within this study consisted of curriculum material choice, the 

independent variable, and LEAP mathematic achievement scores, the dependent variable. 

Curriculum material choice was analyzed by separating the different curriculum materials 
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utilized by schools in the state of Louisiana into previously established tier groups provided 

by the LDOE. Thus, curriculum materials were grouped and analyzed as a tier group, not 

analyzed individually. The grouping of curriculum materials into tiers provided the 

researcher with two benefits. First, the curriculum tier groups allowed the researcher to have 

a clearly defined variable, which was important since the exact composition of curriculum 

materials utilized in schools is not known and often an obstacle when conducting curriculum 

related research (Blazar et al., 2020; Hutt & Polikoff, 2018; Kane, 2016; Koedel et al., 2017; 

Polikoff, 2018). Second, the tier groups by their very nature include multiple curricula which 

helped the researcher limit the likelihood of low population totals which might have existed 

if individual curriculums were solely analyzed. Additional inspiration for selecting 

curriculum materials as the independent variable was based on the knowledge curriculum 

material studies are lacking (Blazar et al., 2020; Bhatt & Koedel, 2012; Chingos & 

Whitehurts, 2012; Hutt & Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018; 

Steiner, 2017). Thus, the researcher selected curriculum materials as the independent variable 

to not only explore the topic but ultimately to add to an area of research in need of more 

attention. 

 Mathematic LEAP achievement scores served as a natural dependent variable to 

analyze the differences in curricula since standardized test scores have been used in 

curriculum materials studies before (Hiser, 2016; Koedel et al., 2017; Walsh, 2009). 

Additional support for the selection of an achievement-based dependent variable comes from 

Monaghan (2013) who asserted math textbooks are the “de facto” curricula in schools, and 

therefore textbook quality should be judged by those that get the best results, which Polikoff, 

Campbell, et al. (2020) also contended.  
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Participants  

The participants for this study included all public elementary schools in the state of 

Louisiana found on the LDOE website. More specifically, the participants for this study 

included public schools with math LEAP achievement data for grades three, four, and five 

for testing years 2016-2017, 2017-2018, and 2018-2019. If a public elementary school did 

not have either math achievement data or some combination of grades three, four, and five 

that could be analyzed, they were not included in the study. According to the Louisiana 

Department of Education (2019c), there were 717,109 students who attended public schools 

within the state in 2018-2019, spread across 72 school parishes, districts, charter schools, or 

similar designations. These students came from a variety of backgrounds that are both 

racially/ethnically and economically diverse and dispersed across 1,413 school facilities or 

reporting sites. Of the 717,109 public school students within the state of Louisiana, 399,831 

were classified as minority students, which was about 57 percent of the student population. 

The largest two racial/ethnic groups of those 717,109 students in public schools were white 

students totaling 317,278 and black students totaling 309,600. Approximately 69.7 percent of 

the total public school student population was designated as economically disadvantaged by 

the LDOE. Limited English proficiency was about three percent. Regarding the third, fourth, 

and fifth grade student populations, third grade totaled 52,896, fourth grade totaled 54,753, 

and fifth grade totaled 54,887 in 2018-2019. Thus, the total number of students in the 

population set for 2019 was 162,536 for those three grades combined. This population is 

spread out across approximately 750 to 790 unique elementary school buildings (LDOE, 

2019b). Similar totals for the 2016-2017 and 2017-2018 school years were found on the 

LDOE website (LDOE, 2019c) and are outlined in Table 1. 
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Table 1 

Student Population per Grade by Year 

School Year 3rd Grade 4th Grade 5th Grade Total 

2016-2017 56,584 56,225 53,636 166,445 

2017-2018 55,317 55,779 55,387 166,483 

2018-2019 52,896 54,753 54,887 162,536 

 

Selection and Sampling 

Purposive sampling was utilized to select the schools that were involved in this study 

since specific criteria within the population needed to be met to provide the researcher with 

the appropriate data (Creswell & Poth, 2018). Random sampling was not used for this study 

for a variety of reasons. First, some buildings designated elementary by LDOE only had a 

partial representation of grades three, four, and five, did not have enough students within 

certain grades to publicize results, or did not have those grades within the building at all. As 

a result, doing a random sample of all buildings with those designations would not guarantee 

the inclusion of schools within the research guidelines. Likewise, some buildings had a 

designation of “combination” which included some combination of K-12 that required 

additional investigation to determine building eligibility for the research study. Another 

factor that led to purposive sampling was the study’s ex post facto research design, which 

required the participation of current principals within eligible buildings to share information 

from previous years’ curricula material choices; their participation could not be guaranteed.  

To gather the specific data needed for this study, the researcher sent out a survey to 

all school administrators within the 72 school parishes, districts, or similar designations in 
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Louisiana who served in public schools with some combination of math LEAP achievement 

data for grades three, four, and five for testing years 2016-2017, 2017-2018, and 2018-2019. 

The survey included the informed consent acknowledgement, the purpose of the survey and 

the survey questions the principals were to complete. The sample for this research was then 

built from all the principals who completed the survey.  

The goal of the researcher was to use an ANOVA with fixed effects, omnibus, and 

one-way for data analysis, with a goal of at least 180 returned surveys, or roughly 45 returned 

surveys from each of the four-curriculum material tiered groups previously mentioned. Those 

numbers were set through the use of G*Power software with the following input settings: test 

family as F tests, type of power analysis as A priori, effect size f as medium or .25, error 

probability at .05, power set at .8, and the number of groups set to four (Faul et al., 2009). 

Again, it should be noted only public schools with achievement data from the LDOE website 

were used. Therefore, private schools, charter schools, parochial schools, and others that did 

not either participate or have public results on the LDOE website for state-issued 

standardized testing were not included since no public student achievement data was 

available to the researcher. The data for public schools that met the research criteria were 

assigned for analysis to the corresponding curriculum material tier group provided by the 

LDOE.  

The researcher assured the schools involved in this study each responding school 

would not be directly linked to the school’s specific curriculum choice. Rather, each school’s 

curriculum material choice would simply place the school’s achievement data into a grouping 

of schools that used the same curriculum and then the corresponding tier that matched the 

school curriculum material choice. Even though no identifiable student data or interaction 
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took place within this study, the researcher did go through the process of receiving approval 

from the Research Review Board (RRB) of Southwest Baptist University, to ensure this 

study was done in a safe and proficient manner. Dissertation data that was not public access 

data through the LDOE website was collected and examined using software that required 

password access to protect district information and anonymity.  

Research Setting 

The research setting was selected based on the large yet manageable population size 

within the state of Louisiana, the need for research related to math education and curriculum 

material choice within the elementary classroom, the availability of performance data 

through the LDOE, and the uniqueness of the LDOE tiered textbook rating system to 

compare the variables. The research setting included schools in Louisiana that were a part of 

the public-school system and had math state assessment data that could be analyzed for 

grades three, four, and five for the 2016-2017, 2017-2018, and 2018-2019 school years. To 

ensure a large enough sample size would exist, the researcher sent out the survey to all 

schools within the state that met those guidelines. The elementary students in third grade 

totaled 52,896, fourth grade totaled 54,753, and fifth grade totaled 54,887 in 2019 for a 

combined total of 162,536 across 72 school parishes (LDOE, 2019c). Similar totals existed 

for the 2017-2018 and 2016-2017 school years as seen in Table 1 above. These student totals 

spread across approximately 750 to 790 elementary buildings which provided a large enough 

but manageable variation in building and curricula materials choice for the researcher to 

conduct the needed research.  

Cummins-Colburn (2007) stated there has been little research done on the effect of 

different texts used by teachers, which is supported by Remillard (2005) who acknowledged 
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this area of research has been overlooked compared to others. Meanwhile, several other 

researchers (Ball & Cohen, 1996; Bellens et al., 2020; Eisner, 1987; Elliott, 1990; 

Monaghan, 2013; Tyson & Woodward, 1989; Walsh, 2009; Westbury 1990) have made 

connections between the importance of curriculum materials and student achievement or the 

relationship between math textbooks and classroom instruction. While this area is not void of 

research, it does have a “frustrating lack” (Koedel et al., 2017, p. 3) of research. In 2015, the 

state of Louisiana instituted legislative and educational changes related to their textbook 

adoption process. This brought about a renewed focus on the textbook as a means for student 

improvement and the development of Louisiana’s tiered textbook evaluation system 

(Kaufman et al., 2018) to help support educators with their curricula decisions. The lack of 

research on curricula materials combined with the state of Louisiana’s focus on curricula 

materials to help increase student achievement partially led the researcher to select the state 

of Louisiana for investigation. 

As a point of reference for elementary student performance in the state, the LDOE 

divides LEAP results into five scoring subgroups from highest achievement to lowest listed 

as: “A” for advanced, “M” for mastery, “B” for basic, “AB” for approaching basics and “U” 

for unsatisfactory. For the 2018-2019 school year at the third grade level, 7 percent of 

students scored at the advanced level, 36 percent at mastery, 26 percent at basic, 21 percent 

at approaching basics, and 10 percent unsatisfactory, which were similar to the 2016-2017 

and 2017-2018 reports (LDOE, 2019b). Fourth grade students for 2018-2019 achieved 3 

percent at the advanced level, 38 percent at mastery, 27 percent at basic, 20 percent at 

approaching basics, and 11 percent unsatisfactory, which were similar to 2016-2017 and 

2017-2018 reports (LDOE, 2019b). Fifth grade students for 2019 achieved 4 percent at the 
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advanced level, 30 percent at mastery, 28 percent at basic, 27 percent at approaching basics, 

and 10 percent unsatisfactory, which were similar to 2016-2017 and 2017-2018 reports 

(LDOE, 2019b). This type of detailed public data provided by the LDOE, along with 

additional data that allowed for school parish and specific school building analysis in 

conjunction with the tiered curricula ranking system established in 2015, was another factor 

that led the researcher to select elementary schools within Louisiana for research.  

Research Design 

 Widely acceptable research methodology for advanced research consists of 

quantitative, qualitative, and mixed methods design options (Christensen et al., 2014). In this 

study, the researcher used a quantitative, causal-comparative, ex post facto investigation to 

compare student achievement and curriculum materials choice. This was done by utilizing 

the LDOE curriculum material tier system to categorize curriculum material choice for the 

independent variable and student achievement for the dependent variable. Since the overall 

focus of this study was based on gathering, analyzing, and reporting numerical data to answer 

the research questions, a quantitative study was a logical methodology choice (Christensen et 

al., 2014). With two established variables to scrutinize, curriculum material choice and 

student achievement, this study met the guidelines for a causal-comparative study (Salkid, 

2010). For the researcher to remain consistent with ethical causal-comparative research 

practices, no adjustment of the variables was done, and analysis was done utilizing the 

existing curriculum material tiers and student achievement scores from the LDOE to form the 

research groups (Creswell & Creswell, 2018; Salkid, 2010). Ex post facto research design 

means the research was done after the variables had interacted, along with typically 

measuring variables that naturally interact without manipulation (Christensen et al., 2014); 
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the researcher examined this type of data for the study and provided the reason for selecting 

an ex post facto design.  

The independent variable within this study was the curriculum material choice of 

each school. This choice then placed the school in the corresponding curriculum tier which 

consisted of Tier 1, Tier 2, Tier 3, or non-tiered curriculum. The last tier, defined as non-

tiered curriculum, was added by the researcher to group all curriculum material choices 

schools utilized that are not contained within the LDOE tier listing or did not clearly align to 

a Tier 1, Tier 2, or Tier 3 curriculum for some other reason. Purposive sampling was used by 

the researcher to establish the sample for the independent variable. This was done to provide 

a valid estimate of the different curriculum material choices utilized throughout the state of 

Louisiana and possibly provide insight into curriculum material use on a larger scale. The 

dependent variable for this study was student achievement. Student achievement was 

specifically separated into two subgroups for analysis by percentage. The two groups 

consisted of one with the top two performing groups on the LEAP: “A” for advanced and 

“M” for mastery, which were the focus of this study and used for the ANOVA. The other 

group, which was comprised of the lower three performing groups on the LEAP, “B” for 

basic, “AB” for approaching basics, and “U” for unsatisfactory, was not part of this study. 

The advanced and mastery groups were the only two groups used for this study since the 

researcher attempted to discover whether a difference in curricula materials had a positive 

difference in achievement rather than a negative difference. Other studies approached 

achievement by viewing differences through the lens of advanced, mastered, proficient, or 

similarly designated labels for students who performed well on standardized tests rather than 

those students who did not (Chandler, 1995; Kodel et al., 2017; Monaghan, 2013; Solomon et 
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al., 2019; Walsh, 2009). To discover if differences occurred, the researcher retrieved open 

access ex post facto LEAP data from the LDOE website for the 2016-2017, 2017-2018, and 

2018-2019 spring testing dates (LDOE, 2019b). Salkind (2010) stated two established 

variables provide the foundation for a study of difference, which is precisely what the 

researcher was able to do with curriculum material choice and student achievement.  

 To perform the analysis on the data, the researcher utilized a one-way ANOVA for 

H01, H02, and H03 to determine whether a difference exists between curriculum choice and 

student achievement. To determine if a difference exists within the data sample, the 

researcher utilized a program called Statistical Package for Social Sciences (SPSS) to 

compute the needed ANOVA. The researcher focused on finding whether a measurable 

statistically significant difference exists between the dependent variable of the groups, rather 

than exploratory research to determine how or why a difference may or may not exist.  

Instrumentation 

 The instrument employed to measure the difference between curriculum material 

choice and student achievement by the researcher was the Louisiana Education Assessment 

Program (LEAP). Data from the LEAP has been used as an instrument to measure student 

achievement in other studies recently (Ebanks, 2020; Walker, 2021) and the use of LEAP 

data within this study was consistent with how other researchers utilized state testing data. 

The LEAP is used each year by the LDOE as the benchmark test for student achievement 

within the state of Louisiana to determine student readiness for the next grade (LDOE, 2018). 

The mathematics section of the LEAP for grades three through eight includes three types of 

tasks or questions: Type I (conceptual understanding), Type II (procedural skill and fluency), 

and Type III (application) questions aligned to the Louisiana State Standards for 
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Mathematics (LSSM) (LDOE, 2019a). Each of these three types of tasks filter into one of 

four specific reporting categories: Major Content, Additional & Supporting Content, 

Expressing Mathematical Reasoning, or Modeling & Application. The LEAP question 

creation was a collaborative effort between the LDOE and the Data Recognition 

Corporations (DRC). Questions for the LEAP were then reviewed by Louisiana educator 

committees to make sure they were appropriate for students based on the LSSM for each 

grade level (LDOE, 2020). Educators within Louisiana also reviewed test items to look for 

issues involving bias, fairness, difficulty, and cognitive complexity in addition to alignment 

to the LSSM for each grade level to ensure questions were appropriate for use on the 

assessment. Any items deemed inappropriate were revised or simply rejected and not 

included if they could not be adequately revised (LDOE, 2018, 2019, 2020).  

 Reliability and validity are two key components of the LEAP that must be examined 

for the results to be used in a meaningful way. Both Jing (2021) and McLaughlin (2021) 

stated reliability was the ability to measure and accurately reproduce results. Meanwhile, 

validity related to the precision with which an assessment, the LEAP in this case, measured 

what it intended to measure (Creswell, 2019; McLaughlin, 2021). However, validity is not 

possible if reliability does not exist first (McDonald, 2018; McLaughlin, 2021). To provide 

transparency and evidence of reliability and validity on the LEAP, the LDOE provided a 

technical report outlining how the test and test items were created and analyzed on the LDOE 

website (LDOE, 2018, 2019, 2020), which have been similarly created and administered 

since 2015. Regarding reliability, the LDOE utilized the DRC to scrutinize the reliability of 

the LEAP in several areas. One of these areas was raw-test score reliability, which 

summarizes how consistent the test was across participants. For this, Cronbach’s coefficient 
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alpha was utilized. The LDOE technical reports for raw score reliability using Cronbach’s 

coefficient alpha were available for each testing year of this study. Reliability coefficients 

equal to or greater than .8 on a 0 to 1 scale are established as good and acceptable. The closer 

the score is to 1, the more consistent the test was and scores of .8 or higher are acceptable in 

most cases for tests of moderate length (LDOE, 2020).  

Cronbach’s coefficient alpha for the mathematics section of the LEAP ranged from 

.89-.92 for 2016-2017, from .91-.92 for 2017-2018, and .92-.94 for 2018-2019, which 

indicated each year the assessment measured the same construct or content domain reliably 

(LDOE, 2018, 2019, 2020). These results are outlined in Table 2 below. 

Table 2 

Cronbach’s Coefficient Alpha by Year 

LEAP Testing Year Cronbach’s Coefficient Alpha 

2016-2017 .89-.92 

2017-2018 .91-.92 

2018-2019 .92-.94 

 
Note. A range equal to or greater than .8 is viewed as acceptable. 
 
 While Cronbach’s coefficient alpha provided a good measure of reliability, it was not 

the only reliability measure examined within the LDOE technical reports. The standard error 

of measurement (SE measurement) was also reported for the LEAP, which was used to help 

support reliability in other technical reports for state tests (Arizona Department of Education 

[AZED], 2018; New York Department of Education [NYSED], 2019) and support reliability 

for the usage of standardized state data sets in other studies (Cox, 2022; Greathouse, 2021). 
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While standard error of measurement was often referenced as SE measurement in research 

(Frey, 2018), it was abbreviated as SEM within the LEAP technical report, which was 

common in other research as well (Barthelemy, 2022; Jing, 2021; LDOE, 2020).  

The SE measurement is closely connected to the idea of reliability through an inverse 

relationship that demonstrates an increase in test reliability when low SE measurement values 

exist and less reliability if a test has high SE measurement values (Frey, 2018; Luck et al., 

2021). The LEAP technical report, along with other research, discussed SE measurement as 

the range around a student’s test score, termed the observed score, that likely represented the 

student’s true score (Gardner, 2022; LDOE, 2020; McCrae & Mottus, 2019; McLaughlin, 

2021). The LEAP technical report, and similarly stated by Fraenkel et al. (2019), referred to 

the true score range around the observed scores as an index of random variability (LDOE, 

2020) that can be calculated once a reliability coefficient is established (AZED, 2018; Hong, 

2022), with Cronbach’s coefficient alpha often used as the conventional choice (McNeish, 

2018); this was the method utilized by the LEAP technical report (LDOE, 2020).  

Table 3 below shows the results from the mathematics section of the LEAP for third, 

fourth, and fifth grade students during the 2016-2017, 2017-2018, and 2018-2019 school 

years. It should be noted there were no computer LEAP tests administered for third grade for 

2016-2017, and fifth grade only takes the computer test each year. For interpretation 

purposes, the LEAP technical report examines SE measurement by stating it was, “expected 

that the score a student obtains from a single test administration would fall within one SEM 

[SE measurement] of the student’s true score 68 percent of the time and within 

approximately two SEMs of the true score 95 percent of the time” (LDOE, 2020, p.206). 

Thus, the use of SE measurement allowed the LDOE to examine the reliability of the LEAP 
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through a comparison of observed scores and expected true scores (LDOE, 2020), along with 

the previously stated relationship between SE measurement and reliability that demonstrated 

an increase in test reliability when low SE measurement values exist, and less reliability if a 

test has high SE measurement values (Frey, 2018; Luck et al., 2021).  

Table 3 

Mathematics SE measurement Score per Grade by Year 

School 
Year 

3rd Grade 
Computer 
Test SE 

measurement 

3rd Grade 
Pencil Test SE 
measurement 

4th Grade 
Computer 
Test SE 

measurement 

4th Grade 
Pencil Test SE 
measurement 

5th Grade 
Computer 
Test SE 

measurement 

2016-
2017 

N/A 3.73 
(62-point test) 

3.47 
(59-point test) 

3.67 
(59-point test) 

3.58 
(61-point test) 

2017-
2018 

3.55 
(62-point test) 

3.63 
(62-point test) 

3.46 
(62-point test) 

3.59 
(62-point test) 

3.66 
(62-point test) 

2018-
2019 

3.53 
(62-point test) 

3.82 
(62-point test) 

3.52 
(62-point test) 

3.65 
(62-point test) 

3.59 
(60-point test) 

 

 Evidence for validity within the technical reports provided by the LDOE for each 

year included general evidence for validity throughout each report along with specifically 

addressing key validity concepts. One of those areas is content validity. Content validity 

examines how well items on the assessment reflected the standards (LDOE, 2020), which 

was established by aligning the assessment to the standards and reviewing how well the items 

on the assessment matched the standards. This process was previously outlined above. 

Another specific area of validity examined was construct-related validity, which assesses 

how valid the construction or format of the assessment was, and specifically how well it 

measured what it was attempting to measure. Construct-related validity was connected to 
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evidence from the Data Recognition Corporations (DRC) studies on test reliability, 

convergent validity, and divergent validity, also known as discriminant validity (LDOE, 

2020). The LDOE demonstrated construct validity on the LEAP through the convergent and 

divergent validity analysis done by the DRC. Evidence to support convergent validity and 

divergent validity to support the overall construct validity of the LEAP can be found in 

Chapter 9 of the LEAP technical reports each year (LDOE, 2018, 2019, 2020). 

Convergent validity examines whether assessment items are narrow enough to 

measure what is intended. This essentially means the assessment was constructed in a way 

which accurately allows individuals to show their knowledge if they have the knowledge, 

thus a student’s knowledge and ability to show that knowledge on the assessment were 

correlated. Meanwhile, divergent validity examines whether assessment items include 

additional variables or outside knowledge not a part of original intent that hinders the 

assessment’s ability to measure what is intended. This would mean the question or 

assessment would diverge from the intended purpose and produce results not correlated to 

the original intent. Analysis of student responses to each item on the LEAP and how each 

student answered similar items compared to other students was a key element of analysis to 

help establish validity (LDOE, 2018, 2019, 2020).  

Technical report evidence also showed LEAP tests each year were unidimensional, 

which gave the LDOE confidence the LEAP measured the skills it was attempting to 

measure. Unidimensional essentially means math items measured math ability and not 

reading ability or some other content area other than mathematics (LDOE, 2018, 2019, 

2020). These factors allowed the LDOE to support the claim LEAP items and tasks had 

dominant dimension, meaning student LEAP performance reflected each student’s ability in 
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each specific content area (LDOE, 2018, 2019, 2020). By design, each LEAP test since 2015 

has been created and structured in a similar way to provide longitudinal analysis with similar 

evidence of reliability and validity within each technical report each year (LDOE, 2018, 

2019, 2020). 

The scoring results for the LEAP are divided into five scoring groups from highest 

achievement to lowest listed as: “A” for advanced, “M” for mastery, “B” for basic, “AB” for 

approaching basic, and “U” for unsatisfactory. Questions on the mathematics test consist of 

the four categories, which were listed above, and have an identical point breakdown for third, 

fourth, and fifth grades: Major Content totaling 30 points, Additional & Supporting Content 

totaling 10 points, Expressing Mathematical Reasoning totaling 10 points, and Modeling & 

Application totaling 12 points for an overall total of 62 points. The types of questions include 

multiple choice, multiple select, short answer, keypad input, constructed response, and 

technology enhanced. Assessments are scored both digitally and by hand depending on the 

test item or specific format for grades three, four, and five. The LEAP results are open access 

and found on the LDOE website for every school and school parish. As a result, a data 

request or permission request did not need to be obtained.  

Procedures 

  The Research Review Board (RRB) at Southwest Baptist University is required to 

approve dissertation research to confirm human participants are protected prior to conducting 

research. As a result, a request was submitted to the RRB to gather school building level data 

on student achievement scores and to distribute an electronic survey to all building and parish 

administrators to collect information on each school’s curriculum choice within the state of 

Louisiana, along with phone calls to those same administrators to solicit survey completion. 
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School achievement and curriculum material data for the 2016-2017, 2017-2018, and 2018-

2019 school years were specifically outlined within the RRB request. The RRB request was 

granted in December of 2022 and the researcher was permitted to collect data, analyze the 

data, and report the findings. Approval located in Appendix A.  

 Once RRB permission was obtained, the researcher began the data gathering process. 

This process included gathering administrator names, emails and/or phone numbers within 

the sample group, sending administrators a survey, collecting the results of the survey, and 

then running a one-way ANOVA. To do this, the researcher first obtained the list of current 

school parishes and elementary school buildings within each parish the LDOE showed LEAP 

math scores for the 2016-2017, 2017-2018, and 2018-2019 school years. The researcher then 

gathered names, emails, and phone numbers for each school administrator who worked 

within an elementary school building in the sample group above from available directory 

information posted on the LDOE website each year. This ensured only administrators within 

the desired purposive sample group would be part of the survey. 

Once the above-mentioned purposive sample group was defined and email addresses 

were sorted, the researcher sent the initial email, which included the survey link with 

statement of informed consent, directions for survey completion, and a summary outlining 

the researcher’s purpose for the survey to all school building or parish administrators and 

educational leaders within the sample group. A copy of this email can be found in Appendix 

B. This started the initial data gathering period of at least two weeks. Google Forms was used 

by the researcher to create and administer the survey. Results from the Google Forms survey 

were organized and stored within a corresponding Google Sheet used for coding purposes. 
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As stated above, the goal of the researcher was to use an ANOVA for data analysis. 

Using G*Power software (Faul et al., 2009), it was estimated the researcher would need at 

least 180 returned surveys, or roughly 45 returned surveys from each of the four-curriculum 

material tiered groups. Therefore, the researcher decided to start the initial data gathering 

process over at least a two-week period, starting with the initial email, to gather enough 

responses. During this two-week timeframe, the researcher sent a reminder email after one 

week, found in Appendix C, and another reminder email one day before the end of the initial 

two-week data gathering process, found in Appendix D. If the initial data gathering process 

did not produce a large enough sample, the researcher planned to send an additional email, 

found in Appendix E, and randomly call each school administrator until enough responses 

were gathered. The phone numbers were gathered from the LDOE website, and a copy of the 

phone call transcript can be found in Appendix F. Principals and parish administrators, along 

with school phone numbers and emails, were obtained by the researcher from the LDOE 

website which was published as directory information. 

Data Analysis 

 Once data collection was complete, the data cleaning process began. As previously 

stated, Google Forms was used by the researcher to create and administer the survey. Results 

from the Google Forms survey were organized and stored within a corresponding Google 

Sheet used for coding purposes. The survey within Google Forms utilized drop-boxes with 

the previously established Tier 1, Tier 2, Tier 3 curriculum groups provided by the LDOE as 

options, along with a drop-box for non-tiered curriculum, which was added by the researcher 

to categorize all curriculum the LDOE did not include in their tier rankings. The data 

cleaning was a simple process because misspellings, extraneous answers, partially completed 
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surveys, and similar issues were very limited since the structure of the survey naturally 

avoided these issues. Even partially completed survey results were functional since they 

provided at least one data point if they had a grade level selection and curriculum choice 

selection associated with that grade level. The efforts for data cleaning centered around two 

main points: first, to make sure a single school building did not provide duplicate data points 

for a specific year, grade, and curriculum combination; second, to make sure there were no 

extraneous answer or data points the Google Forms structure did not naturally eliminate. 

The demographic data that was shared as part of the research findings and used for 

data analysis was identical to the previously mentioned coded data that reflected the grade 

level, school year, percentage of students at the advanced or master level, and curricula 

choice of the schools within the sample population. Once the data cleaning process was 

complete, a one-way ANOVA was performed to determine whether a difference existed in 

student achievement among the curriculum choices. Data collection utilized Google Forms 

while statistical analysis was completed using Statistical Package for the Social Sciences 

(SPSS) to determine if the researcher would reject or fail to reject the null hypotheses. The 

dependent variables for each research question were the percentage of students who ranked at 

the advanced and mastery level on the LEAP, also phrased as student achievement, while the 

independent variable was the curriculum choice utilized by the corresponding school. 

Research questions one, two, and three were set up similarly in both the data collection and 

analysis process, with the only operational differences between questions relating to the 

specific grade level of each research question for third, fourth, or fifth grade, and the school 

year analyzed, 2016-2017, 2017-2018, and 2018-2019. Thus, the data was coded to reflect 

grade level, school year, percentage of students at the advanced or mastery level, and 
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curriculum choice within the sample population. The ANOVA allowed the researcher to 

compare the difference in mean student achievement between Tier 1, Tier 2, Tier 3, and non-

tiered curriculum choices to help reject or fail to reject the null hypotheses. An alpha level of 

.05 was set to evaluate the level of significance, which was a suitable value to reject or fail to 

reject the null hypotheses (Pelham, 2013). If the alpha level is less than .05, the null 

hypothesis will be rejected while an alpha level of .05 or higher would mean the null 

hypothesis would fail to be rejected. The researcher employed an ANOVA for data analysis 

because the researcher compared the means across four different groups, instead of an 

independent t-test that would only compare two groups at a time (Laerd Statistics, 2017). 

After the collection and analysis of data, the researcher will report the means and standard 

deviations of the dependent variable of each of the groups in Chapter Four. 

 While a t-test and ANOVA have differences, they share the same assumptions about 

the numerical data that must be scrutinized (Pelham, 2013). Laerd Statistics (2017) outlined 

the six assumptions for one-way ANOVA tests, which are outlined and applied to this 

specific study below. The first assumption that must be examined is the assumption that the 

dependent variable is continuous or measured in intervals. The dependent variable within this 

study, student achievement, was measured on a 0 to 100 percent scale, and therefore meets 

this assumption. Second, the independent variables of a one-way ANOVA should consist of 

at least two different groups or categories and often consists of three or more groups. This 

study had four groups of independent variables representing the different curriculum tiers: 

Tier 1, Tier 2, Tier 3, and non-tiered curriculum choices, which meet the criteria for 

assumption two. The third assumption addressed the need for independence of observation, 

meaning there was no relationship between groups or influence from the observation process 
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on the groups. Each school participant or achievement score was a part of one group and did 

not participate or influence another group. As a result, this assumption, like the previous two, 

was met.  

 The fourth assumption outlined by Laerd Statistics (201) related to outliers. The 

results from a one-way ANOVA can have reduced validity if outliers in the data are not 

accounted for and addressed. To potentially find outliers, the researcher examined the results 

of the LEAP scores, the dependent variable, for outliers within each independent variable 

grouping, the three LDOE tier groups and the additional non-tiered curriculum group. 

Boxplots for dependent variable results within each tier group were created and examined 

utilizing SPSS software to determine the existence of outliers (Laerd Statistics, 2017). 

Further discussion related to outliers, if they were present, are addressed in Chapter Four 

when the Google Form survey results are discussed. Assumption number five stated the 

dependent variable should have normal distribution, or approximately normal distribution, 

across each independent variable group. Once data was obtained, the Shapiro-Wilk test of 

normality was applied using the SPSS software. More discussion related to this can be found 

in Chapter Four with additional discussion related to survey results. The sixth and final 

assumption stated the data needs to have homogeneity of variances. This means the 

independent variables, each of the tiered curriculum groups, should have the same variance 

across the dependent variable, student achievement. This was analyzed by using Levene’s 

Test through the SPSS software. If this assumption is violated, a Welch ANOVA can be 

utilized using the SPSS software and is addressed again in Chapter Four. 

 Another consideration the researcher needed to address was effect size. While an 

ANOVA analysis with an alpha of .05 can help determine if a significant statistical 
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difference occurs (Pelham, 2013), it does not help describe the effect size. The strength of the 

association between the variables is referred to as effect size (Gay et al., 2009). When 

examining effect size, Cohen (1988) Partial Eta Squared guidelines for effect size were 

followed, in which a small effect size had a value near .01, a medium effect size near .06, and 

a large effect size near .14. The SPSS ANOVA analysis results table calculated the effected 

size following each ANOVA, which is reported in Chapter Four.  

 The researcher’s goal was to utilize the ANOVA to compare LEAP scores with 

curriculum choice to determine if a difference in student achievement occurred based on 

curriculum choice. Nine total ANOVA tests were performed. The first ANOVA examined 

third grade student achievement for the 2016-2017 school year across the four-tiered 

curriculum groups: Tier 1, Tier 2, Tier 3, and non-tiered curriculum choices. The second 

ANOVA examined fourth grade student achievement for the 2016-2017 school year across 

the four-tiered curriculum groups. The third ANOVA examined fifth grade student 

achievement for the 2016-2017 school year across the four-tiered curriculum groups. The 

fourth ANOVA examined third grade student achievement for the 2017-2018 school year 

across the four-tiered curriculum groups. The fifth ANOVA examined fourth grade student 

achievement for the 2017-2018 school year across the four-tiered curriculum groups. The 

sixth ANOVA examined fifth grade student achievement for the 2017-2018 school year 

across the four-tiered curriculum groups. The seventh ANOVA examined third grade student 

achievement for the 2018-2019 school year across the four-tiered curriculum groups. The 

eighth ANOVA examined fourth grade student achievement for the 2018-2019 school year 

across the four-tiered curriculum groups. The ninth ANOVA examined fifth grade student 

achievement for the 2018-2019 school year across the four-tiered curriculum groups. Again, 
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all ANOVA tests employed a .05 level of statistical significance to reject or fail to reject the 

null hypotheses (Pelham, 2013). If a difference exists, a Tukey’s Test for post hoc analysis 

would be utilized by the researcher to determine where the differences between groups 

specifically existed. It should also be noted if assumption six above is violated, a Games-

Howell post hoc test would be utilized instead of a Tukey post hoc test to account for the 

violation of assumption six, which will be addressed in Chapter Four should the need arise 

(Laerd Statistics, 2017).  

Summary 

 The purpose of Chapter Three was to convey the methodology utilized to determine 

whether a difference between curriculum material choice and student achievement exists. 

This quantitative, causal-comparative study utilized the LDOE curriculum material tier 

system to categorize curriculum materials along with LDOE student achievement data from 

the LEAP for the variables. Since multiple populations or tiers of curriculum materials 

existed, an ANOVA was used to examine whether differences existed. Both curriculum 

materials and student achievement data were gathered from the 2016-2017, 2017-2018, and 

2018-2019 school years through the use of a survey for curriculum material use and 

utilization of the open access data from the LDOE website for student achievement 

information. Next, Chapter Four focuses on communicating the results from this study now 

that the methodology has been outlined. Chapter Five consists of a summary to review the 

entire scope and sequence of this study, outlines the implications of the findings, and makes 

recommendations for future studies. 
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CHAPTER FOUR 

FINDINGS 

Introduction 

The combination of stagnant growth and a widening achievement gap in mathematics 

has educators, administrators, and policy makers searching for new ways to improve student 

learning and achievement. While several factors can influence student achievement, one of 

the prevailing avenues school districts have pursued to increase student achievement is using 

effective curricula materials (Koedel et al., 2017; Reys et al., 2003; Solomon et al., 2019; 

Superfine et al., 2010). Some recent studies suggest different curricula materials have 

varying impacts on student learning (Agodini et al., 2010; Bhatt & Koedel, 2012; Bhatt et al., 

2013; Cress, 2019; Koedel et al., 2017; Lein Authement, 2022; Polikoff, Petrilli, et al., 2020; 

Walsh, 2009; White, 2018). Yet, administrators are often unable to make better decisions 

related to instructional materials due to a lack of evidence on the impact of the materials 

being used (Blazar et al., 2020; Chingos & Whitehurts, 2012; Cummins-Colburn, 2007; 

Koedel et al., 2017; Polikoff, Campbell, et al., 2020; Ruggeri, 2021).  

The objective of Chapter Four is to convey the results of this curriculum materials 

study following the data collection process and subsequent testing of the data utilizing a one-

way ANOVA. To do this, the researcher sequenced Chapter Four to first restate the purpose, 

significance, and selection of Louisiana for this investigation, along with the research 

questions and null hypotheses to provide context for data analysis. This transitions to a 

review of the gathered data, presentation of the findings following the one-way ANOVA, 

sharing the research results, and transition to Chapter Five. 
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The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory (Gagne, 1962a, 1962b, 1965) and to compare math curricula choice to Louisiana 

Education Assessment Program (LEAP) math achievement for third, fourth, and fifth grade 

students in public schools within the state of Louisiana. The independent variable of interest, 

math curricula choice, was generally defined as curriculum materials. The dependent variable 

of interest was third, fourth, and fifth grade math LEAP achievement scores. Both recent and 

historical research showed a strong connection in mathematics education between the written 

curriculum within the textbook or program choice and the curriculum and instruction that 

takes place in the classroom (Arican, 2018; Ball & Cohen, 1996; Bellens et al., 2020; Eisner, 

1987; Elliott, 1990; Monaghan, 2013; Remillard, 2005; Ruggeri, 2021; Tyson & Woodward, 

1989; Walsh, 2009; Westbury 1990).  

Statistics have shown sustained curriculum material usage in recent years (Blazar at 

al., 2020; Koedel et al., 2017; Solomon et al., 2019), yet research related to what curriculum 

materials have been utilized by schools and the influence of curriculum materials on student 

learning has been hindered because nearly all the states do not track or record what 

curriculum materials have been used (Blazar et al., 2020; Hutt & Polikoff, 2018; Kane, 2016; 

Koedel et al., 2017; Polikoff, 2018). Of the few states that have gathered and reported data on 

curriculum materials, the data has suffered from misspellings or a general lack of 

organization and made it unviable or immensely difficult to use (Kane, 2016). The limited 

research related to what curriculum materials schools utilize presents a major roadblock 

when it comes to evaluating curriculum material use (Blazar et al., 2020; Cummins-Colburn, 

2007; Hutt & Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018). 
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In 2015, the state of Louisiana instituted legislative and educational changes related 

to their textbook adoption process. This brought about a renewed focus on the textbook as a 

means for student improvement and the development of Louisiana’s tiered textbook 

evaluation system (Kaufman et al., 2018) to help support educators with their curricula 

decisions. The lack of research on curricula materials combined with the state of Louisiana’s 

focus on curricula materials to help increase student achievement was a motivating factor 

that led the researcher to select the state of Louisiana for investigation. The tiered system 

consisted of curriculum materials rated as a Tier 1 through Tier 3 (LDOE, 2022). In addition 

to the Louisiana Department of Education’s tier groupings of curriculum materials, the 

researcher added the non-tiered curriculum materials category to the data to capture 

curriculum materials that might have been utilized by a school outside of the LDOE tier 

rankings.  

Research Questions 

The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory (Gagne, 1962a, 1962b, 1965) to compare math curricula choice to math Louisiana 

Education Assessment Program (LEAP) achievement for third, fourth, and fifth grade 

students in public schools within the state of Louisiana. Several questions were examined 

within this study related to the difference of math curriculum material choice and Louisiana 

student achievement on the LEAP: 

RQ1. What are the differences in advanced and mastery level third grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices?  
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RQ1a. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017? 

RQ1b. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018? 

RQ1c. What are the differences in advanced and mastery level third grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019? 

RQ2. What are the differences in advanced and mastery level fourth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices? 

RQ2a. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017?  

RQ2b. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018?  

RQ2c. What are the differences in advanced and mastery level fourth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019?  
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RQ3. What are the differences in advanced and mastery level fifth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices?  

RQ3a. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017?  

RQ3b. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018? 

RQ3c. What are the differences in advanced and mastery level fifth grade 

math student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 

1, Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019?  

Null Hypotheses 

The researcher utilized Louisiana Department of Education (LDOE) data to examine 

the math achievement scores of all public Louisiana school districts for grades three through 

five to scrutinize the null hypotheses:  

H₀1: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for third grade students as measured by the LEAP. 

H₀1a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 
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at the advanced and mastery level for third grade students as measured by the LEAP in 2016-

2017. 

H₀1b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for third grade students as measured by the LEAP in 2017-

2018. 

H₀1c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for third grade students as measured by the LEAP in 2018-

2019. 

H₀2: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fourth grade students as measured by the LEAP. 

H₀2a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2016-2017. 

H₀2b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 
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Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2017-2018. 

H₀2c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fourth grade students as measured by the LEAP in 

2018-2019. 

H₀3: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fifth grade students as measured by the LEAP.  

H₀3a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2016-

2017.  

H₀3b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2017-

2018.  
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H₀3c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, 

and other non-tiered curriculum material choices from the Louisiana Department of 

Education will have no statistically significant difference on mathematic student achievement 

at the advanced and mastery level for fifth grade students as measured by the LEAP in 2018-

2019. 

Analysis of the researcher’s data and findings are summarized below. Regarding the 

data, the next section outlines the data sample, the demographics, and the data cleaning 

process utilized by the researcher. Concerning the research findings, the section includes 

each null hypothesis, research question, and corresponding tested assumptions. This is 

followed by the actual research findings, summary of the data analyzed, and interpretation of 

outcomes and summary of overall results. To conclude, assertions to either reject or fail to 

reject the null hypotheses are presented based on the ANOVA results and transition to 

Chapter Five. 

Data Analysis and Findings 

 This study examined what curriculum materials were utilized within the state of 

Louisiana for third, fourth, and fifth grades to discover whether student achievement differed 

based on curriculum material choice. To determine if a difference existed between 

curriculum material choice and student achievement, the researcher used data from the 

Louisiana Education Assessment Program (LEAP). During this study, the independent 

variable of interest, math curricula choice, was commonly defined as curriculum materials. 

The dependent variable of note was third, fourth, and fifth grade math LEAP achievement 

scores. It was then the aim of the researcher to send out a survey to administrators within 

Louisiana and gather at least 180 responses, approximately 45 from each of the four-
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curriculum material tiers: Tier 1, Tier 2, Tier 3, and non-tiered group, with the addition of the 

non-tiered group by the researcher to gather data from schools that did not utilize a 

curriculum listed within the existing three LDOE tiers. Once enough surveys were received, 

SPSS statistical software was used to initiate an ANOVA to test the null hypotheses. 

Sample 

Participants in this study included all public elementary schools in the state of 

Louisiana containing LEAP data on the LDOE website with a large enough sample size for 

analysis. Data for the LEAP required 10 or more participants, student scores, within a group 

for public disbursement of the results (LDOE, 2019b). Specifically, for this study, the 

participants included public schools with math LEAP achievement data for grades three, 

four, and five for testing years 2016-2017, 2017-2018, and 2018-2019. Each school that met 

the above criteria provided a possible data point and would be considered a qualifying school 

that met the purposive sampling conditions. To collect the specific data required for this 

study, the researcher distributed a survey to all school administrators within the 72 school 

parishes, districts, or similar designations in Louisiana who served in public schools that met 

the above qualifying conditions. Included within the survey was the purpose of the survey, 

the survey questions, and informed consent acknowledgment. The data sample for the 

investigation was built from all the principals who completed the survey, in addition to the 

LDOE provided data. However, during the data gathering process, several principals 

mentioned the need for administrative approval at the parish or district level and did not have 

authorization at the individual building level to participate in the survey. At that point the 

researcher expanded email distribution beyond the initial survey to building principals and 

initiated contact with parish administrators and educational leaders to gain the needed 
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information. In some cases, the parish level approval granted principals the authorization to 

complete the survey and in other cases the parish level administrator provided partial or 

comprehensive data for the entire school parish. As a result, the final data sample was 

assembled from what was gathered from the LDOE, surveys to principals, and contact from 

parish level administrators. The total number of data points collected for each year, for each 

grade level, are listed in Table 4. Additional details related to data source, data tier 

distribution, and specific curriculum material within each tier for the gathered data can be 

found in Appendix G (see Tables G1-G5). 

Table 4 

Collected Data by Year and Grade 

School Year Grade School Participation 
(Collected Data Points) 

Total Schools  

2016-2017 3 336 786 

 4 336 778 

 5 332 757 

2017-2018 3 586 789 

 4 583 782 

 5 575 764 

2018-2019 3 580 761 

 4 585 770 

 5 574 751 
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Demographics 

 The previously mentioned data sample was gathered from the state of Louisiana, 

which had a total student enrollment ranging from 717,000 to 721,000 students per year from 

2016-2017 to 2018-2019. These students were instructed from 1,420 different building 

locations, of which between 750 and 790 were elementary buildings (2019b) and were the 

focus of this study. The most prominent two racial/ethnic groups for each year were white 

students and black students. Most of the LDOE provided data consisting of percentages for 

the entire school population of the state, with the only grade specific details consisting of the 

specific number of students within each grade (LDOE, 2019c). 

Table 5 

Demographics  

School 
Year 

3rd 
Grade 

Students 

4th 
Grade 

Students 

5th 
Grade 

Students 
White Black 

Limited 
English 

Proficiency 

Economically 
Disadvantaged 

2016-
2017 

56,584 56,225 53,636 44.98% 43.89% 3.28% 71.6% 

2017-
2018 

55,317 55,779 55,387 44.64% 43.59 3.53% 69.23% 

2018-
2019 

52,896 54,753 54,887 44.24% 43.17% 3.68% 69.78% 

 
Note. Data and column titles were sourced from LDOE (2019c). 

Data Cleaning 

Upon completion of the data gathering process and organization of the results, the 

data cleaning process commenced to help ensure accurate results. This process first involved 

the examination of the data gathered by the researcher and then analysis of the gathered data 

to determine the degree to which the collected data adhered to or violated one-way ANOVA 
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assumptions four, five, and six previously mentioned in Chapter Three. Regarding the 

gathered data, the research survey was designed to intentionally limit issues such as 

misspellings, conflicts with duplicated school names from different parishes, extraneous 

answers, partially completed surveys, and similar issues. This was done through the 

utilization of drop-down lists with all possible parish, school, grade level, and LDOE 

curriculum tier choices entered beforehand. Then, the survey was sequenced in a way that 

required participation to first acknowledge informed consent, select the school parish, select 

a school’s name with site code identifier, and then start selecting the grade level(s) and 

curriculum material(s) within the school building for each year. Because of this sequence, 

partly finished survey results were functional since the essential identifiable information was 

already completed for the survey. Thus, the two primary efforts related to data cleaning from 

the survey centered around a review of the data to make sure each school building did not 

provide duplicate data points by one administrator or two administrators completing 

information for the same building, which after review did not occur. The second step in the 

process was to review the survey results to make sure there were no extraneous answers or 

data points the Google Forms organization did not naturally resolve, which after review did 

not occur.  

Despite the ease of the survey data cleaning process, the researcher still needed to 

reconcile situations where the principal survey results, district level administrator survey 

results, and/or shared curriculum material information and LDOE provided information did 

not align. In some cases, nonalignment was not an issue if the different results consisted of 

two or more answers within the same LDOE tier, since placement into correct tier instead of 

identifying the exact curriculum material was the focus of the investigation. When the three 
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sources of information did not fully align, but two of the three sources did, the researcher 

used the information the two sources aligned provided instead of the source from the one 

outlier, which only occurred with four school locations and impacted 18 total data points 

across all three years for all three grades. A conflict where all three sources of information 

had no commonality did not occur.  

This left the researcher to determine how to resolve situations where two sources of 

information disagreed, which only took place for the 2017-2018 and 2018-2019 school years. 

The total data point disputes between two sources were limited to 27 individual data points, 

spread across 10 different school buildings. In those instances, the researcher initially 

defaulted to using the LDOE provided data since it was gathered closer to the actual school 

year in 2020 or earlier instead of when the researcher conducted the research in spring of 

2023. However, the researcher did use the principal survey results instead of the LDOE data 

if the principal data accurately aligned with either the LDOE data or parish level 

administrator data at other data points consistently to account for pilot program migration 

when curriculum material shifts occurred, slow adopters of new curriculum material shifts, 

and to reflect the principal’s knowledge of what had occurred in the building. Using the 

above framework as a guide, the 27 data points that were not aligned when two sources were 

provided resulted in the researcher utilizing the LDOE data for 16 data points and the 

principal survey for nine data points for curriculum tier choice. For one school location, that 

impacted three data points, a principal survey and district administration information did not 

align: 2017-2018. In that instance, the principal information that was provided was 

inconsistent with other principal surveys within the same school parish and parish level 
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administrator information provided to the researcher, thus the researcher utilized the parish 

level provided information that was consistent with other schools in the parish at that time.  

Regarding the LEAP data provided by the LDOE the researcher needed to address 

two situations that required data cleaning. First was the adjustment of LEAP data for 

advanced and mastery school performance reported as “< 1” to the value of “1” to allow 

those fields to be included in the calculations. Second was the removal of data points that had 

an “NR” in place of a number value, which indicated the sample population was below 10 

and not reported and therefore not of use for this study (LDOE, 2019b). Once data cleaning 

related to the gathered data was complete, the second part of the data cleaning process of 

evaluating the final three assumptions for utilization of a one-way ANOVA proceeded. The 

final three assumptions were previously mentioned in Chapter Three along with the first 

three assumptions and justification for the data passing the initial three assumptions. 

Assumptions. The first of the remaining three assumptions the researcher examined 

was assumption four, outliers. The results from a one-way ANOVA can have reduced 

validity if outliers in the data are not accounted for and addressed (Laerd Statistics, 2017). 

Therefore, the researcher examined outliers in three different ways. The of which was to 

locate outliers within the data and examine the accuracy of the recorded data. Within the 

recorded data, two types of outliers were found. First were values that showed 100 percent or 

101 percent of students scoring in the advanced or mastery range. In both cases the 

researcher reviewed the data provided by the LDOE to confirm the data records were 

accurate. After review, the records used for data analysis were consistent with the LDOE 

records. While cases of 100 percent of the students scoring advanced or mastery were not 

common, it did occur within most of the nine data samples for this study one or more times. 
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As for the 101 percent, the LDOE acknowledges that different techniques were used within 

their reports for privacy reasons, which may impact totals but not impact the usability of the 

data (LDOE, 2019b). As a result, these data points were used and kept at the LDOE reported 

totals. 

The second step of the three-step process used to examine outliers, involved the 

utilization of SPSS to locate outliers through descriptive statistics and boxplots, which 

followed the procedures outlined in Chapter Three. Results from the data gathering process 

extended across three academic years, comprising three grades per year, with data from Tier 

1, Tier 3, and non-tiered groups for each grade. This created 27 individual data subgroups, 

three per ANOVA, that required examination of outliers for the nine total ANOVA tests. 

Within SPSS, running the Explore procedure facilitated the creation of boxplots and 

descriptive statistics to examine outliers, which were indicated by data values one and a half 

times the interquartile range (IQR) below the first quartile or above the third quartile for each 

individual subgroup of data. Of the 27 data subgroups, no outliers were found below the 

minimum of the boxplots for any of the data sets, but outliers were found above the 

maximum for 13 of the 27 subgroups utilizing SPSS boxplot calculations (see Appendices K, 

L and M). In four of those 13 instances, the outliers were within five percentage points of the 

maximum, with outlier values in those data sets originating with values 95, 97, 97 and 99.5 

out of the highest potential value limit of 100. Additionally, the number of outliers within 

each subgroup represented five or fewer data points for 10 of the 13 subgroups. The 

remaining three subgroups had outlier totals of eight, nine, and nine, but had total samples 

sizes of 463 or more data points within each subgroup. Related, all subgroups with one 

outlier had 23 or more data points and all subgroups with two or more outliers had at least 59 
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data points. Additionally, none of the outlier values within the 13 data sets were extreme 

outliers, indicated by a value of three times the IQR above the third quartile, instead of one 

and a half times the interquartile range (IQR) for traditional outliers. While a few outliers can 

impact results, sample size was important because the degree to which outliers impact 

outcomes is typically lessened with larger samples sizes (Bloom, 2020; Liao et al., 2016), 

allowing the research approach to continue as prepared (Burns McOmber, 2020; Field, 

2013). The tables below (see Tables 6, 7, and 8) detail key outlier information for each of the 

three school years of this study. 
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Table 6 

2016-2017 Outlier Information per Tier Group by Grade within Tier  

Grade Tier 
Sample 
Size (n) 

Boxplot Q3 
Value 

Maximum 
Value (Q4) 

Number of 
Outliers 

Outlier 
Values 

3rd 1 274 56 98 2 100, 100 

 3 59 57 94 0 - 

 
Non-
tiered 

3 69 69 0 - 

4th 1 273 53 98 0 - 

 3 60 50.75 93 0 - 

 
Non-
tiered 

3 74 74 0 - 

5th  1 271 44 83 5 
89, 89, 98, 

98, 100 

 3 59 40 75 2 87, 91 

 
Non-
tiered 

2 N/A 31 0 - 

 
Note. The upper limit of values was 100. A dash designation, (-), indicated not applicable. 
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Table 7 

2017-2018 Outlier Information per Tier Group by Grade within Tier  

Grade Tier 
Sample 
Size (n) 

Boxplot 
Q3 Value 

Maximum 
Value (Q4) 

Number 
of Outliers 

Outlier Values 

3rd 1 471 55 97 4 98, 100, 100, 100 

 3 92 47 81 3 90, 98, 100 

 
Non-
tiered 

23 44.25 73 1 100 

4th 1 468 52 97 3 99, 100, 100 

 3 92 47.5 90 0 - 

 
Non-
tiered 

23 43 69 1 90 

5th  1 463 41 77 9 
83, 84, 85, 86, 
89, 91, 94, 95, 

100 

 3 90 38.25 76 3 84, 86, 88 

 
Non-
tiered 

22 29.5 46 1 78 

 
Note. The upper limit of values was 100. A dash designation, (-), indicated not applicable. 
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Table 8 

2018-2019 Outlier Information per Tier Group by Grade within Tier  

Grade Tier 
Sample 
Size (n) 

Boxplot 
Q3 Value 

Maximum 
Value (Q4) 

Number of 
Outliers 

Outlier Values 

3rd 1 569 54 95 8 
98, 98, 98, 99, 
100, 100, 100, 

101 

 3 3 60 60 0 - 

 
Non-
tiered 

8 66.75 97 0 - 

4th 1 572 54 100 0 - 

 3 4 65 68 0 - 

 
Non-
tiered 

8 59.25 94 0 - 

5th  1 568 45.75 88 9 
89, 91, 92, 93, 94, 

96, 96, 98, 100 

 3 4 47.75 85 0 - 

 
Non-
tiered 

2 N/A 92 0 - 

 
Note. The upper limit of values was 100 and the inclusion of value 101 was previously 

discussed above. A dash designation, (-), indicated not applicable. 

The final step, the researcher used to gauge the consequences of outliers was to 

perform the ANOVA without the outliers in the data set to determine if those altered the 

findings (Laerd Statistics, 2017). Once outliers were removed from the data sets containing 

outliers, assumptions tests were repeated and the subsequent ANOVA was conducted without 
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the outliers. In the 2016-2017 and 2018-2019 school year results, six of the nine ANOVAs 

mirrored the original results once the outliers were removed. However, all three grade levels 

for the 2017-2018 year showed important changes after the removal of outliers, including the 

2017-2018 third grade ANOVA results shifting from nearly statistically significant, to 

statistically significant. More discussion related to results with and without outliers for 

specific subgroups from the ANOVA results will take place with the presentation of findings 

section later in Chapter Four.  

Laerd Statistics (2017) indicated it is reasonable to maintain the inclusion of outliers 

in data sets when it is believed the outliers had no material effect on the results of the study 

but did not indicate a protocol for varying and inconsistent effects on the study. In addition to 

the three methods for examining outliers mentioned above, Laerd Statistics (2017) along with 

Liao et al. (2016), placed a general emphasis on transparency regarding outliers when there 

was no valid reason to remove them along with an acknowledgement there is not a 

universally accepted procedure regarding outliers. The removal of outliers in general should 

be set aside for measurement and recording errors (Liao et al., 2016) and is typically a last 

resort accompanied by discussion related to their values or impact on the outcome of the 

study (Laerd Statistics, 2017). But it is also unwise to ignorantly keep outliers without 

examining the impact of keeping the outliers (Judd et al., 2017), which supported Laerd 

Statistics (2017) view and the researcher’s effort to explore the data results with and without 

outliers. Utilizing the above information as a guide, the researcher kept the outliers within the 

data sample after examining how the inclusion or removal of outliers impacted ANOVA 

outcomes, determining if outliers exceed three times the IQR above the third quartile to 

indicated extreme outliers, and inspecting the recorded data from the LDOE for accuracy. 
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However, additional commentary in the following sections of Chapter Four detail results 

with and without outliers to provide full transparency and a better overall understanding of 

the data for how samples with and without outliers impacted results (Liao, et al., 2016).  

The next assumption that required examination was the test of normality utilizing a 

Shapiro-Wilk test, as previously mentioned in Chapter Three, to examine assumption five. 

Upon completion of the Shapiro-Wilk test, the results showed 21 of the 27 subgroups 

comprising the nine ANOVA tests rejected the Shapiro-Wilk null hypothesis (p < .05), 

indicating non-normality, compared to a value to not reject the null hypothesis (p > .05) 

which would support normality (see Table 9). However, most of the subgroups either 

exceeded or were well under the original goal of approximately 45 data points per subgroup, 

so it was not surprising that the Shapiro-Wilk test failed to support normality with sample 

sizes either significantly less than or greater than 50 (Demir, 2022; George & Mallery, 2005; 

Field, 2013; Laerd Statistics, 2017). While the robust ability of an ANOVA to withstand 

violations of normality has been documented (Judd, et al., 2017; Field, 2013; Laerd Statistics, 

2017), the researcher did not conclude the results of this study should rest on the ANOVA 

inherent strength against non-normality alone. Further consideration to support or not support 

the results of the ANOVA involved the assumption of normality derived from the Central 

Limit Theorem’s affirmation of normality with larger sample sizes, typically numbering 

between 30 and 40 (Delacre et al., 2019; Field, 2013; Laerd Statistics, 2017), with some 

suggesting an acceptable as low as 25 (Bloom, 2020). With larger samples size, it is also 

suggested to use visual tools such as histogram distribution and Q Q-Plots to evaluate 

normality (Laerd Statistics, 2017; Appendices K, L and M). Additional discussion and tables 
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related to detailed normality examination of the data can be found in Appendix N (see Tables 

N1-N5). 

Table 9 

Shapiro-Wilk Test of Normality per Curriculum Tier by Year and Grade 

School 
Year 

Grade 
Tier 1 

Sample 
Size (n) 

Tier 1 
Shapiro-
Wilk (p) 

Tier 3 
Sample 
Size (n) 

Tier 3 
Shapiro-
Wilk (p) 

Non-
tiered 

Sample 
Size (n) 

Non-tiered 
Shapiro-
Wilk (p) 

2016-
2017 

3 274 < .001 59 .234 3 .873 

 4 273 < .001 60 .022 3 .659 

 5 271 < .001 59 < .001 2 - 

2017-
2018 

3 471 < .001 92 < .001 23 .002 

 4 468 < .001 92 < .001 23 .101 

 5 463 < .001 90 < .001 22 .005 

2018-
2019 

3 569 < .001 3 .503 8 .065 

 4 572 < .001 4 .675 8 .037 

 5 568 < .001 4 .712 2 - 

 
Note. Shapiro-Wilk test supports normality if p > .05. A dash designation, (-), indicated not 

applicable.  

 Assumption six, homogeneity of variance, was the final assumption the researcher 

needed to examine through the data cleaning process to confirm results were valid. Laerd 

Statistics (2017) and Field (2013) highlighted the robustness of ANOVA in overcoming 

violations of variance, but also indicated the robustness diminishes when sample sizes are not 
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relatively equal, which was the case with the data gathered for this study. To check for 

homogeneity of variance, the Levene’s test was applied to the nine data groups for each 

ANOVA, the results are shown in Table 10 below.  

Table 10 

Levene’s Test of Equality of Variance by Year and Grade 

School Year Grade Levene’s 
Statistic df1 df2 Significance 

(p) 

2016-2017  3 .1 2 333 .908 

 4 .33 2 333 .722 

 5 .45 2 329 .638 

2017-2018  3 .71 2 583 .493 

 4 .03 2 580 .966 

 5 .33 2 572 .719 

2018-2019 3 .9 2 577 .406 

 4 .53 2 581 .591 

 5 2.05 2 571 .13 

 
Note. Levene’s test supports equality of variance if p > .05. 

Presentation of Findings, Tables, and Statistical Conclusions 

RQ1. What are the differences in advanced and mastery level third grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices? 

H₀1. Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 
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have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for third grade students as measured by the LEAP. 

 The researcher examined research question one (RQ1) through the utilization of one-

way ANOVAs for the three related sub-questions. To compare the differences in advanced 

and mastery level third grade math student achievement scores for 2016-2017 (RQ1a), 2017-

2018 (RQ1b), and 2018-2019 (RQ1c) between Tier 1, Tier 2, Tier 3, and other non-tiered 

curriculum material choices, ANOVAs were conducted for each individual research sub-

question. Supporting details and results of the three different one-way ANOVAs are 

presented in the below section, along with rejection or failure to reject the null hypotheses for 

2016-2017 (Ho1a), 2017-2018 (Ho1b), and 2018-2019 (Ho1c). The indication of statistical 

significance for each ANOVA was set at a p value of .05, thus a p < .05 to reject the null 

hypothesis for all research questions and sub-questions. To assure validity of ANOVA 

results, an examination of outlier data points, normality of distribution, and homogeneity of 

variance were scrutinized. Outlier inspection was done by boxplots and comparison of 

ANOVA results with and without outliers. Normality enquiry was initiated with the Shapiro-

Wilk test of normality, which suggests normal distribution if the null hypothesis is not 

rejected (p > .05), followed by additional examination of skewness and kurtosis values and 

histograms and Q Q-Plots. Finally, the assumption of variance was analyzed with Levene’s 

Test for Equality of Variance which supports normality when the null hypothesis is not 

rejected (p > .05). 

RQ1a: What are the differences in advanced and mastery level third grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017? 
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Ho1a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for third grade students as measured by the LEAP in 2016-2017. 

Table 11 

2016-2017 Grade 3 Descriptive Statistics With and Without Outliers 

Outliers 
Included Tier n Mean SD SE 95% LL 95% UL Min. Max. 

Yes 1 274 42.28 20.07 1.21 39.9 44.67 2 100 

 3 59 41.47 21.01 2.74 36 46.95 3 94 

 4 3 44 26.06 15.04 -20.73 108.73 17 69 

 Total 336 42.16 20.22 1.1 39.99 44.33 2 100 

No 1 272 41.86 19.52 1.18 39.53 44.19 2 98 

 3 59 41.47 21.01 2.74 36 46.95 3 94 

 4 3 44 26.06 15.04 -20.73 108.73 17 69 

 Total 334 41.81 19.78 1.08 39.68 43.94 2 98 

 



 
 

120 

Table 12 

One-Way ANOVA of Third Grade 2016-2017 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 42.13 2 21.07 .05 .95 .00 

 Within 
groups 136,944.51 333 411.25    

 Total 136,986.64 333     

No Between 
groups 21.71 2 10.86 .03 .973 .00 

 Within 
groups 130,233.4 331 393.45    

 Total 130,255.12 333     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  

For RQ1a, a one-way ANOVA was conducted to determine the difference in third 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2016-2017 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 274), Tier 3 (n = 59), and non-tiered (n = 3), with 

non-tiered designated as Tier 4 when numerical association was needed (see Table 11). There 

were no outliers within Tier 3 or the non-tiered data groups, but outliers were present within 

Tier 1 (see Table 6; Figure H1), as assessed by boxplots; data groups were normally 

distributed for the Tier 3 and non-tiered groups, as assessed by Shapiro-Wilk's test (p > .05), 

with Tier 1 indicating non-normality (p < .05; see Table 9); and there was homogeneity of 

variances, as assessed by Levene's test of homogeneity of variances (p = .908; see Table 10). 

The LEAP scores increased from Tier 3 (M = 41.47, SD = 21.01) to Tier 1 
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(M = 42.28, SD = 20.07) to non-tiered (M = 44, S = 26.06), in that order, but the differences 

between these curriculum material groups were not statistically 

significant, F(2, 333) = .05, p = .95 (see Tables 11 and 12). The group means were not 

statistically significantly different (p > .05). Therefore, we cannot reject the null hypothesis 

and we cannot accept the alternative hypothesis. 

 Since all the data groups within RQ1a did not satisfy all the ANOVA related 

assumptions based on the original guidelines outlined within Chapter Three, additional 

analysis and reporting was needed to support the validity and provide transparency of these 

results. For data within RQ1a there were two outliers in Tier 1 data and none within Tier 3 or 

the non-tiered data (see Table 6; Figure H1), as assessed by inspection of a boxplot for values 

greater than 1.5 box-lengths from the edge of the box. After analysis of outlier values, the 

researcher concluded the outlier values were recorded accurately, contained no extreme 

outliers (greater than three box-lengths from the edge of the box), and did not influence the 

results in a substantial manner (Laerd Statistics, 2017), with ANOVA results containing 

outliers resulting in a significance of p = .95 and without outliers at a significance of p = .973 

(see Table 12). As a result, the researcher continued investigating RQ1a with the data as the 

researcher originally collected it. 

The LEAP scores within the RQ1a data groups were normally distributed for the Tier 

3 and non-tiered groups, as assessed by Shapiro-Wilk's test (p > .05) but showed Tier 1 

departed from normality (see Table 9). The result for Tier 1 was not surprising because the 

sample size with that tier was greater than 50 (see Table 9), which can cause the Shapiro-

Wilk test to fail the assumption of normality even if normality was present (George & 

Mallery, 2005; Field, 2013; Laerd Statistics, 2017). Additional methods for normality 
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conducted by the researcher to either affirm or reject normality for Tier 1 included values of 

skewness and kurtosis thresholds that would affirm or reject normality (see Table N5) and 

visual examination of histograms and Q Q-Plots (see Appendix K) with additional discussion 

within Appendix N.  

Figures from Table N5 showed Tier 1 skewness and kurtosis values (absolute values) 

were within ranges that supported normality with skewness values for Tier 1 and Tier 3 

similarly skewed. While non-tiered data was skewed differently, the low sample size of that 

group limited the comparison reliability to the other groups. Following visual examination, 

Tier 1 data was not perfectly normal, but approximately normally distributed, as assessed by 

visual inspection of the histogram. Likewise, data for Tier 1 was not perfectly normal, but 

approximately normally distributed, as assessed by visual inspection of a Normal Q-Q Plot 

(see Figure K1 and K2). Given the robustness of ANOVA to overcome violations of 

normality (Judd, et al., 2017; Field, 2013; Laerd Statistics, 2017) and based on the 

assumption of normality derived from the Central Limit Theorem’s affirmation of normality 

with larger sample sizes (Delacre et al., 2019; Field, 2013; Laerd Statistics, 2017), the 

ANOVA results could be reliably considered for RQ1a even though distribution was not 

perfectly normalized, with additional backing from the above numerical evaluation methods 

and visual examinations to reliably support the RQ1a results. 

RQ1b: What are the differences in advanced and mastery level third grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018? 

Ho1b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 
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have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for third grade students as measured by the LEAP in 2017-2018. 

Table 13 

Descriptive Statistics for Third Grade 2017-2018 With and Without Outliers 

Outliers 
Included Tier n Mean SD SE 95% LL 95% UL Min. Max. 

Yes 1 471 40.74 19.47 0.9 38.98 42.5 4 100 

 3 92 35.88 22.12 2.31 31.30 40.46 4 100 

 4 23 36.13 19.78 4.12 27.58 44.68 14 100 

 Total 586 39.8 19.97 0.83 38.17 41.42 4 100 

No 1 467 40.24 18.77 0.87 38.53 41.94 4 97 

 3 89 33.85 19.44 2.06 29.76 37.95 4 81 

 4 22 33.23 14.38 3.07 26.85 39.6 14 73 

 Total 578 38.99 18.88 0.79 37.44 40.53 4 97 
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Table 14 

One-Way ANOVA of Third Grade 2017-2018 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 2,138.25 2 1069.13 2.7 .068 .009 

 Within 
groups 231,217.17 583 396.6    

 Total 233,355.43 585     

No Between 
groups 3,802.84 2 1901.42 5.42 .005 .019 

 Within 
groups 201,755.06 575 350.88    

 Total 205,557.89 577     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  

For RQ1b, a one-way ANOVA was conducted to determine the difference in third 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2017-2018 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 471), Tier 3 (n = 92), and non-tiered (n = 23), with 

non-tiered designated as Tier 4 when numerical association was needed (see Table 13). There 

were outliers present within Tier 1, Tier 3, and the non-tiered group (see Table 7; Figure H2), 

as assessed by boxplots; data groups were not normally distributed for the Tier 1, Tier 3, and 

non-tiered groups, as assessed by Shapiro-Wilk's test (p < .05; see Table 9); and there was 

homogeneity of variances, as assessed by Levene's test of homogeneity of variances 

(p = .493; see Table 10). The LEAP scores increased from Tier 3 (M = 35.88, SD = 22.12) to 

Tier 4 (M = 36.13, SD = 19.78) to Tier 1 (M = 40.74, SD = 19.47), in that order, but the 
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differences between these curriculum material groups were not statistically 

significant, F(2, 583) = 2.696, p = .068 (see Tables 13 and 14). The group means were not 

statistically significantly different (p > .05). Therefore, we cannot reject the null hypothesis 

and we cannot accept the alternative hypothesis. 

 Since all the data groups within RQ1b did not satisfy all the ANOVA related 

assumptions based on the original guidelines outlined within Chapter Three, additional 

analysis and reporting was needed to support the validity and provide transparency of these 

results. For data within RQ1b there were four outliers in Tier 1, three outliers for Tier 3, and 

one outlier for the non-tiered group (see Table 7; Figure H2), as assessed by inspection of a 

boxplot for values greater than 1.5 box-lengths from the edge of the box. After analysis of 

outlier values, the researcher concluded the outlier values were recorded accurately, 

contained no extreme outliers (greater than three box-lengths from the edge of the box), but 

did influence the results in a substantial manner (Laerd Statistics, 2017), with ANOVA 

results containing outliers resulting in a significance of p = .068 and without outliers at a 

significance of p = .005 (see Table 14). As a result, the researcher continued investigating 

RQ1b with the data as the researcher originally collected it but also repeated all assumption 

tests without outliers since the ANOVA results with outliers were nearly statistically 

significant and the results without outliers were statistically significant. More discussion 

related to the RQ1b data without outliers will take place after the presentation of the data 

with outliers. 

The LEAP scores within the RQ1b data groups were non-normally distributed for the 

Tier 1, Tier 3, and non-tiered groups, as assessed by Shapiro-Wilk's test (p < .05; see Table 

9). The result for Tier 1 and Tier 3 were not surprising because the sample size with those 
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tiers were greater than 50 (see Table 9), which can cause the Shapiro-Wilk test to fail the 

assumption of normality even if normality was present (George & Mallery, 2005; Field, 

2013; Laerd Statistics, 2017). Additional methods for normality conducted by the researcher 

to either affirm or reject normality for Tier 1 and Tier 3, along with the non-tiered group, 

included values of skewness and kurtosis thresholds that would affirm or reject normality 

(see Table N5), visual examination of histograms and Q Q-Plots (see Appendix K), with 

additional discussion within Appendix N. 

Figures from Table N5 showed Tier 1 and Tier 3 skewness and kurtosis values 

(absolute values) were within ranges that supported normality, which was not the case for the 

non-tiered group; but skewness values for Tier 1, Tier 3, and non-tiered data groups were 

similarly skewed. Following the visual examination, Tier 1 and Tier 3 were not perfectly 

normal, but Tier 1 was approximately normally distributed, with Tier 3 moderately reflecting 

normality, as assessed by visual inspection of their histograms, with the non-tiered group not 

indicating normality. Likewise, data for Tier 1 and Tier 3 were not perfectly normal, but Tier 

1 was approximately normally distributed, as assessed by visual inspection of a Normal Q-Q 

Plot, with Tier 3 moderately reflecting normality, with the non-tiered group not indicating 

normality (see Figures K3-K8). Given the robustness of ANOVA to overcome violations of 

normality (Judd, et al., 2017; Field, 2013; Laerd Statistics, 2017) and based on the 

assumption of normality derived from the Central Limit Theorem’s affirmation of normality 

with larger sample sizes (Delacre et al., 2019; Field, 2013; Laerd Statistics, 2017), the 

ANOVA results could be cautiously considered for RQ1b even though distribution was not 

perfectly normalized, with additional backing from the above numerical evaluation methods 

and visual examinations to cautiously support the RQ1b results. 
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As mentioned above, the outliers within RQ1b did impact the results in a substantial 

manner, which prompted the researcher to examine and share ANOVA and assumption 

results that did not include the outliers to ensure validity and transparency of the results 

(Laerd Statistics, 2017; Liao, et al., 2016). Additionally, the researcher reexamined Tier 1 

and Tier 3 results with outliers, excluding the non-normalized non-tiered group, with an 

independent t-test, which is the traditional test when only two independent variables are 

utilized (Laerd Statistics, 2017). Since Tier 1 and Tier 3 data met the Central Limit Theorem 

threshold and other assumption criteria for approximately normal distribution in addition to 

the other ANOVA assumptions, which mirror the required assumptions for the independent t-

test (Laerd Statistics, 2017; Pelham, 2013), the transition to independent t-test analysis 

presented a swift opportunity to gain additional insight into the relationship between 

curriculum material choice and student achievement. 

 For the independent t-test, including outliers, there were 471 Tier 1 scores and 92 

Tier 3 scores (see Table 13). An independent-samples t-test was run to determine if there 

were differences in student achievement between Tier 1 and Tier 3 curriculum materials. 

There were outliers present within Tier 1 and Tier 3 (see Table 7; Figure H2), as assessed by 

inspection of boxplots. Student achievement scores for both Tier 1 and Tier 3 were not 

normally distributed, as assessed by Shapiro-Wilk's test (p < .05; see Table 9) but had 

acceptable normality for analysis through the criteria outlined above and support from 

Appendix N, and there was homogeneity of variances, as assessed by Levene's test for 

equality of variances (p = .348; see Appendix O). The student achievement scores were 

greater in Tier 1 (M = 40.74, SD = 19.47) than Tier 3 scores (M = 35.88, SD = 22.12), a 

statistically significant difference, M = 4.86, 95% CI [0.39, 9.32], t(561) = 2.14, p = .033, 
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d = .24 (see Appendix O). There was a statistically significant difference between means 

(p < .05), and therefore, we can reject the null hypothesis and accept the alternative 

hypothesis. 

Once RQ1b outliers were removed, a one-way ANOVA was conducted to determine 

the difference in third grade student achievement scores (based on advanced and mastery 

achievement percentages on the 2017-2018 LEAP) for schools with different curriculum 

materials. Participants were classified into three groups: Tier 1 (n = 467), Tier 3 (n = 89), and 

non-tiered (n = 22), with non-tiered designated as Tier 4 when numerical association was 

needed. There were no outliers within Tier 1 and Tier 3, but one new outlier developed 

within the non-tiered group (see Appendix P), as assessed by boxplots; the non-tiered group 

was normally distributed, as assessed by Shapiro-Wilk's test (p > .05), with Tier 1 and Tier 3 

indicating non-normality (p < .05) but revealing approximately normal distribution through 

other normality methods (see Appendix Q) with additional support from Appendix N; and 

there was homogeneity of variances, as assessed by Levene's test of homogeneity of 

variances (p = .233; see Appendix Q). Data is presented as mean ± standard deviation. Scores 

from the LEAP were statistically significantly different between different curriculum 

material groups, F(2, 575) = 5.42, p = .005 , ղp
2 = .019 (see Appendix R). The LEAP scores 

increased from non-tiered (M = 33.23, SD = 14.38) to Tier 3 (M = 33.85, SD = 19.44) to Tier 

1 (M = 40.24, SD = 18.77), in that order. Tukey post hoc analysis revealed that the mean 

increase from Tier 3 to Tier 1 (6.38, 95% CI [1.29, 11.47]) was statistically significant 

(p = .009), but no other group differences were statistically significant (see Appendix R). The 

group means were statistically significantly different (p < .05). Therefore, we can reject the 

null hypothesis and accept the alternative hypothesis.  
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RQ1c: What are the differences in advanced and mastery level third grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019? 

Ho1c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for third grade students as measured by the LEAP in 2018-2019. 

Table 15 

Descriptive Statistics for Third Grade 2018-2019 With and Without Outliers 

Outliers 
Included Tier n Mean SD SE 95% LL 95% UL Min. Max. 

Yes 1 569 41.04 20.02 0.82 39.39 42.69 2 101 

 3 3 45 13.45 7.77 11.58 78.42 34 60 

 4 8 45.5 26.38 9.33 23.45 67.55 22 97 

 Total 580 41.12 20.07 0.83 39.48 42.76 2 101 

No 1 561 40.21 18.91 0.8 38.64 41.77 2 95 

 3 3 45 13.45 7.77 11.58 78.42 34 60 

 4 8 45.5 26.38 9.33 23.45 67.55 22 97 

 Total 572 40.31 19.98 0.79 38.75 41.86 2 97 
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Table 16 

One-Way ANOVA of Third Grade 2018-2019 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 

202.57 2 101.28 .25 .778 .001 

 Within 
groups 

232,924.23 577 403.68    

 Total 233,126.79 579     

No Between 
groups 

287.45 2 143.72 .4 .672 .001 

 Within 
groups 

205,418.01 569 361.02    

 Total 205,705.46 571     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  

For RQ1c, a one-way ANOVA was conducted to determine the difference in third 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2018-2019 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 569), Tier 3 (n = 3), and non-tiered (n = 8), with non-

tiered designated as Tier 4 when numerical association was needed (see Table 15). There 

were no outliers within Tier 3, or the non-tiered data groups, but outliers were present within 

Tier 1 (see Table 8; Figure H3), as assessed by boxplots; data groups were normally 

distributed for the Tier 3 and non-tiered groups, as assessed by Shapiro-Wilk's test (p > .05), 

with Tier 1 indicating non-normality (p < .05; see Table 9); and there was homogeneity of 

variances, as assessed by Levene's test of homogeneity of variances (p = .406; see Table 10). 

Scores from the LEAP increased from Tier 1 (M = 41.04, SD = 20.02) to Tier 3 
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(M = 45, SD = 13.45) to non-tiered (M = 45.5, SD = 26.38), in that order, but the differences 

between these curriculum material groups were not statistically 

significant, F(2, 577) = .25, p = .778 (see Tables 15 and 16). The group means were not 

statistically significantly different (p > .05). Therefore, we cannot reject the null hypothesis 

and we cannot accept the alternative hypothesis. 

Since all the data groups within RQ1c did not satisfy all the ANOVA related 

assumptions based on the original guidelines outlined within Chapter Three, additional 

analysis and reporting was needed to support the validity and provide transparency of these 

results. For data within RQ1c there were eight outliers in Tier 1 data and none within Tier 3 

or the non-tiered data (see Table 8; Figure H3), as assessed by inspection of a boxplot for 

values greater than 1.5 box-lengths from the edge of the box. After analysis of outlier values, 

the researcher concluded the outlier values were recorded accurately, contained no extreme 

outliers (greater than three box-lengths from the edge of the box), and did not influence the 

results in a substantial manner (Laerd Statistics, 2017), with ANOVA results containing 

outliers resulting in a significance of p = .778 and without outliers at a significance of 

p = .672 (see Table 16). As a result, the researcher continued investigating RQ1c with the 

data as the researcher originally collected it. 

The LEAP scores within the RQ1c data groups were normally distributed for the Tier 

3 and non-tiered groups, as assessed by Shapiro-Wilk's test (p > .05), but showed Tier 1 

departed from normality (see Table 9). The result for Tier 1 was not surprising because the 

sample size with that tier was greater than 50 (see Table 9), which can cause the Shapiro-

Wilk test to fail the assumption of normality even if normality was present (George & 

Mallery, 2005; Field, 2013; Laerd Statistics, 2017). Additional methods for normality 
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conducted by the researcher to either affirm or reject normality for Tier 1 included values of 

skewness and kurtosis thresholds that would affirm or reject normality (see Table N5), visual 

examination of histograms and Q Q-Plots (see Appendix K) with additional discussion within 

Appendix N. 

Figures from Table N5 showed Tier 1 skewness and kurtosis values (absolute values) 

were within ranges that supported normality with skewness values for Tier 1, Tier 3, and 

non-tiered data groups similarly skewed, although the low sample size of the Tier 3 and non-

tiered groups limited the comparison reliability. Following visual examination, Tier 1 data 

was not perfectly normal, but approximately normally distributed, as assessed by visual 

inspection of the histograms. Likewise, data for Tier 1 was not perfectly normal, but 

approximately normally distributed, as assessed by visual inspection of a Normal Q-Q Plot 

(see Figures K9-K10). Despite the robustness of ANOVA to overcome violations of 

normality (Judd, et al., 2017; Field, 2013; Laerd Statistics, 2017) and the Central Limit 

Theorem’s affirmation of normality with larger sample sizes (Delacre et al., 2019; Field, 

2013; Laerd Statistics, 2017), the ANOVA results could not even be cautiously considered 

for RQ1c with approximately normal distribution for Tier 1 and additional backing from the 

above numerical evaluation methods and visual examinations, because small sample sizes for 

Tier 3 and the non-tiered group prevent even cautious support for RQ1c results. 

RQ2. What are the differences in advanced and mastery level fourth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices? 

H₀2. Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 
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have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fourth grade students as measured by the LEAP. 

 The researcher examined research question two (RQ2) through the utilization of one-

way ANOVAs for the three related sub-questions. To compare the differences in advanced 

and mastery level fourth grade math student achievement scores for 2016-2017 (RQ2a), 

2017-2018 (RQ2b), and 2018-2019 (RQ2c) between Tier 1, Tier 2, Tier 3, and other non-

tiered curriculum material choices, ANOVAs were conducted for each individual research 

sub-question. Supporting details and results of the three different one-way ANOVAs are 

presented in the below section, along with rejection or failure to reject the null hypotheses for 

2016-2017 (Ho2a), 2017-2018 (Ho2b), and 2018-2019 (Ho2c). The indication of statistical 

significance for each ANOVA was set at a p value of .05, thus a p < .05 to reject the null 

hypothesis for all research questions and sub-questions. To assure validity of ANOVA 

results, an examination of outlier data points, normality of distribution, and homogeneity of 

variance were scrutinized. Outlier inspection was done by boxplots and comparison of 

ANOVA results with and without outliers. Normality enquiry was initiated with the Shapiro-

Wilk test of normality, which suggests normal distribution if the null hypothesis is not 

rejected (p > .05), followed by additional examination of skewness and kurtosis values and 

histograms and Q Q-Plots. Finally, the assumption of variance was analyzed with Levene’s 

Test for Equality of Variance which supports normality when the null hypothesis is not 

rejected (p > .05). 

RQ2a: What are the differences in advanced and mastery level fourth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017?  
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Ho2a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fourth grade students as measured by the LEAP in 2016-

2017. 

Table 17 

Descriptive Statistics for Fourth Grade 2016-2017 

Tier n Mean SD SE 95% LL 95% UL Min. Max. 

1 273 37.82 21.54 1.30 35.25 40.38 2 98 

3 60 37.42 22.33 2.88 31.65 43.19 3 93 

4 3 45.33 32.52 18.77 -35.44 126.11 10 74 

Total 336 37.81 21.71 1.18 35.48 40.14 2 96 
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Table 18 

One-Way ANOVA of Fourth Grade 2016-2017 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 

179.1 2 89.55 .19 .828 .001 

 Within 
groups 

157,710.09 333 473.6    

 Total 157,889.19 335     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  

For RQ2a, a one-way ANOVA was conducted to determine the difference in fourth 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2016-2017 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 274), Tier 3 (n = 60), and non-tiered (n = 3), with 

non-tiered designated as Tier 4 when numerical association was needed (see Table 17). There 

were no outliers within Tier 3 (see Table 6; Figure I1), as assessed by boxplots; data groups 

were normally distributed for the non-tiered group, as assessed by Shapiro-Wilk's test 

(p > .05), with Tier 1 and Tier 3 indicating non-normality (p < .05; see Table 9); and there 

was homogeneity of variances, as assessed by Levene's test of homogeneity of variances 

(p = .722; see Table 10). Scores from the LEAP increased from Tier 3 

(M = 37.42, SD = 22.331) to Tier 1 (M = 37.82, SD = 21.54) to non-tiered 

(M = 45.33, SD = 32.52), in that order, but the differences between these curriculum material 

groups were not statistically significant, F(2, 333) = .19, p = .828 (see Tables 17 and 18). The 

group means were not statistically significantly different (p > .05). Therefore, we cannot 
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reject the null hypothesis and we cannot accept the alternative hypothesis. Since all the data 

groups within RQ2a did not satisfy all the ANOVA related assumptions based on the original 

guidelines outlined within Chapter Three, additional analysis and reporting was needed to 

support the validity and provide transparency of these results.  

The LEAP scores within the RQ2a data groups were normally distributed for the non-

tiered group, as assessed by Shapiro-Wilk's test (p > .05) but showed Tier 1 and Tier 3 

departed from normality (see Table 9). The result for Tier 1 and Tier 3 were not surprising 

because the sample sizes with those tiers were greater than 50 (see Table 9), which can cause 

the Shapiro-Wilk test to fail the assumption of normality even if normality was present 

(George & Mallery, 2005; Field, 2013; Laerd Statistics, 2017). Additional methods for 

normality conducted by the researcher to either affirm or reject normality for Tier 1 and Tier 

3 included values of skewness and kurtosis thresholds that would affirm or reject normality 

(see Table N5), visual examination of histograms and Q Q-Plots (see Appendix L) with 

additional discussion within Appendix N. 

Figures from Table N5 showed Tier 1 and Tier 3 skewness and kurtosis values 

(absolute values) were within ranges that supported normality with skewness values for Tier 

1 and Tier 3 similarly skewed. While non-tiered data was skewed differently, the low sample 

size of that group limited the comparison reliability to the other groups. Following the visual 

examination, Tier 1 and Tier 3 were not perfectly normal, but Tier 1 was approximately 

normally distributed, with Tier 3 moderately reflecting normality, as assessed by visual 

inspection of their histograms. Likewise, data for Tier 1 and Tier 3 were not perfectly 

normal, but Tier 1 was approximately normally distributed, as assessed by visual inspection 

of a Normal Q-Q Plot, with Tier 3 moderately reflecting normality (see Figure L1-L4). Given 
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the robustness of ANOVA to overcome violations of normality (Judd, et al., 2017; Field, 

2013; Laerd Statistics, 2017) and based on the assumption of normality derived from the 

Central Limit Theorem’s affirmation of normality with larger sample sizes (Delacre et al., 

2019; Field, 2013; Laerd Statistics, 2017), the ANOVA results could be reliably considered 

for RQ2a even though distribution was not perfectly normalized, with additional backing 

from the above numerical evaluation methods and visual examinations to reliably support the 

RQ2a results. 

RQ2b: What are the differences in advanced and mastery level fourth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018?  

Ho2b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fourth grade students as measured by the LEAP in 2017-

2018. 
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Table 19 

Descriptive Statistics for Fourth Grade 2017-2018 With and Without Outliers 

Outliers 
Included Tier n Mean SD SE 95% LL 95% UL Min. Max. 

Yes 1 468 37.67 20.65 0.95 35.79 39.54 2 100 

 3 92 32.67 21.37 2.23 28.25 37.1 2 90 

 4 23 30.91 21.84 4.55 21.47 40.36 2 90 

 Total 583 36.61 20.88 0.87 34.92 38.31 2 100 

No 1 465 37.27 20.1 0.93 35.44 39.1 2 97 

 3 92 32.67 21.37 2.23 28.25 37.1 2 90 

 4 22 28.23 18.05 3.85 20.22 36.23 2 69 

 Total 579 36.2 20.33 0.85 34.54 37.85 2 97 
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Table 20 

One-Way ANOVA of Fourth Grade 2017-2018 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 

2,696.46 2 1,348.23 3.11 .045 .011 

 Within 
groups 

251,111.708 580 432.95    

 Total 253,808.165 582     

No Between 
groups 

3,073.47 2 1,536.73 3.75 .024 .013 

 Within 
groups 

235,855.48 576 409.47    

 Total 238,928.95 578     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  
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Table 21 

Tukey Multiple Comparison Post Hoc Analysis of Fourth Grade 2017-2018 Data  

Outliers 
Included 

(I) 
Tier (J) Tier 

Mean 
Difference 

(I-J) 
SE Significance 

(p) 95% LL 95% UL 

Yes 1 3 4.99 2.37 .090 -0.58 10.57 

  4 6.76 4.44 .282 -3.69 17.20 

 3 1 -4.99 2.37 .09 -10.57 0.58 

  4 1.76 4.85 .930 -9.64 13.16 

 4 1 -6.76 4.44 .282 -17.20 3.69 

  3 -1.76 4.85 .930 -13.16 9.64 

No 1 3 4.6 2.31 .116 -0.83 10.02 

  4 9.04 4.42 .102 -1.33 19.42 

 3 1 -4.56 2.31 .116 -10.02 0.83 

  4 4.45 4.8 .624 -6.84 15.73 

 4 1 -9.04 4.42 .102 -19.42 1.33 

  3 -4.45 4.8 .624 -15.73 6.84 

 
Note. Tukey reflects statistical significance when p < .05 between groups.  

For RQ2b, a one-way ANOVA was conducted to determine the difference in fourth 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2017-2018 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 468), Tier 3 (n = 92), and non-tiered (n = 23), with 

non-tiered designated as Tier 4 when numerical association was needed (see Table 19). There 
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were no outliers within Tier 3, but Tier 1 and the non-tiered group contained outliers (see 

Table 7; Figure I2), as assessed by boxplots; the non-tiered group was normally distributed, 

as assessed by Shapiro-Wilk's test (p > .05), with Tier 1 and Tier 3 indicating non-normality 

(p < .05; see Table 9); and there was homogeneity of variances, as assessed by Levene's test 

of homogeneity of variances (p = .966; see Table 10). Data is presented as mean ± standard 

deviation. Scores from the LEAP were statistically significantly different between different 

curriculum material groups, F(2, 580) = 3.11 , p = .045 , ղp
2 = .011 (see Table 20). The 

LEAP scores increased from non-tiered (M = 30.91, SD = 21.84) to Tier 3 

(M = 32.67, SD = 21.37) and Tier 1 (M = 37.67, SD = 20.65), in that order (see Table 19). 

Tukey post hoc analysis revealed no group differences were statistically significant (see 

Tables 21). The group means were statistically significantly different (p < .05). Therefore, we 

can reject the null hypothesis and accept the alternative hypothesis. To support the validity of 

these results, assumptions for the results for the ANOVA were assessed.  

Since all the data groups within RQ2b did not satisfy all the ANOVA related 

assumptions based on the original guidelines outlined within Chapter Three, additional 

analysis and reporting was needed to support the validity and provide transparency of these 

results. For data within RQ2b there were three outliers in Tier 1 and one in the non-tiered 

data (see Table 7; Figure I2), as assessed by inspection of a boxplot for values greater than 

1.5 box-lengths from the edge of the box. After analysis of outlier values, the researcher 

concluded the outlier values were recorded accurately, contained no extreme outliers (greater 

than three box-lengths from the edge of the box), and did not influence the results in a 

substantial manner (Laerd Statistics, 2017), with ANOVA results containing outliers 

resulting in a significance of p = .045 and without outliers at a significance of p = .024 (see 
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Table 21). As a result, the researcher continued investigating RQ2b with the data as the 

researcher originally collected it. 

The LEAP scores within the RQ2b data groups were normally distributed for the non-

tiered groups, as assessed by Shapiro-Wilk's test (p > .05), but showed Tier 1 and Tier 3 

departed from normality (see Table 9). The result for Tier 1 and Tier 3 were not surprising 

because the sample size with those tiers were greater than 50 (see Table 9), which can cause 

the Shapiro-Wilk test to fail the assumption of normality even if normality was present 

(George & Mallery, 2005; Field, 2013; Laerd Statistics, 2017). Additional methods for 

normality conducted by the researcher to either affirm or reject normality for Tier 1 and Tier 

3 included values of skewness and kurtosis thresholds that would affirm or reject normality 

(see Table N5), visual examination of histograms and Q Q-Plots (see Appendix L) with 

additional discussion within Appendix N. 

Figures from Table N5 showed Tier 1 and Tier 3 skewness and kurtosis values 

(absolute values) were within ranges that supported normality with skewness values for Tier 

1 and Tier 3, and non-tiered data groups similarly skewed. Following the visual examination, 

Tier 1 and Tier 3 data were not perfectly normal, but Tier 1 was approximately normally 

distributed, as assessed by visual inspection of their histograms, with Tier 3 data not 

reflecting normality. Likewise, data for Tier 1 and Tier 3 were not perfectly normal, but Tier 

1 was approximately normally distributed, as assessed by visual inspection of a Normal Q-Q 

Plot, with Tier 3 moderately reflecting normality (see Figures L5-L8). Given the robustness 

of ANOVA to overcome violations of normality (Judd, et al., 2017; Field, 2013; Laerd 

Statistics, 2017) and based on the assumption of normality derived from the Central Limit 

Theorem’s affirmation of normality with larger sample sizes (Delacre et al., 2019; Field, 
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2013; Laerd Statistics, 2017), the ANOVA results could be considered with slight caution for 

RQ2b even though distribution was not perfectly normalized, with additional backing from 

the above numerical evaluation methods and visual examinations to support with slight 

caution the RQ2b results. 

As mentioned above, the outliers within RQ2b did not impact the results in a 

substantial manner and results with and without outliers were shared to ensure validity and 

transparency of the results (Laerd Statistics, 2017; Liao, et al., 2016). However, slight 

concern related to the low sample size of the non-tiered group, consequently not meeting the 

Central Limit Theorem threshold, while Tier 1 and Tier 3 data met the threshold with much 

larger sample sizes, prompted the researcher to reexamine Tier 1 and Tier 3 with an 

independent t-test. This revised approach for analysis presented a timely opportunity to gain 

additional insight into the relationship between curriculum material choice and student 

achievement through an independent t-test, the traditional test when only two independent 

variables are utilized, that also mirrors the required ANOVA assumptions (Laerd Statistics, 

2017; Pelham, 2013). 

For the independent t-test, including outliers, there were 468 Tier 1 scores and 92 Tier 

3 scores (see Table 19). An independent-samples t-test was run to determine if there were 

differences in student achievement between Tier 1 and Tier 3 curriculum materials. There 

were outliers present within Tier 1 and Tier 3 (see Table 7; Figure I2), as assessed by 

inspection of boxplots. Student achievement scores for both Tier 1 and Tier 3 were not 

normally distributed, as assessed by Shapiro-Wilk's test (p < .05; see Table 9) but had 

acceptable normality for analysis through the criteria outlined above and support from 

Appendix N, and there was homogeneity of variances, as assessed by Levene's test for 



 
 

144 

equality of variances (p = .966; see Appendix S). The student achievement scores were 

greater in Tier 1 (M = 37.67, SD = 20.65) than Tier 3 scores (M = 32.67, SD = 21.37), a 

statistically significant difference, M = 4.99, 95% CI [0.34, 9.65], 

t(558) = 2.11, p = .035, d = .24 (see Appendix S). There was a statistically significant 

difference between means (p < .05), and therefore, we can with slight caution reject the null 

hypothesis and accept the alternative hypothesis. 

RQ2c: What are the differences in advanced and mastery level fourth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019?  

Ho2c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fourth grade students as measured by the LEAP in 2018-

2019. 

Table 22 

Descriptive Statistics for Fourth Grade 2018-2019 

Tier n Mean SD SE 95% LL 95% UL Min. Max. 

1 572 38.7 21.63 .9 36.93 40.48 2 100 

3 4 49 15.98 7.99 23.57 74.43 33 68 

4 8 39.38 27.21 9.62 16.63 62.12 16 94 

Total 584 38.78 21.66 0.9 37.02 40.54 2 100 
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Table 23 

One-Way ANOVA of Fourth Grade 2018-2019 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 

4,24.03 2 212.02 .45 .637 .002 

 Within 
groups 

273,067.35 581 469.99    

 Total 273,491.38 583     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  

For RQ2c, a one-way ANOVA was conducted to determine the difference in fourth 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2018-2019 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 572), Tier 3 (n = 4), and non-tiered (n = 8), with non-

tiered designated as Tier 4 when numerical association was needed (see Table 22). There 

were no outliers (see Table 8; Figure I3), as assessed by boxplots; data groups were normally 

distributed for Tier 3, as assessed by Shapiro-Wilk's test (p > .05), with Tier 1 and the non-

tiered group indicating non-normality (p < .05; see Table 9); and there was homogeneity of 

variances, as assessed by Levene's test of homogeneity of variances (p = .591; see Table 10). 

Scores from the LEAP increased from Tier 1 (M = 38.7, SD = 21.63) to the non-tiered group 

(M = 39.38, SD = 27.21) to Tier 3 (M = 49, SD = 15.98), in that order, but the differences 

between these curriculum material groups were not statistically 

significant, F(2, 581) = .451, p = .637 (see Tables 22 and 23). The group means were not 

statistically significantly different (p > .05). Therefore, we cannot reject the null hypothesis 
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and we cannot accept the alternative hypothesis. Since all the data groups within RQ2c did 

not satisfy all the ANOVA related assumptions based on the original guidelines outlined 

within Chapter Three, additional analysis and reporting was needed to support the validity 

and provide transparency of these results.  

The LEAP scores within the RQ2c data groups were normally distributed for Tier 3, 

as assessed by Shapiro-Wilk’s test (p > .05) but showed Tier 1 and the non-tiered group 

departed from normality (see Table 9). The result for Tier 1 was not surprising because the 

sample size with that tier was greater than 50 (see Table 9), which can cause the Shapiro-

Wilk test to fail the assumption of normality even if normality was present (George & 

Mallery, 2005; Field, 2013; Laerd Statistics, 2017). Additional methods for normality 

conducted by the researcher to either affirm or reject normality for Tier 1 and the non-tiered 

group included values of skewness and kurtosis thresholds that would affirm or reject 

normality (see Table N5), visual examination of histograms and Q Q-Plots (see Appendix L) 

with additional discussion within Appendix N. 

Figures from Table N5 showed Tier 1 and non-tiered skewness and kurtosis values 

(absolute values) were within ranges that supported normality with skewness values for Tier 

1, Tier 3, and non-tiered data groups similarly skewed, although the low sample size of the 

Tier 3 and non-tiered groups limited the comparison reliability. Following visual 

examination, Tier 1 data was not perfectly normal, but approximately normally distributed, 

as assessed by visual inspection of their histograms, with the small sample size for the non-

tiered group making it impractical to assess normality with a histogram. Likewise, data for 

Tier 1 was not perfectly normal, but approximately normally distributed, as assessed by 

visual inspection of a Normal Q-Q Plot, with the small sample size for the non-tiered group 
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making it impractical to assess normality with a Q Q-Plot (see Figures L9-L12). Despite the 

robustness of ANOVA to overcome violations of normality (Judd, et al., 2017; Field, 2013; 

Laerd Statistics, 2017) and the Central Limit Theorem’s affirmation of normality with larger 

sample sizes (Delacre et al., 2019; Field, 2013; Laerd Statistics, 2017), the ANOVA results 

could not even be cautiously considered for RQ2c with approximately normal distribution for 

Tier 1 and additional backing from the above numerical evaluation methods and visual 

examinations, because small sample sizes for Tier 3 and the non-tiered group prevent even 

cautious support for RQ2c results. 

RQ3. What are the differences in advanced and mastery level fifth grade math student 

achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, Tier 2, 

Tier 3, and other non-tiered curriculum material choices? 

H₀3. Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fifth grade students as measured by the LEAP. 

The researcher examined research question three (RQ3) through the utilization of 

one-way ANOVAs for the three related sub-questions. To compare the differences in 

advanced and mastery level fifth grade math student achievement scores for 2016-2017 

(RQ3a), 2017-2018 (RQ3b), and 2018-2019 (RQ3c) between Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices, ANOVAs were conducted for each individual 

research sub-question. Supporting details and results of the three different one-way ANOVAs 

are presented in the below section, along with rejection or failure to reject the null hypotheses 

for 2016-2017 (Ho3a), 2017-2018 (Ho3b), and 2018-2019 (Ho3c). The indication of statistical 



 
 

148 

significance for each ANOVA was set at a p value of .05, thus a p < .05 to reject the null 

hypothesis for all research questions and sub-questions. To assure validity of ANOVA 

results, an examination of outlier data points, normality of distribution, and homogeneity of 

variance were scrutinized. Outlier inspection was done by boxplots and comparison of 

ANOVA results with and without outliers. Normality enquiry was initiated with the Shapiro-

Wilk test of normality, which suggests normal distribution if the null hypothesis is not 

rejected (p > .05), followed by additional examination of skewness and kurtosis values and 

histograms and Q Q-Plots. Finally, the assumption of variance was analyzed with Levene’s 

Test for Equality of Variance which supports normality when the null hypothesis is not 

rejected (p > .05). 

RQ3a: What are the differences in advanced and mastery level fifth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2016-2017? 

Ho3a: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fifth grade students as measured by the LEAP in 2016-2017. 
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Table 24 

Descriptive Statistics for Fifth Grade 2016-2017 With and Without Outliers 

Outliers 
Include

d 
Tier n Mean SD SE 95% LL 95% UL Min. Max. 

Yes 1 271 31.18 20.65 1.26 28.71 33.65 2 100 

 3 59 28.83 20.5 2.67 23.49 34.17 2 91 

 4 2 19.5 16.26 11.5 -126.62 165.62 8 31 

 Total 332 30.7 20.59 1.13 28.47 32.92 2 100 

No 1 266 29.99 18.88 1.16 27.71 32.27 2 83 

 3 57 26.72 17.35 2.3 22.11 31.32 2 75 

 4 2 19.5 16.24 11.5 -126.62 165.62 8 31 

 Total 325 29.35 18.62 1.03 27.32 31.38 2 83 
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Table 25 

One-Way ANOVA of Fifth Grade 2016-2017 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 

520.69 2 260.35 .61 .543 .004 

 Within 
groups 

139,803.6 329 424.94    

 Total 140,324.27 331     

No Between 
groups 

697.04 2 348.52 1 .367 .006 

 Within 
groups 

111,570.98 322 346.49    

 Total 112,268.01 324     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  

For RQ3a, a one-way ANOVA was conducted to determine the difference in fifth 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2016-2017 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 271), Tier 3 (n = 59), and non-tiered (n = 2), with 

non-tiered designated as Tier 4 when numerical association was needed (see Table 24). There 

were no outliers within the non-tiered group but Tier 1 and Tier 3 did have outliers (see 

Table 6; Figure J1), as assessed by boxplots; data for Tier 1 and Tier 3 were not normally 

distributed, as assessed by Shapiro-Wilk’s test (p < .05), with the non-tiered group containing 

a sample size of two, which was too small for calculation (see Table 9); and there was 

homogeneity of variances, as assessed by Levene’s test of homogeneity of variances 

(p = .638; see Table 10). Scores from the LEAP increased from non-tiered 
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(M = 19.5, SD = 16.26) to Tier 3 (M = 28.83, SD = 20.5) to Tier 1 (M = 31.18, SD = 20.65), 

in that order, but the differences between these curriculum material groups were not 

statistically significant, F(2, 329) = .61, p = .54 (see Tables 24 and 25). The group means 

were not statistically significantly different (p > .05). Therefore, we cannot reject the null 

hypothesis and we cannot accept the alternative hypothesis. 

Since all the data groups within RQ3a did not satisfy all the ANOVA related 

assumptions based on the original guidelines outlined within Chapter Three, additional 

analysis and reporting was needed to support the validity and provide transparency of these 

results. For data within RQ3a there were five outliers in Tier 1, two within Tier 3, and none 

for the non-tiered data (see Table 6; Figure J1), as assessed by inspection of a boxplot for 

values greater than 1.5 box-lengths from the edge of the box. After analysis of outlier values, 

the researcher concluded the outlier values were recorded accurately, contained no extreme 

outliers (greater than three box-lengths from the edge of the box), and did not influence the 

results in a substantial manner (Laerd Statistics, 2017), with ANOVA results containing 

outliers resulting in a significance of p = .543 and without outliers at a significance of 

p = .367 (see Table 25). As a result, the researcher continued investigating RQ3a with the 

data as the researcher originally collected it. 

The LEAP scores within the RQ3a data groups were not normally distributed for Tier 

1 and Tier 3, as assessed by Shapiro-Wilk's test (p < .05), with the non-tiered group 

containing a sample size of two, which was too small for calculation (see Table 9). The result 

for Tier 1 was not surprising because the sample size with that tier was greater than 50 (see 

Table 9), which can cause the Shapiro-Wilk test to fail the assumption of normality even if 

normality was present (George & Mallery, 2005; Field, 2013; Laerd Statistics, 2017). 
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Additional methods for normality conducted by the researcher to either affirm or reject 

normality for Tier 1 and Tier 3 included values of skewness and kurtosis thresholds that 

would affirm or reject normality (see Table N5), visual examination of histograms and Q Q-

Plots (see Appendix M) with additional discussion within Appendix N. 

Figures from Table N5 showed Tier 1 and Tier 3 skewness and kurtosis values 

(absolute values) were within ranges that supported normality with skewness values for Tier 

1 and Tier 3 similarly skewed. The non-tiered data was not available for comparison because 

of that group’s low sample size. Following the visual examination, Tier 1 and Tier 3 data 

were not perfectly normal, but Tier 1 was approximately normally distributed, as assessed by 

visual inspection of their histograms, with Tier 3 not approximately normal but not entirely 

non-normal. Likewise, data for Tier 1 and Tier 3 were not perfectly normal, but Tier 1 was 

approximately normally distributed, as assessed by visual inspection of a Normal Q-Q Plot, 

with Tier 3 moderately reflecting normality (see Figures M1-M4). Given the robustness of 

ANOVA to overcome violations of normality (Judd, et al., 2017; Field, 2013; Laerd 

Statistics, 2017) and based on the assumption of normality derived from the Central Limit 

Theorem’s affirmation of normality with larger sample sizes (Delacre et al., 2019; Field, 

2013; Laerd Statistics, 2017), the ANOVA results could be cautiously considered for RQ3a 

even though distribution was not perfectly normalized, with additional backing from the 

above numerical evaluation methods and visual examinations to cautiously support the RQ3a 

results. 

RQ3b: What are the differences in advanced and mastery level fifth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2017-2018?  
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Ho3b: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fifth grade students as measured by the LEAP in 2017-2018. 

Table 26 

Descriptive Statistics for Fifth Grade 2017-2018 With and Without Outliers 

Outliers 
Included Tier n Mean SD SE 95% LL 95% UL Min. Max. 

Yes 1 463 29.4 18.95 0.88 27.67 31.13 2 100 

 3 90 25.07 19.7 2.08 20.94 29.19 2 88 

 4 22 21.41 17.99 3.84 13.43 29.39 2 78 

 Total 575 28.42 19.12 0.8 26.85 29.98 2 100 

No 1 454 28.2 17.09 0.8 26.63 29.78 2 77 

 3 87 22.97 16.36 1.75 19.48 26.45 2 76 

 4 21 18.71 13.13 2.87 12.74 24.69 2 46 

 Total 562 27.04 17 0.72 26.63 28.45 2 77 
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Table 27 

One-Way ANOVA of Fifth Grade 2017-2018 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 

2,537.66 2 1,268.83 3.5 .031 .012 

 Within 
groups 

207,188 572 362.217    

 Total 209,725.66 574     

No Between 
groups 

3,516.01 2 1758 6.19 .002 .022 

 Within 
groups 

559 559 283.9    

 Total 561 561     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  
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Table 28 

Tukey Multiple Comparison Post Hoc Analysis of Fifth Grade 2017-2018 Data  

Outliers 
Included 

(I) 
Tier (J) Tier 

Mean 
Difference 

(I-J) 
SE Significance 

(p) 95% LL 95% UL 

Yes 1 3 4.33 2.19 .119 -0.82 9.48 

  4 7.99 4.15 .133 -1.77 17.75 

 3 1 -4.33 2.19 .119 -9.48 0.82 

  4 3.66 4.53 .698 -6.98 14.29 

 4 1 -7.99 4.15 .133 -17.75 1.77 

  3 -3.66 4.53 .698 -14.29 6.98 

No 1 3 5.24 1.97 .022 0.61 9.87 

  4 9.49 3.76 .032 0.65 18.33 

 3 1 -5.24 1.97 .022 -9.87 -0.61 

  4 4.25 4.1 .553 -5.38 13.88 

 4 1 -9.49 3.76 .032 -18.33 -0.65 

  3 -4.25 4.1 .553 -13.88 5.38 

 
Note. Tukey reflects statistical significance when p < .05 between groups.  

For RQ3b, a one-way ANOVA was conducted to determine the difference in fifth 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2017-2018 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 468), Tier 3 (n = 92), and non-tiered (n = 23), with 

non-tiered designated as Tier 4 when numerical association was needed (see Table 26). There 
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were outliers present within Tier 1, Tier 3, and the non-tiered group (see Table 7; Figure J2), 

as assessed by boxplots; data groups were not normally distributed for Tier 1, Tier 3, and the 

non-tiered group, as assessed by Shapiro-Wilk's test (p < .05; see Table 9); and there was 

homogeneity of variances, as assessed by Levene's test of homogeneity of variances 

(p = .719; see Table 10). Data is presented as mean ± standard deviation. Scores from the 

LEAP were statistically significantly different between different curriculum material 

groups, F(2, 572) = 3.5, p = .031 , ղp
2 = .012 (see Table 27). The LEAP scores increased 

from non-tiered (M = 21.41, SD = 17.99) to Tier 3 (M = 25.07, SD = 19.7) and Tier 1 

(M = 29.4, SD = 18.95), in that order (see Table 26). Tukey post hoc analysis revealed no 

group differences were statistically significant (see Table 28). The group means were 

statistically significantly different (p < .05). Therefore, we can reject the null hypothesis and 

accept the alternative hypothesis. To support the validity of these results, assumptions for the 

results for the ANOVA were assessed.  

Since all the data groups within RQ3b did not satisfy all the ANOVA related 

assumptions based on the original guidelines outlined within Chapter Three, additional 

analysis and reporting was needed to support the validity and provide transparency of these 

results. For data within RQ3b there were nine outliers in Tier 1, three in Tier 3, and one in 

the non-tiered data group (see Table 7; Figure J2), as assessed by inspection of a boxplot for 

values greater than 1.5 box-lengths from the edge of the box. After analysis of outlier values, 

the researcher concluded the outlier values were recorded accurately, contained no extreme 

outliers (greater than three box-lengths from the edge of the box), and did influence the 

results in a substantial manner (Laerd Statistics, 2017), with ANOVA results containing 

outliers resulting in a significance of p = .031 and without outliers at a significance of 
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p = .002 (see Table 27). As a result, the researcher continued investigating RQ3b with the 

data as the researcher originally collected it but also repeated all assumption tests without 

outliers since the ANOVA results were statistically significant with outliers, p = .031, and the 

results without outliers were statistically significant at the greater level of p = .002. More 

discussion related to the RQ3b data without outliers will take place after the presentation of 

the data with outliers. 

The LEAP scores within the RQ3b data groups were non-normally distributed for 

Tier 1, Tier 3, and the non-tiered groups, as assessed by Shapiro-Wilk's test (p < .05; see 

Table 9). The results for Tier 1 and Tier 3 were not surprising because the sample sizes with 

those tiers were greater than 50 (see Table 9), which can cause the Shapiro-Wilk test to fail 

the assumption of normality even if normality was present (George & Mallery, 2005; Field, 

2013; Laerd Statistics, 2017). Additional methods for normality conducted by the researcher 

to either affirm or reject normality for Tier 1 and Tier 3, along with the non-tiered group, 

included values of skewness and kurtosis thresholds that would affirm or reject normality 

(see Table N5), visual examination of histograms and Q Q-Plots (see Appendix M) with 

additional discussion within Appendix N. 

Figures from Table N5 showed Tier 1 and Tier 3 skewness and kurtosis values 

(absolute values) were within ranges that supported normality, but were not in the non-tiered 

group, with skewness values for Tier 1, Tier 3, and non-tiered data groups similarly skewed. 

Following the visual examination, Tier 1 was not perfectly normal, but did appear 

approximately normally distributed, Tier 3 data was not approximately normal but not 

entirely non-normal, and the non-tiered group did not appear to reflect normality, as assessed 

by visual inspection of their histograms. Likewise, collected data for Tier 1 was not perfectly 
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normal, but did appear approximately normally distributed, Tier 3 data was not 

approximately normal but not entirely non-normal, and the non-tiered group did not appear to 

reflect normality, as assessed by visual inspection of a Normal Q-Q Plot (see Figures M5-

M10). Given the robustness of ANOVA to overcome violations of normality (Judd, et al., 

2017; Field, 2013; Laerd Statistics, 2017) and based on the assumption of normality derived 

from the Central Limit Theorem’s affirmation of normality with larger sample sizes (Delacre 

et al., 2019; Field, 2013; Laerd Statistics, 2017), the ANOVA results could be cautiously 

considered for RQ3b even though distribution was not perfectly normalized, with additional 

backing from the above numerical evaluation methods and visual examinations to cautiously 

support the RQ3b results. 

As mentioned above, the outliers within RQ3b did impact the results in a substantial 

manner, which prompted the researcher to examine and share ANOVA and assumption 

results that did not include the outliers to ensure validity and transparency of the results 

(Laerd Statistics, 2017; Liao, et al., 2016). Additionally, the researcher reexamined Tier 1 

and Tier 3 results with outliers, excluding the non-normalized non-tiered group, with an 

independent t-test, which is the traditional test when only two independent variables are 

utilized (Laerd Statistics, 2017). While Tier 1 and Tier 3 data did not meet the assumption 

criteria for perfectly normal distribution, it was not entirely non-normally distributed and met 

the Central Limit Theorem threshold, along with the other ANOVA assumptions reliably, 

which mirror the required assumptions for the independent t-test (Laerd Statistics, 2017; 

Pelham, 2013), thus a transition to an independent t-test analysis for Tier 1 and Tier 3 

presented a swift opportunity to gain additional insight into the relationship between 

curriculum material choice and student achievement. 
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For the independent t-test, including outliers, there were 463 Tier 1 scores and 90 Tier 

3 scores (see Table 26). An independent-samples t-test was run to determine if there were 

differences in student achievement between Tier 1 and Tier 3 curriculum materials. There 

were outliers present within Tier 1 and Tier 3 (see Table 7; Figure J2), as assessed by 

inspection of boxplots. Student achievement scores for both tiers were not normally 

distributed, as assessed by Shapiro-Wilk's test (p < .05; see Table 9) but had acceptable 

normality for analysis through the criteria outlined above and support from Appendix N, and 

there was homogeneity of variances, as assessed by Levene's test for equality of variances 

(p = .793; see Appendix T). The student achievement scores were greater in Tier 1 

(M = 29.44, SD = 18.95) than Tier 3 scores (M = 25.07, SD = 25.07), a statistically 

significant difference, M = 4.33, 95% CI [0.02, 8.65], t(551) = 1.97, p = .049, d = .23 (see 

Appendix T). There was a statistically significant difference between means (p < .05), and 

therefore, we can reject the null hypothesis and accept the alternative hypothesis with only 

slight caution. 

Once RQ3b outliers were removed, a one-way ANOVA was conducted to determine 

the difference in fifth grade student achievement scores (based on advanced and mastery 

achievement percentages on the 2017-2018 LEAP) for schools with different curriculum 

materials. Participants were classified into three groups: Tier 1 (n = 454), Tier 3 (n = 87), and 

non-tiered (n = 21), with non-tiered designated as Tier 4 when numerical association was 

needed. There were no outliers within Tier 1 and the non-tiered group, but one new outlier 

developed for Tier 3 (see Appendix U), as assessed by boxplots; the non-tiered group was 

normally distributed, as assessed by Shapiro-Wilk's test (p > .05) with Tier 1 and Tier 3, 

indicating non-normality (p < .05) but revealing approximately normal distribution through 



 
 

160 

other normality methods once the original outliers were removed (see Appendix V) with 

additional support from Appendix N; and there was homogeneity of variances, as assessed by 

Levene's test of homogeneity of variances (p = .291; see Appendix V). Data is presented as 

mean ± standard deviation. Scores from the LEAP were statistically significantly different 

between different curriculum material groups, F(2, 559) = 6.19, p = .002 , ղp
2 = .022 (see 

Appendix W). The LEAP scores increased from non-tiered (M = 18.71, SD = 13.13) to Tier 3 

(M = 22.97, SD = 16.36) to Tier 1 (M = 28.2, SD = 17.09), in that order. Tukey post hoc 

analysis revealed that the mean increase from Tier 3 to Tier 1 (5.24, 95% CI [0.61, 9.9]) was 

statistically significant (p = .022), and non-tiered (Tier 4) to Tier 1 

(9.49, 95% CI [0.65, 18.33]) was statistically significant (p = .032), but no other group 

differences were statistically significant (see Appendix W). The group means were 

statistically significantly different (p < .05). Therefore, we can reject the null hypothesis and 

accept the alternative hypothesis.  

RQ3c: What are the differences in advanced and mastery level fifth grade math 

student achievement in the state of Louisiana based on LEAP 2025 scores between Tier 1, 

Tier 2, Tier 3, and other non-tiered curriculum material choices for 2018-2019?  

Ho3c: Mathematics curriculum material choice from Tier 1, Tier 2, Tier 3, and other 

non-tiered curriculum material choices from the Louisiana Department of Education will 

have no statistically significant difference on mathematic student achievement at the 

advanced and mastery level for fifth grade students as measured by the LEAP in 2018-2019. 
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Table 29 

Descriptive Statistics for Fifth Grade 2018-2019 With and Without Outliers 

Outliers 
Included Tier n Mean SD SE 95% LL 95% 

UL Min. Max. 

Yes 1 568 32.7 20.72 0.87 30.99 34.4 2 100 

 3 4 48.5 26.74 13.37 5.95 91.05 22 85 

 4 2 58 48.08 34 -374.01 490.01 24 92 

 Total 574 32.89 20.89 0.87 31.18 34.61 2 100 

No 1 559 31.7 19.33 0.82 30.1 33.31 2 88 

 3 4 48.5 26.74 13.37 5.95 91.05 22 85 

 4 2 58 48.08 34 -374.01 490.01 24 92 

 Total 565 31.92 19.55 0.82 30.3 33.53 2 92 
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Table 30 

One-Way ANOVA of Fifth Grade 2018-2019 Achievement by Outlier Inclusion  

Outliers 
Included Source Sum of 

Squares df Mean of 
Squares F Significance 

(p) 

Partial 
Eta 

Squared 

Yes Between 
groups 

2,257.21 2 1,128.61 2.6 .075 .009 

 Within 
groups 

24,867.31 571 434.09    

 Total 250,124.52 573     

No Between 
groups 

2,486.22 2 1,243.12 3.28 .038 .012 

 Within 
groups 

213,025.71 562 379.05    

 Total 215,511.92 564     

 
Note. ANOVA reflects statistically significant results and rejects null hypothesis if p < .05.  

For RQ3c, a one-way ANOVA was conducted to determine the difference in fifth 

grade student achievement scores (based on advanced and mastery achievement percentages 

on the 2018-2019 LEAP) for schools with different curriculum materials. Participants were 

classified into three groups: Tier 1 (n = 568), Tier 3 (n = 4), and non-tiered (n = 2), with non-

tiered designated as Tier 4 when numerical association was needed (see Table 29). There 

were no outliers within Tier 3 and the non-tiered group, but Tier 1 had outliers (see Table 8; 

Figure J3), as assessed by boxplots; data was normally distributed for Tier 3, as assessed by 

Shapiro-Wilk's test (p > .05), and Tier 1 was not normally distributed (p < .05), with the non-

tiered group containing a sample size of two, which was too small for calculation (see Table 

9); and there was homogeneity of variances, as assessed by Levene's test of homogeneity of 

variances (p = .13; see Table 10). Scores from the LEAP increased from Tier 1 
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(M = 32.7, SD = 20.72) to Tier 3 (M = 48.5, SD = 26.74) to the non-tiered group 

(M = 58, SD = 48.08), in that order, but the differences between these curriculum material 

groups were not statistically significant, F(2, 571) = 2.6, p = .75 (see Tables 29 and 30). The 

group means were not statistically significantly different (p > .05). Therefore, we cannot 

reject the null hypothesis and we cannot accept the alternative hypothesis. 

Since all the data groups within RQ3c did not satisfy all the ANOVA related 

assumptions based on the original guidelines outlined within Chapter Three, additional 

analysis and reporting was needed to support the validity and provide transparency of these 

results. For data within RQ3c there were nine outliers in the Tier 1 data and none within Tier 

3 or the non-tiered data (see Table 8; Figure J3), as assessed by inspection of a boxplot for 

values greater than 1.5 box-lengths from the edge of the box. After analysis of outlier values, 

the researcher concluded the outlier values were recorded accurately, contained no extreme 

outliers (greater than three box-lengths from the edge of the box), and did influence the 

results in a substantial manner (Laerd Statistics, 2017), with ANOVA results containing 

outliers resulting in a significance of p = .075 and without outliers at a significance of 

p = .038 (see Table 30). However, the small samples sizes of Tier 3 (n =4) and non-tiered 

(n = 2) did not warrant additional scrutiny, and the researcher continued investigating RQ3c 

with the data as the researcher originally collected it. 

The LEAP scores within the RQ3c data groups were normally distributed for Tier 3, 

as assessed by Shapiro-Wilk's test (p > .05), but showed Tier 1 departed from normality, and 

the non-tiered group, containing a sample size of two, was too small for calculation (see 

Table 9). The result for Tier 1 was not surprising because the sample size with that tier was 

greater than 50 (see Table 9), which can cause the Shapiro-Wilk test to fail the assumption of 
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normality even if normality was present (George & Mallery, 2005; Field, 2013; Laerd 

Statistics, 2017). Additional methods for normality conducted by the researcher to either 

affirm or reject normality for Tier 1 included values of skewness and kurtosis thresholds that 

would affirm or reject normality (see Table N5), visual examination of histograms and Q Q-

Plots (see Appendix M) with additional discussion within Appendix N. 

Figures from Table N5 showed Tier 1 skewness and kurtosis values (absolute values) 

were within ranges that supported normality with skewness values for Tier 1 and Tier 3 

similarly skewed. The non-tiered data was not available for calculation and comparison 

because of the group’s low sample size. Following visual examination, Tier 1 data was not 

perfectly normal, but approximately normally distributed, as assessed by visual inspection of 

their histograms. Likewise, data for Tier 1 was not perfectly normal, but approximately 

normally distributed, as assessed by visual inspection of a Normal Q-Q Plot (see Figures 

M11-M12). Despite the robustness of ANOVA to overcome violations of normality (Judd, et 

al., 2017; Field, 2013; Laerd Statistics, 2017) and the Central Limit Theorem’s affirmation of 

normality with larger sample sizes (Delacre et al., 2019; Field, 2013; Laerd Statistics, 2017), 

the ANOVA results could not even be cautiously considered for RQ3c with approximately 

normal distribution for Tier 1 and additional backing from the above numerical evaluation 

methods and visual examinations, because small sample sizes for Tier 3 and the non-tiered 

group prevent even cautious support for RQ3c results. 

Summary 

 The focus of Chapter Four was to provide an analysis of the data. To support that 

goal, the research questions and null hypotheses were outlined, along with relevant details 

related to the data cleaning process to support transparent and valid results. A one-way 
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ANOVA, with a post hoc Tukey test or independent t-test where applicable, to address each 

research question and null hypothesis. An examination of required one-way ANOVA 

assumptions to examine the reliability of results also served a crucial part the data analysis 

within Chapter Four. Once the one-way ANOVA was calculated, each null hypothesis was 

rejected or failed to be rejected based on the statistical significance of the results. Chapter 

Five will expand on the findings within Chapter Four with additional commentary on the 

results, implications of the results, recommendations for future research, and it will conclude 

this study. 

Table 31 

Null Hypothesis Summary  

Null Hypothesis Test Sig. 
(p) 

Decision 

Ho1a: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
third grade students as measured by the LEAP in 2016-
2017. 

ANOVA .95 Failed to 
reject the 
null 
hypothesis
. 

Ho1b: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
third grade students as measured by the LEAP in 2017-
2018. 

ANOVA .068 Failed to 
reject the 
null 
hypothesis
. 

Ho1c: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
third grade students as measured by the LEAP in 2018-
2019. 

ANOVA .778 Failed to 
reject the 
null 
hypothesis
. 
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Null Hypothesis Test Sig. 
(p) 

Decision 

Ho2a: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
fourth grade students as measured by the LEAP in 2016-
2017. 

ANOVA .828 Failed to 
reject the 
null 
hypothesis
. 

Ho2b: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
fourth grade students as measured by the LEAP in 2017-
2018. 

ANOVA .045 Reject the 
null 
hypothesis
. 

Ho2c: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
fourth grade students as measured by the LEAP in 2018-
2019. 

ANOVA .637 Failed to 
reject the 
null 
hypothesis
. 

Ho3a: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
fifth grade students as measured by the LEAP in 2016-
2017. 

ANOVA .543 Failed to 
reject the 
null 
hypothesis
. 

Ho3b: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
fifth grade students as measured by the LEAP in 2017-
2018. 

ANOVA .031 Reject the 
null 
hypothesis
. 

Ho3c: Mathematics curriculum material choice from Tier 
1, Tier 2, Tier 3, and other non-tiered curriculum material 
choices from the Louisiana Department of Education will 
have no statistically significant difference on mathematic 
student achievement at the advanced and mastery level for 
fifth grade students as measured by the LEAP in 2018-
2019. 

ANOVA .075 Failed to 
reject the 
null 
hypothesis
. 

 
Note. Samples sizes for Ho1c, Ho2c, and Ho3c were too small to be reliably considered. 
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CHAPTER FIVE 

CONCLUSION  

Introduction 

The purpose of this causal-comparative study was to use Gagne’s cumulative learning 

theory (Gagne, 1962a, 1962b, 1965) to compare math curricula choice to LEAP mathematics 

achievement for third, fourth, and fifth grade students in public schools within the state of 

Louisiana. Curriculum materials, especially during mathematics instruction, have been a 

driving force behind the instruction that takes place within the classroom (Arican, 2018; Ball 

& Cohen, 1996; Bellens et al., 2020; Monaghan, 2013; Remillard, 2005; Remillard & Kim, 

2020; Ruggeri, 2021). However, the lack of information related to the effectiveness of 

different curriculum materials has hindered school leaders from making curriculum material 

decisions based on optimal student performance (Blazar et al., 2020; Chingos & Whitehurts, 

2012; Polikoff, Campbell, et al., 2020; Ruggeri, 2021). Considering an entire school 

building, and possibly school district in many cases, is impacted by curriculum material 

choice, providing more relevant information on curriculum materials is a critical step 

educational stakeholders must take (Koedel et al., 2017; Polikoff, 2018, 2021). While 

investigations in this area of study have been done before, an emphasis on examining what 

impact curriculum materials have or have not had on student learning has been more recent 

(Solomon et al., 2019). To both to contribute and explore this area of study, the researcher 

selected the state of Louisiana, in part, because of the curriculum material tier system already 

in place to inform educational leaders on curriculum material alignment to the state standards 

as an avenue for student achievement (Kaufman et al., 2018). 
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Summary of Findings 

 The predominant question within this inquiry was, what is the difference in student 

achievement and curriculum material choice? To answer that question, three main research 

questions were developed to examine the difference in student achievement for third, fourth, 

and fifth grades, with one main research question for each grade level. Three sub-questions 

for each main question were developed to encompass a three-year range for the 2016-2017, 

2017-2018, and 2018-2019 school years. Initially, the researcher planned to use data from 

more recent school years, but COVID-19 interference with 2019-2020 testing and beyond 

made that problematic so the earlier year of 2016-2017 was added to the data set to replace 

the 2019-2020 school year. Student achievement was based on the percentage of students 

who scored in the top two LEAP performance tiers, advanced and mastery, which was 

consistent with similar types of studies within the field (Kodel et al., 2017; Monaghan, 2013; 

Solomon et al., 2019; Walsh, 2009). One-way ANOVAs were performed for each sub-

question to determine if there was a statistically significant difference (p < .05) between 

curriculum material choice and student achievement. 

 The examination of RQ1, the difference between Tier 1, Tier 2, Tier 3, and other non-

tiered curriculum material choices for third grade advanced and mastery level math student 

achievement scores for 2016-2017 (RQ1a), 2017-2018 (RQ1b), and 2018-2019 (RQ1c) 

produced varied results. Both RQ1a and RQ1c showed no statistically significant results with 

p = .95 and p = .778 (see Tables 20 and 24). It should also be noted Tier 3 and the non-tiered 

group within RQ1c were both below 10 data points, while Tier 1 had over 550 data points, 

which makes the ANOVA results from RQ1c somewhat irrelevant. Meanwhile, RQ1b 

showed nearly statistically significant results, p = .068 (see Table 14). However, once four 
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outliers from the 471 data points within Tier 1, three outliers from the 92 data points within 

Tier 3, and the one outlier from the 23 data points within the non-tiered group were removed 

and the ANOVA was repeated, an ANOVA result of p = .005 and effect size of .019 

indicated statistically significant results. The Tukey post hoc test result of p = .009 between 

Tier 1 and Tier 3 showed a statistically significant result (see Appendix R).  

Additionally, the analysis for the assumption of normality for RQ1b related to the 

ANOVA showed both Tier 1 and Tier 3 had acceptable normality for analysis given the 

robustness of ANOVA to overcome violations of normality (Judd, et al., 2017; Field, 2013; 

Laerd Statistics, 2017) and based on the assumption of normality derived from the Central 

Limit Theorem’s affirmation of normality with larger sample sizes (Delacre et al., 2019; 

Field, 2013; Laerd Statistics, 2017) and support from Appendix N and Appendix K (Figures 

K3-K8). However, the non-tiered group did not meet the skewness or kurtosis normality 

guidelines for any of the above-mentioned methods that limited the results to only be 

cautiously supported. Furthermore, the number of data points for the non-tiered group was 

only 23, compared to much higher numbers of data points for Tier 1 and Tier 3. 

As a result, the researcher examined the implications of the removal of the non-tiered 

group, leaving only the two groups for comparison and transitioning to an independent t-test. 

The independent t-test is the traditional method used when only two sample groups are used 

in a comparison of difference (Laerd Statistics, 2017). The results revealed p = .033 and 

Cohen’s d effect size of .24, which indicated statistically significant results between Tier 1 

and Tier 3 (see Appendix O). While the use of an independent t-test deviated from the initial 

research design, which must be acknowledged, the opportunity to gain additional insight into 

the under studied area of curriculum material use and student achievement, and then apply 
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methodology that more closely matched the needs of the data, was an opportunity the 

researcher did not want to miss. 

The examination of RQ2, the difference between Tier 1, Tier 2, Tier 3, and other non-

tiered curriculum material choices for fourth grade advanced and mastery level math student 

achievement scores for 2016-2017 (RQ2a), 2017-2018 (RQ2b), and 2018-2019 (RQ2c) 

produced varied results, similar to RQ1 results. Both RQ2a and RQ2c showed no statistically 

significant results with p = .828 and p = .637 (see Tables 26 and 31). The RQ2c data from 

Tier 3 and the non-tiered group were both below 10 data points, while Tier 1 had over 550 

data points, which made the ANOVA results from RQ1c somewhat extraneous. Meanwhile, 

RQ2b showed statistically significant results, p = .045 (see Table 20). The Tukey post hoc 

test lacked statistically significant results (see Table 21). To ensure validity and transparency 

related to outliers, as suggested by Laerd Statistics (2017) and Liao et al. (2016), examination 

and presentation of the data was conducted with and without outliers. Once the three outliers 

from the 468 data points within Tier 1 and the one outlier from the 23 data points within the 

non-tiered group were removed and the ANOVA was repeated, results showed p = .024 and 

effect size of .013 (see Table 20), with a Tukey post hoc that lacked statistically significant 

results (see Table 29). 

As before, the researcher examined the implications with the non-tiered group 

removed from the 2017-2018 data, leaving only the two groups for comparison, and 

transitioning to an independent t-test. The independent t-test is the traditional method used 

when only two sample groups are used in a comparison (Laerd Statistics, 2017). The results 

of the t-test showed p = .035 and Cohen’s d effect size of .24, which indicated statistically 

significant results between Tier 1 and Tier 3 (see Appendix S). While the use of an 
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independent t-test deviated from the initial research design, which must be acknowledged, 

the opportunity to gain additional insight did not want to be missed by the researcher. Even 

with the t-tests robustness to overcome issues of normality (Laerd Statistics, 2017), outcomes 

should be interpreted with slight caution, as the RQ2b distribution for Tier 1 approximately 

normalized and Tier 3 only moderately reflecting normality. 

The examination of RQ3, the difference between Tier 1, Tier 2, Tier 3, and other non-

tiered curriculum material choices for fifth grade advanced and mastery level math student 

achievement scores for 2016-2017 (RQ3a), 2017-2018 (RQ3b), and 2018-2019 (RQ3c) 

produced mixed results, similar to RQ1 and RQ2. Again, the first (RQ3a) and third (RQ3c) 

sub-questions showed no statistically significant results with p = .543 and p = .75 (see Tables 

33 and 38). The data from Tier 3 and the non-tiered group was even lower than the third 

grade (RQ1c) and fourth grade (RQ2c) before, with fifth grade (RQ3c) containing fewer than 

5 data points for both groups, while Tier 1 had over 550 data points. Thus, the ANOVA 

results from RQ3c were essentially irrelevant. Meanwhile, RQ3b showed statistically 

significant results, p = .031 (see Table 27), with a Tukey post hoc that lacked statistically 

significant results (see Table 28).  

Like before, to ensure validity and transparency related to outliers, as suggested by 

Laerd Statistics (2017) and Liao et al. (2016), examination and presentation of the data was 

conducted with and without outliers. Once the three outliers from the 468 data points within 

Tier 1 and the one outlier from the 23 data points within the non-tiered group were removed 

and the ANOVA was repeated, the results showed p = .002 and effect size of .022 (see Table 

27). The Tukey post hoc test showed a statistically significant result between Tier 1 and Tier 

3, p = .049, and Tier 1 and the non-tiered group, p = .032 (see Table 28). 
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Analysis for the assumption of normality related to the ANOVA for RQ3b showed 

both Tier 1 and Tier 3 had adequate normality for analysis given the robustness of ANOVA 

to overcome violations of normality (Judd, et al., 2017; Field, 2013; Laerd Statistics, 2017) 

and based on the assumption of normality derived from the Central Limit Theorem’s 

affirmation of normality with larger sample sizes (Delacre et al., 2019; Field, 2013; Laerd 

Statistics, 2017) and support from Appendix N . However, the non-tiered group did not meet 

the skewness or kurtosis normality guidelines for any of the above-mentioned methods that 

limited the results to only be cautiously supported for RQ3b. Furthermore, the number of 

data points for the non-tiered group was only 23, compared to much higher numbers of data 

points for Tier 1 and Tier 3. 

As a result, the researcher examined the implications if the non-tiered group was 

removed, leaving only the two groups for comparison, and transitioning to an independent t-

test. The independent t-test is the traditional method used when only two sample groups are 

used in a comparison (Laerd Statistics, 2017). The results of the t-test showed p = .049 and 

Cohen’s d effect size of .23, which indicated statistically significant results between Tier 1 

and Tier 3 (see Appendix T). While the use of an independent t-test deviated from the initial 

research design, which must be acknowledged, the opportunity to gain additional insight did 

not want to be missed by the researcher. Even with the t-tests robustness to overcome issues 

of normality (Laerd Statistics, 2017), outcomes should be interpreted with only slight 

caution, as the RQ3b distribution for T1 and T3 only appeared to be somewhat to 

approximately normalized. 

A quick summary of the above findings essentially indicated three of the nine 

research sub-questions had samples sizes too small for proper ANOVA comparison, which 



 
 

173 

was the 2018-2019 data, sub-questions “c” within each main research question. Of the 

remaining six subgroups, three were not statistically significant, the 2016-2017 data, sub-

questions “a” within each main research question. Of the remaining three subgroups, all 

2017-2018 data and sub-questions “b” within each main research question, all showed 

statistically significant results in at least one or more ways either through the ANOVA within 

the original research design, an ANOVA after the removal of outliers, or the utilization of a t-

test when only two samples within the subgroup met the assumption and sample size 

standards. But even in those instances, the effect size based on Partial Eta Squared was 

typically small, near .01, for ANOVA results both with and without outliers from 2017-2018 

(Cohen, 1988). Likewise, the t-test results were all near .2 utilizing Cohen’s d, which also 

indicated a small effect size (Cohen, 1988). While the low effect size might cause the results 

to be viewed as less meaningful, which would not be altogether unreasonable, Polikoff’s 

(2021) contention that the selection of one curriculum material over another when selection 

of new or updated curriculum materials occurs, even if the effect is small, could be viewed as 

significant because it would reach the entire population with minimal additional effort and 

cost by the school. Additional perspective and patterns that materialized from the results of 

this study to provide additional context for the findings are described in the discussion 

section below. 

Discussion 

 As detailed above, the data within this study produced mixed results with several 

different patterns and observations of note from either the data gathering process or statistical 

results. During the data gathering process, it quickly became clear there was heavy migration 

toward Tier 1 curriculum from the other tiers. This migration could have been somewhat 
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predicted based on the emphasis of the LDOE to support and provide information for highly 

aligned curriculum materials (Kaufman et al., 2018; Walker, 2022), the highest of which is 

Tier 1. The lack of information overall on what curriculum materials are being used (Blazar 

et al., 2020; Hutt & Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018) would 

make such a conjecture difficult to support before information was initially gathered, which 

was why control of curriculum material choice by schools was listed as a limitation within 

this study. However, both the LDOE emphasis on quality curriculum materials and the 

migration of schools toward Tier 1 materials was not misplaced when viewed through the 

lens of Gagne’s cumulative learning theory as the LDOE sought to leverage materials to help 

support instruction that is aligned to standards, correctly build up to scaffolded instruction, 

work toward the final desired task, and investigate whether the overall sequence of 

instruction optimized student learning.  

For the first two years of the study, 2016-2017 and 2017-2018, use of Tier 3 

curriculum materials was prevalent enough across all three grades for analysis, but that 

shifted the final year when Tier 3 curriculum materials, as well as non-tiered curriculum, 

drastically declined by schools within the sample groups (see Table 9). This heavy migration 

toward Tier 1 materials in 2018-2019 made the ANOVA results for that year insignificant, 

since sample sizes for Tier 3 and the non-tiered group were too small to reliably compare for 

each grade. As a result, the non-tiered group will usually be mentioned only for the 2017-

2018 school year, when the sample size for each grade was 20 or higher, and results from the 

2018-2019 school year for all grades will typically be left out or limited within discussion 

since the Tier 3 and the non-tiered groups were too small for a valid comparison. 
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 Another observation involved the sample size additions from 2016-2017 to 2017-

2018 and the resulting mean score changes for Tier 1 and Tier 3. For the 2016-2017 school 

year, the difference between Tier 1 and Tier 3 means for third and fourth grade was less than 

one percent, with fifth grade a bit further apart at 2.4%. Tier 1 samples represented the 

greater mean in all cases. However, the sample results for Tier 1 and Tier 3 the next school 

year, 2017-2018, showed a difference of about four to five percentage points between Tier 1 

and Tier 3, and approximately seven percentage points between Tier 1 and the non-tiered 

group, with Tier 1 again demonstrating the superior scores in all cases. Also of note, the 

difference between student performance for the state of Louisiana compared to Tier 1 for 

each of nine samples, three for each grade each year, was always 2.3 percent or less and one 

percent or less for four out of the nine samples, with the state average always slightly greater 

than Tier 1 (see Table 32). 
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Table 32 

Average Group LEAP Scores with Sample Size by Year and Grade 

Year Grade 
State of 

Louisiana 
Tier 1 Tier 3 Non-Tiered 

  N M n M n M n M 

2016-
2017 

3 786 42 274 42.28 59 41.47 3 44 

 4 778 39 273 37.82 60 37.42 3 45.33 

 5 757 32 266 29.99 57 26.72 2 19.5 

2017-
2018 

3 789 42 471 40.74 92 35.88 23 36.13 

 4 782 38 468 37.67 92 32.67 23 30.91 

 5 764 30 463 29.4 90 25.07 22 21.41 

2018-
2019 

3 761 42 569 41.04 3 45 8 45.5 

 4 770 41 572 38.7 4 49 8 39.38 

 5 751 34 568 32.7 4 48.5 2 58 

 
Note. Data was from LDOE (2019b). 

Upon reflection, perhaps a deeper examination related to the schools that were added to Tier 

3 from 2016-2017 to 2017-2018 might be warranted to account for the decrease in mean 

average from year one to year two compared to the more stable Tier 1 results despite a high 

increase in data samples during the same time. However, one of the delimitations of this 

study was to specifically focus on the variables within the research questions, curriculum 

materials and student achievement, and to discover if a difference exists, not to discover why 

a difference does or does not exist. Furthermore, the ability to intentionally design a study 
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from the onset to account for these other variances was complicated since there was so little 

information on what curriculum materials are used, not only within Louisiana, but across the 

country (Blazar et al., 2020; Hutt & Polikoff, 2018; Kane, 2016; Koedel et al., 2017; 

Polikoff, 2018). 

 The combination of statistically insignificant findings for the 2016-2017 year for each 

grade, followed by statistically significant or nearly statistically significant results for each 

grade in 2017-2018, and closing with the 2018-2019 school year that only had one sample 

size large enough for reliable comparison, left the researcher to conclude the overall results 

in the most simplistic term were mixed.” The mixed nature of the results seemed to be 

supported by research on all sides of this field of study. Results from the 2017-2018 school 

year of this study affirmed the work of those who advocated for and concluded that 

curriculum materials have an impact on student achievement (Agodini et al., 2010; Bhatt & 

Koedel, 2012; Bhatt et al., 2013; Chingos & Whitehurts, 2012; Cress, 2019; Koedel et al., 

2017; Lein Authement, 2022; Polikoff, Petrilli, et al., 2020; Steiner, 2017; Walsh, 2009; 

White, 2018). As for those who maintain or discovered curriculum materials do not impact 

student achievement (Kendrick et al., 2020; Nargi, 2018; Womersley, 2020), that point of 

view was supported by the 2016-2017 findings. But the group the results of this study most 

closely support might not be those who endorse the viewpoint that a difference in curriculum 

materials impacts student achievement or those who do not view curriculum materials as a 

differentiator of student achievement, but rather those who advocate for more overall 

research based on the inconclusive studies in this area (Blazer et al., 2020; Koedel et al., 

2017; Monagham, 2013; Nargi, 2018; Solomon et al., 2019).  
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 The three tenets of Gagne’s cumulative learning theory (Gagne, 1962a, 1962b, 1965) 

basically summarize what curriculum materials overall are designed to do, as they help the 

teacher scaffold learning through instruction, monitor progress through learning activities, 

and provide sequenced learning with clear assessment over the established learning goals 

(Machalow, 2020; Remillard & Kim, 2020; Stein et al., 2007; Suppa 2018). So, could the 

mixed results simply be the byproduct of a curriculum material being in place, essentially 

any somewhat credible curriculum material being in place? If that were the case, could one 

conclude that the majority of the benefits of cumulative learning theory on student learning 

can be obtained simply by having a somewhat credible curriculum material in place, with 

differences between curriculum materials too inconsequential to be of concern? After all, 

Marzano (2003) noted the importance of a guaranteed and viable curriculum, but without 

detailed lists of what curriculum materials met this standard. Rather, Marzano emphasized 

the importance of clear expectations for what to teach, the guaranteed part, and providing 

student learning opportunities based on those expectations, the viable aspect (Marzano, 

2003), which conceptually align with the above cumulative learning theory principles. But if 

that were the case, why did this study, at least in part, and other studies find statistically 

significant results (Agodini et al., 2010; Bhatt & Koedel, 2012; Bhatt et al., 2013; Cress, 

2019; Koedel et al., 2017; Lein Authement, 2022; Polikoff, Petrilli, et al., 2020; Walsh, 2009; 

White, 2018)? While the low effect size and varying statistically significant results from this 

study suggest mixed findings, the ability for Tier 1 curriculum materials to outperform the 

other tiers could yield a bigger effect if Polikoff’s (2021) insight that a small positive effect 

generated by the selection of one curriculum material over another can actually be largely 

impactful when utilized by school, school district, or state populations because the effect 
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would be applied to the entire group. The limited significantly significant results from this 

study and other research in this field of study continue to emphasize the need for researchers, 

state institutions, and other educational stakeholders to dedicate more resources to determine 

the correlation more clearly between curriculum material choice and student achievement 

using new, improved research design methods in order to overcome the limitations of this 

study and gain more definitive results. 

Professional Implications 

The limited volume of research related to what curriculum materials are used in 

schools is routinely a major obstruction when it comes to assessing curriculum material 

impact on student achievement (Blazar et al., 2020; Cummins-Colburn, 2007; Hutt & 

Polikoff, 2018; Kane, 2016; Koedel et al., 2017; Polikoff, 2018). That obstruction, along with 

the limited number of studies related to curriculum materials and student achievement, were 

not only issues for this study but also for educational leaders as they look for avenues to 

improve student achievement (Blazar et al., 2020; Chingos & Whitehurts, 2012; Koedel et 

al., 2017; Polikoff, Campbell, et al., 2020; Ruggeri, 2021). Given the lower than desired or 

stagnant student achievement levels in mathematics over the last decade (OECD, 2018; 

NCES, 2019; Schleicher, 2019) and increasing achievement gap (Oglesby-Phelps, 2022; 

Sparks, 2018), educational stakeholders must be diligent in the exploration of paths that bring 

about improvement. Despite the under studied influence of curriculum materials on student 

achievement, educational leaders have still consistently looked to curriculum materials as a 

pathway to increase student achievement (Koedel et al., 2017; Reys et al., 2003; Solomon et 

al., 2019; Superfine et al., 2010). This study looked to address both of those issues by adding 
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to the limited information on what curriculum materials have been used and exploring the 

difference between curriculum materials and student achievement.  

 The overall mixed results of this research support the need for continued diligence 

within this area of study. Specifically, more investigation should determine whether the Tier 

1 curriculum material’s high performance, seen through the statistically significant results for 

2017-2018, and sustaining the highest average scores for all comparisons with reliable 

sample sizes, is a consistent theme found by recent reliable studies or an anomaly. 

Furthermore, the 2017-2018 results are now five years old, prior to the COVID-19 pandemic, 

and since then, changes to the educational landscape may further obscure how to best apply 

the results from this to delineate the current relationship between curriculum materials and 

student achievement. Until additional research takes place, educational decision makers 

within the state of Louisiana can look to evaluate the existing curricula in use and how well it 

matches Tier 1 standards and whether adjustments in curriculum materials need to take place. 

Likewise, other areas of the country with similar standards to the state of Louisiana could use 

the existing LDOE tier system to aid in the process of curriculum materials choices or take a 

more comprehensive step and begin to develop a curriculum material evaluation system like 

the LDOE system to tap the potential of curriculum materials to enhance student learning. 

The next step, at either the state or national level, would naturally be for educational 

stakeholders to investigate the possibility of developing and implementing transparent 

curriculum material evaluation systems to provide school leaders within each state the 

information needed to make informed decisions when selecting curriculum materials. Until 

then, either improving or initiating better mechanisms for collecting data on what curriculum 

materials are in use to facilitate more research should be widely considered given the lack of 
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quality avenues currently in place to collect that information (Kane, 2016; Koedel et al., 

2017).  

 The importance and awareness of the above initiatives are amplified after the 

realization a healthy mathematical understanding is a vital element in ensuring an 

individual’s success in education and future vocation; consequently, quality math instruction 

is crucial to the development of a quality labor force within a society (Daro & Asturias, 

2019; Denton, 2021; Hiser, 2016; National Council of Teachers of Mathematics [NCTM], 

2018; White, 2018). Despite the influence of quality math education on individuals and 

society, the lack of success linked to properly motivating students during mathematical 

learning opportunities has continued to be a concern (Lee et al., 2021).  

The alarm for current issues within math education was only magnified in light of 

Carunungan’s (2022) assertion that part of the issue elementary students encountered with 

mathematics was the elementary teacher, since elementary teachers were often uneasy 

teaching mathematics and therefore resorted to teaching in ways that were not always best for 

students. When viewed through Gagne’s cumulative learning theory, using teaching methods 

or motivational techniques that do not allow students to make mathematical connections has 

the potential to not only hamper scaffolding rigorous course content (tenet one) but also, 

impact the competence at which students learn and progress through component tasks and 

formative assessments (tenet two).  

As a result, education leaders finding and leveraging quality curriculum materials that 

can help both teachers teach the content (Arican, 2018; Carunungan, 2022; Machalow, 2020; 

Polikoff, 2021; Ruggeri, 2021) and potentially raise student achievement must be diligently 

explored. The potential for this influence to manifest was partially shown and supported 
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within this study as Tier 1 curriculum materials had the highest average scores within each 

grade and year with reliable samples sizes. Further support was found through the 

statistically significant results in 2017-2018, as Tier 1 data showed higher averages than Tier 

3 or the non-tiered group by four to eight percent for each grade. The implications of more 

informed selection, utilization, and evaluation of curriculum materials within the education 

system should not be overlooked.  

Recommendations for Future Research 

 As continually addressed by other researchers who explored the difference between 

curriculum materials and student achievement, and reinforced by the researcher within this 

study, more research and facilitation of research related to curriculum materials is needed. 

However, initiating future research in this area will be impeded if based off a simplistic 

approach or belief that researchers simply need to seize the initiative because clear 

limitations currently curb the practical expansion of research. While research in this area can 

be done, as evident by this study and others, reduction of the current limitations and effort 

required could awaken this area of research. Until then, generating an increase in curiosity 

within the educational community related to the difference between curriculum material 

choice and student achievement is needed by the few directly studying the difference, 

coupled with similar efforts by those studying either curriculum materials or student 

achievement in other capacities viewing curriculum materials as a variable of emphasis. 

Finding ways to increase awareness is needed, but an equally crucial undertaking for 

progress is to discover how to either widen the use of, or expand the creation of, mechanisms 

to document curriculum material use within the education system in a way that is accurate 

and accessible for research. While the LDOE has already implemented a system at the state 
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level that provides a starting point for curriculum material data collection by listing how 

different curriculum materials align to the state standards, it does not actually track what is 

used. 

Additional exploration of the impact of the LDOE tier system by other researchers 

and other educational systems presents an opportunity for the advancement of research in this 

field and for other states to begin examining if a similar system, possibly one that documents 

curriculum material use, would be beneficial in the quest to raise student achievement. If 

through an increase in attention to this area of study, the improvement of current mechanisms 

for curriculum material selection or evaluation, or expansion in the creation of new tools by 

education stakeholders, a true opportunity for researchers to seize the initiative and inject 

new findings regarding curriculum materials and student achievement could take place.  

Future opportunities for study, hopefully with access to larger populations from 

which to draw samples through improved documentation related to curriculum material use if 

the above suggestions manifest, could include the examination of the difference in 

curriculum material choice and student achievement longitudinally. With more transparency 

of curriculum material use, the ability for researchers to examine how either the use of one 

curriculum material, several materials, or even the transition between materials over a three- 

year, five-year, or longer time period becomes much more feasible. Limitations within this 

study related to the unknown migration of schools to Tier 1 curriculum materials, lack of 

knowledge of which materials were in use, and the need for a reasonable timeframe of only 

three years all impacted the research design that future researchers now have an opportunity 

to account for and overcome. Likewise, more targeted studies related to fidelity of 

curriculum material implementation, teacher training associated with the curriculum prior to 
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or during the curriculum materials utilization, teacher experience, in-person compared to 

online curriculum materials, and socioeconomic status associated with curriculum materials 

and student achievement, are all needed areas of future study; all could be more accessible by 

either the ability to better account for existing limitations or through an increase in 

information on curriculum material utilization for the desired research population.  

Given the current ambiguity surrounding curriculum material utilization, perhaps 

more research directly related to the limitations within this field of study and how to best 

account for them is of the most practical use. Even though the researcher in this study 

attempted to overcome some of those limitations, the researcher was left with 2018-2019 data 

too misaligned for proper analysis and produced minimal return on investment. If 

investigation into the consistent issues within this field of study and how to best compensate, 

researchers might be empowered to generate not only more research, but more meaningful 

research.  

The analysis of curriculum materials and student performance shifts could also be 

another point more closely studied. Within this study the 2016-2017 data was not statistically 

significant and had similar average LEAP scores between Tier 1 and Tier 3. Yet, the next 

year in 2017-2018 a statistically significant difference was seen, with average scores on the 

LEAP between Tier 1 and Tier 3 and the non-tiered group four or more percentage points 

apart for each grade level. Understanding why that changed occurred, and others like, it 

could provide meaningful insights. The researcher could make a conjecture that Tier 3 

performance dropped with the increase in sample size because traditionally lower achieving 

schools were mostly added the second year, or that a disproportionate number of high 
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achieving schools dominated the population the first year for Tier 3, but this would on be 

conjecture because the demographics of the schools were a limitation within this study.  

Future studies, however, might be able to put systems in place to better examine those 

nuances, thus providing a better understanding for how curriculum materials and student 

achievement interact. Moreover, since Tier 1 curriculum materials overshadowed the 

populations of the other tiers, especially for 2018-2019, contingencies to separate that tier 

into individual curriculums, instead of an entire Tier 1 group, to examine the difference in 

student achievement between each specific curriculum could also yield beneficial results. 

Conclusion 

While the difficulties currently associated with curriculum material research may or 

may not also contribute to the lack of activity in this area of study, the existing research 

directly indicates there is a gap in literature between curriculum material and student 

achievement that needs to be better understood (Blazar et al., 2020; Bhatt & Koedel, 2012; 

Chingos & Whitehurts, 2012; Cummins-Colburn, 2007; Kane, 2016; Koedel et al., 2017; 

Polikoff, 2018; Polikoff, Campbell, et al., 2020; Remillard, 2005; Steiner, 2017). To address 

the shortage, this study attempted to provide two things: a detailed analysis of existing 

research within the literature review and research conducted to identify the difference 

between curriculum material choice and student achievement. One of the critiques related to 

studies on the effectiveness of curriculum materials and student achievement was that they 

typically do not pass high standards of scrutiny (Chingos & Whitehurts, 2012; Solomon et 

al., 2019). For that reason, the researcher intentionally utilized a research design that was 

consistent with appropriate research practices and other studies within the field that received 

publication. While the results of this study did indicate curriculum material choice could 
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positively impact student learning, the overall lack of information related to curriculum 

materials and student achievement continues to leave educational decision makers without 

clear information on how to, or if, they can leverage curriculum materials to improve student 

achievement, unless more research is generated (Blazar et al., 2020; Chingos & Whitehurts, 

2012; Cummins-Colburn, 2007; Koedel et al., 2017; Polikoff, Campbell, et al., 2020; 

Ruggeri, 2021).  

  If the warning by Dr. Caballero (1989) that the doors of future possibilities for 

students close when progress in mathematics stops is accurate, it is paramount for the 

educational system to find ways to keep students engaged and successful in mathematics at 

both the individual and societal levels (Daro & Asturias, 2019; Denton, 2021; Hiser, 2016; 

NCTM, 2018; White, 2018). Thus, the chance to study whether curriculum materials could 

help keep doors open for more students provided the setting for this causal-comparative 

study, the purpose of which was to use Gagne’s cumulative learning theory (Gagne, 1962a, 

1962b, 1965) to determine if there is a relationship between math curricula choice and math 

achievement. As previously stated, the findings from this research study were mixed, but not 

without relevance. Those mixed results reinforced two essential things: first, the ability of 

curriculum materials to have a statistically significant difference on student achievement, 

even if inconsistently, second, the need for more research in this area so educators can gain a 

better understanding and come to definitive answers on the relationship between curriculum 

material and student achievement. Currently research does not have a clear answer, which 

has been underscored by the mixed results in this study and others. 

Within the mixed results, there were still positive outcomes; even a contribution as 

simple as providing clear information detailing what curriculum materials are in use, can 
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provide a starting point for future research since knowing what curriculum materials are in 

use has been a well-documented obstacle, as demonstrated within this study. The unknown 

and undocumented mass migration of school utilization of Tier 1 curriculum materials 

presented both an issue and a benefit. The issue was that it limited the size of sample groups 

for comparison, but it also provided insight into the potential benefits of agencies, such as the 

LDOE, to help schools make empowered, evidence-based decisions when selecting 

curriculum materials. Even though Tier 1 curriculum materials did outperform the others 

within this study, a standalone study such as this cannot definitively conclude material choice 

makes a difference when viewed in light of the lack of current available research revealing 

enough evidence to show such an impact on student learning. 

For that reason, this study was designed to discover if there was a difference between 

curriculum material choice and student achievement, not why there was or was not a 

difference in curriculum material choice and student achievement. This was partially why 

many of the concepts within the recommendations for future research were not included 

within this study. Hopefully, through the tireless work of researchers to overcome the 

obstacles related to the uncertainty of which curriculum materials are in use and gathering the 

individual data to generate studies, a better understanding may emerge about whether a 

difference truly exists. Improvements in the development and use of mechanisms to 

accurately gather and share data related to what curriculum materials are in use would make 

research more manageable, as could the adoption and wider use of curriculum evaluation 

systems similar to the tier system generated by the LDOE, providing more of a starting point 

for comparison to determine if the potential in this area can be operationalized, or if it can be 

dismissed. More research is needed to provide clarity regarding if there is a difference 
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between curriculum materials and student achievement. Once educational stakeholders know 

with a high degree of certainty if curriculum materials do or do not have the potential to 

make a difference on student achievement, a shift to more research related to why a 

difference does or does not exist can take place, empowering educational stakeholders to 

leverage school resources based on evidence for maximizing student learning.  
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Copy of: RRB Approval Letter Copy 
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APPENDIX B: 

Copy of Email: Initial Survey 

Dear (Insert administrator name), 

My name is Brian Neugebauer, and I am a doctoral candidate at Southwest Baptist 
University. As part of the requirements to complete my Ed.D. in Educational Leadership, I 
am conducting a research study on math curriculum material choice and student 
achievement. This is an area of study lacking in comprehensive research and the reason for 
my contact. I am evaluating the 2016-17, 2017-18 and 2018-2019 school years to attempt to 
prevent any influence from the COVID-19 pandemic on the data. 

(Insert school name) has been selected for participation in this study because your 
current school building meets the specific criteria for my research. Your participation 
is essential for successful completion of my research, which will require numerous 
accurate responses to be shown as valid. Individual school data will not be reported, and 
additional informed consent details are on the first page of the survey link. The test group for 
this survey showed the entire survey took less than five minutes once the curriculum material 
choice(s) was known.  

*You may find it beneficial to first discuss with a colleague what curriculum materials were 
in use at your building (usually a textbook or similarly purchased material) to accurately 
provide answers for the years above and then return to the survey within the two-week 
window before going further. * 

Survey Link: (Insert survey link here) 

As a participation incentive, you have the option of being included in a random drawing for 
one of five $20 Amazon gifts cards once the research goal is met. You may also request the 
results of this research once it is finished. If you have any questions, please don’t hesitate to 
email, call, or text using the contact information below: 

Email(s): (Insert work email here) (work email) or (Insert survey email here) (survey 
email) 

Personal cellphone: (Insert cellphone number here) 

Thank you for your consideration and dedication to advancing the field of curriculum 
material research. I am hoping to conclude my data collection within two weeks. 

With appreciation,  

Brian D. Neugebauer 

Doctoral Candidate, Southwest Baptist University 
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APPENDIX C: 

Copy of Email: One Week Follow Up 

Dear (Insert administrator name), 

My name is Brian Neugebauer, I previously emailed you regarding a research survey for my 
doctoral dissertation last (Insert date here) 

I realize life is busy, which is why I am attempting to reach out again. Your contribution to 
my research would be helpful as I will try to conclude my data collection in approximately 
one week. Thankfully I am (Insert percent here) toward reaching a high enough survey 
participant number to facilitate statistically valid and reliable research results, but I need your 
help to reach the goal. Your help is truly vital, each school counts. 

Survey Link: (Insert survey link here)  

With gratitude, 

Brian D. Neugebauer 

Doctoral Candidate, Southwest Baptist University  

*I have included the original email below in case you wish to review it. * 
____________________________________________________________________ 

My name is Brian Neugebauer, and I am a doctoral candidate at Southwest Baptist 
University. As part of the requirements to complete my Ed.D. in Educational Leadership, I 
am conducting a research study on math curriculum material choice and student 
achievement. This is an area of study lacking in comprehensive research and the reason for 
my contact. I am evaluating the 2016-17, 2017-18 and 2018-2019 school years to attempt to 
prevent any influence from the COVID-19 pandemic on the data. 

(Insert school name) has been selected for participation in this study because your 
current school building meets the specific criteria for my research. Your participation 
is essential for successful completion of my research, which will require numerous 
accurate responses to be shown as valid. Individual school data will not be reported, and 
additional informed consent details are on the first page of the survey link. The test group for 
this survey showed the entire survey took less than five minutes once the curriculum material 
choice(s) was known.  

*You may find it beneficial to first discuss with a colleague what curriculum materials were 
in use at your building (usually a textbook or similarly purchased material) to accurately 
provide answers for the years above and then return to the survey within the two-week 
window before going further. * 

Survey Link: (Insert survey link here) 

As a participation incentive, you have the option of being included in a random drawing for 
one of five $20 Amazon gifts cards once the research goal is met. You may also request the 
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results of this research once it is finished. If you have any questions, please don’t hesitate to 
email, call, or text using the contact information below: 

Email(s): (Insert work email here) (work email) or (Insert survey email here) (survey 
email) 

Personal cellphone: (Insert cellphone number here) 

Thank you for your consideration and dedication to advancing the field of curriculum 
material research. I am hoping to conclude my data collection within two weeks. 
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APPENDIX D: 

Copy of Email: End of Two Weeks 

(Insert administrator name), 

This is Brian Neugebauer, I previously emailed you about my research survey for my 
doctoral dissertation (Insert date here). My research is currently near (Insert percent here) 
of the survey participation goal and I can use your help to reach the needed level for valid 
and reliable research.  

(Insert school name) can contribute to my research in a meaningful way if you are able to 
complete the five-minute survey related to math curriculum materials (usually a textbook or 
similar purchased program). All you need to complete the survey is the textbook/curriculum 
material for any combination of 3rd, 4th and 5th grade for the 2016-2017, 2017-18 and 2018-
19 school years.  

I do realize there has been faculty, administrator, and curriculum material turnover since the 
above school years. Sadly, to avoid the COVID-19 pandemic impacting the research, I 
needed to use those years. Even if you are not able to determine the curriculum materials 
from memory or are newer to the building, my hope is a veteran teacher in the building, a 
school secretary or someone similar with knowledge from those years would be able to help.  

While full survey completion is desired, even partial completion with accurate information 
you find from those years would be better than none. I know your job duties keep you busy, 
for that reason why I am attempting another email. If you are not able to help with my 
research, I truly understand and will remove you from my email list provided by the LDOE 
upon your request. 

If you would like me to resend the original email information, have questions, or need 
anything else simply let me know. 

Survey Link: (Insert survey link here) 

Thank you for your time and support, 

Brian D. Neugebauer 

Doctoral Candidate, Southwest Baptist University 
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APPENDIX E: 

Copy of Email: Still in Need of More Data 

Dear (Insert administrator name),  

My name is Brian Neugebauer, I previously emailed you regarding my dissertation research. 
Sadly, I did not obtain the number of responses I needed over the past two weeks and am 
hopeful this last email provides you the opportunity to capitalize on the incentive opportunity 
outlined below and me with the survey data I need. 

You have been selected for participation in this study because your current school 
building meets the specific criteria for my research and your participation is essential 
for successful completion of my research. The link to the 5-to-10-minute survey utilizes 
drop boxes for completion and is included below. Individual school data will not be 
reported. 

Survey Link: (Insert survey link here) 

As a participation incentive you have the option of being included in a random drawing for 
one of five $20 Amazon gifts cards once the research goal is met. You may also request the 
results of this research once it is finished. If you have any questions, please email, call, or 
text, using the contact information below: 

Email(s): (Insert work email here) (work email) or (Insert survey email here) (survey 
email) Personal cellphone: (Insert cellphone number here) 

Sincerely, 

Brian D. Neugebauer 

Doctoral Candidate, Southwest Baptist University 
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APPENDIX F: 

Copy of: Phone Call Transcript 

Introduction:  

My name is Brian Neugebauer, and I am a doctoral candidate at the Southwest Baptist 
University. I previously attempted to email (insert administrators name) but have not heard 
back. Are they available? 

If administrator is available: 

Hello, this is Brian Neugebauer, and I am thankful to get a hold of you. I emailed you 
recently to gather curriculum material information about your school for my doctoral 
research. Sadly, I did not obtain the number of responses I needed over the past two weeks 
and am calling to gain more responses. I know it might have been filtered into a junk or spam 
folder, which is why I called. Would you have time in the next day or two to complete the 
survey from my email? I can even send the email again if you need. 

(Wait for response to continue or conclude conversation) 

Thank you, please call me back at this number if you have questions and remember there is a 
drawing for one of five $20 Amazon gift cards for each person who completes the survey.  

If administrator is not available: 

I understand they are busy. Sadly, I did not obtain the number of responses I needed over the 
past two weeks and am calling to gain more responses. I know the email I sent might have 
been filtered into a junk or spam folder, which is why I called. What might be the best email 
for (insert administrators name)? 

(Wait for response to continue or conclude conversation) 

Thank you, could you please let them know I called and would greatly value their 
participation. If they have any questions, my phone number is (Insert cellphone number 
here), again my name is Brian.  
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APPENDIX G: 

Gathered Data Details by Year, Source, Tier, and Type 

Table G1 

Source Type of Sample Data by Year and Grade 

School 
Year Grade LDOE 

Data 
Principal 
Survey 

Parish/District 
Level Contact 

Collected 
Total 

Possible 
Total 

2016-2017 3 0 72 264 336 786 

 4 0 73 263 336 778 

 5 0 70 262 332 757 

2017-2018 3 252 68 266 586 789 

 4 247 70 266 583 782 

 5 24 67 264 575 764 

2018-2019 3 241 73 266 580 761 

 4 243 75 267 585 770 

 5 238 72 264 574 751 

 



 
 

236 

Table G2 

Number of Sample Data Points per Curriculum Tier by Year and Grade 

School 
Year Grade Tier 1 Tier 2 Tier 3 Non-

Tiered Total 

2016-2017 3 274 0 59 3 336 

 4 273 0 60 3 336 

 5 271 0 59 2 332 

2017-2018 3 471 0 92 23 586 

 4 468 0 92 23 583 

 5 463 0 90 22 575 

2018-2019 3 569 0 3 8 580 

 4 572 0 4 8 584 

 5 568 0 4 2 574 
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Table G3 

Number of Sample Data Points per Curriculum Material by Year and Grade within Tier 1 

School 
Year Grade Bridges in 

Math 
Eureka 
Math 

Ready 
Louisiana 

Mathematics 

Zearn 
Math 

Tier 1 
Combination 

2016-
2017  

3 
4 245 2 23 

0 

 4 4 246 2 21 0 

 5 4 245 1 21 0 

2017-
2018  

3 
4 416 2 36 

13 

 4 4 410 2 39 13 

 5 4 405 2 39 13 

2018-
2019 

3 
4 400 24 140 

1 

 4 5 402 24 141 1 

 5 4 396 25 142 1 

 
Note. Tier 1 Combination designates multiple materials report at a school for a specific year 

and grade, but still utilized by the researcher since both were within Tier 1. 
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Table G4 

Number of Sample Data Points per Curriculum Material by Year and Grade within Tier 3 

School 
Year Grade 

Common Core 
Math 

Benchmark 

enVision 
Math and 
enVision 
Math 2.0 

HMH 
Go Math 

HMH 
Math in 
Focus 

My 
Math 

2016-

2017 
3 1 2 42 0 15 

 4 1 2 42 0 15 

 5 1 2 41 0 15 

2017-

2018 
3 1 5 70 1 15 

 4 1 5 70 1 15 

 5 1 5 68 1 15 

2018-

2019 
3 0 0 3 0 0 

 4 0 0 4 0 0 

 5 0 0 4 0 0 

 
Note. In 2016-2017 and 2017-2018, one reported use of enVision 2.0 occurs for each grade. 
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Table G5 

Number of Sample Data Points per Curriculum Material by Year and Grade within Non-

Tiered 

School Year Grade Non-Tiered 

2016-2017 3 3 

 4 3 

 5 2 

2017-2018 3 23 

 4 23 

 5 22 

2018-2019 3 8 

 4 8 

 5 2 
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APPENDIX H: 

Third Grade Outlier Boxplots for Each Year 

Figure H1 

2016-2017 Grade 3 Outlier Boxplot 
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Figure H2 

2017-2018 Grade 3 Outlier Boxplot 
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Figure H3 

2018-2019 Grade 3 Outlier Boxplot 
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APPENDIX I: 

Fourth Grade Outlier Boxplots for Each Year 

Figure I1 

2016-2017 Grade 4 Outlier Boxplot 
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Figure I2 

2017-2018 Grade 4 Outlier Boxplot 
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Figure I3 

2018-2019 Grade 4 Outlier Boxplot 
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APPENDIX J: 

Fifth Grade Outlier Boxplots for Each Year 

Figure J1 

2016-2017 Grade 5 Outlier Boxplot 
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Figure J2 

2017-2018 Grade 5 Outlier Boxplot 

 

 

  



 
 

248 

Figure J3 

2018-2019 Grade 5 Outlier Boxplot 
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APPENDIX K: 

Figure K1 

2016-2017 Grade 3 Tier 1 Histogram and Q Q-Plot 

 

Figure K2 

2016-2017 Grade 3 Tier 1 Q Q-Plot 
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Figure K3 

2017-2018 Grade 3 Tier 1 Histogram and Q Q-Plot 

 

Figure K4 

2017-2018 Grade 3 Tier 1 Q Q-Plot 
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Figure K5 

2017-2018 Grade 3 Tier 3 Histogram 

 

Figure K6 

2017-2018 Grade 3 Tier 3 Q Q-Plot 
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Figure K7 

2017-2018 Grade 3 Non-tiered (Tier 4) Histogram 

 

Figure K8 

2017-2018 Grade 3 Non-tiered (Tier 4) Q Q-Plot 
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Figure K9 

2018-2019 Grade 3 Tier 1 Histogram 

 

Figure K10 

2018-2019 Grade 3 Tier 1 Q Q-Plot 
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APPENDIX L: 

Fourth Grade Histograms and Q Q-Plots for Each Year 

Figure L1 

2016-2017 Grade 4 Tier 1 Histogram  

 

Figure L2 

2016-2017 Grade 4 Tier 1 Q Q-Plot 
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Figure L3 

2016-2017 Grade 4 Tier 3 Histogram 

 

Figure L4 

2016-2017 Grade 4 Tier 3 Q Q-Plot 
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Figure L5 

2017-2018 Grade 4 Tier 1 Histogram 

 

Figure L6 

2017-2018 Grade 4 Tier 1 Q Q-Plot 
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Figure L7 

2017-2018 Grade 4 Tier 3 Histogram 

 

Figure L8 

2017-2018 Grade 4 Tier 3 Q Q-Plot 
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Figure L9 

2018-2019 Grade 4 Tier 1 Histogram 

 

Figure L10 

2018-2019 Grade 4 Tier 1 Q Q-Plot 
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Figure L11 

2018-2019 Grade 4 Non-tiered (Tier 4) Histogram  

 

Figure L12 

2018-2019 Grade 4 Non-tiered (Tier 4) Q Q-Plot 
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APPENDIX M: 

Fifth Grade Histogram and Q Q-Plot for Each Year 

Figure M1 

2016-2017 Grade 5 Tier 1 Histogram 

 

Figure M2 

2016-2017 Grade 5 Tier 1 Q Q-Plot 
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Figure M3 

2016-2017 Grade 5 Tier 3 Histogram Q Q-Plot 

 

Figure M4 

2016-2017 Grade 5 Tier 3 Histogram Q Q-Plot 
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Figure M5 

2017-2018 Grade 5 Tier 1 Histogram  

 

Figure M6 

2017-2018 Grade 5 Tier 1 Q Q-Plot 
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Figure M7 

2017-2018 Grade 5 Tier 3 Histogram 

 

Figure M8 

2017-2018 Grade 5 Tier 3 Q Q-Plot  
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Figure M9 

2018-2019 Grade 5 Non-tiered (Tier 4) Histogram 

 

Figure M10 

2018-2019 Grade 5 Non-tiered (Tier 4) Q Q-Plot 
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Figure M11 

2018-2019 Grade 5 Tier 1 Histogram 

 

Figure M12 

2018-2019 Grade 5 Tier 1 Q Q-Plot 
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APPENDIX N: 

Additional Normality Analysis 

Finding and utilizing alternate methods of analyzing normality more applicable to the sample 

subgroups with sample sizes either significantly less than or greater than 50, to replace the 

Shapiro-Wilk test, was an area of focus by the researcher. In fact, Laerd Statistics (2017) 

mentioned the use of multiple methods to detect and then assess normality to understand the 

data more rigorously and then assuming normality if the data meets a specific criterion, such 

as representing normality on two out of three methods.  

An objective method for determining normality is the use of skewness and kurtosis 

ratios, referred to as z-test, calculated by dividing skewness or kurtosis values by their 

corresponding standard error (SE) (Demir, 2022; Field, 2013; Laerd Statistics, 2017; Mishra 

et al., 2019). Acceptable ranges for z-score results (from a z-test) vary from absolute values 

of 1.96 or approximately two (Demir, 2022; International Business Machines [IBM], 2021), 

2.58 (Demis, 2022; Laerd Statistics, 2017), or any absolute value less than three (Bloom, 

2020; Field, 2013).  

Meanwhile, Field (2013) and Mishar et al. (2019) with similar but slightly different 

standards, base acceptable ratio results on sample size, with absolute values of 1.96 for 

sample sizes 50 or below, and either 2.58 (Demis, 2022; Field, 2013) or 3.29 (Demis, 2022; 

Field, 2013; Mishra, 2019) for samples above 50 since they generally have a lower standard 

error that impacts the results (Demir, 2020; Field, 2013; Flanagan, 2019). Since SPSS 

technically reports “excess” kurtosis, which establishes normality at zero, not kurtosis 

“proper” where normality is established at three, the researcher reported kurtosis related 
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concepts and results to match “excess” kurtosis because SPSS was the tool utilized by the 

researcher (Flanagan, 2019; IBM, 2021). 

SPSS descriptive statistics analysis for the data sets within this study reported 

skewness and kurtosis coefficients and corresponding standard errors for 22 of the 27 

subgroups. Five of the subgroups had sample sizes too small for SPSS analysis. Of those 22 

subgroups, seven had samples sizes below 50 and 15 had samples sizes at or above 50. For 

the seven sample subgroups below 50 data points, four of the seven had both skewness and 

kurtosis ratios with z-scores that supported normality at the 1.96 absolute value level (Demis, 

2022; IBM, 2021), and five of the seven showed normality if the 2.58 (Demis, 2022; Laerd 

Statistics, 2017) level was applied.  

For the 15 subgroups with samples sizes above 50, only five of the 15 subgroups had 

skewness and kurtosis ratios with an absolute value of 3.28 or less, which is not surprising 

given the large sample size of several of the subgroups (see Tables N1, N2 and N3). Demir 

(2022) and Field (2013) noted that sample sizes of 200 or more should not emphasize tests 

that calculate normality, especially as the only measure of normality, but rather examine the 

shape of the data or distribution along with the skewness and kurtosis values, not ratios, to 

identify normality.  

This is somewhat echoed by Laerd Statistics (2017) which emphasized that steadfast 

coherence to only calculation methods does not always give the researcher a true 

understanding of the sample’s normality and that skewness and kurtosis values, graphical 

analysis, along with tests such as the Shapiro-Wilk should be considered before making 

judgments of normality. Specifically with large sample sizes, Fields (2013) stated the 

researcher can alleviate some concern if the skewness and kurtosis ratios are below an 
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absolute value of 3.28, but not reject normality solely on those z-scores if the data was not 

below the desired threshold. As a result, the researcher calculated skewness and kurtosis 

ratios to gain z-scores for each sample but did not solely rely on those ratios when 

determining normality. 

Table N1 

2016-2017 Skewness and Kurtosis Values and z-scores by Grade within Tier  

Grade Tier n Skewness  Kurtosis  

   Value SE z-
score 

Supports 
Normality 

Value SE z-
score 

Supports 
Normality 

3rd 1 274 0.41 0.15 2.79 Yes 0.01 0.29 0.02 Yes 

 3 59 0.48 0.31 1.56 Yes -0.11 0.61 -0.18 Yes 

 
Non-
tiered 

3 -0.34 1.23 -0.28 Yes - - - - 

4th 1 273 0.46 0.15 3.12 Yes -0.36 0.29 -1.25 Yes 

 3 60 0.63 0.31 2.04 Yes -0.28 0.61 -0.48 Yes 

 
Non-
tiered 

3 -0.88 1.23 0.72 Yes - - - - 

5th 1 271 0.93 0.15 6.28 No 0.65 0.3 2.2 Yes 

 3 59 1.18 0.31 3.79 No 1.36 0.61 2.21 Yes 

 
Non-
tiered 

2 - - - - - - - - 

 
Note. Normality supported at ± 1.96 when sample size < 50, ± 3.28 when sample size > 50. A 

dash designation, (-), indicated not applicable. 
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Table N2 

2017-2018 Skewness and Kurtosis Values and z-scores by Grade within Tier  

Grade Tier n Skewness  Kurtosis  

   Value SE z-
score 

Supports 
Normality Value SE z-

score 
Supports 

Normality 

3rd 1 471 0.5 0.11 4.38 No -0.06 0.23 -0.3 Yes 

 3 92 0.93 0.25 3.69 No 0.41 0.5 0.82 Yes 

 Non-
tiered 

23 1.82 0.48 3.78 No 4.11 0.94 4.4 No 

4th 1 468 0.52 0.11 4.63 No -0.15 0.23 -0.7 Yes 

 3 92 0.79 0.25 3.16 Yes 0.05 0.5 0.09 Yes 

 Non-
tiered 

23 1.03 0.48 2.14 No 1.05 0.94 1.12 Yes 

5th 1 463 0.94 0.11 8.29 No 0.75 0.23 3.34 No 

 3 90 1.25 0.25 4.91 No 1.58 0.5 3.14 Yes 

 Non-
tiered 

22 1.63 0.49 3.31 No 3.51 0.95 3.68 No 

 
Note. Normality supported ± 1.96 when sample size < 50, ± 3.28 when sample size > 50. A 

dash designation, (-), indicated not applicable. 
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Table N3 

2018-2019 Skewness and Kurtosis Values and z-scores by Grade within Tier  

Grade Tier n Skewness  Kurtosis  

   Value SE z-
score 

Supports 
Normality Value SE z-

score 
Supports 

Normality 

3rd 1 569 0.51 0.1 5.01 No 0.07 
 

0.2 
 

0.34 
 

Yes 

 3 3 1.22 1.23 0.99 Yes - - - - 

 Non-
tiered 

8 1.35 0.75 1.79 Yes 0.88 
 

1.48 
 

0.59 
 Yes 

4th 1 572 0.48 0.1 4.73 No -0.39 0.2 1.92 Yes 

 3 4 0.34 1.01 0.34 Yes -2.85 2.62 1.09 Yes 

 Non-
tiered 

8 1.47 0.75 1.96 Yes 1.41 1.48 0.95 Yes 

5th 1 568 0.77 0.1 7.48 No 0.21 0.21 1.02 Yes 

 3 4 1.01 1.01 0.99 Yes 1.37 2.62 0.52 Yes 

 Non-
tiered 

2 - - - - - - - - 

 
Note. Normality supported ± 1.96 when sample size < 50, ± 3.28 when sample size > 50. A 

dash designation, (-), indicated not applicable. 

Another method comprised of the skewness or kurtosis values to support normality 

used the absolute value of each to determine if they were less than their corresponding 

standard error multiplied by two (George & Mallery, 2010; IBM, 2021). This method 

resulted in eight of 25 skewness subgroups and 16 of 22 kurtosis subgroups with a value less 

than their correlated standard error multiplied by two, thus supporting normality in those 

subgroups. Again, the total number of subgroups varied and was below the 27 subgroups 
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listed above because of the lack of sample size associated with some subgroups, the 

outcomes are in Table N4 below.  

The results of this type of analysis, like the z-score method listed above, involved the 

use of skewness and kurtosis standard errors, which Fields (2013) noted tend to be lower 

with larger samples. Thus, the potential for the above method involving the use of the 

standard error multiplied by two to reject normality even if it is present would increase for 

the large sample size subgroups (Field, 2013). Even though the above three calculation based 

normality examinations did not fully match the needs of all subgroup due to the varying 

sample sizes (Field, 2013; Laerd Statistics, 2017, Mishra et al., 2019), the methods did meet 

the needs of some of the subgroups and ultimately helped provide a more thorough 

understanding of the data, or what Laerd Statistics (2017) referred to as “a feel” for the data, 

before shifting the approach to non-calculation based methods to determine normality. 



 
 

272 

Table N4 

Standard Error Multiplied by Two Compared to Original Value, by Year, Grade, and Tier  

Year Grade Skewness SE Multiplied by Two 
(Greater than Skewness Value) 

Kurtosis SE Multiplied by Two 
(Greater than Kurtosis Value) 

  Tier 1 Tier 3 Non-
tiered Tier 1 Tier 3 Non-

tiered 

2016-
2017 3 

0.29 
(No) 

 

0.62 
(Yes) 

 

2.45 
(Yes) 

 

0.59 
(Yes) 

 

1.23 
(Yes) 

 

- 
 

 4 
0.29 
(No) 

 

0.62 
(No) 

 

2.45 
(Yes) 

 

0.59 
(Yes) 

 

1.22 
(Yes) 

 

- 
 

 5 
0.3 

(No) 
 

0.62 
(No) 

 

- 
 

0.59 
(No) 

 

1.23 
(No) 

 

- 
 

2017-
2018 3 

0.23 
(No) 

 

0.5 
(No) 

 

0.96 
(No) 

 

0.45 
(Yes) 

 

0.99 
(Yes) 

 

1.87 
(No) 

 

 4 
0.23 
(No) 

 

0.5 
(No) 

 

0.96 
(No) 

 

0.45 
(Yes) 

 

0.99 
(Yes) 

 

1.87 
(Yes) 

 

 5 
0.23 
(No) 

 

0.51 
(No) 

 

0.98 
(No) 

 

0.45 
(No) 

 

1.01 
(No) 

 

1.91 
(No) 

 
2018-
2019 3 

0.2 
(No) 

 

2.45 
(Yes) 

 

1.5 
(Yes) 

 

0.41 
(Yes) 

 

- 
 

2.96 
(Yes) 

 

 4 
0.2 

(No) 
 

2.03 
(Yes) 

 

1.5 
(Yes) 

 

0.41 
(Yes) 

 

5.24 
(Yes) 

 

2.96 
(Yes) 

 

 5 
0.21 
(No) 

 

2.03 
(Yes) 

 

- 
 

0.41 
(Yes) 

 

5.24 
(Yes) 

 

- 
 

 
Note. Normality supported if SE multiplied by two is greater than the original value, 

indicated with “(Yes)” below SE multiplied by two results; see Tables N1, N2, and N3 for 

original skewness values, kurtosis values, corresponding SE values and sample sizes. A dash 

designation, (-), indicated not applicable.  
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Since the original procedure to check normality outlined in Chapter Three, the 

Shapiro-Wilk test, and the additional calculation methods within Appendix N such as 

skewness and kurtosis values and their standard errors, were not entirely dependable for all 

sample sizes within this study, graphical analysis from histograms and Normal Q Q-Plots 

(see Appendices K, L and M), as well as skewness and kurtosis values that did not involve 

their standard errors, were examined. The utilization of graphical methods and skewness and 

kurtosis values to determine normality is not entirely uncommon, especially with large 

sample sizes, and has been used recently by other researchers (Bandalos, 2018; Berber 

Sardinha & Veirano Pinto, 2019; Burns McOmber, 2020; Chastain, 2021; Padilla-Hernandex, 

2020; Patton & Sickles, 2021; Sisson, 2020). Like skewness and kurtosis z-scores 

calculations above, there is not a universally accepted practice for how skewness and kurtosis 

values, without their standard errors, should be evaluated to help determine normality. But 

there is consensual understanding that the data in the sample shifts away from normal 

distribution the further the values are from zero (Field, 2013). 

 Analysis of normality that utilizes skewness and kurtosis values vary, with 

recommended skewness absolute value ranges of one or less (Mishra et al., 2019; Sisson, 

2020), 1.5 or less (Patton & Sickles, 2021) and two or less (Bandalos, 2018; Berber Sardinha 

& Veirano Pinto, 2019; George & Mallery, 2005), with values outside of those ranges 

potentially indicating non-normality. Kurtosis value boundaries applied by researchers have a 

larger range with limits as low as one (Mishra et al., 2019) or two (Bandalos, 2018; George 

& Mallery, 2005; Patton & Sickles, 2021, Sisson, 2020), and then less stringent boundaries 

of three (Berber Sardinha & Veirano Pinto, 2019), and then others proposing values up to 

seven (Bandalos, 2018) before concluding the kurtosis value could reflect non-normality. 
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Based on the above information, an absolute value of 1.5 for skewness and two for 

kurtosis was used by the researcher to examine whether the skewness and kurtosis values 

could be an indicator of normality. Under those conditions, 23 of the 25 subgroups had a 

skewness absolute value of 1.5 or less and 19 of 22 subgroups had kurtosis absolute values of 

two or less (see Table N5). The variety of methods outlined above allowed the researcher to 

examine assumption five, normality, for the different subgroups by applying methods that 

corresponded to the appropriate samples size of each subgroup, except for the situations 

where subgroup data sizes were too small for analysis.  
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Table N5 

Skewness and Kurtosis Absolute Values by Year, Grade, and Tier  

Year Grade Tier 1 Tier 3 Non-Tiered 

  Skewness Kurtosis Skewness Kurtosis Skewness Kurtosis 

2016-
2017 3 0.41 0.01 0.48 0.11 0.34 - 

 4 0.46 0.37 0.63 0.29 0.88 - 

 5 0.93 0.65 1.18 1.36 - - 

2017-
2018 3 0.5 0.07 0.93 0.41 1.82 4.11 

 4 0.52 0.16 0.79 0.05 1.03 1.05 

 5 0.94 0.75 1.25 1.58 1.63 3.51 

2018-
2019 3 0.51 0.07 1.22 N/A 1.35 0.88 

 4 0.48 0.39 0.34 2.85 1.47 1.41 

 5 0.77 0.21 1.01 1.37 - - 

 
Note. Absolute values of skewness less than 1.5 and kurtosis less than 2 support normality. A 

dash designation, (-), indicated not applicable. 

In addition to the above normality tests and indicators, the researcher considered 

additional research before either affirming or rejecting normality of the data and determining 

if the data was valid based on analysis of assumption five of the data. Laerd Statistics (2017) 

discussed how the robustness of an ANOVA to non-normality can typically allow the use of 

approximately normal data, especially with larger samples sizes because of the Central Limit 
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Theorem (Delacre et al., 2019; Field, 2013; Laerd Statistics, 2017). Some researchers suggest 

a sample size as low as 25 or more could be an acceptable threshold (Bloom, 2020) while a 

more traditional standard of 30 to 40 (Field, 2013) for the Central Limit Theorem to support 

normality is held by others. Another consideration pointed out by Delacre et al. (2019) when 

examining data pertains to an increased awareness that measurement boundaries, such as 

percent scale from zero to 100 used within this study, could be a cause of non-normality, but 

even if that is the case a large enough sample size can help overcome this and allow non-

normal data to still offer valid results (Laerd Statistics, 2017).  

Delacre et al. (2019) and Judd et al. (2017) both specified that if the skewness value 

indicates non-normality the results can still be used if the related kurtosis value is normal in 

many situations. Likewise, Laerd Statistics (2017) asserted that skewed data that is similarly 

skewed, all negative or all positive, does not present as big of a problem to breaks in 

normality as when skewness within the sample is skewed differently, with some samples 

negatively skewed and others positively skewed, within the same data set. More details 

related to the normality of specific subgroups take place in the presentation of findings 

section of Chapter Four, along with individual discussion related to histogram distribution 

and Q Q-Plots for each subgroup. 
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APPENDIX O: 

2017-2018 Grade 3 t-test Group Statistics and Results 

 

 

 



 
 

278 

APPENDIX P: 

2017-2018 Grade 3 Removed Original Outliers Boxplot 
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APPENDIX Q: 

2017-2018 Grade 3 Removed Original Outliers Normality Methods and Levene’s Test 

Shapiro-Wilk test results: 

 

Additional normality methods: 

2017-2018 Grade 3 Skewness and Kurtosis Values and Normality Method by Tier  

Tier n Skewness Kurtosis 

  Value SE z-score 
SE 

Multiplied 
by Two 

Value SE z-score 
SE 

Multiplied 
by Two 

1 467 0.37 0.11 3.3 0.23 -0.37 0.23 -1.66 0.45 

3 89 0.69 0.26 2.69 0.51 -0.22 0.51 -0.44 1.01 

Non-
tiered 

22 1.07 0.49 2.17 0.98 1.29 0.95 1.36 1.91 

 
Note. Normality supported when: (1) Absolute values of skewness are less than 1.5 and 

kurtosis less than 2 support normality; (2) z-scores are ± 1.96 when sample size < 50, ± 3.28 

when sample size > 50; and (3) skewness or kurtosis SE multiplied by two is greater than the 

corresponding original value. 
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Tier 1 histogram and Q Q-Plot:  
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Tier 3 histogram and Q Q-Plot: 
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Non-tiered (Tier 4) histogram and Q Q-Plot:  
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Levene’s Test of homogeneity of variances: 
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APPENDIX R: 

2017-2018 Grade 3 Removed Original Outliers ANOVA Group Statistics and Results 

Descriptive statistics: 

 

 

ANOVA results:  
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Tukey post hoc test: 
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APPENDIX S: 

2017-2018 Grade 4 t-test Group Statistics and Results 
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APPENDIX T: 

2017-2018 Grade 5 t-test Group Statistics and Results 
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APPENDIX U: 

2017-2018 Grade 5 Removed Original Outliers Boxplot 
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APPENDIX V: 

2017-2018 Grade 5 Removed Original Outliers Normality Methods and Levene’s Test 

Shapiro-Wilk test results: 

 

 

Additional normality methods: 

2017-2018 Grade 5 Skewness and Kurtosis Values and Normality Method by Tier  

Tier n Skewness Kurtosis 

  Value SE z-score 
SE 

Multiplied 
by Two 

Value SE z-score 
SE 

Multiplied 
by Two 

1 454 0.62 0.12 5.36 0.23 -0.33 0.23 -1.44 0.46 

3 87 0.81 0.26 3.12 0.52 0.21 0.51 0.42 1.02 

 
Note. Normality supported when: (1) Absolute values of skewness are less than 1.5 and 

kurtosis less than 2 support normality; (2) z-scores are ± 1.96 when sample size < 50, ± 3.28 

when sample size > 50; and (3) skewness or kurtosis SE multiplied by two is greater than the 

corresponding original value. 
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Tier 1 histogram and Q Q-Plot:  
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Tier 3 histogram and Q Q-Plot:  
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Levene’s Test of homogeneity of variances: 
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APPENDIX W: 

2017-2018 Grade 5 Removed Original Outliers ANOVA Group Statistics and Results 

Descriptive statistics: 

 

 

ANOVA results:  
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Tukey post hoc test: 

 

 

 


