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ABSTRACT 

MONICA HILREY BURKE 

MULTI-LINEAR REGRESSION OF GEORGIA MILESTONES AND ENGLISH 

PROFICIENCY ASSESSMENT ACCESS 2.0 ON GEORGIA’S MIDDLE SCHOOL ENGLISH 

LANGUAGE LEARNERS  

 

Under the direction of MARGARET MORRIS, Ed.D. 

Each academic year in Georgia’s public schools, English Learner (EL) students take the Georgia 

Milestones End-of-Grade and the ACCESS 2.0 assessments. These assessments are in line with 

the state-mandated subject area standards in mathematics, science, language arts, and social 

studies, as well as English language proficiency standards (Georgia Department of Education 

[GaDOE], 2019a, 2019b). However, the Georgia Milestones End-of-Grade math test has not 

been assessed for its relationship with differences in ACCESS 2.0 overall literacy, reading, and 

composition scores for middle schoolers in Georgia.  

The purpose of this quantitative multi-linear regression study with ex post facto data for 

the academic years of 2016-17 and 2017-18 was to examine the relationship between the Georgia 

Milestones End-of-Grade math assessment scores and the differences in ACCESS 2.0 overall 

literacy, reading, and writing scores of middle school students in Georgia. The study was 

conducted in a single Georgia school district. There were 164 EL students in the sample. Fifty-

nine percent (n = 97) of the sample were male, and forty-one percent (n = 67) were female. 

Middle grades were identified as sixth, seventh, and eighth grade levels. Sixth graders comprised 

38% (n = 62) of the data set, seventh graders comprised 31% (n = 51) of the data set, and eighth 

graders comprised 31% (n = 51) of the data set during the 2017 academic year.  
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The study found a relationship between increased writing skills and math achievement 

scores. Using linear regression, it also found a relationship between improved literacy and math 

achievement scores. A non-statistically significant relationship was found between difference 

reading scores as predictors for difference math scores and increased math score achievement.  

The study’s findings have implications for preparing ELs for college and career 

readiness.  The study revealed language proficiency can affect academic performance and 

contribute to the students’ achievement growth.   Based on the findings, it is recommended that 

math teachers incorporate literacy strategies within their lesson(s) and school systems should 

adapt curriculum to increase knowledge skills in literacy and writing, particularly for ELs. To 

gain a broader perspective of EL students’ achievement in varying regions of Georgia, the study 

may be expanded to include population samples from the north and central school districts in the 

state of Georgia. 
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

The increasing population of immigrants to the United States resulted in an increase of 

students enrolled in English as a Second Language within public schools in grades kindergarten 

through twelfth grade. Because educational legislation did not enforce equity as stated within the 

Elementary Secondary Education Act 1965, the No Child Left Behind Act (NCLB) of 2001 

highlighted the need for states to promote the success of English learners (ELs) through 

accountability measures and provide equitable education for all learners. These measures posed 

difficulties for local education agencies, possibly due to limited budgets, the quality of 

credentialed personnel, and resource availability. 

Prior to the passing of the NCLB Act of 2001, states had varying measures of successful 

high school completion, grade promotion, and program exiting criteria of all students in the 

public school system. This was especially true of the policies and practices regarding the 

instruction and testing of ELs, and little accountability for the progress of these students existed 

(Abedi, 2004). Among its many requirements, NCLB mandated states to demonstrate adequate 

English proficiency progress for EL students as part of equity in education (Abedi, 2004). 

Among the problems created by the accountability measures delineated in the NCLB Act 

of 2001 is the heated controversy over the assessment of the EL subgroup. Abedi et al. (2004) 

and Wolf et al. (2008) questioned the fairness and validity of standardized testing administered 

in a language in which ELs possessed only limited proficiency. Their studies examined the 

accuracy of accountability in academic growth and performance regarding ELs, leading Abedi et 
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al. (2004) and Wolf et al. (2008) to suggest that, in its current state, standardized testing may not 

represent the true academic skills and knowledge of EL students. 

English Learners consistently underperform in overall testing performance as compared 

to their native counterparts (Abedi, 2004). For instance, Abedi (2004) found a significant 

difference (p < .001) between EL and non-EL performance on state achievement tests. The 

comparison also demonstrated there was less of a performance gap in content areas (i.e., science 

and math), which many posit require less language demand due to mathematical calculations. 

Lastly, Abedi reported a smaller achievement gap between EL and non-ELs in elementary versus 

higher grades. Regarding assessment accommodations for ELs, Abedi (2004) recommended 

customized dictionary usage and modified English assessments for ELs as favorable testing 

approaches that would address validity concerns.  

Currently, the Every Student Succeeds Act (ESSA) of 2015 recognizes the unique needs 

of ELs by maintaining the stipulation that states administer yearly statewide assessments in the 

academic areas of mathematics and reading/language arts to students in third through eighth 

grade, as well as a year-end English language ability test for all English learners in K-12 public 

schools (U.S. Department of Education [USDOE], 2015). Nonetheless, presently, research has 

not addressed the effectiveness of ESSA on the English proficiency of ELs and, specifically, 

ELs’ performance on Georgia state-mandated assessments. The newly reauthorized legislation, 

in conjunction with the newly adopted state standards, makes it necessary to study the effects of 

the increased rigor within Georgia’s standardized assessments. 

Furthermore, to support their EL population and promote college and career success, 

school personnel are engaged in finding resources and strategies to utilize within the classroom. 



 

3 

However, an examination of relevant literature reveals that successful research-based 

interventional strategies for ELs are scarce. Kim and Chang (2010) investigated the effects of 

implementing mathematical computer gaming technology to assist ELs with achievement on 

math work problems and found daily math computer game usage resulted in higher math 

performance of EL males than that of native-speaking males who never interacted with the math 

games. Using a quantitative experimental design to investigate the potential of the Sheltered 

Instruction Observation Protocol (SIOP) pedagogical model to increase student performance, 

Echevarria et al. (2006) discovered students who received the SIOP pedagogical model displayed 

significant gains of F (1, 312) = 10.79, p < .05 from their pretest to posttest when compared to 

the control group with no SIOP exposure. Because the number of such studies are few, there is a 

need for more investigations of the college and career preparedness of ELs. 

Refugees in the United States 

Typically, a refugee enters the United States following approval through a screening and 

deliberation process with the United Nations High Commissioner for Refugees ([UNHCR], 

2019a), which has the authority to provide international protection.  Furthermore, this entity 

offers three methods of safety for declared refugees: (a) return to the home country, (b) local 

integration into the receiving country, or (c) third-country resettlement. Most refugees return 

safely to their country of origin after receiving support from an asylum country, while a minimal 

number of refugees become citizens of the fled country. Those extreme at-risk refugees, less than 

1% of all refugees, resettle to a third country (UNHCR, 2019a). 

Since 1980, well over 3 million refugees—at least two-thirds of the extreme at-risk 

refugee population—have resettled in the United States (U.S. Department of State, 2019c). 
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Before a refugee enters the United States, the Department of Homeland Security’s U.S. 

Citizenship and Immigration Services representatives review informational documents, conduct a 

face-to-face interview, and review results of medical data screening (U.S. Department of State, 

2019b). The receiving communities welcome and assist refuges after approximately an 18- to 24-

month application process (U.S. Department of State, 2019a). 

The nine U.S. resettlement agencies place many citizens who have fled their country due 

to mainly political unrest into approximately 190 communities (UNHCR, 2019a). The agencies 

monitor resources provided to the refugees, such as financial assistance, medical assistance, 

language support, employment support, and social services. Furthermore, refugees must apply 

for a permanent residence (green card) after one full year in the United States. After five 

continuous years in the United States, a fled citizen may make application for U.S. citizenship 

(U.S. Citizenship and Immigration Services, 2019). From 2016-2019, the immigrant population 

majority originated from South Asia and Africa. However, in 2018 and 2019, the population 

influx derived mainly from Africa (Blizzard & Batalova, 2019). 

As of June 26, 2017, the Supreme Court’s Executive Order 13780 sections 6(a) and 6(b) 

in Trump v. International Refugee Assistance Project, No. 16-1436 stated current refugee rules 

“may not be enforced against an individual seeking admission as a refugee who can credibly 

claim a bona fide relationship with a person or entity in the United States.” The relationship must 

be formal, chronicled, and created in the usual course. The natural relationships are parent, son, 

daughter, and full or half sibling. While the selected relationships are fiancé, spouse, parent-in-

law, and son/daughter-in-law.  
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With a percentage of 4.23% from the months of October 2019 until July 2019—a total 

individual increase of 1044 persons—Georgia ranks high among states that receive refugees 

(Refugee Processing Center, 2019). A region in a Georgia metropolitan school system contains a 

large population of refugees that is of interest in the educational field due to the impact of the 

community on achievement recognition; school-based and community services; and budgetary 

obligations provided by Title III in ESSA. 

Statement of the Problem 

During the academic year, EL students in Georgia public schools take the Georgia 

Milestones End-of-Grade and the ACCESS 2.0 assessments, which align with the state-mandated 

subject area standards in mathematics, science, language arts, and social studies, as well as 

English language proficiency standards (Georgia Department of Education [GaDOE], 2019a, 

2019b). Students may show academic proficiency in state standards by completing newly added 

open-ended questions and a writing portion on the Georgia Milestones. Thus, the assessments are 

sufficiently difficult to validate that Georgia EL pupils are ready for college and career success. 

The difference in the ACCESS 2.0 overall literacy, reading, and writing scores between two 

consecutive years (2017 and 2018) demonstrated the extent of cognitive development of middle 

school students in overall literacy, reading, and writing. However, the Georgia Milestones End-

of-Grade math test has not been assessed for its relationship with differences in ACCESS 2.0 

overall literacy, reading, and composition scores for middle schoolers in Georgia. 

Purpose and Significance of the Study 

The purpose of this quantitative correlational study with ex post facto data was to 

examine the relationship between the Georgia Milestones End-of-Grade math assessment scores 
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and the differences in ACCESS 2.0 overall literacy, reading, and writing scores (between the 

school years of 2017 and 2018) of middle school students in Georgia. The three independent 

variables were scores on the ACCESS 2.0 test in overall literacy, reading, and writing. The 

dependent variable was Georgia Milestones achievement scores in the subject area of math. 

This research’s significance is its potential to add to the existing scholarly literature and 

provide insight into the relationship between students’ English language proficiency and 

outcomes on state achievement tests. The results of this investigation can have meaningful 

implications for general education teachers, support services teachers, and administrators. More 

specifically, this study sought to reveal supports to propel ELs forward in language acquisition 

and academic achievement, thus, adequately preparing them for college and career readiness.  

Overall, this study was necessary for educators to understand English Learners and their 

possible cognitive, information-processing challenges. Therefore, the researcher analyzed data 

that the school system can use for instructional interventions, curriculum planning, and ability 

grouping. The data from the study reveal a relationship between Georgia Milestone math scores 

and ACCESS 2.0 literacy scores. Thus, the development of literacy education and math 

curriculum and instruction can change to include more crossover and emphasis in curriculum 

development in math literacy and language acquisition. 

Paradigm and Research Design 

Baguley et al. (2015) contended that the identity of educational researchers can inform 

their chosen research areas and the approach they take in its exploration. In the process of higher 

education, students experience exposure to theory and theoretical frameworks and begin to align 

themselves to one or another of these based on their personal beliefs and practices. According to 
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Kerlinger (1986), a theory is “a set of interrelated constructs (concepts), definitions, and 

propositions that present a systematic view of phenomena by specifying relations among 

variables, with the purpose of explaining and predicting phenomena” (p. 11). Theory and 

theoretical frameworks guide research in terms of bounding the construction, collection, and 

explanation of the information gathered during the stages of a study.  

This research’s paradigmatic view was the postpositivist scientific method, also known as 

quantitative research, positivist/postpositivist research, and postpositivism. Lincoln and Guba 

(2000) believed paradigms establish specific assumptions, such as how learning will occur and 

what will be learned. This is readily visible through this study’s methodological design, shown in 

the quantitative scientific approach noted by most postpositivist researchers (Creswell, 2015). 

Smith (1983) reported that Newton, Locke, and Comte were among many writers in the 

19th century who began discussions of postpositivism by challenging absolute truths (Phillips & 

Burbules, 2000). Reed (2010) expressed postpositivism as a “set of intellectual endeavors to 

breach the boundaries of knowledge” (p. 22) regarding both investigation and explanation. Due 

to the postpositive philosophy that outcomes are probably determined by causes, most “problems 

studied by postpositivists reflect a need to examine causes that influence outcomes” (Phillips & 

Burbules, 2000, p. 30). The epistemological knowledge of postpositivism develops from careful 

observation and measurement. Therefore, postpositivists often construct numeric measures of 

observation and verify established laws or theories for understanding and possible refinement.  

Moreover, the explanatory correlational design reflects the postpositive stance of causes 

that may determine effects or outcomes. This quantitative study tested the independent/criterion 

variable of ACCESS 2.0 literacy scores on the dependent/predictor variable of Georgia 
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Milestones End-of-Grade standardized test math scores. Therefore, the “production of truth” 

(Reed, 2010, p. 29) was reduced to methodology, “since the idea is that theoretical knowledge is 

just the accumulation of verified generalizations” (Reed, 2010, p. 24). 

At the beginning of the study, I pondered whether the answers to the research question 

were viable in my postpositive paradigm. According to Schlick (1932/1991), the answer was to 

accept that the meaning and verification of a statement are infinite. Abicht and Opdebeeck 

(2015) posited that man would never be completely “satisfied with any given answer” (p. 124) 

due to their inquisitive and critical nature. Schlick (1932/1991) explained, “Thus, the meaning of 

every physical statement ultimately lies always in an endless chain of data” (p. 44). Furthermore, 

postpositivists accept fallibilism, an epistemological stance that all views can be critically 

reviewed highlighting inconclusive justifications, as an unavoidable fact (Elgin, 1996). 

Research Questions and Hypotheses 

In most quantitative designs, a null and alternative hypothesis accompanies the research 

question (Huck, 2012). The following research questions and hypotheses led the data collection 

and analyses in this study: 

1. Is there a relationship between English Learners’ difference in overall literacy 

performance scores on the ACCESS 2.0 assessment between the years of 2017 and 

2018 and the Georgia Milestones math assessment?  

H10: There is not a statistically significant relationship between English Learners’ 

difference in overall literacy performance scores on the ACCESS 2.0 assessment 

between the years of 2017 and 2018 and the Georgia Milestones math assessment. 
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H1a: There is a statistically significant relationship between English Learners’ difference 

in overall literacy performance scores on the ACCESS 2.0 assessment between the 

years of 2017 and 2018 and the Georgia Milestones math assessment.  

2. Is there a relationship between English Learners’ difference in reading performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the 

Georgia Milestones math assessment?  

H20: There is not a statistically significant relationship between English Learners’ 

difference in reading performance scores on the ACCESS 2.0 assessment between 

the years of 2017 and 2018 and the Georgia Milestones math assessment.  

H21: There is a statistically significant relationship between English Learners’ difference 

in reading performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math assessment.  

3. Is there a relationship between English Learners’ difference in writing performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the 

Georgia Milestones math assessment?  

H30: There is not a statistically significant relationship between English Learners’ 

difference in writing performance scores on the ACCESS 2.0 assessment between 

the years of 2017 and 2018 and the Georgia Milestones math assessment. 

H31: There is a statistically significant relationship between English Learners’ difference 

in writing performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math assessment.  
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Theoretical Framework of the Study 

As stated previously, the framework of theory guides data collection and its 

interpretation. Cognitive learning theory, as applied to students of English as a Second Language 

(ESOL), served as the theoretical framework of this study. This conceptual framework directed 

the study’s research questions, the method(s) used to generate data, interpretation of the results, 

and the works referenced when establishing an explanation (Reed, 2010). Subsequent sections 

address the appropriateness of this theoretical framework in greater detail.  

Cognitive information processing theory is an attempt to understand how the human mind 

configures sensorial information. In the study, the cognitive information processing theory is 

micro-level, which means that the population size of the study was small. Therefore, it was an 

appropriate theory for the investigation, which included a sufficient sample size of Georgia EL 

students. 

The theory depicts a two-storage model where stimuli enter the sensory register and then 

transfer to short-term memory (STM). Afterward, rehearsal and encoding processes result in the 

retention of information in long-term memory (LTM). Lastly, the retrieval process can gather 

this information from LTM and bring it to the working memory for application. The model is 

similar to a computer’s programming by adhering to delineated codes and limits (Estes, 2014; 

Lindsay & Norman, 1972). Cognitive processes applied to the sensory input are attention, 

perception, encoding, storage, recognition, and retrieval. Furthermore, the level of processing 

suggests that the profundity and emphasis placed on the information influence memory instead 

of the storage location. 
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Again, the theory looks at responses to stimuli and how the mind configures that data. 

Most input from the environment is subject to cognitive processes based on the model. 

According to Battig (1979), several processing methods occur within the cognitive learning 

theory. Multiple processing involves encoded stimuli that may function simultaneously or 

sequentially. Variable processing occurs when different processing strategies are used for 

different stimulus “of the same general type” (Battig, 1979, p. 27). In elaboration and 

organization processing, normally used with contextual interference, larger stimuli derive from 

two or more stimuli after increased elaborative processing (Anderson & Reder, 2014). 

Distinctiveness within recognition memory refers to the unique processing in order for an 

individual to remember the stimulus (Lockhart, 1979). A factor in processing for memory 

contextual interference is the form of presentation of the stimuli, for it is subject to interference 

from other stimuli processing. Battig (1979) contended: 

Items subjected to minimal contextual interference may require little processing to meet 

the task requirements, but this processing may be insufficient for them to be remembered 

after a long retention interval. Items subjected to larger amounts of contextual 

interference require more processing, are learned more slowly, and within most 

experimental paradigms may receive insufficient processing to be learned and 

remembered as well as those easier items with less contextual interference. Items learned 

well enough to overcome this contextual interference, however, typically are remembered 

as well as or better than under low-interference conditions. (p. 27)  

In encoding-retrieval congruence, the encoding of the stimuli is sustained with variable retrieval 

conditions, which produces effective memory (Battig, 1979).  
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Cognitive Science Revolution 

Psychologists Hillary Putnam, George Miller, and Noam Chomsky challenged the 

dominant theory of behaviorism in psychological research (Bechtel et al., 1998). Behaviorists 

believed that only the simple processes of behavior could be studied, which excluded the study 

of mental processes. However, others maintained that the behaviorist theory led to gaps in the 

research. Critiques of the behaviorist theory yielded a convergence upon studying mental 

processes to understand the human mind (Bechtel et al., 1998).  

The cognitive shift of cognitive sciences in the late 1950s sparked the inception of the 

theory. Cognitive science posited “that thinking, perception, and mental processes are key to 

understanding the human experience” (Simon, 2014, p. 288). Also, the invention of the computer 

initiated the theory, and the construction of the model represents mental processes similar to that 

of a computer. The computer metaphor explains mental processes as logical programs that run on 

a computer, which represents the brain. The cognitive information processing theory is based on 

a computer model to help comprehend how the mind transforms, stores, and recovers 

environmental sensory stimulus (Lindsay & Norman, 1972). 

Cognitive Information Processing Models 

There are three well-known models of cognitive information processing. The Atkinson 

and Shiffrin (1968) model positions memory within two main compartments: short-term memory 

(STM) and long-term memory (LTM). The Craik and Lockhart (1972) model is an alternative to 

the two-storage process model. Its single storage memory model may eliminate the (STM/LTM) 

multi storage model (Hayes, 2000). The third cognitive information processing model is the 

https://psysc613.wikispaces.com/information+processing+theory
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connectionist model, or parallel distributed processing (PDP) model, in which memories are 

distributed throughout the system instead of stored (Bechtel & Abrahamson, 2002). 

Benefits of Cognitive Information Processing Models 

The cognitive information processing models have similar benefits. The models encode 

information using a variety of processing methods (Estes, 2014, p. 403). Memory is utilized to 

respond to questions and communicate with the universe. Upon this assumption, Wallace et al. 

(2010) claimed memory is “a skill or activity that can improve through practice” (p. 2), while 

Glenberg (1997) stated, “Memory evolved in service of perception and action . . . and that 

memory is embodied to facilitate interaction with the environment (p. 1).” Additionally, the 

Craik and Lockhart’s cognitive information processing model demonstrates improved memory 

when information is processed deeper. The cognitive information processing theory is 

substantiated by brain imaging research. The study found that elevated levels of processing 

produced immense activity levels in distinct sectors of the brain. 

Difficulties with Cognitive Information Processing Models 

Several tensions exist amongst the three cognitive information processing theories. The 

Atkinson and Shiffrin model (1968) is plagued with problems involving two separate memory 

systems, for information passes from the short-term storehouse to the long-term storehouse.  

However, Shallice and Warrington’s (1970) study revealed some brain-damaged patients might 

not have a short-term memory but still possess a functioning long-term memory, which 

contradicts the Atkinson and Shiffrin model. Glenberg (1997) stated, “Much of the evidential 

basis for a separate short-term memory store has been eroded” (p. 9). 
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A problem that lies with the Atkinson and Shiffrin model and the Craik and Lockhart 

model is the recognition of memory as a storehouse (Baddeley, 1986). As a storehouse, an 

individual must retrieve a stored term, then compare it to a present stimulus; if completed 

successfully, the individual remembers the item (Wilcox & Katz, 1981). Furthermore, both 

models are based on recognizing stored information for learning to progress. 

Key Definitions 

Definitions for key terms in this study are as follows: 

ACCESS for ELLs (ACCESS) is the collective name for WIDA’s suite of summative 

English language proficiency assessments. ACCESS is taken annually by English language 

learners in Kindergarten through Grade 12 in WIDA Consortium member states. ACCESS for 

ELLs is an English language proficiency test that measures students’ academic English language 

skills. ACCESS measures the four language domains of listening, speaking, reading and writing. 

ACCESS monitors ELL’s progress toward academic English proficiency by meeting the federal 

guidelines of ESSA (WIDA, 2020).  

English language learners (ELLs) is a term that includes students labeled English 

Learners (ELs), limited English proficient (LEP), nonnative English speakers, and language-

minority students by federal and many state governments. In investigations and reports of 

English-language learners, these terms relate to students with particular language weaknesses 

who receive specialized educational services. Such students may be refugees, have parents and 

grandparents who speak their natural-born language at home, or have been former limited 

English proficient pupils who have now acquired English-language mastery suitable enough to 

permit entrance into general education classes. According to the Glossary of Education Reform 
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(2014), ELLs “are students who are unable to communicate fluently or learn effectively in 

English, who often come from non-English-speaking homes and backgrounds, and who typically 

require specialized or modified instruction in both the English language and in their academic 

courses” (para. 1). 

Georgia Milestones Assessment System (GMAS), according to GaDOE,  

is a comprehensive assessment system spanning grades 3 through high school. Georgia 

Milestones measures how well students have learned the knowledge and skills outlined in 

the state-adopted content standards in English Language Arts, Mathematics, Science, and 

Social Studies. Students in grades 3 through 8 will take the End of Grade (EOG) 

measures in each content area, while high school students will take End of Course (EOC) 

measures for each of the ten courses associated with EOC measures. (p. 1) 

Local Educational Agency (LEA) refers to: 

a public board of education or other public authority legally constituted within a State for 

either administrative control or direction of, or to perform a service function for, public 

elementary schools or secondary schools, including public charter schools established 

under state law in a city, county, township, school district, or other political subdivision 

of a State, or of or for a combination of school districts or counties that is recognized in a 

State as an administrative agency for its public elementary schools or secondary schools.  

(U.S. DOE, 2017, Sec. 300.28a) 

Long-term memory (LTM), according to McLeod (2010a), is “the final stage of the multi-

store memory model proposed by the Atkinson-Shiffrin, providing the lasting retention of 
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information and skills” (para. 1). McLeod (2010a) explained, the “suggested encoding modes are 

semantic (meaning) and visual (pictorial) but can be acoustic also” (para. 3).  

Parallel distributed model (PDM) relates to the connections that govern retrieval of 

stored memory. In this model,  

Memories are stored and retrieved in a system consisting of a large number of simple 

computational elements, all working at the same time and all contributing to the outcome. 

They are sometimes also called connectionist models because the knowledge that governs 

retrieval is stored in the strengths of the connections among the elements. 

(Encyclopedia.com, 2019, para. 1) 

Refugee refers to an individual “who has been forced to flee his or her country because of 

persecution, war or violence. A refugee has a well-founded fear of persecution for reasons of 

race, religion, nationality, political opinion or membership in a particular social group (UNHCR, 

2019b, para. 1). 

Sheltered English instruction is “an instructional approach that engages ELs above the 

beginner level in developing grade-level content-area knowledge, academic skills, and increased 

English proficiency” (Brown University, 2019, para. 1). It this program, English-language 

learners receive instruction by teachers trained in specialized instructional strategies for ELs who 

are “‘sheltered’ together to learn English and academic content simultaneously, either within a 

regular school or in a separate building” (Glossary of Education Reform, 2014, para. 10).   

Short-term memory, according to McLeod (2010b), “is the second stage of the multi-store 

memory model proposed by the Atkinson-Shiffrin. The duration of STM seems to be between 15 

and 30 seconds, and the capacity about 7 items” (para. 1).  
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WIDA, or World Class Instructional Design and Assessment, is a consortium created in 

2003 through a grant given to the Wisconsin Department of Public Education.  

Comprised “of 40 U.S. states, territories, and federal agencies” (Board of Regents of the 

University of Wisconsin System, 2019, para. 1), it provides a research-based system of language 

standards, language proficiency assessments, and professional learning (WIDA, 2012). 

Overview of the Study 

English learners (ELs), identified as individuals whose primary language is other than 

English while their secondary language is English, are a burgeoning population of students in 

U.S. public schools. This subgroup received notable attention after the passing of the No Child 

Left Behind Act of 2001. Due to the high legislative accountability and equity measures, many 

school personnel work closely with educational stakeholders, such as district representatives, 

parents, and students, to provide research-based interventions and resources to promote college 

and career readiness. 

Thus, the Georgia Milestones allows pupils a chance to show mastery of state standards 

and progress towards college and career success. The tests are extremely demanding to ensure 

Georgia EL school-age children are adequately prepared for future college and career paths. 

Therefore, the problem under study was to investigate the Georgia Milestones End-of-Grade 

math test for its relationship with ACCESS 2.0 overall literacy score(s), reading and writing, for 

middle school students in Georgia. To facilitate this investigation, the guiding research question 

was: Is there a relationship between English Learners’ difference in overall literacy performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the Georgia 

Milestones math assessment? In this quantitative study, a relationship between the predictor 
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variable of ACCESS 2.0 literacy scores and the criterion variable of Georgia Milestones End-of -

Grade standardized test math scores has provided insight into the relationship between students’ 

English language proficiency and outcomes on state achievement tests. The reliability of 

ACCESS 2.0 overall score is .959 for grades 6-8 (WIDA, 2018). This is based on achievement 

performance in listening, speaking, reading, and writing English proficiency tests. The Georgia 

Milestones’ median reliabilities for the middle grade math section of the End-of-Grade 

assessment are .92 sixth grade, .93 seventh grade, and .91 eighth grade (GaDOE, 2018).  

 For this study, the researcher requested data from local educational agencies, then 

analyzed data using IBM SPSS linear multiple regression. The significance of this study lies in 

its potential to inform school administrators, regular education teachers, and teachers who 

support ELs. More specifically, this study sought to reveal supports to propel ELs forward in 

language acquisition and academic achievement and promote their college and career readiness. 
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CHAPTER 2 

REVIEW OF LITERATURE 

This chapter presents a literature review relevant to the study and its purpose to provide 

insight into the relationship between English language proficiency and scores on state 

standardized achievement tests. The beginning of the chapter addresses the process of finding 

relevant literature to this study. Following this is an in-depth review of educational policy and 

historical aspects of the research study. Next, the chapter presents studies that justify the research 

questions, then discusses theory relevant to the research topic, Chomsky’s (1975) linguistic 

theory, and the reasoning behind ultimately rejecting this theory as a guiding theory for this 

research. Finally, the chapter explains the cognitive information processing theory and its three 

models, the benefits and limitations of these models, and how the overall theory relates to the 

planned research. 

Process of Finding Relevant Literature 

The researcher utilized ProQuest and EBSCOhost’s educational databases in search of 

relevant literature, refining the search to social science and behavioral published literature. 

Keywords that defined the search were math achievement, English Language Learner, cognitive 

development, English language proficiency, difference scores, and language aptitude measure of 

cognition. The search’s limitations were mainly publications within the last 10 years (2008-

2019), scholarly peer-reviewed journal articles, and government documents and websites. All 

reviewed publications were in the English language.  

The search for a theoretical framework involved Mercer University library searches using 

the EBSCO search engine as well as the library catalogs. The researcher used the key words 
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theoretical framework, English Language Learner, and math. The results listed books on 

alternative math theory and theoretical frameworks in education, while the articles search 

resulted in pedagogical methods to assist EL in the classroom.  

Historical Aspect of English Learners in the United States 

English learners (ELs) are an increasing group of public school children in the United 

States. According to the American Community Survey, the immigrant population within the 

United States exceeded 43.3 million in 2015 (U.S. Census Bureau, 2018). Moreover, in the same 

year, an influx of 1.38 million immigrants occurred. In 2015, the school age population of ELs 

was approximately 16 million.  

English learners are individuals whose main language is not English; thus, their 

secondary language is English. ELs include recent immigrants, former identified EL students, 

disabled ELs students, U.S. born students whose home language is a native tongue other than 

English, and students whose parents have opted out of receiving services (Abedi, 2004). 

However, schools and educational institutions may also include ELs based on other conditions. 

This culturally and linguistically diverse population of students confronts a greater risk of 

lower academic success, lower graduation rates, and lower college € than their native English 

learner peer group (U.S. Department of Education [USDOE], 2015). To address these issues, the 

Every Student Succeeds Act (ESSA) of 2015 promotes equity and school reform targeting 

college and career preparedness (USDOE, 2015). The federal law mandates that states and 

school districts implement practices that will enhance education for all students, including ELs. 

In response to this mandate, the Georgia Department of Education (GaDOE) adopted new, 

rigorous standards defining the state’s curriculum. Many Georgia school districts adopted the 
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new Georgia Standards of Excellence as the curriculum. Figure 1 depicts the hierarchy and flow 

of the impact of legislation on Georgia’s kindergarten through twelfth grade public schools. 

 

Figure 1 

Impact of Legislation on Georgia Public Schools 
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permissive period, Ovando (2003) explained, “The strong sense of identity derived from a 

person’s ancestral language, many new immigrant communities tenaciously hung onto their 

maternal languages for religious services, community newspapers, and private and public 

schools” (p. 4). 

The concept or inception of English language learners in the United States began with the 

boarding school assimilation policies for Native American Indians, in what Ovando (2003) 

described as a “cultural genocide campaign designed to ‘civilize’ Indians and contain them on 

reservations” (pp. 4-5) by replacing their native culture and language with the Anglo-Saxon 

mannerisms and studies. Furthermore, in the restrictive period beginning in the late 1890s,  many 

“witnessed the founding of the Immigration Restriction League as well as early agitation for a 

literacy test that would require any immigrant wishing to settle in the United States to have the 

ability to read 40 words in any language” (Ovando, 2003, p. 5). After some time, Indians 

developed their reservations to include studies that would maintain and preserve their heritage.  

The monolingualism movement became empowered during World War I, resulting in a 

ban on teaching German in public schools and increased funding for the teaching of English to 

immigrants (Ovando, 2003). Following World War II, nationalism and bureaucratic control of 

schools resulted in “Americanization” (Ovando, 2003, p. 5), practices, which promoted “U.S. 

cultural patterns as being more desirable than the immigrants’ ancestral cultures and languages” 

(p. 5), or submersion, which placed responsibility on students to learn English.   

However, World War II also demonstrated the need for education in foreign languages. 

Other events, such as the Soviet Union launching of Sputnik in 1957, the Cuban Revolution, and 

the Civil Rights Movement, emphasized the need for education of nonnative speakers and 
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revealed the value of multiculturalism (Ovando, 2003). Furthermore, in the 21st century, Kim et 

al. (2013) reported: 

The number of language-minority children grew 53.25% from 1997-1998 to 2007-2008, 

compared to an increase of 8.45% for the general student population during that same 

time frame. The majority of these children come from families where the dominant 

language spoken is Spanish (73.1%), though this is just one of about 150 languages 

spoken by students in US schools. (p. 236) 

All these factors highlighted the need for the amendment of educational policy. 

Educational Policy 

Early in the 20th century, sentiment calling for assimilation of all immigrants promoted 

the Naturalization Act of 1906, which stipulated an individual had to be able to speak English as 

a condition to acquire U.S. citizenship. However, the 1965 Immigration Act revocation of the 

Naturalization Act of 1906 led to the increase of teaching foreign languages as “larger numbers 

of Asians and Latin Americans started to enter the country” (Ovando, 2003, p. 7). Consequently, 

the increase of students from the southern and eastern sectors of the world into the United States 

heightened bilingual education demand. Therefore, President Lyndon B. Johnson signed the 

Bilingual Education Act in 1968 “to aid and monitor the education of English language learners 

through mother-tongue and English education” (Ovando, 2003, p. 8). 

Subsequently, several models of delivering instruction to nonnative English speakers 

were developed: (a) immersion, (b) transitional, and (c) developmental programs (Ovando, 

2003). In the structured immersion model, students receive English as a second language service 

based on English proficiency, without utilization of their primary language. In the partial 
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immersion model, some native language occurs during the instructional time.  In the two-way 

immersion model, “speakers of both languages are placed together in a bilingual classroom to 

learn each other’s language and to work academically in both languages” (Ovando, 2003, p. 11). 

In the transitional bilingual model, students receive instruction in their primary language and 

English until reaching a degree of English proficiency that will allow them to succeed in an 

entirely English classroom. Conversely, the developmental model allows students who reach 

English proficiency to still participate in classes that utilize their primary language. 

In a discussion of the varying models, Kim et al. (2013) stated, 

Programs in which ELL children are mainstreamed into all-English classrooms, programs 

where ELLs receive instruction in both English and Spanish, and programs in which all 

students (both ELLs and native speakers of English) are instructed in both English and 

Spanish, are all described as “bilingual education.” This wide variability in educational 

services for ELLs creates difficulty for researchers and practitioners attempting to assess 

the effectiveness of these services. (p. 237) 

School Policy Overview 

Various states have made curriculum and instructional transformations for the growing 

EL population in attempts to increase the content area achievement scores and English 

proficiency. These changes normally occur through the district school board. The school board 

governs children’s educational well-being through school policy that fosters fairness and 

accomplishment in public schools, grades pre-K through twelfth. School board policies are 

similar to state and federal laws within the local educational agency (USDOE, Office of Civil 

Rights, 2011). 
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As previously mentioned, the Georgia Department of Education (GaDOE) adopted new 

mathematical standards in 2015. In relation to curriculum, the standards are the design 

communicating the intended objectives of instruction. The cognitive demand required of ELs is 

present in the middle grade math standards. The Georgia middle grade mathematics comprises 

two distinct paths: general and accelerated. An extensive review of the standards reveals that 

each middle grade level (sixth, seventh, and eighth) contains metacognitive standards, identified 

by the word understand (GaDOE, 2019c). Metacognition is a sublevel of cognition. 

Understanding shows different applications of a standard concept knowledge product. The 

indicated standards addressed metacognitive strategies that incorporate mathematical modeling, 

prior knowledge, strategy use, planning, monitoring, and handling task difficulties. These are 

skills and abilities required of the ELs to meet proficiency in math in Georgia.   

The standards specify the prominent cognitively demanding domains. For the general 

curriculum, they are ratio and proportional relationships and number system for sixth grade; 

number system and statistics and probability for seventh grade; and expressions and equations 

and geometry for eighth grade. For the accelerated curriculum (AC), they are expressions and 

equations and number system for sixth grade; expressions and equations and geometry for 

seventh grade; and equations and inequalities, functions, similarity, right triangles, trigonometry, 

and circles for eighth grade (GaDOE, 2019c).  

Research Relation to ELs 

Because of reforms in testing and curriculum, states have been able to utilize EL data to 

drive policy and educational decisions regarding support of this population in an effort to propel 

its EL education. It is also possible to use this information for ability grouping and instructional 
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interventions for the preparation of ELs for college and career readiness. In such an effort, 

Wilcox et al. (2015) utilized a mixed methods case study to examine three consecutive years of 

state testing data of students in five typically achieving schools and students in 10 successful 

schools to determine a relationship between school practices and priorities, as well as district 

policies in culturally diverse New York schools. The researchers found practices varied at class, 

school, and district office levels. The most notable differences were in the consistency of 

differentiation implementation and utilization of technology to improve literacy (Wilcox et al., 

2015). 

Assessment: Overview and Relationship to Curriculum and Instruction 

In relation to curriculum, assessments are a “learning experience” (Ornstein, 2013, p. 

270). Students can express personal ideologies through constructed prose or oral communication. 

The experience of relaying information to others is the historical foundation of education. 

Referring to Figure 1, it is the component of curriculum that addresses the evaluation of 

standards, not to be confused with the actual evaluation of curriculum. 

Of the many types of assessment, authentic and achievement are likely the two with the 

greatest contrast. Because authentic assessment is task oriented, it normally engages the student 

in relevant, real-world applications. Achievement assessment, which is normally standardized, 

evaluates skills, knowledge, and abilities of students’ mastery of content (Ornstein & Hunkins, 

2013). 

It is conceivable to translate the historical backdrop of government-sanctioned testing as 

the historical backdrop of endeavors to improve tests and cautiously separate their substantial 

from their invalid employments. At the end of the day, this history speaks to the postpositivist 
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the procedure by which uncertain specialists, all in all, attempt to profit by their blunders and 

improve their work, including endeavoring to identify and kill inclination (Phillips & Burbules, 

2000).  

In the Western Hemisphere, standardized testing started in 1911 with the first 

administration of an intelligence (IQ) test for soldiers in the United States military (Fletcher, 

2009). Following this, the span of assessments in U.S. education began with IQ testing in 1919 to 

categorize students, particularly those with disabilities (Gallagher, 2003). From there, 

standardized testing progressed to state-mandated or federal-mandated testing enacted by laws 

such as the Elementary and Secondary Education Act. Table 1 depicts some significant events in 

the standardized assessment historical timeline that have impacted ELs, as reported by Gallagher 

(2003) and Ewell (2001). 
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Table 1 

Timeline of Assessment Impacting ELs 

Year Event 

1905 The Stanford-Binet Intelligence Test, an institutionalized test of intelligence, was 

created by a psychologist Alfred Binet. 

1911 Binet’s model was introduced to the United States by H. H. Goddard. 

1919 The Army Alpha transformed by Terman became the National Intelligence Tests for K 

– 12 students. 

1923 Stanford Achievement Tests, a battery of tests for elementary students that combined 

several content area tests into one exam, were published. 

1929 On a voluntary basis, the Iowa Test of Basic Skills and the Iowa Test of Educational 

Development were developed and statewide administered to students as the first run of 

student achievement tests. 

1965 For subsequent federal funds, schools had to administer and submit scores of 

standardized tests as mandated by The Elementary and Secondary Education Act (Title 

1)  

1966 The National Center for Education Statistics authorized an investigation (the Coleman 

Report) to review issues of equity among racially and ethnically diverse student 

populations due to the debate over the fairness of testing America’s students. 

1969 The U.S. government promoted evaluation initiatives by expanding the National 

Assessment of Educational Progress, which was later nicknamed the “Nation’s Report 

Card” because it mirrored student performance on tests administered in almost every 

state, compared district and state performances, and determined a national score that 

was used for international comparisons. 

1974 For program enhancement purposes, the Title 1 testing structure was expanded by 

Congress in schools. 

1978 Jane Mercer introduced the System of Multicultural Pluralistic Assessment because 

carpers of standardized testing stated concerns that racial minorities, English learners, 

and women were penalized because of cultural dissimilarities. 

Mid-to-late 

1980s 

Institutions assessed their own learning goals by creating and executing local 

assessment blueprints mandated by state government.  

 

 

The purpose of the broad testing was to close achievement gaps among diverse 

populations or various regions by identifying deficient knowledge and providing supplemental 

resources with additional federal dollars to those poor-performing academic areas (No Child Left 

Behind Act, 2001). However, Ferguson and Mehta (2004) stated, “The failure to go behind the 
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classroom door and foster high-quality instructional practices for all students, in all classrooms, 

in all schools” (p. 656) may be the reason the anticipated outcome of closing the achievement 

gap has not been met, particularly for ELs. 

Some researchers have reported the importance of differentiated instruction or 

accommodations applied to testing situations for ELs. After reviewing scientifically based 

research on standardized testing accommodations for ELs, Abedi et al. (2004) reported the most 

promising approaches to reduce the achievement gap were modified English assessments and the 

use of customized dictionaries. Similarly, Kieffer et al. (2009) found that, of the seven 

accommodations tested, which included the use of English and bilingual dictionaries and 

glossaries, assessment in simplified English, Spanish version of assessment, dual language 

assessment, or extra time allotment, the use of English dictionaries/glossaries had a significant 

impact on ELs’ performance. Kieffer et al. (2009) discovered positive average effect sizes, “M = 

0.15, p = .001, in the fixed effects analysis and M = 0, 18, p = .001 in the random effects 

analysis” (p. 1201). 

Pedagogy: Overview and Relationship to Curriculum and Instruction 

Pedagogy refers to the methods instructors apply to engage students in active or 

subconscious learning (Encyclopaedia Britannica, 2019). In relation to curriculum, it represents 

the implementation of standards. With fidelity, teachers assess the characteristic and needs of 

their students to promote effective teaching and engaging learning.  

Many consider Johann Friedrich Herbart the founding father of the pedagogy concept 

(Encyclopaedia Britannica, 2019). Herbart’s educational philosophy and pedagogy focused on 
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the relationship between individual personal development and society’s eventual benefits from 

the development. Herbart’s pedagogical theory identified five important steps to teaching:  

(1) preparation, a process of relating new material to be learned to relevant past ideas or 

memories in order to give the pupil a vital interest in the topic under consideration; (2) 

presentation, presenting new material by means of concrete objects or actual experience; 

(3) association, thorough assimilation of the new idea through comparison with former 

ideas and consideration of their similarities and differences in order to implant the new 

idea in the mind; (4) generalization, a procedure especially important to the instruction of 

adolescents and designed to develop the mind beyond the level of perception and the 

concrete; and (5) application, using acquired knowledge not in a purely utilitarian way, 

but so that every learned idea becomes a part of the functional mind and an aid to a clear, 

vital interpretation of life. (Encyclopaedia Britannica, 2019, para. 4) 

Therefore, to develop productive citizens of all students, specifically the subgroup of ELs, 

instructional strategies involving preparation, presentation, association, generalization, and 

application must be implemented in the classroom. 

In 2006, Echevarria et al. studied the Sheltered Instruction Observation Protocol (SIOP) 

instructional model effect on ELs’ achievement. The SIOP model utilizes “an instructional 

approach that engages ELs above the beginner level in developing grade-level content-area 

knowledge, academic skills, and increased English proficiency” (Brown University, 2019, para. 

1). In SIOP classes, teachers use basic English and a variety of “scaffolding strategies to 

communicate meaningful input in the content area to students” (Brown University, 2019, para. 

1). Additionally, they adjust instructional delivery to suit the nature and needs of the ELs by 
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relevant schematic activities and providing a collaborative classroom environment. Echevarria et 

al. (2006) found that ELs who received the SIOP treatment (instructional strategy) performed 

higher on a writing task than other ELs who did not receive the treatment. ELs’ significant gains 

were F(1,312) = 10.79,  p < .05, intervention effect size +.833. 

Similarly, Santamaria (2009) investigated the differentiated instruction strategy effect on 

ELs’ achievement. Differentiated instruction is the process of “ensuring that what a student 

learns, how he/she learns it, and how the student demonstrates what he/she has learned is a match 

for that student’s readiness level, interests, and preferred mode of learning” (Tomlinson, 2004, p. 

32). Differentiation can occur through four ways: (a) content, which targets the student’s 

readiness level for the standards established by the local educational agency or state educational 

agency, (b) process, which targets the student’s learning style, including learning condition such 

as individual, small group or pairs, (c) product, which is tangible evidence of learned content, 

and (d) learning environment, which targets the student’s physical and mental needs (Tomlinson, 

2004). Santamaria (2009) reported,  

Conversely, culturally responsive teaching (CRT) is a collection of best teaching 

practices to enhance the academic success of students who are culturally different in 

classroom settings. What the two approaches have in common is that they are both 

designed to provide support for groups of students who have been historically 

unsuccessful in mainstream general education classrooms for a variety of reasons. 

However, culturally responsive teaching is an instructional method that recognizes the 

significance of including students’ cultural references in all aspects of learning. (p. 216) 

https://en.wikipedia.org/wiki/Carol_Ann_Tomlinson
https://en.wikipedia.org/wiki/Carol_Ann_Tomlinson
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Santamaria’s (2009) qualitative study examined the two instructional strategies, 

differentiated instruction and culturally responsive teaching, with ELs, a culturally and 

linguistically diverse subgroup. She observed that, for specific learners in particular classrooms, 

combined instructional interventions may improve student achievement. Santamaria (2009) 

conducted the study at two elementary schools in California serving high populations of ELs.   

Literature Relevant to Questions/Justification 

The rationale for the nonexperimental design to include a difference of Access 2.0 scores 

lies from prior research that measured learning performance/cognition by the difference of 

scores. In the social science of education, difference of scores is a way of measuring learning 

cognition. For example, Caruso and Witkiewitz (2002) investigated a difference of scores for an 

optimal indicator of learning disabilities. Three types of difference of scores were utilized: 

equally weighted difference scores, orthogonal reliable component analysis, and oblique 

principal component analysis. Caruso and Witkiewitz (2002) determined that the orthogonal 

difference of score method was more reliable and provided narrower difference of scores 

confidence intervals.   

Granena (2016) also utilized difference of scores. In this study, participants—adults with 

less than a high school education who spoke Chinese as their primary language and Spanish as 

their secondary language—completed a series of three reliable tests.  Granena (2016) calculated 

using a difference of scores, then computed a correlation.   

Literature Relevant to Theoretical Framework 

The cognitive information processing theory is based on a combination of three types of 

This culturally and linguistically diverse population of students confronts a greater risk of lower 
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academic success, lower graduation rates, and lower college € than their native English learner 

peer group (U.S. Department of Education [USDOE], 2015). Shiffrin model emerged in 1968; 

the Craik and Lockhart model emerged in 1972; and the connectionist model, or parallel 

distributed processing (PDP) model of Rumelhart et al. appeared in 1986. The following sections 

offer descriptions of each models. 

Atkinson and Shiffrin Cognitive Information Processing Model 

The Atkinson and Shiffrin model (1968), displayed as Figure 2, positions memory within 

short-term memory (STM) storage and long-term memory (LTM) storage. Short-term memory 

(STM) “has a limited amount of storage space” (Atkinson & Shiffrin, 1968, p. 84); whereas 

long-term memory (LTM) “has an infinite capacity” (p. 84). This model is also named “two 

stage, or ‘modal’” (Atkinson & Shiffrin, 1968, p. 84) because inputted data passes from the 

(STM) to the (LTM).  

 

Figure 2 

Atkinson and Shiffrin Cognitive Information Processing Model 

 

 

 

 
Note. Based on “Human Memory: A Proposed System and its Control Processes,” by R. C. Atkinson and R. M. 

Shiffrin. In K. W. Spence and J. T. Spence (Eds.), 1968, Psychology of Learning and Motivation: Advances in 

Theory and Research (Vol. 2, 1st ed., pp. 89-195.). Copyright 1968 by Academic Press.  

 

 

According to Atkinson and Shiffrin (1968), the “sensory register” or “sensory memory” 

(p. 84) briefly holds an environmental stimulus detected by the senses, which prevents higher-
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level cognitive processes from being overwhelmed by large sects of information. Information 

decays rapidly in the sensory register if not transferred to short-term memory (STM) or working 

memory after receiving attention. Without rehearsal, the information in STM is also lost.  

However, it has a “longer duration” (Atkinson & Shiffrin, 1968, p. 85) of 18 to 20 seconds. 

Additionally, the information in the STM may have a different modality than its sensory input. 

Information in the long-term memory (LTM), or permanent store, can be copied and 

transferred to the STM where it can be manipulated. Atkinson and Shiffrin (1968) stated that 

transference “from the short-term store to the long-term store is occurring for as long as the 

information is being attended to in the short-term store (p. 86).”  Thus, the longer storage time in 

STM results in a better memory trace in LTM. 

Craik and Lockhart Cognitive Information Processing Model 

The Craik and Lockhart model (1972), an alternative to the two-stage process model, is a 

single storage memory model that potentially replaces the STM/LTM multi-storage model 

(Hayes, 2000). Craik and Lockhart’s levels of processing model relates to the depth in which 

information is retained and memorized. During the processing of terms within the multi-level 

storage, items processed deeply are retained greater than those processed less deeply. Craik and 

Lockhart (1972) maintained that information processing may be shallow or deep. Shallow 

processing may happen in four ways: (a) structural, which processes the features of an object or 

sound, (b) phonemic, which processes sound, (c) graphemic processes, which involves the letters 

in a word, and (d) orthographic, which processes an item’s shape. Shallow processing will result 

in decayed information while, deep processing will result in easily accessed information. 

Semantic processing, often referred to as deep processing, happens when: (a) thoughtful meaning 
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is derived, (b) significance or value of something is derived, and c) the process of connection or 

relating object is derived. Figure 3 depicts the Craik and Lockhart model. 

 

Figure 3 

Craik and Lockhart Cognitive Information Processing Model 

 

 

 

 
Note. Based on “Levels of Processing: A Framework for Memory Research,” by F. Craik and R. Lockhart, 1972, 

Journal of Verbal Learning and Verbal Behavior, 11(6), 671-684. (https://psycnet.apa.org/doi/10.1016/S0022-

5371(72)80001-X). Copyright 1972 by American Psychological Association. 

 

 

Rumelhart et al.: Parallel Distributed Processing Model 

The connectionist model, or parallel distributed processing (PDP) model, is the third 

cognitive information processing model. Amid this single position model (Sougné, 2001), added 

memories are disseminated throughout the system instead of stored (Bechtel & Abrahamson, 

2002). This model depicts the way the brain processes information among a system of sensory 

connections dispersed in serial pathways in a parallel array (Rumelhart et al., 1986a, 1986b). 

Thus, the distribution of information is through an extremely intricate network. 

Dawson and Meddler (2010) delineated,  

The PDP model has 3 basic principles: 

1. the representation of information is distributed (not local).  

2. memory and knowledge for specific things are not stored explicitly, but stored in the 

connections between units.  
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3. learning can occur with gradual changes in connection strength by experience. (para. 

3). 

Rumelhart et al. (1986b) identified eight main segments of the PDP model: 

1. a set of processing units,  

2. a state of activation 

3. an output function for each unit,  

4. a pattern of connectivity among units, 

5. a propagation rule for propagating patterns of activities through the network of 

connectivities,  

6. an activation rule for combining the inputs impinging on a unit with the current state 

of that unit to produce a new level of activation for the unit, 

7. a learning rule whereby patterns of connectivity are modified by experience, and 

8. an environment within which the system must operate.  (p. 10) 

Figure 4 depicts the parallel distributed processing model of Rumelhart et al. (1986a, 1986b). 
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Figure 4 

Parallel Distributed Processing Model 

 

 
 
Note. Adapted/Created from “A General Framework for Parallel Distributed Processing,” by D. E. Rumelhart, G. E. 

Hinton, and J. L. McClelland. In D. E. Rumelhart, J. L. McClelland, and the PDP Research Group (Eds.), 1986, 

Parallel Distributed Processing: Explorations in the Microstructure of Cognition, (Vol. 1, p. 47, 56). MIT Press. 

Copyright 1986 by MIT Press. 

 

Appropriateness of CIP Theory for the Study 

Research tends to show insufficient concern with work on consciousness or unconscious 

learning impacting second language acquisition, namely cognitive psychology (Truscott, 2014). 

However, an area of study involving implicit learning (lacking direct instruction) with literature 

vocabulary has impacted second language acquisition. Krashen (2013) reported students acquire 

vocabulary from comprehensible input, which involves submersion in reading. In a review of 

studies, Krashen (2004) observed that students performed better on vocabulary measures and 

receptive tests rather than on expressive vocabulary assessments. The receptive effect size was 

.57 while the expressive effect size was .29. 
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In the early 20th century, mathematics education research was considered atheoretical 

(Kilpatrick, 1992). While many theories can be applied to mathematics education, cognitive 

information processing (CIP) theory serves as a quantifiable measure for understanding 

“students’ memory and retention in the process of learning mathematical content” (de Freitas & 

Walshaw, 2016, p. 6). It is better suited to address the guiding research question (Is there a 

relationship between English Learners’ difference in overall literacy performance scores on the 

ACCESS 2.0 assessment between the years of 2017 and 2018 and the Georgia Milestones math 

assessment?) holistically rather than Chomsky’s (1975) linguistic theory because the research 

questions and problem addressed cognitive processing and development. Cognitive processing 

and development are expressed in the research question through the difference in ACCESS 2.0 

scores for two consecutive years. Language acquisition was not the topic of this investigation.  

Although CIP and linguistic theory derive from psychology and can serve as a means for 

comprehending students’ cognition with math, Chomsky’s (1975) linguistic theory seems to lend 

itself more towards a qualitative stance within the field of mathematics educational research. On 

the other hand, CIP theory is concerned with the development and process of cognition and one 

of the variables used in the study. The difference between ACCESS 2.0 scores in 2017 and 2018 

academic years had the potential to show a change in ELs’ cognition, which is measurable 

numerically, an attribute needed for quantitative methodology and correlational design. 

The theory or theoretical framework guiding this study was cognitive learning theory as 

applied to English Learners. The cognitive theory of information processing, which is “how 

learning occurs, as understood through attention and memory” (Ornstein & Hunkins, 2013, p. 

37), supports students of English as a second language. It is an approach to understanding how 
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the human mind transforms sensory information, such as language or subject content skills and 

knowledge. The cognitive processes applied to the academic learned concepts are attention, 

perception, encoding, storage, recognition and retrieval. The academic concepts are the 

environmental stimuli. After student attention and perception of the concepts, the encoding of the 

material occurs, and it is ready for placement into storage. During moments when students need 

the concepts—such as standardized testing—the students must first recognize the learned 

material, then retrieve it for utilization on the assessments. In cognitive information processing 

theory, the academic knowledge and skills are the stimuli. Therefore, if educational stakeholders 

believe cognitive information processing affects the learning of ELs, further research on the topic 

will add to the body of educational literature. 

Due to the quantitative nature of the methodology chosen for this study and the 

correlational design, numerical data are requisites for analysis of the research questions. The CIP 

model allows for a change in cognitive processing to be measured numerically. Specific to this 

study, the predictor variables, the differences between 2017 and 2018 academic years in overall 

ACCESS 2.0 literacy, reading, and writing scores and the criterion variable, Georgia Milestones 

math score, were measured numerically. The differences in the ACCESS 2.0 scores between the 

two years showed the change in cognitive development or cognitive language processing of 

secondary students through their scores. 

Summary 

This chapter presented a review of literature and justification for the theoretical 

framework of this study by first providing a detailed procedure that explained the approach for 

locating pertinent literature. Following this, the chapter presented an intensive review of 



 

40 

educational policy, historical aspects, justification for the research questions, and theory of the 

study. Lastly, the chapter described the three cognitive information processing models and the 

appropriateness of the theory to the research study. Chapter 3 presents the research methodology 

and design in greater detail.  
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CHAPTER 3 

METHODOLOGY 

Citing Crawford (1999), Ovando (2003) reported,  

In 1982, secretary of Education Terrel Bell approximated that “only about a third of the 

[ELL] children aged 5 to 14 . . . are receiving either bilingual instruction or instruction in 

English as a second Language. . . . Schools in general are not meeting the needs of [ELL] 

children.” (p. 12)   

To enhance academic instruction for the underserved population in many states, the U.S. 

Congress passed the Every Student Succeeds Act (U.S. Department of Education [USDOE], 

2015). Title III of this law mandates English learners’ instruction in the United States. 

Accordingly, numerous states have implemented curriculum and instructional modifications to 

increase the standardized achievement and English proficiency accountability scores of English 

learners (ELs). The local educational agency of each state establishes school policy related to 

ELs based on standardized accountability data. 

This chapter presents the methodology and research design used to investigate the results 

of those implementations and testing in the state of Georgia. The researcher quantitatively 

analyzed 2017 and 2018 scores from the Georgia Milestones End-of-Grade middle grades math 

assessment, as well as literacy, reading, and writing scores on the ACCESS 2.0, to examine the 

relationship, if any exists, between the two scores. Using a quantitative correlational design with 

ex post facto data, the researcher analyzed the three ACCESS scores (independent variables) and 

the Georgia Milestones math achievement scores of middle school students (dependent variable). 
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These data addressed the dearth of existing research literature regarding the relationship between 

students’ English language proficiency and success on state-mandated standardized tests.  

The chapter begins with a reiteration of the research questions and hypotheses of the 

study. Following this is the explanation and rationale for the research design of the intended 

study. Next is a discussion of the validity and reliability of the chosen measures and the 

population criteria/demographics. After this, the chapter presents the data collection procedures 

and data analysis technique. The chapter ends by addressing the role of the researcher and a 

summary of the chapter. 

Research Questions and Hypotheses Reiterated 

The following research questions and hypotheses guided the data collection and analyses: 

1. Is there a relationship between English Learners’ difference in overall literacy 

performance scores on the ACCESS 2.0 assessment between the years of 2017 and 

2018 and the Georgia Milestones math assessment?  

H10: There is not a statistically significant relationship between English Learners’ 

difference in overall literacy performance scores on the ACCESS 2.0 assessment 

between the years of 2017 and 2018 and the Georgia Milestones math assessment.  

H1a: There is a statistically significant relationship between English Learners’ difference 

in overall literacy performance scores on the ACCESS 2.0 assessment between the 

years of 2017 and 2018 and the Georgia Milestones math assessment.  

2. Is there a relationship between English Learners’ difference in reading performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the 

Georgia Milestones math assessment?  
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H20: There is not a statistically significant relationship between English Learners’ 

difference in reading performance scores on the ACCESS 2.0 assessment between 

the years of 2017 and 2018 and the Georgia Milestones math assessment. 

H21: There is a statistically significant relationship between English Learners’ difference 

in reading performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math assessment. 

3. Is there a relationship between English Learners’ difference in writing performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the 

Georgia Milestones math assessment?  

H30: There is not a statistically significant relationship between English Learners’ 

difference in writing performance scores on the ACCESS 2.0 assessment between 

the years of 2017 and 2018 and the Georgia Milestones math assessment.  

H31: There is a statistically significant relationship between English Learners’ difference 

in writing performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math assessment.  

Nature of the Research Method 

The nature of the problem statement and, more specifically, the nature of the research 

questions usually drive the methodology choice of a research study. Because the researcher 

planned to explore the “relationship among variables” (Creswell, 2015, p. 26), in this study, 

quantitative methodology was an appropriate choice for this inquiry. In this quantitative study, 

the researcher investigated the relationship between the predictor variable of ACCESS 2.0 
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literacy scores and the criterion variable of Georgia Milestones End-of-Grade standardized test 

math scores.  

Quantitative inquiry, stemming from the empiricist approach to knowing, is generally 

deductive in nature (Bernard, 2012). According to empiricists, knowledge comes from sensory 

perceptions; that is, individuals cannot know something unless they can see it. Because 

quantitative methodology is measurement-based, it is in line with the empiricist epistemology, or 

way of knowing. Immanuel Kant proposed that universal truths exist, and the structure of the 

human mind allows us to organize and interpret these truths (Bernard, 2012). Kant’s ideas about 

the human mind and the way that knowledge is discovered and perceived are the precursors to 

the empirical nature of inquiry central to quantitative research. 

Quantitative inquiry relies on objective data to examine research questions and test 

hypotheses. The structure of quantitative studies permits the researcher to collect objective data, 

which result from “empirical observations and measures” (Creswell, 2015, p. 153). In order to 

obtain objective data, the researcher must use validated and reliable measures in quantitative 

research. In the present research study, the researcher utilized scores from two validated 

measures to obtain data for the predictor and criterion variables: Georgia Milestones End-of-

Grade math achievement test and ACCESS 2.0 literacy scores. More detail about the validity and 

reliability of these instruments is provided in subsequent sections. 

Nature of the Research Design/Study 

Each type of research methodology contains specific designs commonly employed in 

studies using that methodology. The broad categories of designs employed under quantitative 

methods are experimental, quasi-experimental, and nonexperimental (Creswell, 2015). The main 
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differences among these designs are the presence or absence of random assignment and the type 

of sampling used as a part of each design (McBride, 2013).  

True experimental designs include both random sampling and random assignment of 

participants to conditions typically established and manipulated by the researcher. Research 

participants are generally unaware of which condition they participate in until the end of the 

study or the end of the data collection period (Huck, 2012). Usually, researchers do not 

implement true experimental research in educational settings because it is not possible to 

manipulate experimental conditions in education and if conditions exist, they are preexisting 

(Gorard, 2010). Because there were no conditions of any kind in the current study, experimental 

research design was not a good choice for this research. 

In contrast to true experimental design, quasi-experiments do not involve random 

assignment (McBride, 2013). Sometimes, there are research situations where the posed research 

problem is worthy of academic inquiry, but conditions are not manipulatable.  This is often the 

case in educational research (Gorard, 2010) because researchers frequently examine differences 

based on preexisting conditions, such as gender, race, language proficiency, and grade level. 

Therefore, researchers often use quasi-experimental designs in educational research. In the 

present study, quasi-experimental research design was not the correct choice because the 

researcher did not examine differences based on conditions. Instead, the researcher studied the 

relationship between the variables of ACCESS 2.0 literacy scores and the criterion variable of 

Georgia Milestones End-of-Grade standardized test math scores. 

The researcher used a nonexperimental correlational design in this study because it 

involved ex post facto data with no random assignment (Salkind, 2010). The type of analysis 
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used may be multiple regression, where “a criterion variable and two or more predictor variables 

are analyzed for an association” (Fraenkel & Wallen , 2006, p. 339). A researcher uses ex post 

facto design when the study begins after the episode/experience transpired without interference 

or manipulation from the researcher and the data have been collected. The researcher examined 

the dependent variable retrospectively to identify possible causes and relationships between the 

dependent variable and the independent variable(s) (Salkind, 2010).  

Ex post facto research design is a strong methodology for exploratory investigations of 

cause-effect relationships. This research inquiry was also suitable in research design for an 

exploratory investigation of cause-effect relationships, predictor relationships, or for further 

research testing through experimental designs. A weakness of ex post facto designs is the 

nonrandom selection of participants. This study did have a limitation due to the nature of the 

investigation. The investigation required a nonrandom selection of EL students. Statistical 

analysis addressed the internal validity weakness of not controlling the independent variable 

(Salkind, 2010).  

Another potential weakness noted in ex post facto designs is if the independent variable 

shows a significant difference, which is not a factor in experimental designs. Furthermore, the 

nonrandom selection of the sample, “which limit(s) the possibility of statistical inference” 

(Salkind, 2010, p. 466), is contrary to true experimental research designs. Thus, findings in ex 

post facto designs are not normally used for generalized conclusions as done in true experimental 

designs, where statistical analysis may represent the entire population (Salkind, 2010). 

Correlation research investigates relationships between two or more variables, while a 

quasi-experimental design controls for one variable (Creswell, 2015). The relationship may be 
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described in a predictive nature or as a reliability trend. The researcher chose a correlational 

design to determine the predictability of ACCESS proficiency performance on math achievement 

as evaluated by the Georgia Milestones assessment. The correlation design was a better 

nonexperimental research design for this study due to the data collection method, in which the 

researcher collected data after the administration of the state-mandated tests for English and 

content proficiency. The study does not have the characteristics of a true experimental design, 

random selection of subjects, implementation of the intervention, or ability to control during the 

experiment.  

Validity and Reliability of the Measures 

The two measures the researcher examined were the ACCESS (ACCESS (Assessing 

Comprehension and Communication in English State to State) 2.0 for English learners (ELs) and 

The Georgia Milestones End-of-Grade math assessment. The researcher examined student scores 

in middle grades sixth, seventh, and eighth. The following sections relate the validity and 

reliability of the two measures. 

ACCESS 2.0 

ACCESS 2.0 for EL is a “large-scale English language proficiency assessment 

administered to kindergarten through 12thgrade students identified as English learners” 

(Wyoming Department of Education [WYDOE], 2019, p. 1). It is a state standardized assessment 

that evaluates a student’s progression in obtaining academic English. Aligned with the “WIDA 

(World Class Instructional Design and Assessment) English Language Development Standards, 

it assesses each of the four language domains of Listening, Speaking, Reading, and Writing” 

(WYDOE, 2019, p. 1). According to Board of Regents of the University of Wisconsin System 
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(2019), WIDA is a nonprofit organization that received a grant in 2003 to develop standards and 

assessments for English learners. WIDA’s goal is to become the premier educational resource for 

students of cultural and linguistic diversity in the wake of the Every Student Succeeds Act 

(ESSA) of 2015. Because ESSA mandates govern state efforts to support and advance ELs, 

many states have joined the consortium since its inception. These states also utilize the testing 

framework developed by the Center for Applied Linguistics (CAL), “a private, nonprofit 

organization promoting access, equity and mutual understanding for linguistically and culturally 

diverse” (CAL, 2019, p. 1) global individuals to assess ELs English proficiency.   

In 2015, WIDA released an online version of their English proficiency test, ACCESS. In 

developing the current version, as with all ACCESS English proficiency tests, developers 

conducted field tests after educators convened to write and review assessment items, which is a 

form of validity. The field test provided insight into the final administration of the test, which 

educators administer to students in public schools from grades kindergarten through high school. 

The test targets academic language in the core content areas of math, science, language arts and 

social studies. It also monitors progress in social language skills. The reliability of ACCESS 2.0 

overall score is .959 for grades 6-8 (WIDA, 2020). This score derives from achievement 

performance in listening, speaking, reading, and writing English proficiency tests. 

Georgia Milestones 

The purpose or use of the Georgia Milestones is to inform educational stakeholders of 

student performance on the aligned content standards assessment. The Georgia Milestones 

Assessment System program “is a comprehensive, summative assessment program” (GaDOE, 

2019b, para. 1) spanning grades 3 through high school. Administration of the assessment occurs 
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annually, generally in April, to all of Georgia public schools’ middle grades students in the areas 

of math and language arts. Eighth-grade students also participate in science and social studies 

assessments. The Georgia Milestones assessment contains norm-referenced items in all content 

areas, as well as the criterion-referenced information. To improve student learning, the GaDOE 

adopted new content standards in language arts, mathematics, science, and social studies in 2010 

(Beaudette, 2014). The Georgia Milestones measures content proficiency of the established 

rigorous standards (GaDOE, 2018).    

The Georgia Milestones is a reliable and valid assessment instrument. In the standards for 

educational and psychological testing, “validity refers to the degree to which evidence and theory 

support the interpretations of test scores entailed by proposed uses of test” (GaDOE, 2018, p. 2). 

The validity of the test begins when committees comprised of educators review the state content 

standards to determine which skills to assess, followed by review of written test items for bias 

and curriculum alignment. Once reviewed, the items may be accepted, revised, or rejected; if 

accepted the items are field tested in an active/operational test. Next, another committee of 

educators review the field test data, along with the field test questions. Once again, the items 

may be accepted, revised, or rejected; if accepted the items are placed into a question bank for 

later use. 

The validity rotation for the Georgia Milestones is continuous. However, the reliability of 

the Georgia Milestones is simply the “degree to which test scores for a group of test takers are 

consistent and stable over time” (GaDOE, 2018, p. 3). The Georgia Milestones uses Cronbach’s 

(1951) alpha reliability coefficient (1951), for it “measures the internal consistency over the 

responses to a set of items measuring an underlying unidimensional trait” (GaDOE, 2018, p. 4). 
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This unitless value from 0 to 1 measures the ratio of actual “score variance to observed total 

score variance” (GaDOE, 2018, p. 4). The Georgia Milestones demonstrates subject, course(s), 

and grade level reliability. The median reliabilities for the middle grade math segment of the 

End-of-Grade assessment are .92 sixth grade, .93 seventh grade, and .91 eighth grade. 

Population 

The study was conducted within a school district in/of the state of Georgia. The focus 

population were ELs in Georgia middle schools who completed the ACCESS 2.0 English 

language proficiency assessment and the Georgia Milestones End-of-Grade math assessment for 

the years 2017 and 2018. The English language learners were not defined as ELs with 

disabilities, long-term ELs, or recent immigrants classified as ELs.  

Data Collection Procedures 

For this study, the researcher requested data from local educational agencies (LEAs) in 

the state of Georgia. The request for data involved student assessment scores on the English 

proficiency ACCESS test and the math content proficiency Georgia Milestones End-of-Grade 

test. The requirements for request approval were as follows: (a) the approval was in adherence 

with federal, state, and local laws regarding confidential information; (b) the collected data 

existed within the department; (c) the researcher’s use of the data supported the ethical use of 

data such as appropriate right or wrong usage; (d) the requested data did not require calculations 

and analysis; € the researcher did not profit from the data usage; and (f) student-level data 

requests were approved by the Office of Assessment and Accountability/Research. Each Georgia 

school district contacted for appropriate data sets had an established request process to obtain ex 

post facto student-level data. Many districts require researchers to complete in-house forms that 
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include a summary of the study, the doctoral candidate’s university internal review board (IRB) 

approval, and/or acknowledgment of the study from the candidate’s chair. This study sought to 

study the relationship between variable of ACCESS 2.0 literacy scores and the criterion variable 

of Georgia Milestones End-of -Grade standardized test math scores. 

Data Analysis 

  The researcher analyzed data for the research questions using multiple regression. 

Multiple regression was appropriate because the research question explored the relationship 

between two variables, criterion and predictor. The researcher utilized SPSS IBM 23 software to 

conduct several data analyses on existing data sets. IBM SPSS descriptive assumption checks 

were computed. The assumptions when running this statistic were linearity, reliability, 

independent, normal distribution, and errors that were homoscedastic, as stated by Williams et al. 

(2013). Furthermore, there was no manipulation of the variables. 

Role of the Researcher 

Simon (2011) wrote, “In quantitative studies, the researcher’s role is, theoretically non-

existent” (para. 1). In this study, interaction between the researcher and the participants did not 

occur. Thus, the researcher’s role was clear, and it did not pose possible bias that may occur in a 

qualitative study. In design, the study should be replicable by other researchers.  

The researcher’s interest in the curriculum studies of math education was prevalent 

throughout the program. Initially, the topic of study centered around a quasi-experimental 

investigation with a control and treatment groups of approximately 25 students in an inclusive 

classroom environment. The control group would receive services while the treatment group 

would not receive exceptional education services. This design was unethical for it would be 
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riddled with litigation concerns. During the Quantitative II class taken by the researcher at 

Mercer University as part of her PhD program, the study became more fleshed out, and the 

design transitioned to a correlation study involving another population of pupils who received 

services, students of English as a second language.  

Summary 

This chapter presented the research design and methodology used to investigate the 

relatedness of English proficiency scores as measured by the ACCESS 2.0 assessment to Georgia 

Milestones math scores for the year 2017 and 2018 academic years. The chapter reiterated the 

study’s purpose, significance, research questions, and hypotheses. The rationale for the research 

design of the intended study was explored. Next, the researcher reported the validity and 

reliability of ACCESS 2.0 and the Georgia Milestones test, as well as the population criteria. 

Following this were descriptions of the data collection process and data analysis technique. The 

chapter ended with a statement addressing the role of the researcher. 
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CHAPTER 4 

RESULTS 

The researcher examined the End-of-Grade Georgia Milestones math test for its 

relationship with ACCESS 2.0 overall literacy score(s), reading and writing, for Georgia middle 

school students. The guiding research question of the study was: Is there a relationship between 

English Learners’ difference in overall literacy performance scores on the ACCESS 2.0 

assessment between the years of 2017 and 2018 and the Georgia Milestones math assessment? In 

this quantitative study, a relationship between the predictor variables of ACCESS 2.0 literacy, 

reading, and writing scores and the criterion variable of Georgia Milestones End-of-Grade 

standardized test math scores could provide insight into the relationship between students’ 

English language proficiency and outcomes on state achievement tests. This study may assist 

many school administrators who work closely with educational partners, such as local officials, 

parents, and students, to provide research-based programs and services to encourage preparation 

for college and career of the increasing English learners (ELs) student population in the K-12 

public schools.  

Purpose of the Study 

The differences in ACCESS 2.0 overall literacy, reading, and writing scores (between the 

school years of 2017 and 2018) of middle school students in Georgia were analyzed to determine 

the relationship, if any, between the Georgia Milestones End-of-Grade math assessment 

difference scores. This was the purpose of the quantitative correlational and multi-linear 

regression study with ex post facto data. The three independent variables were difference scores 
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on the ACCESS 2.0 test in overall literacy, reading, and writing. The dependent variable was the 

Georgia Milestones achievement difference scores in the subject area of math. 

The first section of this chapter describes the data set in the research study, including 

characteristics of the data set and difference in scores. The second element of this chapter 

describes the preliminary analysis, which includes assumptions of normality tests. The results are 

the third component. This section provides the data analysis results for each of the three research 

questions that guided this study. Each research question is addressed separately. 

Collection Process 

The researcher completed institutional review board applications for five school districts 

within the state of Georgia that maintained high ELs middle grades population. The study was 

conducted from a data set received from a southeast Georgia school district that served an 

approximate total population of 40,108 students with an estimated total of 2166 ESOL students 

(GaDOE, 2020).  

Characteristics of the Sample 

The collection process yielded 164 students in the sample. Fifty-nine percent (n = 97) of 

the sample were male while forty-one percent (n = 67) of the sample were female. Middle grades 

were identified as sixth, seventh, and eighth grade levels. Sixth graders comprised 38% (n = 62) 

of the data set included sixth graders, seventh graders comprised 31% (n = 51) of the data set, 

and eighth graders comprised 31% (n = 51) of the data set during the 2017 academic year.  

Managing Missing Data 

The data set received included missing information for 2018 Access 2.0, the predictor 

source and GMAS math scores, the criterion variable. The data showed no 2017 missing data 
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points for the predictor and criterion variables. Table 2 depicts descriptive statistics of the 

original data set, where 81 cases were valid/complete after elimination of cases containing 

missing values using the available data for each variable. Table 3 shows statistics of the multiple 

imputation data set. Multiple imputation of missing values was generated with SPSS software. 

The data set was imputed 20 times to develop accuracy. All correlational and multi-linear 

analyses were performed using data from Table 3. 

 

Table 2 

Descriptive Statistics Prior to SPSS Missing Data Imputation 

 N Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

Reading SS 2017 164 250 446 336.09 43.53 .27 -.78 

Writing SS 2017 164 166 422 300.93 53.71 -.39 -.10 

Literacy SS 2017 164 217 424 318.79 45.30 -.10 -.89 

GMAS Math SS 2017 161 385 602 470.82 37.54 .90 1.52 

Reading SS 2018 121 250 447 352.81 40.68 .01 -.70 

Writing SS 2018 121 177 416 322.91 41.70 -.45 .91 

Literacy SS 2018 121 228 427 338.12 37.82 -.10 -.30 

Math SS 2018   86 405 589 471.23 33.57 .95 1.89 

Valid N (listwise)   81         

Note. SS = Scale Score 
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Table 3 

Descriptive Statistics after SPSS Missing Data Imputation 

 

               N Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

Reading SS 2017 164 250 446 336 43.53 .27 -.78 

Writing SS 2017 164 166 422 301 53.71 -.39 -.10 

Literacy SS 2017 164 217 424 318.79 45.30 -.10 -.89 

GMAS Math SS 2017 164 377 602 470.52 37.61 .88 1.50 

Reading SS 2018 164 250 447 352.80 35.12 .01 .06 

Writing SS 2018 164 177 416 322.93 36.03 -.52 2.14 

Literacy SS 2018 164 228 427 338.12 32.56 -.12 .62 

Math SS 2018 164 283 671 476.14 41.19 .32 1.30 

Valid N (listwise) 164         

Note. SS = Scale Score 

 

 

Hypotheses Testing 

The researcher tested the normal distribution of the dependent variable (Georgia 

Milestones achievement difference scores in the subject area of math) using both statistical and 

graphical methods prior to performing the hypotheses tests. Descriptive statistics indicated that 

the mean and the 5% trimmed mean of the difference scores in math were different (3.99 and 

4.65), indicating that there were extreme scores. However, the skewness and kurtosis values of 

the difference scores in math variable were also within range from -1 to + 1; therefore, the 

assumption of normality of the variable was not severely violated (Williams et al., 2013). Table 4 

displays the descriptive statistics for the normality of the dependent variable of difference scores 

in math. 
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Table 4 

Descriptive Statistics for Normality of the Dependent Variable of Difference Scores in Math 

 

Difference Scores in Math Statistic Standard Error 

Mean   3.99 3.26 

5% Trimmed Mean   4.65  

SD 41.75  

Skewness    -.27   .10 

Kurtosis      .65   .38 

Note. N = 164 
 

 

The Kolmogorov-Smirnov and Shapiro-Wilk statistics were also checked. Table 5 shows 

that the significance level values of Kolmogorov-Smirnov and Shapiro-Wilk tests were greater 

than .05, suggesting that the null hypotheses that the dependent variable was normally distributed 

was not rejected and that the dependent variable of difference scores in math does not severely 

deviate from normality.  

 

Table 5 

Kolmogorov-Smirnov and Shapiro-Wilk Tests of Difference Scores in Math 
 

Variable 
Kolmogorov-Smirnov Shapiro-Wilk 

Statistic df p Statistic df p 

IS .07 164 .07 .99 164 .14 

 

 

Histograms, normal Q-Q plots, and detrended Q-Q plots were also performed to test the 

normality of the dependent variable of difference scores in math. Figures 5 through 7 show the 

graphical tests of normality, including histograms, normal Q-Q plot, and detrended normal Q-Q 
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plot. These graphs suggested the normal distribution of difference scores in math. Therefore, the 

dependent variable of difference scores in math did not deviate severely from normality.  

 

Figure 5 

Histogram of Difference Scores in Math 
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Figure 6 

Normal Q-Q Plot of Difference Scores in Math 
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Figure 7 

Detrended Normal Q-Q Plot of Difference Scores in Math 

 
 

 

Preliminary Analyses 

This section introduces the preliminary statistical tests used/run on the study’s collected 

data. Prior to conducting multiple regression analysis to address the research questions null 

hypothesis, the data were statistically analyzed for descriptive statistics, normality, and 

collinearity. Data are presented in table and figures. 
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Descriptive Statistics of the Independent and Dependent Variables 

The researcher examined the descriptive statistics of the independent and dependent 

variable prior to hypotheses testing. The difference scores in math mean was 3.99 points (SD = 

41.75) for the years of 2017 and 2018 on the Georgia Milestones math. The difference scores in 

reading mean was 16.82 points (SD = 40.61) for the years of 2017 and 2018 on the ACCESS 2.0. 

The difference scores in writing mean was 22.04 points (SD = 49.26) for the years of 2017 and 

2018 on the ACCESS 2.0. The difference scores in literacy mean was 19.41 points (SD = 39.58) 

for the years of 2017 and 2018 on the ACCESS 2.0. Table 6 displays the results.   

 

Table 6 

Descriptive Statistics of Independent and Dependent Variables 

 

Variable M SD 

Difference scores in math 3.99 41.75 

Difference scores in reading 16.82 40.61 

Difference scores in writing 22.04 49.26 

Difference scores in literacy 19.41 39.58 

 Note. N = 164 
 

  

Correlations Among Independent and Dependent Variables  

Pearson correlations in Table 7 and Table 8 were performed on the data set prior to 

determining the difference scores for the independent and dependent variables.  
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Table 7 

Correlations Among Scores in 2017 

 Reading Score 2017 Writing Score 2017 Literacy Score 2017 

Math Score 

2017 

r .58 .45 .54 

p .00 .00 .00 

 

 

Pearson correlation analysis showed that reading score in 2017 was correlated with math 

score in 2017 (r = .58, p < .001); writing score in 2017 was correlated with math score in 2017 (r 

= .45, p < .001); literacy score in 2017 was correlated with math score in 2017 (r = .54, p < 

.001). All the correlations among these variables were positive and large (r > .50), except for 

writing score, which was medium. 

 

Table 8 

Correlations Among Scores in 2018 

 Reading Score 2017 Writing Score 2017 Literacy Score 2017 

Math Score 

2018 

r .34 .34 .37 

p .00 .00 .00 

 

 

Pearson correlation analysis showed that reading score in 2018 was correlated with math 

score in 2018 (r = .34, p < .001); writing score in 2018 was correlated with math score in 2018 (r 

= .34, p < .001); literacy score in 2018 was correlated with math score in 2018 (r = .37, p < 

.001). All the correlations among these variables were positive and medium (r > .29 and r < .50). 

Pearson correlations were performed to tests the relationships among independent and 

dependent variables in Table 9. Pearson correlation analysis showed that difference scores in 
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reading were correlated with difference scores in math (r = .18, p = .01). Difference scores in 

writing were correlated with difference scores in math (r = .28, p < .001). Difference scores in 

literacy were slightly correlated with difference scores in math (r = .26, p <. 001). All the 

correlations among three independent variables and dependent variable of difference scores in 

math were small (r < .29). 

 

Table 9 

 

Correlations Among Three Independent Variables and Difference Scores in Math (N = 164) 

 

 Difference Scores in 

Reading 

Differences Scores in 

Writing 

Difference Scores in 

Literacy 

r  .18 .28 .26 

p .01 .000 .000 

 

 

Multiple Regression Hypotheses Testing 

The researcher performed multiple regression to test the null hypotheses and answer the 

research questions. Prior to examining the multiple regression, the researcher checked 

assumptions of multiple regression. The assumptions of outliers, normality, linearity, 

homoscedasticity, and independence of the residuals were checked by testing the normal 

probability plot (P-P) of the regression standardized residuals and the scatterplot. The normal P-P 

plot showed that the points were in a reasonably straight diagonal line, suggesting that there were 

no major deviations from normality (see Figure 8). 
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Figure 8 

Normal P-P Plot of the Regression Standardized Residual for Difference Scores in Math 

 
 

 

In the scatter plot of the regression standardized residuals presented in Figure 9, the 

residuals were roughly normally distributed, with most of the scores concentrated in the center, 

which also supported the normality of residuals. The presence of outliers was checked from the 

scatter plot with regression standardized residual values of more than 3.3 or less than –3.3. 

Figure 10 is the histogram of regression standardized residual. 
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Figure 9 

Scatterplot of the Regression Standardized Residuals for Difference Scores in Math 
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Figure 10 

Histogram of Regression Standardized Residual for Difference Scores in Math 

 
 

 

The researcher checked the residual statistics for difference scores in math with two 

values to assess for outliers: Mahalanobis distance and Cook’s distance. The critical value of 

Mahalanobis distance for three predictor variables is 16.27 (Pallant, 2020). The maximum value 

of Mahalanobis distance for difference scores in math was 20.79, which is greater than the 

critical value of 16.27, suggesting there were some outliers. Further, the maximum Cook’s 

distance was .26, which is less than 1, suggesting there was no large problem with outliers. Table 

10 displays the residual statistics for difference scores in math. 
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Table 10 

Residual Statistics for Difference Scores in Math 

 

 Minimum Maximum M SD 

Mahal. Distance .004 20.79 1.99 2.80 

Cook’s Distance .000     .26     .008    .02 

Note. N = 164 
 

 

The researcher also conducted collinearity diagnostics to test the assumption of 

multicollinearity of the independent variables with two values: tolerance and VIF. If tolerance 

value is less than .10, and VIF value is greater than 10, there is a possibility of multicollinearity 

(Pallant, 2020). Table 11 displays the collinearity statistics of the independent variables. For 

difference scores in reading and difference scores in literacy, the tolerance values were greater 

than .10, and the VIF values were less than 10.  However, the VIF value of difference scores in 

writing was extremely higher than 10, suggesting there was multicollinearity. The difference 

scores in writing variable were excluded in the accepted model of multiple regression. 

 

Table 11 

Collinearity Statistics of Independent Variables 
 

Independent Variable Collinearity Statistics 

 Tolerance VIF 

Difference Scores in Reading   .27      3.67 

Difference Scores in Literacy   .27       3.67 

Difference Scores in Writing 4.23 4200.00 
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The results of multiple regression are used to determine whether the two predictor 

variables (difference scores in writing were excluded) significantly predicted difference scores in 

math. Table 12 shows the combination of two predictor variables explained 7% of the variance 

of difference scores in math, R2 = .07. The F test showed that the model was significant, F(2, 

161) = 6.72, p < .05.  Table 13 presents the ANOVA model for combination of two predictor 

variables and difference scores in math. 

 

Table 12 

Model Summary of the Multiple Regression for Combination of Two Predictor Variables and 

Difference Scores in Math 

 

Predictor R R2 Adjusted R2 Std. Error of the Estimate  

Two Variables .28 .08 .07 40.35 

 

 

Table 13 

ANOVA Model for Combination of Two Predictor Variables and Difference Scores in Math 

 

Model Sum of Squares df Mean Square F P 

1 Regression  21887.81   2 10943.91 6.72 .002 

Residual 262170.16 161   1628.39   

Total 284057.98 163    

 

 

Furthermore, the researcher performed three linear regression analyses to test the three 

null hypotheses. To avoid a bad effect on Type I error, the alpha level was adjusted based on the 

Bonferroni method (Aickin & Gensler, 1996; Bland & Altman, 1995). The adjusted alpha level 
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equaled to .05 divided by the number of statistical tests. Therefore, the researcher used the 

adjusted alpha level of .016 in this study.  

Research Question 1 and Hypotheses 

The first research question and hypotheses were as follows: 

1. Is there a relationship between English Learners’ difference in overall literacy 

performance scores on the ACCESS 2.0 assessment between the years of 2017 and 

2018 and the Georgia Milestones math assessment?  

H10: There is not a statistically significant relationship between English Learners’ 

difference in overall literacy performance scores on the ACCESS 2.0 assessment 

between the years of 2017 and 2018 and the Georgia Milestones math assessment. 

H1a: There is a statistically significant relationship between English Learners’ difference 

in overall literacy performance scores on the ACCESS 2.0 assessment between the 

years of 2017 and 2018 and the Georgia Milestones math assessment. 

The researcher conducted linear regression to test the null hypothesis 1 and answer 

research question 1. The null hypothesis 1 was tested using the model summary and the ANOVA 

model of the linear regression analysis, presented in Table 14 and Table 15. Difference scores in 

literacy explained 7% of the variance of difference scores in math, R2 = .07, F(1, 162) = 11.93, p 

< .016.  The coefficient table, Table 13, suggested that difference scores in literacy significantly 

correlated with difference scores in math (B = .28, beta = .26, t = 3.45, p < .016). The null 

hypothesis that there is no statistically significant relationship between English Learners’ 

difference in overall literacy performance scores on the ACCESS 2.0 assessment between the 

years of 2017 and 2018 and the Georgia Milestones math assessment was rejected. The 
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alternative hypothesis that there is a statistically significant relationship between English 

Learners’ difference in overall literacy performance scores on the ACCESS 2.0 assessment 

between the years of 2017 and 2018 and the Georgia Milestones math assessment was supported.  

The results of linear regression analysis suggested that there was a significant relationship 

between English Learners’ difference in overall literacy performance scores on the ACCESS 2.0 

assessment between the years of 2017 and 2018 and the Georgia Milestones math.  

 

Table 14 

Model Summary of the Linear Regression for Difference Scores in Literacy and Math 

 

Predictor R R2 Adjusted R2 Std. Error of the Estimate 

Difference Scores in 

Literacy 
.262a .069 .063 40.41276 

 

 

Table 15 

ANOVA Model for Difference Scores in Literacy and Math 

 

Model Sum of Squares df Mean Square F P 

1 Regression 19481.043 1 19481.043 11.928 .001b 

Residual 264576.933 162 1633.191   

Total 284057.976 163    
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Table 16 

Coefficient Table for Difference Scores in Literacy and Math 

 

 

 

 
Unstandardized Coefficients 

Standardized 

Coefficients 

T p B Std. Error Beta 

(Constant) 

Difference 

Scores in 

Literacy 

 
-1.373 3.517  -.390 .697 

 
   .276  .080 .262 3.454 .001 

 

 

Research Question 2 and Hypotheses 

The second research question and hypotheses were as follows: 

2. Is there a relationship between English Learners’ difference in reading performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the 

Georgia Milestones math assessment?  

H20: There is not a statistically significant relationship between English Learners’ 

difference in reading performance scores on the ACCESS 2.0 assessment between 

the years of 2017 and 2018 and the Georgia Milestones math assessment.  

H21: There is a statistically significant relationship between English Learners’ difference 

in reading performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math assessment.  

The researcher conducted linear regression to test the null hypothesis 2 and answer 

research question 2. The null hypothesis 2 was tested using the model summary and the ANOVA 

model of the linear regression analysis. Table 17 and Table 18 show the model summary and 

ANOVA model for difference scores in reading and math. Difference scores in reading only 
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explained 3% of the variance of difference scores in math, R2 = .03, F(1, 162) = 5.13, p > .016.  

Table 19 suggests that difference scores in reading did not significantly correlate with difference 

scores in math (B = .18, beta = .18, t = 2.26, p > .016). The null hypothesis that there is no 

statistically significant relationship between English Learners’ difference in reading performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the Georgia 

Milestones math assessment was not rejected. The alternative hypothesis that there is a 

statistically significant relationship between English Learners’ difference in reading performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the Georgia 

Milestones math assessment was not supported. The results of linear regression analysis 

suggested that there was no relationship between English Learners’ difference in reading 

performance scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the 

Georgia Milestones math. 

 

Table 17 

Model Summary of the Linear Regression for Difference Scores in Reading and Math 

 

Predictor R R2 Adjusted R2 Std. Error of the Estimate 

Difference Scores in 

Reading 
.17 .03 .025 41.23 
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Table 18 

ANOVA Model for Difference Scores in Reading and Math 

 

Model Sum of Squares df Mean Square F P 

1 Regression    8721.078   1 8721.078 5.131 .025b 

Residual 275336.897 162 1699.610   

Total 284057.976 163    

 

 

Table 19 

Coefficient Table for Difference Scores in Reading and Math 

 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

t p B Std. error Beta 

(Constant) 

Difference 

Scores in 

Reading 

 
.958 3.486  .275 .784 

 
.180 .080 .175 2.265 .025 

 

 

Research Question 3 and Hypotheses 

The third research question and hypotheses were as follows: 

3. Is there a relationship between English Learners’ difference in writing performance 

scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the 

Georgia Milestones math assessment?  

H30: There is not a statistically significant relationship between English Learners’ 

difference in writing performance scores on the ACCESS 2.0 assessment between 

the years of 2017 and 2018 and the Georgia Milestones math assessment. 
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H31: There is a statistically significant relationship between English Learners’ difference 

in writing performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math assessment.  

The researcher conducted linear regression to test the null hypothesis 3 and answer 

research question 3. In Table 20 and Table 21, the null hypothesis 3 was tested using the model 

summary and the ANOVA model of the linear regression analysis. Difference scores in writing 

explained 8% of the variance of difference scores in math, R2 = .08, F(1, 162) = 13.38, p < .016. 

The coefficient table suggested that difference scores in writing significantly correlated with 

difference scores in math (B = .23, beta = .28, t = 3.66, p < .016), as displayed in Table 22. The 

null hypothesis that there is no statistically significant relationship between English Learners’ 

difference in writing performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math assessment was rejected. The alternative 

hypothesis that there is a statistically significant relationship between English Learners’ 

difference in writing performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math assessment was supported. The results of linear 

regression analysis suggested that there was a significant relationship between English Learners’ 

difference in writing performance scores on the ACCESS 2.0 assessment between the years of 

2017 and 2018 and the Georgia Milestones math. 
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Table 20 

Model Summary of the Linear Regression for Difference Scores in Writing and Math 

 

Predictor R R2 Adjusted R2 Std. Error of the Estimate 

Difference Scores 

in Writing 
.276a .076 .071 40.24492 

 

 

Table 21 

ANOVA Model for Difference Scores in Writing and Math 
 

Model Sum of Squares df Mean Square F P 

1 Regression 21674.070 1 21674.070 13.382 .000b 

Residual 262383.905 162 1619.654   

Total 284057.976 163    

 

 

Table 22 

Coefficient Table for Difference Scores in Writing and Math 

 

 

Unstandardized Coefficients 

Standardized 

Coefficients 

t p B Std. error Beta 

(Constant) 

Difference 

Scores in 

Writing 

 
-1.170 3.444  -.340 .735 

 
  .234 .064 .276 3.658 .000 

 

 

Summary 

This chapter presented the analysis of the relationship of the 2017 -2018 ACCESS 2.0 

literacy, reading, and writing scores and 2017-2018 Math Georgia Milestone scores of 164 

English learners. First, data normality tests were reflected in histograms that also showed the 
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skewness and kurtosis of the data. Then, positive and significant correlations were found for the 

ACCESS 2.0 literacy and writing scores with the Georgia Milestones math scores. A 

nonsignificant correlation was found for the ACCESS 2.0 reading and math Georgia Milestones 

scores. Lastly, the null hypothesis was rejected for the second research question, while the null 

hypotheses of the first and second research questions were accepted. The following chapter 

offers a discussion of the results, as well conclusions, implications, and recommendations for 

future research. 
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CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

The purpose of this study was to analyze and understand the relationship of language 

proficiency as measured by the ACCESS 2.0 to math achievement indicated in the Georgia 

Milestones End of Grade assessment of ELS. This research sought to address the problem of 

adequately preparing ELs for college and career success from the theoretical framework of 

cognitive information processing (CIP). Research using cognitive information processing has 

mainly occurred in the field of psychology. Limited qualitative and quantitative educational 

research with CIP as the underpinning has emerged. Therefore, this study is an integral addition 

to the current literature to understand better how to move ELs forward in language proficiency 

and content achievement, particularly math.  

This research study’s questions explored the relationship between the Georgia Milestones 

End-of-Grade math assessment scores and the differences in ACCESS 2.0 overall literacy, 

reading, and writing scores (between the school years of 2017 and 2018) of middle school 

students in Georgia. Furthermore, quantitative analysis was performed to determine if difference 

scores for reading, writing and literacy were predictors of difference End of Grade math scores.  

The researcher used the theoretical framework of cognitive information processing (CIP) 

theory to explain the literacy cognitive increases or decreases measured by language proficiency 

standardized tests as it relates to math scores gains or losses. Cognitive information processing 

involves memory. Memory is the communication vehicle for responses and questioning with 

humanity. Wallace et al. (2010) stated memory is “a skill or activity that can improve through 

practice” (p. 2). 
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Summary of the Study 

The quantitative multi-linear regression methodology design investigated the relationship 

between English proficiency performance and math achievement on the ACCESS 2.0 and 

GMAS assessment between the years 2017 and 2018 for ELs in the state of Georgia.  The 

population was 164 EL students from a large metro school district in the southeast region of 

Georgia. This data was analyzed for standard assumptions, normality, and correlation prior to 

statistical runs to address the research questions. The correlational analysis in Table 7 and Table 

8 revealed large to medium relationships between the independent variables (literacy, reading 

and writing scores) and dependent variable (math scores) for the years 2017 and 2018. The 

correlational analysis in Table 9 showed a small relationship coefficient for the difference score 

independent and dependent variables. Table 9 data are most significant to this study since gains 

and decreases in cognition were measured by the difference of score. The three 

predictor/independent variables were difference scores on the ACCESS 2.0 test in overall 

literacy, reading, and writing while the criterion/dependent variable was the Georgia Milestones 

achievement difference scores in the content of math. 

Limitations of the Study 

A limitation to the study was data collected from one metro district in the southeast 

region of Georgia. An intentional limitation to the study included a population of middle grade 

EL students. The purpose of the study was to discover a relationship, if any, between increased 

English language proficiency and math achievement on standardized assessments on/for the 

subgroups of ELs. A third research limitation was that the study was conducted in one state. The 

state of Georgia was of interest because it hosted a refugee processing center and had 
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experienced an influx of ELs in the K-12 public schools (UNHCR, 2019a; Refugee Processing 

Center, 2019). In addition, the identification of ELs was limited to the coding of the district. ELs 

were not non-native speaking middle school students with disabilities who would have taken the 

Alternative ACCESS 2.0. ELs were students that completed the ACCESS 2.0 assessment in 2017 

and 2018. Some of these students may have exited the program, but they were being tracked for 

the following two years after exiting. Therefore, they were still classified as ELs.  

The intent of the research was to be conducted without bias. However, factors may have 

impacted the results of study. Furthermore, the observed positive correlation between increased 

literacy and writing with math achievement contributed to implications of this study for English 

language learners. 

Summary of Findings 

The study found a relationship between increased writing skills and math achievement 

scores. Using linear regression, it also found a relationship between improved literacy and math 

achievement scores. The analysis revealed a significant relationship between English Learners’ 

difference in overall literacy performance scores and writing performance score on the ACCESS 

2.0 assessment between the years of 2017 and 2018 and the Georgia Milestones math 

assessment. A non-statistically significant relationship was found between difference reading 

scores as predictors for difference math scores and /or increased math score achievement. The 

analysis showed there was no relationship between English Learners’ difference in reading 

performance scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 and the 

Georgia Milestones math assessment. Thus, differences in reading scores will not predict ELs 

math achievement. 
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Discussion of Findings 

This research was conducted to learn about the relationship between literacy, reading and 

writing difference scores between the years of 2017 and 2018 and the Georgia Milestones math 

difference scores. The discussion of the findings focuses on their relationship to the literature and 

theoretical underpinning.  

Abedi (2004) stated that non-English Learners consistently outperform English Learners 

in overall testing acuity. However, the measured academic performance gap in math and science 

was less on standardized tests between ELs and native speakers. Nevertheless, as indicated, this 

culturally and linguistically diverse population of students confronts a greater risk of lower 

academic success, lower graduation rates, and lower college completion rates than do their native 

English learner peer group (USDOE, 2015). Limited research of successful interventional 

instructional strategies with the increasing immigrant population in US public school is 

available. However, literature has investigated the relationship between academic subjects for 

ELs (Abedi, 2004; Alt, 2014; DiGisi & Fleming, 2005). The research study’s questions 

concur/confirm prior studies regarding the quantitative relationship between English and math. 

Furthermore, it provides insight on the aspect/component/subarea of literacy skills that increase 

math achievement. 

Relationship of Findings to the Literature 

The results of the study revealed improved writing and literacy are predictors for all PK-

12 students and necessary to closing the achievement gap of ELs (Ferguson & Mehta, 2004). The 

study supports previous literature where fifth grade students consecutively practiced mathematics 

and literacy after receiving instruction. It was noted that students’ skills and comprehension 
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increased (Khisty, 2011). Additionally, previous literature revealed that simultaneous 

mathematics and literacy instruction increases mathematical understanding and mathematical 

verbal and (written) nonverbal communication particularly for ELs (Khisty, 2001; Moschkovich 

et al., 1999). The study also supports the analytical findings of research that reveal literacy and 

math are directly correlated to a student’s mathematics achievement (DiGisi & Fleming, 2005; 

Garcia, 2003; Winsor, 2008). Therefore, “there is much to learn about how, precisely, language 

proficiency can affect academic performance, particularly mathematics achievement” (Alt et al., 

2014, p. 220). 

Relationship of Findings to Theoretical Theory 

The CIP model (Atkinson & Shiffrin, 1968; Craik & Lockhart, 1972; Rumelhart et al., 

1986) allows for the numerical measurement of a change in cognitive processing. The 

differences in the ACCESS 2.0 scores between the two years will measure quantitatively the 

change in cognitive development. The CIP theory applies to the results of the multiple linear 

regression. The CIP explains the measured cognitive increase in literacy and writing as 

indicators/predictors for increased student math achievement. The positive correlation between 

difference scores in literacy and writing with increased math achievement explains “students’ 

memory and retention in the process of learning mathematical content” (de Freitas & Walshaw, 

2016, p. 6).  

Even though CIP derives from psychology, it can serve as a means for comprehending 

students’ cognition with math. In cognitive information processing theory, the academic 

knowledge and skills are the stimuli. It explains the results of the study regarding reading. 

Difference in reading is not an indicator of student math achievement. It appears reading skills 
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are not quickly retrieved from storage for application on standardized assessments. Since in the 

cognitive theory of information processing, the human mind transforms sensory information such 

as reading knowledge and skills, CIP explains “how learning occurs, as understood through 

attention and memory” (Ornstein & Hunkins, 2013, p. 37). The study implies more research 

utilizing the theory of cognitive information processing in educational research is necessary. 

Therefore, to gain deeper insight into the foundation of students’ learning, additional educational 

studies with CIP are essential. Furthermore, cognitive information processing educational 

research studies are few and beset/complicated with limitations. 

Cognitive information processing theory is normally associated with psychology studies 

(Wieland, 2011) and not educational studies. In addition, Lamb et al. (2016) noted it is difficult 

to determine the complexities of information processing in an educational research study. This 

statement is supported due to the nature and description of learning. Learning involves 

eliminating irrelevant information while gathering new information and retrieving long term 

memory (LTM) information (Fenesi et al., 2015). 

As mentioned previously, the three CIP models—Atkinson and Shiffrin model (1968), 

Craik and Lockhart model (1972), and Distributed Parallel models Fu(1986) —are based on 

recognizing stored information for learning to progress. This learning progression in educational 

research is measured by a static linear system of inputs and outputs related to student 

achievement and testing (Corter et al., 2011; Lee et al., 2013). This study suggests measuring 

increases in cognitive language proficiency from the standardized ACCESS 2.0 assessment. 

Lamb et al. (2016) stated, “This static linear approach does not provide sufficient ability to 

characterize learning” (p. 187), since learning involves dynamic and nonlinear processes. 
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Therefore, the limitation to the study’s cognitive information processing theory is the research 

design/methodology to measure/examine information processing. Lamb et al. (2016) explained, 

“A limitation of this approach in education is the accuracy and lack of the model’s ability to 

represent the fractal dimensionality, emergent properties associated with cognition, and aspects 

of multiple interaction systems of the brain” (p. 187)   

Conclusions 

A relationship between increased writing skills and math achievement scores were 

determined from the study. It also found a relationship between improved literacy and math 

achievement scores using linear regression as the method of data analysis. The analysis showed 

there was no relationship between English Learners’ difference in reading performance scores on 

the ACCESS 2.0 assessment between the years of 2017 and 2018 and English Learners’ 

achievement on the Georgia Milestones math assessment. Thus, differences in reading scores 

will not predict ELs math achievement scores.  

An overall conclusion is that writing has an impact on math achievement, while reading 

has little to no impact on math achievement. The increase in writing skills can be contributed to 

other factors, such as independent practice with teacher feedback, structured writing prompts for 

students to demonstrate mastery of the process, concept diagram, drafting, editing, and revision. 

Furthermore, collaborative groups where literacy skills are displayed amongst peers have a 

positive impact on the increased level of writing and literacy skills.  

It can be assumed that cognitive abilities increase due to maturation and exposure to 

material; however, it is difficult to measure. One proposes that increased English proficiency 

scores relate to an increased cognitive capacity of learned material. Teacher training in the SIOP 
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model increases a student’s ability to learn materials, as do differentiated tasks geared toward a 

student’s readiness level/academic ability. Furthermore, creating a warm culturally sensitive 

environment where students feel comfortable expressing errors in academic language has a great 

impact on increasing literacy skills, thus in turn math skills. Collaboration between math teachers 

and literacy specialists will have the most impact in increasing math scores with EL students in 

the public schools. The lesson and activities designed in the collaboration that is associated with 

English Language arts will provide the student the opportunity for gained capabilities in writing 

and literacy. This finding represents how a curricular adaptation of writing across the curriculum 

may have a significant impact on Els college and career readiness. Additionally, the findings 

represent how cognition increases can be measured for their impact on or between different 

content disciplines in future studies. 

Implications 

The correlation between students’ English language proficiency and outcomes on state 

achievement tests is of importance since ELs’ standardized scores are significantly lower than 

native P-12 public school students (Abedi, 2004). The results of this investigation found a 

relationship between improved literacy and improved writing on math achievement scores. The 

results showed that difference in literacy and writing performance scores on the ACCESS 2.0 

assessment between the years of 2017 and 2018 have a positive correlation with the Georgia 

Milestones math achievement score, while a non-significant correlation existed between 

difference in reading scores on the ACCESS 2.0 assessment between the years of 2017 and 2018 

and the Georgia Milestones math. The current investigation adds to the existing scholarly 

literature and provides insight into the relationship between students’ English language 
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proficiency and outcomes on state achievement tests. The results of this investigation have 

meaningful implications for general education teachers, support services teachers, and 

administrators. 

Educator Significance 

The results of the study revealed improved writing and literacy are predictors for student 

achievement in math. Thus, the need to develop consistent high-quality instructional practices for 

all PK-12 students is necessary to closing the achievement gap of ELs (Ferguson & Mehta, 2004; 

Pianta et al., 2007). The study revealed language proficiency can affect academic performance 

and contribute to the students’ achievement growth, particularly for ELs. 

With this in mind, one way math educators can improve instructional practices for ELs is 

to incorporate literacy strategies within their lesson. Draper (2002) stated, “Mathematics teachers 

can look to theories and methods developed by literacy researchers to find ideas about how 

people think and learn and how to help students become strategic learners” (p. 524). Math 

educators may implement instructional strategies such as reinforcing math vocabulary and 

teaching Tier 2 and Tier 3 vocabulary 3 (DiGisi & Fleming, 2005). Tier 2 vocabulary involves 

common words used across all contents, whereas Tier 3 words are content specific. Educators of 

math should provide literacy strategies that promote annotating and comprehension of text (word 

problems) (DiGisi & Fleming, 2005). Students will benefit from these strategies by being able to 

identify key math terms/words, identify the question being asked, and establish the method to 

solve problem. Math educators should provide adequate independent practice time for students to 

communicate their mathematical reasoning by explaining their thinking orally or showing their 

work in written form (DiGisi & Fleming, 2005). Math educators should also include making 
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meaning of the text strategies, since studies have found that contextual support (i.e., drawings, 

cue cards, diagrams, modeling, examples, and manipulatives) assist in developing students' 

mathematical comprehension (Furner et al., 2005; National Mathematics Advisory Panel, 2008).  

School System Significance 

The study’s findings have implications for school systems. School systems (local 

educational agencies) can apply instructional interventions, curriculum planning, and ability 

grouping to enhance ELs’ cognitive, information-processing in literacy and increase knowledge 

skills in literacy and writing. Previous literature has cited factors/ways to increase writing, such 

as collaborative learning environments within the SIOP model (Echevarria et al., 2006).  

This study supports the finding of Echevarria et al. (2006) study, in which ELs increased 

their writing skills using the SIOP teaching strategy. The SIOP model addresses the ability 

grouping among ELs where personalized learning has shown to increase knowledge and skills 

among non-native English-speaking students. (Echevarria et al., 2006; Winsor, 2008). Therefore, 

more student-centered, small group instructional practices and integration of literacy and 

mathematics activities are necessary within the mathematics curriculum (Digisi & Fleming, 

2005; Garcia, 2003; Winsor, 2008). Pugalee (1997) noted mathematical literacy occurs when 

mathematical reasoning is supported by creating an environment of metacognitive thinking 

where the students express knowledge through writing and discourse. 

District curriculum and instruction departments can enhance literacy education and math 

curriculum by embedding math literacy into the curriculum. This should include writing and 

vocabulary processing and academic skills in writing. Furthermore, incorporation of computer-

based math programs are important, since their use has shown to increase on standardized test 
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scores and assist in instruction (Wilcox et al., 2015). Implementing computer-based activities 

and lessons into the curriculum increases students’ problem-solving aptitude and achievement 

(Hickey et al 2001; National Mathematics Advisory Panel, 2008). Researchers have also found 

that the academic ability in literacy and math of ELs and native speaking students improved after 

utilization of instructional software programs (technology) (Wilcox et al., 2015). Thus, the 

study’s findings have implications to prepare ELs for college and career readiness by propelling 

them forward in language acquisition and academic achievement. 

Educational Policy Significance 

The study’s findings have implication for educational policy makers. Currently, 

educational legislation in the Every Student Succeeds Act (ESSA) of 2015 requires ELs 

attending a U.S. public school to complete a English ability test as well as a statewide 

standardized assessment in reading /language arts and math to pupils in grades three to grade 

eight (USDOE, 2015). This federal accountability requirement has generated debate over the 

fairness and validity of assessments to the EL subgroup, since these tests are presented in a 

format of limited language acquisition (Abedi et al., 2004; Wolf et al., 2008). 

Because of the limitation to measuring cognitive growth in the design of this study, this 

research may support the previous study findings of Abedi et al. (2004) and Wolf et al. (2008), 

who suggested that standardized testing may not represent the true academic growth and 

performance of EL students. The research questions were structured to directly address the 

relationship between math and literacy skills, reading and writing. The measurement of cognition 

increase is implied and difficult to measure in educational research studies. Cognition is 
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measured in psychological research studies. Therefore, an interdisciplinary approach to this 

study is recommended for future studies. 

Because of reforms in testing and curriculum, states have been able to utilize EL data to 

drive policy and educational decisions regarding support of this population in an effort to propel 

their EL education. The research finding that math success is related to literacy gains suggests 

educational policy makers may implement required accommodation supports for all EL test 

takers/students, particularly English and bilingual dictionaries (Abedi et al., 2004, Kieffer et al., 

2009). This requirement may eliminate the varied practices for ELs at the class, school and 

district level as noted by Wilcox et al. (2015). 

Recommendations for Further Research 

This study investigated the relationship between literacy, reading and writing difference 

scores between the years of 2017 and 2018 and the Georgia Milestones math difference scores. 

The following are recommendations for future research.  

• This study may be duplicated with a population sample from elementary schools to 

determine if a different outcome exists on the lower grades. 

• Further research that includes demographic data, such as gender, may shed light if 

gender affects the cognitive gain in literacy, reading, and writing. Findings might also 

reveal its impact on math student achievement.  

• Measuring cognitive gains is difficult. Thus, determining another method to 

determine gains or declines in cognition and its relation to math achievement are 

recommended for further research. 
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• To gain a broader perspective of the student achievement of ELs in varying regions of 

Georgia, the study may be expanded to include populations samples from the north 

and central school districts in the state of Georgia.  

• A mixed-method approach may provide a deeper understanding on the relationship 

among the independent and dependent variables where the combination of qualitative 

and quantitative methods often yield different but mutually supportive information. 

Final Thoughts 

This chapter provided a discussion of the study’s results. The study’s summary of 

findings, relation to literature, and theoretical underpinning were reviewed. The relation to 

literature reviewed past research to discuss comparisons and contrasts of the findings of the 

research. Following this were conclusions; implications for teachers and administrators, school 

districts, and educational policymakers; and recommendations for future research so that 

improvements can be made. 

This study sought to determine the relationship between increased English language 

proficiency and mathematics achievement between 2017-2018 for ELs in the state of Georgia. 

As mentioned previously, this problem has not been investigated in Georgia despite research in 

other regions of the United States. A theoretical framework for understanding this problem is 

cognitive information processing. Within this study, four variables were used in three research 

questions to understand this problem further. Results showed that increases in overall literacy 

and writing scores have an effect on math success as measured by standardized assessments. 

Future research should include demographic data such as gender and expand into different grade 

bands such as elementary.  
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