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ABSTRACT 

KARONDA FOSTER 

THE EFFECTS OF MATH LITERACY UTILIZING A READING APPRENTICESHIP 

FRAMEWORK ON MATH ACHIEVEMENT OF ANALYTIC GEOMETRY 

STUDENTS 

Under the direction of JEFFREY S. HALL, Ed.D. 

 

This study addresses the issue of a lack of math literacy skills that are necessary 

for academic achievement. The purpose of this quantitative study was to determine if the 

literacy intervention, Reading Apprenticeship (Schoenbach, Greenleaf, & Murphy, 2012), 

effects the student achievement of high school Analytic Geometry students. Previous 

research suggests that the Reading Apprenticeship (Schoenbach, Greenleaf, & Murphy, 

2012) effects student achievement and self-efficacy of students and teachers in science, 

English, and history. However, no previous research study measured student achievement 

of Analytic Geometry students.  In this study, data was collected and analyzed from 84 

students from a suburban high school in Georgia. Due to preexisting schedules, students 

were conveniently placed into experimental and control groups. The experimental group 

received the Reading Apprenticeship (Schoenbach, Greenleaf, & Murphy, 2012) during 

classroom instruction, while the control group received traditional classroom instruction. 

Both groups of students were administered a pretest and posttest developed by 

USATestprep. The instrument used was closely aligned to the Georgia Milestones 

assessment. The posttest results were analyzed using an ANCOVA. There was a 

statistically significant difference in the mathematical achievement of Analytic Geometry 
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students who receive a literacy intervention using the Reading Apprenticeship model 

(Schoenbach, Greenleaf, & Murphy, 2012). Recommendations for future research include 

increasing the sample size, balancing group sizes, implementing the study in a face-to-

face classroom setting, and extending research to other topics in mathematics. 

Recommendations for future practice includes exposure to math text in math classes and 

an increase of math literacy skills used in math classes.  
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

Deficits in disciplinary literacy skills in mathematics plague academic 

achievement of students in mathematics courses (Duru & Koklu, 2011; Snow & Moje, 

2010). Societal pressures result in advanced curricula expectations in mathematics 

(Molina, 2012; Spring, 2011). Math is a subject where the academic demands are ever 

evolving. Societal changes, such as the launching of Sputnik in the 1950s and the release 

of A Nation at Risk (1863), have contributed to the evolution of content-related changes 

in educational curriculum and standards in American classrooms (Spring, 2011). The 

United States of America has continually attempted to perform on an academic platform, 

in comparison to other countries, in a competitive nature (Molina, 2012; Spring, 2011). 

This factor of competition has also contributed to the evolution of educational 

expectations in math classrooms. 

Academic standards provide a unifying method of delineating academic 

expectations, locally, nationally, or internationally. Common Core State Standards 

(CCSS) emerged with a design that is geared toward preparing students for college or 

careers (Rust, 2012). The CCSS increased in rigor by requiring students to obtain a 

deeper level of understanding of content knowledge. This increase in rigor is an example 

of the evolution of academic standards. The state of Georgia adopted CCSS in the fall 

semester of 2012 (Georgia Department of Education, 2011). Since its adoption in 2012, 



 

 

2 

the CCSS evolved in the state of Georgia and have since been adjusted and renamed 

Georgia Standards of Excellence (GSE) in 2015 (Georgia Department of Education, 

2015). Although the mathematics standards were adjusted in Georgia, the rigor remained 

consistent with the rigor of CCSS. Georgia's Department of Education (n.d.) states that 

"Georgia is refining its measurements for students and working to ensure that students are 

provided with rigorous thinking experiences that lead to the mastery of learning 

standards" (p.3). Overall, the expectation remains consistent; students are expected to 

exhibit a rigorous level of content mastery.  

Consequently, the new standards influenced new forms of standardized 

assessments to measure student achievement (Georgia Department of Education, 2015).  

The Georgia Milestones Assessment (GMA) is the most recent standardized assessment 

utilized in the state of Georgia. This assessment is administered at the end of specific 

courses, most often ninth and tenth grade courses.  Contrary to previous standardized 

assessments, students are expected to answer constructed response questions in addition 

to the traditional selected response questions. Questions in this format are, "brief open-

response items that focus on a particular skill or concept. Constructed response items 

address assessment targets and claims that they are of greater complexity, requiring more 

analytical thinking and reasoning than a selected response can elicit" (Smarter Balanced 

Assessment Consortium, n.d., p.11). The questions are designed to assess complex 

mathematical processes and deeper conceptual understanding. The questions require 

students to read and comprehend prompts, answer questions and provide appropriate 

mathematical rationale for mathematical processes. An adequate level of math literacy is 
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necessary for students to be successful at completing these types of questions (Duru & 

Koklu, 2011; Snow & Moje, 2010).  

Statement of the Problem 

A major issue with constructed response questions is the student's ability to 

answer the question (Boonen et al., 2016; Duru & Koklu, 2011; Kyttälä &Björn, 2014; 

Snow & Moje, 2010). Students fail to answer constructed response questions due to their 

inability to comprehend the questions (Duru & Koklu, 2011). Kyttälä and Björn (2014) 

conducted a study on the role of literacy in middle school mathematics. The findings of 

the study suggest that math literacy skills play in active role in learning mathematics. 

Similarly, Boonen et al. (2016) conducted a study on middle school-aged students’ ability 

to solve math word problems. The study found that students lack comprehension skills 

necessary to complete word problems.  

Duru and Koklu (2011) conducted a study that required students to complete a 

mathematics questionnaire with selected response and constructed response questions. 

The students had the task of deciphering mathematical text to create an appropriate 

equation. The researchers found that the students could not complete the questions as a 

consequence of their insufficient literacy skills (Duru & Koklu, 2011). Similarly, Yang 

(2012) conducted a study focusing on geometric proofs. The researcher noted that his 

students were not able to comprehend geometric proofs nor were they able to write a 

proof to justify a geometric concept (Yang, 2012). The findings of these research studies 

support the claim that students struggle with answering constructed response questions. 
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In order for students to successfully complete constructed response questions, 

they need to possess literacy skills. Comprehension is a literacy skill. Students need to be 

able to read and comprehend constructed response questions as well as justify their 

answers by expressing their thought process (Duru & Koklu, 2011). Communicating in 

the language of the content is an aspect of literacy; the ability to speak the language and 

understand is the goal for students. Therefore, educators must implement reading 

strategies in the classroom to aide students in developing their own set of literacy skills. 

Conclusively, "...deep learning in the subject areas requires complex literacy skills. 

Students must learn to use literacy and language as tools for comprehending and 

representing subject-area concepts" (Snow & Moje, 2010, p.66). 

 Students' inability to answer constructed response questions falsely leads to idea 

that the questions are the issue (Duru & Koklu, 2011). Based on a volume of literature 

(Duru & Koklu, 2011; Snow & Moje, 2010; Pearson, Moje, & Greenleaf, 2010; Yang, 

2012) disciplinary literacy skills are fundamental skills needed for students to be able to 

answer questions on the level that the GSE requires for academic success on the GMA. 

However, there is a lack of research focusing on studies on effective strategies to be used 

in a mathematics classroom to increase academic achievement. Therefore, an additional 

study that focuses on increasing math literacy to increase academic achievement, 

specifically in GMA-based courses, is validated.  

The Purpose of the Study and Research Question 

 The purpose of this “untreated control group [quasi-experimental] design study 

with dependent pretest and posttest samples” (Shadish, Cook, & Campbell, 2002, p. 136) 
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is to determine if there is a statistically significant difference in the mathematical 

achievement of Analytic Geometry students who receive a literacy intervention using the 

Reading Apprenticeship model (Schoenbach, Greenleaf, & Murphy, 2012) at a suburban 

high school in Georgia.   

 The study will address the following question: Is there a statistically significant 

difference on math achievement as measured by a USATestprep assessment between 

students who will receive intervention, the Reading Apprenticeship, and a control group 

on mathematical literacy while controlling for prior mathematics knowledge?  

Conceptual Framework 

 The conceptual framework of this study is a metacognitive apprenticeship called 

the Reading Apprenticeship (Schoenbach et al., 2012). The Reading Apprenticeship 

model is multi-faceted, and it supports the aforementioned goal of math literacy. The 

model, "centers on metacognitive conversation, involving explicit metacognitive routines, 

modeling, small-group work, and class discussions that focus...on how to read [content] 

and why people read [content] in the way they do..."(Greenleaf et al., 2010, p. 11). 

During the metacognitive process, conversations require discussion or journaling about 

"how students and teachers make sense of what they read" (Schoenbach, 2010, p.40). The 

major goal of the Reading Apprenticeship is for the students and teachers to become 

aware of their reading and writing capabilities. Furthermore, the teacher will work with 

the student to assist in demystifying the text for the purpose of comprehension (Greenleaf 

et al., 2010; Schoenbach, 2010).  
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Theoretical Framework 

 The theoretical framework of this study is rooted in Bandura’s (1986) theory on 

social cognition, which is a broader body of research on social learning and social 

cognition. Social cognitive theory extends beyond behaviorist theories (Bandura, 1986). 

Social cognitive theory focuses on learning through the observation of a model. The 

Reading Apprenticeship framework relies heavily on learning through the observation of 

teachers and peers. Thus, the theoretical framework of social cognition supports the 

Reading Apprenticeship conceptual framework. 

  The Reading Apprenticeship utilizes the teacher as a model, who shows students 

how to read utilizing literacy strategies to facilitate comprehension (Greenleaf et al., 

2010; Schoenbach et al., 2012). This method of modeling is supported by Bandura’s 

(1986) theory on social cognition, because Bandura (1986) believed that subjects learn by 

observing a model. Furthermore, the Reading Apprenticeship focuses on utilizing 

conversations with peers in small groups and large groups to foster the sharing of 

strategies and knowledge-building (Greenleaf et al., 2010; Schoenbach et al., 2012). 

Bandura (1986) believed that subjects learn from those that they share identification 

characteristics, such as gender and age. This belief is utilized in the social setting when 

designing peer groups. 

 The Reading Apprenticeship also focuses on individual metacognitive 

conversations to help students become aware of their own strategies and needs when 

reading (Greenleaf et al., 2010; Schoenbach et al., 2012). Social cognitive theory 

supports this notion. Bandura (1986) claimed that subjects have a mediating process that 
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occurs between the stimuli and a response. In the Reading Apprenticeship this mediating 

process is the metacognitive conversation. Furthermore, Bandura (1986) believes that 

students must have behaviors reinforced or punished to aide in eliciting the appropriate 

response. During the Reading Apprenticeship, the teacher is expected to monitor all 

conversation to help students determine which strategies are most appropriate for their 

learning (Greenleaf et al., 2010; Schoenbach et al., 2012). Teachers are also encouraged 

to praise students when they use appropriate strategies and apprentice them into using 

alternative strategies when the other strategies fail. In group conversations, students will 

also learn from their peers’ successes and failures when reading and problem-solving. 

This process is called vicarious reinforcement, which is also a component of social 

cognitive theory (Bandura, 1986).  

 Badura’s (1986) theory on social learning details that observations, homogenous 

identification characteristics, mediating processes, and vicarious reinforcement facilitate 

learning. These components of Bandura’s (1986) social learning theory support the 

procedures of the Reading Apprenticeship. Students are expected to learn by: observing 

their teachers model appropriate strategies, observing and conversing with peers in 

homogenous groups, engaging in metacognitive conversation, and having their strategies 

reinforced directly from the teacher or indirectly from their peers.  
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Limitations 

 The following are limitations of this research:  

1. The study was limited a small population for data collection of students from 

one teacher in one school. The population for data collection could affect 

external validity of the hypotheses.  

2. The instrument used in this study was created on an online software that 

requires a subscription. Students/teacher access to this software will be 

contingent upon their respective school or district purchases the subscription.  

3. The intervention of using the Reading Apprenticeship will require research or 

professional learning for the teacher. The teacher must be knowledgeable 

about the disciplinary literacy strategies that are necessary for implementation 

of the intervention.  

4. Randomization of participant selection was limited in this study; therefore, the 

study is quasi-experimental. A pre-test was administered to the experiment 

and control groups prior to the intervention. It was expected that the data will 

show that the groups will not be significantly different based on pretest scores. 

5. Due to availability of participants, only a limited number of participants were 

used. The number of participants was fewer than recommended using a 

G*Power analysis (Faul et al., 2009). This factor effected the generalizability 

of the study.  

Assumptions  

 The following is a list of assumptions that were made in this study: 
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1. All students took the pretest and posttest without violating academic integrity. 

2. Students receiving the intervention engaged in small group and whole group 

discussions by asking and answering questions about their reading 

experiences. 

3. Student are all able to read by the tenth grade.  

4. Students receiving the intervention were honest in their reflections about their 

reading experiences. 

5. Students thought deeply in a metacognitive manner about the way the read 

content related text and how the solve math problems. 

6. Students worked to incorporate new strategies into their reading process.  

Significance of the Study  

 There is research on the Reading Apprenticeship and its effect on professional 

development for educators and self-efficacy of students and teachers as it relates to 

content reading (Goldman et al., 2016; Greenleaf et al., 2010; Schoenbach et al., 2003; 

Schoenbach et al., 2012). The research is broad in most subjects except in science, 

history, and English. The studies are qualitative in nature; data is collected from 

interview and surveys of students and teachers. There is a body of quantitative data, 

however, it does not specifically relate to mathematics under the GSE. The results of this 

study provide insight on whether the Reading Apprenticeship framework increases 

student achievement in mathematics, specifically Analytic Geometry.  

 This study seeks to provide a strategy for increasing student achievement by 

increasing literacy skills. The results of this study can add quantitative data on the 
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effectiveness of this strategy in the subject of analytic geometry taught under the GSE. 

The results of the study could be used to inform educational stakeholders, including 

teachers, administrators and state policy makers. Research on math literacy strategies are 

general and broad (Hillman, 2014). Most strategies are adopted from other subjects and 

blanketed to cover mathematics as well. Researchers have found that the Reading 

Apprenticeship is effective in making students more self-efficacious in the classroom 

(Goldman et al., 2016; Greenleaf et al., 2010; Schoenbach et al., 2003; Schoenbach et al., 

2012). However, further investigation is needed to determine if this translates to student 

achievement in mathematics under rigorous standards.  

Definitions of Key Terms 

 Metacognition is the process of thinking about your own thinking.  

“Metacognition refers to one’s knowledge concerning one’s own cognitive processes…” 

(Flavell, 1976, p.232). 

 Reading Apprenticeship is a framework that is designed to use metacognitive 

conversation through four dimensions to increase disciplinary literacy (Greenleaf et al., 

2010; Schoenbach et al., 2003; Schoenbach et al., 2012). 

 Direct instruction is a method of teaching where the teacher presents the content 

to the students in a rigid format. The instruction is teacher-centered; students have 

minimal involvement in adding to the learning process.  

Summary  

 Research studies indicate that students are having difficulty answering 

mathematics questions under rigorous standards due to a lack of literacy skills (Boonen et 
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al., 2016; Duru & Koklu, 2011; Kyttälä &Björn, 2014; Snow & Moje, 2010). Researchers 

have found that focusing on content literary skills can aide in helping students with 

content skills (Goldman et al., 2016; Greenleaf et al., 2010; Schoenbach et al., 2003; 

Schoenbach et al., 2012). Although the research exists for the importance of literacy in 

the content areas, there is a lack of research for effective strategies in mathematics 

classrooms. The Reading Apprenticeship is a framework that is designed to help students 

with disciplinary literacy (Greenleaf et al., 2010; Schoenbach et al., 2012). This study 

seeks to provide insight on whether the Reading Apprenticeship can increase student 

achievement in mathematics.  

 There are limitations to this study. The limitation of the population size poses a 

threat to external validity, because is not representative of all mathematics students. The 

testing system used for the instrument may not be an available resource for all teachers 

and students. Therefore, this is also a limitation to the study. The Reading Apprenticeship 

requires that the teacher fully understand how to implement strategies. Teachers may not 

have access to gaining professional developments on the intervention. 

 Chapter two provides an explanation of my systematic search strategy. I continue 

the chapter with a review of literature relating to literacy, the Reading Apprenticeship and 

social cognitive theory. In Chapter three, I thoroughly discuss the methodology employed 

to investigate the effectiveness of using the Reading Apprenticeship to increase student 

achievement in mathematics. Chapter four provides a presentation of the results and 

findings of the study. Finally, chapter five concludes the study with a discussion 

regarding the findings.  
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CHAPTER 2 

REVIEW OF LITERATURE 

 The review of literature began with the issue that students have difficulty 

completing mathematics assessment items that are linguistically complex; the math 

problems require a high level of math readability.  The probable cause for difficulty with 

completing these types of math questions is mathematics illiteracy. According to 

Schoenbach et al. (2012), over sixty percent of high school students are illiterate in 

content literature; they are "unable to read and comprehend complex academic materials, 

think critically about texts, synthesize information from multiple sources or communicate 

clearly what they have learned" (p. 3). National and local standards emphasize the need 

for students to be literature in mathematics as a goal and indicator of academic 

achievement (Georgia Department of Education, 2015; National Council of Mathematics, 

n.d.). Thus, students’ math literacy skills need to be developed in order to comprehend 

linguistically complex math problems.  

 Mathematics and math literacy skills are traditionally taught separately 

(Schoenbach et al., 2012). There have been various attempts to combine math and 

literacy to develop students’ academic success in math. During the integration of literacy 

in mathematics, strategies are isolated focusing on one particular skill (Schoenbach et al., 

2012). Previous attempts failed to properly incorporate math literacy. Haara, Bostad, and 

Jenssen (2017) claimed that "specific attempts to work directly with mathematical
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 literacy through mathematics alone have not been successful and teaching for 

mathematical literacy appears to require non-traditional methods for teaching 

mathematics" (p. 285). Prior attempts have failed to address the external factors that 

affect mathematical literacy (Schoenbach et al., 2012). Moreover, these attempts address 

low-level literacy strategies, ignoring the high-level strategies that are mentioned in 

advanced mathematics standards written for secondary schools.  

The review of literature focuses on literacy as it pertains to mathematics. The 

review begins with a summary of the search strategy and reiteration of research question. 

The review continues with a model for research. The model begins vaguely with a review 

of literature on social cognitive theory (Bandura, 1986). The model develops to include 

math literacy and concludes with the Reading Apprenticeship (Schoenbach et al., 2012). 

Social learning theory and math literary are separate constructs, however, the review of 

literature will illustrate how the Reading Apprenticeship weaves these two constructs 

together to provide a possible solution to the literacy issue in mathematics classrooms.  

Search Strategy 

 The literature review is a body of work that provides an in-depth analysis and 

synthesis of prior research on social cognitive theory, math literacy, and the Reading 

Apprenticeship model. I limited my research pool to current, when available, publications 

that were peer-reviewed and scholarly. The texts included journal articles, reports, and 

books. I used a wide range of studies that were qualitative, quantitative, or mixed 

methods. Some of the studies I used were from countries outside of the United States. I 

only used studies outside of the United States that shared similar teaching practices to 
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those of the United States. I used studies that focused on disciplines outside of 

mathematics due to the limited studies on math literacy in secondary schools, particularly 

high school. 

 I began my search using scholarly databases such as EBSCO host to search for 

peer-reviewed articles or studies on student difficulty with constructed response 

questions; it was my goal to begin by researching the problem. I searched terms such as, 

“constructed response questions” and “free response math questions”. I used the 

reference list of relevant articles to continue my search. Articles and studies on rigor in 

mathematics and constructed response questions led to me topics on literacy. It became 

apparent to me that the issue was not in the math questions themselves, however, it was 

in the students' lack of literacy skills necessary to comprehend the questions or their lack 

of ability to communicate the answer. As a result, I began to search for articles related to 

literacy, reading and writing in mathematics.   

 I found several books and articles. Some were on literacy alone and others 

focused on disciplinary literacy. One of the articles found during this search cited a study 

performed by Schoenbach et al.  (2010). I began to search for articles written by 

Schoenbach. I found one particular study of a science teacher using the Reading 

Apprenticeship in a science classroom to increase understanding. I began to search for 

more information about the Reading Apprenticeship. The authors of the articles began to 

overlap as I delved deeper into my research. I began to use this cross-section of research 

as the primary base to center my study. I read the book published by Schoenbach et al. 
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(2012) that detailed the full Reading Apprenticeship framework. I began with a problem 

in the academic arena of mathematics and found what could possibly be a solution.  

 The conceptual framework is the Reading Apprenticeship. The Reading 

Apprenticeship is grounded in social cognitive theory (Bandura, 1986), which is the 

theoretical framework. My search concluded when I recognized the unique missing 

element of the research. Although there have been several strategies targeted towards 

increasing literacy skills in classrooms, none of the interventions combined social, 

personal, cognitive, and knowledge building concepts. Furthermore, none gave a 

thorough account of how to address literacy in high school mathematics classrooms. I 

initially believed that I would take a direct top-down or bottom-up approach to my search 

strategy. I thought my approach would visually look like a triangle; beginning very broad 

and streamlining to something more specific. However, I began with a specific issue 

prevalent in the classroom (unaware of the theoretical underpinnings of the problem), to 

finding a probable cause for the issue, which lead to a possible solution where I 

ultimately discovered conceptual and theoretical frameworks. Although my research 

process was the inverse of a broad to general approach, I structured my literature review 

to begin very broad and ending with a specific topic.  

Research Question Reiterated 

Following an analysis and synthesis of the literature, I formulated the research question 

which was  influenced by major themes found in the literature: Is there a statistically 

significant difference on math achievement as measured by a USATestprep assessment 
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between students who will receive intervention the Reading Apprenticeship and a control 

group on mathematical literacy while controlling for prior mathematics knowledge?  

Model for Research 

 Figure 1 displays the main elements of this literature review. The model is 

consistent in theory with the flow of a funnel. Similar to the funnel, the literature review 

will begin covering the broad theory of social cognition (Bandura, 1986), narrowing to 

more specific literature on the concept of the Reading Apprenticeship. I begin by 

detailing Bandura’s (1986) theory on social cognition. Social cognitive theory has several 

strategies that are utilized in the Reading Apprenticeship (Schoenbach et al., 2012). I 

continue discussing literacy in general. I extend the literacy conversation to include the 

math literacy. I conclude with a discussion about the Reading Apprenticeship.  

 

 

 

Figure 1. Model for Research. 

SOCIAL LEARNING THEORY 

MATH LITERACY

READING 
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Theoretical Framework 

 The surface issue that I noticed in mathematics classrooms is that students are 

unable to answer math questions that are linguistically demanding. After a thorough 

analysis and synthesis of the literature I noticed that the overarching issue centers around 

poor math literacy skills. The Reading Apprenticeship (Schoenbach et al., 2012) is a 

different approach to implementing math literacy. Instead of the educator teaching 

isolated skills in a math classroom, the Reading Apprenticeship focuses on teaching 

disciplinary literacy through social engagement (Schoenbach, 2003; Schoenbach, 2012).  

This research study is grounded in social cognitive theory. Social Cognitive 

theory is the thought that learning takes place in social environments, where 

environmental factors influence behaviors (Bandura, 1986; Schunk, 2012). In order to 

understand the theoretical framework, I juxtapose social cognitive theory and behaviorist 

theory. I also discuss the role of social cognitive theory in mathematics classrooms.  

Social Cognitive Theory Versus Behaviorism 

Badura's (1986) theory on social cognition is based on observational learning; 

humans are able to learn from social interaction and observation. Social Cognitive 

theories include cognitive development skills, self-regulatory skills, and social skills 

(Schunk, 2012). Social cognitive theory has assumptions regarding how learning occurs 

in social environments. According to Schunk (2012), people undergo a process of self-

regulation; "the basic processes involve setting goals, judging anticipated outcomes of 

actions, evaluating progress toward goals, and self-regulating thoughts, emotions, and 
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actions" (p. 119). Although the social cognitive theory assumes that learning can happen 

in social setting, the process of learning depends heavily on the learner's self-awareness.   

 Albert Bandura developed social cognitive theory in 1986. Prior to the 

development of social cognitive theory, conditioning theories were prominent. 

Behaviorism is a branch of conditioning. Watson (1878-1958) is known as the father or 

tenant of behaviorism (Heidbreder, 1933). Behaviorism was a groundbreaking theory 

because it challenged traditional science and considered psychology to be scientific 

(Schunk, 2012). Pavlov's (1902) model for conditioning behavior became the experiment 

used to deem psychological behaviors scientific. In this study behaviors were observed 

prior to, during, and after treatment. The subject would be conditioned to exhibit a 

specific behavior with the use of a stimulus. The method of conditioning is believed to 

produce long term results (Schunk, 2012). "Through Pavlovian conditioning, these 

emotions could become attached to stimuli to produce a complex adult life" (Schunk, 

2012, p. 72). Skinner (1938, 1953) Pavlov (1927), and Thorndike (1913) were able to 

successfully elicit a desired behavior from a subject by using stimuli (rewards and 

punishments).  

Development Social Cognitive Theory 

 Albert Bandura studied how patients with snake phobias could overcome their 

phobia by observing other similar individuals interact with snakes. Bandura et al (1961) 

deepened his study with his Bobo doll experiment (1961). During the controlled 

experiment, Bandura et al (1961) allowed children in different groups to observe adult 

models interact with a Bobo doll. The models exhibited very aggressive behaviors by 
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yelling and screaming at the Bobo dolls. The students were then placed in a room with a 

Bobo doll and those who observed aggressive behaviors were more likely to exhibit the 

same aggressive behavior towards the Bobo doll (Bandura et al., 1961). Bandura et al. 

(1961) concluded that children can learn behaviors merely through observation of a 

model.  

 The findings of the Bobo doll experiment (1961) lead Bandura to the development 

of Social Learning Theory (1977). Social Learning Theory (1977) claimed that contrary 

to behaviorism, there is a mediating process that occurs between a stimulus and a 

response. Also, the Social Learning Theory (1977) claims that behaviors can be learned 

from one’s environment. The mediating process that Bandura (1977) introduced fit like a 

missing peace to an incomplete puzzle. Social Learning Theory (1977) represented a 

bridge between behaviorist and cognitive theories. Bandura (1986) expanded his theory 

to include more cognitive processes such as self-efficacy, self-regulation, and evaluation 

of goal setting (Schunk, 2012). The inclusion of these cognitive processes leads to Social 

Cognitive Theory (1986).  

 Social Cognitive Theory (1986) assumes that there is a triadic reciporocality 

framework that encompasses the interaction of behaviors, environment, and personal 

factors that constitute to learning (Bandura, 1986; Schunk, 2012). Social Cognitive 

Theory also assumes that learning can occur vicariously, includes a process of self-

regulation, and that it is separate entity from performance (Bandura, 1986; Schunk, 

2012).  
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 The Triadic reciporocality framework is a three-part framework that includes the 

person, behavior, and environment (Bandura, 1986). Figure 2 models this framework. 

Social Cognitive Theory (1986) assumes that there is a relationship between person, 

behavior, and environment that constitutes for learning. It is assumed that each part of the 

model has variable contribution. For instance, if environmental factors are not a prevalent 

then personal characteristics can predominate the process. Schunk (2012) utilized the 

concept of self-efficacy to illustrate the model.  

Self-efficacy is one’s belief that he or she is capable of attaining a goal (Bandura, 

1986; Schunk 2012). Schunk (2012) uses the classroom to exemplify the triadic 

interactions. Schunk (2012) says that if a student is highly self-efficacious about a task, 

then he is likely to attempt to exhibit behaviors to complete the task; this exemplifies the 

persons influence on the behavior. If that same student completes a task with accuracy 

the student’s self-efficacy increases; this exemplifies how the behavior influences the 

person. If the teacher tells the students to direct their attention to the board to receive 

instruction, the students’ behaviors are then influenced by the environment (Schunk, 

2012). If the teacher asks the students to answer a question and the students answer 

incorrectly, the teacher will likely review the content to illicit the appropriate answers; 

here the student’s behavior influences the environment.  
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Figure 2. Triadic Reciporocality Model. Figure is an adaptation of the Triadic 

Reciporocality framework (Bandura, 1986).  

  

Self-regulation is another cognitive process that Bandura (1986) assumes occurs 

during learning. Self-regulation is a person’s “desire to control the events that affect their 

lives” (Bandura, 1997, p.1) Self-regulation puts the person in control of their actions and 

learning. Self-regulation is comprised three concepts: self-observation, self-judgment, 

and self-reaction (Bandura, 1986). Social cognitive theory assumes that learners approach 

a task with personal goals shaped by observation, judgement and reflection of self.  

Personal cognitive processes such as self-efficacy and self-regulation are 

cognitive processes that Bandura (1986) included when expanding social learning theory 

(1977) to social cognitive theory (1986). Bandura (1986) claimed that, “behavior is 

motivated and regulated by internal standards and self-evaluative reactions to their own 

actions” (p.20). Bandura believed that the cognitive process, such as thoughts, emotion, 

and self-regulation, all take place before a behavior is exhibited.  
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Modeling Process 

 Social cognitive theory (1986) relies on modeling as a critical component for 

learning (Bandura, 1986; Schunk, 2012; Zimmerman, 1977). Modeling occurs when a 

model demonstrates a behavior or process for observers (Bandura, 1986; Schunk, 2012). 

The observations are believed to affect behaviors and cognition. Modeling began as 

imitation, where a subject would mimic the behavior of the model (Schunk, 2012). 

Modeling is a more inclusive concept that assumes that cognitive and behavior changes 

stem from observation of the model (Bandura, 1986; Schunk, 2012).  

 Bandura (1986) detailed three functions of modeling: response facilitation, 

inhibition/disinhibition, and observational learning. Response facilitation are the actions 

of the model that prompt the observers to illicit specific behaviors in social environments 

(Schunk, 2012). Schunk (2012) uses classroom routines to exemplify response 

facilitation. Teachers display daily objectives and instructions for students as they enter 

the room to facilitate the manner in which they desire for the students to behave. 

Behaviors can be exhibited consciously or unconsciously (Chartrand and Bargh (1999); 

Schunk, 2012).  

 Inhibition is the process of observers refraining from exhibiting behaviors after 

observing models being punished for the same behavior (Bandura, 1986; Schunk, 2012). 

Disinhibition is the process of observers exhibiting prohibited behaviors after observing 

models not being punished for the same behaviors (Bandura, 1986; Schunk, 2012). Using 

the classroom as an example, if a student observes another student be punished for 

inappropriate behavior, the observing student is likely to not display the punished 
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behavior (Schunk, 2012). Conversely, if a student observes another student misbehaving 

without consequence, then the student is likely exhibit the misbehavior (Schunk, 2012).  

 Observational learning occurs when an observer exhibits a new behavior after 

observing a model (Bandura, 1986; Schunk, 2012). Observational learning has four 

processes: attention, retention, production, and motivation. According to Bandura (1986), 

the observer must be engaged and attentive to the model. For example, “teachers often 

make modeling more distinctive with bright colors and oversized features” (Schunk, 

2012, p.127). There must some type of exciting or anchoring component of the modeling 

process to hook the observer.  

Retention is the process of retaining information. This process “requires 

cognitively organizing, rehearsing, coding, and transforming modeled information for 

storage in memory” (Schunk, 2012, p.128). Retention is increased through rehearsal 

(Bandura, 1986; Schunk, 2012). Rehearsal is the process of reviewing information to 

encode into memory (Bandura, 1986; Schunk, 2012). 

 Production is the process of producing the observed behavior (Bandura, 1986; 

Schunk, 2012). Simple learned behaviors are produced; however, complex behaviors are 

less likely to produced (Bandura, 1986; Schunk, 2012). Behaviors that require complex 

skills are often difficult to translate into action by the observer (Schunk, 2012). This does 

not mean that learning did not occur, rather, production was complicated (Bandura, 1986; 

Schunk, 2012). Thus, it is key to note that learning and performance are separate 

concepts.  
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Motivation is the last process (Badura, 1986). Motivation can influence the 

previous three processes (Bandura, 1986; Schunk, 2012). Motivation is increased when 

subjects deem the information as important (Schunk, 2012). Teachers attempt to increase 

motivation by, “making learning interesting, relating material to student interest creasing 

competence, and stressing the value of learning” (Schunk, 2012. P.129).  

Cognitive Modeling  

 Schunk (2012) states that “cognitive modeling incorporates modeled explanation 

and demonstration with verbalization of the model’s thoughts and reasons for performing 

given actions” (p.129). During cognitive modeling the model verbally states their thought 

and reasoning while completing a task. The model demonstrates appropriate strategies 

and even discusses errors to be aware of for observers (Schunk, 2012). For example, 

studies of long division for students who struggled revealed that students who received 

instruction with cognitive modeling had higher achievement than students who received 

didactic instruction (Schunk, 1981). Cognitive modeling gives the observer a chance to 

witness how and why to exhibit behaviors.  

Mathematical Literacy 

 As aforementioned, literacy and mathematics were considered to be separate 

domains of knowledge. Literacy focused more so on reading and writing, while 

mathematics focused on computation (Pearson, 2009; Schoenbach et al., 2012). However, 

the two domains of knowledge have merged. Math literacy focuses on literacy skills and 

strategies that aide the learner in becoming competent and literate in the domain of 
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mathematics. This section details the historical development and definition of 

mathematical literacy.  

Historical Context of Literacy 

 Prior to the 20th century, literacy was best known as reading and a form of 

reading comprehension (Pearson, 2009). As two-thirds of the three Rs (reading, 'riting, 

'rithmetic), literacy had an aim to ensure that students could read text and write, a very 

basic form of communication (Shanahan & Shanahan, 2012). Vocabulary building and 

recollection of materials read were major components of literacy during the 1890s 

(Pearson, 2009). The launch of Sputnik in the 1950s and the cognitive revolution brought 

about a change to literacy and the way that literacy was assessed (Pearson, 2009).  

 During the 20th century there was a focus on reader fluency and ability to 

comprehend text (Pearson, 2009). The mid 1970s brought about a shift in literacy. Prior 

to the 1970s reading comprehension was believed to be a mere regurgitation of the 

content and acquired vocabulary, which consequently was the major premise of literacy. 

However, post the 1970s, personal understanding of the text became a factor (Pearson, 

2009). Students were expected to not only read the text, but also to think about what the 

text meant (Huey, 1908; Pearson, 2009; Thorndike, 1917). Similar to Huey (1908), 

Thorndike (1917) challenged the premise of reading and literacy. Thorndike (1917) 

argued that the reader must be able to sort the complexities of text and use reasoning 

skills to construct meaning. Theorist who shared views similar to Huey (1908) and 

Thorndike (1917) viewed literacy as an educational facet rooted in constructivist theories. 

According to Merriam and Bierema (2014), a constructivist views learning as an entity 
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where "people make sense of their experience--learning is the construction of meaning 

from experience" (p. 36). In the context of literacy, the student make meaning from the 

multiple text read and the relationship of the text to their personal experiences.  

Furthermore, during the late 20th century, schema theory entered the arena of 

literacy (Pearson, 2009). Pearson (2009) described the student as a "'reader as builder'--an 

active meaning constructor, an aggressive processor of language and information who 

filters raw materials of reading...through her vast reservoir of knowledge to continuously 

revise a dynamic, ever-emerging model of text meaning" (p.13). The reader is expected 

to continuously activate prior knowledge to construct new knowledge while engaging in a 

text (Pearson, 2009).  

 While constructing knowledge, the reader is also expected to engage in a 

metacognitive process of being aware of the text, monitoring thinking through the text, 

controlling the strategies being used to construct meaning of the text, and evaluating the 

effectiveness of strategies used while reading the text (Flavell, 1979; Pearson, 2009; 

Schoenbach et al., 2012). Flavell (1979) suggest that cognitive monitoring is necessary 

for the development of children and adults.  

The process of being aware of one's cognitive processes is known as 

metacognition (Flavell, 1979). Metacognition is deemed as a mandatory process for true 

learning to occur (Veenman, Van Hout-Wolters, & Afflerback, 2006). The theorist of the 

20th century believed that if a reader actively engaged in the afore-described 

metacognitive process (rooted in constructivist theories), then the student would indeed 

acquire new knowledge and have an understanding of the text (Schoenbach et al., 2012). 
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As a result of the theoretical changes during the 20th century, reading, writing and 

comprehension, began to officially be recognized as literacy (Pearson, 2009).  

 As the 20th century evolved into the 21st century the budding discussion of math 

literacy became popular (Kaiser & Willander, 2005). Task-based assessment that required 

a high level of literacy skills became popular during the 21st century (Kaiser & 

Willander, 2005). By the end of the 1990s, the National Council of Mathematics 

Teachers (NCTM) (n.d.) included math literacy as a focus of the standards. NCTM (n.d.) 

pushed for students to have a deep conceptual understanding of mathematics in order to 

solve task-based problems that mocked real world phenomena.  

An example of this shift would be a study conducted by Kaiser & Willander 

(2005) in which students were placed into classroom where they were required to read 

several content-related materials. The students received several task-based activities that 

related to real-world phenomena. The students were expected to use the content-related 

resources given to gain a conceptual understanding of the content. The conceptual 

understanding of the content was believed to increase the students' math literacy--the 

students' ability to understand the real-world problem, communicate a realistic solution 

using the language of mathematics. The teacher would model how to read the text and 

how to solve the problems for the students. The students were initially scaffolded through 

the process and then eventually left to solve the task alone (Kaiser & Willander, 2005).  

 After the evaluation process, the students received labels based on their 

performance (Kaiser & Willander, 2005). The students were labeled as illiterate (lowest 

level-unable to complete task), functionally literate (able to understand the vocabulary of 
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the task), procedurally and conceptually literate (able to solve the task and conceptually 

understand the solution), and multidimensionally literate (able to understand the social, 

historical, and philosophical aspects of the task and solution) (Kaiser & Willander, 2005). 

As a result, the researchers found that the bulk of their students were labeled as illiterate 

or functionally literate. The researchers implied that there needs to be further research on 

how to increase math literacy.  

The study previously highlighted is representative of where the state of math 

literacy is during the 21st century. We have evolved to an era where isolated literacy 

instruction is not as popular (Kaiser & Willander, 2005). This research is an extension of 

Kaiser and Wallander’s (2005) implication. This purpose of this research is to focus a 

disciplinary literacy strategy to increase student performance in mathematics.  

Math Literacy Defined  

It should made clear to delineate the difference between literacy and the subject of 

language arts. For the purpose of this study language arts is defined as an academic 

domain contrary to being defined as a set of skills (Rainey, 2016). To begin discussing 

the lack of math literacy in the math classroom, it is imperative to define math literacy. 

Before defining math literacy, literacy must first be defined. In a broad sense, "'literacy' 

refers to the human use of language" (Romberg, 2001, p.5). More specifically, Gee 

(1989) defined literacy, "as the mastery of or fluent control over a secondary Discourse" 

(p.9). Discourse can be related to a community; a common connected group (Gee, 1989; 

Sfard, 2007). Inside of the community, the inhabitants share a culture that is accepted and 

known. "Discourses are ways of being in the world; they are forms of life which integrate 
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words, acts, values, beliefs, attitudes, and social identities as well as gestures, glances, 

body positions, and clothes" (Gee, 1989, pp.6-7). Gee (1989) argued that when becoming 

literate it is necessary to accept the Discourse; it is imperative to learn "how to act, talk, 

and write, so as to take on a particular role that others will recognize" (p.7). Thus, literacy 

is the mastery of the culture of a community (Gee, 1989; Sfard, 2007).  

 Considering the aforementioned definitions of literacy and discourse, math 

literacy is the mastery of mathematical discourse. Furthermore, "mathematical literacy is 

considered to be the application of mathematical understanding to real-world problems" 

(Meaney, 2007, p.681). "For a literacy to be liberating it must contain both the Discourse 

it is going to critique and a set of meta-elements (language, words, attitudes, values) in 

terms of which an analysis and criticism can be carried out" (Gee, 1989, p.10). Being 

literate in mathematics is having the ability to speak the language of mathematics to 

understand, analyze and communicate mathematical subjects; it is being able to exist in 

the world of mathematics (Draper & Siebert, 2004; Gee, 1989; Hillman, 2014; Kaiser & 

Willander, 2005; Meaney, 2007). 

 Mathematical literacy is often categorized as either content-area literacy or 

disciplinary literacy (Moje, 2008). Content-area literacy is a basic form of literacy (Moje, 

2008). Content-area literacy focuses on gaining insight and access to knowledge about 

the content, whereas, disciplinary literacy focuses on gaining a deep understanding of the 

content (Moje, 2008; Shanahan & Shanahan, 2012). For example, in a classroom where 

content-area literacy is implemented, students would be exposed to multiple texts related 

to the content to gain information about the content (using a math textbook as a resource 
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to find formulas to solve a problem) (Moje, 2008; Shanahan & Shanahan, 2012). 

Contrarily, in a classroom where disciplinary literacy is implemented, students would use 

multiple forms of text to gain a deep conceptual understanding about the content (using a 

math textbook to understand why a formula works to solve a specific problem) (Moje, 

2008; Shanahan & Shanahan, 2012).  

 As aforementioned, CCSS require a deep conceptual understanding of knowledge. 

Furthermore, CCSS require a form literacy that will aide students in forming a deep 

conceptual understanding of knowledge (Hillman, 2014). The NCTM (n.d.) have 

standards relating to literacy that are reflected in CCSS; the NCTM standards hold 

students to high expectations of enduring understanding. "A disciplinary literacy 

approach emphasizes the specialized knowledge and abilities possessed by those who 

create, communicate, and use the knowledge within each of the disciplines" (Shanahan & 

Shanahan, 2012, p.7). For these reasons, disciplinary literacy will be the type of 

mathematical literacy that will be focused on in this study.  

Resistance to Implementation of Math Literacy 

 Over the course of years, the popularity of disciplinary literacy has been viewed 

as an unfavorable fad (Draper & Siebert, 2004; Pearson, 2009; Shanahan & Shanahan, 

2012; Snow & Moje, 2010). "Historically the reasons offered for the failure to 

successfully to teach literacy instruction...range from explanations rooted in knowledge, 

beliefs, or cultural values among teachers and students...and the dominance of subject 

area norms" (Moje, 2008, p.98). One argument against math literacy is actually an 

argument against all disciplinary literacy; it is that literacy instruction should be separate 
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from disciplinary instruction (Shanahan & Shanahan, 2012; Snow & Moje, 2010). This 

argument aligns with the assertion made by Moje (2008); literacy and mathematics are 

traditionally separate; therefore, they must remain separate. Furthermore, the 

aforementioned argument is rooted in fear that sanctity of the dominant subject of 

mathematics will be threatened with the implementation of literacy.  

 There are resisting attitudes from in-service and pre-service teachers due to a lack 

of preparation and knowledge base on how in teach math literacy (Moje, 1993; 

Schoenbach et al., 2012). Furthermore, teachers tend to teach in the ways that they were 

taught, since math literacy is a 21st century aim, it is highly likely that teaches were not 

exposed to this method of teaching (Moje, 1993, 2008; Romberg, 2001; Schoenbach et 

al., 2012). When the idea of professional development is proposed, teachers argue against 

additional obligations (Moje, 2008). Teachers feel that additional professional 

development and the incorporation of a new aspect of teaching and learning are viewed 

as, "time consuming given the pressure they feel to cover content information and 

concepts" (Moje, 2008. p.98). Moreover, teachers do not want to be held accountable or 

responsible for teaching what is viewed as double subjects, with a lack of effective 

resources and an incomplete knowledge base on strategies (Moje, 1993, 2008). 

Students resist literacy in math classroom due to traditional beliefs that numbers 

are kept separate from words; they too believe that the dominant culture of separation 

should be maintained (Moje, 2008). Labeling student’s literacy skills is often 

discouraging to students if they are label poorly; it creates an identify of failure 

(Alvermann, 2001). Students often resist math due to high levels of math anxiety as a 
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result of the complexities of subject; adding an additional factor only worsens the anxiety 

for the struggling student (Ashcraft & Kirk, 2002).  

 The body of research pertaining to math literacy and successful implementation of 

math literacy is developing (Moje, 2008; O'Brien, Stewart, & Moje 1995). There is 

literature pertaining to the cognitive aspects of literacy, however, the metacognitive 

literature is not as robust (O'Brien, Stewart, & Moje, 1995). In a conclusive manner, these 

aforementioned factors discourage students and teachers from accepting math literacy.  

Importance of Implementation of Math Literacy 

 It is imperative for teachers to create a classroom environment that fosters a 

receptive attitude for math literacy. While there are valid arguments for resistance of 

math literacy, there are counterarguments that support the adoption of math literacy. 

Firstly, math literacy is an inclusion of literacy in the teaching of mathematics to aid 

students in gaining a deeper conceptual understanding of mathematical concepts (Draper 

& Siebert, 2004; Romberg, 2001, Schoenbach et al., 2003). CCSS and NCTM (n.d.) 

standards require students to be literate in the subject of mathematics (Rust, 2012). The 

standards push for a level of inquiry that goes far beyond learning facts and vocabulary 

(National Council of Teachers of Mathematics, n.d.; Rust, 2012). "Mathematical activity 

includes bounding and solving problems involving quantities and relationships between 

quantities; forming, testing, and proving conjectures; and communicating mathematical 

ideas and solutions (Draper & Siebert, 2004, p.930). Basic knowledge about mathematics 

will not aid students in completing 21st century math problems.  
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 Accepting math literacy is also an acceptance of a mathematical discourse (Sfard, 

2007). Math is a community, it has a culture, complete with language and practices 

(Herbel-Eissenman, Johnson, Otten, Cirillo, & Steele, 2015; Meaney, 2007; Sfard, 2007). 

Thus, math classroom should be viewed as communities where inquiry is allowed and 

encouraged (Draper & Siebert, 2004). Math literate classrooms employ math literacy as a 

disciplinary literacy opposed to a content-area literacy; meaning the students use text and 

other forms of media to gain insight on topics, develop deeper understandings of topics, 

and to construct new knowledge about topics (Draper & Siebert, 2004; Shanahan & 

Shanahan; 2012).  

When implementing literacy in the math classroom it is imperative to create a 

register for communication (Herbel-Eisenmann et al., 2015). The mathematical register is 

a part of the mathematical discourse, being that it is unified and accepted system of 

common math language (Herbel-Eisenmann et al., 2015). The language included in the 

register consist of accepted math terms and symbols (Draper & Siebert, 2004; Herbal-

Eisenmann et al, 2015). Students who can understand the register are approaching the 

base level of literacy. "Students who do not develop fluency with texts will not have 

access to the meanings that are being developed and negotiated in the mathematics 

classroom" (Draper & Siebert, 2004, p.955). Therefore, the students' development and 

mastery of a common register is imperative.  

 Once the register is mastered, it is imperative for students engage in text on an 

analytical level; students not only read the words of the text but challenge the text to 

construct meaning (Draper & Siebert, 2004; Kaiser & Willander, 2005; Moje, 2008; 
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Romberg, 2001). It is imperative to note that mathematical texts are not always found in a 

textbook, nor are they always word problems; there are multiple mediums of 

mathematical text (Draper & Siebert, 2004). While mathematical text is read by students, 

it is also created (Draper & Siebert, 2004). When creating mathematical text, students 

should be reminded that poems and songs that are used for memorization are the texts 

that are desired that are used to explain mathematical understanding and processes are 

accepted (Draper & Siebert, 2004; Hillman, 2014).  

 Overall, the arguments in support of resisting the implementation of math literacy 

have counterarguments. For those that argue against the cross-curricula relationship 

between literacy and mathematics, it must be noted that, "deep learning in the subject 

areas requires complex literacy skills" (Snow & Moje, 2010, p.66). When math literacy is 

a threat to strict math instruction, it must be noted that an implementation of literacy does 

not mean that the subject of mathematics will be devalued (Snow & Moje, 2010).  

Contrary to fear, math literacy should be favored given its benefits. Teachers (in-

service and pre-service) should be reminded that learning is everlasting and that an 

incorporation of literacy in the math classroom is not additional task, however it is a 

strategy that increases students' conceptual understanding (Draper & Siebert, 2004; 

Pearson, 2009; Shanahan & Shanahan, 2012; Snow & Moje, 2010). Students and teachers 

must also reconceptualize the labels that are given to the levels of literacy (Alverman, 

2001). Labels are designed to aid students with awareness of their levels and to aid 

educators with providing differentiated texts (Alvermann, 2001).  Conclusively, when 

implemented appropriately, math literacy can be an asset to the math classroom.  
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Prospective Implementation Strategy: Reading Apprenticeship 

 Pearson, Moje, and Greenleaf (2010) discussed literacy strategies that involved 

teachers scaffolding students through comprehension of complex content-rich text, 

modeling concept mapping, mandating journaling, drilling content-vocabulary 

acquisition, and providing enrichment texts for deeper comprehension of topics. Pearson 

et al. (2010) focused on using a modeled entitled Reading Apprenticeship, which would 

help students develop metacognitive reading skills useful in content-focused reading. 

According to Schoenbach, Greenleaf, and Hale (2010), Reading Apprenticeships support 

reading development because of its interaction with four dimensions: social, personal, 

cognitive, knowledge-building. Greenleaf et al. (2010) found that the Reading 

Apprenticeships had a positive impact on standardized assessment scores. The Reading 

Apprenticeship framework exposes students to complex discipline-focused text. The 

students are able to internalize and comprehend the text with instructional support 

(Greenleaf et al., 2010; Schoenbach et al., 2012).  

 The Reading Apprenticeship framework is multi-faceted, and it support the 

aforementioned goal of math literacy. The model, "centers on metacognitive 

conversation, involving explicit metacognitive routines, modeling, small-group work, and 

class discussions that focus...on how to read [content] and why people read [content] in 

the way they do..."(Greenleaf et al., 2010, p. 11). During the metacognitive process, 

conversations require discussion or journaling about "how students and teachers make 

sense of what they read" (Schoenbach et al., 2010, p.40). The major goal of the Reading 

Apprenticeships is for the students and teachers to become aware of their reading and 
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writing capabilities and the teacher will work with the student to assist in demystifying 

the text for the purpose of comprehension.  

 Similar to Greenleaf et al. (2010), Yang (2012) supports the use of metacognitive 

reading strategies to develop literacy in content-area classroom. In the Reading 

Apprenticeship framework discussed by Greenleaf et al. (2010) the student kept journals, 

which is also a strategy employed by Pearson et al. (2010) and Yang (2012). It is 

recommended that students use metacognitive skills to plan and monitor their 

comprehension of proofs in addition to cognitive skills for proof elaboration (Yang, 

2012).  

 Cognitive strategies include "reading the proposition first, underlining, guessing 

from the attached figure extracting, [and] numbering proof steps ..." (Yang, 2012, p. 312). 

Metacognitive strategies include "having a purpose in mind, identifying key elements of 

proof, monitoring one's own understanding or misunderstanding and thinking about the 

proposition..."(Yang, 2012, p.313). Students comprehend at higher levels when they 

employ metacognitive and cognitive strategies for reading proofs (Yang, 2012). Proofs 

include statements and justifications; the problem-solver must be able to justify their 

mathematical processes. These same skills could be applied to other mathematics topics, 

such as algebra and pre-calculus. 

Massey and Riley (2013) conducted a study on a teacher who recognized a pattern 

to assist student with reading and comprehending mathematics textbooks. The students 

should: (1) gain visuals from the examples in the text, (2) figure out how the words relate 

or translate to mathematical theories or expressions, (3) relate newly presented 
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information to previously learned information, and lastly (4) decode the information into 

a familiar language for personal understanding (Massey & Riley, 2013). This pattern for 

reading math textbooks can be used in conjunction with the Reading Apprenticeship 

framework (Schoenbach et al., 2012). Furthermore, this pattern for reading the math 

textbook still uses metacognitive strategies, because students still have to develop and 

monitor their personal understanding of the text. The teacher assists by validating the 

students' understanding of mathematical concepts presented in the text. Massey and Riley 

(2013) also recommend that the teacher aid the students by modeling their personal way 

of gaining understanding as a result of following the pattern. The modeling process aligns 

with the scaffolding that was noted in reference to Reading Apprenticeship model. 

  Similar to Massey and Riley (2013), Meyer (2014) outlines steps for improving 

literacy in mathematics. Meyer (2014) discussed research on Reciprocal Teaching (RT). 

"The four comprehension strategies that traditionally constitute RT include predicting, 

clarifying, questioning and summarising [sic]. These four cognitive reading 

comprehension strategies, through the RT approach, have also been applied to support 

students comprehend and solve mathematical word problems" (Meyer, 2014, p.7). After 

an overview of the lesson, RT requires the students to predict what the question would 

look like using math symbols and prior knowledge. Then students should clarify by 

identifying complex vocabulary and concepts. Next, the students should solve problems. 

Lastly, the students should summarize by justifying their process, reflection, group 

collaboration, and self-reflection. Similar to the aforementioned strategies, the students 

possess ownership of the process.  
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 The RT process demands peer collaboration. Meyer (2014) stressed the 

importance of students collaborating while in the questioning and summarizing stage of 

the RT model. Collaboration is also noted in the Reading Apprenticeship framework; the 

students collaborate with small groups and then as a whole group (Greenleaf et al., 2010; 

Schoenbach et al., 2012). Through collaboration, students are able to share reading 

comprehension strategies and mathematical processes. The students have an opportunity 

to assist and learn from their peers with this model.  

Linking Frameworks 

Social cognitive theory extends theories on behaviorism. Behaviorist believe that 

there a is a stimulus and a response that accounts for learning (Schunk, 2012). Bandura 

(1986) believes that there is a meditational process that occurs between the stimuli and 

response and that behavior is learned through observational learning. During 

observational learning the subjects learns from observing the actions of the model 

(Bandura, 1986). The subject encodes the model’s behavior and imitates the behavior to 

elicit the same outcome. There are four processes that happen during the meditational 

process: attention, retention, reproduction and motivation (Bandura, 1986). The four 

processes occur after the stimuli and before the response.  

 The first process is attention. The behavior that the model exhibits must gain the 

attention of the subject (Bandura, 1986). This claim is alignment with the Reading 

Apprenticeship framework (Greenleaf et al., 2010; Schoenbach et al., 2012). The Reading 

Apprenticeship states that strategies and readings used must be relevant and relatable for 

the students. The second process is retention. The behaviors must be retained and 
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encoded by the subject (Bandura, 1986). Bandura (1986) claimed that using symbols and 

rules helps subjects remember the behavior. This process of retention is also relevant with 

the Reading Apprenticeship. Schoenbach et al. (2012), encourage the use of strategies 

that have structure and symbolism that is easy and desired to be used by the students. 

This factor aligns with Bandura’s (1986) third process of reproduction. The subject must 

internalize the behavior as one that they can imitate.  

The fourth and final process of mediation is motivation. Bandura (1986) claimed 

that the model must motivate the subject through reinforcement. Furthermore, the subject 

must learn to intrinsically motivate themselves. The reinforcement can also be vicarious. 

Vicarious reinforcement occurs when the subject observes reinforcement from the model 

(Bandura, 1986). Motivation and reinforcement are also major factors of the Reading 

Apprenticeship (Greenleaf et al., 2010; Schoenbach et al., 2012). The teacher must 

reinforce desired reading behaviors through motivation and rewards. Students also learn 

how to reinforce and motivate amongst themselves in groups and intrinsically.  

Following the meditational process, the subject gives a response. The response 

may not be a fast response. Bandura (1986) warns that this process could be delayed 

dependent upon the subject and the behavior. In the Reading Apprenticeship student 

responses reflect in their academic abilities (Schoenbach et at., 2012). In alignment with 

Bandura’s (1986) advisement about response time, the Reading Apprenticeship takes a 

similar notion. Students may not be able to gain optimal academic success after one 

session with the Reading Apprenticeship; the apprenticeship model must be ongoing. 

Conclusively, the Reading Apprenticeship framework links with the theoretical 
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framework of social cognition (Bandura, 1986) through varying strategies. The Reading 

Apprenticeship (RA) is rooted in social cognitive theory (SCT). Figure 3 outlines the 

dimensions of the Reading Apprenticeship and how social cognitive theory supports each 

dimension.  

 

 
 

Figure 3. Integration of Frameworks.  

• RA: Community atmosphere (Schoenbach et al., 2012)

• RA: Students interact with each other and the teacher (Schoenbach et 
al., 2012)

• SCT: Subjects learn in social atomospheres where they are able to 
observe models and interact with the social enviroment (Bandura, 
1986)

• SCT: The learning process begins with enviromental stimuli (Bandura, 
1986)

Social Dimenison 

• RA: Development of self (Schoenbach et al., 2012)

• RA: Student develop academic self-identity and self-awareness 
(Schoenbach et al., 2012)

• RA: Student engages in metacognitive conversation (Schoenbach et al., 
2012)

• SCT: Self-regulation and self-efficacy are processes that occur in SCT 
(Bandura, 1986)

Personal Dimension 

• RA: Development of mental process (Schoenbach et al., 2012)

• SCT: Cogntive process occur after metacogntive processes during the 
mediating stage (Schoenbach et al., 2012)

Cognitive Dimension

• RA: Development of knowledge needed for complex text (Schoenbach 
et al., 2012)

• SCT: Learning happens during through observation (Bandura, 1986)

• SCT: Knowledge building occurs when a subject interacts with an 
environmental stimulus. The mediating process occurs and the subject 
gives a response (Bandura, 1986)

Knowlege-Building Dimension
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Summary 

 Students in mathematics classes are struggling with academic success. The 

academic demands have increased; students are expected to exhibit deeper conceptual 

understanding of math content. In order for students to demonstrate deep conceptual 

understanding of math content, students must be literate in math. This literature review 

details the current issue pertaining to math literacy and academic achievement.  

The review begins broad with a description of social cognitive theory. Social 

cognitive theory focuses on subjects learning from observation of models (Bandura, 

1986). The literature review continues with a review of literature on literacy and math 

literacy. The literature review presents a possible intervention to the math literacy 

problem. The Reading Apprenticeship is an intervention rooted in social cognitive theory.  

Contrary to behaviorist theories, social cognitivists believe that there is a 

mediating process that occurs between stimuli and responses (Bandura, 1986). During the 

mediating process the subject gathers insight from peers and self. The Reading 

Apprenticeship seeks to provide a metacognitive strategy that is influenced by the 

environment. The literature lacks studies pertaining to the Reading Apprenticeship 

implemented in Georgia high school math classes. Thus, this study seeks implement the 

Reading Apprenticeship in a tenth-grade analytic geometry course to discover if it will 

increase math academic achievement. Chapter three outlines the methodology for the 

study.  
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CHAPTER 3  

Research Design and Methodology  

 In this chapter the research design of the study will be addressed. The chapter 

begins with a statement of the problem and a full description of the research design and 

rationale, which includes the research questions and participants. It continues with a 

description of the study, the process for data collection and data analysis. The chapter 

concludes with a description of ethical safeguards and an overall summary.  The 

objective of the chapter is to fully inform the reader of the methodology of the study.  

Introduction: Problem Statement 

 A thorough review of literature relating to mathematical literacy shows that there 

is a significant amount of high school students who lack a level of mathematical literacy 

that is required to meet the mathematical standards on a “proficient” or “distinguished” 

level, as defined by the Georgia Standards of Excellence assessment rubric (Duru and 

Koklu, 2011). This is evident because the same students are unable to obtain rating of 

academic proficiency or distinguished on mathematics exams, more specifically exams 

with constructed response questions—such as the Georgia Milestones (Smarter Balanced 

Assessment Consortium, 2012).  

Over the course of time, the standards in American mathematics classrooms have 

increased in their level of rigor and expectations of student learning (Molina, 2012; 

Spring 2011). Students are expected to gain a deep conceptual understanding of 



 

 

43 

mathematics topics (Smarter Balanced Assessment Consortium, 2012). During the course 

of the change of student expectations in math classrooms, the push for constructed 

response questions emerged in alignment with new and advanced standards (Georgia 

Department of Education, 2015). Constructed response questions require students to read 

and comprehend the questions and produce an answer supported with mathematically 

appropriate justifications (Georgia Department of Education, 2015).  

 The state of Georgia is testing students in a manner that seeks to assess the 

conceptual understandings of mathematical topics. The new Georgia Milestones 

assessment is designed to test students at a higher level which will involve students being 

about to thoroughly understand and provide justified answers to questions. According to 

the Georgia Department of Education (2015), students are deemed “proficient” or 

“distinguished” when they are able to interpret, analyze, understand, explain and 

summarize content standards. Students who are labeled as proficient or distinguished are 

expected to perform on or above grade level and are prepared deemed to be for collegiate 

education and careers. Juxtapose to students who are labeled as beginning or developing, 

whom are only expected to identify and recognize concepts from the standards (Georgia 

Department of Education, 2015). 

Students with lower ratings are not expected to perform on grade level and are 

expected to need additional academic support. Over the past four years, students in the 

state of Georgia have struggled with scoring “proficient” or “distinguished”. The data 

presented in figure 4 shows that over the last four years less than half of the students have 

performed proficiently or above (Georgia Department of Education, 2015). On average, 
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about 31.4 percent of students were labeled as developing and 29.3 percent of students 

were labeled as beginning. Conclusively, approximately 61 percent of students are 

performing at levels below proficiency on the GMA. The purpose of this study is to 

determine if a disciplinary literacy apprenticeship intervention strategy will increase 

student achievement on mathematics exam designed in the same manner as the Georgia  

Milestones.  

 

Figure 4. Georgia Milestones Assessment Scores. Note: The data listed in this figure was 

calculated using data from the Georgia Department of Education (2015).  

 

 

The intervention used will be a Reading Apprenticeship designed by Greenleaf et 

al., (2010). The Reading Apprenticeship is a metacognitive approach to content-based 

literature. When previously implemented in a science classroom, this model had positive 

effects on student achievement and students’ attitude towards content reading (Greenleaf 
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et al., 2010). This study was designed to determine if the same Reading Apprenticeship 

intervention will increase students’ academic achievement in mathematics.  

Research Design and Rationale 

 The study is a quantitative quasi-experimental study. A USATestprep created 

pretest and posttest will be administered to an untreated control group as well as a 

treatment group (Shadish, Cook, & Campbell, 2002). The analytic geometry students will 

be given the aforementioned instrument to determine if the intervention caused students 

to have statistically significant gains in their overall average score. 

Research Question 

 The research question for the study is as follows:  

 Is there a statistically significant difference on math achievement as measured by 

a USATestprep assessment between students who will receive intervention the Reading 

Apprenticeship and a control group on mathematical literacy while controlling for prior 

mathematics knowledge?  

Research Hypothesis and Criteria of Rejection of Hypothesis  

 My research null hypothesis corresponding to the research question is:  

 There will not be a statistically significant difference between students who will 

receive intervention with the Reading Apprenticeship and a control group on 

mathematical literacy while controlling for prior mathematics knowledge.   

 In order to reject the null hypothesis, the p value for the intervention parameter is 

set to be less than or equal to .050.  
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Participants, Setting and Sample Strategy 

 The sample population will be comprised of three classes of 10th grade students, 

84 students total, taking Analytic Geometry in a suburban high schooling Georgia.   An a 

priori G*Power analysis was conducted for the sample size (Faul et al., 2009). According 

to the analysis, the sample size would need to consist of approximately 128 students to 

have a power of approximately .80. A sample of approximately 84 students has a much 

lower power .60. Figure 5 displays the results of the a priori G*Power analysis (Faul et 

al., 2009). Due to constraints with accessing students, I used a convenience sample of 

strictly the students registered for my classes. It is understood that lowering my sample 

size increased the likelihood of getting a false negative Type II error (Field, 2009). 
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Figure 5. A priori sample size analysis. Note: Graphic generated in G*Power software 

(Faul, Erdfelder, Buchner, & Lang, 2009).  

 

 

   The school receives Title I funding and 100% of the student population receives 

free lunch as a result of the socio-economic status of the families that are served by the 

school. The high school is nested in a culturally-rich and diverse community, heavily 

populated with minorities. The Asian population makes up about 29.7% of the school 

population, while the African-American subgroup makes up about 61.5% and the 

Hispanic subgroup is about 4% of the total population. The school serves students from 

over 54 different countries, speaking over 47 different languages (Georgia Department of 

Education, 2016). The large diversity of languages requires that English to Speakers of 
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Other Languages (ESOL) services are provided. The school is also the home of the only 

hearing-hearing-impaired programs for high school students in its district.  

Due to time constraints for conducting professional learning on the Reading 

Apprenticeship and teacher availability, I opt to use my own classes for this study. My 

three 90-minute Analytic Geometry classes are comprised of the 84 students 

aforementioned. The breakdowns of gender and ESOL statuses are listed in Table 1 and 

Table 2, respectively.  

Table 1  

Gender Breakdown of Sample Groups 

Group Male #(%) Female #(%) Total # 

Control 10(30%) 23(70%) 33 

Experiment 29(57%) 22(43%) 51 

Total 39(46%) 45(54%) 84 

 

Table 2 

Language Breakdown of Sample Groups 

Group Non-ESOL #(%) ESOL #(%) Total # 

Control 18(55%) 15(45%) 33 

Experiment 25(49%) 26(51%) 51 

Total 43(51%) 41(49%) 84 
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The students were pre-assigned to my course sections. Therefore, I have no 

control over which students are in their respective class period. However, I completed a 

random selection of which class would serve as the control group. I wrote the words, 

“first”, “second” and “fourth” on separate sheets of paper. I placed them sheets in a 

container. I drew a sheet from the container. The number written on the paper denoted the 

class period that served as the control group. The remaining papers had the numbers that 

denoted the class periods that received intervention as a part of the experimental group.  

Research Design 

 The study design was quasi-experimental (Shadish, Cook, and Campbell, 2002). 

The study design had an “untreated control group design study with dependent pretest 

and post-test samples” (Shadish et al., 2002, p.136). The participants in the experimental 

group received instruction using the Reading Apprenticeship intervention in addition to 

direct instruction. The participants in the control group only received traditional direct 

instruction. The dependent variables were the posttest scores and the pretest scores served 

as the covariate.  

The pretest and posttest were created using a software called USATestprep 

(USATestprep, 2019). USATestprep is a web-based test system. It was designed by two 

educators to provide teaches with diagnostic, formative, and summative assessments that 

are aligned with state assessments. Teachers can opt to use assessments that were created 

by the software designers or they can create their own assessments. The program also 

provides various curriculum resources such as puzzles, games, and videos to assist with 

learning.  
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Georgia Milestones Assessment  

A system-created diagnostic assessment served as the instrument for the study. 

The instrument modeled very closely to the Georgia Milestones Assessment. The Georgia 

Milestones Assessment has questions divided into five domains with respective 

percentage weights of the test: “Congruence and Similarity” (30%), “Circles” (15%), 

“Equations and Measurements” (15%), “Expressions, Equations and Functions” (28%), 

and “Statistics and Probability” (12%) (GaDOE, 2019). According the GaDOE (2018), 

the analytic geometry Georgia Milestones Assessment has four (4) forms with 52 items. 

The GaDOE (2018) assessment developers utilized Cronbach’s alpha reliability 

coefficient (1951) to determine “the consistency of test scores as the ratio of true score 

variance observed total score variance” (p.4). The average reliability is 0.92, minimum 

reliability is 0.91, and maximum reliability is 0.92. Cronbach’s alpha reliability 

coefficient (1951) ranges from 0 to 1. Thus, the reliability coefficient indicates that the 

scores from the items on the Georgia Milestones analytic geometry exam are a reliable 

representation of student performance in analytic geometry (GaDOE, 2018, p.4).  

 The students are given scores based on their performance. The students receive 

points for each question on the Georgia Milestones Assessment. There are 52 questions 

yielding 58 raw points that contribute to the score. Each of the selected response 

questions receive 1 point for accuracy and the constructed response questions receive 2-4 

points for accuracy. The points are converted to a scale score.  The students receive their 

scale score (ranging from 185-810) which is converted to a percentage score (0%-100%). 

Their scores are then converted to four (4) levels: beginning (185-474, 0-67%), 
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developing (475-524, 68-79%), proficient (525-593, 80-91%), and distinguished (596-

810, 92-100%). The levels are the students’ achievement level descriptors that were 

discussed earlier in the chapter.  

Instrument 

 The instrument used is an adaptation of the Georgia Milestones Assessment. The 

students were given a smaller version of the exam. Instead of 52 items, they were 

assigned 31 items. Although the test will be a smaller version, it had the same percentage 

weights for each of the five domains aforementioned. The correlation score calculated by 

the software is designed to be an indicator of the student’s scale score that is used on the 

Georgia Milestones. This correlation score is used to tier the students’ performance with 

the achievement level descriptors. Therefore, students who score a scale score of 185-474 

were labeled as beginning, 475-524 were labeled as developing, 525-593 were labeled as 

proficient, and 596-810 were labeled as distinguished.  

Data Collection and Instrumentation 

 In alignment with the Reading Apprenticeship, the procedures of this study were 

developed. The classroom practices for the experimental group were adjusted from the 

traditional practices. The adjustments were made to include the suggested practices for 

integrating math literacy instruction with math instruction. Further modifications were 

made to adapt the Reading Apprenticeship to a virtual classroom setting. The following 

sections describe the exact produces for the day-to-day instruction for both groups of 

students.  

 



 

 

52 

Procedures 

 Due to a global pandemic, schools were closed physically; all learning occurred 

virtually. Consequently, the data collection process occurred virtually. The experimental 

and control groups were both administered the demographics questionnaire and the 31-

item USATestprep-created instrument as the pretest. Each student had the same time 

frame to take the pretest to maintain uniformity.  The following virtual platforms were 

used to provide instruction: Showme.com (instructional video creation website), 

EdPuzzle.com (website that allow questions to be embedded into instructional videos), 

Microsoft Notebook (collaboration space), Ixl.com (practice website), Ck12.com 

(practice website), Quizizz.com (practice website), Usatestprep.com (assessment 

website), Zoom.com (conferencing and collaboration website), and YouTube.com 

(collaboration sessions were uploaded to this website). Table 3 organizes the virtual 

platforms used for instruction.  

 

Table 3 

Instructional Tools 

Lessons Collaboration  Practice  Assessment 

Showme.com Zoom.com Ixl.com Usatestprep.com 

EdPuzzle.com Youtube.com Ck12.com  

 Microsoft 

Notebook 

Quizizz.com  
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The instructional videos were created and structed to follow the traditional class 

framework, beginning with a warm-up question, following with a mini-lesson, continuing 

with guided practice questions, and ending with a closing. Videos were modified for the 

experimental group to incorporate the Reading Apprenticeship. Additional practice was 

assigned on practice websites. Weekly collaborative discussions and tutorial were held 

separately for the different groups. After the completion of the duration of the 

intervention, the posttest was administered on USATestprep. Table 4 delineates the 

instructional procedures for each group.  
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Table 4 

 

Instructional Procedures of Sample Groups 

Control Group Experimental Group 

Warm-Up Activity (15 minutes) 

• Students completed an activity to review 

prior knowledge as a method to begin 

instruction.  

• Warm-Up activities were 2-3 questions. 

• The questions given required students to 

provide answers. Students were not 

required to provide justification for 

answers. 

• The questions were multiple choice.   

Warm-Up (15 minutes) 

• Students completed an activity to review 

prior knowledge as a method to begin 

instruction.  

• Warm-Up activities were 2-3 questions. 

• The question will be multiple choice. 

• An additional question was given that 

required students to provide justification 

for their answers. Justification must 

come from text.  

• Students were given alternate questions 

that focused on content vocabulary on 

some videos.   

Mini-Lesson (20 minutes)  

• The teacher provided direct instruction.  

• The teacher recommend that the students 

take notes on their own paper.  

• Instruction was teacher centered.  

• The teacher provided notes on 

vocabulary, key facts, and examples. 

• Multiple choice questions were 

embedded throughout the mini-lesson 

portion of the video to check for 

understanding.   

Mini-Lesson (30 minutes) 

• The mini-lesson began with the teacher 

modeling how to take metacognitive 

notes and how to decode text using a 

close reading strategy.  

• Students were then given additional 

sections to read and encouraged to 

follow the same process.  

• Questions were embedded in alignment 

with the close reading and 

metacognitive note-taking process. The 

questions asked students about their 

prior knowledge relating to the text, 

vocabulary, important information 

learned, and their personal feelings 

about their ability to understand the text.   

• Multiple choice questions were 

embedded throughout the mini-lesson 

portion of the video to check for 

understanding.   

• Additional open-response questions 

were given asking students to justify 

their answers with evidence from the 

text.  
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Table 4 (continued) 

 

Work Period (20 minutes) 

• The teacher worked through guided 

practice questions. 

• Multiple choice questions were 

embedded to check for understanding.   

Work Period (20 minutes) 

• The teacher worked through guided 

practice questions. 

• Multiple choice questions were 

embedded to check for understanding.   

• Additional open-response questions were 

given asking students to justify their 

answers with evidence from the text.  

 

Closing (10 minutes) 

• Students answer a formative 

assessment multiple choice question to 

check for understanding at the end of 

the video. 

Closing (10 minutes) 

• Students answer a formative assessment 

multiple choice question to check for 

understanding at the end of the video. 

• Additional open-response questions were 

given asking students to justify their 

answers with evidence from the text.  

• Students engaged in discussion on the 

collaborative discussion board on 

Microsoft Notebook. Students were 

encouraged to share visual, vocabulary, 

key topics, and reading strategies that 

were helpful to them while reading the 

text.  

• Students will complete reflection journal.  

 

Individual Practice:  

• Students will complete practice 

problems on practice websites   

Individual Practice 

•  Students will complete practice 

problems on practice websites   

Collaboration:  

• Students were encouraged to attend 

weekly collaboration/tutorial 

sessions.  

• Students were given the opportunity 

to ask any questions about the lesson 

and practice.  

• The teacher modeled how to solve 

various problems.  

Collaboration:  

• Students were encouraged to attend 

weekly collaboration/tutorial sessions.  

• At the beginning of the session, 

students engaged in discussion about 

the text.  

• Students were given the opportunity to 

ask any questions about the lesson and 

practice.  

• The teacher modeled how to solve 

various problems. 
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The pretest was given during the middle of the semester. Student participation and 

data collection were contingent upon parental consent. The organization for the class in 

the control group consisted of a warm-up activity, a mini-lesson, a work period where 

students either worked independently or collaboratively depending on the nature of the 

assignment, and a closing activity. I served as the facilitator of the lessons. 

Intervention 

 The organization for the class of the experimental group was different. The 

Reading Apprenticeship was implemented in the classes that made up the quasi-

experimental group. According to Greenleaf et al. (2010) the goal of the Reading 

Apprenticeship is to incorporate a content literature focus into instruction; the Reading 

Apprenticeship is not designed to substitute or override content curricula, rather it should 

be a seamless integration. The experimental group received an extended opportunity to 

read and collaborate amongst peers about the content-related text. The students were 

immersed the Reading Apprenticeship experience through all four major dimensions of 

the model (Schoenbach et al., 2012). Implementation procedures for the experimental 

group are outlined below and then further explained in the subsequent paragraph:  

1. Demographics questionnaire 

2. Pretest 

3. Modeling of reading 

4. The Reading Apprenticeship: for each topic taught, the students:  

1. Completed independent reading on the topic  

2. Completed independent journaling on the reading experience 
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3. Engaged in small-group discussion with a randomly assigned peer 

group 

4. Engaged in whole-group discussion with the entire class 

5. Completed independent journaling on the reading experience 

5. Posttest 

  After the pretest students received explicit instructions and modeling from myself 

on how to read a text with a metacognitive lens as highlighted by Greenleaf et al. (2010). 

I modeled by reading aloud. The first topic was an introduction to parallel lines. During 

my reading, I modeled the think-aloud process and annotation strategy (Greenleaf et al., 

2010). I talked through my thinking process as I read, making it clear exactly what I was 

thinking, what prior knowledge was engaged and what my annotations meant. I was 

transparent with my students; I encouraged them to ask questions and I allowed them to 

contribute their thoughts during the process. The videos had open-ended questions that 

allowed students to contribute their thoughts or asked clarifying questions that I 

addressed later with them privately and to the entire class during the collaborative 

sessions. The goal was for the students to fully understand. 

 The next step was the individual journaling process. The students were expected 

to journal through the Reading Apprenticeship intervention. I modeled for them how to 

complete their journals. During the modeling process, I allowed students to be engaged 

with what to notate for my journal by adding comments to the videos. Once the model 

phase was complete, they were expected to complete their own reading, annotations, and 

journals independently. Journal questions were embedded in the videos to ensure that the 
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process occurred. Students were also given a journal prompt template to assist them with 

their independent journals. 

 After the independent journals, students discussed the reading and their reading 

experience with a small group. These discussions took place on Microsoft Notebook. The 

small groups were mixed-leveled groups that I assigned. It is a recommendation of 

Schoenbach et al. (2012), that students work with others with higher academic abilities, 

therefore I used the pretest score to assign the students to their mixed-leveled groups. I 

continually monitored and apprenticed students through the small group discussion 

portion by adding comments to their discussion boards. The students were given a list of 

probing questions to guide them through the discussion. The purpose of the discussions 

was not only to discuss the content of the text but to also discuss the strategies used to 

decipher the text (Schoenbach et al., 2012). Students were encouraged to take notes on 

strategies an information that they learned from their peers that the felt could be a 

valuable strategy to incorporate into their own reading process.  

 Following the small group discussions, students engaged in a whole group 

discussion that I facilitated. The whole group discussion took place on Zoom.com. 

Students were encouraged to share the strategies and information gained from their small 

group discussion. Students were praised for sharing in an effort to create a safe and 

comfortable learning environment. I reminded students that although I am the facilitator, 

I encourage them to interact with each other. I guided the discussion by asking 

scaffolding questions. My goal was to expose their various reading strategies and to help 

them discuss the text to gain an understanding of the content. During the whole group 
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discussion, I reviewed examples in the lessons to demonstrate how to use the text to help 

solve problems relating to the content. I asked students to refer to the text while I 

modeled how to solve problems. Students received instructions from myself, however, 

content literature was embedded in their instruction.  

 The final step of the process required the students to complete a follow-up 

journal. In this journal the students were expected to reflect on the knowledge gained 

from the text, the discussions, and their peers in relation to the content and reading 

strategies. The process was used to cover the entire unit on Similarity, Congruence, and 

Proofs. Students received readings for parallel lines, parallelograms, angle relationships 

with lines, angles relationships with triangles, triangle congruence, and triangle 

similarity. Students followed the same reading process for each reading: individual 

reading, journal, small-group discussion, whole-group discussion, and post journal. The 

unit is designed to take seven weeks (Georgia Department of Education, 2016). After 

completion of the unit, the last week was used to complete a semester review. The 

combined process lasted a duration of approximately eight weeks. The post assessment 

will be given at the end of instruction.  

Data Analysis 

 I used an Analysis of Covariance (ANCOVA) for this quasi-experiment. I used 

Statistical Package for Social Sciences (SPSS) to perform the ANCOVA to gain 

quantitative results. According to Field (2009) there are two assumptions required to use 

ANCOVA: independence of the covariates and treatment effect and homogeneity of 

regression slopes. To make the first assumption, the covariate must be independent of the 
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experimental effect. This means that the Reading Apprenticeship should not have an 

effect on the pretest score. To assume homogeneity of regression slopes, the linear 

relationships have equal regression slopes; the lines must be parallel. This means that the 

linear relationship between the posttest is the same for the quasi-experimental group. 

According to Field (2009), if the p value corresponding to the pretest scores is greater 

than .05, I can assume homogeneity of regression slopes.  

 I controlled for the pretest as the covariate. Due to pre-registered classes, I was 

unable to split my population into two equal groups for the control and experimental 

groups. This resulted in unequal groups with the experimental group being larger in size 

than the control group. When conducting the analysis, I changed the sum of squares type 

to type 3. Type 3 sum of squares assumes that the difference in the subjects in the groups 

is not meaningful (Field, 2009). This is an unweighted approach that will mathematically 

treat both groups the same.  

Ethical Safeguards 

 I had my study reviewed by Mercer University’s Institutional Review Board 

(IRB) and DeKalb County School System’s IRB. Once my IRB was approved, I 

disseminated literature about my study and a consent form to the parents of the students 

in my classes through email. I was sure to protect the identity of my participants in the 

study. I did so by encrypting personal information and using pseudonyms as identifiers. I 

used an online pseudonym generator to create the pseudonyms, I omitted all personal 

information in the data collections to protect the identity of the students. Personal 

information was on a password-protected hard-drive. The data collected from the study 
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was also stored on a password-protected external hard drive. The study did not place any 

of the participants in physical or emotional danger or harm. The participants of the study 

did not receive grades or incentives for participating in the study. All students were 

treated equally and fairly.  

Summary  

 Conclusively, the goal was to conduct a quasi-experimental study using a pretest-

posttest with a control group design. This study sought determine the effects, if any, of 

utilizing the Reading Apprenticeship as in intervention in mathematics classrooms in a 

suburban school in Georgia. The demographics of the school are unique; the school has 

one of the highest ESOL populations in the district. The study consisted of 84 student 

participants. The 84 students in the sample were from my own classes. I randomly 

selected which class period of students was the control group. The pretest scores served 

as the covariate. I investigated whether the intervention of implementing the Reading 

Apprenticeship while controlling prior knowledge with pretest scores influence the 

posttest score.  
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CHAPTER 4 

 

FINDINGS AND DATA ANALYSIS 

The purpose of this study was to analyze the academic achievement between 

Analytic Geometry students whom received the Reading Apprenticeship intervention and 

Analytic Geometry students who did not receive the intervention. A quantitative, quasi-

experimental study with a pretest-posttest design was conducted to achieve the purpose of 

the study. The treatment for the quasi-experimental group was the Reading 

Apprenticeship literacy intervention. 

In this chapter, I explain how the research questions was tested. I begin by 

describing the characteristics of the participants. I continue by explaining the reliability 

and validity of the instrument used in the study. Next, I explain how the assumptions for 

the analysis of covariance (ANCOVA) are met using the data set. Lastly, I report the 

findings from the ANCOVA.  

Descriptive Characteristics of Participants 

 The data collected for this study derived from a participant sample of 84 

high school Analytic Geometry students. The students attend a suburban high school in 

Georgia. Four students had posttest scores that were outliers between one and three 

standard deviations of the mean scores, thus, their test data was not included in the data 

analysis. Therefore, the data analyzed consisted of a total of 80. The original control and 
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experimental groups consisted of 33 and 51 students, respectively.  After removal of the 

outliers, the control group of the study was comprised of 33 students enrolled in one class 

period of the Analytic Geometry class. The experimental group consisted of 47 students 

enrolled in the remaining two class periods of the Analytic Geometry class.  

There were 10 males and 23 females in the control group. The control also 

contained 15 ESOL students and 18 Non-ESOL students. The experimental group 

contained 29 male students and 22 female students. The experimental group also 

contained 26 ESOL students and 25 Non-ESOL students. Table 5 includes information 

regarding to the aforementioned demographics and other demographics data collected 

with the demographics survey. 
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Table 5 

Demographics of the Sample Groups 

Variable Characteristics of the 

Entire Sample 

Characteristics of 

the Control Group 

Characteristics of 

the Experimental 

Group 

Gender Male (n = 39), 

Female (n = 45) 

Male (n = 10), 

Female (n = 23) 

Male (n = 29), 

Female (n = 22) 

 

Language  

Type 

Non-ESOL (n = 43), 

ESOL (n = 41) 

 

Non-ESOL (n = 18), 

ESOL (n = 15) 

 

Non-ESOL (n = 25), 

ESOL (n = 26) 

 

Mean  

Age 

Age (SD) 

 

16.31(SD = .83) 

 

16.27(SD = .80) 

 

16.31(SD = .86) 

 

 

Grade 9th (n = 1), 

10th (n = 61), 

11th (n = 21), 

12th (n = 0) 

 

9th (n = 0), 

10th (n = 22), 

11th (n = 11), 

12th (n = 0) 

 

9th (n = 1), 

10th (n = 39), 

11th (n = 10), 

12th (n = 0) 

 

 

Mean 

Pretest  

Score (SD) 

 

436.50(SD = 92.23) 440.30(SD = 79.84) 433.83(SD = 100.79) 

Mean  

Posttest 

Score (SD) 

 

626.56(SD = 109.73) 576.21(SD = 143.13) 661.91(SD = 57.72) 

Transformed 

Mean 

Pretest 

Score (SD) 

 

20.78(SD = 2.18) 20.90(SD = 1.87) 20.69(SD = 2.38) 

Transformed  

Mean 

Posttest  

Score (SD) 

 

12.15(SD = 4.13) 13.67(SD = 5.36) 11.08(SD = 2.54) 
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Reliability and Validity Testing 

The pretest and posttest were generated by USATESTPREP, an online test 

preparation software. USATestprep uses released questions from the Georgia Milestones 

assessments to create assessments. Therefore, the GaDOE’s (2018) Chronbach’s Alpha is 

used to determine reliability.  The average reliability is 0.92, minimum reliability is 0.91, 

and maximum reliability is 0.92. The Alpha indicates that the assessment questions are 

reliable.  A post hoc power analysis was conducted; the study achieved a statistical power 

of .60, which is lower than the recommended value of .80. The statistical power of the 

study is low and is noted as a limitation to the study.  

Research Questions and Hypothesis 

 The research questions for the study was: Is there a statistically significant 

difference on math achievement as measured by a USATestprep assessment between 

students who will receive intervention, the Reading Apprenticeship, and a control group 

on mathematical literacy while controlling for prior mathematics knowledge? The null 

hypothesis for the study was: There will not be a statistically significant difference 

between students who will receive intervention with the Reading Apprenticeship and a 

control group on mathematical literacy while controlling for prior mathematics 

knowledge.  In order to reject the null hypothesis, the p value for the intervention 

parameter is set to be less than or equal to .050. An ANCOVA was performed to answer 

the research the question. Before running the ANCOVA, the assumptions of the test were 

analyzed. Details follow in subsequent sections.  
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Assumptions for the Analysis 

 According to Field (2009) the required assumptions required to use ANCOVA 

are: normality, independence of the covariate and treatment effect, homogeneity of 

regression slopes, and homogeneity of variance. The original data set including all 84 

participation violated the assumption of normality and homogeneity of variance. The data 

was transformed by trimming and the square root method (Field, 2009). The data was 

trimmed by removing the outliers that were within three standard deviations of the mean. 

The trimming process resulted in a final data set of 80 participants. The data was then 

transformed using the square root method (Field, 2009).  

I began by running an ANOVA test on the pretest using the groups as fixed factor 

to determine independence of the covariate and treatment effect. The covariate, pretest, 

F(1,78) = .175, p = .667, was not statistically significant. Thus, the assumption of 

independence of the covariate and treatment effect was met. Table 6 contains results from 

the test of normality. The assumption for normality was met. Homogeneity of regression 

slopes was testing by testing the interaction between the covariate, pretest, and the 

groups. The interaction of groups and covariate, pretest, F(1,76) = .578, p = .449, was not 

statistically significant, which meets the assumptions of homogeneity of regression 

slopes. Table 7 contains data regarding the homogeneity of regression slopes.  
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Table 6 

Tests of Normality  

  Kolmogorov-Smirnova Shapiro-Wilk 

posttest Group Statistic df p Statistic df p 

control .116 33 .200* .962 33 .290 

treatment .147 47 .013 .965 47 .175 

Note.*This is a lower bound of the true significance. 

a. Lilliefors Significance Correction        

 

Table 7  

 

Test of Between-Subjects Effects 

Dependent Variable: posttest 

Source Type III 

SS 

df MS F p 

Corrected 

Model 

165.512a 3 55.171 3.553 .018 

Intercept 266.870 1 266.870 17.188 .000 

Group 16.829 1 16.829 1.084 .301 

Pretest 34.682 1 34.682 2.234 .139 

Group*pretest 8.977 1 8.977 .578 .449 

Error 1180.012 76 15.526   

Total 13155.000 80    

Corrected Total 1345.524 79    

aR2 = .123 (Adjusted R2= .088) 
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 Homogeneity of variances was initially violated using Levene’s test of 

standardized residuals, F(1,78) = 20.064, p = .000, which would indicate a rejection of 

the null hypothesis. A test robustness can still be determined by analyzing the variance 

ratio, correlation between group sample size and variance, and coefficient of sample size 

variation (Blanca, M., Alarcon, R., Arnau, J., Bono, R., Bendayan, R., 2017). The 

variance ratio, correlation, coefficient of sample size variation are 4.45, -1, and .25, 

respectively. The variance ratio is greater than the recommended 1.5, thus the correlation 

between group sample size and variance (paring variance) is analyzed (Blanca et al., 

2017). The pairing variance is -1, due to the fact that the higher variance is paired with 

the smaller group size; the variance for the control group (n = 33) is 28.7 and the variance 

for the experiment group (n = 47) is 6.5 (Blanca et al., 2017).  The coefficient of sample 

size variation is .25. According to Blanca et al (2017), there is a liberal type I error rate. 

The violation of homogeneity of variances is likely due to the difference in sample sizes 

amongst groups and due to an overall small sample size (Blanca et al., 2017; Field, 2013; 

Johnson & Rakow, 1994; Koh & Cribbie, 2013). The effect that unequal sample sizes can 

have when the group sizes are small can lead to falsely rejecting the null hypothesis. The 

complexities with homogeneity of variances are listed as limitations to the study. It is 

also noted to focus on samples with equal group sizes for future research.  

Report of ANCOVA 

 An analysis of covariance (ANCOVA) was conducted with the posttest as the 

dependent variable, while controlling for the covariate, the pretest. The ANCOVA result 

was statistically significant, F(1,77) = 8.784, p = .004. A box plot was generated on the 
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data without outliers, before it was transformed to show the difference in scores of the 

posttest (see Figure 6). Before the data set was transformed, it is recognized that the 

average score of the treatment group is higher than the average score of the control group. 

The average posttest score of the treatment group was approximately 662, which is 

categorized as distinguished. The average posttest score of the treatment group was 

approximately 576, which is categorized as proficient. Furthermore, table 8 displays the 

results of the ANCOVA test. Thus, there was a statistically significant difference in the 

posttest scores of students who received the Reading Apprenticeship intervention and 

students who did not receive the Reading Apprenticeship intervention.  

 

 
 

Figure 6. Box plot of posttest scores.  
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Table 8 

ANCOVA Results 

Source Type III 

SS 

df MS F p 

Corrected 

Model 

156.535a 2 78.268 5.069 .009 

Intercept 273.203 1 273.203 17.693 .000 

Pretest 26.191 1 26.191 1.696 .197 

Group 135.630 1 135.630 8.784 .004 

Error 1188.989 77 15.441   

Total 13155.000 80    

Corrected Total 1345.524 79    

aR2 = .116 (Adjusted R2= .093) 

 

Summary 

 Conclusively, in this chapter I present the findings of the study. I began by 

discussing the descriptive statistics of the participants. I continue by explaining the 

reliability and validity of the instrument used as the pretest and posttest. Next, I reiterate 

the research question, the null hypothesis, and criteria for rejecting the null hypothesis. 

Finally, I explain how the assumptions for analysis are met and I report the findings of 

the ANCOVA.  
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The purpose of this study was to determine if a Reading Apprenticeship 

intervention affected student achievement in an Analytic Geometry course. An 

ANCOVA was used to test the null hypothesis. The posttest was the dependent variable, 

while the pretest was the controlled covariate. The data set was transformed to meet the 

assumption of normality. All assumptions of ANCOVA were met, except the assumption 

of homogeneity of variances. The homogeneity of variances was likely violated due to 

the low sample size and unequal grouping sizes. The results of the ANCOVA were 

statistically significant. Thus, there was a statistically significant difference between the 

posttest scores of the control group and the experiment group, after controlling for the 

prior knowledge represented by the pretest.   
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CHAPTER 5 

CONCLUSION 

 Math illiteracy of students is the premise of the problems of this study. The 

purpose of this study was to investigate and determine if the Reading Apprenticeship 

intervention would increase academic achievement on a mathematics exam. In order to 

ascertain a conclusive answer, a quasi-experimental study design was developed. The 

research question for the study was: Is there a statistically significant difference on math 

achievement as measured by a USATestprep assessment between students who will 

receive intervention, the Reading Apprenticeship, and a control group on mathematical 

literacy while controlling for prior mathematics knowledge? The null hypothesis for the 

study was: There will not be a statistically significant difference between students who 

will receive intervention with the Reading Apprenticeship and a control group on 

mathematical literacy while controlling for prior mathematics knowledge.   

 More specifically, the purpose of this study was to determine if a disciplinary 

literacy apprenticeship intervention strategy will increase student achievement on 

mathematics exam designed in the same manner as the Georgia Milestones. Chapter 2 

presents a thorough review of the literature relating to mathematics standards and 

mathematical literary. Chapter 2 also discusses a problem in math field. Chapter 3 

continues with a presentation of a research strategy. Chapter 4 has details of the findings 
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of the study. Chapter 5 presents the conclusive findings of the study, limitations of the 

study, and recommendation for future research and practice.  

Findings 

A quasi-experimental study was conducted to determine the effects of the 

Reading Apprenticeship on student achievement in an Analytic Geometry course. The 

finding of the study was that the Reading Apprenticeship yielded an increase in student 

achievement of Analytic Geometry students on an assessment modeled after the Georgia 

Milestones. The students in both groups had pretest scores that averaged in the beginning 

category. The students in the experimental group averaged scores in the distinguished 

category at the end of the study, while the students in the control group averaged scores 

in the proficient category. Furthermore, there was a statistically significant difference in 

the mathematical achievement of Analytic Geometry students who receive a literacy 

intervention using the Reading Apprenticeship model (Schoenbach, Greenleaf, & 

Murphy, 2012). 

The findings of this study support prior research. The Reading Apprenticeship has 

been proven to increase student achievement in some manner for History, Biology, and 

English courses (Goldman et al., 2017; Schoenbach et al., 2012). Goldman et al. (2017) 

conducted semester long study in biology classrooms where a disciplinary literacy 

strategy was used an intervention for a treatment group of students. Approximately 43 

teachers and 1400 students participated in the study. Teacher surveys, classroom 

observations, student evidence-based arguments, a general reading assessment and 

student self-efficacy surveys were used as instruments to collect data. The study found 
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that there was not a significantly significant difference between groups for the general 

reading assessment, however students in the treatment group were able to perform better 

than students in the control group on evidence-based arguments assignments (Goldman et 

al., 2017). 

Boschert (2018) conducted a study implementing the Reading Apprenticeship in a 

Western Civilization course at a community college. The semester long study included 75 

participants who were identified as at-risk students (Boschert, 2018). Students were 

identified as at-risk based on being a Pell Grant recipient and having ACT sores below 

the benchmark for the college.  The purpose of the study was to determine if the Reading 

Apprenticeship yields an increase metacognitive awareness and reading comprehension 

of students who were labeled as at-risk. A metacognitive assessment was used as the 

instrument to measure student performance. The findings of the study suggest that the 

Reading Apprenticeship increase metacognitive awareness and reading comprehension 

for the at-risks students (Boschert, 2018). Although the aforementioned studies do not 

directly research the implementation of the Reading Apprenticeship in math courses, the 

findings are parallel. In summation, the Reading Apprenticeship increased student self-

efficacy, student performance, metacognitive awareness, reading comprehension and 

academic achievement.  

Limitations 

There were limitations to this study. The first limitation of the study was the 

statistical power. The statistical power (.60) was due to the small sample size (n = 80) of 

the study. An a priori sample size calculation determined that the sample size for the 
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study needed to be 128 to yield a .80 statistical power. Following the first limitation, the 

second limitation of the study is the complexity with the homogeneity of variance 

assumption. As discussed in chapter 4, the unequal sizes between the control group and 

the experimental group increase the likelihood of a type I error. “A type I error occurs 

when we believe that there is a genuine effect in our population, when in fact there isn’t” 

(Field, 2013, p.68). The unequal group sizes and overall small sample size can likely 

yield a false type I error (Blanca et al., 2017; Field, 2009; Johnson & Rakow, 1994; Koh 

& Cribbie, 2013). 

The third limitation of the study is the physical nature in which the study was 

conducted. The Reading Apprenticeship has traditionally been implemented physically in 

classrooms to allow for social interaction and apprenticing (Schoenbach et al., 2012). 

Due to a world-wide pandemic the study was conducted virtually, contrary to traditional 

face-to-face procedures. Therefore, social interaction and apprenticing took place virtual 

platforms. Although, the study was conducted on a virtual platform, the procedures of the 

intervention were not compromised.  

Recommendations for Future Research 

 Based on the findings and limitations of the study, there are a few 

recommendations for future research. The first recommendation for future research is to 

increase the sample size. The low statistical power of the current study was a limitation. 

Furthermore, it is recommended to have equal group sizes. The low sample size and the 

unequal group sizes increased the likelihood of a type I error. 
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 A second recommendation for future research is to implement the study in a 

physical classroom. As aforementioned, global conditions prohibited physical interaction. 

A third recommendation for future research is to extend this study to other mathematics 

courses, such as algebra or statistics. A fourth recommendation for future research is to 

extend the study design to a mix-methods design. There were experiences and dialogue 

from the teacher and the researcher that should be collected as data. The qualitative could 

create a supporting narrative to the quantitative data. 

Recommendations for Future Practice 

 Recommendation for future practice are made based on the findings of this study. 

Considering reliability and validity of the finding of the ANCOVA, the Reading 

Apprenticeship increased student achievement in Analytic Geometry. Therefore, it is 

recommended that mathematics educators increase math literacy strategies in classroom 

practices. In order to increase disciplinary literacy strategies in the classroom, teachers 

must first undergo professional development (Greenleaf et al., 2010, Schoenbach et al., 

2003). Educators and curriculum stakeholders will need to be aware of the Reading 

Apprenticeship processes in order to effectively implement the strategy. Professional 

development on the Reading Apprenticeship seeks to help educators understand 

disciplinary literacy strategies and how to implement the strategies when reading 

(Greenleaf et al., 2010; Schoenbach et al., 2003).  

 Parallel to prior research on the Reading Apprenticeship, it is recommended that 

future practitioners use the Reading Apprenticeship to expose students to mathematics 

content text in math classes, demystify content text in math classes, and discover more 
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meaningful ways to read content text in math classes. Reading should not be an isolated 

skill; it is a skill that should be incorporated in content classes (Greenleaf et al., 2010; 

Schoenbach et al., 2003). Teachers should refrain from avoiding math text and topics are 

often viewed as too difficult for students (Schoenbach et al., 2003). Often, teachers fear 

incorporating math text or difficult topics in fear that students will not complete the 

reading due to a lack of reading skill and an inability to understand the text.  

Teachers should use disciplinary literacy strategies, such as close reading, to help 

students understand the text. In this current study, a two-column journal was kept to 

complete close reading. Students were able to write content directly from the text in one 

column. The other column was used for students to analyze the content in the first 

column by determining why the content is important, drafting questions related to the 

content, making connections to prior knowledge, and identify any patterns in the text.  

Disciplinary strategies of this manner helped with introducing math text and 

making students comfortable with reading and analyzing the text. Disciplinary literacy 

strategies also contribute to demystifying math texts. The demystifying process seeks to 

help students clear confusion, create clarity and identify connections to prior knowledge. 

The goal of the disciplinary literacy strategies in the Reading Apprenticeship is to make 

the unknown known to the reader (Schoenbach et al., 2003).  

Math texts can be difficult for students because they do not have the endurance to 

persevere through a text. This study utilized practices to provide more meaningful 

reading strategies to help students with their reading endurance. One helpful strategy 

used in this study was to slow down the reading process. The goal of slowing the reading 
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strategy is to help the students become comfortable the time it takes to read a math text. 

Math texts can be long and challenging for students. Slowing the reading process down 

gives the students the security to be patient with themselves as they deconstruct the text 

for understanding (Schoenbach et al., 2003). 

Summary 

 Disciplinary literacy skills can be a barrier to the learning process when they are 

lacked and a bridge to deeper conceptual understanding when they are possessed. The 

Reading Apprenticeship is a disciplinary literacy framework that is designed to “increase 

academic opportunities for adolescents who do not see themselves as readers of rigorous 

texts” (Schoenbach et al., 2003, p. 137). The goal of the Reading Apprenticeship is to 

help students learn how to read complex disciplinary text to create deeper conceptual 

understanding of the content. Deep conceptual understanding of math content is a 

learning of current mathematics standards (Georgia Department of Education, 2015; 

Hillman, 2014; National Council of Mathematics Teachers, n.d.; Rust, 2012).  

The expectations of the math standards have posed a problem for students. 

Students have been unable to complete math constructed response questions and other 

questions that require deep conceptual understanding (Duru & Koklu, 2011; Snow & 

Moje, 2010). A lack of math literacy skills contributes to students’ academic achievement 

struggles. This study used the Reading Apprenticeship as an intervention in an Analytic 

Geometry course. The purpose of this study was to determine if the Reading 

Apprenticeship would increase student achievement in an Analytic Geometry course.  
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This quasi-experimental study found that the Reading Apprenticeship yields 

significantly significant differences between the experimental and control group. The 

experimental group received the intervention and performed better than the control group. 

The finding from this study suggests that teachers should incorporate the disciplinary 

literacy strategies of the Reading Apprenticeship to aide in increase academic 

achievement of math students. It is recommended that further research incorporates 

larger, balanced sample sizes and an extension of the study to other subjects.  
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Student Demographics Questionnaire 

 

1. What is your age group?  

a. 14 

b. 15 

c. 16 

d. 17 

e. 18 or older 

2. What grade are you in?  

a. 9th  

b. 10th  

c. 11th  

d. 12th 

3. Please specify your ethnicity or race:  

a. African American or Black 

b. American Indian or Alaska Native 

c. Asian  

d. White 

e. Native Hawaiian or Other Pacific Islander  

f. Hispanic or Latino 

4. What is your gender?  

a. Male 

b. Female 

c. Transgender  

d. Other  

e. Prefer not to respond 

5. What is the highest level of known education of your mother?  

a. Some high school 

b. High school diploma 

c. Some college 

d. College degree 

e. Advanced level college degree (master’s, specialist, or doctorate) 

f. Unknown 

6. What is the highest level of known education of your father?  

a. Some high school 

b. High school diploma 

c. Some college 

d. College degree 

e. Advanced level college degree (master’s, specialist, or doctorate) 

f. Unknown 

7. What is your employment status? 

a. Employed 

b. Not employed 
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8. Are you involved in any extra-curricular activities?  

a. Yes  

b. No 

9. How many hours do you spend outside of school, working on school assignments 

or studying on a daily basis?  

a. None 

b. Less than an hour 

c. Between 1 and 2 hours 

d. Between 2 and 4 hours 

e. More than 4 hours 

10. What are your plans after high school?  

a. College  

b. Military  

c. Employment 

d. Other: please specify: _________________________ 

e. Undecided  
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RAW DATA 
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TABLE A  

Raw Data 

Pseudonym Gender Language Group Pre Score Post Score 

Kate Gray Female English Experimental 565 590 

Eda McGee Female ESOL Experimental 350 690 

Gerard Dean Male ESOL Experimental 430 730 

Max Champlin Male ESOL Experimental 285 730 

Amarah Carroll Female ESOL Experimental 305 610 

Woody Sutton Male English Experimental 450 690 

Amelia Andrade Female English Experimental 430 665 

Adil Fischer Male English Experimental 330 650 

Zonnya Wigfall Female ESOL Experimental 405 650 

Brenden Kennedy  Male English Experimental 365 450 

Sameer Bonner Male English Experimental 305 530 

Dane Skinner Male English Experimental 365 385 

Stefan Dodson Male English Experimental 405 690 

Anne Peterson Female English Experimental 590 650 

Ariel Herbert Female English Experimental 405 650 

Harvey Patton Male ESOL Experimental 450 730 

Brain Sandova Male English Experimental 385 710 

Edgar Spraggins Male English Experimental 350 590 

Lea Gross Female ESOL Experimental 465 550 

Alfred Romero Male ESOL Experimental 565 665 

Lind Ovid Male English Experimental 285 730 

Ranveer Irvine Male English Experimental 485 365 

Izaak Dillon Male ESOL Experimental 650 730 

Julia Everett Female ESOL Experimental 550 690 

Echo Morton Female ESOL Experimental 385 610 

Sebastian Rose Male ESOL Experimental 610 650 

Taslima Daughetry Female English Experimental 550 710 

Giacomo Sauver Female ESOL Experimental 510 690 

Osmond Fernandez  Male ESOL Experimental 430 710 

Jennifer Holt Female ESOL Experimental 450 550 

Amir Poole Male ESOL Experimental 285 630 

George Tate Male ESOL Experimental 385 610 

Murphy Cain Male ESOL Experimental 330 710 

Laura Hopkins Female ESOL Experimental 405 650 
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TABLE A (continued) 

 

Pseudonym Gender Language Group Pre Score Post Score 

Teegan Beaumont Male ESOL Experimental 530 710 

Kellen Speaks Female English Experimental 365 690 

Cali Rowland Female English Experimental 550 690 

Lionel Cross Male ESOL Experimental 405 750 

Felix Armitage Male English Experimental 450 630 

June Vasquez Female ESOL Experimental 565 630 

Kinglesy Malcom Male English Experimental 330 630 

Jane Curtis Female English Experimental 285 385 

Damon Adams Male ESOL Experimental 385 610 

Hadi Drew Female ESOL Experimental 630 690 

Ruth Pascall Female English Experimental 405 690 

Theresa Young Female ESOL Experimental 405 550 

John Woodrow Male English Experimental 610 750 

Hamaad Hanson Male English Experimental 385 690 

Helena Green Female English Experimental 365 565 

Nat Belinsky Male English Experimental 330 730 

Brenden Weiler Male ESOL Experimental 385 665 

Shakira Werner Female ESOL Control 350 365 

Sarah-Jane Preston Female ESOL Control 465 365 

Yousuf Daniel Male English Control 405 530 

Antony Sadler Male ESOL Control 405 710 

Roman Roberts Male English Control 385 610 

Gus Cartwright Male ESOL Control 530 650 

Kaitlin Henry Female English Control 465 450 

Allegra Cote Female English Control 430 790 

Ellie Fraser Female English Control 465 565 

Chelsie Marks Female English Control 450 530 

Cherry Holland Female English Control 510 750 

Mikail Becker Male English Control 330 465 

Lindsay Valenzuela Female English Control 350 650 

Miya Guthrie Female English Control 610 430 

Clarence Brennan Male ESOL Control 610 690 

Asa Miles Female ESOL Control 430 650 

Tabatha Tanner Female English Control 350 590 

Jaime Schofield Female English Control 565 465 

Thiago Mcculloch Male ESOL Control 430 690 
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TABLE A (continued) 

 

Pseudonym Gender Language Group Pre Score Post Score 

Fynley Mustafa Female English Control 350 305 

Savannah Dunkley Female ESOL Control 430 710 

Anushka Wardle Female ESOL Control 365 350 

Solomon Esparza Male ESOL Control 430 610 

Yvie Andrew Female ESOL Control 365 750 

Samuel MacDonald Male English Control 550 650 

Gloria Smart Female ESOL Control 510 665 

Aine Wynn Female ESOL Control 385 775 

Traci Wharton Female ESOL Control 550 710 

Adil Fischer Male English Control 385 350 

Penny Silva Female ESOL Control 450 530 

Cecily Welch Female English Control 365 665 

Issa Dawe Female English Control 510 650 

Rhia O'Sullivan Female English Control 350 350 

 


