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Abstract 

Saúl Isaac Maldonado 

The Impact of Mathematical Literacy Practices on Latina/os’ Achievement 

 

Employing data from the first (2009) and second (2011) waves of the High School 

Longitudinal Study of 2009 (HSLS:09), this dissertation examines the relationship 

between mathematical literacy practices and U.S. Latina/os’ high school achievement. 

Additionally, this work investigates whether such relationship is influenced by 

students’ English-language background. HSLS:09 consists of nationally 

representative quantitative data from high school students as well as their families, 

teachers, classrooms and schools. Using an opportunity-to-learn conceptual 

framework, relationships between Latina/o students’ language, literacy and 

mathematics data are analyzed using a quasi-experimental design (QED) that 

incorporates principal components analysis, propensity score matching and multi-

level linear regression techniques. This study proposes a quantitative 

operationalization of mathematical literacy practices and contributes insights about 

the relationship between content-area knowledge, instructional practices and language 

acquisition. Results inform policy and practice sequentially by providing evidence of 

the relationship between mathematical literacy practices in secondary mathematics 

and Latina/os’ mathematics achievement. 

Keywords: Mathematics achievement; Mathematical literacy practices, English-

language proficiency
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Chapter One: Protection, Promotion & Provision 

 

Enacting equitable education policies and practices is a social responsibility. The 

United Nations Treaty, “Convention on the Rights of the Child,” advocates: (1) the 

taking of appropriate measures to protect children against all forms of discrimination, 

(2) the promotion of assistance to develop and preserve children’s cultural identity 

and values, as well as (3) the provision of “access to scientific and technical 

knowledge and modern teaching methods” (UN General Assembly, 1989, Articles 2, 

8, 28.3, 29). Most countries ratified the Treaty’s declaration to protect children from 

discrimination, promote children’s cultural identity and provide access to appropriate 

pedagogy in 1990; however, the United States did not become a signatory until 1995.1  

Internationally, proponents of education equity sanction declarations that all 

students are entitled participation in meaningful learning opportunities. Every nation-

state can enhance their degree of education equity via improvement initiatives for 

students, schools and systems (OECD, 2012), but this study is specific to addressing 

policy and practice in the United States and to educational equity is framed from two 

interrelated dimensions: inclusion and fairness (Field, Kuczera & Pont, 2007). 

In 2011, the Presidential Medal of Freedom, considered the most prestigious 

civilian recognition, was awarded to Sylvia Mendez (www.whitehouse.gov/medal-of-

freedom). As a child, Sylvia was denied admission to Main Street Elementary, which 

                                                        
1 See United Nations, Treaty Series, vol. 1577, p. 3; depositary notifications C.N.147.1993. 
TREATIES-5 of 15 May 1993 [amendments to article 43 (2)]; and C.N.322.1995. TREATIES-7 of 
7 November 1995 [amendment to article 43 (2)]. 
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prompted her father, Gonzalo Mendez, to become the plaintiff in the 1946 class 

action lawsuit against racial-ethnic segregation in schools, Mendez et al. v. 

Westminster School District of Orange County, where federal ruling held that the 

education of students in separate “Mexican schools” was unconstitutional. Sylvia 

Mendez’ experiences in segregated schools is one example of the discriminatory 

practices that educators interested in enacting equitable realities must continue to 

redress. Additional court case rulings regarding racial-ethnic segregation in schools 

include: Roberts v. Boston (1850), Plessy v. Ferguson (1896), Cunning v. Richmond 

County Board of Education (1899), Gong Lum v. Rice (1927), and Roberto Alvarez v. 

The Board of Trustees of the Lemon Grove School District (1931). 

In addition to racial-ethnic discriminatory practices (Oakes, Rogers, Silver, Horng 

& Goode, 2004; Orfield & Lee, 2006), segregations of students by socio-economic 

status (Massey & Denton, 1998; Kozol, 2005; Rumberger & Palardy, 2005and 

language background (Cosentino de Cohen, 2005; Gifford & Valdés, 2006; Arias, 

2007; Gándara & Orfield, 2012) remains a persistent condition in U.S. education. 

Court case rulings regarding language-specific restrictions and regulations include: 

Meyer v. Nebraska (1923), Serna v. Portales Municipal Schools (1972), Lau v. 

Nichols (1974), Rios v. Read (1977), Castañeda v. Pickard (1981) and Gomez v. 

Illinois State Board of Education (1987). 

Awareness of social, racial-ethnic and language dimensions that influence policies 

and practices in schools empowers educators to situate their professional practices in 

civic contexts. Although the promotion of racial-ethnic integration policies in U.S. 
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schools is most often associated with the 1954 case, Oliver Brown v. Board of 

Education of Topeka, Kansas, notable influences to the Supreme Court’s ruling 

include: Clark & Clark (1939, 1947), Gunnar Myrdal’s An American dilemma: The 

Negro problem and modern democracy (1944), and UNESCO’s The race question 

(1950). Legislature promoting racial-ethnic integration policies in public schools 

contributed to the campaign for civil rights.  

Although the campaign for civil rights (www.civilrightsproject.ucla.edu) is 

dynamic and continuous social process, notable persons, programs and political 

processes contributing to the educational climate before, during and after the Civil 

Rights Act of 1964 include: Myles Horton, James Meredith, the Mexican American 

Legal Defense and Educational Fund, the Black Panther Party’s Ten Point Program, 

Moctesuma Esparza, Sal Castro, Staughton Lynd and the Student Nonviolent 

Coordinating Committee. Representative educational climate perspectives include: 

The function of education is to teach one to think intensively and to think 
critically –Martin Luther King, Jr. 

 
Education is the passport to the future, for tomorrow belongs to those who 
prepare for it today –Malcolm X 

 

We want education for our people that exposes the true nature of this decadent 
American society. We want education that teaches our true history and our 
role in the present-day society. –Black Panther Party, Ten Point Program, #5 
 

As an act of national policy, Civil Rights (1964) social legislature is related to: 

Voting Rights (1965), Immigration and Nationality Services (1965), Fair Housing 

(1968). Developing from Title VI of the Civil Rights Act (1964), pertinent 

Department of Education decisions designed to provide equitable experiences 
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include: Elementary and Secondary Education Act (1965), Higher Education Act 

(1965), Bilingual Education Act (1968), Equal Educational Opportunities Act (1974). 

Additional federal education legislature designed to provide equitable experiences 

include: National Defense Education Act (1958), Title IX, Education Amendments 

(1972), Section 504 of the Rehabilitation Act (1973), Americans with Disabilities Act 

(1990), Improving America’s Schools Act (1994), No Child Left Behind (2001), and 

the American Recovery and Reinvestment Act (2009). Contemporary educational 

policies and practices of the civil rights campaign include the right to participate in 

U.S. higher education regardless of citizenship status 

(www.freedomuniversitygeorgia.com.).   

Inclusion and Fairness in Mathematics 

In mathematics education, notable contributors to the educational climate before, 

during and after the Civil Rights Act of 1964 include Robert Moses and Charles 

Cobb. Former members of the Student Nonviolent Coordinating Committee that 

participated in voter registration, the Mississippi Freedom Schools Movement and 

other political campaigns in the 1960s, Moses & Cobb (2001) frame the mathematics 

competence of minority students as a requisite for inclusive participation in civic 

contexts. Since 1982, Moses and colleagues have enacted Algebra Project2, a 

curricular initiative that provides secondary students with mathematics learning 

opportunities as a tenet of civil rights (West & Davis, 2006; Perry, Moses, Wynne, 

                                                        
2 Readers interested in learning more about Algebra Project should consider reviewing materials from 
www.algebra.org as well as from www.ttyp.org, The Young People’s Project: Math Literacy & Social 

Change. 
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Cortés & Delpit, 2010; Dubinsky & Moses, 2011). While mathematics is a 

disciplinary structure with multiple components, students’ algebraic competence in 

secondary schools is associated with access to educational and professional 

opportunities (Moses, Kamii, Swap & Howard, 1989; Kamii, 1990; Adelman, 2006). 

In a study of Algebra Project 11th-grade participants, Dubinsky & Wilson (2013) 

reported that the provision of specific pedagogical practices enabled students to 

understand, evaluate, represent and explain the concept of function, and demonstrate 

reasoning and communicative competencies representative of mathematical literacy, 

or la culture mathématique (OECD, 2013). 

Algebra Project is an enactment of equity that is both inclusive, promoting a 

constitutional right, as well as fair, providing resources to ensure that students’ 

mathematics competence is independent from social, racial-ethnic and language status 

and thereby representative of freedom-oriented, liberatory mathematics (Powell & 

Frankenstein, 1997). Gutiérrez (2007) describes inclusion and fairness in mathematics 

education as an “‘inability to predict’ student outcomes based solely upon cultural 

markers” as a clearer definition of what constitutes equity in mathematics education 

and calls for studying systematic trends (p. 42, emphases original). In other words, 

educational equity does not advocate for homogeneous achievement outcomes, but 

rather a natural variation that disrupts the ability to predict student outcomes based on 

characteristics such as gender, social class, race-ethnicity and English-language 

proficiency. In equitable education environments, outcome measures of achievement 

(e.g., standardized test scores) as well as participation measures of access, (e.g., 
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classroom instructional activities, course-taking patterns) are unrelated. In other 

words, educational equity is evidenced by a lack of clear, observable grouping 

patterns between access and achievement factors. 

Additionally, in equitable educational environments, student identities are 

respected as complex and intersectional and not essentialized to a set of discrete 

characteristics that require static instructional strategies (Gutiérrez, 2002, 2007). 

Similarly, educational environments across classrooms, schools, districts and states 

do not exist in isolation. Systematic analyses of access and achievement require 

consideration of the interactive aspects of complex student identities and 

environmental interactions. Further, contemporary equity-driven educational research 

requires clear stances on a constellation of perspectives, including deficit paradigms 

of teaching and learning.  

Valencia (2002) describes deficit thinking as “the idea that students, particularly 

of low-SES background and of color, fail in school because they and their families 

have internal defects, or deficits, that thwart the learning process” (p. 83). Disrupting 

deficit education models requires the identification and the shifting of discriminatory 

tacit assumptions and practices (Weiner, 2012). Gutiérrez (2007) enumerates additive 

possibilities for disrupting deficit perspectives in mathematics education: (a) a view 

of all students as capable of earning mathematics competence, (b) a view of the 

mathematics discipline and minority students as symbiotic (c) a view beyond 

“parochial national concerns” to how mathematics plays a role in “broader global 

politics or planet sustainability” (p. 38).  
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Gutiérrez (2007) argues that mathematics competence is not an intrinsic ability 

but rather the combination of students’ desires and work ethic in addition to access to 

meaningful learning opportunities. Such perspective builds upon the claim that 

institutional structures often go unnamed when referring to students’ performance as 

solely attributable to (perceived) cognitive and motivational deficits (Valencia & 

Black, 2002). While most educators subscribe to the notion that all students are 

capable of learning, a subtle deficit perspective exists at-large, where the relationship 

between students and disciplinary “knowledge” is viewed as unidirectional. Such 

view is synthesized in statement: students require mathematics competence to 

increase their life opportunities such as collegiate and career advancement. Such 

perspective portrays students as incomplete and in need of curricular intervention. An 

additive framing would be that mathematics is not a one-sided resource, that the 

discipline requires the perspectives of as many students as possible, and the specific 

contributions of minority students are valuable resources for broadening conceptual 

as well as applied questions. In other words, mathematics needs students just as much 

as students need mathematics. 

In addition to measures of access and achievement, an equitable mathematics 

learning environment also integrates the interrelated measures of identity and power 

(Gutiérrez, 2009). One way to classify such dimensions is to consider access and 

achievement3 as components of dominant mathematics and identity and power as 

components of critical mathematics. Gutiérrez (2007) defines dominant mathematics 

                                                        
3 In this study, achievement is conceptualized as students’ standardized test scores and access is 
conceptualized as teachers’ mathematical literacy practices. 
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as the practices that reflect “the status quo in society, [what] gets valued in high-

stakes testing and credentialing, that privileges a static formalism in mathematics, and 

that is involved in making sense of a world that favors the views and perspectives of a 

relatively elite group” and critical mathematics as the practices that acknowledge 

students as “members of a society rife with issues of power and domination” (pp. 39-

40). Awareness of identity and power dimensions of critical mathematics enables the 

analysis of curricular coherence between teachers’ instructional practices and how 

students view themselves and their future. Although distinctive, dominant and critical 

mathematics are synergistic—the learning of dominant mathematics enables the 

enactment of critical analyses and the competence in critiquing social and cultural 

contexts serves as entrée for engagement in dominant mathematics.  

The framing of access, achievement, identity and power as inextricable 

dimensions of mathematics education is the enactment of a sociopolitical stance. A 

sociopolitical stance is distinct from a sociocultural stance, where the social and 

cultural nature of teaching and learning mathematics are highlighted. Whereas 

sociocultural concepts include communities of practice, learning as belonging,” and 

out-of-school mathematics, such concepts may not be aligned with the sociopolitical 

concepts of social justice and transformation.  

Gutiérrez (2010) describes a sociopolitical stance as “uncovering the taken-for-

granted rules and ways of operating that privilege some individuals and exclude 

others” to “understand mathematics education in all its social forms but to [also] 

transform mathematics education in ways that privilege more socially just practices” 
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(p. 4, emphases original). Social justice in mathematics education is evident when 

students make sense of data in ways that help them see the humynity behind the 

numbers and use mathematics as a tool for exposing and analyzing injustices in 

society as a means for convincing others of a particular (often nondominant) point of 

view (Gutiérrez, 2010). 

Mathematics education as a tool for social justice offers meaningful opportunities 

to enact equitable education policies and practices. Such framing challenges the cost 

of mathematics access and achievement at the expense of cultural identity and/or 

political stance while recognizing that the dynamic identities of individuals are co-

constructed with the sociopolitical processes of mathematics education (Gutiérrez, 

2007). Educators committed to the social responsibility of enacting equitable 

educational policies and practices in mathematics learning environments: protect 

students from inequitable individual, interpersonal and institutional forms of social 

processes, such as discrimination; promote practices that frame the participation of 

plural perspectives as resources for redefining constructs, and enact comprehensive 

policies of access, achievement, identity and power as inextricable dimensions for 

sociopolitical purposes. 

Statement of the Problem 

Just as teaching and learning mathematics are not neutral activities, mathematics 

education research is a sociopolitical act. Selecting one disciplinary practice for 

scientific analysis is a negotiation that involves a researcher’s identity in relation to 

social and cultural realities. Gutiérrez (2010) describes a political engagement with 
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research as challenging “the ideology of academia that privileges knowledge 

production for other academics and encourages researchers to make themselves 

marketable” and contesting discourses “that equate ‘science’ with doing quantitative 

work” (p. 26). This study assumes that school experiences, including tests, are 

structured social processes that influence the creation of the society-to-be; processes 

where each student should be equipped with tools to expand existing social limits.  

Considering the American Educational Research Association’s encouragement to 

study diverse populations, this quantitative dissertation investigates the effects of 

Latina/os’ language and literacy proficiencies, as well as institutional contexts, on 

standardized measures of mathematics achievement. Relative to other racial-ethnic 

groups, high school Latina/os’ achievement on standardized mathematics tests 

developed by National Center for Education Statistics (NCES) is disproportionally 

lower (Mosqueda & Maldonado, 2013a). Additionally, studies of Latina/os’ 

mathematics achievement must consider students’ diverse English-language 

backgrounds and degrees of English-language proficiency (Mosqueda & Maldonado, 

2013b). Further, research has begun to reveal the academic language dimensions of 

discourses, registers and genres  (Valdés, Bunch, Snow, Lee, & Matos, 2005; 

Schleppegrell, 2004) but how discipline-specific academic language practices impact 

Latina/os of diverse English-language background requires further exploration 

(Mosqueda, Maldonado, Capraro & Capraro, Under Review).  

Finally, academic language practices must be considered in concert with school-

level contexts, such as percentage of social, racial-ethnic and language minority 
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students (Mosqueda & Maldonado, 2013a). To this end, this study includes both 

student-level and school-level factors that are associated with Latina/os’ mathematics 

achievement and contributes a composite measure of mathematical literacy practices 

that have been identified as indicative of learning by policies such as the Common 

Core State Standards in mathematics.  

As states, districts, and schools implement common assessments of national 

standardized college- and career-readiness curricula, understanding the complex and 

interdependent relationship between language and mathematics remains a relevant 

educational issue (NGACBP & CCSSO, 2010). The ability to calculate variance 

between language and content estimates would enhance the measurement precision of 

standardized tests (American Educational Research Association, American 

Psychological Association, & National Council Measurement Education, 2014). Such 

scientific undertaking would be productive for all students; however, for students 

learning English, the lowest-scoring students on standardized tests, the implications 

for social equity are significant (Abedi & Dietel, 2004; Martiniello, 2008).  

To further shed light on this issue, data for this quantitative analysis was drawn 

from the first and second waves of HSLS:09-11 (HSLS:09), a large-scale dataset 

provided by NCES. The base year of the HSLS:09 represents the first stage of a 

longitudinal study that provides trend data about a national probability sample of 

students as they proceed through high school and into careers and college (Ingels, 

Pratt, Hergert, Burns, Dever, Ottem, Rogers, Jin Leinwand & LoGerfo, 2011). The 

first wave is comprised of students in the 9th grade in 2009 and includes more than 
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23,000 students from a random sample of 944 public, Catholic, and private schools. 

The first follow-up wave of the HSLS:09 is representative of 9th grade cohort students 

in the 11th grade (Ingels & Dalton, 2013).  

In order to maximize the generalizability of this study’s findings, this dissertation 

analyzes the impact of mathematical literacy practices on Latina/os’ HSLS:09 

mathematics achievement using a quasi-experimental design (QED) that incorporates 

principal components, propensity score matching and multi-level linear regression 

models. Propensity score matching techniques create a comparison group that 

minimizes several threats to internal validity, including: selection bias, additive, 

mortality, history and maturation effects (Schneider, Carnoy, Kilpatrick, Schmidt & 

Shavelson, 2007). Schneider et al. (2007) state “Propensity score matching is 

facilitated by using large-scale nationally representative datasets” (p. 73). HSLS:09 is 

a nationally-representative dataset that oversampled Latina/os and thereby strengthens 

claims of this study’s external validity (Ingels, Pratt, Hergert, Dever, Fritch, Otten, 

Rogers, Kitmitto & Leinward, 2014; Cook, Shadish & Wong, 2008).  

To create the comparison group, a new quantitative composite measure of 

mathematical literacy practices was developed from mathematics teacher 

questionnaire data. After establishing a reliable composite construct of mathematical 

literacy, a dichotomous variable was created to operationalize categorical cut points 

of students that experience substantive mathematical literacy and those that do not. 

Finally, this study employed multi-level analytic techniques to evaluate a series of 

fitted two-level linear regression models that examine the mathematics achievement 
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of Latina/o students as a function of the study’s question and control predictors. 

Multi-level modeling is well suited for this study because it accounted for the 

clustering of students (level-1) within schools (level-2) (Raudenbush & Bryk, 2002). 

Organization of the Study 

This research is informed by an equity framework that assumes improving the 

school experiences of social, cultural and language minority students is an important 

contribution to the education enterprise. Cognizant that research is value-laden and 

that mathematics is not a culture-free discipline (Gutiérrez, 2010), each of the five 

chapters is intended to amplify the instructional and institutional possibilities to 

promote Latina/os’ mathematics achievement.  

This introductory chapter provided an overview of policies relevant to Latin/a 

students and described features of equitable mathematics learning environments to 

situate the research of teachers’ literacy practices and Latina/os’ standardized test 

scores. Chapter two reviews the roles of language and literacy in the learning of 

Latina/os’ mathematics. Specifically, the chapter argues that research literature would 

benefit from the development of two constructs, mathematical literacy and English-

language competence. The chapter also analyzes the interdependent implications 

between language and mathematics in the policy context of Common Core State 

Standards and describes important institutional dimensions that must be considered 

when studying teachers’ mathematical literacy practices. 

Chapter three provides a review of content-area assessment considerations for 

students learning English and describes the role of classroom opportunities to learn 
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when measuring mathematics achievement. Specifically, the chapter argues that 

research would benefit from effectiveness studies that evaluate the impact of literacy 

teaching practices in mathematics. Chapter three also analyzes the implications 

between assessment and teacher preparation policies and practices and describes 

important pedagogical strategies that must be considered when examining students’ 

content-area achievement. 

Chapter four describes the study’s research design, methodological description 

and provides results of the impact of mathematical literacy practices and English-

language background on Latina/os’ mathematics achievement. Specifically, the 

chapter describes sequential findings of descriptive analyses, principal components 

analyses, propensity score matching techniques as well as t-tests, ANOVA and multi-

level liner regression inferential analyses. Scale composite constructs confirm the a 

priori hypothesis of mathematical literacy as identified in the review of research 

literature. Chapter five synthesizes the study’s findings and makes comparative and 

contrastive connections to prior research, describes limitations and offers 

interpretative implications for policy and practice.  
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Chapter Two: Accelerating Language, Literacy and Mathematics Achievement 

 

In the past two decades, Latina/o student enrollment in U.S. public schools has  

increased from 4.8 to 11.4 million students, a shift from 11 to 22 percent (NCES, 

2011). Moreover, Latina/o students’ language backgrounds are heterogeneous and the 

subpopulation of Latina/os who speak a language other than English at home, has also 

grown substantially. In 2009, nearly 11.2 million 5- to 17-year-olds (21% of the 

national total) were language minority (LM) students (NCES, 2011). Although over 

450 of the world’s languages are represented in U.S. schools, nearly 80% of all LM 

students speak Spanish at home, and the overwhelming majority of Spanish-speakers 

are of Mexican heritage (Téllez, 2010). Latina/o LM students are immigrants or the 

U.S.-born children of immigrants and represent a wide variety of language 

backgrounds that span from emergent to proficient in English-language proficiency 

(ELP). In the past, this population was concentrated in states such as California, 

Texas, Illinois, Florida and New York but significant trends in national demographic 

shifts of LMs have been identified using four comprehensive federal datasets, 

including county-specific data from the Local Education Agency Universe Survey. 

From 2000 to 2010, states that experienced an increase exceeding 200 percent of LMs 

included: Mississippi, Kentucky, Indiana, Virginia, South Carolina and Delaware 

(National Clearinghouse of English Language Acquisition, 2011). 

Not only are the numbers and density of LMs shifting, but U.S. Latina/os’ in 

secondary schools have shown little or no improvement on standardized test scores 
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over recent decades, especially relative to the scores of their White and Asian 

counterparts. The average mathematical achievement of 12th grade Latino students is 

comparable to the average mathematical achievement of 8th grade White students 

(Wilkins & The Educational Trust, 2006). A meta-analysis of longitudinal student 

performance found that the modest increases in Latina/os’ test scores over the last 10 

years cannot be regarded as notable improvement considering students from other 

racial-ethnic groups have also had similar achievement gains (Capraro, Capraro, 

Yetkiner, Rangel-Chavez, & Lewis, 2010). In addition, a study by Ortiz-Franco 

(1999) reveals that Latina/os made small gains in their basic mathematics skills 

between 1970 and 1990; however, their performance on mathematical measures 

requiring high-level problem solving skills was stagnant. Considering achievement 

patterns have remained consistently disparate in the aggregate (Flores, 2007), 

Latina/os’ low mathematics achievement remains an important research issue. Results 

from the National Assessment of Education Progress (NAEP) and other standardized 

tests of mathematics performance, such as SAT Math, show that the sub-population 

of Latina/o students who are also LMs score considerably lower compared to the 

scores of their native English speaking Latina/o peers (Abedi, 2004; Gándara & 

Contreras, 2009).  

For Latina/o LMs, degree of English-language proficiency is also an influence on 

mathematics course placement. Research has shown that students’ ELP is often used 

as a determining factor in students’ course placement (Duran, 2008; Martiniello, 

2008; Solano-Flores, 2008), irrespective of mathematics background (Dentler & 
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Hafner, 1997; Gándara, Rumberger, Maxwell-Jolly, & Callahan, 2003) or pre-

migration education background (Feliciano, 2006; Ruiz-de-Velasco & Fix, 2000). 

Course placement experiences in secondary mathematics are associated with 

achievement scores as well as future education and employment opportunities (Aud, 

Fox & KewalRamani, 2010; Bozick & Ingels, 2008). Specifically, completing courses 

beyond Algebra 2 is correlated with collegiate completion (Adelman, 2006), such 

courses serve as proxy for cognitively-demanding instruction that emphasizes 

conceptual, not just procedural understanding (National Council of Teachers of 

Mathematics, 2000). However, since coursework experiences may not necessarily 

emphasize conceptual understanding, to account for curricular variability, we must 

take into account teachers’ content-area professional qualifications (Darling-

Hammond & Youngs, 2002; Gándara & Maxwell-Jolly, 2006).  

For Latina/o LMs, teachers must couple efficacy in both content knowledge as 

well as language scaffolding (August & Hakuta, 1997; Ruiz-de-Velazco & Fix, 2000; 

Téllez & Waxman, 2006). Considering the interrelated nature of coursework and 

teacher preparation on achievement, Mosqueda & Maldonado (2013a) suggest 

curricular pathways as a construct that accounts for both the quantity and quality of 

courses available to, and taken by, students as well as the content expertise of 

teachers as indicative of cognitively-demanding instruction in secondary 

mathematics. Consequently, inequitable access determines achievement when 

Latina/o LMs are underexposed to cognitively-demanding mathematics instruction 

(Callahan, 2005; Olsen, 1995; Mosqueda, 2010) due to ELP. Further, even when 
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Latina/o students are reclassified as English-language proficient, such classification 

does not translate into course placement reconsiderations (Valenzuela, 1999).  

Contextual Dimensions of Latina/o Students 

Racial-ethnic segregation as well as language-specific education policies and 

practices shed light on additional contextual dimensions important to Latina/o 

students’ achievement. Research has established the association of specific 

demographic characteristics and students’ mathematics achievement. For example, 

disparities in mathematics achievement exist between students from families with 

high socioeconomic status (SES) and low SES as well as between males and females 

(NCES, 2009). Additionally, whether students attend schools designated as either 

public or private as well as measures of locale (the geospatial qualification of schools 

as either urban, suburban, or rural) have been identified as influential predictors of 

mathematics achievement. 

A recent report of demographic trends by Aud, Fox & KewalRamani (2010)  

illuminates Latina/o student realities: compared to White and Asian students: (1) 

nearly three times the number of Latina/o students are living in poverty and (2) a 

lower percentage scored at or above the “proficient” level on the NAEP. Such 

achievement disparities are confirmed by the 2011 NAEP data (NCES, 2012). In 

2011, the average 8th grade mathematics achievement (mean score 152 out of a 

possible 300) of students eligible for the national school lunch program (an indicator 

of family income) was 27 points lower than non-eligible students; and relative to 

White students, Latina/os scored 26 points lower. Finally, although recent works have 



 

 19

found that the gender gap in mathematics achievement is diminishing (NCES, 2004), 

the 2011 NAEP shows that females score 5 points lower than males, a statistically 

significant disparity (NCES, 2011). 

While students’ gender is a construct that self-reported data can reliably 

ascertain, measures of SES are not so transparent. Although participation in school 

lunch programs is regularly used as an indicator of students’ family income, such data 

is only available from students attending public schools, on average. And the assumed 

relationship between students’ SES and attendance in public or private schools is 

problematic, it is not always the case that high-SES students attend private schools 

and low-SES students attend public schools. In other words, while data from students 

in both public and private schools is required, school lunch participation measures 

alone can be improved to qualify students’ SES.  

In addition to students’ gender and measures of SES, school locale, the geospatial 

qualification of schools as either urban, suburban, or rural, has been identified as an 

influential predictor of mathematics achievement. Research has shown that urban 

schools are associated with particular economic, racial-ethnic, and spatial attributes 

that influence students’ academic achievement (Orfield & Lee, 2007). A recent study 

of the effects of school segregation, a central indicator of schools’ urbanicity, found 

that the greatest impact on academic achievement was schools’ socioeconomic 

composition, and not racial-ethnic composition (Rumberger & Palardy, 2005). Such 

findings suggest that students that attend schools where average students’ SES is 

affluent (those with the highest socioeconomic composition) demonstrated high 
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academic performance, while students attending schools where average students’ SES 

is low exemplified depressed achievement outcomes. While measures of SES must be 

interpreted with caution, they remain an important consideration at both the student as 

well as school level. 

Often located in communities that are socioeconomically depressed and isolated, 

students’ achievement in urban schools mirror the community contexts in which they 

are situated, where needs greatly surpass available resources (Kozol, 1991; Maerrof, 

1988; Noguera, 1996; Wilson, 1987). Given the link between urban schools, racial-

ethnic and income segregation is U.S. communities; a majority of Latina/o students 

receive their educational preparation in these settings (Gándara & Orfield, 2010; 

Oakes, 1985; Noguera, 2003; Valencia, 2002). Extant literature on demographic 

contexts of urban schools has underemphasized transformations in racial-ethnic 

student enrollment patterns. As of the 2005-06 academic year, public schools’ 

enrollment percentages of Asian and Latina/os have surpassed Blacks as most likely 

to attend urban schools in the largest U.S. cities (Frankenberg, 2009; Orfield & Lee, 

2005).  

In addition, current research of schools’ socioeconomic and racial-ethnic  

composition includes language segregation indicators. For instance, Gándara and 

Orfield (2010) found that the language segregation of Latino LMs had negative 

consequences on academic achievement as well as social and emotional development. 

Relatedly, Gifford and Valdés (2006) found that Latina/o LMs were concentrated in 

the lowest performing schools and that such language segregation influenced both 
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LMs’ academic achievement and opportunities to learn social and academic English. 

To improve the mathematics achievement patterns of Latina/os in the aggregate, 

considering the interdependence of contextual demographic dimensions of both 

students and schools is important. Taken together, social, racial-ethnic, gender and 

language dimensions provide a demographic portrait of Latina/o students that requires 

corresponding consideration of school characteristics, such as public or private 

designation, geospatial locale as well as socioeconomic, racial-ethnic and language 

composition statistics. In this review of factors that influence Latina/os’ mathematics 

achievement, the following measures are important controls for future studies: (1) 

students’ gender, (2) students’ SES, and (3) schools’ socioeconomic, racial-ethnic and 

language minority percentages.  

The Latina/o Immigrant Experience 

In addition to social, racial-ethnic and language minority dimensions, studies of 

Latina/o students in the U.S. must also consider how immigration background 

influence school aspirations, expectations and realities. Immigration backgrounds are 

complex indicators inclusive of transnational milieus including, but not limited to: 

migrants, refugees, and asylum seekers across gender, sexual, racial, ethnic, language, 

generational, and documented status designations. These designations are often used 

interchangeably, but understanding the nuanced meanings of each immigrant 

background designation carries important implications for research. Achievement in 

schools and participation in communities is distinctive for persons that move to new 

countries for familial, economic or education reasons, or to escape war, persecution 
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or natural disaster. Additionally, pathways for seeking legal residence and citizenship 

(i.e., documented status) in the U.S. are not exclusive to nation-states. For example, 

immigrants of Mexican origin may be refugees or asylum seekers and immigrants of 

Caribbean, Central- or South-American origin may not be seeking asylum of refugee 

status. To understand the complexity of students’ immigration backgrounds, research 

has identified two prominent thematic paired relationships that shed light on Latina/o 

students’ background in the U.S.: globalization and nationalism as well as centrality 

and marginalization.  

U.S. Latina/os are simultaneously situated in international, national and local 

community contexts that require awareness of the interplay between globalization and 

nationalism (Gibson & Koyama, 2011). Suarez-Orozco (2001) defines globalization 

as a process of economic, social, and cultural change that decouples geopolitical 

boundaries “from powerful market forces” via “unprecedented new patterns of large-

scale immigration” (p.348). Globalization amplifies nation-state designations by 

taking into account transnational economic, social, and cultural parameters and 

impacts all scholastic experiences of immigrant students (Suarez-Orozco, 2001). 

Therefore, globalization situates immigration background as a more expansive unit of 

analysis than country of origin designations.  

To frame immigration background beyond national definitions, Lukose (2007) 

advocates for a reconceptualization of transnational classifications and legal statuses 

(e.g., refugee, illegal immigrant) and promotes identity formation, hybridity, and 

notions of homeland as productive categories for research on immigrants and 
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education. Similarly, Suarez-Orozco (2001) argues that identity, along with work and 

belonging, are lines of inquiry that are important to the study of immigrant student 

experiences. These categories are aligned with the interrelated dimensions of identity 

and power supported by critical mathematics and offers insights regarding students as 

“members of a society rife with issues of power and domination” (Gutíerrez, 2007, 

pp. 39-40). As a lens for cultural identity and/or political stance, globalization is a 

useful landscape for how the dynamic identities of individuals are co-constructed 

with the sociopolitical processes of mathematics education (Gutiérrez, 2007). 

Research has used globalization as a landscape to situate how students of diverse 

immigrant backgrounds develop their identities in school settings (Gibson & 

Koyama, 2011; Abu El-Haj, 2010; Rios-Rojas, 2014; Gibson, 1988). Several works 

analyze immigrant students’ identity in relation to constructs of membership and 

marginalization. Gibson & Koyama (2011) suggest immigrant students’ identity is 

understood by degree of membership (e.g., belonging) and that such membership, in 

contrast to marginalization, influences school experiences. Other works situate 

immigrant identity in relation to centrality and marginality constructs (Gitlin, 

Buendia, Crosland, & Doumbia, 2003; Ernst-Slavin & Wenger, 2006; Lucero, 2010).  

Combined, how school contexts qualify immigrant students’ identity as either within 

the parameters of a constructed center (i.e., membership) or beyond (i.e., 

marginalized) offers important information to the dimensions of identity and power 

that are interrelated with dimensions of access and achievement in critical 

mathematics (Gutíerrez, 2007). 
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In a case study approach, Gitlin et al. (2003) explore the constructs of margin and 

center as a sociohistorically-embedded contradictory logic that simultaneously 

includes and excludes immigrant students through scholastic welcoming and 

unwelcoming practices such as assemblies, transportation, segregation patterns and 

through enactments of discipline policies. Other works exemplify the processes of 

immigrants’ identity between margin and center by analyzing educators’ negotiations 

of multiple contexts. Ernst-Slavin & Wenger (2006) illustrate how bilingual 

paraeducators’ identity is simultaneously marginalized and centered across 

community and schooling contexts, particularly across language status designations. 

Similarly, Lucero (2010) analyzes the marginalization of bilingual 

paraeducators’ identity in school contexts and provides a description of the constant 

competition paraeducators face between school and community responsibilities that 

simultaneously enable employment and produces marginalization (e.g., immigrant 

racial-ethnic and language experiences). Thus, research on the subpopulation of 

educators that shares (sometimes perceived) immigrant students’ language and race-

ethnicity suggests that constructs such as margin and center are important school 

context features for students and educators. Additionally, analyses of bilingual 

paraeducators provide insights into the work line of inquiry proposed by Suarez-

Orozco (2001) and contribute an under-studied economic dimension (e.g., labor, 

employment) to immigrants and education research. 

The utility of margin and center constructs is evident for examining students’ 

degree of membership (e.g., belonging) in school contexts (Gibson & Koyama, 2011; 
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Gibson, Bejínez, Hidalgo & Rolón, 2004). The situating of immigrant students’ 

membership/belonging as either marginal or centered is enacted through multiple 

productions of centrality (normativity), such as gender, race (Flores-Gonzalez, 2005), 

ethnicity (Rios-Rojas, 2014), language (Garcia & Bartlett, 2007; Orellana & 

Gutierrez, 2006), academic achievement, and citizenship (Abu El-Haj, 2010), all of 

which designate students’ degree of membership/belonging. As an example, 

immigrant Latina/o students’ membership/belonging designations may be centered 

(e.g., white race-ethnicity) in some contexts and simultaneously marginalized in other 

contexts (e.g., persons of color) (Suarez-Orozco, 2011). 

The degree of immigrant Latina/o students’ membership/belonging is also 

demarcated by English-language proficiency (ELP) designations (Pease-Alvarez, 

Samway & Cifka-Herrera, 2010). Orellana & Gutierrez (2006) argue that language 

status designations construct school experiences and impact students’ 

membership/belonging through formations of difference, thereby promoting the 

disenfranchisement of immigrant students. For example, the material effects of 

classifying students as English-language learners associated with marginalization may 

ignore the complex cultural practices related to social class, racial and ethnic 

identification, national heritage, gender, sexuality and age that may be associated with 

membership/belonging. 

Garcia & Bartlett (2007) conducted a qualitative case study of a segregated 

bilingual high school serving Latina/o immigrants in Washington Heights, New York 

City and also analyzed how school contexts situate ELP as a membership/belonging 
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construct. Their research showed that language acquisition models where social 

speech communities are valued more than individuals’ English-language background 

are associated with Latina/os’ achievement, irrespective of racial-ethnic and linguistic 

segregation. Such results exemplify that equitable educational policies and practices 

are attentive to how immigrant students’ social identities are structured by ELP 

designations. 

In addition to racial-ethnic and language status designations of individuals, 

immigrant students’ degrees of membership/belonging (Lukose, 2007) are evident in 

peer-groups and institutional resource allocations (Gibson et al., 2004; Flores-

Gonzalez, 2002). Flores-Gonzalez (2005) explores the relationship between students’ 

membership/belonging and scholastic achievement designations as constructs of 

centrality (i.e., school kids) and marginality (i.e., street kids) and through popularity 

and respect conceptualizations that allocate academic track placement and access to 

both classroom and extracurricular experiences. Gibson et al. (2003) also explore the 

membership/belonging construct in relation to how schools distribute academic and 

social opportunities and argue that proacademic immigrant student identities may be 

sustained if membership/belonging in schools included constructs of trust and mutual 

support. 

Awareness of how degrees of membership/belonging form immigrant students’ 

identities of diverse racial-ethnic and language background offers useful perspectives 

for understanding academic achievement. Using a qualitative study focused on 

teachers’ talk and practices, Abu El-Haj (2010) explored how membership/belonging 
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structure the school experiences and transnational identities of Palestinian American 

students of diverse national origin, racial-ethnic, social class and gender backgrounds. 

Findings from this research show how degrees of membership/belonging are 

produced by ambiguous social desirability indicators such as citizen-alien and friend-

enemy to designate fluctuating, dynamic, markers of identity that include the 

following contradictory cultural logics: freedom and captivity; tolerance and 

diversity; and liberty and repression. 

This review suggests that scholarship of immigrant students requires 

consideration of transnational contexts that manage, distribute, and rank-order 

centralization mechanisms of membership/belonging. In public schools, Latina/o 

students’ residential and citizenship status if often private; however, degree of 

membership/belonging is often constructed through national origin. As a social 

marker that fluctuates and transcends documentation status, heritage and allegiance 

associations of national origin shape social evaluations of immigrant students’ 

membership/belonging. For example, the transnational contexts of students with 

Chilean, Argentinian, Cuban, or Costa Rican national origin are distinctive from the 

transnational contexts of students with Venezuelan, Peruvian, Puerto Rican or 

Nicaraguan national origin. To improve the mathematics achievement of Latina/os in 

U.S. schools, considering nuanced measures of students’ immigration background is 

important. 

Achievement & Access 

In U.S. secondary schools, Latina/os’ achievement on standardized mathematics  
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tests has been disproportionately lower relative to their white and Asian counterparts 

(Flores, 2007; Mosqueda & Maldonado, 2013a). Research has identified demographic 

and scholastic factors that are associated with Latina/os’ underachievement trends in 

mathematics, which include: students’ English-language proficiency (Abedi, 2004) 

and access to college-preparatory curricula and qualified teachers (Mosqueda & 

Maldonado, 2013b). The importance of English-language proficiency (ELP) is 

evident in NAEP results and other standardized mathematics tests which show that 

LM Latina/os score considerably lower on mathematics tests compared to non-LM 

Latina/os (Abedi & Gándara, 2006; Gándara & Contreras, 2009; Mosqueda, 2010). 

The importance of access to college-preparatory curricula as well as qualified 

teachers has also been identified as influential to mathematics test results (Adelman, 

2006; Aud, Fox & KewalRamani, 2010). For Latina/os, ELP, curricula and teacher 

indicators are interdependent and must be considered in concert (Callahan, 2005; 

Solano-Flores, 2006; Mosqueda & Maldonado, 2013b).  

Considering that tests aligned with Common Core State Standards evaluate  

students’ proficiency in English language arts and literacy as well as mathematics, it 

is important to further understand the complex and interactive relationship between 

language, literacy and mathematics and how such relationship mediates measures of 

academic achievement (Martiniello, 2008). The integrated teaching and learning 

model articulated by Stoddart, Solís, Tolbert & Bravo (2012) argues that attention to 

the role of language and literacy in science instruction is an effective pedagogical 

practice that promotes scientific reasoning. Informed by such framework, this review 



 

 29

hypothesizes that the effects of Latina/os’ language and literacy proficiencies, as well 

as institutional contexts, are important pedagogical factors for interpreting results on 

standardized measures of mathematics achievement. 

By exploring relationships across high school Latina/os’ immigrant background,   

proficiency in English and mathematics achievement as well as school contexts, the 

purpose of this review is to catalogue empirical evidence of influential factors on high 

school Latina/os’ achievement on standardized mathematics tests and inform the 

design of a study that analyzes the interplay of language, literacy, and mathematics 

and contributes pedagogical and institutional possibilities for bolstering Latina/os’ 

mathematics achievement (Gándara & Contreras, 2009; Téllez, Moschkovich & Civil, 

2011). 

English Language Proficiency 

Analysis of the mathematics achievement of Latina/os (as measured by 

standardized test scores) must explicitly account for the interactive nature of 

linguistic and mathematical content. Research measuring the degree of influence of 

English language and literacy proficiencies on standardized tests of mathematical 

content is clear—mathematical achievement is mediated by both the literacy and 

language abilities of students (Wong-Fillmore, 2007; Boaler, 2008; Solano-Flores, 

2011). The American Educational Research Association, the American Psychological 

Association, and the National Council of Measurement and Evaluation all qualify 

standardized tests as simultaneous measurements of students’ content knowledge and 

language proficiencies (AERA, APA & NCME, 2014).  
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Although standardized mathematics tests are constructed to measure students’ 

mathematical proficiency, the variability of how language proficiencies mediate test 

construction also requires consideration. Whereas some mathematics tests are 

intentionally structured with reduced language loads, others require reading complex 

text and writing long answers (Koretz, 2008). Wong-Fillmore (2007) analyzes the 

California High School Exit Exam (CAHSEE) statement, “In probability, an event is 

a particular happening that may or may not occur” and finds that comprehension of 

the item stem requires students’ proficiency in specialized meanings, conditional 

statements, and relative clauses (p. 339). Further, the language load of some tests is 

contextually inaccessible to all students. For instance, in the following SAT-9 

statement, “A cable crew had 120 feet of cable left on a 1000-foot spool after wiring 

4 identical new homes,” the words “cable crew,” “spool” as well as the practice of 

“wiring…homes” are all likely to be confusing to students without familiarity of 

electricians’ practices (Boaler, 2008, p. 90). Thus, a simultaneous proficiency of 

mathematics and language (e.g., unfamiliar vocabulary, grammatical and contextual 

knowledge) is required to answer items correctly on standardized mathematics tests 

such as the CAHSEE and the SAT-9. 

Since mathematics tests in U.S. schools are primarily constructed and 

administered principally in English (Gutierrez, 2007; Moschkovich, 1999), the 

heterogeneity of Latina/o students’ English-language proficiency (ELP) must be 

considered (Téllez, 2010). In other words, how standardized tests measure both 

mathematics content mastery and the ELP of students learning the English language 
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is an important educational issue (Martiniello, 2008). While ELP is inclusive of 

linguistic knowledge and practices associated with the discipline of language arts, 

variance exists across educators’ definition of ELP, and importantly, how ELP is 

measured. Generally, ELP is often exclusively associated with students whose native 

language is not English and used to describe the stratified levels of students’ 

speaking, reading, writing, and understanding of the English language (American 

Council on Teaching of Foreign Languages, 2012).  

The U.S. Department of Education defines students who have “not yet attained 

proficiency in the English language” as both English Language Learners (ELLs) and 

people “for whom English is a second language” (NCES, 2011, p. 351). Current 

federal designation of ELLs is not associated with measurable objectives for defining 

what attaining proficiency looks like in U.S. schools. In other words, for Latina/os, 

whether English is their only, first, second, third or fourth language; whether or not 

students were born in the U.S.; and whether students’ schools are situated in 

environments where languages other than English are dominant are all important 

factors that influence students’ speaking, reading, writing, and understanding of the 

English language (Gándara & Orfield, 2010; Gifford & Valdés, 2006; Olsen, 2010).  

The consideration of such complexities requires the use of a term broader than 

the federal definition of ELLs; language minority (LM) is one possibility. In certain 

classrooms, schools, and states, students whose primary or home language is not 

English and who may or may not be English-proficient sometimes comprise a 

numerical majority; however, one affordance of the LM term is its explicit connection 



 

 32

between English-language background and a sociopolitical stance of social justice 

and transformation (Bunch, 2003; 2013; Kanno & Harklau, 2012; Gutíerrez, 2010). 

Additionally, the term situates LM status as separate from other minority designations 

(e.g., SES, race-ethnicity). In other words, LM is a term that considers the nuanced 

complexities of students’ primary or home language backgrounds as well as socio-

politically-informed definitions of English-language proficiency and variability in 

construction of measures to determine proficiency. Thus, the term LM explicitly 

accounts for sociopolitical realities, such as likelihood to live in poverty, attend 

underperforming schools, and underperform on standardized tests, relative to non-

LMs (Abedi & Gándara, 2006; Mosqueda & Maldonado, 2013b).  

Academic Language and Literacy  

In addition to ELP, measures of language and content on standardized tests are 

mediated by academic language. Academic language can be understood as schools’ 

linguistic expectations of students to learn, speak, read and write about academic 

subjects such as mathematics across three central points of interest: discourses, 

registers, and genres (Valdés, Bunch, Snow, Lee, & Matos, 2005; Schleppegrell, 

2004). Discipline-specific registers can further refine academic language. Described 

as words, expressions, and meanings that differ from those of everyday language, 

(Secada, 1992, 1996; Cuevas, 1984; Mestre, 1988), the mathematics register is the 

discipline-specific language and literacy norms of content teaching and learning 

(Valdés, Bunch, Snow, Lee, & Matos, 2005) that have been identified as different 

from everyday English (Cuevas, 1984; Garrison & Mora, 1999; Gutierrez, 2002; 
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Khisty, 1995, 1997). With significant variations dependent upon analytical contexts 

and purposes, academic discourse, register, and genre can be understood as distinctive 

and synergistic categories of academic language. 

In academic discourse, two principal features are communal negotiations of 

multiple, situated, meanings for the same utterances and the accounting of particular 

foci for participants’ unique perspectives (Moschkovich, 2007). Academic discourse 

can be refined into academic registers. Comprised of words and expressions that 

differ from those of everyday language (Secada, 1996), academic register can be 

understood as “the lexical and grammatical configurations for resources which realize 

a particular set of meanings” (Schleppegrell, 2004, pp. 45-6). However, the definition 

of academic register is still under negotiation (Halliday, 1975; Biber, Conrad, 

Reppen, Byrd & Helt, 2002; Kinneavy, 1971). Nonetheless, it is helpful to think of 

academic register as a series of linguistic resources that promote the production of 

meaning in school contexts—or a constellation of language features, such as words, 

symbols, and forms, that are used with particularly unique and intentionally 

specialized purposes.  

Some of the features of academic register include: attention to grammatically 

appropriate usage of field, mode, and tenor; variability in lexical choice; realization of 

textual-logical relationships; and proficiency in cohesive, thematic, structuring of 

clause-combination, nominalization, and grammatical metaphor (Schleppegrell, 

2004). Additionally, students’ academic register proficiency can be considered in 

concert with the composition of academic genres, which comprise varying writing 



 

 34

tasks across personal, factual, and analytic texts and include: recounts, narratives, 

procedures, reports, accounts, explanations, and expositions (Martin, 1989). Informed 

by communal negotiations of mathematical meanings, language expectations of 

students’ learning, speaking, reading and writing about academic subjects such as 

mathematics (Valdés, Bunch, Snow, Lee, & Matos, 2005) and the distinction of value 

across reading and writing tasks, standardized mathematics tests are a discipline-

specific enactment of academic language. 

Across discourse, register, and genre, academic language intersects with 

academic literacy. Despite decades of research on school-based reading and writing 

purposes, processes and products, a standardized definition of the repertoire of 

knowledge and repository of skills that comprise academic literacy remains under 

debate. Whereas some researchers regard academic language and literacy as linguistic 

proficiency in cognitively-demanding situations, as measured by reading and writing 

tasks in relation to decontextualized texts, others regard the construct as proficiency 

in the recognition and utilization of linguistic features of discipline-specific registers 

(Cummins, 2000; Martin, 2002). Moreover, other research construes academic 

literacy as the linguistic proficiencies required in discipline-specific practices of 

intellectual traditions, such as professional and higher education reading and writing 

tasks (Freedman & Medway, 1994). While the aforementioned characterizations of 

academic literacy are useful, research that analyzes the interplay of language and 

content in secondary school’s standardized tests requires a definition of academic 

literacy that highlights the importance of both linguistic features as well as 
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disciplinary content, and explicitly accounts for the adolescent-appropriate ways of 

understanding and using language in schools (Bunch, 2003). In other words, as genre, 

academic literacy may be better suited for analyses of collegiate contexts, and as 

register, academic literacy may underemphasize what students “are actually 

accomplishing academically” (Bunch, 2003, p. 12). Further, research has countered 

that listening and speaking tasks are cognitively-demanding and contested the claim 

that language can be considered devoid of context (Bartolomé, 1998).  

Additionally, other conceptualizations of academic literacy are general to the  

point where their utility for analyzing standardized tests is limited. For example, 

WIDA, a consortium dedicated to academic language instruction and assessment, 

defines academic literacy as “the ability to make use of diverse resources to negotiate 

meaning in ways that accomplish the students’ purpose in communicating in 

academic settings and are valued within a 21st century community” (WIDA & 

WestEd, 2012). Conversely, other definitions of the construct are highly specified. 

Short & Fitzimmons (2007) define academic literacy as reading, writing, and oral 

discourse for school, varying from subject to subject; requiring knowledge of multiple 

genres of text as well as purposes for text use; and influenced by students’ literacies 

in non-scholastic contexts as well as by students’ personal, social, and cultural 

experiences. Thus, a consensus definition of academic literacy remains under 

development. In this study, the following conceptualization of academic literacy 

seems appropriate: tasks “well suited to students’ achieving their purposes in reading 

and writing about [a] specific topic for [a specific] audience” (Gebhard & Willett, 
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2008, p. 43). Such articulation of academic literacy centers students’ language, 

literacy and mathematics proficiency in relation to a specific task, a standardized 

mathematics test. 

While negotiating different conceptualizations of academic literacy is  

informative to understanding Latina/os’ achievement on mathematics tests, how LMs 

develop academic literacy must also be explicitly considered. For instance, previous 

research has found that LMs who are more proficient readers, as measured by 

separate reading tests, perform better on questions with high language demands 

(Abedi, 2001). High language demands are evident when test items are embedded 

with decontextualized multiple-meaning words, figurative language, metaphors, 

clichés, and idioms, all requiring that students negotiate language prior to 

demonstrating their content knowledge (Martiniello, 2008). Further, research has 

identified specific pedagogical strategies, such as the delayed use of pronouns, 

sentence structure amplification, and the disassociation of teaching unfamiliar 

concepts with unfamiliar vocabulary as linguistically attentive practices for preparing 

LMs for the language and literacy demands of the mathematics discipline (Enright, 

2009; Torgesen et al., 2007). Thus, linguistic proficiency mediates access to 

mathematical content for all students, but in specific ways for LM students.  

Given the relationship between academic literacy and mathematics achievement,  

it is important to consider the variability of Latina/os’ academic literacy. Reading 

achievement scores, when disassociated from measures of writing proficiency, do not 

completely capture students’ extensive range of academic literacy (Gebhard & Willet, 
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2008). Thus, students may exemplify grade-level mastery of reading while 

simultaneously demonstrating low-levels of writing proficiency. Conversely, students 

may be deemed proficient in writing without mastering reading conventions (e.g., 

unfamiliar vocabulary and grammatical knowledge). Such varying levels of reading 

and writing proficiencies, in concert with measures of ELP, must be explicitly 

accounted for when analyzing the relationship between Latina/os’ academic literacy 

and mathematics achievement on standardized tests.  

Further, Latina/os’ varying levels of reading and writing proficiencies must be  

considered simultaneously to students’ listening and speaking proficiencies. Listening 

and speaking enactments of academic language capture a degree of students’ access 

to discursive and interactional instructional practices (Stoddart et al., 2012). In other 

words, teachers of LMs may purposefully engage students in listening and speaking 

practices that influence reading and writing proficiencies on standardized tests. For 

example, when teachers provide substantive instructional attention to the usage of 

academic vocabulary with scaffolding supports, such as glossaries and word walls, as 

well as promote students’ use of such language in writing, listening, and speaking, 

and provide evaluative feedback on usage, such instruction contributes to a linguistic 

alignment between discursive classroom practices, literacy enactments, and language 

demands on standardized tests. Thus, current research intends to clarify the 

relationship between reading, writing, listening and speaking across oral and written 

as well as receptive and productive categorizations (Bunch, 2013; NGACBP & 

CCSSO, 2012). 
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While written and oral, as well as productive and receptive, classifications are  

useful, the reciprocal relationship between linguistic proficiencies is understated. To 

highlight the synergistic interplay between receptive and productive academic 

literacy, one promising categorization possibility is the distinction between 

proficiency and performance. Defined as the combined effect of interpretive, 

interpersonal, and presentational modes of communication, a linguistic performance 

captures a specific measure of students’ reading, writing, as well as listening and 

speaking proficiencies (ACTFL, 2012). In other words, teachers of LMs that promote 

linguistic performances may practice pedagogical strategies that privilege discussions 

as well as foster specific forms of publically available reasoning as normative 

classroom practices. For example, teachers may monitor their wait time when posing 

questions, may develop explicit consideration to LMs’ “linguistic blindspots,” such as 

metaphors, similes and analogies as well as provide multiple participation structures 

that promote the equitable inclusion of LMs’ learning (e.g., think-pair-share, 

articulation of agreement) (Stoddart et al., 2012). Undoubtedly, pedagogical access to 

such performance practices influence measures of students’ reading and writing 

proficiency; however, while influential, the degree to which performance mediates 

reading and writing proficiency remains underexplored. Thus, measures of speaking 

proficiency are necessary but insufficient descriptors of linguistic performance. In 

other words, speaking and listening performance measures require a combined 

consideration with reading and writing proficiencies, which collectively influence 

performance on standardized tests. Therefore, assessments aligned to measure 
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students’ proficiencies in Common Core State Standards will include performance 

tasks that measure students’ listening and speaking competencies. 

Although academic literacy remains a contested construct that goes beyond a  

repository of reading and writing skills, most scholastic definitions of academic 

literacy integrate measures of reading and writing proficiency, albeit to varying 

degree. Further, research is conclusive: proficiencies in reading and writing are 

synergistic with listening and speaking performances. However, more research efforts 

are required to discern if listening and speaking competence—as well as 

performance—influence academic literacy proficiency differentially and if language 

synergy is best defined as a sequential or simultaneous relationship of literacy and 

performance. Regardless of the variance in conceptualizations, the importance of 

understanding the influence of academic literacy on measures of mathematics 

achievement cannot be understated. The larger construct of mathematical literacy 

used in this study, as opposed to the more specific constructs of discourse, register 

and genre, is derived from the nature of the types of questions asked in the teacher 

questionnaire. This study’s mathematical literacy measure considers teachers’ 

curricular emphases on: ideas, conceptual knowledge, problem-solving and reasoning 

(National Council of Teachers of Mathematics, 2000) and logical structures, historical 

nature and explanation (Martin, 1989). 

Teachers’ Language Orientations 

In addition to ELP and academic language and literacy, Latina/os’ varying levels  
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of the disciplinary language of mathematics play an important role in answering items 

correctly on standardized tests, specifically because of the language complexity of 

secondary school mathematics content (August & Hakuta, 1997; Khisty, 1995). As a 

complex register of words, expressions, and meanings (Secada, 1996), the 

disciplinary language of mathematics has been construed as a language that 

appropriates everyday English words and phrases (Garrison & Mora, 1999; Gutiérrez, 

2002) and has a multiplicity of purposes. For example, the word average is 

appropriated in mathematics as mean, distinctive from both median and mode; 

however, such appropriation is embedded in specific ways of teaching and learning. 

In other words, the disciplinary language of mathematics is a series of subject-

specific vocabulary and phrases, used in specific ways and contexts, and for specific 

purposes. For instance, patterns of discourse in mathematics include explanation and 

justification practices for reasoning purposes, the formulation of problems and use of 

solving strategies for application purposes, and the centering of concept 

comprehension for understanding purposes (NGACBP & CCSS, 2010).  

Additionally, the multiple purposes of the mathematics register (e.g.,  

understanding, application, reasoning) are comprised of specific functions and forms. 

Solano-Flores (2011) advances process, system, structure, and factor as productive 

orientations to “investigate language and its relation to mathematics…to attain more 

valid and fair mathematics testing practices” (p. 114). As an overview, process and 

system orientations emphasize the functional role of language influence on 

mathematics communication and knowledge development whereas structure and 



 

 41

factor orientations emphasize the formal role of linguistic patterns in mathematical 

problems. Thus, analyses of the effect of disciplinary language of mathematics on 

standardized tests must also consider teachers’ language orientations, which beyond 

preference for formal or functional roles of language, influence how teachers rate 

students’ writing ability and conceptual understanding.  

In addition to reading and writing practices, teachers’ preferred language  

orientations are also pedagogically influential in the structuring of students’ listening 

and speaking experiences. In mathematics, proficiency and performance includes 

identifying, describing, and comparing measurable attributes, representing and 

interpreting data as well as generating and analyzing patterns (NGABCP & CCSS, 

2010). Further, dependent upon purpose (e.g., reasoning, application, understanding), 

teachers’ preferred language orientation influences the interrelated enactments of 

language and mathematics in classrooms. For instance, while mathematical reasoning 

can be evidenced through writing, it may also be evidenced via other modes of 

communication, such as discussion. One such dialogic practice is mathematical talk, a 

specific pedagogical attention to discursive and interactional instructional practices 

for the development of interdependent reasoning, understanding, applying, and 

computing proficiencies (Sólis, Bravo & Stoddart, In Progress). Thus, mathematical 

practices such as conjectures, explanations, and the construction of arguments 

exemplify that beyond ELP and academic literacy, the disciplinary language of 

mathematics is enacted as particular reading and writing practices as well as specific 

listening and speaking participation structures. Thus, not only must students 
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exemplify linguistic proficiency across three strata: ELP, academic language and 

literacy, and the mathematics register, they must also be provided access to the 

provision of pedagogical supports that promote an alignment of teachers’ language 

orientations with testing expectations. 

Aligned with previous works that have identified specific curricular pathways that 

are associated with Latina/os’ achievement on mathematics tests (Mosqueda, 2010; 

Mosqueda & Maldonado, 2013), this review exemplifies several factors that have 

been associated with Latina/os’ mathematics achievement: (1) ELP, (2) academic 

language and literacy and (3) teacher preparation. Developing constructs that 

integrate access, achievement, identity and power factors provides comprehensive 

sociopolitical measures of aggregate Latina/os’ mathematics achievement. 

Latina/o LMs 

Although teachers can communicate thoughts and concepts to students without  

using language,4 (e.g., images, gestures), language is the primary tool for learning 

(Vygotsky, 1986), particularly in schools (Téllez, 2010). In the U.S., English is the 

primary language of communication in scholastic contexts; however, the realities of 

teachers’ and students’ diverse language background experiences contribute to 

continuous negotiations of content teaching and learning. This study reviewed 

language acquisition and bilingualism research to explore the relationship between 

                                                        
4 Multiple labels and meanings exist for language, providing an extensive clarification of language 

classifications (e.g., families, creoles, pidgins, deaf/sign, isolates, mixed, unclassified, artificial) is 
beyond the scope of this synthesis. 
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teachers’ literacy practices and students’ simultaneous mathematical achievement and 

English-language development. 

Most LMs are Spanish-speakers, and LMs comprise a significant portion of the 

Latina/o student population, but it cannot be assumed that most Latina/os are LMs 

(Passel & Cohn, 2008). That stated, a sizeable student population of Latina/os, whom 

are simultaneously LMs, does exist in U.S. secondary schools. Although 

communication between groups of individuals, material resources, and 

representational resources can occur without language—for instance, the employment 

of images and gestures—language is the primary tool for learning about the world 

(Téllez, 2010) and has been labeled by Vygotsky as “the tool of tools.” The 

interactive system of learning is practically dependent upon the “limitless flow of 

language to negotiate our roles, test the limits of each other’s power, and express love 

and affection” (Tellez, 2010, p. 100). In sum, language is interactional. Halliday 

(1993) suggests three distinctive categories to describe the relationship between 

language and learning: (1) language learning, (2) learning through language and (3) 

learning about language. Halliday also offers a useful taxonomy of language 

functions: instrumental, for the work of life; regulatory, for social control; 

interactional, for establishing social relationships; personal, for creating “self-texts;” 

imaginative, for expressing and fantasizing; heuristic, for learning about the world; 

and informative, for conveying information.   

In the context of schooling, when teachers and students don’t share a language,  
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an important instructional tool is lost. In the U.S., a national official language is not in 

existence; nevertheless, English is the primary language used for legislative and all 

other official pronouncements, such as education policies and practices. Yet, not 

every student in U.S. public schools is deemed “fluent” in the English language. 

States, school districts, and classrooms employ categorical indicators for the English-

language proficiency of students, often presented as a linear trajectory, from Limited 

English Proficient (LEP) to Reclassified-Fluent English Proficient (R-FEP).  Amidst 

the current educational climate of standardization, states may regulate initial 

identification of LM students, however, many school districts have local control in 

terms of reclassifying LEP students into R-FEP students, which leads to extreme 

variability in how classroom, school, and district structures negotiate students’ 

diverse language backgrounds and educational experiences. 

School contexts have a specialized culture that has “been shaped by forces so 

powerful and so historical that we have no idea where they came from, but we 

nevertheless abide by them” (Tellez, 2010, 21). For instance, consider the wide array 

of instructional curricula, policy mandates, familial and community members’ 

expectations of students, students’ self-perceptions, and a myriad of student 

achievement measures such as grade point averages and standardized test scores. 

School cultures sometimes obscure the home and community cultures of LM students 

in a way that “allows the dominant culture to continue to hold power” (Tellez, 2010, 

48).  In other words, schooling contexts may sometimes serve as social and cultural 

assimilation mechanisms that urge students to lose their home and community 
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cultural affiliations. In school contexts, cultural socialization is evident in language 

practices. Although objects, events, and processes can be represented/communicated 

using complex gestures, the derivatives of language—reading, writing, listening, and 

speaking are the cornerstone of the most valued form of symbolic interaction in 

schools. Understanding the processes and complexities of students’ simultaneous 

English-language development and development of language and literacy in 

mathematics classrooms is an undertaking that may amplify how teachers’ literacy 

practices may accelerate the acquisition of English as well as mathematics language 

and literacy of Latina/o LMs. 

Language Proficiency in Mathematics 

Proficiency in the English language is a critical factor in LMs’ mathematics  

achievement (August & Hakuta, 1997; Cuevas, 1984; Flores, 1997; Khisty, 1995). 

For Latina/o LMs, several studies advance Spanish-language instructional support as 

beneficial to mathematical achievement; primarily due to the fact that local, state, and 

national standardized assessments in mathematics are primarily administered in 

English (Gutierrez, 2002, 2007; Celedon-Pattichis, 2004; Lucas, Donato, & Henze, 

1990; Hafner & Dentler, 1997; Moschkovich, 1999a, 1999b). On standardized tests, 

LMs are simultaneously evaluated on their comprehension of abstract and complex 

mathematical concepts and their English-language proficiency, an assessment 

approach that raises uncertainties as to whether assessment measurements are more 

indicative of mathematical content knowledge or English-language reading 

conventions. 
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While English-language proficiency (ELP) plays an essential role in  

demonstrating mastery of secondary school mathematics on standardized tests, 

English-language acquisition may not be interpreted as sufficiently adequate 

preparation for mathematics achievement. Wong-Fillmore (2007) highlights the 

significance of the mathematics language register, stating students will “need help 

learning it or they will find language to be an insuperable barrier to learning” (p. 

337). Such research suggests that for LMs’ achievement on standardized mathematics 

tests, a highly developed mathematics language register is required.  Further, just as 

there are degrees of ELP, there is also an extensive range of both students’ academic 

language and mathematical register possibilities that influence achievement on 

standardized tests. 

Considering that performance on standardized tests in mathematics influence  

students’ LM-designation and curricular pathways (Mosqueda & Maldonado, 2013a), 

an instructional focus on mathematical language proficiency is paramount to fostering 

inclusive linguistic responsive practices and addressing inequitable access to rigorous 

mathematical content. Two important measures for determining mathematical 

language proficiency are, discipline-specific modes of talk and literacy—factors that 

have been identified as impacting achievement on standardized tests in mathematics. 

In mathematics, talk can be measured as the students’ linguistic opportunities offered 

to participate in communicative listening and speaking modes of mathematics while 

literacy can be considered the pedagogical development of authentic mathematical 

practices. 
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Language Acquisition 

Advanced degrees of proficiency in mathematical language are advantageous for  

students’ academic success. This study explores how educators may scaffold the 

interactive processes that develop students’ acquisition of both language and 

mathematics—accounting for students’ variations in academic and language 

experiences. Briefly, recognizing and responding to students’ diverse academic and 

language degrees of proficiency with differentiated instructional practices is 

paramount to fostering all students’ academic success, specifically in mathematics. 

To recognize students’ diverse language backgrounds it is imperative to be  

cognizant of the interplay between knowledge and language, one of multiple factors 

that have contributed to language acquisition literature. John Locke (1632-1704), the 

English philosopher and physician, advanced the theories of tabula rasa and 

associationism. For Locke, at birth, minds are blank slates that are determined by 

sensory experiences and the associations of ideas made by children are foundational 

in developing the self-identity (Locke, 1996). In the three centuries since Locke’s 

writings, theorists have viewed language (sounds, words, meaning, and constructions) 

as a mode of communication that is learned, or acquired; and importantly, each 

language’s limits and possibilities as uniquely-bounded by structural and functional 

ranges of linguistic features which encompass word-classes, word-order, clause-

combinations, and grammatical purposes (Clark, 2003). 

The fields of linguistics (i.e., language forms, meanings, and contexts),  
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psycholinguistics (i.e., psychological factors and language), and cognitive linguistics 

(i.e., language and concepts) have amplified the structural complexities of language. 

As a brief overview, research has examined the following structures of language: 

sound systems (Jusczyk, 1997; Vihman, 1996); vocabulary (Bloom, 2000; Clark, 

1993); phonology, morphology, and syntax (Chomsky, 1965; Brown, 1973); 

conventions (Lewis, 1969); analogies (Genter & Medina, 2008); rule-abstractions 

(Pinker, 1999); and schema-templates (Bybee & Slobin, 1982). Works that examine 

the structural components of language acquisition are often associated with 

cognitive/formalist perspectives. A cognitive/formalist perspective of language 

acquisition offers interesting possibilities for the investigation of mathematical 

language. For instance, future work may investigate: students’ acquisition of 

mathematical vocabulary and sentence mastery via speech stream analyses; meaning-

mapping product and process parameters in relation to constructions and coinages; 

and rates and stages of comprehension and production in academic registers and 

genres.  

Language forms, meanings, factors, and concepts are complex; a complexity that  

is evident when considering the social dimensions of linguistic constructions. 

Linguistic interactions are situated and dynamic in nature. Clark (2003) highlights 

how language constructions (e.g., utterances, conversations) are singular to each 

situation, embedded amidst particular representations; “What someone says depends 

critically on what someone else has just said and often can’t be interpreted without a 

whole sequence of contributions to the conversation” (p. 13). In other words, the 
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interpretations of language productions are dependent upon social contexts (e.g., 

gestures, events, referents). Thus, the cognitive/formalist perspective of language 

acquisition is inclusive of social properties. Although such perspective is informative 

for studying the mathematical language features of individuals, language acquisition 

literature is most appropriate for the examination of infants’ first-language 

acquisition. Works focused on LMs’ secondary school interactions with mathematics 

teachers should draw on second-language acquisition literature. 

Second-language acquisition (SLA) is a field with inherent distinctions from first 

language acquisition, and its literature is applicable to all subsequent language 

acquired. However, similarly to first-language acquisition, research is situated on a 

continuum of perspectives that range from cognitive/formalist to 

sociocultural/functionalist purposes of language. SLA cognitive/formalists have 

contributed conceptual and empirical findings of the nuanced processes of second-

language acquisition. As a brief overview, research has examined the following: 

universal grammar and grammatical competence (Chomsky, 1965, 1980, 1981; 

White, 2007); interlanguages and interlocution (Van Patten, 2003); comprehensible 

input (Krashen; 1983); comprehensible output (Swain, 1993, 2005; Medina, 2008); 

and input-output interaction (Gass, 1997; Gass & Mackey, 2007). An SLA 

cognitive/formalist perspective is a helpful framework to conduct comparative 

analyses of Latina/o LMs’ cross-linguistic use of Spanish-, English-, and 

mathematical (target) language via the examination of registers and transfer; 

document students’ approximations of mathematical language analyzing how 
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teachers’ feedback on linguistic errors during input, interaction, and output influences 

linguistic systems as measured by automatous memory processing; or a comparative 

analyses of dialectical/diglossic linguistic variation across racial-ethnic social groups 

(e.g., Spanish-dominant and Mixtec-dominant Latina/o LMs).  

Formalist SLA is greatly influenced by behaviorism and Stephen Krashen’s  

monitor theory (Van Patten & Williams, 2007). Generally, behaviorism’s operant-

conditioning frames SLA as a process centered on exposure to imitation and 

analogies. Similarly, the principal hypothesis of monitor theory advances naturalistic 

acquisition and explicit learning as non-interactive and suggests that educators should 

champion exposure to meaningful input and interaction. For Krashen (1983), 

meaningful input and interaction is framed as comprehensible. Another significant 

influence on formalist SLA is universal grammar (UG), a modular perspective that 

considers language acquisition beyond exposure to linguistic stimuli. UG frames SLA 

as an innate cognitive competence that is underdetermined by interlanguage input 

(White, 2007). This review considers behaviorism, monitor theory, and UG as 

inappropriate frameworks for SLA studies in secondary school contexts for the 

following reasons: (1) educators should never approach their work from a deficit 

perspective, student learning is not exclusive to imitation instructional practices; (2) 

Krashen’s measures of comprehensibility, i+1 and roughly-tuned input, are 

ambiguous classifications; (3) UG cannot discern the variability in range of parameter 

resetting, and (4) interlanguage constraints, or transfer persistence (White, 2007).   

Having delineated the boundaries and limitations of cognitive/formalist SLA  
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perspectives, it is essential to enumerate the principal sociocultural/functionalist SLA 

perspectives. Considering this review’s emphasis on secondary educational contexts, 

this work regards language acquisition as inter-dependent with language use, 

privileging the latter. Biyalstock (2001) captures distinctions between acquisition and 

use succinctly, stating, for formalists, “language is defined by its formal grammatical 

structure; for functionalists, who provide a compelling account of meanings, it is the 

communicative situation that defines language” (p. 50). In other words, functional 

language is social, collaborative and cooperative, and influenced by affect and locus 

of attention. Although mathematical language is traditionally considered a discipline-

specific register, and not a language per se, the use of a sociocultural/functional SLA 

theoretical perspective offers researchers a strategy to study teachers’ instructional 

practices, examining in detail the development of students’ mathematical language.  

In the field of SLA, sociocultural/functionalist perspectives are historically  

subsequent to cognitive/formalist perspectives (Atkinson, 2011). Generally, 

sociocultural/functionalist SLA can be classified as neo-Vygotskyan and 

encompassing of intersectionalities across linguistic, social, and cultural constructs; 

collectively, the amplification of sociocultural/functionalist perspectives to SLA has 

been characterized as “the social turn” (Block, 2003). Recent derivatives of “the 

social turn” have reconceptualized the relationship between sociocultural theory and 

SLA and have contributed the following perspectives to the literature landscape: 

sociocognition, ecologies, dialogia, conversations analysis, and complexity theory. 

Briefly, sociocognition frames SLA as a mind-body-world process (Atkinson, 2011); 
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ecologies frame SLA as the relationship between environmental properties and 

linguistic actions (Van Lier, 2000); dialogia frame SLA as the interactive dialogue 

between social and cognitive processes (Johnson, 2004); conversation analyses situate 

SLA as the act of sense-making talk (Kasper & Wagner, 2011); and complexity 

theory highlights change, variation, and adaptation to environment as central in its 

portrayal of SLA (Larsen-Freeman, 2011).   

Multilingual Identity 

Although the aforementioned sociocultural/functionalist SLA perspectives are 

compatible frameworks to the study of Latina/o LMs’ acquisition of language and 

mathematics, it is also important to review language identity, socialization, and 

mediation. Identity, socialization, and mediation SLA constructs are useful to frame 

instructional practices (e.g., curricular modifications, explicit and implicit feedback 

on errors, modes of assessment) in relation to LMs’ achievement. Lantolf (2011) 

defines language identity and socialization as processes of cultural arrangement, and 

language mediation as the interaction of self-regulating inter-psychological functions 

and concept-based instruction in specific relation to educational praxis.  

Language identity and socialization processes as well as language mediation 

interactions have been recognized as central dimensions of SLA (Heller, 2007; 

Valdés, 2011). SLA research focused on identity explores the relationship between 

individual language learners and social worlds (Norton & McKinney, 2011). In SLA, 

the term identity has been used “to reference how a person understands his or her 

relationship to the world, how that relationship is constructed across time and space, 
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and how the person understands possibilities for the future” (Norton, 2000, p. 5). 

Identity, in SLA literature, explicitly addresses the influence of power relations and 

accounts for socially-structured processes that mediate individuals’ opportunities to 

engage in language practices (e.g., speaking, reading, and writing). This perspective 

may inform how “marginalized learners can appropriate more desirable identities 

with respect to the target language community” and thereby redress “inequitable 

relations of power” (Norton & McKinney, 2011). Emphasizing the role of language 

identity in SLA literature is aligned with the interrelated dimensions of identity and 

power supported by critical mathematics (Gutíerrez, 2007) as well as the identity 

formation of immigrants (Lukose, 2007; Suarez-Orozco, 2001).  

When considering multilingual students, it is important to clarify that such 

designation cannot be considered in isolation from the effects of relations of power in 

academic contexts (Cummins, 2000). Identity in SLA literature offers insights 

regarding how multilingual students are identified as struggling academically as well 

those perceived to be struggling by peers and educators. For Latina/o LMs, language 

identity requires an explicit consideration of bilingualism literature. Bilingualism 

literature is an appropriate perspective when language acquisition (first or second) 

takes place in multilingual settings, such as the U.S. (Norton & McKinney, 2011). 

Typological definitions of bilingualism are vast and complex; however, one useful 

distinction is the classification of individual and societal bilingualism (Baetens 

Beardsmore, 1986).  
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Latina/o LMs’ language identities may be categorized as consecutive, successive, 

or simultaneous multilinguals (McLaughlin, 1984). Although research has identified 

multingual language development practices as influential to school achievement 

(Zentella, 1997; Valdés, 2003; Orellana, 2009), it is not currently commonplace for 

Latina/o LMs’ to maximize their range of language proficiencies in U.S. schools. 

Second language acquisition constructs of identity, when combined with multilingual 

designations, may prove beneficial for understanding linguistic processes that enable 

cultural-boundary crossings and allegiances of membership/belonging in school 

contexts (Edwards, 2004). 

Language acquisition and bilingualism literature show that the development of 

academic language and literacy is experienced differentially across students’ degrees 

of English-language background and provide important insights to the study of 

aggregate patterns of Latina/o LMs’ mathematics achievement. This review identified 

specific instructional practices associated with Latina/o LMs’ achievement that 

contribute informative perspectives for studies of Latina/o LMs’ mathematics 

achievement: (1) language functions, (2) language and literacy integration (3) and 

language identity, socialization and mediation. Combined, language functions, 

literacy integration and SLA constructs of identity, socialization and mediation may 

accelerate Latina/o LMs’ simultaneous English-language development and discipline-

specific language and literacy in mathematics by discovering relationships between 

oral assessments, classroom discourse, graphic organizers and Latina/o LMs’ 

achievement on standardized tests. 
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Common Core Mathematics 

Education policies and practices in U.S. schools are often influenced by 

summative assessment results. Providing “information about current status and 

progress of student achievement and quality of schooling,” summative assessment 

results often serve as the central catalyst for “reforming educational practices” 

(Miller, Linn, & Gronlund, 2009, p. 3). Since 1965, the Elementary and Secondary 

Act (ESEA) has established national summative assessment requirements to 

document “disparities in educational opportunities and in student performance” (p. 4). 

In 2001, ESEA was re-authorized as the No Child Left Behind Act (NCLB) and 

assessment requirements were enacted as high stakes accountability measures. For 

schools, high-stakes assessments determine economic rewards and sanctions (e.g., 

programmatic funding, teacher reassignment, school reconstitution). For students, 

high-stakes assessments determine curricular experiences (e.g., academic track 

placement, grade promotion, high school graduation) (Heubert & Hauser, 1999). 

Since NCLB, debates in support and against high-stakes assessments have been  

at the forefront of educational policy and practice. In 2009, the American Recovery 

and Reinvestment Act (ARRA) replaced NCLB with a $4.35 billion educational 

initiative known as the Race to the Top Fund (RTTT), a competitive grant program 

designed to reward states that are creating the conditions for education innovation and 

reform in the following areas: standards and assessments, data systems, educator 

retention, and achievement intervention (U. S. Department of Education, 2009). 

Given the interdependent relationship between assessments and standards in U.S. 
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schools, in an effort to minimize states’ variability in the development and 

implementation of educational standards, the National Governors Association Center 

for Best Practices and the Council of Chief State School Officers authored the 

Common Core State Standards in English/language arts and mathematics to meet 

RTTT expectations (NGACBP & CCSSO, 2010). Briefly, the Common Core State 

Standards are the national varieties of expertise that educators should seek to develop 

in their students. In mathematics, such common standards are classified as focused 

content, fewer standards and coherent practices (NGACBP & CCSSO, 2010, p. 4).5 

Nearly every state has adopted the Common Core State Standards (CCSS)  

curricula. 6 As states, districts, and schools implement the CCSS college- and career-

readiness curricula, it is important to prepare for the realities, and envision the 

possibilities of, mathematics teaching and learning. CCSS mathematics standards are 

developed from previous state-created content standards, and their central purpose is 

to clearly outline to the public (e.g., students, families, community members) what a 

“high-quality” mathematics education should entail. Also, “to improve mathematics 

achievement” CCSS mathematics integrate “research studies of mathematics 

education in high-performing countries” and delineates “more focused and coherent” 

standards (p. 3). Standards are defined as focused because they are “fewer” than 

previous state standards but do not compromise “clarity” or “specificity” and 

                                                        
5 CCSS provide important disclaimers, such as: “these standards do not mandate the sequence of high 
school course,” “some of the highest priority content for college and career readiness comes from 
Grades 6-8,” and most importantly, “the standards themselves do not dictate curriculum, pedagogy, or 
delivery of content” (p. 84) 
6 Texas, Alaska, Virginia, Nebraska, and Minnesota have not adopted common standards or 
assessments. South Carolina and Oklahoma have repealed their previous adoption.  
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regarded as coherent because attention to “sequence of topics and performances” of 

key ideas evolving from “particulars to deeper structures inherent in the discipline” is 

a guiding principle (p.4). Further, standards draw on research by proposing “a 

balanced combination of procedure and understanding” evident in each standard 

typically beginning with the word understand, the promotion of flexible, analogous 

problems, coherent representations and the justification of conclusions (p. 8).  

Descriptors such as focused and coherent are applicable to mathematics content;  

however, clear goals alone for student learning are insufficient to provide students 

with high-quality mathematics education. In addition to knowing what students 

should learn, it is equally important to define how teachers should deliver 

mathematics instruction. Processes identified by the National Council of Teacher of 

Mathematics (2000, 2003) and National Research Council (2001) are synthesized7 by 

CCSS and advanced as standards for mathematical practice. Briefly, the mathematical 

practice standards are: (1) sense-making and perseverance, (2) abstract quantitative 

reasoning, (3) argumentation and reasoning, (4) modeling, (5) resource selection, (6) 

communicative appropriateness, (7) structural awareness and (8) patterns of regularity 

(NGACBP & CCSSO, 2010, pp. 6-8). Combined, CCSS mathematical standards and 

practices are instructional changes that require reconsideration of access, 

achievement, identity and power in the mathematics discipline. 

                                                        
7 CCSS draw on several conceptual frameworks, notably: Existing state standards documents, 
Research summaries and briefs provided by working groups of researchers, National Research 
Council, National Council of Teachers of Mathematics, National Council on Education & the 
Disciplines, and Mathematics documents from the following countries: Canada, Belgium, China, 
Chinese Taipei, Denmark, England, Finland, Hong Kong, India, Ireland, Japan, Korea, New Zealand, 
and Singapore. 
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As CCSS standards are implemented throughout the U.S., mathematics teachers  

negotiate familiar curricular concerns while learning conceptual disciplinary shifts.  

How mathematics teachers understand and enact CCSS standards impacts all 

students, including Latina/os. Further, for teachers of Latina/o students learning  

English, the nuanced intersections of language, literacy and mathematics cannot be  

overlooked. Thus, mathematics teaching and learning in the policy and practice  

context of CCSS requires teachers’ proficiency in pedagogical content knowledge in  

mathematics as well as pedagogical language knowledge (Galguera, 2011; Bunch,  

2013). To accelerate learning opportunities for Latina/os’ development of language  

and literacy in/with mathematics, this review offers two constructs that may be  

useful for future studies: (1) mathematical literacy and (2) English-language  

competence.  

Mathematical Literacy 

Literacy in schools can be broadly defined as the knowledge and skills required  

to meet instructional demands. Literacy can encompass economic, socio-emotional 

and aesthetic domains (Shaker, 2001) as well as grammars of language, film, 

photography and gesture (Kist, 2004). Building on the theory of multiple intelligences 

(Gardner, 1993), some educators ascribe to the concept of multiple literacies. Briefly, 

multiple literacies refers to communicative events as inquiry, multimodal and 

conceptually diverse (Piazza, 1999). Each content-area discipline has unique stylistic 

components for questioning, specific preferences for articulating (dis)agreement and 

distinctive methods for demonstrating knowledge. Similarly, systematic processes of 
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idea generation as well as appropriate meaning-making representations are 

individualized across disciplines. For example, discourse in science may privilege: 

explanations, judgments, and inquiry whereas discourse in social studies may 

privilege: chronology, historical interpretation and juxtaposition (Stoddart, Bravo & 

Solis, 2013). 

In mathematics, the knowledge and skills required to meet the instructional  

demands of the discipline have been defined as numeracy, matheracy, mathematical 

literacy and proficiency. D’Ambrosio (1999) defines numeracy as the manipulation of 

numbers and operations and matheracy as the ability to infer, propose hypotheses and 

draw conclusions from data. D’Ambrosio’s distinction is important in the sense that 

the interpretation of graphs, tables and codes as well as modeling, problem-solving 

and project-based learning can be used solely to develop numeracy. Gutiérrez (2007) 

defines mathematical literacy as “the ability to apply knowledge in new domains; 

ability to make sense of data” (p. 40) and Kilpatrick, Swafford & Findell (2001) 

describe mathematical proficiency as five interrelated strands: (1) conceptual 

understanding, (2) procedural fluency, (3) adaptive reasoning, (4) strategic 

competence and (5) productive disposition. By exploring the relationship between 

CCSS standards for mathematical practice and literacy practices in mathematics 

teaching and learning, the purpose of this review is to index influential factors of 

effective mathematics teaching to conduct a study that analyzes whether high school 

Latina/os’ achievement is associated with access to specific mathematical literacy 

practices. 
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Authentic Literacy 

Learning the language of the mathematics discipline requires interdependent  

development of both content and process dimensions (Bullock, 1994). Shwartz & 

Kenney (1995) qualify numbers, measurements, shapes, spaces, functions, patterns, 

data and arrangements as content strands, or mathematical nouns or objects. In terms 

of mathematical verbs, Shwartz & Kenney (1995) describe modeling and formulating, 

transforming and manipulating, inferring and communicating as the predominant 

problem-solving and reasoning mathematical actions. As students learn the language 

of mathematics, they must use appropriate mathematical nouns and verbs, not solely 

read and write terms, definitions, procedures and properties. 

Reading in mathematics requires familiarity with conceptually dense prose,  

decoding of both numeric and non-numeric symbols and graphical interpretation as 

well as the ability to categorize distinctions between supportive prose, explanatory 

information and problem statements (Metsisto, 2005). To support students’ learning, 

mathematics teachers may modify reading strategies from other disciplines, such as 

strategic reading (Draper, 2002), the Frayer Model (Frayer, 1969) the Semantic 

Feature Analysis Grid (Baldwin, 1981) and guided reading (Allen, 2003). Similarly, 

writing in mathematics is discipline-specific and embedded in logical-mathematical 

intelligence, distinctive from linguistic intelligence (Gardner, 1993). In mathematics, 

writing communicates conceptual understanding of relationships rooted in the 

material world and provides an instructional opportunity for developing and 

evaluating computational development (Tuttle, 2005). While writing fictional and 
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historical narratives of mathematicians and math concepts would complement 

mathematics teaching and learning, it would be more appropriate to develop students’ 

proficiency in appropriate expository texts that justify strategies and explain answers, 

not solely solve an equation. To support students’ learning, mathematics teachers may 

modify writing strategies from other disciplines, such as response logs (Maloch, 

2002), word recordings (Lappan, 2002), and structured guides (Jubinville, 2002) to 

structure writing processes that document mathematical thinking (Fisher, 2002). 

Learning environments where teachers provide instruction with authentic  

literacy opportunities, encouragement and support procure dual benefits, students 

“communicate to learn mathematics, and [students] learn to communicate 

mathematically” (NCTM, 2000, p. 60). In a learning environment where mathematics 

communication is authentic, students and teachers use key math terms (e.g., add, 

length, place value, fraction, area, quotient, dividend, coordinate, variable) as well as 

process terms (e.g., measure, estimate, solve, convert, graph, evaluate, represent). 

Further, teachers provide substantive instructional attention to students’ development 

of both key and process terms (e.g., student glossaries, word walls, structured writing 

tasks, reading clarifications), check for student accuracy in use of terminology and 

promote students’ use of key words in productive (speaking, writing) language. 

The usage of mathematics terminology between students and teachers is necessary 

but insufficient for creating authentic mathematical environments. Equally important 

to appropriate terminology are the literacy tasks teachers use to develop students’ 

mathematical proficiency as well as the resources students are provided to engage in 
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literacy tasks. Authentic literacy tasks in mathematics include: identification, 

description and comparison of measureable attributes, interpretation and 

representation of data, and generation and analyses of patterns. Appropriate resources 

to engage in authentic mathematical literacy practices include objects, shapes, figures 

and graphs. In a learning environment where encouragement and support of authentic 

literacy practices is evident, students are provided with the necessary resources to 

conduct literacy tasks and teachers provide expectations of literacy tasks as well as 

explicit instruction about the use of appropriate resources and demonstrate how and 

why such resources are used by mathematicians, scientists, and engineers. Authentic 

literacy tasks address numerous CCSS mathematical practice standards, including 

abstract quantitative reasoning, argumentation, communicative appropriateness and 

resource selection (NGACBP & CCSSO, 2010, pp. 6-7).  

Discursive Literacy 

Mathematical teaching and learning are mediated through “discursive practices in 

which tools, images, diagrams, inscriptions, talk, the body, standards and disciplinary 

norms, and the social context of activity” (Gutiérrez, Sengupta-Irving & Dieckman, 

2010). Moschkovich (2007) suggests that “learning mathematics is a discursive 

activity that involves participating in a community of practice . . . using multiple 

material, linguistic and social resources” (p. 5).  Discourse in mathematics privileges 

both individual and interpersonal patterns of reasoning, application, and 

understanding. Reasoning includes both explanation and justification. In discourse 

where mathematical reasoning is being constructed, the expansion of ideas, use of 
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evidence, conjectures, symbolic references, assertions, position taking, proof and 

justification as well as question asking are apparent (Lampert, 1998).  

In advanced high school mathematics curricula, Ferrari (2004) found that 

interpersonal communicative competence was more important for reasoning than 

individual fluency in the mathematics register. Application includes devising 

strategies and formulating problems. Mathematical application is evident when 

students are interpreting, selecting and creating multiple representations, such as 

symbols, words, figures, graphs, tables and equations to formulate problem-solving 

strategies (Hiebert & Grouws, 2007). Understanding involves comprehension of 

concepts. In mathematical discourse, where understanding is privileged, students and 

teachers develop procedural computational fluency in concert with conceptual 

understanding. 

Classrooms where students and teachers participate in both individual and  

interpersonal discourse are learning environments where mathematical reasoning, 

application and understanding are evident via social activities, norms and talk 

practices. Effective mathematics teachers explicitly model and guide students to 

participate in disciplinary discourse and provide feedback on students’ reasoning, 

application and understanding. Discourse in mathematics may resemble language 

practices in other disciplines, but it is nuanced. For example, addition in mathematics 

may result in an increase, a decrease or no change at all, depending on the numbers 

being added (Hersh, 1997). Finally, instructional conversations are one characteristic 

of learning environments where mathematics discourse is important. Instructional 
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conversations are the extent to which teachers initiate discourse that requires student 

reasoning, application and understanding.  Teachers can assess instructional 

conversations using a variety of questioning practices. Effective mathematics teachers 

use mostly open-ended questions (conjectures, explanations, constructed arguments) 

to generate students’ talk on mathematics topics (e.g., geometry, algebra, statistics), 

instead of closed questions and repetitive or corrective statements. In discursive and 

interactional learning environments, mathematics teachers and students follow-up on 

each other’s discourse by revoicing, repeating, clarifying as well as eliciting and 

sustaining student-student talk and equitable participation norms.  

Applicable Literacy 

As a discipline, mathematics can be both vertical and horizontal. Treffers (1978)  

considers vertical mathematics as generalization formulas and horizontal mathematics 

as resources to represent, organize and solve real-world problems. Horizontal 

mathematics involve the movement from real-world situations to symbols and vertical 

mathematics operates in a hierarchical structure of symbols, structures and strategies 

(Freudenthal, 1991; Arcavi, 2002). CCSS mathematical practices can be fostered in 

horizontal mathematics. When mathematical literacy is applicable to students’ 

personal, home and community experiences, the potential for students’ disciplinary 

development is more likely (Civil, 2002). 

Teachers that elicit and use student expertise from personal, home or  

community understandings as well as communal and environmental understandings 

in mathematics teaching/learning activities foster contextualized sense-making and 
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problem-posing. Being able to apply both the vertical, decontextualized and abstract 

mathematics of the classroom as well as the horizontal, localized and relevant 

mathematics of community contexts (Martin, 2000) is complementary to discursive 

and interactional practices and authentic to mathematical literacy. In a learning 

environment when students and teachers are applying both horizontal and vertical 

mathematics: (1) teachers design instructional activities and/or practical applications 

that build on and include students’ home, community or other sociopolitical 

understandings or multicultural contributions of math, (2) teachers incorporate, 

contrast, and extend students’ personal-home-community ideas to mathematics 

concepts, (3) teachers design instructional activities that build on and include student’ 

local, physical, geographic and/or current events and (4) teachers incorporate, 

contrast and extend students’ contributions/questions related to real-world problems 

using mathematical symbols, concepts and procedures. 

English-language Competence 

English-language competence (ELC) in schools can be broadly defined as the 

listening, speaking, reading and writing knowledge and skills required to meet 

instructional demands. ELC in mathematics teaching and learning recognizes 

language and literacy development as a synergistic, not distinctive, process with 

learning in/with mathematics in schools and society. Acquisition literature offers 

guidance regarding how students map meanings onto words (Clark, 2003) and SLA 

contributes possibilities of naturalistic, instructed and combined instructional 

approaches (Doughty & Long, 2003) as well as demonstrates the significance of 
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acquisition time measurements (Valdés, Capitelli, & Alvarez, 2011). A 

sociocultural/functionalist perspective of ELC takes into account students’ longitudial 

meaning-making and language socialization instructional processes. To identify, 

monitor, report and respond to students’ language development, Biyalstock (2001) 

calls for making “language proficiency stand still long enough to be a meaningful 

measure of the knowledge and skills individuals have with language” (p. 13). A 

framework of specialized and metalinguistic ELC is required to accelerate learning 

opportunities for Latina/os LMs’ simultaneous English-language development as well 

as language and literacy in/with mathematics. 

Specialized Competence 

LMs require familiarity with specialized patterns of language use to learn and 

demonstrate mathematical reasoning, application and understanding (Lemke, 1988). 

To make mathematics content instruction comprehensible to LMs, Echevarria, Vogt 

& Short (2004) advance a teaching model of interrelated domains: (1) preparation, (2) 

background, (3) comprehensible input, (4) strategies, (5) interaction, (6) practice and 

(7) evaluation. In learning environments where teachers provide scaffolds for LMs’ 

comprehension of mathematics, content and language objectives guide teaching and 

learning (Echevarria & Graves, 2002; Short, 1999). While content objectives describe 

what students will learn, language objectives describe how students will demonstrate 

their learning through reading, listening, speaking and writing. Additionally, teachers 

using effective scaffolding techniques in their instructional practices pre-identify 

requisite knowledge required for students’ understanding and are prepared to modify 
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lessons with substantial background building (Vogt, 2000). Building students’ 

background knowledge involves specialized ways of teaching vocabulary, focused 

experiential experiences and the provision of resources for concept organization.  

Classrooms where teachers create learning conditions for LMs to access content  

instruction in English are complemented with specifically designed instructional 

activities (Echevarria, Vogt & Short, 2004). To enhance comprehension, specialized 

teaching for LMs may include paralinguistic cues, multisensory experiences and 

multiple representations. In a learning environment where teachers’ speech during 

instruction is responsive to LMs, educators are attentive to a range of practices that 

facilitate students’ content understanding, such as: appropriate wait time in 

conversational turn-taking, differentiated types of questions, enunciation, speed of 

speech, repetition and rephrasing as well as writing spoken objectives and instructions 

and clarification opportunities in students’ native language (Tolchinsky & Teberosky, 

1998). In addition to teachers’ speech during instruction being responsive to LMs’ 

diverse ELP, paralinguistic cues such as gestures and kinesthetic experiences are 

complementary effective language scaffolding techniques.  

Multi-sensory experiences include the instructional use of realia, manipulatives,  

visuals, multimedia learning resources and modeled demonstrations. Instructional 

activities that integrate realia, “real-life objects,” and manipulatives provide students 

with hands-on materials that may be connected to students’ lives and/or “organized, 

created, counted, classified, stacked, experimented with, observed, rearranged, 

dismantled” (Echevarria, Vogt & Short, 2004, p. 118). In addition to realia and 
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manipulatives, visual clues such as “transparencies, models, graphs, charts, timelines, 

maps, props and bulletin board displays” as well as word walls, semantic maps, venn 

diagrams and other graphic organizers are effective scaffolding teaching techniques 

for LMs’ content comprehension (Echevarria, Vogt & Short, 2004, p. 25). Specialized 

instruction for LMs also uses supplementary multimedia learning resources, such as 

videos, recordings, and websites to enhance content comprehension (Robertson, 

2006). Finally, modeled demonstrations are an important instructional practice in 

specialized learning environments for LMs. Demonstrations provide educators an 

opportunity to explicitly communicate instructional expectations and processes, such 

as defining task sequence and outcomes. 

Metalinguistic Competence 

LMs must negotiate three language dimensions as they simultaneously develop  

competences in English as well as mathematics: (1) language learning, (2) learning 

through language and (3) learning about language (Halliday, 1993). Language and 

literacy learning for LMs may measure features such as sentence structure, lexical 

diversity, verb variety and grammatical accuracy (Valdés, Capitelli & Alvarez, 2011). 

Learning through language and literacy may measure how LMs simultaneously 

develop competence in both English as well as discipline-specific content areas, such 

as mathematics (Wong-Fillmore, 2007). The learning about language and literacy 

dimension may measure students’ metalinguistic knowledge and skills (Cazden, 

1974; Cummins, 1978; Campbell & Sais, 2011). As LMs develop metalinguistic 

competence, they demonstrate conscientious understanding of the nature of language 
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and literacy and active control of language and literacy components. Conscientious 

understanding may be operationalized as knowledge of symbolic complexities, 

conceptual separation of words and referents. Active control may be operationalized 

as the objectification of language and literacy as manipulable structures. 

Learning about language and literacy includes being attentive to the inextricable  

complexities of metalinguistic structures. LMs develop metalinguistic competence by 

reading what they write, talking about what they read, listening to others talk about 

what they read and reflecting upon as well as writing about such interrelationships 

(Echevarria, Vogt & Short, 2004). In a classroom where instructional attention to 

LMs’ metalinguistic knowledge and skills is provided, teachers promote LMs’ 

learning about language and literacy through a range of practices, such as cognizance 

of language load demands in tasks as well as competence in differentiating learning 

tasks across LMs’ degrees of ELP. In learning environments where language load 

differentiation is evident, educators may foster learning about language and literacy 

by anticipating and scaffolding LMs’ possible comprehension challenges, such as: 

distinctions between literal and implied meanings of figurative language, idiomatic 

phrases, words with multiple meanings, nominalizations, superlatives as well as inter-

language and dialectical nuances. For example, teachers may use strategies such as 

textual adaptations, leveled graphic organizers, marginal notes, rephrasing and 

analogies. To foster LMs’ metalinguistic development, responsive educators 

complement differentiated tasks with providing students with development 
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opportunities for learning about language and literacy via explicit modeling and 

feedback cycles.  
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Chapter Three: Aligning Assessment and Classroom Opportunities to Learn 

 

The interdependent relationship between assessment and literacy is complex  

and how such relationship mediates measures of content-area achievement is 

important (Appendix 1). This study assumes that language and assessment are 

inextricable, for any assessment “that employs language is, in part, a measure of 

language skills” (AERA, APA, & NCME, 1999, p. 91).  Amidst the present 

accountability climate in education, assessment results significantly influence 

schooling policies and practices in the United States. The influence of assessment 

results is evident in current national standardizing initiatives of college- and career-

readiness curricula and assessments (NGACBP & CCSSO, 2010; PARCC, 2011; 

SBAC, 2011). Standardizing national assessments requires attention to students’ 

language and literacy competencies, particularly for Latina/o language minority (LM) 

students.  

From 2001 to 2011, the number of Latina/os enrolled in PK-12 public schools  

increased from 8.2 to 11.8 million students, a shift from 17 to 24 percent of all U.S. 

students (Kena et al., 2014). Latina/os’ language and literacy competencies are not 

homogenous and language minority (LM) students, those classified as developing 

English-language proficiency, is an important subpopulation. In 2011-12, an 

estimated 4.4 million students (9.1%) in U.S. schools were classified as LMs (Kena et 

al, 2014). Although more than 450 of the world’s languages are represented in U.S. 

schools, nearly 80% of all LMs speak Spanish at home, and the predominant number 
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of Spanish-speakers are of Mexican heritage (Téllez, 2010). Using a conservative 

formula8, LMs comprise 3.3 million (28%) of all Latina/o PK-12 students. On 

standardized mathematics assessments, such as the National Assessment of Education 

Progress, Latina/o LMs have consistently scored lower than non-LM Latina/os 

(Abedi, 2004; Flores, 2007). Since Latina/o LMs are the lowest-scoring students on 

national assessments of mathematics (Mosqueda, Maldonado, Capraro & Capraro, 

Under Review), understanding how content-area achievement measures are impacted 

by English language and literacy competencies is a relevant issue (Abedi & Dietel, 

2004; Martiniello, 2008).   

Currently, standardized assessments are primarily used as summative  

evaluations of students’ learning. While summative evaluations of students’ learning 

(as opposed to evaluations for students’ learning) are useful markers for measuring 

academic achievement, most assessments rarely take into account students’ individual 

characteristics, such as degree of English-language proficiency (ELP) or access to 

opportunities to learn (OTL). In other words, standardized assessments provide 

content-area achievement outputs without fully considering inputs of student 

characteristics and experiences. This narrative offers insights and suggestions as to 

how the relationship between assessment and literacy may inform instructional 

practices in mathematics by: situating assessment in the landscape of contemporary 

policy and practice, reviewing technical components used to qualify assessment 

quality, and presenting promising assessment pathways, particularly for LMs. 

                                                        
8 75% of 4.4 million = 3.3 million; 3.3 million / 11.8 million = 0.279661017 
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PARCC & SBAC Assessments 

Assessment cannot be disassociated from contemporary education policy and 

practice. While classifying assessment as indicative of learning or indicative for 

learning is a useful demarcation (Gardner, 2006), this narrative is centered on 

assessment currently deemed most appealing to policymakers—summative indicators 

of learning. Although the purpose of this passage is to situate assessment on the 

contemporary national landscape of Smarter Balanced Assessment Consortium 

(SBAC) and Partnership for Assessment of Readiness for College and Careers 

(PARCC), previous relationships between assessment, policy, and practice are 

important considerations. 

Since 1965, assessments of learning have served the dual role of barometer, 

providing “information about current status and progress of student achievement and 

quality of schooling” as well as lever mechanism for “reforming educational 

practices” (Miller, Linn, & Gronlund, 2009, p. 3). To situate assessment on the 

current national landscape of SBAC & PARCC, it is essential to outline the policy 

trajectory that has significantly influenced contemporary assessment design, delivery, 

and decision-making (Shaw, 2005). Briefly, in response to the “disparities in 

educational opportunities and in student performance…the Elementary and 

Secondary Act (ESEA) of 1965 put in place the largest and most enduring” national 

assessment requirements (p. 4). Therefore, ESEA institutionalized the use of 

assessment results as markers of achievement disparities and simultaneous measures 

for determining national economic assistance allocations. In 2001, the ESEA was re-
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authorized as the No Child Left Behind Act (NCLB). NCLB legislated assessment 

requirements as accountability measures for all public schools and attached high-

stakes to assessment results. For schools, high-stakes assessment determines 

economic rewards and sanctions (e.g., programmatic funding, teacher reassignment, 

school reconstitution). For students, high-stakes assessment determines curricular 

experiences (e.g., academic track placement, grade promotion, high school 

graduation). 

Historically, high-stakes assessment is designed as economically efficient modes 

for evaluating student learning, identifying underachieving groups, and allocating 

incentives and penalties. Critics of high-stakes assessment argue that such modes of 

evaluation do not provide meaningful evidence of student learning, exacerbate 

achievement disparities, and create, at best, only temporary compliance. Kohn (2000) 

articulates the following consequential features of high-stakes assessment: (1) 

educators become defensive and competitive, (2) cheating is fostered, (3) student-

teacher divisiveness, (4) and narrowing of curricula.  

Since NCLB, debates in support and against high-stakes assessment have been at 

the forefront of policy and practice. In 2009, the American Recovery and 

Reinvestment Act (ARRA) replaced NCLB with a $4.35 billion initiative named the 

Race to the Top Fund (RTTT), a competitive grant program designed to “reward 

states that are creating the conditions for education innovation and reform” in the 

following areas: standards and assessments, data systems, educator retention, and 

achievement intervention (U. S. Department of Education, 2009). Specifically, RTTT 
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economically supports States that develop and implement common, high-quality 

assessment, including “formative and interim assessments” that translate “information 

from assessments into classroom practice for all students” (p. 9). RTTT expects 

common, high-quality assessments to, at minimum, measure:  

The subject areas of reading/language arts and mathematics…provide  
information for each student annually in grades 3 through 8, and provide  
information at the high school level about each student’s college and/or career  
readiness…need not be limited to a single end-of-year assessment but could  
include multiple summative components administered at different points  
during the school year. 
 

To develop and implement common assessments, as outlined by RTTT, two 

assessment consortia have been created, SBAC and PARCC. Key assessment features 

of SBAC include: variability in items (e.g., multiple-choice, constructed response, 

performance tasks) interim (i.e., formative) assessments, and computer-adaptive 

summative measures for grades 3-8 and 11. The PARCC assessment system is 

comprised of the following: two summative and required end-of-year evaluations, 

two non-summative and optional first-half of the year evaluations, and one non-

summative component to assess students’ speaking and listening skills. Situating the 

role of assessment in policy (i.e., ESEA, NCLB, RTTT) and delineating the features 

of SBAC and PARCC consortia contributes important insights for assessment design, 

delivery, and decision-making. Although common assessments are structured as 

summative indicators of learning, shifts in policy require that most of the nation’s 

students participate in formative (non-summative) assessment experiences. Whether 

or not such formative (non-summative) measures transcend from assessments of 
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learning into assessments for learning and/or assessments for equity remains an 

important policy and practice issue to follow (Shaw, 2005). 

Qualifying Assessment Quality 

The U. S. Department of Education, 2009 identifies high-quality assessment as 

aligned with “internationally benchmarked K-12 standards that build toward college 

and career readiness by the time of high school graduation” (U. S. Department of 

Education, 2009). Currently, the Common Core State Standards (CCSS) are the 

national varieties of expertise that educators should seek to develop in their students. 

In mathematics, such common standards are classified as focused content, fewer 

standards without compromising clarity or specificity, and coherent practices, 

attentive to “sequence of topics and performances” (NGACBP & CCSSO, 2010, p. 

4).  

Assessment and standards are mutually bounded and alignment between curricula 

and assessment is important. To qualify the quality of assessments as evaluation tools 

an amplified criteria integrating technical measures such as reliability, validity, bias, 

and fairness are required. Generally; reliability refers to consistency; validity refers to 

truthfulness; bias refers to differential intergroup variance on performance; and 

fairness refers to the values and judgments associated with performance (Salkind, 

2006). Reliability and validity function in concert, but in sequential fashion. In other 

words, reliability is antecedent to validity; an assessment must first be consistent prior 

to being truthful. Similarly, bias and fairness are interrelated; bias is a 

disproportionate intergroup variance unrelated to assessment purpose and fairness is 
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the degree of social implications associated with assessment results. Therefore, 

reliability, validity, bias, and fairness function as a cohesive set of assessment quality 

indicators. 

Advancing an organizing framework which synthesizes all the principal forms of 

reliability and validity is beyond the scope of this narrative. Yet, it is important to 

illustrate the vast complexity of technical quality indicators by presenting a few 

examples. For reliability (i.e., technical measurements of consistency), three 

important types include: test-retest, internal consistency, and interrater. Briefly, test-

retest reliability establishes assessment consistency over time; internal consistency 

reliability establishes if multiple assessment items consistently assess one construct; 

and interrater consistency establishes a percentage of agreement between multiple 

raters (Salkind, 2006). Three important types of validity (i.e., technical measures of 

truthfulness) include: content, criterion, and construct. Succinctly, content validity 

evaluates whether assessment items are representative samples of all possible 

population items; criterion validity evaluates whether  assessment performance can 

reflect current (concurrent) or future (predictive) performance; and lastly, construct 

validity evaluates to what degree  assessment performance reflects an underlying 

construct (Salkind, 2006).  

Although capturing the conceptual essence of validity, truthfulness, is relatively 

straightforward, forms of validity are characteristically isolated from assessment upon 

application (Koretz, 2008). Crooks, Kane, & Cohen (2008) articulate the dependency 

of validity on human judgment as follows, “difficult to work with in practice” and 
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challenging “to carry out, report, and defend” (p. 151). One poignant example of the 

complex challenges of capturing assessment degree of truthfulness is the role of 

cultural validity (Luykx et al., 2007). 

As an overview, cultural validity refers to the effectiveness in which assessment 

addresses the sociocultural influences that shape student thinking and how students 

make sense of and respond to items (Solano-Flores & Nelson-Barber, 2001). Solano-

Flores & Nelson-Barber (2001) define sociocultural influences as the “values, beliefs, 

experiences, communication patterns, teaching and learning styles, and 

epistemologies inherent in students’ cultural backgrounds,” as well as prevailing SES 

conditions in cultural groups (p. 553). Thus, in order for an assessment to be 

classified as culturally valid, design, delivery, and decision-making must account for:  

(1) student epistemologies, the way students interpret items by degree of influence 

from personal as well as school learning;  

(2) student language proficiency, the ability to demonstrate knowledge with specific  

language features (e.g., academic registers),  

(3), cultural communication and socialization styles, the style in which responses  

are provided (e.g., writing structure) and how such style is influenced by the  

organizational discourse patterns of students’ native language (e.g., length of  

response), and  

(4) student life context and values, how students’ sociocultural contexts influence  

students’ informational organization (e.g., the metric system; body-based  

measurements).  
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Similar to validity, capturing the conceptual essence of bias as disproportionate 

intergroup variance unrelated to assessment purpose and fairness as the degree of 

social implications associated with assessment results is relatively straightforward; 

however, technical attributes for applying bias and fairness qualifications are replete 

with complications (Koretz, 2008; Salkind, 2006). The relationship between 

assessment accommodations and LMs exemplifies such complications. Abedi (2001) 

defines the intent of assessment accommodations for LMs as “to level the playing 

field…to make language less of a factor, or ideally a non-factor, when measuring 

performance” and concludes that assessment accommodations for LMs, which are 

bias and fairness initiatives, ultimately, “may threaten [assessment] validity…either 

through over-accommodation or by significantly changing the standardized 

administration conditions under which the [assessment] was developed” (p. 2). Thus, 

determining assessment quality requires much more than alignment with curricula (U. 

S. Department of Education, 2009). Evaluations of assessment quality must integrate 

amplified criteria that include reliability, validity, bias, and fairness qualifications. 

Opportunities to Learn 

While situating assessment in the policy landscape and identifying appropriate 

qualifications for determining assessment quality is important, interpreting content-

area assessment results requires an explicit consideration of students’ characteristics, 

such as language and literacy competencies, as well as participation experiences in 

complementary opportunities to learn (OTL). Assessment results are useful markers 

of content-area achievement and function as outputs; however, results may not fully 
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disclose student inputs (characteristics and experiences). One promising conceptual 

pathway that advocates for a comprehensive understanding of assessment outputs and 

student inputs is OTL. 

OTL is defined as the interactive interplay amongst: content taught, resource 

allocation and teaching practices (Pullin, 2008). As instructional content, OTL 

accounts for students’ exposure to the content evaluated on assessment (e.g., 

curricular fidelity, teacher content coverage). In other words, assessment results must 

be interpreted in relation to students’ access to instructional content. As resources, 

OTL is defined as access to teaching and learning supports (e.g., teacher 

qualifications, technology, supportive services, expenditures), an additional 

consideration to instructional content. Finally, as processes, OTL is defined as the 

values placed on instructional practices. In other words, OTL is a composite of 

content, resources, and processes that integrates student background inputs often 

ignored when interpreting assessment outputs (Pullin & Haertel, 2008). 

Beyond measures of technical quality, assessment must be considered in relation 

to OTL. OTL offers a complementary conceptual framework for interpreting 

assessment results. In fact, “Schools exist to offer OTL; the study of OTL is the study 

of schooling” (Pullin & Haertel, 2008, p. 34). For instance, OTL accounts for specific 

student background inputs, such as access to credentialed teachers and participation in 

advanced coursework as well as indicators of resource allocation. Further, OTL 

considerations raise important concerns, mainly: does assessment do more than 

reflect content, does assessment become the content? Additionally, it is also 
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important to highlight that the variability in individuals’ OTL should not impede 

policy and practice reconsiderations, for variability exists across definitions of 

curricular content and endorsed curricula across states and school districts (Pullin & 

Haertel, 2008).  

Constructing Educational Policy 

Assessment results are influenced by variability in OTL processes. Describing 

how policy is constructed is helpful for understanding how OTL are singular 

experiences for each student. Education policy is a dynamic composite of material 

(e.g., textbooks, school buildings), humyn (e.g., students, teachers, administrators, 

paraeducators), and representational resources (e.g., school subjects, standards, 

pedagogy, assessment). The breadth of policy requires research to employ approaches 

beyond participant observation techniques. Koyama (2011) offers actor-network 

theory as a promising methodological possibility for comprehensive analyses. Writing 

in specific relation to No Child Left Behind (NCLB), Koyama (2011) defines actor-

network theory (ANT) as “a perspective that aims to explain how people, their ideas, 

and the material objects they produce, join together in a dynamic network” (p. 21). In 

other words, ANT is a methodological tool that aggregates materials, people, and 

ideas as complex interactions that, combined, and considered in consensus, constructs 

policy. 

All educators (e.g., teachers, administrators, paraeducators) contribute to the 

construction of policy (Koyama, 2011; Lucero, 2010; Pease-Alvarez, Samway & 

Cifka-Herrera, 2010). To transcend current social conceptualizations of educators, 
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outlining the central tenets of culturally relevant pedagogy is productive. Briefly, 

Ladson-Billings (1995) defines culturally relevant pedagogy as explained by students 

demonstrating the following three criteria: experiencing academic success; 

developing and maintaining cultural competence; and developing a critical 

consciousness (p. 160). The utility of culturally relevant pedagogy is the construct’s 

reconsideration of “effective teaching,” beyond uniform pedagogical best practices 

and most importantly, the situating of teachers’ high degree of variance in curricular 

implementation as a pedagogical asset to policy, rather than a hindrance. This 

narrative assumes that policy is influenced by how educators think about themselves, 

how they think about others, how they structure social relations, and how they 

conceive of knowledge, specifically accounting for the sociopolitical contexts and 

cultural practices of students and caretakers. After explicitly accounting for 

sociopolitical contexts and the cultural practices of students and their caretakers, the 

complex interactions across material, humyn, and representational resources of policy 

can be productively considered via ANT. In addition to understanding how the range 

of resources inter-relate, it is also important to examine the alignment of resource 

repositories. Determining the degree of alignment across resources may provide 

productive pathways for understanding and influencing the dynamic composite of 

policy. 

Ladson-Billings (1995) conducted a study of eight teachers that exemplified 

culturally relevant pedagogy. In such work, Ladson-Billings highlights that initial 

observations indicating patterns or similarities across teachers’ instructional practices 
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were not present, but rather their lack of dependence on “state curriculum frameworks 

or textbooks” was consistent. In other words, culturally relevant teachers, as 

identified in Ladson-Billing’s study, openly critiqued the curricular content advanced 

by legislative mandates (e.g., local educational guidelines). Of importance here is that 

neither the legislative mandates nor the teachers’ instructional practices are indicative 

of policy in isolation, but rather as an inextricable association. Similarly, Pease-

Alvarez, Samway & Cifka-Herrera (2010) conducted a study of thirty-two teachers’ 

negotiation of a literacy instruction mandate. Pease-Alvarez et al. situate teachers not 

“as mere conduits of curricular policies” but rather as policymakers (p. 318) and 

argue that through teachers’ interpretations and implementations of policy initiatives, 

the construction or obstruction of policy is measurable. Other researchers have 

investigated this specific form of alignment as curricular fidelity, the degree to which 

teachers implement curricula as intended (Tarr, Grouws, Chávez, & Soria, 2013). 

Yet, teachers’ curricular fidelity (e.g., degree of alignment between educational 

guidelines and instructional practices) is only one component of a complex policy 

landscape. Other important components include administrators’ and paraeducators’ 

constructions of educational policy. In a study of forty-five principals’ relationships 

with supplemental education service programs, Koyama (2011) describes how school 

administrators interpret and implement fiscal allocations, specifically citing the 

variability in conceptualizations of accountability, regulation, and intervention as 

indicative of the dynamic nature of policy. Additionally, Lucero (2010) articulates 

how one paraeducator constructs policy via constructive marginality, a method of 
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translating constructs of marginalization in the service of conflict reduction (p. 132). 

Both Koyama (2011) and Lucero (2012) illustrate that policy is both instructional 

(teachers’ pedagogical practices) and organizational (interrelationships across 

administrators, paraeducators and teachers) and much more than legislative mandates.  

To understand how material, humyn, and representational resources are 

influenced by, and simultaneously influence, policy, consideration of inter-resource 

degrees of alignment is required. Research cannot conduct document analyses of 

legislation artifacts (e.g., Common Core State Standards, SBAC, PARCC) without 

considering how such documents and assessments are interpreted, and to what degree 

accepted, by educators. Similarly, studies cannot conduct interviews of educators’ 

views of policy (e.g., curricular experiences such as adopted textbooks, pacing 

guides, and testing requirements) without accounting for the contextual factors of 

financial allocations. Additionally, research cannot analyze policy without taking into 

explicit consideration how the interplay of material, humyn, and representational 

resources is differentially experienced across diverse social contexts and cultural 

practices.  ANT offers a conceptual research tool for designing and conducting 

nuanced analyses of educators’ constructions and obstructions of policy.  

Instructional Practices 

A key disciplinary more in mathematics is the interdependence of procedural 

fluency and conceptual understanding (National Research Council, 2002), therefore 

instructional practices should be structured to develop students’ competence in 

demonstrating the construction of relationships across rules and devices as well as 
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articulating justifications and explanations of why and how selected rules and devices 

are appropriate (Carpenter & Lehrer, 1999). CCSS content standards delineate the 

grade-specific sequential progression of “balanced combination of procedure and 

understanding” and practice standards detail “processes and proficiencies” of how 

students’ develop mathematical knowledge, skills and understanding (NGACBP & 

CCSSO, 2010, pp. 6-8). Assuming that mathematics is a discipline where content 

learned is interdependent of how content is learned, an OTL perspective is productive 

for determining students’ degree of exposure to the content evaluated on assessment. 

In other words, when analyzing assessment results, it is important to know if teachers 

covered tested content as well as which instructional practices teachers used to cover 

such content.  

Measures of high school program and course-taking background are informative 

for determining students’ access to content tested. Mosqueda & Maldonado (2013) 

have found that Latina/o LMs’ mathematics achievement is associated with 

participation in college preparatory advanced coursework as well as teachers with a 

mathematics degree. Teacher qualifications and coursework opportunities are 

indicative of allocated teaching and learning resources and supplement studies of 

teachers’ content coverage and curricular fidelity. However, resource repositories are 

multidimensional, across students and teachers. Students’ access to teachers with a 

mathematics background must be considered in concert with teachers’ access to 

capacity-building climates where professional learning is continuously offered. 

Combined, the disciplinary norms of mathematics and access to supportive resources 
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(material, humyn, representational) influence educators’ values and how mathematics 

policy is constructed and obstructed. 

OTL offers a landscape for analyses of standards and assessment. The 

heterogeneous values teachers place on instructional practices are unique, but 

interdependent with content-area mores and resource repositories. Instructional 

practice values are measures of classroom OTL and important considerations for 

assessing Latina/o students, particularly those developing English-language 

competence. What teachers emphasize in their classroom instruction (e.g., reasoning, 

problem-solving, explanation) contributes an important perspective of teaching and 

learning mathematics and its relationship with assessment results.  

Teacher’s Professional Development 

Teachers’ instructional practices are associated with professional learning 

background and climate. Research on teachers’ professional learning is often framed 

as teacher preparation, a body of literature that has examined the following: the 

relationship between teaching and learning (Bransford, Darling-Hammond, & 

LePage, 2007), teacher thinking (Clark & Peterson, 1986), teacher development 

(Feiman-Nemser, 2001), teacher change (Hollingsworth, 1989), and teacher 

knowledge, beliefs and practices about diversity (Lowenstein, 2009; Sleeter, 2001). 

How teachers experience preparation from recruitment to licensure, and on-the-job 

development is beyond the scope of this narrative. However, specific research genres 

identified by comprehensive reviews (Cochran-Smith et al., 2012) are relevant. For 

example, analyses of students’ achievement are mediated by the relationship between 
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teachers’ certification, workforce background, teacher preparation program and 

personal beliefs and experiences. Together, teachers’ certification status and nuanced 

measures of preparation are interrelated with outcomes such as student assessment 

results and teacher career trajectories. 

Assuming that teacher preparation is a robust body of literature, examining  

professional learning background characteristics and capacity-building climate 

conditions offers sense-making opportunities of a dynamic construct. However, 

explaining how teachers’ knowledge, beliefs and practices are continuously supported 

is more important than articulating teacher preparation definitions in particular 

contexts. Previous research has identified numerous associations between students’ 

achievement and teacher preparation, including the importance of certification, 

credentialing and mathematics background (Mosqueda & Maldonado, 2013), 

awareness and application of language acquisition theory for LMs (Doughty & Long, 

2003; Goldenberg, 2008), and the significance of “academic” language and literacy 

(Fillmore & Snow, 2000; Valdés, Capitelli & Alvarez, 2011). Yet, what teachers need 

to know and do must be coupled with professional learning characteristics and 

conditions. An OTL perspective contextualizes analyses of instructional practices in 

relation to access and participation in discipline-specific professional development 

opportunities as well as department-specific conditions, such as the sharing of 

research on effective teaching methods and appropriate teaching strategies for LMs. 

Such teacher preparation measures are complementary to the values teachers place on 

instructional practices. 
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Lemma 

The study of mathematical literacy practices’ impact Latina/os’ high school 

mathematics achievement is replete with risks and rewards. Identifying relationships 

between classroom opportunities to learn and assessment results may lead to 

“prescriptions instead of compelling questions” (Téllez & Mosqueda, 2015, p. 38). 

Simultaneously, considering the influence of specific pedagogical strategies on 

content-area achievement measures may be a contribution to assessment for learning 

and for equity (Gardner, 2006; Shaw, 2005). Suggestive in nature, the subsequent 

passage lists representative concepts that may be useful for integrating mathematical 

literacy and English-language competence in mathematics teaching and learning. 

Authentic, Discursive & Applicable Literacy 

Teaching Latina/o high school students’ mathematical literacy in mathematics 

requires attention to content-specific stylistic components for questioning, particular 

preferences for articulating (dis)agreement and distinctive methods for  

demonstrating understanding. Instructional practice characteristics to consider  

when teaching mathematical literacy include:  

• learning the language of the mathematics discipline (Kenney, 1995) 

• reading and writing appropriate expository texts (NCTM, 2000) 

• interpersonal communicative competence (Ferrari, 2004) 

• discourse that requires reasoning, application and understanding (Hiebert & 

Grouws, 2007) 

• relevance to communal and environmental applications (Civil, 2002) 
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Combined, instructional practices that are authentic, discursive and applicable  

foster mathematical literacy. When teachers emphasize the logical structures of  

mathematics, students develop competence decoding numeric and non-numeric  

symbols and engaging in graphical interpretations (Metsisto, 2005). Additionally,  

when teachers emphasize working in small groups and explaining disciplinary  

ideas, social activities, norms and talk practices are structured to develop students’  

competence in problem-solving skills via position taking, symbolic references, and  

conjectures (Lampert, 2004). Moreover, when teachers emphasize connecting  

disciplinary ideas, students develop competence in applying both vertical  

mathematics for generalization formulas as well as horizontal mathematics for  

representing, organizing and solving localized problems in community contexts  

(Martin, 2000). Finally, the emphasis teachers place on instructional practices  

cannot be disassociated from capacity-building conditions, such as participation in  

professional development opportunities detailing how students learn mathematics  

and how to generate students’ interest in the discipline. 

Specialized & Metalinguistic English-language Competence 

Developing Latina/o LMs’ English-language competence requires longitudinal  

socialization processes sustained with specialized strategies and metalinguistic  

techniques. Instructional practice characteristics to consider when teaching English- 

language competence include:  

• identification, monitoring, and responding to language development 

measurements (Biyalstock, 2001) 
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• synergistic content and language objectives as well as paralinguistic cues, 

multisensory experiences and multiple representations (Echeverria, Vogt, & 

Short, 2004) 

• language and literacy as manipulable structures (Campbell & Sais, 2011) 

Coupled, instructional practices that are specialized and metalinguistic foster  

English-language competence. When teachers monitor students’ participation in  

language development programs and language classification status, instructional  

practices integrate specialized comprehension features such as substantial  

background building, attention to vocabulary, experiential experiences and  

conceptual resources (Vogt, 2000). Furthermore, instructional design, delivery and  

decisions that demonstrate conscientious understanding of the intersectional nature  

of language, literacy and content cannot be separated from capacity-building  

conditions, such as teaching in departments where colleagues share research on  

effective instructional practices for LMs. 

Impact & Effectiveness 

Research designs offer varied forms of evidence. Associative evidence is the 

result of research that does not demonstrate causal relationships between 

interventions and outcomes. Results from associative research do not account for 

alternative explanations. Although associative research may produce statistically 

significant correlations, features such as sample size/statistical power, counterfactual 

conditions, and validity threats may impede conclusions from contributing causal 

conclusions. 
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To demonstrate a causal relationship between interventions and outcomes, 

research designs must: include large and diverse samples drawn from target 

population(s), use reliable measures, account for pre-existing participant 

characteristics, and have participants receive identical interventions and appropriate 

counterfactual participants. Research designs demonstrating causal relationships 

contribute impact evidence. Impact evidence is the result of research that investigates 

if and how well an intervention causes outcomes.  

Associative research has contributed greatly to understanding the instructional 

practices and institutional contexts that contribute toward Latina/os’ mathematics 

achievement (Gándara & Contreras, 2009; Moschkovich, 2010; Téllez, Moschkovich 

& Civil, 2011); however, impact evidence is scant. To contribute causal conclusions, 

impact research must address validity threats, include counterfactual groups and 

contain appropriate sample sizes. Statistical power is a calculation that estimates, 

given a specific sample size, how likely research results will be significant. Factors 

such as data quantity and characteristics as well as desired level of explanation study 

aims to produce (expected R-squared) are used to determine power estimates using 

tools such as ANOVA and regression analyses. One way to demonstrate statistical 

power is to provide the calculation of the minimum detectable effect size (MDES) 

that has an 80 percent (or higher) probability of being significant at a specific level of 

significance. MDES calculations contribute credibility results in relation to observed 

effects given sample size (Bloom, 2005). A counterfactual condition refers to a 

comparison group that does not participate in an intervention, usually through 
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analytic approaches other than random assignment. When research designs use 

random assignment approaches, the counterfactual condition is a control group 

(Shadish, Cook & Campbell, 2002). Validity in research design refers to the certainty 

that results accurately account for intervention impact on outcomes (Rossi, Lipsey & 

Freeman, 2004).  
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Chapter Four: Addressing Causality 

 
Education research in the United States regularly documents relationships  

between students’ socio-economic status (SES), racial-ethnic classification and 

mathematics achievement (Aud, Fox & KewalRamani, 2010; Lubienski & Gutiérrez, 

2008). Recently, analyses of such relationships have integrated students’ language 

backgrounds and access to opportunities to learn (Callahan, Wilkinson & Muller, 

2010; Mosqueda & Maldonado, 2013a). Studies illustrate patterns of inequity 

remain—white, Asian, affluent and English-proficient students outperform 

economically disadvantaged, Latina/o, Black and students learning English (Secada, 

1992; Tate, 1997; Flores, 2007; Gándara & Contreras, 2009).  

In the national aggregate, Latina/os comprise twenty percent of all public school 

students, are a majority group in urban schools and a substantial percentage live in 

conditions of poverty (Young, 2002; Lee & Burkam, 2002; Fry, 2007; Téllez, 2010). 

Further, forecasts of future demography are consistently clear: Latina/o student 

populations in U.S. schools will continue to increase (Passel & Cohn, 2008). Beyond 

population projections, perpetual underperformance on measures of mathematics 

achievement is another and perhaps more appropriate reason for studying Latina/os 

(Rumberger & Gándara, 2004; Capraro, Capraro, Yetkiner, Rangel-Chavez & Lewis, 

2010; Téllez, Moschkovich & Civil, 2011). Relative to white students, Latina/os’ 

mathematics achievement is consistently disproportionate but the negative differences 

are exacerbating (Perie, Grigg & Dion, 2005; Flores, 2007). Such achievement 

realities, in concert with familial education and high school completion patterns (Aud 
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et al., 2010; Stillwell, 2010), have contributed to what Gándara & Contreras (2009) 

qualify as a Latina/o education crisis. 

Requiring analyses of multiple interactive dimensions of learning and teaching, 

factors contributing to secondary Latina/os’ mathematics achievement are complex 

(Téllez, Moschkovich & Civil, 2011). One important consideration for improving the 

mathematics achievement disparities of Latina/os is the interplay of individual and 

institutional factors. Latina/os’ individual characteristics, such as degree of English-

language proficiency, are mutually bounded with organizational values, policies, 

curriculum, instruction and assessment (Gutiérrez, R., 2002; Abedi, 2004). For 

example, some high school Latina/os are simultaneously learning English while being 

assessed for mathematics knowledge and skills (Short & Fitzimmons, 2007; Orfield 

& Gándara, 2010). Thus, research on Latina/os must not neglect the infinite 

possibilities regarding students’ English-language background (Martiniello, 2008). 

Additionally, the interpersonal language and literacy interactions of mathematics 

learning and teaching in schools require consideration of productive and receptive 

modes of communication (Moschkovich, 2007; Gutiérrez, Sengupta-Irving  & 

Dieckmann, 2010; Cavell, 2011;). Lastly, institutional factors, such as racial-ethnic 

and linguistic concentration and equitable access to quality instructional resources 

also impact students’ achievement. For example, influential school context measures 

on achievement include: schools’ SES, racial-ethnic and language composition as 

well as students’ access to advanced mathematics courses and prepared teachers 

(Mosqueda & Maldonado, 2013b). 
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Consequently, a comprehensive examination of the interactive impact between  

Latina/os’ language background characteristics and literacy experiences in schools is 

both opportune as well as aligned with the equity principle, “high expectations and 

strong support for all students,” articulated by the National Council of Teachers of 

Mathematics (NTCM, 2000, p. 12). Findings from this dissertation are intended to 

inform policymakers’ practices and contribute to the research literature from at least 

three perspectives: assessment, teaching practices and learning mathematics and 

English simultaneously (Moschkovich, 2010; Basterra, Trumbull & Solano-Flores, 

2011; Stoddart, Solís, Tolbert & Bravo, 2012). 

Conceptual Framework 

This dissertation is framed from a perspective that views racial-ethnic and 

language diversity as a resource to teaching and learning processes and regards 

equitable school practices a social responsibility. Informed by an opportunity to learn 

conceptual model (Moss, Pullin, Gee, Haertel & Young, 2008), this work analyzes if 

teacher’s emphasis on mathematical literacy (i.e., manipulable predictor variables) 

improve the standardized test outcomes of Latina/o students, accounting for 

individual and institutional factors. 

Achievement and Equity. As long as achievement on standardized tests can be 

predicted based solely on students’ personal characteristics (e.g., language minority-

designation, degree of English-language proficiency), and school contexts (e.g., 

access to advanced courses, measures of teacher preparation) standardized tests 

cannot be considered school experiences guided by equity (Gutierrez, 2007). 
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Opportunities to Learn. Broadly defined, opportunities to learn (OTL) is the 

interaction amongst: content taught, resource allocation and teaching practices (Pullin 

& Haertel, 2008). Oakes (1985, 2004) shows that achievement is inequitably 

mediated by participation in college-preparatory experiences. Tate (2001) describes 

OTL as curricular participation, teacher quality and fiscal adequacy. Particularly in 

relation to instructional and institutional policies and practices, OTL is a useful lens 

to identify which groups and curricula require intervention as well as promote 

Latina/os’ mathematics attainment (Lubienski & Gutiérrez, 2008). For example, 

curricular experiences informed by OTL perspectives address questions such as how 

is curricula defined and differentiated, how do schools allocate fiscal expenditures 

and program interventions and which values do educators place on instructional 

practices (Moss et al., 2008)? 

Literacy Experiences. For analyses of mathematical literacy experiences, the 

integrated teaching and learning model of language, literacy, and content knowledge 

offers a lens for framing instruction (Stoddart et al., 2012). Specifically, such model 

argues that specific instructional practices (i.e., talk, literacy, language development 

and contextualization) are associated with achievement outcomes. Similarly, the 

language demands of mathematics learning require discipline-specific modes of 

thinking, talking and writing. Given the linguistic complexity of items on 

standardized mathematics tests (Abedi, 2004; Martinello, 2007; Solano-Flores, 2008; 

Capraro, Capraro, Rupley, & Slough, 2010), the consideration of three interactive 

dimensions of literacy experiences frame this study: language proficiency, literacy 
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skills and content knowledge. The mathematics content knowledge dimension 

includes concepts, such as numerical operations, geometric measurements, algebraic 

reasoning and probability estimates (NCTM, 2000). The literacy dimension includes 

skills with language that are distinctive from listening and speaking, such as 

“decoding” words on items and passages, textual comprehension and “chunking,” or 

processes for performing mental tasks (Schoenfeld, 2002). The language background 

dimension includes a comprehensive competence in receptive and productive modes 

of thinking, reading, writing and participation in scholastic subjects (AERA, 2004). 

Research Questions 

The High School Longitudinal Study of 2009 (HSLS:09) dataset has not been  

used to analyze secondary Latina/os’ language background, literacy experiences, 

school contexts and mathematics test score outcomes using a quasi-experimental 

design. This study addresses the following research questions: (1) Do mathematical 

literacy practices impact the mathematics achievement scores of Latina/os across 

social, racial-ethnic and linguistically diverse U.S. high school contexts? and (2) Is 

the relationship between mathematical literacy practices, diverse school contexts and 

mathematics achievement in U.S. high schools influenced by Latina/os’ English-

language background?  

Methodology 

Exploring relationships across high school Latina/os’ proficiency in language,  
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literacy, and mathematics as well as the institutional dimensions of school contexts, 

this study contributes perspectives toward pedagogical and institutional factors that 

explain Latina/os’ mathematics achievement (Gándara & Contreras, 2009; 

Moschkovich, 2010; Téllez, Moschkovich & Civil, 2011). Guided by theoretical 

perspectives of equity in mathematics education, a quasi-experimental “scale-up” 

design of HSLS:09 data is an appropriate methodology to discern the degree of 

external validity for specific mathematical literacy practices. 

The initial data for this study was an HSLS:09 subsample consisting of 3,754  

Latina/o students—as grouped in 763 schools9. This study contributes a composite 

construct of mathematical literacy that is based on existing literature and includes 

measures, such as “mathematics educator emphasizes teaching students to explain 

their ideas effectively” and used to create a counterfactual comparison group. The 

study also includes measures of school contexts, such as “teachers in department 

share research on English Language Learner instructional practices” to analyze 

institutional values of identity, belonging, access and achievement. HSLS: 09 

standardized test scores of students’ algebraic skills, reasoning and problem-solving, 

function as this study’s achievement construct and the appropriate design weight for 

longitudinal data is used. 

To maximize the generalizability of this study’s findings, this dissertation  

analyzes the relationship between specific emphases in mathematics instruction and 

Latina/os’ mathematics achievement using a quasi-experimental design (QED) that 

                                                        
9 Sample size of schools is suppressed from public data file (this study uses restricted data). 
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incorporates propensity score matching (PSM) techniques and multi-level linear 

regression models. The use of a counterfactual group using PSM analytic techniques 

minimizes several threats to internal validity, including: selection bias, additive, 

mortality, history and maturation effects (Schneider, Carnoy, Kilpatrick, Schmidt & 

Shavelson, 2007). Schneider et al. (2007) argue that PSM studies are appropriate 

when using large-scale nationally representative datasets. Further, the use of a 

nationally-representative dataset that oversampled Latina/os strengthens claims of 

external validity (Ingels, Pratt, Hergert, Dever, Fritch, Otten, Rogers, Kitmitto & 

Leinward, 2014; Cook, Shadish & Wong, 2008).  

To create the counterfactual group, a quantitative composite measure of 

mathematical literacy practices data from the mathematics teacher questionnaire 

was developed. First, the internal consistency of specific manipulable predictor 

variables from the self-reported mathematics teacher questionnaire were analyzed to 

establish a reliable composite construct of mathematical literacy (LITERACY). The 

composite LITERACY construct was transformed as a dichotomous variable to create 

a categorical indicator of students whose mathematics teachers emphasize 

“substantive” literacy experiences in their instruction and students whose teachers do 

not. To operationalize categorical cut points of “substantive” literacy experiences, 

decision rules informed by a careful review of existing literature were employed and 

grouping distributions that do not compromise statistical power estimates (e.g., 

sample size, minimum detectable effect size) were taken into account (Light, Singer, 

& Willett, 1990). 
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After establishing a categorical cut point of “substantive” mathematical literacy 

experiences, a logistic regression model was used to assign all students with a 

propensity score statistic that estimated each student’s probability of experiencing 

“substantive” literacy. Propensity score statistics were used for between-group 

matching procedures and analyzing group equivalence. Finally, this study employed 

multi-level analytic techniques to evaluate a series of fitted linear regression models 

that examine the mathematics achievement of Latina/o students as a function of the 

study’s question and control predictors. Multi-level modeling was well suited for this 

study because it accounts for the clustering of students (level-1) within schools (level-

2) (Raudenbush & Bryk, 2002). Figure 1 presents a conceptual overview of data 

organization processes, as well as the sequence of this study’s descriptive and 

inferential analytic techniques. 

Descriptive Analyses 

To examine if and how instructional practices and school contexts impact U.S.  

Latina/os’ mathematics achievement, this study examines restricted-use data from the 

first (2009) and second (2011) waves of the High School Longitudinal Study of 2009 

(HSLS:09). Restricted-use data consists of nationally representative quantitative 

information from high school students as well as their families, teachers, classrooms 

and schools that is not available in the public-use dataset. The first wave of the 

public-use dataset includes data from over 23,000 9th grade students in 2009 from a 

random sample of 944 public, Catholic, and private schools. The first follow-up wave 
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of the HSLS:09 is representative of 9th grade cohort students in the 11th grade (Ingels 

& Dalton, 2013). 

Extraction. Using the electronic code book software program designed by the  

U.S. Department of Education (NCES 2014-359), the initial draw of restricted-use 

data included information from 25,206 students clustered in 944 schools—sample 

sizes consistent with the public-use dataset. Initial restricted-use data drawn included 

X1HISPANIC, a public-use composite variable created by NCES to identify students 

as Hispanic/Latino/Latina. NCES classifies student’s race/ethnicity as 

Hispanic/Latino/Latina using a series of six dichotomous composite variables (e.g., 

the student is/is not white, the student is/is not Black, etc.) that cross-reference 

student, school and family data sources. 

Coding/Organization. This study does not use estimation procedures for missing 

data, such as multiple imputation. To analyze cases with only complete data, 

variables were recoded to exclude missing values. As a result, X1HISPANIC was 

recoded into LATINA/O, a variable with 4000 cases. Additionally, the eleventh-grade 

mathematics achievement variable, X2TXMTSCOR, used as this study’s outcome 

variable, was recoded into MATH11 (N=3206) to exclude missing values. Similarly, 

X1TXMTSCOR, the measure of prior achievement, was recoded to MATH9 

(N=3515) to omit missing values. 

A preliminary data reduction strategy used in this study was to identify and 

remove cases that had missing values for the outcome variable, MATH11, as well as 

the measure of prior achievement, MATH9. To identify which cases were missing 
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data for both MATH11 and MATH9, the MATH_AVG variable was created to 

identify students’ mean across both MATH 11 and MATH9. Cases with missing 

MATH_AVG values were omitted from the study. In total, 37 cases were missing 

both MATH11 as well as MATH9 data and the sample size for the study was reduced 

to 3763 Latina/o high school students.  

Outcome Variable. Eleventh-grade mathematics achievement (X2TXMTSCORij) 

was represented by an Item Response Theory (IRT) scaled score from the Spring 

Semester of 2012, which provides a norm-referenced measurement of achievement 

relative to the population of Fall 2009 9th graders for each student i in school j. The 

achievement measure is an algebraic reasoning assessment developed by the 

American Institutes for Research that included 73 items related to algebraic content 

and processes. Assessments were conducted online and lasted approximately forty 

minutes. If schools allowed cash incentives, participants were paid ten dollars after 

completing the assessment. Content covered in the assessment includes: the language 

of algebra, proportional relationships and change, linear equations, inequalities, and 

functions, nonlinear equations, inequalities, and functions, and systems of equations. 

Processes covered in the assessment include: demonstrating algebraic skills, using 

representations of algebraic ideas, performing algebraic reasoning and solving 

algebraic problems. In the complete HSLS sample, scores were standardized to a 

mean of 51.5 with a standard deviation of 10.15 (NCES 2014-361). IRT-scaled scores 

such as X2TXMTSCOR simplify the predictor effects on the outcome and enable 

comparisons using standard deviation units. To best measure achievement gains from 
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the base year to the first follow-up, psychometric analyses, field tests and 

comprehensive review processes were conducted to ensure that the instrument did not 

have ceiling effects for students enrolled in coursework beyond Algebra 2 as well as 

potential item duplication with X1TXMTSCOR, the Spring 2010 administration, and 

overall balance of content. 

Outcome Outliers. A secondary data reduction strategy used in this study was to 

identify and remove significant outliers in outcome indicators of student achievement 

(i.e., MATH 11 and MATH9). Simple scatterplots of both MATH11 and MATH9 

were visually analyzed to determine normality of distribution and potential outliers. 

Scatterplot data of both MATH11 and MATH9 were represented on y-axes and data 

from the standardized socio-economic status composite (SES) were represented on x-

axes. Scatterplot patterns revealed a positive gradient relationship associated between 

higher SES values and mathematics achievement. Moreover, potential outliers existed 

in the 70-80 range of MATH11 performance as well as in SES values above 2 for 

both MATH11 and MATH9. To further visualize normality of distribution and 

potential outliers, histograms and boxplots of both MATH11 and MATH 9 were 

created. Histograms of both MATH11 and MATH 9 demonstrated normal 

distribution and do not reveal significant outliers. Boxplots of both MATH11 and 

MATH 9 further support normal distribution interpretation but revealed potentially 

significant outliers at both ends of the tails. 

Standardized values (z-scores) for both MATH 11 and MATH 9 were created to 

determine if values beyond 3 or more standard deviations from the mean existed in 
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the data. Descriptive statistics of Z-scores showed that both MATH11 and MATH9 

included values beyond 3 or more standard deviations from the mean. An OUTLIER 

binary variable was created to identify any cases with positive or negative z-scores 

greater than 3 for either ZMATH11 or ZMATH9. The OUTLIER variable identified 

nine (9) z-scores with values greater than 3, seven outliers were identified for 

ZMATH11 and two outliers were identified for ZMATH9. All outliers were removed 

from dataset and sample size was reduced to 3754 students. 

Controls. This study included measures of prior achievement (MATH9) as well as 

Latina/o students’ socio-economic status (SES) and gender (FEMALE) as a series of 

control predictors to account for student variation that has been shown to influence 

performance on standardized test scores as well as to assess the potential impact of 

selectivity bias. Additional controls included measures of students’ immigrant and 

English-language background, teacher preparation and school contexts. 

Immigrant Background. Three restricted-use variables were used to determine 

students’ immigrant background: P1COUNTRY9 (Country in which student was 

born), P1COUNTRY1 (Country in which Parent1 was born) and P1COUNTRY2 

(Country in which Parent2 was born). P1COUNTRY9 was renamed to COUNTRY, 

P1COUNTRY1 was renamed to COUNTRYP1 and P1COUNTRY2 was renamed to 

COUNTRYP2. Using COUNTRY, COUNTRYP1 and COUNTRYP2 data, three 

dichotomous variables were created: FIRST, SECOND and THIRD. FIRST (N=356) 

indicates students that were born in another country and had at least one parent born 

in another country. SECOND (N=900) indicates students that were born in the United 
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States and had at least one parent born in another country. THIRD (N=2484) indicates 

cases where students and both parents indicated they were born in the United States. 

English-Language Background. Three restricted-use variables were used to 

determine students’ English-language background: X1NATIVELANG (Indicates the 

language the student first learned to speak), X1DUALLANG (Indicates if student is 

multilingual) and P1ELLNOW (Indicates if student is currently enrolled in an English 

Language Learners Program). X1NATIVELANG was renamed to NATIVELANG, 

X1DUALLANG was renamed to DUALLANG and P1ELLNOW was renamed to 

ELL. 

Teacher Preparation. Four variables were used to determine teacher preparation: 

M1SHRMTHDS (Indicates the extent mathematics teachers in department share and 

discuss research on effective teaching methods), M1SHRELL (Indicates the extent 

mathematics teachers in department share and discuss research on effective 

instructional practices for ELLs), A1MSPDLEARN (Indicates whether school 

requires teacher professional development in how students learn math and science) 

and A1MSPDINTRST (Indicates whether school requires teacher professional 

development in increasing students’ interest in math and science). M1SHRMTHDS 

was renamed to SHRMTHDS, M1SHRELL was renamed to SHR_ELL, 

A1MSPDLEARN was renamed to PD_LEARN and A1MSPDINTRST was renamed 

to PD_INTRST. 

School Contexts. The last control predictors in this study were school-level 

variables that have been shown to influence performance on standardized test scores. 
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The four variables that were used to research school contexts included: 

A1CAPACITY (Indicates percent capacity of student enrollment to which school is 

filled), A1FREELUNCH (Indicates percent of student body receiving free or 

reduced-price lunch), A1HISPSTU (Indicates percent of students enrolled in school 

who are identified as Latina/o/Hispanic), and A1ELL (Indicates percent of students 

enrolled in school who are English language learners). A1CAPACITY was renamed 

to CAPACITY, A1FREELUNCH was renamed to FLUNCH_PCT, A1HISPSTU was 

renamed to SCH_HISP, and A1ELL was renamed to ELL. The final sample size for 

the initial data of this study was an HSLS:09 subsample consisting of 3,754 Latina/o 

students—as grouped in 763 schools. 

Design Weights. W2W1STU, the appropriate HSLS:09 design weight for 

longitudinal student-level and school-data was applied according to the guidelines 

provided by NCES. 

Composite & Matching 

Guided by existing literature and this study’s conceptual framework, a composite 

construct of mathematical literacy experiences was developed based on data drawn 

from the full restricted-use sample (25,206 students clustered in 944 schools). The 

mathematical literacy construct aggregates data from variables regarding extent of 

emphasis in mathematics teacher’s instructional practices (See Appendix 2). Teachers 

were asked to “Think about the full duration of this [course], how much emphasis are 

you placing on each of the following objectives?” The survey instrument asked 

teachers to select from one of the following responses: 1=No emphasis, 2=Minimal 
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emphasis, 3=moderate emphasis, and 4=heavy emphasis (-8 and -9 values represent 

non-response or missing, respectively). 

A full internal consistency reliability analysis was conducted on all of the above 

mathematics teacher’s instructional practice variables. Cronbach’s alpha values for 

the internal consistency were used to determine if the creation of a composite was 

appropriate for the 14 items. The sample size of the analysis was 13,290 and the 

Cronbach’s alpha coefficient was estimated at .834, above the generally acceptable 

level of .8 (Henson, 2001). Results from an inter-item correlation matrix analysis did 

not show any evidence of significant multicollinearity, considering the highest value 

was .590. 

Principal Components. Results from reliability analyses determined that creating 

a composite score was appropriate. Creating a composite is a data reduction technique 

to determine if particular components can account for the correlated variance among 

teacher’s emphases. Weighting cases by the frequency variable W1MATHTCH, a 

principal components analysis was conducted to determine if and how items could be 

reduced into a composite score. First, components were evaluated using a scree plot 

based on Eigenvalues greater than 1. With a Kaiser-Meyer-Olkin (K-M-O) measure 

(effect size assessment) of sampling adequacy value of .894 establishing the 

appropriateness of composite creation, results identified three components using 

extracted sums of squares loadings explaining a cumulative variance of 53.16 percent. 

Using a direct oblimin rotation procedure to evaluate the correlations across extracted 
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components, pattern matrix results showed component loadings with all variables 

contributing more than .4 to each component. 

Results from the component correlation matrix showed that correlations across 

components are not oblique in nature and justified the use of Varimax rotation factor 

analysis procedures for orthogonal values in the creation of composites. These 

findings indicate that these item scales measure particular constructs in mathematics 

teaching and learning. Two variables, CONCEPTS and ALGORITHM contributed 

more than .4 loadings into different components, indicating potential redundancy. 

Principal component analysis was iterated after removing the CONCEPTS 

variable and results identified two components using extracted sums of squares 

loadings explaining a cumulative variance of 47 percent with a (K-M-O) measure 

(effect size assessment) of sampling adequacy value of .889 that confirmed the 

creation of a composites as appropriate. Using a Varimax rotation procedure that 

heightens the orthogonal nature of the data, Table 1 shows component loading results 

with higher Eigenvalues and all variables contributing more than .4 loadings to each 

component. 

Findings from these exploratory analyses showed the existence of linear 

combination variance across the data for two components. The two identified 

components demonstrate distinctive relationships between variables and an iteration 

of the two components was run with fixed number of factors for extraction set to two. 

Communalities results showed that all items explained significant variance in their 

respective components (.3+) and the component correlation matrix showed low 
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correlation estimates (below .4) justifying the identification of two distinctive 

constructs. 

The next iteration of principal components analysis was run using only the nine 

COMPONENT1 variables with loadings over .5. Results identified one component 

(Eigenvalue=4.193) using extracted sums of squares loadings explaining a cumulative 

variance of 46.59 percent with a (K-M-O) measure (effect size assessment) of 

sampling adequacy value of .894 that further confirmed the creation of a composite as 

appropriate. Using a Varimax rotation procedure, results in the component matrix 

showed all component loadings contributing more than .590 to each component. 

Comrey (1973) suggests that loadings in excess of .71 are excellent, .63-.70 are very 

good and .55-.62 are good. The principal component variable was saved using a 

regression method with missing values excluded listwise. This extracted principal 

components variable was renamed CONCEPTUAL and is presented in Table 2. 

The next iteration of principal components analysis was run using only the 

COMPONENT2 variables with loadings over .48. Results identified one component 

(Eigenvalue=1.891) using extracted sums of squares loadings explaining a cumulative 

variance of 47.28 percent with a (K-M-O) measure (effect size assessment) of 

sampling adequacy value of .638 that further confirmed the creation of a composite as 

appropriate. Using a Varimax rotation procedure, results in the component matrix 

showed all component loadings contributing more than .535 to each component. 

Comrey (1973) suggests that loadings in excess of .71 are excellent, .63-.70 are very 

good and .55-.62 are good. The principal component saved variables using a 
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regression method with missing values excluded listwise. This extracted principal 

components variable was renamed PROCEDURAL and is also presented in Table 2. 

A Monte Carlo Parallel Analysis was used as a final confirmatory determinant to 

assess the appropriateness for the identified principal components of CONCEPTUAL 

as well as PROCEDURAL. After inputting the number of variables, subjects and 

replications used to create each principal component, a set of randomly generated 

Eigenvalues were created for comparison purposes. Parallel analysis is a more 

stringent approach than both Kaiser’s criterion and Screeplots, which tend to 

underestimate. Eigenvalues for both the CONCEPTUAL and the PROCEDURAL 

components exceeded the Eigenvalues generated by the Monte Carlo criterion parallel 

analysis. 

In synthesis, the suitability of data for principal components analysis was  

established due to a sample size exceeding 300 cases, and having inter-item strength 

relationships exceeding r=.3. Suitability was confirmed using number of item results 

from the Scree tests during component extraction as well as factor rotation and 

interpretation estimates demonstrating loading dimensions and correlations. Finally, 

suitability was validated using parallel analysis. Extracted weighted CONCEPTUAL 

and PROCEDURAL (standardized) components were proportional to the mean of all 

variables. 

Mathematical Literacy. Using communality estimates, responses to 13-items in 

the mathematics teacher survey were subjected to principal components analyses 

(PCA). PCA results showed two meaningful components existed in the data: 
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CONCEPTUAL and PROCEDURAL. Combined, CONCEPTUAL (SSL=46.59) and 

PROCEDURAL (SSL=47.28) accounted for 93.87% of instructional practices 

emphasized by mathematics teachers. Both the CONCEPTUAL and the 

PROCEDURAL variables met standard criteria for composite construction: at least 

three prior variables loaded onto each component, they share distinctive conceptual 

meanings and rotated factor patterns have high loadings on one component but low 

loadings on the other. CONCEPTUAL and PROCEDURAL composite variables can 

be used to formulate either predictor variables or as criterion variables in subsequent 

analyses. Central tendency, dispersion and percentile value frequency statistics were 

used to determine substantive values of both CONCEPTUAL and PROCEDURAL 

(Appendix 3). 

The CONCEPTUAL and PROCEDURAL scale composite constructs confirm 

with statistical reliability the a priori hypothesis of complementary dimensions of 

mathematical literacy identified in the review of research literature. However, only 

the composite construct CONCEPTUAL was used to create a counterfactual 

comparison group, as identified by the review of research literature. The 75th 

percentile of CONCEPTUAL was selected as the substantive cut score of high degree 

of LITERACY emphasized by mathematics teachers. The categorical and numeric 

dichotomous variable, TREATMENT, was created to identify students in the top 25th 

percentile that were provided high degrees of conceptual emphasis by their 

mathematics teachers (N=480) and students that did not meet that 75th percentile cut 

score (N=1437). 
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Propensity Score Matching. Propensity score matching (PSM) is a statistical 

technique that transforms multiple observed covariates into a single estimate. In other 

words, propensity scores are each student’s probability statistic of being provided 

high degrees of conceptual emphasis by their mathematics teachers (i.e., 

LITERACY). Data points selected for this study’s propensity score matching formula 

(i.e., treatment and comparison) were guided by existing literature regarding which 

characteristics should be included when matching Latina/o secondary students. 

Random assignment is not a feature of PSM, instead, both students that were 

provided high degrees of conceptual emphasis by their mathematics teachers (i.e., 

LITERACY) as well as students that were not provided high degrees of conceptual 

emphasis by their mathematics teachers (i.e., comparison) were selected non-

randomly. 

Due to non-randomization, the two groups may have differed in both observed 

and unobserved characteristics before matching, and such differences may explain 

disparities in observed test score outcomes. The PSM technique is intended to 

minimize observed differences between the two groups of students by using a 

statistical procedure that matches “literacy” students with “non-literacy” students on a 

range of characteristics. Propensity score matches are more robust measures than 

analyzing all students in the aggregate (e.g., means comparisons) because matches are 

based on the statistical likelihood that a student that did not participate in 

“LITERACY” would have participated in “LITERACY” based on the characteristics 

of all students (both treatment and non-treatment). Thus, treatment students that 
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experienced “literacy” practices were matched with “non-literacy” (comparison) 

students, based on the complete characteristics of all students across both groups. 

A matched comparison (counterfactual) group is useful for assessing the impact 

of instructional practices on mathematics achievement. Groups formed by statistical 

propensity score matching (PSM) techniques provide evidence that a specific 

“treatment” is the likely reason for any observed changes on outcome measures rather 

than other possible causes. In an experimental design, students are randomly assigned 

to participate in a “treatment” or not (eliminating students’ test score differences as 

attributable to chance). PSM is a quasi-experimental technique that simulates an 

experimental design using the following formula: 

�(�) = � �� = 1�� 

Where:  

�(�) = is the abbreviation for the propensity score (unit of probability of student 

access to teaching emphasizing substantive mathematical literacy) 

� = is a probability  

� = 1 is a binary treatment indicator for access to substantive mathematical literacy, 

with values 0 for comparison students and 1 for “treatment” students 

| = represents condition 

� = set of observed covariates (groups are equated based on these covariates) 

Data organization procedures were required to eliminate all missing data before 

transforming observed covariates into a propensity score using logistic regression (ho, 

Imai, King & Stuart, 2007a). After removing cases that had missing data for 
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TREATMENT, the sample was reduced to 1917. After removing cases that had 

missing data for either MATH11 or MATH9, the sample was further reduced to 1601. 

Both SES and FEMALE variables had complete data. 

Using the FIRST, SECOND and THIRD variables, an adjustment to earlier 

coding was made. Nine cases were identified as having been born in another country 

(S_MIGRANT=1) but because neither of their parents identified as immigrants, these 

students were not previously classified as FIRST. FIRST2 is a variable that was used 

to include these nine cases as FIRST generation immigrants. FIRST2 (N=186) 

indicates students that were born in another country and/or had at least one parent 

born in another country. SECOND (N=478) indicates students that were born in the 

United States and had at least one parent born in another country. THIRD (N=937) 

indicates cases where students and both parents indicated they were born in the 

United States. The NATIVELANG variable was recoded to LM and 0 values were 

assigned to students that self-reported their native language as English (N=793) and 1 

values were assigned to students that did not self-report their native language as 

English (N=808). 

Prior to conducting any statistical matching using propensity scores, descriptive 

statistics were evaluated between the initial data sample (N=3754) and the 

intermediate sample (N=1601). Table 3 displays similar characteristics evident across 

students and schools in both samples, although students in the intermediate analytic 

sample exhibited: 

• higher socioeconomic status, 
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• attended schools with lower percentages of: students receiving free or 

reduced-price lunch,  

• attended schools with lower percentages of students identified as Latina/o, and 

• attended schools with lower percentages of English Language Learners. 

The SPSS propensity score matching dialog with underlying R MatchIt, RItools 

and cem packages was used to create propensity score estimates (Ho, Imai, King & 

Stuart, 2007b; Thoemmes, 2010). Rather than reduce the sample further due to 

missing data in covariates, variables were recreated to include numerical values that 

indicated missing data. The 0 value was used for missing data for the following 

variables: L1 (a recode of DUALLANG), ELL2 (a recode of ELL), SHRMTHDS2 (a 

recode of SHRMTHDS), SHR_ELL2 (a recode of SHR_ELL). The 9 value was used 

for missing data for the following variables: PD_LEARN2 (a recode of PD_LEARN) 

and PD_INTRST2 (a recode of PD_INTRST). The 99 value was used for missing 

data for the SCH_HISP2 variable (a recode of SCH_HISP). The 999 value was used 

for missing data for the following variables: FLUNCH_PCT2 (a recode of 

FLUNCH_PCT), ELL_PCT2 (a recode of ELL_PCT) and CAPACITY2 (a recode of 

CAPACITY). 

After organizing all covariates as complete data, STU_ID was used as the 

identification variable and LITERACY (i.e., the 75th percentile of CONCEPTUAL) 

was used as the TREATMENT variable. Table 4 displays the sixteen covariates that 

were used in the propensity score procedure to create the nearest-neighbor logistic 

regression estimation algorithm using the PS Matching Custom Dialog through the R-
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Plugin in SPSS to the seventh decimal point (Thoemmes, 2010). The ratio of 

treatment students matched to non-treatment students was selected using the one-to-

one nearest neighbor algorithm, discarding students outside of common support, with 

replacement matching techniques and .2 caliper definitions. Additional confirmatory 

analyses included algorithm procedures such as two-to-one nearest matching, not 

discarding units outside of common support, without replacement techniques and 

without caliper definitions. Features of the six nearest-neighbor logistic regression 

propensity score models created as confirmatory analysis are displayed in Appendix 

4.  

Using each of the six propensity score estimates, OLS linear regression models 

were run with MATH11 as the dependent variable, TREATMENT (i.e., LITERACY) 

as the sole independent variable, and with each propensity score as different least 

squared weights (Appendix 5). Considering that increasing the number of comparison 

students matched to each treatment student tends to increase the bias in the estimated 

treatment effect (at the expense of more sampling variability), the propensity score in 

Model 5 was selected for matching comparison students (N=314) with treatment 

students (N=402). Covariates and interactions across covariates were examined for 

balance (Hanse & Bowers, 2008). How matching improved the balance of 

standardized mean differences (Cohen’s d) across all covariates using propensity 

scores is presented using propensity score distributions (Figure 2), overlaid kernel 

density (Figure 3), histograms (Figure 4) and a dotplot of both groups before and after 

matching (Figure 5). 



 

 117

Table 5 displays descriptive statistics between treatment (i.e., offered high 

degrees of conceptual emphasis by their mathematics teachers) and comparison 

students before and after the propensity score matching process. Results from this 

analysis showed that prior to being matched, treatment students: 

• had higher values on prior achievement and socioeconomic status, 

• were more likely to be male, 

• L1 was more likely to be English, 

• were less likely to be English Language Learners, 

• had teachers that shared and discussed research with their department less, 

• had teachers that participated in math/science professional development more, 

• attended schools with higher student body percentages of: low socioeconomic 

status, English-language learners and Latina/o students, and 

• attended schools with higher percentages of student enrollment.  

Detailed balance estimates of means between treatment and comparison students are 

presented in Appendix 6. 

Inferential Analyses 

Inferential analyses are presented in the following sequence: First, results from 

independent samples t-tests are presented and interpreted; then, pre-post test score 

results from split-plot ANOVAs (repeated measures general linear models) are 

presented and interpreted. Lastly, linear regression results using propensity scores are 

presented and interpreted to estimate the impact of mathematical literacy on 
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mathematics achievement. Notes and coding defining variables used in inferential 

analyses are presented in Table 6. 

After ensuring that all prerequisite conditions (e.g., normal distribution, no 

significant outliers, homogeneity of variance) were met, independent samples t-tests 

were conducted to compare between-group means on the same continuous dependent 

variable: MATH11 standardized test scores. Initial unmatched analyses between 

treatment and comparison students’ MATH11 scores were done using independent 

samples t-tests. Independent samples t-tests compare the means between two groups 

(e.g., treatment and comparison) on the same continuous variable (MATH11 test 

scores). Prior to conducting t-test analyses, descriptive statistics were analyzed. Table 

7 presents Levene’s test for equality of variances were used to test the homogeneity 

of variance assumption, expressed as standard deviations, across both treatment and 

comparison groups. (F = 1.971, p = .161), showing that variance in standard 

deviations between groups is homogeneous. 

Findings from unmatched independent samples t-tests show that treatment 

students’ mean MATH11 scale score, relative to comparison students’ mean 

MATH11 scale score, was significantly higher, with equal variances assumed. 

Treatment students’ average score was 50.69 (± 9.38) while comparison students’ 

average score was 48.08 (± 8.75), a mean positive difference of 2.61 points, more 

than a quarter of a standard deviation. The between-group performance on the 

MATH11 difference was statistically significant t(1624) = -5.125, p = 0.001, 

suggesting that the probability of such differences existing by chance are 1 out of 
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1000. Bar chart comparisons of MATH11 standardized tests between TREATMENT 

and COMPARISON students are represented in Figure 6. 

Results from the t-test analysis demonstrate that treatment students outperform 

comparison students on MATH11 test scores. This indicates that an association exists 

between mathematics teachers providing high degrees of conceptual emphasis in their 

instructional practices and increases in standardized test scores. Additionally, such 

analyses highlight the utility of using a split-plot ANOVA designed to simultaneously 

compare between-group means and account for measures of prior achievement. 

Further analyses between treatment and comparison students’ standardized test 

scores were conducted using split-plot (mixed-design) analysis of variance (ANOVA) 

and multiple linear regression weighting cases by W2W1STU. A split-plot ANOVA 

is a general linear model of repeated measures that incorporates a repeated measure 

effect as well as a between-group effect, a useful technique for evaluating the 

influence of high degrees of conceptual emphasis by mathematics teachers on 

students’ test scores because it examines whether students pre- and post- mean scores 

are significantly different based on access to teaching with high degrees of conceptual 

emphasis. The between-groups factor was access to the top 25th percentile of teachers 

that provided high degrees of emphasis on mathematical literacy (TREATMENT) and 

the repeated measures factors were mathematics test scores during students’ 9th-grade 

in 2009 (time 1) and mathematics test scores during students’ 11th-grade in 2011 

(time 2). 
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Homogeneity of inter-correlation results were significant (Box’s M = 1989.107, p 

= .001), suggesting that the observed covariance matrices of the dependent variables 

are not equal between groups. In other words, the correlation between MATH9 and 

MATH11 is not the same between groups, suggesting a significant interaction 

between access to the TREATMENT and pre- and post- mean scores for mathematics 

test scores (F (1, 2948) = 31.999, p = .000, partial eta squared .000). These results 

show that the magnitude of repeated measures of mathematics test scores is 

dependent upon the TREATMENT variable. Line graph means comparisons of 

between-group performance on both MATH9 and MATH11 are displayed in Figure 

7. 

Results from the split-plot ANOVA show that treatment students’ scores decrease 

over time whereas comparison students’ scores increase over time. The negative 

difference in treatment students’ mean math scale score from MATH9 to MATH11 

contrasts from the positive difference of comparison students from MATH9 to 

MATH11. In other words, the magnitude and directionality of math test scores over 

time is contingent upon the grouping category. Treatment students’ average MATH9 

score was 50.69 (± 8.66) and their MATH11 score was 50.57 (± 9.37) while 

comparison students’ average MATH9 score was 47.12 (± 9.09) and their MATH11 

score was 47.14 (± 8.79). Although statistically significant, magnitude effect 

differences over time of less than one-tenth of a point on standardized tests suggest 

that access to mathematics teaching with high degrees of conceptual emphasis is not 

associated with increase in test scores in the unmatched sample. 



 

 121

Linear Regression. Final inferential analyses between treatment and comparison 

students’ standardized test scores were conducted using multiple linear regression. 

Multiple linear regression predicts the value of a dependent (or outcome) variable 

based on the values of independent (predictor) variables. Multiple linear regression 

provides information regarding how much of the variation in MATH11 test scores is 

attributable to the influence of predictor variables while simultaneously providing the 

specific contributing influence of each predictor. Considering students are nested 

within the organizational unit of schools, two-level hierarchical linear models were 

used to simultaneously analyze student-level as well as school-level relationships 

(Raudenbush & Bryk, 2002). This technique examines whether, collectively, 

students’ access to mathematics teaching with high degrees of conceptual emphasis as 

well as student characteristics and school contexts can predict test scores. Prior to 

conducting multiple regression analyses, appropriateness of linear relationships, 

homoscedasticity and lack of multicollinearity were verified. Having conducted 

descriptive analyses and transformations in SPSS, data was organized to construct a 

multivariate data matrix (MDM) file to analyze linear regression results in HLM 7.1. 

The categorical L1 language background was recoded into three mutually 

exclusive dichotomous variables: L1ENGL, L1NOTENG and BILNGUAL. The 

continuous teacher preparation variables, SHRMTHDS and SHR_ELL were reverse 

coded, respectively, to METHDS_R and SHRELL_R so that agreement indicated 

higher values (i.e., 3, 4) and disagreement indicated lower values (i.e., 1, 2). 

Additionally, original language background, teacher preparation and school context 
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variables with missing data values were used for level-1 and renamed to fit the eight-

character limit for MDM files. Moreover, MDM data preparation identified that 

twenty-two cases did not contain data for the school identification variable and 

needed to be removed from the dataset, leaving 1579 cases. Furthermore, MDM does 

not support level-2 missing values and only cases with complete data for 

FR_LUNCH, LUNCHPCT, LATN_PCT, ELL_PCT and CAPACITY were 

considered, leaving 1333 cases. CAPACITY was recoded into two mutually exclusive 

dichotomous variables, FULL_CAP (for schools with student enrollment ranging 

from 45 to 100 percent) and OVER_CAP (for schools with student enrollment 

ranging from 101 to 150 percent). Table 8 presents descriptive statistics of the MDM 

file used for linear regression analyses. 

Analytic Strategy 

Do mathematical literacy practices and school contexts influence the standardized 

mathematics scores of Latina/os in U.S. high schools? Does the relationship between 

instructional literacy practices, school contexts and mathematics achievement scores 

differ across Latina/os’ degree of English-language proficiency in U.S. high schools? 

To address these research questions, five nested unmatched and matched models for 

eleventh-grade mathematics achievement outcomes were computed. 

Model 1. The first model in the analysis was the fully unconditional model (a 

random effects ANOVA model) that did not contain independent (control) predictors 

and only included the mathematics achievement outcome (MATH11ij). In the 

unconditional model, the outcome variable was analyzed as a function of the intercept 
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(β0) which represented the institutional average of each student’s 11th grade 

mathematics score, a random effect unique to each student (rij), and a random effect 

that was unique to each individual school (uj):  

MATH11j = β0 + (rij + uj).         (1) 

The unconditional model also provided important information about the intraclass 

correlation (ICC) or the proportion of variance in each outcome attributable to the 

between-school differences.10 Table 9 shows the estimated ICC in Model 1 of 

unmatched linear regression results as 23.51% of the variance in mathematics 

achievement outcomes being attributable to between-school differences and the 

remaining 60.67% proportion of variance explained by within-school differences. 

Table 10 shows the estimated ICC in Model 1 of matched linear regression results as 

20.27% of the variance in mathematics achievement outcomes attributable to 

between-school differences and the remaining 65.83% proportion of variance is due 

to within-school differences.11 Because the obtained Chi-squares were statistically 

significant, the between-school differences in the proportion of variance in 

mathematics achievement scores indicated the appropriateness of multilevel models 

in all subsequent analyses. 

Model 2. The second model in the analysis was the baseline model and contained 

the main effects of the student control variables in the analysis. The purpose for this 

analysis was to examine the main effects of instructional literacy practices and 

                                                        
10 The intraclass correlation (ρ) partitions the variance in the outcome due to between-institution (τ00) 
and within-institution (σ2) differences, and is calculated by the following formula: ρ = τ00 / (τ00 + σ2). 
11 Partitioning of variance between level 1 and level 2 was calculated by ρ = 20.27 / (20.27+65.83). 
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student control characteristics related to the 11th grade mathematics achievement 

scores. The fitted multilevel regression models corresponding to Model 2 were: 

MATH11ij = β0 +β1LITERACYij + β2MATH9ij + β3SESij + β4FEMALEij +  

β5FIRSTGENij + β6SCND_GEN + γ1Zij
12 + γ2Zj

13 + (rij + uj).  (2) 

Model 3. In the third model, the differential impact of teacher preparation on 11th 

grade mathematics achievement was examined. The main effects of teacher 

preparation variables were added to the multilevel model in the previous equation as 

follows: 

MATH11ij = β0 +β1LITERACYij + β2MATH9ij + β3SESij + β4FEMALEij +  

β5FIRSTGENij + β6SCND_GEN + β7METHDS_Rij  + β8SHRELL_Rij +  

β9PD_LEARNij + β10 PDINTRSTij  +γ1Zij + γ2Zj + (rij + uj)   (3) 

 

Model 4. The fourth model in the analyses addresses the first research question 

and contains the main effects of instructional literacy practices, school contexts, 

student controls and teacher preparation characteristics. Fitted multilevel regression 

models corresponding to the first research question were: 

MATH11ij = β0 +β1LITERACYij + β2MATH9ij + β3SESij + β4FEMALEij +  

β5FIRSTGENij + β6SCND_GEN + β7METHDS_Rij + β8SHRELL_Rij +  

β9PD_LEARNij + β10PDINTRSTij  + β11LUNCH_PCTj  + β12LATN_PCTj  +  

β13ELL_PCTj  + β14OVER_CAPj  + γ1Zij + γ2Zj + (rij + uj)   (4) 

 

Model 5. The fifth model in the analyses addresses the second research question 

and tests for the differential impact of English-language background (English 

monolingual was the omitted category) and contains the main effects of instructional 

literacy practices, school contexts, student controls and teacher preparation 

                                                        
12 γ1 is a parameter vector describing the impact of the individual-level controls Zij .   
13 γ2 is a parameter vector describing the impact of the school-level controls Zj. 
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characteristics. Fitted multilevel regression models corresponding to the second 

research question were: 

MATH11ij = β0 + β1LITERACYij + β2MATH9ij + β3SESij + β4FEMALEij +  

β5FIRSTGENij + β6SCND_GEN + β7METHDS_Rij  + β8SHRELL_Rij +  

β9PD_LEARNij + β10PDINTRSTij + β11LUNCH_PCTj + β12LATN_PCTj  +  

β13ELL_PCTj + β14OVER_CAPj + β15L1NOTENGij + β16BLNGUALij + 

 γ1Zij + γ2Zj + (rij + uj)        (5) 

 
Across all models, Zij represents a vector of individual-level control variables and  

Zj a vector of school-level control variables. The error terms are εij, the typical inter-

individual residual, and uj a school-level residual that accounts for the unobserved 

effects of school j. In the final fitted model (Model 5), parameters are defined as 

follows: 

β0 =  Intercept function representing the institutional average of each student’s 11th 

grade mathematics score. 

β1 =  Slope parameter representing the main effect of math teacher’s emphasis on 

instructional literacy practices (i.e., treatment). 

β2 =  Slope parameter representing the effect of prior mathematics achievement. 

β3 =  Slope parameter representing the effect of students’ socioeconomic status. 

β4 =  Slope parameter representing the effect of gender. 

β5 =  Slope parameter representing the effect of first generation immigrant status. 

β6 =  Slope parameter representing the effect of second generation immigrant status. 

β7 =  Slope parameter representing the teacher preparation effect of department 

sharing research on effective teaching practices. 
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β8 =  Slope parameter representing the teacher preparation effect of department 

sharing research of effective instructional practices for ELLs. 

β9 =  Slope parameter representing the teacher preparation effect of professional 

development participation in how students learn math/science. 

β10 =  Slope parameter representing the teacher preparation effect of professional 

development participation in increasing students’ interest in math/science. 

β11 =  Slope parameter representing the effect of school’s socioeconomic status. 

β12 =  Slope parameter representing the effect of school’s concentration of Latina/o 

students. 

β13 =  Slope parameter representing the effect of school’s concentration of ELL 

students. 

β14 =  Slope parameter representing the effect of school’s enrollment capacity. 

β15 =  Slope parameter representing the main effect of student’s first language not 

being English. 

β9 =  Slope parameter representing the main effect of student’s first language being 

both English as well as another language. 

γ1 =  A parameter vector describing the impact of the student-level controls Zij. 

γ2  =   A parameter vector describing the impact of the school-level controls Zj.  

  Results 

This study examined the relationship between mathematical literacy practices, 

school contexts and standardized mathematics scores of Latina/os in U.S. high 
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schools. Specifically, this work estimated effects of student background 

characteristics, teacher preparation measures, school contexts and teacher’s literacy 

practices on the eleventh-grade mathematics achievement of linguistically diverse 

Latina/os. 

Findings from unmatched linear regression models show that after accounting for 

students’ prior achievement, immigrant background, measures of teacher preparation 

and school contexts, mathematical literacy practices are associated with the HSLS:09 

scores of Latina/os in U.S. high schools, but the relationship between mathematical 

literacy practices, diverse school contexts and mathematics achievement is not 

associated with students’ English-language background. 

The average HSLS:09 eleventh-grade mathematics achievement score of students 

who experienced teaching with substantive emphasis on mathematical literacy 

practices was 49.74 (± 0.86) while comparison students’ average score was 47.17 (± 

1.10), a mean and statistically significant positive difference of 2.5 points, holding all 

student characteristics and school contexts constant (β  = 2.57, p < 0.01). While these 

unmatched multiple regression findings provided useful inferences, such results are 

associative and only offer correlational findings between mathematical literacy 

practices and differences in test score increases. In other words, even after accounting 

for student characteristics and school contexts as covariates, and including 

appropriate weights for longitudinal data, multiple regression analyses of unmatched 

data estimates cannot attribute differences in test score increases (or decreases) to 

teacher’s mathematical literacy practices. 
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Multiple linear regression results of data using propensity score matching are 

presented in Table 10. Model 1 (the baseline model) shows that the intercept 

representing the average mathematics achievement in the population of all eleventh-

grade students is 49.92 on the HSLS:09 MATH11 standardized test and the main 

effect of math teacher’s substantive emphasis on instructional literacy practices had a 

positive effect (β = 2.64, p < .001), on the intercept representing mathematics 

achievement, a difference of over 25% of a standard deviation. 

Model 2 examines the relationship between teacher’s substantive emphasis on 

instructional literacy practices and eleventh-grade mathematics achievement, while 

accounting for control variables of student’s prior achievement, socioeconomic status, 

and immigrant status. Parameter estimates showed that after accounting for controls, 

teacher’s mathematical literacy practices continued to have a positive effect on 

mathematics outcomes. A one unit positive difference in LITERACY was associated 

with over a 1.5-point higher difference on the HSLS:09 assessment (β = 1.78, p < 

.01), a difference of over 15% of a standard deviation. The effect of socioeconomic 

status also had positive outcomes on mathematics achievement. A one unit positive 

difference in SES was associated with almost 3-point higher difference on the 

assessment (β = 2.96, p < .001), a difference approaching 30% of a standard 

deviation. The effect of gender on mathematics achievement was not statistically 

significant between males (the omitted category) and females (β = -0.20, p > .05). 

The effects of immigration status on mathematics achievement were statistically 

significant for both first- and second-generation students (relative to third-generation 
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students, the omitted category). On average, both first-generation (β = 1.48, p < .05), 

as well as second-generation students (β = 1.60, p < .001), scored about 1.5 points 

higher than third-generation students. 

Model 3 adds the effects of teacher preparation measures on the relationship 

between teacher’s substantive emphasis on mathematical literacy practices and 

eleventh-grade achievement, while accounting for controls. Parameter estimates 

showed that after accounting for controls and including teacher preparation measures, 

teacher’s mathematical literacy practices continued to have a positive effect on 

outcomes. A one unit positive difference in LITERACY was associated with almost a 

2-point higher difference on the HSLS:09 assessment (β = 1.92, p < .001), a 

difference approaching 20% of a standard deviation. The effect of socioeconomic 

status continued to have positive outcomes on mathematics achievement. A one unit 

difference in SES remained associated with 3-point higher difference on the 

assessment (β = 3.02, p < .001), a difference of over 30% of a standard deviation. The 

effect of gender on mathematics achievement remained not statistically significant 

between males (the omitted category) and females ((β = -0.18, p > .05). The effects of 

immigration status on mathematics achievement remained statistically significant for 

both first- and second-generation students (relative to third-generation students, the 

omitted category). On average, both first-generation (β = 1.52, p < .05), as well as 

second-generation students (β = 1.67, p < .001), scored over 1.5 points higher than 

third generation students. 
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Effects from the dichotomous measures of department sharing of effective 

teaching practices in mathematics (β = -0.26, p > .05), department sharing of effective 

instructional practices for ELLs (β = -0.06, p > .05), professional development in how 

students learn math/science (β = -0.40, p > .05), and professional development in 

increasing students’ interest in math/science were not statistically significant (β = 

0.18, p > .05). 

Model 4 adds the effects of school contexts on the relationship between teacher’s 

substantive emphasis on mathematical literacy practices and eleventh-grade 

achievement, while including teacher preparation measures and accounting for 

controls. Parameter estimates showed that after including measures of school contexts 

as well as teacher preparation measures and accounting for controls, teacher’s 

mathematical literacy practices continued to have a positive effect on mathematics 

outcomes. A one unit positive difference in LITERACY remained associated with 

over a 1.5-point higher difference on the HSLS:09 assessment (β = 1.62, p < .01), a 

difference of more than 15% of a standard deviation.  

The effect of socioeconomic status continued to have positive outcomes on 

mathematics achievement. A one unit positive difference in SES was associated with 

over 2-points higher difference on the assessment (β = 2.30, p < .001), a difference of 

over 20% of a standard deviation. The effect of gender on mathematics achievement 

remained not statistically significant between males (the omitted category) and 

females ((β = -0.20, p > .05). The effects of immigration status on mathematics 

achievement remained statistically significant for both first- and second-generation 
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students (relative to third-generation students, the omitted category). On average, 

both first-generation (β = 1.46, p < .05), as well as second-generation students (β = 

1.46, p < .01), approximated 1.5 points higher than third-generation students. 

Effects from the dichotomous measures of department sharing of effective 

teaching practices in mathematics (β = -0.47, p > .05), department sharing of effective 

instructional practices for ELLs (β = 0.11, p > .05), professional development in how 

students learn math/science (β = 0.30, p > .05), and professional development in 

increasing students’ interest in math/science all remained not statistically significant 

(β = 0.43, p > .05). 

Model 4 also showed the effects of school contexts: school’s socioeconomic 

status, school’s concentration of Latina/o students, school’s concentration of ELL 

students, and school’s enrollment capacity. When considering teacher, student and 

school characteristics in concert, the effects of school’s concentration of Latina/o 

students (β = 0.18 p > .05), school’s concentration of ELL students (β = 0.02, p > 

.05), and school’s exceeding enrollment capacity (β = 0.10, p > .05) were not 

statistically significant. However, the effects of attending a school with a high 

percentage of low-income students that qualify for free or reduced lunch (β = -0.09, p 

< .001) was statistically significant. On average, a one unit negative difference in the 

continuous LUNCH_PCT variable was associated with almost .10 lower difference 

on the HSLS:09 assessment, a difference of 1/10 of a standard deviation. The mean 

value of schools’ percentage of low-income students that qualify for free or reduced 

lunch was 34, which suggests that, on average, Latina/os attend schools associated 
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with almost 3.5-points lower difference on the assessment (β = -3.40, p < .001), a 

difference approaching 35% of a standard deviation. 

Model 5 adds the effects of students’ language-background on the relationship 

between teacher’s substantive emphasis on mathematical literacy practices and 

eleventh-grade achievement, while including teacher preparation as well as school 

contexts and accounting for controls. Parameter estimates showed that after including 

measures of school contexts as well as teacher preparation measures and accounting 

for controls, teacher’s mathematical literacy practices continued to have a positive 

effect on mathematics outcomes. A one unit positive difference in LITERACY 

remained associated with over a 1.5-point higher difference on the HSLS:09 

assessment (β = 1.62, p < .01), a difference of more than 15% of a standard deviation.  

The effect of socioeconomic status continued to have positive outcomes on 

mathematics achievement. A one unit positive difference in SES was associated with 

over 2-points higher difference on the assessment (β = 2.22, p < .001), a difference of 

over 20% of a standard deviation. The effect of gender on mathematics achievement 

remained not statistically significant between males (the omitted category) and 

females ((β = -0.18, p > .05). The effects of immigration status on mathematics 

achievement remained statistically significant for both first- and second-generation 

students (relative to third-generation students, the omitted category). On average, 

both first-generation (β = 1.98, p < .05), as well as second-generation students (β = 

1.77, p < .001), approximated 2-points higher on the HSLS:09 assessment, relative to 

third-generation students. 
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Effects from the dichotomous measures of department sharing of effective 

teaching practices in mathematics (β = -0.48, p > .05), department sharing of effective 

instructional practices for ELLs (β = 0.14, p > .05), professional development in how 

students learn math/science (β = 0.33, p > .05), and professional development in 

increasing students’ interest in math/science all remained not statistically significant 

(β = 0.44, p > .05). Effects from school’s concentration of Latina/o students (β = 0.19 

p > .05), school’s concentration of ELL students (β = 0.02, p > .05), and school’s 

exceeding enrollment capacity (β = 0.16, p > .05) also remained not statistically 

significant. Effects of attending a school with a high percentage of low-income 

students that qualify for free or reduced lunch (β = -0.09, p < .001) remained 

statistically significant.  

Model 5 also showed the effects of students’ language-background: student’s first 

language not being English as well as student’s first language being both English as 

well as another language. When analyzing teacher’s mathematical literacy practices, 

student’s immigrant background, measures of teacher preparation, school contexts, as 

well as controls, in concert, the effects of student’s first language not being English (β 

= -0.94, p > .05), as well as student’s first language being both English as well as 

another language (β = -0.70, p > .05) on HSLS:09 achievement were not statistically 

significant. 

Findings from these quasi-experimental multi-level linear regression models show 

that after accounting for students’ prior achievement, SES, gender, immigrant 

background, teacher preparation and school contexts, teacher’s substantive emphasis 
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on mathematical literacy practices impacts the HSLS:09 scores of Latina/os in U.S. 

high schools, but the relationship between mathematical literacy practices, diverse 

school contexts and mathematics achievement is not influenced by students’ English-

language background.  
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Chapter Five: The Impact of Mathematical Literacy Practices 
 
 

The purpose of this study was to examine the impact of teachers’ mathematical 

literacy practices, students’ English-language background and school contexts on 

Latina/os’ eleventh-grade standardized tests. This study revealed interrelationships 

among: mathematics achievement, teachers’ instructional practices, students’ socio-

economic, immigrant and English-language background, and school contexts. The 

results are clear: Latina/o students exhibit higher achievement when exposed to 

teaching that substantially emphasizes mathematical literacy practices. These findings 

suggest that attentiveness to teachers’ mathematical literacy practices is warranted, 

especially so in light of CCSS standards, SBAC and PARCC assessments. In light of 

contemporary educational assessment policies, the greatest potential consequence in 

this study is that ignoring the identification, implementation and evaluation of 

teacher’s mathematical literacy practices will continue to constrain the mathematics 

achievement of Latina/os. 

Further, this study corroborates findings from previous works (Coleman, 1966; 

Rumberger & Palardy, 2005) that show the influence of students’ SES on 

mathematics achievement outcomes. Using a standardized SES composite measure, 

this study provides further evidence of the positive relationship between students’ 

SES and mathematics achievement. In other words, parental education, family 

income, and parental occupational prestige explain Latina/o students’ performance in 

secondary mathematics. In this data’s most extreme variance in values, the HSLS:09 

eleventh-grade mathematics achievement score of the highest-SES Latina/o student 
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was 53.98 while the average mathematics score of the lowest-SES Latina/o was 

44.52, more than one standard deviation of variance, holding all student- and school-

level characteristics constant.14 

Additionally, this study corroborates students’ immigrant generational status as an 

explanatory indicator of academic success and failure and postsecondary school 

prospects (Portes & Rumbaut, 2001; Suarez-Orozco & Suarez-Orozco, 1995). Results 

show the positive relationship between first-generation and second-generation 

students and mathematics achievement (relative to third-generation students). 

HSLS:09 eleventh-grade mathematics achievement score of first-generation Latina/os 

was 50.54, the average mathematics score of second-generation Latina/os was 50.33, 

while the average mathematics score of third-generation Latina/os was 48.56, holding 

all student- and school-level characteristics constant. Moreover, although previous 

studies have factored student’s English-language background as a central 

characteristic influencing mathematics achievement (Mosqueda & Maldonado, 

2013a, 2013b), this study does not corroborate such findings. The potential 

confoundedness between immigrant generational status and English-language 

background may explain this unexpected finding. Another explanation is the potential 

confoundedness between English-language background and the academic language 

nature of teacher’s mathematical literacy practices.  

Finally, although previous studies have factored overcrowded schools, and high 

school percentages of racial-ethnic and language minority students as institutional 

                                                        
14 M=48.56(0.60). High=M+(2.22*2.44)=5.42 = 53.98, M=48.56(0.60). Low=M+(2.22*-1.82)=-

4.04 = 44.52 
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dimensions indicative of academic success, this study does not corroborate such 

findings. This surprising finding is consistent with the qualitative case study results of 

a New York City school that showed, irrespective of racial-ethnic and linguistic 

concentration, Latina/os’ achievement was associated more with school-level speech 

communities of language acquisition models instead of individuals’ English-language 

background (Garcia & Bartlett, 2007). Another possible explanation for this 

inconsistency with prior research is that in relation to mathematics achievement 

analyses of Latina/os, studies need to also consider the interrelatedness of specific 

classroom-level instructional practices, in concert with structural factors (e.g., racial-

ethnic and linguistic concentration). For example, this study shows that the most 

profound effect on students’ mathematics achievement is the school’s percentage of 

low-income students that qualify for free or reduced lunch.  

On average, Latina/os attend schools with 35 percent low-income students, which 

results in almost 3.5-points lower from the mean scores difference on the assessment 

(β = -3.40, p < .001), a difference approaching 35% of a standard deviation. In this 

data’s most extreme variance in values, the average HSLS:09 eleventh-grade 

mathematics achievement score of Latina/os in schools with 0 percent of students 

qualifying for free or reduced lunch was 48.56 while the average mathematics score 

of Latina/os in schools with 100 percent of students qualifying for free or reduced 

lunch was 38.56, one standard deviation of variance, holding all student- and school-

level characteristics constant. In other words, academic advantages that students 

acquire from mathematical literacy practices are diminished as the percent of low-
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income students attending the school increases. These results show the contextual 

importance of explicitly accounting for school-level institutional factors that impact 

the academic achievement of Latina/os. Considering that student’s SES and 

immigrant generational status as well as school’s percentages of students qualifying 

for free or reduced lunch are exogenous factors to teaching and learning and beyond 

students’ and schools’ locus of control, this study points to teacher’s mathematical 

literacy practices as a more productive area of educational focus. 

Relatedly, results from this work show that teachers’ participation in professional 

development were not a significant predictor of students’ achievement. These 

findings reveal that more work is required to understand the specific content and 

pedagogy needed to associate teacher learning with Latina/os’ standardized test 

scores in mathematics. While more work is needed to understand teacher learning is 

needed, the mathematical knowledge, skills and dispositions teachers emphasize in 

their instruction was the focus of this study. Results showed that after accounting for 

student- and school-level characteristics in concert, teacher’s substantive 

mathematical literacy practices have a positive impact on mathematics outcomes 

associated with over a 1.5-point higher difference on the HSLS:09 assessment (β = 

1.62, p < .01), a difference of more than 15% of a standard deviation. 

Limitations 

Although this work uses a longitudinal research design testing the impact of 

predictor variables on outcomes that enables generalizability to the U.S. population of 

Latina/o eleventh-graders in 2011, there are limitations to data used in this study. This 
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research did not analyze missing data. Additionally, although the cross-referencing 

opportunities and reliability estimates across participants (e.g., both family and school 

data on students’ language background) allow for confirmatory analyses, most data 

analyzed used self-reported measures and must therefore be interpreted with caution. 

Moreover, the study’s primary question predictor, the mathematical literacy 

composite has not been previously validated by existing studies and the conceptual 

construct remains under negotiation. 

Furthermore, the unique nature of Latina/os’ immigrant and English-language 

backgrounds are complex realities that do not get fully communicated with measures 

used in this study, such as students’ and parents’ birth nations and initial languages 

spoken. While HSLS:09 data provides information on students’ and parents’ country-

specific national origin, significant decreases in sample size would have 

compromised the statistical power to conduct a quasi-experimental research design. 

Similarly, HSLS:09 data does not include students’ citizenship or residency 

designations, an important factor that influences achievement in schools as well as 

civic participation. 

The pathway to understanding where and how teachers learn specific instructional 

practices, as well as the school contexts that support such practices, is also a long and 

challenging endeavor. As students experience national curricula, mathematics tests 

will feature more and more linguistically complex items, making the nexus of 

Latina/os’ English-language background and mathematical literacy skills critical to 

achievement. Of particular importance is this study’s finding that measures of teacher 
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preparation did not impact students’ achievement. The extent teacher’s share effective 

teaching strategies with each other in their departments, as well as participation in 

professional development, are items that could benefit from refinement. For example, 

to account for the national variability of professional development contexts, future 

items could be more focused on the nature of topics covered in professional 

development, and perhaps more longitudinal data points are required to evaluate 

whether professional development learning requires one, two or more years to 

influence the modification of teaching practices. 

Implications for Policy and Practice 
 

NCES collects HSLS:09 data to promote inquiry regarding how “students choose 

science, technology, engineering and math (STEM) courses, majors and careers.” 

Aligned with such foci, quantitative analyses of student, teacher, family and school 

data from the first (2009) and second (2011) waves of HSLS:09 may contribute 

evidence of influential factors on high school Latina/os’ achievement on standardized 

mathematics tests. Understanding the individual and institutional dimensions that 

impact the mathematics achievement of Latina/o secondary students is aligned with 

the education research enterprise that values equity as a social responsibility. 

HSLS:09 standardized mathematics scores in eleventh-grade are aligned to NAEP 

results. Eleventh-grade is also when students take SAT and ACT standardized tests, 

measures that significantly contribute to college-going opportunities. The 1.5-point 

impact of mathematical literacy practices on students’ standardized test scores may 
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determine which computer-adaptive assessment items are generated to demonstrate 

student’s achievement. 

Particularly in the policy context of Common Core State Standards, attention to 

how mathematical literacy practices influence Latina/os’ mathematics achievement 

advances relevant implications in assessment, teaching practices and placement 

processes that may prove informative to multiple education communities, including 

school district leadership, secondary mathematics teachers and researchers. 

School District Leadership. Findings from this study are informative to both the 

selection and training of secondary mathematics teachers. Latina/o students with 

teachers that use substantive mathematical literacy practices have higher achievement 

on standardized tests. It would be useful to know if teachers have been trained to 

enact mathematical literacy practices before hiring them, and if teachers don’t have a 

strong foundation in mathematical literacy, capacity-building opportunities will need 

to be provided for their professional development. If professional development is not 

currently available in mathematical literacy, such teacher learning content may be 

structured. Importantly, the adoption of local measures for professional development 

quality is required. Darling-Hammond and McLaughlin (1995) outlined 

characteristics of effective professional development as: 

1) Engage teachers in concrete tasks of teaching, assessment, observation, 

reflection and inquiry-based experimentation related to students’ work, and 
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2) Ongoing, collaborative, focused on community-based aspects of school 

change resolving issues of collective practice rather than individual teacher 

concerns. 

These characteristics serve as guidance for structuring teacher learning opportunities; 

however, many teachers only experience single-session workshops, which are 

unlikely to lead to changes of instructional practice. Moreover, participation in 

appropriately-designed professional development, connections between teachers’ 

pedagogical development and student achievement must account for students’ 

backgrounds not associated with schools. 

Additionally, it’s important to follow-up if what’s learned at teacher professional 

development is implemented in classrooms. As teacher preparation programs 

integrate more performance-based assessments as credentialing components, hiring 

committees may consider requesting candidate’s performance on such measures. As 

an example, the PACT in California has a specific section on academic language that 

may serve as a predictor of potential emphasis on mathematical literacy practices 

if/when hired (Bunch, Aguirre, & Téllez, 2009; Castellano, Duckor, Wihadini, Téllez, 

& Wilson, 2015). 

Secondary Mathematics Teachers. Bolstering the mathematics achievement of 

Latina/os requires a sophisticated pedagogical skill set. While procedural skills are 

necessary for mathematics achievement (i.e., pace and accuracy in computations, 

procedural fluency in algorithms, and standardized test preparation), they are 

insufficient for maximizing mathematical literacy. Results from this study show that 
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emphasizing conceptual understanding through ideas, history, logic, explanation, and 

problem-solving bolsters Latina/os achievement. Mathematics departments may 

consider designing and implementing conceptual understanding teaching standards to 

guide classroom observations and lesson-study design teams, particularly in relation 

to formative assessment (Mosqueda, Bravo, Solís, & Maldonado, Under Review). 

Educational Researchers. This study’s mathematical literacy construct may serve 

as a useful composite for scholars interested in using HSLS:09 data. Additionally, 

qualitative studies that integrate classroom observation protocols would provide 

confirmatory analyses to validate if what teachers self-report as their classroom 

practices actually impact achievement in practice. Moreover, further work is required 

to capture the interactive complexities of Latina/os’ immigrant and English-language 

backgrounds. 

Directions for Future Research 

Findings from this work have been presented at university clusters as well as 

researcher and practitioner conferences. Audiences have suggested several promising 

pathways for future research: 

• Is there a relationship between mathematics achievement on HSLS:09 and 

SAT Math? Does HSLS:09 performance impact participation in post-

secondary contexts? 

• Is there a relationship between teacher’s mathematical literacy practices and 

course-taking patterns, of both students as well as teachers? 
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• Is there a relationship between teacher’s mathematical literacy practices and 

academic language and literacy dimensions of credentialing performance 

assessments? 

• What are the differential effects of teacher’s mathematical literacy practices 

on student’s English-language background (e.g., ELL and bilingual) and 

immigrant generational status (e.g., statistical interactions of long-term 

English learners such as LITERACY*ELL*SCND_GEN)?  

• Do other school-level variables, such as the placement of all ninth graders in 

the same mathematics course, influence standardized test scores on HSLS:09? 

• Is there a relationship between teacher’s mathematical literacy practices and 

the school percentage of students that qualify for free and reduced lunch? 
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Tables and Figures 

 

Table 1 
Initial Principal Components Loadings 

Variable Description Component 
1 

E=4.543 

Component 
2 

E=2.641 

LOGIC teacher's emphasis on logical structure 
of mathematics 

.813 -.146 

IDEAS teacher's emphasis on connecting math 
ideas 

.778 -.074 

PROBLEM teacher's emphasis on developing 
problem solving skills 

.739 -.060 

LOGIC teacher's emphasis on logical structure 
of mathematics 

.717 .025 

EXPLAIN teacher's emphasis on effectively 
explaining math ideas 

.674 .061 

INTEREST teacher's emphasis on increasing 
students' interest in math 

.621 .006 

HISTORY teacher's emphasis on history and nature 
of math 

.582 .213 

PREPARE teacher's emphasis on preparation for 
further math study 

.575 .034 

BUSINESS teacher's emphasis on business/industry 
applications of math 

.508 .173 

COMPSKILLS teacher's emphasis on developing 
computational skills 

.015 .771 

COMPUTE teacher's emphasis on speedy/accurate 
computations 

.096 .738 

TEST teacher's emphasis on standardized test 
preparation 

-.104 .626 

ALGORITHM teacher's emphasis on teaching math 
algorithms/procedures 

-.126 .486 
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Table 2. 
Final Principal Components Loadings 
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Table 3 
Descriptive Statistics of Initial Data and Unmatched Analytic Sample 
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Table 4 
Propensity Score Covariates 
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Table 5  
Means of Treatment and Comparison Students Before and After Matching 

 

 
 



 

 

Table 6 
Data and Coding For All Variables 

 

 
 
  

1
5
0
 



 

 

Table 6 (continued) 
Data and Coding For All Variables 

 

  

1
5
1
 



 

 

Table 7 
Means Comparison of Unmatched Data 
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Table 8 
Descriptive Statistics of Multivariate Data Matrix 
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Table 9 
Unmatched Linear Regression Results 
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Table 10 
Matched Linear Regression Results 
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Figure 1 
Study’s Conceptual Model 

 

 
  

Descriptive
Analyses

• Extract HSLS:09 subsample of all Latina/o students

• Data coding processes

• Conduct descriptive analyses of all variables

• Use boxplot analyses to identify outcome outliers

Composite 
& Matching

• Create and establish realiability of composite constructs of literacy experiences and 
immigrant generation status

• Use logistic regression to transform observed covariates into propensity score

• Assess between-groups baseline equivalence and conduct confirmatory matching analyses

Inferential 
Analyses

• Conduct independent samples t-tests

• Conduct split-plot repeated measures general linear model ANOVA

• Analyze pre-matching multi-level linear regression models

• Analyze post-matching multi-level linear regression models
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Figure 2 
Distribution of Propensity Scores 
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Figure 3 
Propensity Score Matches with Overlaid Kernel Density 
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Figure 4 

Histogram of Standardized Differences Before and After Matching 
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Figure 5 

Dotplot of Standardized Mean Differences Before and After Matching 

 
  



 

 161

Figure 6 
Means Comparison of Unmatched MATH11 Standardized Test Scores 
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Figure 7 
Unmatched Means Comparison of Pre- (MATH9) and Post-Test (MATH11) Scores 
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Figure 8 
Impact of Mathematical Literacy on 11th Grade Achievement 
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Figure 9 
Effect of Immigrant Generational Status on 11th Grade Mathematics Achievement 
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Figure 10 
Effect of School Socioeconomic Status on 11th Grade Mathematics Achievement 
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Appendices 
Appendix 1 
Language Load Alignment for LMs’ Algebraic Achievement 

 

Mientras las realidades lingüísticas nacionalmente evolucionan, demography 

shows that a significant population of our nation’s schools is comprised of Language 

Minority students (LMs).  In 2009, 21% of 5- to 17-year-olds in the United States (or 

11.2 million) spoke a language other than English at home (NCES, 2011).  In 

addition, LMs are no longer geographically concentrated in urban coastal and 

Southwestern cities (NCELA, 2011).  Finally, LMs’ mathematical achievement trends 

are disproportionately low, relative to both their non-LM co-ethnics and to White 

peers (NCES, 2011).  With national and state accountability requirements elevating 

the academic success of LMs to a governance issue of critical importance, the state of 

California, where LMs comprise ¼ of all public school students, cannot understate 

the importance of LMs’ secondary mathematics achievement. 

Amidst the present educational accountability climate in California, students’ 

central measure of mathematics achievement is an annual standardized test score – a 

figure that greatly influences schooling policies and practices, such as students’ 

academic track placement and school funding allocations. By juxtaposing two textual 

data sources: an end-of-course Algebra I summative exam designed by a district-

adopted publisher (data source A) and a sample CST Algebra I test (data source B) 

provided to the general public by the California Department of Education, this 

analysis specifically focuses on the influence of mathematical language on LMs’ 
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achievement on the California Standardized Test (CST) in Algebra I. This inquiry is 

guided by the following research question: 

1. Is the linguistic content of the district-adopted summative exam in Algebra I 

aligned to the California Standardized Test in Algebra I? 

Method 

The Algebra I California Standardized Test (CST) is a sample summative exam 

comprised of ninety-six released test questions by the California Department of 

Education15 and is accessible to the general public. The Algebra I end-of-course test 

is comprised of thirty questions and recommended by CGP Education, a mathematics 

curriculum company, to determine students’ readiness for subsequent coursework. 

Algebra I curricular materials were chosen for this analysis in an effort to gain a 

better understanding of the assessment’s language demands for LMs. This analysis 

specifically evaluates the linguistic alignment between the two data sources as well as 

identifies which words from the Academic Word List (Coxhead, 2000), and in which 

lexical context, are critical for LMs’ increased algebraic achievement on standardized 

summative tests. Each data source was recoded into separate word-document files 

without any symbolic numerical or graphical expressions. The recoded word-

document files were analyzed using the same qualitative software program16 in three 

stages. During stage one, the AWL content of each data source was classified into a 

spreadsheet with the following categories: academic word and context of usage. 

During stage two, spreadsheets were assigned preliminary descriptive codes. Guided 

                                                        
15 http://www.cde.ca.gov/ta/tg/sr/css05rtq.asp 
16 http://www.nottingham.ac.uk/~alzsh3/acvocab/AVWL.pl  
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by shared descriptive codes, data-reduction practices were used to craft intermediary 

analytic codes for further analysis. During the third, and final, stage of analysis, 

patterns of data were analyzed to determine the data sources’ linguistic alignment as 

well as the influence of AWL terms in summative algebraic assessments. 

 

Results 

The linguistic content of the district-adopted summative exam in Algebra I is not 

aligned to the California Standardized Test in Algebra I. For instance, the word factor 

appears once in the district-adopted test, a data source consisting of 1,030 words 

whereas in the CST exam, the word factor appears six times in a word sample of 

1,722. Proportionally, the word factor comprises 0.00097% of the linguistic content 

of the district-adopted test and 0.0034% of the linguistic content of the CST exam. 

Further, the word factor is presented as an isolated and solitary directive in the 

district-adopted test whereas in the CST exam the word is presented across lexical 

categories, e.g., as a noun, “Which expression could be one of his correct factors” 

(ID: B91), as a verb, “Carter is solving this equation by factoring” (ID: B90), and as 

an adjective, “Which is the factored form of” (ID: B81). 

Another example of linguistic misalignment in these two assessments is how 

mathematical language is employed. For instance, in the district-adopted summative 

assessment, the word conclusion appears in isolation as a multiple-choice answer 

option in juxtaposition with the words deduction and induction (ID: A1) whereas in 

the CST exam the word conclusion appears in the following phrase, “What is the 
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conclusion of the statement in the box below,” along with operational markers, such 

as “If,” “then,” and “or” (ID: B36). In another problem, the CST exam uses the word 

conclusion in the following context: “Which value serves as a counterexample to 

prove Josiah’s conclusion false?” (ID: B44). In other words, students unfamiliar with 

the word conclusion are offered multiple meaning-making contextual clues in the 

CST exam but not in the district-adopted summative assessment.   

In addition to frequency and variability of word usage in summative exams across 

district-adopted and standardized exams, alignment in the academic quality of words 

is also paramount. Using the Academic Word List inventory developed by Coxhead 

(2000) as a measurement of word quality, this analysis finds a disproportionate and 

unbalanced alignment of linguistic and content assessment across the two data 

sources. For instance, the district-adopted test contains 28 AWL words in a sample 

size of 1,030 words whereas the state exam contains 125 AWL words in a sample size 

of 1,722 words. Therefore, AWL words comprise 2.8% of the words in the district-

adopted test and 7.2% of the CST exam. The absolute difference across the two 

samples is 4.4 percentage points. Such relative differences can be considered in 

several ways: either the district-adopted test employs AWL words 38% less 

frequently than the state assessment or the state assessment employs AWL words 

257% more frequently than the district-adopted test. 

The AWL inventory serves as a measure of linguistic alignment in another important 

manner: iterative frequency. Tables A and B categorize all AWL words in the two 

samples into three categories: A) used once, B) used at least twice but less than five 
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times, and C) used five times or more. In the state assessment AWL words only used 

once comprised 14% of all AWL words in the sample whereas in the district test, 

AWL words only used once comprised 64% of all AWL words in the sample. 

Conversely, while 0% of the AWL words were used five times or more on the district 

test, AWL words iterated five times or more on the state assessment comprised 65% 

of all AWL words in the sample. 

 
Table A. 
Iterative Frequency of AWL vocabulary for Algebra I CST 

 

 
Table B. 
Iterative Frequency of AWL vocabulary for District Algebra I Summative Exam 

 
 

Discussion 

This analysis demonstrates the need for school districts to carefully consider the 

linguistic alignment of their curricular materials to state assessments, particularly in 
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the era of high-stakes testing. On multiple measures, the mathematical language of 

the district-adopted Algebra I exam in this study is not aligned to the California 

Standardized Test. If fostering the algebraic achievement of California students is 

important, alignment and consistency of mathematical language in summative exams 

is critical—particularly for LMs. Choosing Algebra I curricular materials for this 

content analysis, as well as the opportunity to measure lexical content with the 

Academic Word List inventory, provides an introduction to understanding data 

patterns of linguistic alignment in summative algebraic assessments. 
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Appendix 2 
Principal Components Variables 
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Appendix 2 (continued) 
Principal Components Variables 
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Appendix 3 
Descriptive Statistics of PCA Composites 
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Appendix 4  
Descriptive Statistics of Confirmatory Propensity Score Models 
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Appendix 5 
OLS Regression Results of Propensity Score Models 
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Appendix 6 
Balance Estimates of Covariates and Interactions Across Covariates 
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Appendix 6 (continued) 
Balance Estimates of Covariates and Interactions Across Covariates 
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Appendix 6 (continued) 
Balance Estimates of Covariates and Interactions Across Covariates 
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Appendix 6 (continued) 
Balance Estimates of Covariates and Interactions Across Covariates 
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Appendix 6 (continued) 
Balance Estimates of Covariates and Interactions Across Covariates 
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