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Abstract
Media coverage often reports standardized test scores as indicative of  global competitiveness and journalists frequently frame the math-
ematics achievement of  U.S. students using a discourse of  failure, particularly for students from minoritized backgrounds. Informed by 
research literature on: (a) formative and summative assessment, (b) the interdependence of  language and mathematics, and (c) a sociopo-
litical stance for researching students from minoritized language backgrounds, this study analyzed the linguistic alignment of  mathematics 
assessments. Results from this study show how alignment between formative assessment processes and summative standardized tests influ-
ences performance on high-stakes exams. Findings call into question the incomplete media coverage of  students’ achievement trends that 
perpetuate stereotypes of  failure and advocate for a national formative assessment program in the United States.
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Resumen
Los medios de comunicación a menudo presentan puntajes de exámenes estandarizados como indicativos de la competitividad global y las 
periodistas frequentemente enmarcan los logros matemáticos de los estudiantes de EEUU utilizando un discurso de fracaso, especialmente 
para los estudiantes de entornos minoritarios. Guiado por la literatura de investigación sobre: (a) la evaluación formativa y sumativa, (b) la 
interdependencia del lenguaje y las matemáticas, y (c) una perspectiva sociopolítica para investigar a estudiantes de contextos lingüísticos 
minorizados, este estudio analizó la alineación lingüística de las evaluaciones de matemáticas. Los resultados de este estudio muestran cómo 
la alineación entre los procesos de evaluación formativa y las pruebas estandarizadas sumativas influye en el rendimiento de las pruebas es-
colares de alto riesgo. Los hallazgos cuestionan la cobertura incompleta de los medios de comunicación sobre las tendencias de rendimiento 
de los estudiantes que perpetúan los estereotipos de fracaso y abogan por un programa nacional de evaluación formativa en los EEUU.
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1. Introduction 
The United Nations Treaty, «Convention on the Rights of  the Child,» advocates: (a) the taking of  appro-
priate measures to protect children against all forms of  discrimination, (b) the promotion of  assistance 
to develop and preserve children’s cultural identity and values, as well as (c) 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 19952. Although every nation can improve their equity-
oriented initiatives for students, schools, and systems (OECD, 2012), this study investigates how fairness 
and inclusion in mathematics education inform equitable assesssment in the United States (Field et al., 
2007).

Policies and practices in U.S. schools are often influenced by aggregated standardized test scores as the 
primary assessment of  students’ learning. Standardized test scores are summative indicators of students’ 
learning and distinctive from formative indicators for students’ learning that include processes designed 
to improve educators’ instruction and bolster students’ development. Providing «information about cur-
rent status and progress of  student achievement and quality of  schooling,» standardized test results often 
serve as the central catalyst for «reforming educational practices» (Miller et al., 2009: 3). While summative 
standardized test scores and formative assessment processes are interdependent, many media communi-
cations report students’ standardized test scores in the aggregate without describing students’ individual 
characteristics, such as degree of  English-language background, family and community characteristics, 
such as socio-economic status, or students’ access to formative assessment processes. Formative assess-
ment processes provide educators with actionable information regarding students’ thinking and auton-
omy for learning (Cizek, 2010).

In 1965, the Elementary and Secondary Act (ESEA) established national summative assessment re-
quirements to document «disparities in educational opportunities and in student performance» without 
corresponding policies for a national formative assessment program (4). In 1983, «A Nation At Risk» re-
ported declines in standardized test scores as indicative of  «a rising tide of  mediocrity that threatens our 
very future as a Nation» (National Commission on Excellence in Education: 5). Although the authenticity 
of  results from «A Nation at Risk» have been refuted (Carson, et al., 1992), the «report was released in 
a White House ceremony» and the media coverage invoked a rhetoric of  educational crisis that remains 
commonplace in contemporary times (Mehta, 2015: 21). In 2001, ESEA was re-authorized as the No 
Child Left Behind Act (NCLB) and summative assessment requirements have become high-stakes meas-
ures of  accountability. For schools, standardized tests determine economic rewards and sanctions (e.g., 
programmatic funding, teacher reassignment, school reconstitution). For students, standardized tests 
determine curricular experiences (e.g., academic track placement, grade promotion, high school gradua-
tion) (Heubert & Hauser, 1999). 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 meaning-
ful evidence of  student learning, exacerbate achievement disparities, and create temporary compliance 
(Kohn, 2000).

2  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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The National Assessment of  Educational Progress (NAEP), also known as «The Nation’s Report 
Card,» is a U.S. assessment program that measures what students know and can do in various subject 
areas. NAEP assessments remain the same year-to-year, allowing for decreased variables, and serve as 
a common metric of  achievement for students in all states (National Center for Education Statistics 
[NCES], 2018). The most recent NAEP results show that 60 percent of  fourth graders, and 66 percent 
of  eighth graders, did not score at or above the proficient designation in mathematics. NAEP data disag-
gregated by students’ racial-ethnic background communicates a consistent narrative: Asian students have 
the highest percentages of  proficiency, followed by White students, Latinx students, and Black students 
(NCES, 2018). U.S. students’ achievement on standardized tests is also compared internationally. The 
Trends in International Mathematics and Science Study (TIMSS) assessment program provides ongo-
ing comparative data of  students in over sixty nations (Provasnik et al., 2016). The most recent TIMSS 
data in mathematics ranked U.S. students as fourteenth in fourth grade and tenth in eighth grade, with 
consistent higher rankings for students from: Singapore, Republic of  Korea, China, Japan, and Russia. 
Mathematics achievement disparities between 15-year old students across 72 nations are also evident in 
data from the Programme for International Student Assessment (PISA), where U.S. students ranked 39th 
(OECD, 2016). 

After the press releases of  TIMSS, PISA, and NAEP data, media coverage often reports standard-
ized test scores as indicative of  global competitiveness and journalists often frame the mathematics 
achievement of  U.S. students using a discourse of  failure, particularly for students from minoritized 
backgrounds. Stack (2007) analyzed how media reports and press releases from the U.S. Department 
of  Education interpreted TIMSS and PISA results to promulgate narratives of  national security and 
meritocracy while neglecting to communicate the resource disparities across students’ racial-ethnic back-
ground, gender, and social class. Other researchers have contended that media portrayals of  education 
in U.S. media are systematic representations of  the poor and minoritized as dangerous (Darder & Mirón, 
2007; Rodríguez & Brown, 2009). Darling-Hammond (2010) presents how a national commitment to eq-
uity, and preparing educators to use formative assessment processes, could ameliorate opportunity gaps 
that sustain educational achievement disparities in the U.S. This study is informed by research literature 
on: (a) the interplay between assessment and instruction, (b) the interdependence of  language and math-
ematics, and (c) a sociopolitical stance for researching students from minoritized language backgrounds. 

1.1. Content Exposure, Resource Allocation, and Instructional Practices
While situating assessment in the policy landscape is important, interpreting the results of  content-
area assessments 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 disclose student inputs (i.e., characteristics and experiences). A helpful 
conceptual framework for communicating the interdependent relationship between assessment out-
puts and student inputs is OTL.

OTL is desribed as the interactive interplay amongst: content taught, resource allocation and teach-
ing practices (Pullin, 2008). As instructional content, OTL accounts for students’ exposure to the con-
tent evaluated on assessments (e.g., curricular fidelity, teacher content coverage). As resources, OTL 
is defined as access to teaching and learning supports (e.g., qualified educators, access to technology, 
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supportive services and expenditures). Finally, as processes, OTL is associated with the values placed 
on instructional practices by educators. In other words, OTL is a composite of  content, resources, and 
processes that integrates student background inputs and is often ignored when interpreting summa-
tive assessment outputs (Pullin & Haertel, 2008).

Beyond measures of  technical quality, assessment outcomes 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: 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. Fur-
ther, OTL considerations raise important concerns, mainly: do assessments do more than reflect 
content, do assessments become the content? Additionally, it is also 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). 

1.2. The Language Load of Mathematics
Learning the language of  the mathematics discipline requires the interdependent development of  both 
content and process dimensions (Bullock, 1994). Shwartz & Kenney (1995) qualify numbers, measure-
ments, shapes, spaces, functions, patterns, data and arrangements as content strands, or mathemati-
cal 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, Frederick, Klausmeier, 
1969), the Semantic Feature Analysis Grid (Baldwin et al., 1981), and guided reading (Allen, 2003). 
Similarly, writing in mathematics is discipline-specific and embedded in logical-mathematical intelli-
gence, distinctive from linguistic intelligence (Gardner & Hatch, 1989). In mathematics, writing com-
municates 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 historical narratives of  mathematicians and math concepts would com-
plement mathematics teaching and learning, it would be more appropriate to develop students’ pro-
ficiency 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 et al., 2002), and 
structured guides to structure writing processes that document mathematical thinking (Fisher, Frey, 
& Williams, 2002).
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Learning environments where mathematics teachers provide instruction with authentic literacy op-
portunities procure dual benefits, students «communicate to learn mathematics, and [students] learn 
to communicate mathematically» (National Council of  Teachers of  Mathematics, 2000: 60). In a learn-
ing 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, writ-
ing) language.

The usage of  consistent mathematics terminology between formative assessment processes and 
summative standardized tests is necessary but insufficient for creating equitable contexts for math-
ematics learning. Equally important to consistent terminology on assessments are the instructional 
literacy practices teachers use to develop students’ mathematical proficiency as well as the resources 
students are provided to engage in literacy tasks. Authentic literacy tasks in mathematics include: 
identification, description and comparison of  measureable attributes, interpretation and representa-
tion 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 authentic literacy practice is evident, teachers address numerous mathematical practices, in-
cluding abstract quantitative reasoning, argumentation, communicative appropriateness, and resource 
selection (NGACBP & CCSSO, 2010: 6-7).

1.3. Equitable Mathematics Education for LM Students
Demography shows that a significant population of  U.S. schools are comprised of  bilingual students 
minoritized by their language background (LMs). In 2016, 22 percent of  children and youth ages 5 
to 17 in the United States (or 12.1 million children and youth) spoke a language other than English at 
home (U.S. Census Bureau, 2016). In the past, this student 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-specif-
ic 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). 

Gutiérrez (2007) describes equity in mathematics education as an «inability to predict student out-
comes based solely upon cultural markers» (p. 42, emphases original). In equitable education environ-
ments, observable grouping patterns are nonexistent between students’ background (e.g., LM status), 
participation measures of  access, (e.g., classroom instructional activities), and outcome measures of  
achievement (e.g., standardized test scores). Results from the National Assessment of  Education Pro-
gress (NAEP) and other standardized tests of  mathematics performance, such as SAT Math, show 
that the sub-population of  LMs score considerably lower compared to the scores of  their native Eng-
lish-speaking peers (Abedi, 2004; Gándara & Contreras, 2009). Monitoring the between-group vari-
ation of  LMs and non-LMs on standardized tests comes with warnings, such as perpetuating myths 
of  ability, normalizing monolingualism, and expanding racial-ethnic discrimination (Gutiérrez, 2008). 
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A sociopolitical stance toward research is required to avoid monitoring LMs’ achievement as a 
maintentance mechanism for reproducing deficit paradigms of  teaching and learning (Gutiérrez, 
2010; Valencia, 2002). Distinctive from socioculturalism, our study frames access, inclusion, fairness, 
and achievement as inextricable dimensions of  mathematics education. Whereas sociocultural con-
cepts include communities of  practice, learning as belonging, and out-of-school mathematics, such 
concepts do not explicitly communicate researchers’ ideological stance of  social justice and transfor-
mation (Alfaro & Hernandez, 2016).

2.  Methodology
With national and state high-stakes accountability requirements elevating the standardized test scores of  
LMs to a governance issue of  critical importance, the state of  California, where LMs comprise 20 percent 
of  all public school students, cannot ignore how the language load of  formative assessment processes 
mediate the summative standardized test scores of  LMs. By conducting a content analysis (Stemler, 2001) 
of  two textual data sources: (a) an end-of-course Algebra I formative assessment designed by a publisher 
and implemented by a school district in Northern California serving 20,000 students (80 percent par-
ticipating in the free and reduced lunch program and over 40 percent designated as English learners), 
and (b) a sample CST Algebra I summative assessment available to the general public by the California 
Department of  Education, this study specifically focused on the relationship between language load of  
mathematics materials on formative assessment processes and summative assessment expectations. This 
inquiry is guided by the following research question: To what extent is the linguistic load aligned between 
a formative assessment and a summative standardized test in Algebra I?

Analytic Strategy. The Algebra I California Standardized Test (CST) is a sample summative exam com-
prised of  ninety-six questions by the California Department of  Education3 and is accessible to the gen-
eral public. The Algebra I end-of-course formative assessment 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 study in an effort to gain a 
better understanding of  the assessments’ language load alignment using words from the Academic Word 
List (Coxhead, 2000). Each data source was recoded into separate word-document files without any sym-
bolic numerical or graphical expressions. The recoded word-document files were analyzed using the same 
qualitative software program4 in three stages. During stage one, the Academic Word List (AWL) content 
of  each data source was classified into a spreadsheet with the following categories: (a) academic word 
and (b) context of  usage. During stage two, spreadsheets were assigned preliminary descriptive codes. 
Guided 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 a summative 
algebraic assessment.

3 http://www.cde.ca.gov/ta/tg/sr/css05rtq.asp

4 http://www.nottingham.ac.uk/~alzsh3/acvocab/AVWL.pl
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3. Results 
The linguistic content of  the district-adopted formative exam in Algebra I is not aligned to the summa-
tive 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 percent of  the 
linguistic content of  the district-adopted test and 0.0034 percent 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 expres-
sion could be one of  his correct factors,» as a verb, «Carter is solving this equation by factoring,» and as 
an adjective, «Which is the factored form of.»

Another example of  linguistic misalignment in these two assessments is how the language of  mathe-
matics is employed. For instance, in the district-adopted formative assessment, the word conclusion appears 
in isolation as a multiple-choice answer option in juxtaposition with the words deduction and induction 
whereas in the CST exam the word conclusion appears in the following phrase, «What is the conclusion 
of  the statement in the box below,» along with operational markers, such as «If,» «then,» and «or.» 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?» 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 formative assessment. 

In addition to frequency and variability of  word usage in assessment materials across district-adopted 
and standardized state 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, results 
from this study show 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 percent of  the words in the district-adopted test and 7.2 percent 
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 per-
cent less frequently than the state assessment or the state assessment employs AWL words 257 percent 
more frequently than the district-adopted test.

The AWL inventory serves as a measure of  linguistic alignment in another important manner: itera-
tive frequency. Tables 1 and 2 categorize all AWL words in the two samples into three categories: (a) used 
once, (b) used at least twice but less than five times, and (c) used five times or more. In the state assess-
ment AWL words only used once comprised 14 percent of  all AWL words in the sample whereas in the 
district test, AWL words only used once comprised 64 percent of  all AWL words in the sample. Con-
versely, while 0 percent 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 percent of  all AWL words in the sample.
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4. Discussion
Mathematics educators committed to the social responsibility of  enacting equitable educational policies 
and practices in mathematics learning environments: (a) protect students from inequitable individual, 
interpersonal, and institutional forms of  social processes, such as discrimination; (b) promote practices 
that frame the participation of  plural perspectives as resources for redefining constructs, and (c) enact 
comprehensive policies of  access, inclusion, fairness, and achievement as inextricable dimensions for 
sociopolitical purposes. 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, and often 
nondominant, point of  view (Gutiérrez, 2010). 

Attention to the language load in mathematics materials offers educators meaningful opportunities to 
enact equitable education policies and practices that promote inclusion and fairness for all students, and 
LMs in particular. Using OTL as a conceptual framework to promote inclusion and fairness for LMs., 
educators may consider analyzing if  formative assessment processes, including district benchmarks, ap-
propriately expose students to the content and language expectations of  summative standardized tests. 
Moreover, educators may determine that improving students’ performance on summative exams requires 
district investment in supportive instructional services, such as access to particular forms of  technology. 
Finally, educators may identify a reflective process to determine to what extent their values regarding 
specific instructional practices are aligned with the goals of  improving students’ performance on sum-
mative exams.

Table I. Iterative Frequency of AWL vocabulary for State Algebra I Summative Assessment
AWL Frequency = 5,5 < 

N = 81
AWL Frequency = 2 < 5 

N = 38
AWL Frequency = 1 

N = 18

Equation (n = 38) Affect, Positive, Input, & Output (n = 4)

Equivalent (n = 10) Conclusion, Negative (n = 3)

Equations (n = 9) Defined, Data, Identical, Vehicle, Area, Initial,  
Distributive, & Rational (n = 2)

Construction, Plus, Maximum, Exceed, Valid, Chart,  
Evaluated, Concluded, Prime, Region, Generate,  

Infinitely, Funds, Derive, Formula,  
Projected, Obtain, Domain

Function (n = 7)

Parallel (n = 6)

Factor (n = 6)

Sum (n = 5)

Table II. Iterative Frequency of AWL vocabulary for District Algebra I Formative Assessment

AWL Frequency = 5,5 < 
N = 0

AWL Frequency = 2 < 5 
N = 10

AWL Frequency = 1 
N = 18

Conclusions, Deduction, Induction,  
Method, Infinite, Compound,  
Options, Undefined, Method,  

Function, Elements, Evaluate, Region,  
Coordinates, Formula, Factor, Range, Domain (n = 1)

Equations (n = 4)

Volume, Dimensions, Constant (n = 2)
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Results from this study show, on multiple measures, that the language load of  the district-adopted Al-
gebra I formative assessment is not aligned to the summative California Standardized Test. Algebra I cur-
ricular materials selected for the analysis of  lexical content offers an introduction to understanding data 
patterns of  linguistic alignment between formative and summative algebraic assessments. Combined, 
data patterns between formative processes and summative standardized test scores provide a comprehen-
sive viewpoint of  what students know and are able to do as well as to what extent educators and school 
systems contributed to students’ preparation. Considering the interdependence of  language load and 
mathematical content knowledge and skills, school district leaders and classroom educators implement-
ing assessment policies and practices must consider fairness and inclusion as guiding principles (Garrison 
& Mora, 1999). An equitable assessment program requires access to appropriate pedagogical scaffolds, 
including formative indicators for students’ learning and districts will need to advocate for expert review-
ers of  formative assessment content (Gardner, 2006). 

The linguistic alignment of  districts’ formative assessment materials and summative state assessments, 
particularly in the era of  high-stakes testing, moves beyond reforming, it improves educational practices. 
If  fostering the achievement of  California students on standardized tests is important, alignment and 
consistency of  the language load of  mathematics materials in both formative assessment processes and 
summative standardized tests is critical—particularly for LMs. We are hopeful that future media coverage 
of  students’ achievement trends on standardized tests of  mathematics will do more than communicate 
superficial results that perpetuate stereotypes of  failure and ask policy-driven questions that set into 
motion an urgent call for a national formative assessment program. Specifically, we suggest journalists 
reporting educational assessment results explicitly communicate their sociopolitical stance and compre-
hensively communicate how students from minoritized backgrounds experience curricular and instruc-
tional opportunity-to-learn gaps that mediate their standardized test scores. 
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