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Abstract 

This paper summarizes two studies in “An exploration of aspects of language proficiency and 

algebra learning” by Mollie MacGregor and Elizabeth Price that focuses on the connection 

between language proficiency and learning mathematics. After summarizing these studies, this 

paper will discuss the results as they apply to the Principles and Standards for School 

Mathematics developed by the National Council of Teachers of Mathematics. Finally, it will 

conclude with a professional reflection on the benefit of using the results of these studies to 

develop a more effective mathematics teaching program.  
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In “An exploration of aspects of language proficiency and algebra learning,” the 

authors, Mollie MacGregor and Elizabeth Price, address the connection between language 

(or linguistic) proficiency and mathematical achievement. They do so by first analyzing the 

components of language proficiency (i.e. metalinguistic awareness of symbol, syntax, and 

ambiguity). These components are part of the cognitive level of linguistic processing that is 

involved in the analysis and processing of language using particular structural and 

functional features of words and phrases to ascertain meaning. After analyzing the 

components of language proficiency, they proceed by establishing a connection between 

language proficiency and the learning of algebra. Given that learning algebra and 

developing competency in algebra requires the ability to manipulate abstract objects (e.g. 

numbers) with respect to a system of properties and axioms, the authors find the same 

ability required in linguistic processing and developing one’s language proficiency.  

 Understanding the components of language proficiency (i.e. metalinguistic 

awareness of symbol, syntax, and ambiguity) is critical to understanding its impact on the 

learning of algebra. Metalinguistic awareness refers to the linguistic ability to analyze 

language for its features and its structural functions in order to construct meaning of 

particular words and phrases. In other words, it is the "the ability to objectify language and 

dissect it as an arbitrary linguistic code independent of meaning" (Roth, Speece, Cooper, & 

de la Paz, 1996, p. 258). In terms of algebraic reasoning, it refers to the ability to construct 

meaning of numbers and symbols by analyzing their features and structural functions 

within equations and other algebraic phrases, “Because analyzing structure, making 

choices about representation, and manipulating expressions are intrinsic to mathematics, 
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and particularly to algebra, it seems likely that metalinguistic awareness in ordinary 

language has an equivalent in algebraic language” (MacGregor & Price, 1999, p. 451).  

Metalinguistic awareness includes both word awareness, which focuses on the 

linguistic features of words, and syntax awareness, which focuses on the linguistic 

structure of sentences and phrases. Symbol awareness, which is similar to word awareness, 

but in terms of algebra, focuses on two features of algebraic reasoning: (1) 

Decontextualizing numbers, letters, and symbols from their contextual referents, and (2) 

understanding that linguistic groups (e.g. the prepositional phrase “into the woods”) can be 

seen as a structural unit conveying meaning, just as algebraic phrases (e.g. “the sum of a 

number, n, and ten” or  “n + 10”) may stand alone as a meaningful structural unit.  Syntax 

awareness refers to the recognition that the structure of a sentence is grammatically sound 

and conveys meaning. In terms of algebra, syntax awareness refers to the recognition that 

an equation, for example, is grammatically sound and correctly conveys meaning. For 

instance, 2𝑥 = 10 ⟹ 𝑥 = 5 may be grammatically sound and well-formed, but 2𝑥 = 10 = 5 

is not grammatically sound nor is it well-formed. Metalinguistic awareness also includes 

the ability to discern meaning from ambiguous phrases and sentences. When contextual 

clues are present, one is able to understand what he/she reads without analyzing the 

syntactic structure of what he/she is reading; however, in the absence of contextual clues, 

one is required to analyze the syntactic structure in order to construct meaning. In terms of 

algebra, algebraic notation, which is largely decontextualized and without contextual clues, 

requires one to construct meaning of the numbers and symbols by analyzing the syntactic 

order and function of each number and symbol.  
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In their article, the authors hypothesized that “one or both of these components of 

metalinguistic awareness are necessary for success in learning to use algebraic notation” 

(MacGregor & Price, 1999, p. 452). In order to test this hypothesis, the authors planned two 

studies that presented students with a number of algebra questions that assessed the 

students’ metalinguistic awareness. These two studies allowed the authors to explore the 

connection between the students’ ability to learn algebra and their metalinguistic 

awareness of symbols and syntax. The results of their studies reveal that for some of the 

students, who participated in the studies, their low performance on the algebra assessment 

was in direct correlation to their language proficiency.  

 Understanding this correlation is crucial for developing an effective mathematics 

teaching program. According to the Principles and Standards for School Mathematics, the 

teaching principle refers to “effective mathematics teaching requires understanding what 

students know and need to learn and then challenging and supporting them to learn it well” 

(National Council of Teachers of Mathematics, 2000, p. 16). In order to embrace the 

teaching principle and support students in their learning of algebra, teachers needs to 

understand not only what students should learn, but also how their students learn 

mathematics. By understanding how their students learn mathematics, teachers would be 

able to effectively plan their lessons and adjust their pedagogy to the cognitive and 

linguistic needs of their students, “To provide high-quality mathematics education, 

teachers must […] understand how students learn mathematics, including a keen 

awareness of the individual mathematical development of their own students and common 

misconceptions” (Van de Walle , 2013, p. 3). Teaching mathematics without addressing the 
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linguistic processing of students disregards the linguistic nature of mathematics that is 

inherent to learning algebra and developing procedural fluency.  

 Mathematics is, by its very essence, linguistic in nature. Its notations are abstract 

and its equations are governed by a set of syntactic structures. Neglecting the linguistic 

nature of mathematics in any mathematics teaching program prevents the teacher from 

effectively supporting the students’ learning of mathematics and addressing their learning 

needs. In support of the Teaching Principle defined by the National Council of Teachers of 

Mathematics (2000, p. 16), teaching mathematics needs to include a proper treatment of 

linguistic analysis. One example of how the linguistic nature of mathematics can be 

addressed in the classroom is the teacher’s approach to solving word problems.  

Approaching word problems at a much deeper level than is traditionally done in the 

mathematics classroom requires a more explicit examination of the linguistic features and 

syntactic structures of word problems. Having students approach mathematics from both a 

logical perspective and a linguistic perspective will build on their understanding of the 

inherent linguistic features in mathematics while enabling them to improve their 

conceptual understanding and procedural fluency.  

One way of having student learning mathematics from both a logical perspective 

and a linguistic perspective could include a different approach to word problems that 

focuses more on the language. Instead of reading a word problem and decoding it to 

construct meaning, the teacher could have the students start with a word. For example, the 

teacher could have the students explore the word “of.” For many, this word is a keyword 

indicating multiplication, but this is not always the case. By starting with the word “of” and 

exploring the linguistic structures that the word “of” can exist. In this analysis, the students 
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would explore the different uses of the word “of” linguistically, while the teacher focuses on 

the use of “of” that refers to the contents of something. In this case, it requires that a noun, 

particularly an object, be positioned syntactically before it to describe the contents of the 

noun (of object). For example, if the students had written “of flowers,” there would need to 

be a noun (e.g. “box”) placed before “of flowers” to act as the container of the actual 

flowers. The next logical step in this line of exploration would be to have the students 

assess what is missing from a “box of flowers.” This would give the teacher the opportunity 

to have the students explore the size and shape of the box as well as the possible number of 

flowers contained in the box. As the students explore this simple phrase, they could create 

the context for the phrase within the framework of a sentence. Once the students have 

created their sentences, they need to understand its function within the structure of a word 

problem. The sentence that they have created contains some important information for 

solving the word problem, but there is usually some setting that provides the context for 

the information given. From here, they can continue providing more context and 

completing their construction of their own word problems starting from a single word. In 

summary, this example would have students examine word problems at a linguistic level, in 

order to make more sense of the problem. By doing so, they will use what they have 

learned to select the most effective models. Using these models will enable them to solve 

word problems with greater precision. 

Besides the example provided, there are many other opportunities in the classroom 

to develop the students’ language proficiency and learning of mathematics. Discourse, for 

example, offers an excellent means of promoting greater exposure to language use in the 

classroom. Integrating discourse offers the benefit of enabling students to listen to others 
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model the verbalization of their reasoning while practicing their own language usage. 

Having students analyze the syntactic structure of equations offers students another 

opportunity of developing their language proficiency. This approach offers the added 

benefit of looking at mathematics from a different perspective, providing greater support in 

the students’ learning of mathematics. These examples represent a small percentage of the 

many strategies that are available to add to one’s pedagogy in order to develop an effective 

mathematics teaching program that addresses the learning needs of students. It would be 

extremely beneficial to integrate these strategies into one’s pedagogy and engage students 

in a richer perspective of mathematics.    
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