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Improving Mathematical Learning Through Literacy-Inclusive Instruction 

In 2000, the Organisation for Economic Co-operation and Development (OECD) 

instituted their triennial Programme for International Student Assessment (PISA) tests to assess 

the reading, mathematics, and science abilities of 15-year old students worldwide.  Each test 

consists of both open-ended and multiple-choice questions that are based upon a written passage 

describing real-life situations.  Every three years, stories of the United States (US) students’ 

below average performance flood newscasts with much wringing of hands and calls for reform to 

our country’s public education.  Comparing the US students’ performance to that of students 

from other countries may not be an accurate reflection of the effectiveness and quality of the 

entire US compulsory education system.  In the US, all children ages 16-years and younger are 

required to attend school, which is not the standard for the vast majority of the world.  However, 

comparing US student performance growth from one test cycle to the next should be analyzed to 

assess if US educational initiatives are achieving their desired outcomes.  The results from PISA 

2012 reveal that growth in US student performance in mathematics, reading, and science 

continues to remain flat despite increased high-stakes testing initiatives.  In particular, US 

students exhibit a weakness in performing mathematical tasks with higher cognitive demands.  

Additionally, only 50% of the US students indicate an interest in learning mathematics (OECD, 

2013).  In order to improve, the OECD encourages lower performing countries to glean ideas 

from the educational practices of higher performing countries.  

Though Finland’s PISA students performance in mathematics dropped in 2012, their 

mean performance in mathematics and share of top performers continue to be well above the 

OECD average and that of the US.  For many years, Finland’s mathematics education of their 

Finnish-speaking (and not necessarily their Swedish-speaking) students has been regarded for its 
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excellence (Andrews, 2013).  Paul Andrews (2013) sought to identify effective techniques 

employed in Finnish-speaking classrooms that could be replicated by mathematics educators 

around the world.  He was dismayed when he observed a mathematics pedagogy that had not 

changed in 50 years and focused primarily on two of the five strands of mathematical proficiency 

required by the OECD, mathematics education experts, and Finland’s own educational standards, 

i.e., on conceptual understanding and procedural fluency and not strategic competence, adaptive 

reasoning, and productive disposition.  As a result, Andrews concluded that the “characteristics 

of Finnish [mathematics] classrooms, … were unlikely to account for repeated PISA success” 

and that external cultural factors must explain the students’ achievements.  He identified two 

factors that require further analysis in order to understand their effect on student performance: 1) 

the long-standing Finnish tradition of valuing education and 2) the Finn’s high regard for reading 

characterized by “the Finnish library network [being] among the densest in the world [with] 

Finns borrowing more books than individuals in any other country” (p.207).  Mathematics 

educators and the National Council of Teachers of Mathematics have long advocated for the 

incorporation of literacy strategies in mathematics instruction to improve student mathematical 

learning, problem-solving, and communications skills.  This paper seeks to identify the 

pedagogical motivations for incorporating literacy into mathematics instruction and effective 

evidence-based literacy strategies for use in the mathematics classroom. 

 

Pedagogical Motivation for Incorporating Literacy into Mathematics Instruction 

The National Council of Teachers of Mathematics (NCTM) has been instrumental in the 

identification of principles and standards for mathematics instruction in the US and throughout 

the world.  NCTM’s standards project of the 1980s and 1990s culminated in their frequently 
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referenced Principles and Standards for School Mathematics (2000).  The NCTM principles and 

standards compliment the OECD’s PISA assessment framework for mathematics (OECD, 2013, 

p.37) as well as the Common Core State Standards (CCSS) Standards for Mathematical Practice 

(CCSS Initiative, n.d., Benjamin, 2010, pp. xi-xx).  Literacy-based instructional strategies align 

well with two of the NCTM principles and two of the NCTM standards.  The NCTM Learning 

principle asserts that students can and must learn mathematics with understanding, which 

necessitates students to engage and take control of their own learning (pp. 20-21).  The 

Assessment principle contends that assessment should not only enhance student’s learning, but 

also be a valuable tool for teachers in making decisions about the content and form of instruction 

(pp. 22-24).  The Problem Solving standard expects students to analyze and solve problems that 

arise in mathematics and other contexts, which requires students be able to comprehend and 

analyze a variety of written texts and data representations.  The Problem Solving standard also 

expects students to monitor and reflect on their problem solving, i.e., to be metacognitive (pp. 

53-54).  Lastly, the NCTM Communication standard, which encompasses all aspects of literacy, 

expects students to: 

• organize and consolidate their mathematical thinking through communication; 

• communicate their mathematical thinking coherently and clearly to peers, 

teachers, and others; 

• analyze and evaluate the mathematical thinking and strategies of others; 

• use the language and mathematics to express mathematical ideas precisely (p. 60).  

 

Literacy Practices Foster Learning Mathematics with Understanding  
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The detailed description of the NCTM Learning principle states “Students learn more and 

learn better when they can take control of their learning by defining their goals and monitoring 

their progress…Students will be served well by school mathematics programs that enhance their 

natural desire to understand what they are asked to learn” (NCTM, 2000, p. 21).  In over thirty 

years as an English Language Arts specialist, Amy Benjamin encountered verbal learners, who 

needed to “speak, read, write, and listen to each other to internalize the mathematics that [were] 

expected to learn” (2011, p. xi).  In her book Math in Plain English: Literacy Strategies for the 

Mathematics Classroom (2011), Benjamin recounts her own personal trials and failure with math 

and how it was not until she taught herself how to study geometry for the New York State 

Regents exam by reading, thinking, working, reworking and especially writing about her reading 

that she came to believe that she could learn mathematics (pp. xxii-xxiv).  In his 1997 book 

Integrating Children’s Literature and Mathematics in the Classroom: Children as Meaning 

Makers, Problem Solvers, and Literary Critics, Michael Schiro’ explores how linking 

mathematics and children’s literature provide students with a richer view of the nature of both 

literacy and mathematics while improving their sense of power both as buddying mathematicians 

and literacy agents (p. 11-12).   Schiro created his “mathematical literacy criticism and editing” 

instructional model for use with children’s mathematical trade books by adding a “Find a 

Problem” phase in which students are responsible for finding the mathematical problem that 

needs to be solved in a story before continuing with the four-phased problem solving method 

defined by George Polya (1957), because “finding their own problems to solve is important to 

children (Brown & Waters, 1983)” and students become personally involved when solving their 

own problems (pp. 34 – 35).  
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In 2006 and 2007, practicing teachers corroborated Schiro’s assertions to Michael Bossé 

and Johna Faulconer (2008) during a series of learning mathematics through reading and writing 

workshops.  Bossé and Faulconer cite a “Create Your Own” technique employed by teachers in 

which students create real world problems or scenarios while investigating mathematical 

concepts, which allows students to engage in the topic more deeply and express their 

understanding creatively.  However, not all mathematical learning must be grounded in “real 

world” scenarios.  Cynthia Nicol and Sandra Crespo (2005) describe how imaginative tasks and 

literature engage a wide spectrum of students to explore their own questions generated from their 

genuine curiosity and wonder.  Nicol and Crespo also observed intellectual and emotional 

engagement across all of the students.    

One challenge for teachers is how to choose engaging and high-quality mathematical 

trade literature for use in the classroom. Michael Schiro (1997) describes his frustration with 

both the mathematical and literary quality of many children’s books, resulting in him developing 

an evaluation rubric for teachers to use (pp. 143-148).   In 2004, Patricia Hunsader further 

refined Schiro’s rubric to evaluate trade books recommended as third grade mathematics 

literature by two widely used curriculum publishers and found that less than half of the books 

listed by the publishers were of high enough quality to be considered mathematics literature.  

Like Schiro before her, Hunsader admonishes publishers for not verifying the quality and 

availability of trade books before adding them to their recommended literature lists and 

encourages teachers to use her rubric as a guide when performing their own assessments of trade 

books.   

In the 1990s, the National Science Foundation funded a multi-year Reading to Learn 

Mathematics for Critical Thinking (RLM) project to explore if reading education instructional 
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strategies could offer mathematics teachers concrete ways to support sense-making and 

discussions in the mathematics classroom (Borasi, Siegel, Fonzi & Smith, 1998).  In particular, 

researchers studied the effectiveness of strategies grounded in Rosenblatt’s transactional reading 

theory in connection with mathematics-related texts.  They found that mathematics teachers were 

able to successfully incorporate these techniques into their instruction and that they supported 

their students’ active thinking and reflection.  Two of the techniques, Say Something and Sketch-

to-Stretch were incorporated as-is, where as Cloning an Author was transformed to a new 

technique they named “Using Cards”.  They also discovered “Enacting”, a previously 

unidentified effective technique already in use by many mathematicians and mathematics 

teachers.  Transactional reading strategies were found to do more than just help students better 

understand mathematical texts, these strategies also encourage further investigation and 

understanding of the mathematical ideas and issues about the nature of mathematics described in 

the texts. Additionally, the authors observed the importance of teachers explicitly articulating the 

rationale of each reading activity so that students were aware and appreciated the value of the 

reading experience; a recommendation that Bossé and Faulconer (2008) also gleaned from 

teachers participating in their workshops. Thus multiple literacy-base strategies in the 

mathematics classroom enhance student engagement in mathematics instruction and help them 

learn mathematics with understanding. 

 

Literacy Practices Facilitate Effective Problem Solving  

The NCTM (2000) Problem Solving standard states that all students should be able to:  

Monitor and reflect on the process of mathematical problem solving…They make sure 

they understand the problem. If the problem is written down, they read it carefully; if it is 



LITERACY: PRACTICE TO THEORY RESEARCH PROJECT 8 

told to them orally, they ask questions until they understand it…Good problem solvers 

become aware of what they are doing and frequently monitor or self-assess…As teachers 

maintain an environment in which the development of understanding is consistently 

monitored through reflection, students are more likely to learn to take responsibility for 

reflecting on their work and make the adjustments necessary when solving problems (pp. 

54-55). 

By 2000, researchers and mathematical educators were convinced of the positive role 

writing played in students learning mathematics. However, writing’s effect on mathematical 

metacognition had not been researched.  In his study of Algebra I students, David Pugalee (2001) 

was able to prove that students can exhibit metacognition in their writing while solving 

problems.  Though his research was inconclusive about the best instructional writing approaches 

to use in the mathematics classroom, he asserted that writing might provide the process for 

attaining essential problem solving skills.  In 2013, Ali Bicer, Robert Capraro and Mary Capraro 

demonstrated greater than expected gains in student problem solving skills by the inclusion of 

writing process instruction that out paced traditional mathematics homework and high stakes 

testing preparation.  The writing process enabled students to 1) organize their thoughts and write 

plans that overcame the complexity of problems, 2) gather, analyze and interpret data, 3) solve 

and interpret abstract problems that required higher reasoning, and 4) develop their reasoning 

skills by having them clarify what they knew and become more aware of their thinking.  Stephen 

Pape’s (2004) research shows that student mathematical errors with word problems often result 

from miscomprehensions of the problems due to language deficiencies, insufficient conceptual or 

procedural mathematical knowledge, inability to coordinate knowledge structures necessary to 

solve the problems, and inadequate reading strategies.  Pape contends that to be successful, 
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students must function between linguistic knowledge structures and symbolic/mathematical 

knowledge structures and his research on sixth and seventh grade students solving word 

problems revealed how students’ use of context and their ability to provide explanations and 

justifications for their problem-solving steps are critical to constructing accurate mental models 

for mathematical word problems. Pape concludes that his results are evidence of a 

comprehensive theoretical model of problem solving that integrates existing models of problem 

solving, text processing theory, and reading comprehension theories. He advocates for the use of 

multiple representations and classroom discourse that requires students to explain and justify 

their reasoning to help students understand mathematical reasoning and foster strategic problem-

solving behaviors.  Therefore, writing, reading comprehension, and oral discourse strategies can 

all be employed successfully in mathematics classrooms to improve students’ mathematical 

problem solving abilities.    

 

Literacy Practices Support Student Assessment and Teachers’ Instructional Decisions 

NCTM urges teachers to routinely assess students to ensure they are making appropriate 

instructional decisions so that all students achieve high-quality learning.  Since their decisions 

are only as good as the evidence they collect, teachers “should look for convergence of evidence 

from different sources” including observations, constructed-response tasks, performance tasks, 

student writing, and conversations in the classroom. To maximize the instructional value of 

assessments, NCTM recommends teachers move beyond superficial “right or wrong” analysis of 

tasks and focus on how students are thinking (NCTM, 2000, pp. 23-24).   During the RLM 

project Borasi, Siegel, Fonzi and Smith (1998) observed the importance of whole-group 

discussions and activities following the use of reading strategies as they allow teachers to hear 
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their students’ thinking and enable whole-class collaboration on mathematical topics.  David 

Pugalee (2001) noted that teachers could assess student learning and thinking from writings that 

accompany their solutions to word problems and adjust instruction decisions accordingly.  Bicer, 

Capraro, and Capraro (2013) observed that integration of the writing process in mathematics 

instruction is beneficial to teachers needing to identify students’ mathematical misconceptions, 

difficulties, beliefs, understanding, and feelings.  Altieri (2010) promotes frequently reading and 

discussing student-created mathematical poetry as a formative assessment that is less time 

consuming than formal tests (p. 93).  Benjamin (2011) contends “excellent teachers of 

mathematics use plain English to create language-based formative assessment” (p.73).  One of 

her techniques is to have students generate their own questions.  Questions that are too easy 

reveal a lack of depth of understanding whereas questions that are too difficult may mean the 

student is mystified and feeling defeated (p. 76).  Fogelberg, et al. (2008) suggests teachers 

regularly collect samples of student writing in order to better focus on a struggling student’s 

most important issues, which in turn enables the teacher to better manage their limited one-on-

one conferencing time (p. 142).  Thus discussions and various forms of writing generate effective 

evidence for mathematics teachers to assess their students’ understanding and thinking and 

inform their decisions about the content and form of instruction.  

 

Additional Literacy Practices that Enhance Mathematics Instruction 

The research previously cited clearly demonstrates that when reading, writing, 

conversation and discussions are incorporated into mathematics instruction, students are 

engaged, problem-solving abilities develop and improve, and teachers have more diverse sources 

for assessment.  In addition to the techniques and strategies previously mentioned, many 
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mathematics and English language arts educators have shared literacy-based techniques that they 

have found to effective in facilitating students’ learning of mathematics and communicating 

mathematically with their peers and teachers.  

Richard Culyer (1988) identified five structural similarities between reading and 

mathematics that need to be taught in both subjects.  Both reading and mathematics include 1) 

basic sight words, 2) vocabulary meanings, 3) specialized vocabulary for abbreviations, 4) basic 

skills, for examples phonetics in reading, the four operations in math, and 5) reading 

comprehension.  Culyer urges teachers to explicitly teach their students that “effective strategies 

in reading are appropriate for use in mathematics” and that teachers cannot assume students will 

automatically transfer their reading skills to math because of the cognitive and content 

differences between the two subjects. 

Early into the RLM project, researchers encountered a teacher’s style of mathematical 

instruction that caused them to re-think their concept of reading in a mathematics classroom. The 

teacher employed “inquiry-based” instruction, the precursor to project-base learning (PBL), in 

which reading was imbedded in nearly every instructional event and with many different forms 

of written text. The researchers observed students engaged in 23 different reading practices with 

40 different types of texts, with students writing over half of the texts (Siegel & Fonzi. 1995).  

Clearly, inquiry-base and project-based learning classroom are literacy-based classrooms.  

Jennifer Altieri (2010) encourages mathematics educators to incorporate all six aspects of 

literacy: reading, writing, talking, listening, viewing and visually representing for a variety of 

benefits including providing authentic learning experiences, reaching culturally and linguistically 

diverse learners and supporting various learning styles (pp. 12-16). Altieri describes multiple 

techniques teachers can use to incorporate all areas of literacy into a mathematics classroom 
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including writing techniques such as quick-writes, journaling, writing roulette, and pen pals. 

Altieri thoroughly describes how to incorporate poetry techniques in mathematics instruction and 

advocates for students to collaborate and communicate in math by working in groups to create 

poems.  Four types of formula poems are described and she also explains how to create poetic 

puzzles and other more challenging poetic activities (pp. 67–93).      

Fogelberg, et al. (2008) focus much of their text on incorporating reading and oral 

communication in mathematics instruction.  As Pape (2004) and Schiro (1997) advocate, 

Fogelberg, et al. describe many instructional techniques for students to develop and exercise 

“math talk” including the use of anchor charts, turn-and-talk, partner reading, teacher think-

alouds and group discussions. 

 

Conclusion 

In their analysis of the PISA 2012 results, OECD observed that US students have 

particular weakness with the higher cognitive demands required for taking real-world situations, 

translating them into mathematical terms, and interpreting mathematical aspect of real-world 

problems (OECD, 2013).  The authors of the report contend that the successful implementation 

of the Common Core State Standards, which strongly correlate to NCTM’s Principles and 

Standards, would yield significant performance gains (OECD, 2013).  For the same reasons, 

mathematics education researchers and specialists have been calling for the incorporation of 

literacy practices into mathematics classrooms for over two decades.  Altieri cites a 1999 survey 

of NCTM members in New York who either did not or did not know how to use writing in 

mathematics class.  Until mathematics educators learn how to effectively use literacy strategies 
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in their mathematics instruction, many of our students’ mathematical potential will remain 

untapped.     

 

Research Process 

Being an NCTM member, I initially searched the NCTM website using the keywords; 

reading and literacy and quickly located the April 2005 issue of the NCTM Mathematics 

Teaching in the Middle School journal, which was filled with articles connecting mathematics 

and literature.  However, not a single article referenced research studies to justify their 

information.  As a result, I searched the Education subject guide on the TWU Library website 

using the Education Source and Academic Source Complete databases and the keyword 

“mathematics” with each of the following keywords; reading, literature, literacy, and writing.  I 

reviewed the resulting abstracts for relevance and selected many articles, studies, and books that 

appeared to address the topic of literacy in mathematics instruction.  As I began printing the 

articles, I was able to identify more articles in their reference lists, which I retrieved through the 

TWU Library website.  I continued this iterative process until I had identified nine to ten 

research studies, a few articles, and few books that were relevant to my topic.  While at the TWU 

Blagg-Huey Library to retrieve the copy of the NCTM’s Principles and Standards for School 

Mathematics (2000 and the books I had identified in my online search, I perused the titles of 

surrounding books and located two more books that appeared to address my topic.  A search of 

the Barnes and Noble and Amazon websites for books using the same keywords that I had used 

during my initial library database searches resulted in me finding Amy Benjamin’s Math in Plain 

English Math: Literacy Strategies for the Mathematics Classroom (2011).  After reading Patricia 

Hunsader’s (2004) article that had been published in the International Reading Association’s 
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(IRA) journal The Reading Teacher, I decided to search the IRA website like I had with the 

NCTM website and that resulted in me finding Jennifer Altieri’s Literacy + Math = Creative 

Connections in the Elementary Classroom (2010).  The articles referenced in this paper represent 

a variety of educational, literacy, and mathematics journals as follows: Comparative Education 

Review, International Online Journal of Educational Sciences, Journal for Research in 

Mathematics Education, Reading Improvement, Reading Research Quarterly, The Reading 

Teacher, and School Science & Mathematics.  
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Altieri, J. L. (2010). Literacy + math = Creative connections in the elementary classroom. 

Newark, DE: International Reading Association. 

In an effort to address the lack of content area textbooks that connect mathematics and 
literacy, Altieri’s wrote her book to “start the dialogue regarding the literacy-mathematics 
connection” (p. x).  Recognizing the diversity of her target audience of language arts and 
mathematics educators, Altieri dedicates the first two chapters to a discussion of the basic 
components of literacy, the foundational knowledge needed to create the connections between 
the two content areas, and how they are grounded in the principles and standards of the National 
Council of Teachers of Mathematics (NCTM, 2000) and the standards for the English language 
arts established by the International Reading Association (IRA) and National Council of 
Teachers of English (NCTE, 1996).  The remaining four chapters explain a range of literacy-
based instructional techniques that facilitate mathematical learning.  

 

Andrews, P. (2013). Finnish mathematics teaching from a reform perspective: A video-

based case-study analysis. Comparative Education Review, 57(2), 189-211. 

Finnish-speaking students from Finland have repeatedly outperformed other 15-year old 
students on the Programme for International Student Assessment (PISA) for mathematics 
including their Swedish-speaking countrymen.   In an effort to identify the effective techniques 
used to teach mathematics for replication in other countries, Andrews conducted a qualitative 
video-based case study of four representative Finnish-speaking mathematics classrooms of 10-14 
year old students. The videos were scrutinized for evidence of the five strands of mathematical 
proficiency identified by Jeremy Kilpatrick and colleagues in 2001, which align well with 
Finland’s curricular guidelines and PISA’s key measure of mathematical literacy (p 189, 203).  
The five strands are 1) conceptual understanding, 2) procedural fluency, 3) strategic competence, 
4) adaptive reasoning, and 5) productive disposition. 

None of the four teachers that Andrews observed instructed mathematics using 
techniques consistent with the reformed mathematics education identified by the Finnish 
curricular standards and the five strands of proficiency.  Instead their instruction reflected a 50-
year-old mathematics pedagogy, which concentrates on only two of the five proficiencies.   As a 
result, Andrews concluded that the “characteristics of Finnish classrooms, … were unlikely to 
account for repeated PISA success” and that external cultural factors must explain the students’ 
achievements.  He identified two cultural factors that require further analysis in order to 
understand their effect on student performance, 1) the long-standing Finnish tradition of valuing 
education and 2) the Finn’s high regard for reading characterized by “the Finnish library network 
[being] among the densest in the world [with] Finns borrowing more books than individuals in 
any other country” (p.207).    
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Benjamin, A. (2011). Math in plain English: Literacy strategies for the mathematics 

classroom. Larchmont, NY: Eye on Education. 

As an English language arts specialist, Benjamin seeks to address the needs of students 
whose preferred learning style is verbal, who need to talk and write their way into understanding.  
“Verbal learners need to speak, read, write and listen to each other to internalize the mathematics 
they are expected to learn” (p. xi).  Math in plain English includes detailed explanations of ten 
classroom-ready strategies including teaching mathematical and academic words explicitly, 
reading comprehension skills that apply to mathematics, teaching mathematics with metaphor 
and gesture, various writing-based techniques, and language-based formative assessment 
techniques.   

 

Bicer, A. Capraro, R.M. and Capraro, M.M. (2013). Integrating writing into mathematics 

classroom to increase students’ problem solving skills. International Online Journal 

of Educational Sciences, 5(2), 361-369. 

Ali Bicer, Robert Capraro, and Mary Capraro observed that “many middle grade students 
lack efficient problem solving skills” and that changes in mathematics teaching and learning 
have increased the use of writing in the mathematics classroom to increase students’ 
mathematical problem solving skills (p. 361).  Their qualitative research study sough to “reveal 
the role of the writing process as mediator of students’ problem solving skills (p. 361).    The 
researchers studied 96 middle grade students randomly assigned to two groups participating in a 
six week long supplemental afterschool program with one group focusing on the writing process 
and the other group focusing on homework and tradition high-stakes test preparation.  Both 
groups were pre-tested and post-tested on their writing and problem solving skills using the same 
test instruments.  The tests were designed to assess 1) cognitive complexity, 2) problem 
generation, and 3) correct answers.  The students’ performances on the pre-test showed that the 
two groups of students were similar in ability before beginning the afterschool programs.  The 
data were analyzed using Cohen’s d effect size for mean differences in order to measure the 
students’ growth in performance from the pre-test to the post-test (p. 365).    

Their results showed that “using writing to help students structure the mathematics 
learning lead to greater than expected gains in problem solving” (p.366). The post-test data 
showed that the writing group’s overall growth in performance across cognitive complexity and 
problem generation surpassed that of the comparison group with the writing group generating 
problems that were 63% more lively to be solvable than the comparison group.  However, the 
comparison group did have greater growth in correct answer responses than the writing group 
(p.365). The authors observed the following effects in students in the writing process group.  
First, the writing process enabled student to organize their thoughts, which helped them to 
overcome complexity of problems.  Second, the writing process enabled students to gather, 
analyze and interpret data since writing gives a more visual image to an abstract problem. Lastly, 
the writing process fostered the development of reasoning skills by having students clarify their 
knowledge and making them more aware of their thinking.  The authors also noted that 
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integration of writing in the mathematics classroom is beneficial to teachers needing to identify 
students’ “mathematical misconceptions, difficulties, beliefs, understanding and feelings”. 

 

Borasi, R. Siegel, M., Fonzi, J., and Smith, C.F. (1998). Using transactional reading 

strategies to support sense making and discussion in mathematics classroom: An 

exploratory study. Journal for Research in Mathematics Education, 29(3), 275-305.  

This qualitative research study from the Reading to Learn Mathematics for Critical 
Thinking (RLM) project funded by the National Science Foundation sought to answer the 
question: how might the reading strategies grounded in Rosenblatt’s transactional reading theory 
Say Something, Cloning an Author, and Sketch-to-Stretch be used in connection with a variety 
of mathematics-related texts to support sense-making in the mathematics classroom?  The project 
included a professional development component in which teachers experienced as learners the 
reading strategies they were being asked to adapt and incorporate into their instruction.  They 
also attended a seminar to set the stage for the project’s collaborative action research that was 
designed to contribute to the educational environment in whatever ways the teacher felt was 
appropriate to improve mathematics instruction through reading.  The following school year, 
four teachers volunteered classes to participate in the research:  

 
• a 6-week unit on geometry taught by a first year teacher to a class of 21 8th grade students 

in a rural (suburban) school; 
• a 3-week unit on probability and taught by a teacher with 5 years of experience to 21 

mostly 9th grade students in a suburban high school; 
• a 2-week unit on logic and a 3–week unit on probability taught by a teacher with 17 years 

of experience to 26 mostly 9th and 10th grade students at a large urban high school; 
• a semester-long (18-week) course taught by a teacher with 13 years of experience to 14 

9th through 11th grade students at an alternative urban high school. 
 

The data collected included field notes and audiotapes created for every class meeting 
over the course of an entire semester.  The classes were videotaped during the second half of the 
semester.  Biweekly team meetings were also audiotaped.  The teacher’s daily plans and relevant 
documents, photocopies of all students’ work and instructional materials, and student interviews 
were also used in the analysis.  Over the course of the project, the researchers refined the list of 
transactional reading strategies being studied due to the teachers’ modifications to the strategies.  
Clone an Author was replaced with a more specialized “Using Cards” strategy and a new 
strategy named “Enacting” was added to the list.  After a multistage analysis that identified 18 
RLM episodes, the episodes were analyzed to identify what, why, and how students read.  Two 
episodes were examined in depth because of their effective use of key variations of the main 
reading strategies while addressing important mathematical instructional goals.  The other RLM 
episodes were then reviewed to find additional support or discrepant cases in order to highlight 
the limitations and strengths of adaptations to the strategies across the four classrooms.   
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All four transactional reading strategies 1) Say Something, 2) Using Cards, 3) Sketch-to-
Stretch and 4) Enacting were shown to support students’ sense making and discussion.  Each 
specific reading strategy offered students support for active thinking as well as resulted in the 
production of symbolic representations or conversations about their prior knowledge and 
experiences that they could share with the other students.  The research data revealed the 
importance of whole-group discussions and follow-on activities as they allowed teachers to hear 
students’ thinking and enabled the class to work collaboratively to pursue mathematical ideas in 
the readings.  The researchers also observed the need for teachers to explicitly articulate the 
rationale for each reading activity as it builds student awareness and appreciation for the value of 
reading experiences in the math classroom.   

 

Bossé, M.J., Faulconer, J. (2008). Learning and assessing mathematics through reading 

and writing.  School Science and Mathematics, 108(1), 8-19.  

Bossé and Faulconer observed that in response to a growing appreciation for the use of 
reading and writing in mathematics learning, a plethora of entertaining mathematical literature is 
now available, however most of it is about mathematics and not mathematics itself.  
Additionally, they observed that many educators use these materials but do not truly integrate 
reading and writing into their mathematics instruction.  As preparation for a series of research 
projects, the Bossé and Faulconer presented a number of workshops for K-12 preservice and 
inservice mathematics teachers to provide them information regarding learning mathematics 
through reading and writing while also collecting anecdotal evidence about participants’ 
experiences, opinions and practices.  The researchers sought to identify the vital role of 
purposeful reading and writing in the mathematics classroom, the learning that results, and the 
techniques that promote successful integration of reading and writing in mathematics.   

The anecdotal evidence resulted in three categories of recommended techniques including 
general techniques that can be used in any content area, mathematical examples that can be 
generalizable to other topics and questions, and mathematical teaching methodologies that can be 
interwoven with the techniques identified in the other two categories.  The authors also 
concluded that increasing the reading and writing in the mathematics classroom is virtually 
impossible unless the groundwork for positive classroom climate had been established by 1) 
setting student expectations for regular reading of mathematical textual materials and for their 
writing mathematics and 2) teachers modeling the importance of reading and writing in the 
mathematics classroom by utilizing reading and writing techniques in their lessons and 
discussions of mathematical materials that they have read or written to learn mathematics.  To 
ensure that students accept the inclusion of reading and writing in mathematics instruction 
positively, teachers should: 

• Clearly delineate the purpose for reading and writing and their inherent roles in learning 
mathematics. 

• Carefully plan initial assignments that are grade and age appropriate and not overly 
complex or difficult to successfully complete. 

• Understand that reading and writing about math is not the same as reading and writing in 
math.  Students who have opportunities, encouragement, and support for purposeful 
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writing and reading in mathematics classes will have a more concrete grasp of concepts 
and be able to apply learning to alternate situations.   

 
Though the authors performed a level of analysis on the anecdotal evidence collected during 
their workshops, it was never intended to be as research.  This article is included for the 
identification of instructional practices. 
 
Common Core State Standards Initiative. (n.d.). Standards for mathematical practice.  

Retrieved on December 9, 2013 from http://www.corestandards.org/Math/Practice. 

The Common Core State Standards Initiative (CCSS) of the National Governors 
Association created these standards for mathematical practice. The practices are to be used in 
conjunction with the Common Core State Standards for Mathematical Content.  Amy Benjamin 
references the CCSS mathematics practices in Math in Plain English: Literacy Strategies for the 
Mathematics Classroom (2010).  These practices correlate with the National Council of Teachers 
of Mathematics (NCTM) principles and standards.   

 
Culyer, R.C. (1988). Reading and mathematics go hand in hand.  Reading Improvement, 

25(3), 189-195.  

In this article, Culyer discusses the strategies common to reading instruction that can be 
applied with some adjustments to the teaching of mathematics.  Culyer identifies five structural 
similarities, 1) basic sight words, 2) vocabulary meanings, 3) other specialized vocabulary, 4) 
basic skills that precede the development of competence in applications, and 5) comprehension 
of written material.  He contends that the “content and cognitive demands of mathematics are 
sufficiently different from reading that automatic transfer cannot be assumed” and thus students 
must be taught the use of the strategies in both reading and mathematics instruction.  This article 
is a source of instructional techniques. 

 

Fogelberg, E., Skalinder, C. Satz, P., Hiller, B., Bernstein, L., and Vitantonio, S. (2008). In 

D. Ogle and C. Blachowicz (Eds.). Integrating literacy and math: Strategies for K-6 

teachers. New York, NY: The Guilford Press.  

In this text is from the Tools for Teaching Literacy series, the authors advocate for 
“explicit teaching in the math block of how to read the math text and how to write math 
explanations and justifications of solutions to communicate effectively. [They also advocate] for 
the inclusion of math read-alouds and trade books in the reading block as another form of 
information text reading.  These texts become models for reading the math textbook and allow 
the teacher additional opportunities to demonstrate how to use specific strategy or set of 
strategies to improve comprehension of story problems or math explanations (p. 8).   The 
chapters in this text address math talk, reading math texts, math vocabulary, math writing, and 
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math assessment through literacy products.  An appendix lists the authors’ favorite mathematics 
trade books for use in read-alouds, including a brief description and recommended grade level(s) 
for each text.   This text references Michael Schiro’s Integrating Children’s Literature and 
Mathematics in the Classroom: Children as Meaning Makers, Problem Solvers, and Literary 
Critics (1997) and Stephen J. Pape’s 2004 study of middle school students’ problem-solving 
behavior and reading comprehension and is included as a source of instructional techniques. 

 

Hunsader, P.D. (2004). Mathematics trade books: Establishing their value and assessing 

their quality. The Reading Teacher, 57(7), 618-629. 

With the growing recognition by the educators of the benefits of using literature in 
mathematics instruction, Hunsader sought to assess the quality of the mathematics literature that 
publishers of mathematics textbooks recommend for classroom instructional purposes.  Hunsader 
modified Michael Schiro’s (1997) rubric for assessing mathematical literature that measures 
mathematics and literary quality, the appropriateness of the reading level, and how well the text 
matched to the specified content.  While retaining Schiro’s 5-point scale, Hunsader reduced the 
number of criteria by combining redundant items and eliminating others that did not significantly 
contribute to the overall evaluation of a text, which she found to be a much quicker and easier 
assessment tool for educators to use. She then assessed the texts recommended as mathematics 
literature for 3rd grade by two well-known publishers, McGraw-Hill and Harcourt Brace. Only 
texts that were easily available and received a four (4) or five (5) average rating for both 
mathematical and literary quality were deemed valuable for mathematics instruction.  Books 
with mathematics scores of four (4) or five (5) and literary quality scores of three (3) or less did 
not rise to the level needed to be classified as mathematics literature, however Hunsader 
suggested these books may still have value in an independent learning center. 

Of the 29 texts evaluated from McGraw-Hill’s list, only 15 (52%) had a high enough 
rating to be recommended as mathematics literature.  In addition, five texts were rated as only 
quality mathematics and five were rated as only quality literature.  Of the 48 texts on Harcourt 
Brace’s list, only 19 (40%) rated high enough to be classified as mathematics literature.  Four 
were recommended as only quality mathematics and 14 as only quality literature.  Hunsader 
contends that publishers need to make more effort to verify the quality and availability of texts 
before adding them to their mathematics literature lists on which classroom teachers depend. 
Until then, the burden to evaluate children’s trade books for use in mathematics instruction 
remains with classroom teachers and Hunsader’s rubric can guide teachers as they perform their 
own assessments. 

 

National Council of Teachers of Mathematics. (2000). Principles and standards for school 

mathematics. Reston, VA: National Council of Teachers of Mathematics.  

Resulting from the National Council of Teachers of Mathematics (NCTM) Standards 
2000 Project, this mathematical resource documents the NCTM’s mathematics education 
standards for prekindergarten through the 12th grade.  The standards are regarded worldwide for 
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their integrity and correctness and are referenced in the vast majority of research and texts 
concerning mathematics instruction.  Literacy-based mathematics instruction is particularly 
aligned with two of the principles and two of the standards. The Learning Principle is “Students 
must learn mathematics with understanding, actively building new knowledge from experience 
and prior knowledge” (p. 20).  The Assessment Principle is “Assessment should support the 
learning of mathematics and furnish useful information to both teachers and students” (p.22).  
The Problem Solving Standard is: 

  
Instructional programs from prekindergarten through grade 12 should enable all students 

to- 
• build new mathematical knowledge through problem solving; 
• solve problems that arise in mathematics and in other contexts; 
• apply and adapt a variety of appropriate strategies to solve problems; 
• monitor and reflect on the process of mathematical problem solving (p.52). 

 
And the Communication Standard reads as follows: 
 

Instructional programs from prekindergarten through grade 12 should enable all students 
to- 

• organize and consolidate their mathematical thinking through communications; 
• communicate their mathematical thinking coherently and clearly to peers, teachers 

and others; 
• analyze and evaluate the mathematical thinking and strategies of others; 
• use the language of mathematics to express mathematical ideas precisely (p. 60). 

 

Nicol, C. and Crespo, S. (2005). Exploring mathematics in imaginative places: Rethinking 

what counts as meaningful contexts in learning mathematics.  School Science & 

Mathematics, 105(5), 240-251.  

Mathematics educators are constantly challenged to think of ways of making 
mathematics interesting and worth knowing to students.  Contextualizing mathematics in 
experiences that are meaningful to the students is one approach to this problem.  Drawing on the 
work of educators who call for a broader view of what might count as real and relevant contexts 
for studying mathematics, Nicol and Crespo designed a qualitative study of two different groups 
of students to assess their engagement with imaginative tasks and to draw out common themes 
for use with different student populations.  One group was Cynthia Nicol’s class of 36 
prospective elementary teachers completing a task about the Mayan Dresden Codex.  The other 
group was a class of 50 Grade 6/7 students taught by a collaborating teacher completing a task 
based on Edwin Abbott’s Flatland: A romance of many dimensions.   Both tasks are examples of 
activities that engage students’ mathematical imaginations.  The data collected were field notes, 
copies of student work, and when possible, videotapes of student discussions.  Nicol and Crespo 
used Flewelling and Higginson’s (2000) framework of descriptors for identifying high and low 
levels of students’ risk taking, perseverance, and interest when working on a mathematical task. 
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In both activities, students explored mathematical ideas with everyone fully engaged and 
without anyone questioning the relevance of the mathematics.   The students explored questions 
they themselves generated out of genuine curiosity and wonder in addition to the ones offered by 
the teacher.  The researchers observed that too often educators are quick to promote the need for 
mathematics to be embedded in real-life contexts so as to make sense or be interesting and 
motivating for their students.  They recommended educators think more imaginatively about 
what counts as real and meaningful tasks.  This study demonstrated that imaginative tasks not 
immersed in everyday life experiences could still be meaningful to students and offer 
opportunities for a kind of intellectual and emotional engagement, which is valued by all 
mathematic educators and often missing from school mathematics tasks.  

 

Organisation for Economic Co-operation and Development. (2013). Programme for 

international student assessment (PISA) results from PISA 2012: United States 

Country Note.  Retrieved on December 3, 2013 from 

http://www.oecd.org/pisa/keyfindings/PISA-2012-results-US.pdf. 

Every three years since 2000, the Organisation for Economic Co-operation and 
Development (OECD) administers the Programme for International Student Assessment (PISA) 
test to 15 year-old students in randomly selected schools worldwide covering reading, 
mathematics, and science.  Each test focuses on one subject, consists of both open-ended and 
multiple-choice questions based upon a written passage describing real-life situations, and lasts 
two hours. Students take different combinations of different tests, but all students and their 
school principals answer questionnaires about their backgrounds, school and learning 
experiences, and environment (http://www.oecd.org/pisa/aboutpisa/).   

This document discusses the results from the 2012 PISA for the United States.  The key 
findings included 1) that there was no significant change in US student performance since 2009 
2) US students performance is at a level that is equivalent to two years of schooling lower than 
students from the highest performing country, China, with just over 25% of US students not 
reaching the baseline Level 2 of mathematics proficiency, and 3) US students exhibit a weakness 
in performing mathematics tasks with higher cognitive demands.  The questionnaires revealed 
that US students “do no report a strong motivation towards learning mathematics” with only 50% 
indicating they are interested in learning mathematics. 

 

Organisation for Economic Co-operation and Development. (2013). PISA 2012 results: 

What students know and can do, student performance in mathematics, reading and 

science Vol 1.  Retrieved on December 3, 2013 from 

http://www.oecd.org/pisa/keyfindings/pisa-2012-results-volume-I.pdf. 
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This lengthy report discusses the worldwide results from the 2012 PISA and identifies 
implications and areas of concern.  The report also provides recommendations for improving 
education of students and resolving areas of concerning, which should result in improved student 
performance on future PISA tests. 

 

Pape, S. J. (2004). Middle school children’s problem-solving behavior: A cognitive analysis 

from a reading comprehension perspective.  Journal for Research in Mathematics 

Education, 35(3), 187-219. 

In this partly qualitative and partly quantitative study, Stephen Pape performed an in-
depth analysis of the problem-solving behaviors of middle school students to 1) describe 
categories of problem-solving behavior, 2) examine the stability for these categories within and 
across individuals, and 3) document the relationships between the observed problem-solving 
behaviors (verbal and gestural), problem-solving performance, and academic achievement as 
reported by standardized tests.  Ninety-eight (98) 6th and 7th grade students from three middle 
schools were videotaped as they solved word problems.  All students were able to fluently 
decode sentences in word problems. Ninety students spoke English as their first language and 
none required special education services.  The students were encouraged to say as much as 
possible about what they were doing and thinking as they worked.  A qualitative analysis of the 
videotapes was performed using a constant comparative methodology to discuss and describe 
characteristics of behaviors. Two overarching categories and five subcategories of problem-
solving behavior were identified. 

• Direct Translation Approach (DTA) – proficient 
• DTA – not proficient 
• DTA – limited context 
• Meaning-Based Approach (MBA) – full context 
• MBA – justification. 

Next, Pape performed three levels of quantitative analysis to identify 1) the degree to which a 
pattern of behavior was stable within a participant over the eight problems, 2) the relationship of 
the predominant behaviors to student academic achievement, problem-solving success, types of 
errors (reading or mathematical), and poor recall, and 3) the relationships between the categories 
of problem-solving behavior and the success rates, the types of errors, and problem recall. 

Eighty six percent (86%) of the students displayed a predominant pattern of problem-
solving behavior with 6% identified as DTA-non-proficient, 40% as DTA-limited, 16% as DTA-
proficient, 16% as MBA-full context, 7% as MBA-justification.  The remaining 14% of the 
students exhibited a mixture of problem-solving behaviors.  While only 53% of problems solved 
with a DTA behavior were solved successfully, 80% of problems solved using an MBA behavior 
were solved successfully.  All behaviors solved consistent language (CL) problems more 
successfully than inconsistent language (IL) problems with the MBA-justification behavior’s 
error rate increasing the least at 5% and the DTA-limited behavior’s increasing the most at 17%.  
Overall, the students committed reading-related errors on 22% of the problems, 28% of which 
were CL problems and 72% were IL problem.  Students who 1) provided evidence of their 
problem solving in writing, 2) used context to support their solutions, and 3) provided 
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explanations for their steps and/or justified their solutions were more successful problem solvers.  
Students who used DTA-not proficient behavior were the least successful.  The research provides 
evidence of a comprehensive theoretical model of problem solving that integrates existing 
models of problem solving, text processing theory, and reading comprehension theories. The 
author cited his earlier research that showed how the use of multiple representations and 
classroom discourse that requires students to explain and justify their reasoning helps students to 
understand mathematical reasoning and fostered strategic problem-solving behaviors and that 
“teachers need to examine the ways in which they model problem solving to understand the 
potential impact of their instructional strategies on the cognitive activity of their students (p. 
214). 

 

Pugalee, D. K. (2001). Writing, mathematics and metacognition: Looking for connections 

through students’ work in mathematical problem solving.  School Science and 

Mathematics, 101(5), 236-245. 

Despite a consensus among educational experts about the important role of writing in 
learning, in 2001 there was a lack of adequate research about writing and metacognition in 
mathematics learning. This qualitative study sought to investigate the use of writing in 
mathematics by focusing on the metacognitive aspects found in texts generated by 20 9th grade 
Algebra I students to describe their problem solving process.   Each day for six consecutive 
school days, students solved a series of problems, which increased in difficulty over time.  
Students were also encouraged to write down anything that came to mind while solving the 
problem.  Using qualitative methodologies, the resulting data segments of writing were analyzed 
and categorized.   

Four categories emerged, which corresponded to the phases of problem solving 1) 
orientation, 2) organization, 3) execution, and 4) verification, all of which were initially 
identified in Garofalo and Lester’s metacognitive framework their 1985 article “Metacognition, 
cognitive monitoring and mathematical performance” in the Journal of Research in Mathematics 
Education.  Sixty-one percent (61%) of the writing data segments were classified as execution, 
26% were classified as organization, 7% as orientation, and 6% as verification.  Pugalee 
concluded that the study supported efforts to promote writing in mathematics and that students’ 
texts can be a source for teachers to assess how students are thinking about mathematics and then 
revise their lesson plans, reteach, or provide individual attention as necessary.  He noted that 
further research was needed to investigate how best to promote the development of these 
metacognitive behaviors through writing.   

 

Schiro, M. (1997). Integrating children’s literature and mathematics in the classroom: 

Children as meaning makers, problem solvers, and literary critics. New York, NY: 

Teachers College Press. 
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In response to the NCTM’s call for increasing the amount and quality of children’s 
mathematical communication in instruction, Schiro’s book describes his “mathematical literacy 
criticism and editing” instructional model designed to support the simultaneous mathematical 
and literary growth of children and analyzes the model’s pedagogical and philosophical 
underpinnings (p. 13).  Schiro’s instructional model is built around a problem-solving model that 
employs children’s mathematic trade books.  Schiro added a “Find a Problem” phase to the front-
end of George Polya’s (1957) four-phased problem-solving method.  During the Find a Problem 
phase, students are responsible for finding the problem that needs to be solved in the book 
instead of having the teacher give the students the problem.  Afterwards, students continue 
through the other four phases, i.e., 1) Understand the Problem, 2) Devise a Plan, 3) Carry out the 
Plan, and 4) Look Back.  Schiro also discusses his frustration with the poor mathematical and 
literary quality of many children’s mathematical trade books and explains how to use his rubric 
to evaluate trade books before trying to use them in the mathematics classroom. 

 

Siegel, M. and Fonzi, J.M. (1995). The practice of reading in an inquiry-based oriented 

mathematics class. Reading Research Quarterly, 30(4), 632-673. 

This qualitative research study from the Reading to Learn Mathematics for Critical 
Thinking (RLM) project funded by the National Science Foundation arose when the researchers 
on the project encountered a non-traditional (inquiry-based) form of mathematics instruction that 
required they think beyond their initial transactional reading-based approach to addressing the 
problems of reading mathematics.  The researchers needed to examine the nature of reading in 
this “new” type of mathematics classroom where teaching and learning are not interpreted as 
knowledge transmission and where learning how to learn is an explicit instructional goal (p. 
639).  The researchers’ intent behind this particular article was to contribute to the 
reconceptualization of instruction in mathematics classrooms by answering the question: what 
kinds of reading practices are employed in a mathematics classroom in which instruction is 
organized as inquiry? 

As with the rest of the RLM project, the study of a “Math Connections” class of 14 9th-
11th grade students in an urban alternative (magnet) high school was conducted using a 
collaborative action research approach with field notes and audiotapes created for every class 
meeting over the course of an entire semester.  The classes were videotaped during the second 
half of the semester.  Biweekly team meetings were also audiotaped.  The teacher’s daily plans 
and relevant documents, photocopies of all students’ work and instructional materials, and 
student interviews were also used in the analysis.   

After a multistage analysis that identified 42 instructional events, 40 kinds of texts and 
126 reading components, the reading components were grouped into 23 categories, which were 
grouped into five general categories (1) reading to make public, (2) reading to comprehend, (3) 
reading to get an example, (4) reading to generate something new, and (5) reading to remember.  
The two major finding were 1) reading was embedded in nearly every instructional event and as 
a result, largely invisible and 2) the reading was not a single kind of reading, but varied in 
relation to its use in particular instructional events.  The embedded nature of reading in an 
inquiry-oriented mathematics classroom caused the researchers of the RLM project to reimagine 
their perceptions for “reading to learn mathematics”. 


