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Review of Reading Mathematics

A CRITICAL REVIEW OF READING
IN MATHEMATICS INSTRUCTION:
THE NEED FOR A NEW SYNTHESIS

Introduction

In recent years, researchers and practioners alike have shown renewed
interest in the problem of “reading mathematics.” This trend is part of
a more general movement toward teaching reading as an integral part
of content area instruction. Responding tc the difficulties students ex-
perience when learning from text, educators Liave proposed that reading
strategies appropriate to each subject matter be included in the curricu-
lum. Reading mathematics, in particular, presents a challer.: due to

the unique qualities of mathematics textbooks.

Existing reviews of the literature on “reading mathematics” (Nolan,
1984; ()'Mara, 1981; Pinne, 1983) indicate that researchers have con-
centrated on two dimensions of reading mathematics: (1) the language
of mathematics, with particular emphasis on the technical vocabulary
employed in the teaching and learning of mathematics; and (2) com.-
prehension of word problems, with attention paid to the way in which
the syntactic and semantic organization of word problems affects their

solution.

Our own critical reading of the work considered in these reviews, as
well as more recent contributions (e.g., Cox and Wiebe, 1984; Cordeiro,
1988; Ferguson and Fairburn, 1985; Moyer, Moyer, Sowder, and Thread-
gill-Sowder, 1984; Moyer, Sowder, Threadgll-Sowder, and Moyer, 1984;
Van Den Brink, 1987), confirias the fact that these topics constitute the
bulk of the researc': on reading mathematics, to the exclusion of almost

any others.

This preliminary look at the literature suggests that thus far the
problem of “reading mathematics” has been interpreted as follows: “Re-
ading can be an obstacle to the learning of mathematics if students
lack the reading skills necessary to correctly decode mathematical texts;

researchers and teachers should attempt to eliminate this obstacle by
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Review of Reading Mathematics

developing instructional strategies that teach the skills of reading math-
ematics.” This statement of the problem leaves any theoretical perspec-
tives implicit, though, on closer examination, it is clear that a very spe-
cific view of both reading and mathematics is operating. Once thesc
embedded theories ars made explicit, alternative conceptualizations of
both reading and mathematics — and, consequentiy, of “reading mathe-

matics” — become possible.

The scope of this review of the literature or. reading mathematics,
therefore, will be to interpret the results of existing research in light of a
new synthesis of mathematics and reading. Mor: specifically, we present
two alternative ways that reading and mathematics, respectively, have
been conceptualized, and show how they can lead to at least four differ-
ent definitions of the problem of “reading math:matics.” We then review
current research in terms of this theoretical gri1 and discuss the research
questions and instructional practices implied by the four problem state-
ments. Each differs considerably with respect ..o (a) what kinds of math-
ematical texts are read, (b) how they are read, and, most importantly,

(c) for what purposes they are read.

Alternative Perspectives

In what follows, we describe, in some detzil, a shift in the way the
goals of mathematics instruction have been conceptualized before briefly
summarizing a similar (and more familiar) shift in thinking that has

taken place in the reading profession.
Perspectives on mathematics

Most people equate mathematics learning, especially at the elemen-
tary level, with the acquisition of some technical skills - beginning with
the ability to perform various kinds of computations with a certaixi degree
of accuracy. Students then move on to the skills needed to successfully
apply these techniques, for example, solving assigned word problems or
deducing formal geometrical proofs according to some established logi-

cal rules and formats. This view is reinforced in the current pre-college
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mathematics curriculum and in most standardized measures of mathe-

matical achievement.

Most mathematicians, on the other hand, would argue that these
skills represent a very small part of what mathematics is all about;
indeed, many would say that these are the least interesting kinds of
mathematical thinking, where machines can best substitute for human
performance. In constrast to the more popular view, mathemuticians
regard mathematics as a “way of knowing” (Bishop, 1988), a particular
mind-set for approaching the generation, framing, representation, and
solution of problems. Hence, “learning mathematics” cannot be reduced
to the passive acquisition of facts, rules, and techniques but should in-
clude an appreciation for the process through which new mathematical
knowledge is constructed and evaluated (Kline, 1980; Lakatos, 1976), the
value-laden nature of problem formation and resolution (Brown and Wal-
ter, 1983), and the affective dimensions of mathematical work (Buerk,
1982; Leder, 1982; Oaks, 1987; Resek and Rupley, 1980), among others.

Further, some scholars (see, for example, Borasi, 1986; Brown, 1982;
Buerk, 1985) argue that mathematics students become aware of the hu-
manistic nature of mathematics. These authors point out that mathe-
matics is not a black-and-white, cut-and-dried subject, as most people
think, but that even in this discipline ambiguity, controversy, and doubt
play an important role in both the creation of new knowledge and the
learning of established results. Awareness of the humanistic nature cf
the discipline will help students appreciate that thinking, creativity, and
personal judgment are necessary if mathematics is to be successfully
learned and used. And, a humanistic concept of mathematics as a disci-
pline may help combat the phenomenon of “math avoidance,” which is

widespread even among talented people.

Increasingly, the mathematics education profession is coming to ap-
preciate this view of mathematics and realize that it will require a re-
thinking of the goals — and, consequently, the content and instructional

practices - of the pre-college mathematics curricullum. For example,
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the National Council of Teachers of Mathematics has re-ently set out
the following as key goals for mathematics instruction in the 1990’s: “
(1) becoming a mathematical problem solver; (2) learning to communi-
cate mathematically; (3) learning to reason mathematically; (4) valuing
mathematics; (5) becoming confident in one’s ability to do mathematics”
(NCTM, 1987, p.12). These goals represent a radical departure from the
technique curriculum which is so pervasive in American classrooms and
open the doo: to a reconsideration of the role reading might play in the
learning of mathematics. New goals for mathematics education would
have an impact on the kinds of reading material considered appropriate
and valuable for mathematics instruction, as well as the kind of knowl-
edge, strategies, and attitudes one would hope to foster as a result of
these reading experiences.

In a technically oriented mathematics curriculum, reading instruc-
tion is limited to teaching the skills necessary to comprehend the in-
formation contained in textbooks, such as descriptions of algorithms,
theorems and proofs, and word problems. The goal of such reading in-
struction is the appropriate use of such information in solving assigned
problems. A curriculum grounded in a view of mathematics as a “way
of knowing” would welcome other kinds of reading materials in addition
to textbooks. Historical essays providing insights on the way mathe-
matical knowledge is achieved, philosophical arguments on t} e nature of
matbematics and its applications, and stories and poems which illustrate
some of the aesthetic, affective, and value-laden aspects of mathematics
are examples of what we call “rich mathematical texts.” These materials
have the potential to help students gain new insights into the process and
nature of mathematics. This potential may be lost, however, if reading

is not clearly understood by mathematics teachers.
Perspectives on reading

The shift from a skills-based to a comprehension-based model of
reading is well documented in the reading education literature (see, for
example, Anderson, Hiebert, Scott, and Wilkinson, 1985; Harste, 1985).
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In general, the reading profession has rejected the notion that reading is
a set of skills that can be mechanically applied to text so as to extract
the information contained in the material. This perspective portrays the
reader as little more than a passive information processor; the process is
dominated, instead, by the text. Instruction focuses on ways to “decode”
the text (e.g., word recognition, vocabulary instruction) and successful
comprehension is measured in terms of the reader’s ability to recover the

author’s meaning and duplicate the text.

The idea that reading is a mode of learning suggests that the reader
plays an active role in the process, bringing linguistic and domain- spe-
cific knowledge, as well as beliefs, attitudes, and strategies to the situ-
ation (Anderson and Pearson, 1984; Carey and Harste, 1985; see, also,
Gollasch [1982] for the collected works of K. S. Goodman). Reading is
thus see1 as a fluid, dynamic process in which new meanings are gen-
erated from the negotiation of reader, text, and context (Carey, Harste,
and Smith, 1981; Rosc.iblatt, 1978; Siegel, 1984). From this perspective,
the text serves as a springboard for constructing meanings; duplicating
the text is no longer the criterion for successful comprehension. In brief,

reading can be thought of as a mode of learning - an authoring process

(Rowe and Harste, 1986) - in which readers transform texts into mean-

ings mediated by their experiences and knowledge and the context of the

reading event.

Reading instruction which fosiers the understanding that reading is
a mode of learning would introduce strategies that encourage readers
to be active meaning makers by making connections to other texts and
contexts. Of particular interest are strategies which encourage readers to
take a new perspective by transforming the text through writing, draw-
ing, drama, or other communication systems {Grumet, 1986; Rowe and
Harste, 1986; Siegel, 1984). It is possible that the use of generative read-
ing strategies might help students learn from the “rich” mathematical

texts described earlier.

Perspectives on reading mathematics
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When combined the perspectives on reading and mathematics out-
lined in “he previous section yield four distinct approaches to the inte-
gration of reading 2nd mathematics, illustrated schematically in figure
1 below.

FIGURE 1
A grid for framing the problem of “reading mathematics”

Mathematics as a body Mathematics as
of facts and techniques & way of knowing

Reading as a set of skills for | 1 | il
extracting information from text | |

Reading as 2 mode of learning | 1 | v

This theoretical grid offers a way to re-view the existing literature
on reading mathematics. Determining the approximate location of spe-
cific studies in this scheme will allow us to discuss their contributions
and limitations as well as their potential to promote an understanding
of mathematics as a way of knowing. A summary of the kinds of reading
materials, strategies, and instructional goals associated with each ap-

proach to reading mathematics will be incorporated into this discussion.

Four Alternative Frameworks for “Reading Mathematics”

Box 1: Extracting information from technically oriented math-
ematics texts.

As noted, most of the existing literature on “reading mathematics”
falls into this category. Researchers working within this framework have
identified what they believe to be major obstacles presented by math-
ematics texts and studied the effects of various ins‘ructional stategies
designed to overcome these obstalces. Text features such as the special-
ized vocabulary of mathematics and the syntactic organization cf word

problems were the most frequently studied obstacles.

The existing reviews of the research (Nolan, 1984; O'Mara, 1981;
Pinne, 1983) all indicate that direct teaching of the specialized vocabu-
lary of mathematics contributes to improved success with problem solv-

ing. For example, Skrypa (1979) found that teaching mathematical vo-
6
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cabulary can improve students’ ability to solve mathematical problems.
The emphasis on the meaning as well as the decoding of words in this
study is critical. Earp and Tanner (1980) found that sixth graders could
decode but not give the meanings of mathematical terms commonly
fourd in mathematics texts; however, students were able to give defi-
nitions when the terms we; : placed in the context of a sentence, leading
the researchers to conclude that mathematical texts do not provide much

support for comprehension.

Researchers have also given a good deal of attention to the syn-
tactic organization or format of word problems, which are often identi-
fied as a major stumbling block for students. Moyer and his colleagues
(Moyer, Moyer, Sowder, and Threadgill-Sowder, 1984; Moyer, Sowder,
Threadgill-Sowder, and Moyer, 1984) have examined the effects of three
different formats of story problems on students’ ability to choose the cor-
rect operation needed to solve the problem. In the first study, students
in grades 3-7 were tested un their ability to extract in{ormation from
problems written in a telegraphic format and in a verbal format. Re-
sults did not support the hypothesis that the telegraphic format would
be easier for students; there was some indication that the verbal for-
mat was easier for students. In the second study, they compared three
formats: telegra-hic, verbal, and drawn; the drawn format included a
drawing of the objects, with labels, included in the problem. Here again
they found no difference between the effects of telegraphic and verbal
formats on ability to select the correct operation; however, a significant

reading level by format interaction was found. TLe means for the drawn

format were significantly higher at each reading level than the means for

the other two formats and particularly so for students identified as low
readers. In contrast, a study by Blohm and Wiebe (1980) showed that
the inclusion of diagrams had no effect on high school students’ success in
solving mathematics problems involving the computation of percentages.
The authors note, however, that the diagrams may not have served the

function they were intended tc serve, namely, as an aid to learning. This
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study also explored the effects of including extraneous information in the
problem. Results indicate that the inclusion of extraneous information

greatly interfered with students’ problem solving.

On the whole, these studies are grounded in an implicit theory of
reading which assumes that readers are passive and, hence, text factors
(vocabulary and the syntactic organization of word problems) are the
key variables in reading mathematics. Though vomprehension is the
intended result of such text manipulations, it is interpreted in a very
limited manner as extracting the information necessary to solving the

problem.

In summary, this approach to reading mathematics, though it might
contribute instructional strategies which increase students’ ability to
solve well-defined problems, fails to exploit the potential which might
come from an integration of reading and mathematics. In fact, the belief
that the “reading” component creates an obstacle to learning mathemat-
ics may lend support to the existing trend toward minimizing the use

of reading in mathematics instruction. If mathematics educators con-

tinue to see the characteristics of reading mathematics texts (such as

their density and the need to read them with “paper and pencil” [Nolan,
1984]) as a problem, they will miss a valuable opportunity to help stu-
dents understand that any kind of text requires the active construction
of meaning.

Box 3: Reading to learn so as to achieve the goals of a “tech-
nically oriented” mathematics curriculuin.

Contributions within this framework are much rerer; however, a few
studies can be noted if we include those which clearly give the reader an
active role in the process. These studies tend toward a narrow interpre-
tation of comprehension due to the nature of the reading task. In other
words, the notion that comprehension involves the construction of new
meanings is not considered appropriate when the task of the reader is to

correctly solve the word problem.

McCabe (1981) applied a language experience approach to the com-
8
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prehension of mathematics textbooks. First, he assessed ninth graders’
understanding of a textbook passage using a cloze procedure. He then
asked the students to explain a section of the textbook in their own
words. Using the syntactic patterns identified in the studeots’ explana-
tions, the reseercher repatterned the passage and reassessed students’
comprehension, again with a cloze technique. McCabe fjund that stu-
dents’ comprehension of mathematics materials improved when the pas-
sage was patterned after their own syntactic structures. Other reading
eaucators have pointed to the promise that a language experience ap-
proach holds for mathen.atics isntruction (Ferguson and Fairburn, 1985)
and this topic deserves further study.

A strategy which invited students to be active meaning-makers was
used as part of » study examining the effect of the format of word prob-
lems in problem solving, ability (Cohen and Stover, 1981). In the first
part of their project, gifted sixth graders were asked to rewrite word
problems sc as to make them eusier for their peers; content analysis of
their efforts led to the identification of format variables which might
affect comprehension of word problems. This rewriting activity is an ex-
ample of a reading strategy which calls for comprehension in the spirit of
“reading as a mode of learning.” To rewrite word problems, students had
to decide what needed to bz changed, thus engaging in problem forma-
tion. In addition, the activity required that students shift from reading
to writing, a move which helped them take a different perspective on the

text and transform it in a personally meaningful way.

However, the mathematical goal implied by the activity was still
limited to accurate information processing, and strictly technical math-
ematical texts (i.e., traditional word problems) were employed. Notice
that the students were not encouraged (or even allowed) to change the
content of the problem, and explore the mathematical consequences of
such modifications - a valuable mathematical activity which would pro-
mote problem generation. Indeed, follow-up interviews with the students

indicated that they defined the rewriting task as a reading activity, not

9
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one related to learning mathematics.

An cpening to the consideration of non-traditional mathematics tex-
ts, such as the newspaper (Becker and Kendall, 1982; Haggerty, 1986),
and material written by the students themselves (Van Den Brink, 1987),
was found in the practitioners’ literature. These contributions suggest
new ways that reading and writing can be used in mathematics instruc-
tion, and involve students in activities that promote the construction of
meaning. Yet, they belong to box 2 because their definition of relevaat
mathematical coiient and activities is still very much limited to com-
putations and solutions of traditional word problems — however more
interesting when encountered in meaningful contexts.

Box 2: “Rich mathematical texts” are introduced to provide
students with information on important aspects of mathematics
typically excluded from the mathematics curriculum.

Not surprisingly, contributions to this framework represent the ef-
forts of mathematicians and mathematics educators to introduce aspects
of mathematics typically excluded from the traditional mathematics cur-
riculum. The mathematirs education community has long recognized
the need for texts that communicate the nature of mathematical re-
sults, as well as information about their origin and applications, to stu-
dents. In response, various collections of novel as well as classic, yet
non-traditional, mathematics texts have been edited (see, for example,
Newman, 1956; Aleksandrov et al., 1963; Campbell and Higgins, 1984;
Borasi and Brown, 1985), and proposed as a complement to traditional
mathematics textbooks. These efforts reveal the existence of a number of
very interesting essays, dialogues, stories, and even poems, which address
mathematical topics and issues often neglected by the current pre-college
curriclum. Examples include the classic dialogues by Galileo Galilei
(1914), in which various mathematical problems and even paradoxes are
discussed in a highly understandable and thought-provoking way thus
illustrating the thinking process a mathematician would use to approach
such situations; or, novels such as “Flatland” (Abbott, 1952), where the

readers’ exj ~rience and imagination is called upon to intuitively under-
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stand and explore something as abstract as a four-dimensional space.

All these au hors, however, seem to have felt that their task was
accomplished once appropriate mathematical texts were produced and
made available, eviderce, we would argue, of their implicit theory of
reading as a straightforward matter of extrac.ing information conveyed
in their books. Since maunematics teachers do not see themselves as
reading teachers (Singer and Donlan, 1980), and are usually unaware
of reading research and instructional strategies, iv is very unlikely that
they would take the initiative to develop reading experiences that would
support students’ active comprehension and learning from these texts.
Hence, the potential power of these “rich” mathematical texts to add new

dimensions to the mathematics curriculum remains .argely unexploited.

Box 4: Reading to learn mathematics so as to understand
mathematics as a “way of knowing.”

Can reading be vicwed as an opprtunity to learn mathematics rather
than an obstacle that stands in the way of such learning? Our review
of the literature on reading mathematics suggests that educators have
not yet wcumed the problem of reading mathematics in this way. Hence,
there is a need for a new synthesis of reading and mathematics, one
which views reading as a mode of learning so as to contribute to the
goals of a mathematics curriculum which focuses ..ot so much on the
acquisition of techniques, but on the process of doing mathematics and

the more humanistic aspects of this discipline.

One example of “reading to learn mathematics” was located in the
literature. In this case, a teacher described how her sixth graders “play-
ed” with the concept of infinity through the use of reading, writing, and
art (Cordeiro, 1988). The concept of .._.inity is not usually part of the
eiementary school mathematics curriculum and the teacher’s emphasis
on open-ended, collaborative inquiry into the concept is equally unique.
Though the reading strategies used in the course of the unit were not
discussed in detail, the inclusion of such writing experiences as freewrit-

ing suggests that students we- : encouraged to be active meaning-makers.

11
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One can easily envision the way an “authoring curriculum” (Rowe and
Ha:sic, 1286), whi~h encourages students to construct their own inter-
pretations by transforming texts into other genres and communication
systems, could incorporate “rich” mathematical texts. By emphasizing
problem formation, risk taking, collaboration, and meaning making, this
new synthesis of reading and mathematics might help students achieve
the goals (noted earlier) identified by the National Council of Teachers

of Mathematics.
Conclusion

In this paper, we have reviewed the research on reading mathematics
in light of four alternative perspectives on the problem. Though most of
the existing literature on this topic falls into box 1, other interpretations
of of “reading mathematics” are possible. Understanding that the prob-
lem of reading mathematics can be framed differently, depending on the
way reading and mathematics are concer*ualized, opens up the possib-

lity of a new synthesis which we call “reading to learn mathematics.”

“Reading to learn mathematics” calls for a new relationship between
reading and mathematics educators as well as a new agenda for research
and practice. Note that the work reviewed in boxes 2 and 3 were prod-
ucts of either reading or mathematics educators, alone. This work s..uws
the promise that new directions in each field have for the problem of
reading mathematics; and yet, these new directions cannot be fully ex-
plored due to the limited views these researchers have of the other field
being investigated. If, on the other hand, specialists from both field join

together in genuine collaborations, a new powerful synthesis of reading

and mathematics instruction can be forged.
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