Reading and Writing in the Mathematics Classroom

Mark Freitag

Imagine the following scenario. Mrs. Smith begins her This scenario shows that students can struggle with
third period mathematics class by telling the students hgyading and writing in mathematics; skills which are
much ground they need to cover for the midterm. Typhcreasing in importance in the mathematics classroom
cally, Mrs. Smith uses several different methods to teggrossman et. al, 1993; Noonan, 1990). One of the new

mathematics, but since time is running short, she feels thedls for students ithe Curriculum and Evaluations
she must lecture for the next few weeks. For the next fogtandardNCTM, 1989) states that
minutes she presents hew concepts on the board, while the
students copy the information furiously. She stops occa- the development of a student’s power to use mathemat-
sionally to ask for questions, and receives only a few ics involves learning the signs, symbols and terms of
responses. At the end of the period, Mrs. Smith assigns themathematics. This is best accomplished in problem
homework for the night before dismissing the students. Situations in which students have an opportunity to read,
Later that night, Angie, who is one of the better write, and dis_cuss ideas in which the use of the Ianguag_e
students in Mrs. Smith’s class, sits down to do her home- ©f Mathematics becomes natural. As students communi-
work. She feels that she did not get much from the day’s cate thel_r|de_as_, they learn to clarify, refine, and consoli-
) . date their thinking (p. 6).
lesson, since she had to concentrate on reading and copy-
ing the notes on the board instead of listening to the oral
explanations of the concepts. While reviewing her notes,
Angie realizes that she QOes not understand the_ concegqfool years of training in writing and 6-8 school years of
but she hopes by reading the textoook these_|deas s ‘ ing in reading (Burley-Allen, 1982). However, it is
become clear to hgr. She has never b_een requweo_l to aear how much of this time is spent working with
the text, gnd she flnds_ herself str_ugglmg th_rough It. S tathematical text; text which may require students to
soon realizes that reading the text is not helping, and SO

) . q 4 th q elop special reading and writing skills. This article will
gives up trying to understand the concepts and MmoVeyiQ. «q the nature of reading and writing in mathematics,

the problems. Angie is not exactly sure how they are RS some problems that students may encounter while

Certainly, school students do not lack training in writ-
communication, since on average they receive 12

fied with the work she has done_. . _ Wathematics classroom.
The next few weeks pass by in similar fashion and the
day of the midterm arrives. As Mrs. Smith sits down 19 ading
grade the tests, she is wholeheartedly disappointed Wit?]
her students’ performance. They perform the skills and
solve the problems well, but their answers to the Writing
. . ISt
guestions are troublesome. The students simply could

Reading can be considered a two part process. First, it
e transfer of encoded information from written text to

¢ reader. Several cognitive psychologists (Gough, 1972;

communicate their ideas clearly and correctly in Writingz melhart, 1977: Chall, 1983) suggest theories on how

The_:y were using incorrect terminology and notation, aWis might occur. Second, and of more importance to the
their sentence structure was poor. Because of the poor

writing, Mrs. Smith could not be sure the students actuatﬂ?per’ reading is the comprehension of the information by

o e reader. Rosenblatt (1978), in her transactional theory
understood the concepts assessed by the writing questlgprséadin maintains that reading comprehension occurs
Although Mrs. Smith believes that writing can be an 9. . g P o

a}s]the reader actively shapes whatis being read by bringing

effective assessment and learning tool in mathematics,g Ckground knowledge, cultural orientation, personal read-
doubts she has the time to teach her students writing skifis 9 g€, P

in addition to all the mathematical content. She may hal\r/] history, beliefs and feellngs'to befar on the text_. Thus,
L ) as the reader or the context in which the text is read
to abandon writing in mathematics as a lost cause.

changes, the comprehension of the text changes. This
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reading are valued, will most likely understand matkhat the examples can serve as models for the practice
ematical text better and take more from it than wouldeaercises at the end of the section (Porras, 1994).
student who does not come from such a home. A readerNoonan (1990) provides other reasons why math-
with higher level reading skills will most likely be able t@matical text can be difficult to comprehend. Mathemati-
comprehend mathematical text better, and a student vath vocabulary can present problems in many ways. Stu-
few mathematical anxieties will most likely read matldents must learn new terms that can only be found in
ematical text easier and with greater comprehension. mathematics, and they must come to understand the con-
In order to comprehend the texts of certain disciplinegpts behind these terms. Many common English words
readers must often develop reading skills peculiar to th@se take on drastically different meanings in mathematics.
disciplines. In particular, students must learn to read maftor example, the worthean Outside of mathematics it
ematically. But what does this mean? Noonan (199f9scribes a person who is not very nice, but as a math-

writes: ematical term, it represents the average of a set of numbers.
Pictures, charts and graphs,
To read a mathemat- which can be difficultto read
ics text means to take the  IN Order to comprehend the texts ,nq interpret, may be other
global meaning from the of certain disciplines, readers  potential stumbling blocks

page, not just to be able to

read a few sentences. It must often develop reading skills symbols and notation may
means to appreciate the

structure of a question and peculiar to those disciplines. cause students trouble for at

: . least two reasons. First, each
how the various graphs,  |n particular, students must learn ) €
diagrams and pictures re- P symbol or piece of notation

for students. Mathematical

late to it. Reading math- to read mathematically. must be learned by the stu-
ematics texts requires dif- dent, in order for that stu-
ferent skills and knowl- dent to be able to decipher

edge on the part of the readers to achieve acceptablemany passages in mathematical text. This decoding may
levels of reading comprehension ... The reading of a hecome particularly difficult as the notation accumulates.
mathematics text is far more complex than simply being gecond, sentences in mathematical text often include
able to read the words_on t.he page. Itis about COMPre-tormulas or equations, which interrupt the flow of the
hending the mathematical ideas being put forward. (p. R .
79) prose, making it difficult to read. Because reading math-
ematics has so many potential pitfalls, the mathematical
rBQder must necessarily be active and careful.

To comprehend mathematical text, readers should _ , N
fAnother reason reading mathematics can be difficultis

aware of the purpose of the text, the most predominant o

which is to explain and transfer mathematical conceptﬂ%at it requires the reader to recall or find all information,

algorithms and reasoning to the reader (Shuard & Roth&f§finitions, theorems or notation pertinent to the concept
rently being read. For example, if the definition of a

1984). Expositional text may include stating and explaifi"" &Nty b _ _ :
ing definitions, theorems, and concepts; providing gra are is given as a quadrilateral with four right angles and

and pictures for clarification; and providing application@Ur congruent sides, then the student must know the
of the mathematics. Unfortunately, students are rardizanings of the words quadrilateral, right angle, and
taught how to read mathematical exposition, and so tH&p9ruent. Finding this information may entail looking at
often struggle with it (Porras, 1994). Another purpose fBfEVious sections in the book, looking at other mathemati-
mathematical text is to provide instruction on how to carf €XtS, or looking in the texts of disciplines other than
out a task. Procedural text tells the reader the method t§ihematics. It may require the reader to scan the page to
used when carrying out a specific mathematical task Bid @nY pictures, graphs, tables or charts that accompany
how to write a final answer in a particular form (Shuard &€ discussion and then be able to understand how they are
Rothery). Students often fail to realize that the textbook f§ated to the discussion. Thus, mathematical reading is

trying to help them master the procedures, and thapq}tlmear, and students should not try to read mathematical

contains rules and hints as to when a procedure or algst @S they would a drugstore novel; straight through,

rithm could be used (Porras). Finally, mathematical tésqVer {0 cover. Reading mathematical text may require the
provides example problems that demonstrate procedUf@&ier o reread passages several times in order to gain
to students as well as exercises and problems so Merstandlng.Students should realize that time and effort
students can implement what they have learned (Shuar@'§ needed to completely comprehend mathematical text,

Rothery). Again, many students do not recognize the fgglpl so they need to exercise patience, concentration and
determination.
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How can mathematics educators improve mathematbing mathematics. Often, students believe they have
cal reading comprehension? DiGisiand Yore (1992) offiarned the material solely from the class sessions, and
five suggestions for science teachers that may also benafy thus view reading assignments as redundant and
benefit to mathematics educators. Before the studentémportant. Mathematics educators must help students
read, the teacher can use an advanced organizer to preggaieze the importance of reading the text. Students must
the students for any new information they will encountesee that a mathematics text is a resource in which most of
An organizer might be a brief statement that reminds ttiee information for the class can be obtained. It is a
students of previously learned concepts that relate to theource that can be taken home, where often students have
topic about to be read, or it might demonstrate hawo other source for guidance. Students mustrealize that the
previously learned information is inadequate for solvimpathematics text is much more than a collection of prac-
particular types of problems; a situation that will be rentice exercises; it is a collection of concepts, procedures,
edied by the new information. The organizer allows tland examples designed to help students comprehend math-
students to gather any personal background knowledgeatics.
related to the subject, and then use it assimilate andReading mathematics is a complex process that re-
understand the new information. While the students apeires readers to develop special skills in order to compre-
reading, the teacher can help them determine whethertirad whatis read. Underdeveloped reading skills can keep
author is writing for exposition, instruction, or studentur students from realizing their full potential and devel-
practice. Often, understanding the purpose of the text vaping into the mathematical learners they are capable of
help students comprehend an author's message betiecoming. As mathematics teachers, we must help our
After the students have read, the teacher can use a seristuglents acquire these skills, so that when we are not
conceptual questions to assess what the students tereeind to guide them, they will have enough confidence to
learned from the reading. Some sample questions inclugersue learning on their own.

What were the main ideas in the reading? How does this

material relate to previous material? What new proceduk#fsiting

or algorithms were developed? And: What connections

does this material have to areas outside of mathematicsBecause of its potential for helping students to learn,
Also, the teacher should address any misconceptions theting is a pedagogical tool that has become of interest to
might have developed from the readimbis can only be many educators outside of the language arts disciplines
done if the teacher is actively engaging the students Widcintosh, 1991). Emig (1977) maintains that writing is
what they have read. the most powerful and unique mode of learning. In contrast

Siegel et al. (1996) provide two other strategies faith the other modes, namely listening, talking and read-
promoting reading comprehension. The first is the “s@yg, writing is unique and powerful in that it originates
something” strategy (p. 68). Its underlying principle is théitom the student and is graphically recorded. If learning is
“making sense of textis a social eventin which readers tglswed as enactive, iconic, and symbolic, then writing
their way through a piece, sharing their responses, queseompasses all three modes, and thus involves the fullest
tions, confusions and insights with partners as they go” flossible functioning of the brain. In other words, “the
67). In other words, students might read a certain sectigymnbolic transformation of experience through the spe-
of text and then divide into small groups to discuss whéific symbol system of verbal language is shaped into an
was read. Through discussion and debate, perhaps cigah by the enactive hand” (p. 124).
lenging one another’s notions, they work towards under- Further, writing is powerful because it uses both hemi-
standing of the material. The second method is the “sketgiheres of the brain. The right hemisphere is thought to
to stretch” method (p. 67). Here, the students draw pictutgstrol emotion, and intuition, as well as initiate meta-
of a situation which they see as analogous to the mathors and “abstractions occurring as visual or spatial
ematical concepts in the reading. They then use the pitoles” (p. 125). The left hemisphere is thought to provide
tures to create understanding of the material. A standgid linear thinking that is required to structure the ideas of
example is the analogy of a function to a machine. Studeajsaper in a coherent fashion. Hence, one side generates the
may draw a picture of a machine, with an intake funnel intifeas and the other structures them.
which numbers are placed, a crank representing the rulewriting is a powerful tool because it provides a unique
that operates on the numbers, and a chute out of whigim of feedback. As the student writes, information from
come the resulting values. the process is immediately and visibly available, which

It is important that students practice reading on theillows the learner to review the reasoning for correctness.
own, so teachers ought to assign reading as homewlreover, writing clarifies and organizes a student’s
Students need to value reading as an integral aspecathelights. Since writing prepares a product for another
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person, the author must make sure that the writing flowsed to start from the beginning of a process in order to
and that all points are made clearly. Finally, Emig assectear up a misconception. Having a student write may
that the slow pace of writing is conducive to studeptovide the instructor with “evidence of where or why a
learning. Since writing is comparatively slow to readingtudent has failed to make connections between strands of
talking, or listening, it forces thinking to slow down to théhe mathematics curriculum” (p. 45). Finally, writing may
pace of the writing. This allows students to reason througtovide clues as to why a student is unable to complete an
thoughts carefully to make sure they are correct aagsignment by oneself.
complete before they are stated. Teachers can assign writing tasks that may reveal
Writing can be beneficial to students in other ways a#titudes, anxieties and beliefs about mathematics that
well. Moore (1993) claims that effective writing can benight be interfering with a student’s learning. Through
used to influence opinions of the public and colleaguesich an assignment, the student can express to the teacher,
which is a crucial skill in a wide variety of occupationsn a private and direct way, concerns about learning the
Also, writing is often necessary for occupational successaterial (Dodd, 1992). A quick and caring response to
He notes that many employers both want and expect thb@se concerns may increase the motivation of the student
employees to be good writers. and strengthen the student-
Writing may also have ben: teacher relationship. Dodd

eficial aspects for studentlearn- Written explanations of a maintains that this may be of

ing that are specific to math- ) : rticular importance in disci-
ematics courses. In a researcl§tUdentS problem SOIVIng proces’%aines such as mathematics,
study of writing in mathemat- ~ allow the teacher to understandwhere there tends to be a large

ics, Grossman, Smith, and , sl ount of student anxiety.
Miller (1993) suggest that and assess the student’s thlnklnamWhenwriting mathematics,

and comprehension. students may encounter many
a student’s ability to explain ofthe same problems when they
concepts in writing is related read mathematics. They may

to the ability to comprehend and apply mathematical have difficulty using mathematical notation and vocabu-
concepts. Th|§ |s_appI|cabIe in both short and longer time lary properly. They may have difficulty expressing math-
frames. The fmdmgs.f.urther suggest that when a s_tudent ematical situations in graphical or tabular form, or explain-
demonstrates the ability to write about concepts this may . how th h d tabl late to the situation bei
be viewed as both an expression of comprehension andm_g owthe gral_p san . "’? es_ re g eto _e situa |on- _elng
a product of knowledge. (p. 4) dlscussed_. While 'th dlfflculnes in readm_g and writing
mathematics are similar, it may be that writing mathemat-

Shibli (1992) maintains that writing allows the studeri€S iS & more troublesome task. Reading only asks the
to see the steps used in problem solving and helps §Héd§nt to understand the message of the author, whereas
student draw conclusions and interpretations from tHeWriting, the student must not only understand the mes-
solution. If the solution to a problem has more than ofigd€ being written, butmust try to generate understanding
interpretation, then clear writing becomes especially ifft@hother person. Thus, writing may require the student to
portant in avoiding ambiguity as to which interpretation [§v€ & greater understanding of the content and a better
being presented. Sipka (1990) believes that writing @ility to communicate than does reading. o
mathematics may also improve student writing in general SiPka (1990) provides several ways of using writing in
and that the structured nature of mathematics may h&l§ mathematics classroom. He classifies them into two
students impose structure when writing prose in otHeategoriesinformal andformal. Informal writing activi-
classes. ties use content as the main criterion for judgment of the

Student writing can be beneficial to teachers as wBfiPer- They are especially useful for helping students to
(Drake & Amspaugh, 1994). Written explanations of @hderstand material, and may include free writing, math-
student’s problem solving process allow the teacher &§1atics autobiographies, journals, and reading logs. For-
understand and assess the student’s thinking and Comm@l_wrltlng activities are evaluated with respect to content
hension of material in away that computational steps alg¥! quality of writing. These assignments include letters to
may not provide. Teachers can diagnose and address eR8FOrs, proofs, formal lecture notes written by the stu-
in a student's thinking or knowledge of procedure mof€Nts, and research papers. _ - _
effectively. The depth of a student’s misunderstanding can ©ne of the more non-standard informal writing assign-
be determined by the teacher, and thus provide insight fé#nts is théree write(Sipka, 1990), which is, essentially,

an instructional starting point. A teacher may not alwa#é”eam of consciousness” writing. It need not have arisen
rom a plan or have any organization; students simply
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write down every thought that occurs to them. Other than Another interesting idea is to have the students rewrite
providing students with general writing topics, such dlke lecture notes. (Sipka, 1990). Each student takes a
favorite mathematical topics or expectations for the coursifferent day of class on which he or she is responsible for
the teacher must be careful not to impose any restrictiopgoducing a polished set of lecture notes. The notes are
This form of writing is useful for capturing random thoughtshecked for accuracy by the teacher and then distributed to
and generating ideas. Since it is non-stop writing, thiee whole class. Because students know they are writing
length of writing time should be kept to five minutes dior an audience, this activity may improve the clarity and
less. structure of the students writing. Rewriting the class notes
Another unusual informal writing assignment is thprovides a review of the material, and furnishes the class
mathematics autobiography (Sipka, 1990). In this assigmith a complete set of correct notes.
ment students describe their previous mathematical expe-Although the importance of writing has long been
riences and classes. For example, they might describe mwgnized by many teachers in fields other than English,
successful and one not-so-successful mathematical exfgeuse as a learning tool in mathematics has met with
rience. The teacher can thus become acquainted withrigistance from many mathematics teachers (Mclntosh,
students, in particular their attitudes and beliefs abdl291). Mcintosh suggests that many mathematics teachers
mathematics. Appropriate teacher responses to theseba$ieve that writing is an activity that is simply not done in
signments can convey care for individual students and caathematics. Many mathematics teachers believe that
establish positive teacher-student relationships. Sipkathematics revolves around numbers and formulas, not
maintains most students enjoy such an assignment, sing&itds. Mathematics teachers might also fear that they will
allows them to vent their grievances and concerns.  have to teach writing skills, something they may feel they
Journals are another medium for informal writingare not trained to do. Shibli (1992) claims that students
Waywood (1992) claims that journal entries generally fathay not be adequately prepared to write mathematics and
into one of three categories: a restatement of informatico, teachers will need to train them with practice, patience
a summary of information, or a mode of dialogue with trend feedback. A study by Moore (1993), suggests that if
teacher. As a mode of dialogue, the teacher should encatudents receive no training or feedback on how to write
age students to ask probing questions and give deéfectively, their learning will not be affected by the
explanations of the material covered in class. The dialogagerience. Although mathematics teachers may find imple-
can also provide the students a way to regularly commumienting writing in their classrooms initially difficult, the
cate concerns, misunderstandings and difficulties to thenefits of writing should make the struggle worth while.
teacher. Waywood also gives advice to teachers who are
interested in using journals. Students need to have a cléannections between reading and writing
understanding of what is intended by keeping a journal,
and teachers must allow class and homework time for To this point, reading and writing have been consid-
journal writing, so that it is valued by the students asesaed separately, but they are processes that often occur
means of assessment. Finally, journals must be used @gwltaneously. In fact, many of the skills involved in
the course of several years to be effective, and this requireesding mathematics are very similar to those in writing
thatthey be implemented as school or departmental polisyathematics, and so reading and writing in mathematics
Writing letters to teachers, authors and fellow studentgy be mutually beneficial.
is an unusual, formal writing assignment that can be usedTaking notes while reading, may help students im-
in the mathematics classroom (Sipka, 1990). Sample psave their reading skills in a variety of reasons. Note
signments might include: write a letter to the instructeaking slows reading down and makes the student an active
regarding which topics you find troublesome and whyeader: it causes the student to immediately review what
write a letter expressing your feelings about your last tegs just read, and often the more a concept is used, stated,
performance; write a letter to the textbook’s author der discussed, the better the idea is retained. Writing allows
scribing good and bad points; and write a letter to fututlee student to express comments, concerns or questions
students explaining this course. about what is being read. It gives the student the privilege
Proof writing can be another effective writing tool irof expressing the concepts in a personal way that might be
the mathematics classroom (Sipka, 1990). Since proefssier to understand, and it allows the student to organize
generally proceed in a series of logical steps, proof writitlge topics in a way that makes sense. By writing short notes
may learn improve the logical structure of students’ writa the margins, students can easily return to recall what was
ing. Since students may not write a complete or correéed, make connections to material located in other areas
proof the first time, proof writing can be used to stress tbéthe book, and state their thoughts on the topic. Unfortu-
need for rewriting. nately, students are seldom allowed to write in textbooks.
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Reading mathematical text may help mathematidaison, dK- C., &Hall, J. W. (%98|3)- Tth acqgiSitiion O|f e:rlg g{m%ef

e e R : i _word meanings:aconceptual analysis andreview. In H. P. GInsoburg
writing by providing a guideline for students. While stu _(Ed.), The development of mathematical thinkibgw York:
dents read, they can learn how the author uses certainacademic Press.
symbols and notation. They can learn how and in what _ _
context the author uses certain words. Students can €3} r;ttﬁlél(;%éi')ol_gﬁ gfgé%”gy'g e{rezg'd”%y '2 )éa rﬁgxgggv&'}f”d g
how logical progressions of ideas and concepts are devel-press. ' '
oped and how the author justifies mathematical conclu- . . , .
sions. While reading and mimicking a good example 8"f°35ma”h':' J., Sm'}h' B"a" & M":er];c' (1?93)' “D'dlyog say ;\Qg'te"

) . .. .,, iIn mathematics classJburnal of Developmental Educati
mathematical writing does not guarantee that students will (4), 7 6. P
write mathematics well, it does provide them with a good
place to start Mclntosh, M. E. (1991). “No time for writing in your clas$®athemat-
. ) . " ics Teacher85 (5), 423-433.

The importance of reading and writing cannot be &8s ()
overstated. Throughout their entire lives, students will f®ore, R. (1993). “Does writing about science improve learning about
using their ability to read and write to learn and to commu- Science?Journal of College Science Teachig, (4), 212-217.
n'cat_e- Certain disciplines, SUCh_ as _mat_hematlcs, M&fional Council of Teachers of Mathematics (19&€3)riculum and
require students to develop special skills in order to read Evaluation Standards for School MathematRsston, VA: The
and write effectively in that discipline. It should be impor-  Council.
tant for the teachers in each dl§CIp|In§ to edU(_:at(_a t_hﬁyonan, J. (1990). “Readability problems presented by mathematics
students to learn and communicate in that discipline. text.” Early Child Development and Carg4, 57-81.
Otherwise, we may be failing to prepare the students to _

L . — . Plaget, J., & Inhelder, B. (1969he psychology of the chiltilew

survive in a society where communication and learning on<,,- gasic Books.

one’s own are increasing in importance.
Porras, D. (1994). “Do your students digest mathematics like ice cream
or like steak?Mathematics and Computer Educatjés (1), 6-15.
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