Chapter 2: Literature Review

The use of writing tasks in instruction has bewmeasingly discussed and
researched since the late 1970s, with the begirofitiye Writing Across the
Curriculum movement. The use of writing in leamand teaching mathematics has
been documented and studied starting in the miakeéol980s. Most of the literature
on writing to learn can be divided into three categgs: theoretical rationale for the
use of writing, research on the results of usinging in the classroom, and examples
of writing tasks that teachers have used in tHasstooms and the apparent outcomes.
This literature explains why teachers use writmgnstruction, demonstrates the state
of research that motivates this study and provideker examples of writing tasks to
supplement those collected for this study. Knowheggoals for the use of writing in
instruction gives some inspiration for a classtiima since the theory of how writing
affects learning may motivate the inclusion of aertvariations so that these theories
can be tested. Understanding the state of thamngsen writing in mathematics
instruction shows us that greater description sk¢anay motivate more specific
research on the use of writing, clarify the resaftthe research and make the results
easier to implement. Finally, examples of writinghe literature can be used to
provide more examples of categories of variatiausél within the collection.

This chapter surveys the theoretical underpinnfogghe use of writing in
instruction, answering the question of why it makesse to use writing to help
students learn. Then the research regarding tidkeist outcomes from various types
of writing tasks is discussed. The state of tegearch justifies the need for a
classification of writing tasks and the method byieh it is accomplished. This
literature also gives theoretical rationale andltessvhich guide certain aspects of the

classification. The third category of the liter&tucontaining examples of writing
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tasks, will be used as needed later to provide plesof the classification beyond the

collection.

Theoretical rationale: why use writing?

First, I will consider the literature on writing general, and then consider
research about the use of writing in mathematigganicular. This moves from a
general to more specific context.

General Theories About How Writing Affects L earning
Ties Between Thought and Language

The assumptions and research about the ties betiveeght and speech are
important background to the use of writing in instron. One of the most influential
theorists in this area is Vygotsky, who worked wsBia during the 1920s and 1930s,
although his work was not discovered in the Wesit thee 1960s. Vygotsky refers to
language as the “social means of thought” (19631jp. His theory was based on a
close interrelation between thought and speechthadtone preceded the other, but
that development in one could lead to developmettie other: “The relation of
thought to word is not a thing but a process, disaal movement back and forth
from thought to word and from word to thought” (296. 125). This validates the
importance of using language to help develop thtaygind therefore concepts, in the
learning process. Even more strongly, Vygotskgnrefd to language as the
embodiment of thought: “Thought undergoes many gharms it turns into speech. It
does not merely find expression in speech; it fitglseality and form” (1962, p. 126).
Verbalization in some form, then, is necessarytmsgantiate and organize thought.
Vygotsky also notes that speech and thought canetrifferent ideas: “Thought is
not merely expressed in words; it comes into erehrough them. Every thought

tends to connect something with something elsestablish a relationship between
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things” (1962, p. 125)Vygotsky's theory, therefore, establishes the ingare of
communication and verbalization of ideas in devielgieep understanding of the
concepts, because it places the development ofttieuits existence and its structure
— side by side with the communication of ideas.
Uniqueness of Writing as a Form of Communication

Writing is considered a special form of this commeation. Vygotsky
considered written language a different form of ommication than that of verbal
language. He thought of writing as a form of magole, a form which “is a complex
formation; the linguistic elaboration can be atehtb leisurely and consciously”
(1962, p. 144), unlike the dialogue of verbal spe&dich is more spontaneous and,
therefore, simple. “Planning has an important paviritten speech, even when we do
not actually write out a draft. Usually we say toselves what we are going to write;
this is also a draft, though in thought only” (1962144). Vygotsky believes this
planning and organization are inherent in writiaggd make it more conscious or
deliberatehan other forms of speech. According to Vygotsksiting also requires
much more attention to the formal meanings of wamls a greater number of words
since the intended audience was not present, ausreller explication to garner the
meaning intended by the writer. This is in cortttasnner speech, which is directed
to the self and therefore needs no explanationide@ context. This ability to detach
oneself from the situation and explain it to anotteguires a higher level of
abstraction. Likewise, the extra layers of symlamid structure — the words on the
page and the structure of each sentence — regbigher level of abstraction in
written speech than in verbal speech (Vygotsky2)19&ygotsky also recognizes the
interplay between revision of the written documamd the revision of thought: “The
evolution from the draft to the final copy reflectsr mental process” (1962, p. 144).

Therefore, Vygotsky believed that writing requiradre planning and conscious
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effort, as well as greater abstraction, than oftvens of communication. The nature
of written revision might also provide a concrexpression of changing thought.
Emig (1977) also states reasons why writing is uaigmongst other forms of
verbal communication. Writing is compared to thieeo languaging processes of
reading, listening and talking. Emig notes thdyam writing does one originate an
idea and record it graphically. Similarly, whestdéining, the auditor neither originates
nor records an idea. This is in contrast to regdimwhich one creates meaning from
an idea that is recorded graphically, but doesongtnate the idea (Emig, 1977).
Talking may serve as pre-writing since ideas ogtgnn this process, but Emig
suggests it is inaccurate “to say that writingai& recorded” (Emig, 1977, p. 123).
Emig (1997) lists the following differences betwementing and talking:
* writing is a learned behavior, and therefore anitfi
» writing is usually slower than talking, allowing mecopportunity for
review, revision and a greater depth of cognition
* writing is a “technological device” (1977, p. 1243ther than natural
* writing “must provide its own context” rather thdapend on the
situation
e writing is usually to an absent party
» “writing tends to be a more responsible and coneditct than talking”
* writing includes both “process and product” andhizre easily a “form
and source of learning”
» writing is afforded a permanence not normally gitetalking.
In this way, Emig delineates the uniqueness ofingias a form of communication.
Zinsser’s theories about writing to learn agreselp with Vygotsky and
Emig. His understanding of the connection betwtbenght and language reflects that

of Vygotsky: “Writing and thinking and learning veethe same process” (Zinsser,
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1988, p. ix). He also shares Vygotsky’s beliet thating is a deliberate activity and
therefore “organizes and clarifies our thoughts”1(®). However, Zinsser focuses on
writing as a means to see explore one’s own thaugistwell as a means of
developing thought: “Writing is how we think our wiato a subject and make it our
own. Writing enables us to find out what we knowand what we don’t know — about
whatever we’re trying to learn” (p. 16). Zinss&caextends this identification
between writing and thinking to its implications fastruction in writing in the
disciplines: “there’s little point in having a tdesr clean up the messy syntax in a
chemistry paper if he can’t also clean up the mehsynistry. The indivisibility of
language is what gives writing its authority argritajesty” (p. 53). Therefore,
writing in a subject area should be considerechbge who understand the content,
and not just writing experts.
Unique Correspondence Between Writing and Learning

Emig (1977) also theorized about the uniquenesgiting as a method for
learning. She developed close parallels betwed@mgprocesses and learning
processes, and emphasized the uniqueness of waiaguse of language. Emig
offers four ways that writing and learning procasserrespond: they are
“multirepresentational and integrative” (1977, @8), have similar types and uses of
feedback, promote connections, and are “activeaged)and personal”’ (1977, p. 128).
First of all, Emig notes that learning occurs tlglowa variety of representations: it can
be enactive — what we do — iconic — what we seesymbolic — through the words
we use. Writing includes all three representatesmsve use our hand to write, see the
result on the paper, and think of the words we washrite, so that the writing is
reinforced through the multiple representation$soAEmig notes that writing uses
the full extent of the brain, thereby integratihgge functions with each other and the

necessary functions of hand and eye. Secondlyg Botes that when writing we
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have immediate feedback, based on what we havadgireritten, as well as long-
term feedback through the written record. We empond to this feedback in a
fashion similar to our use of short-term and loag¥t feedback in the learning
process. This is closely tied with Vygotsky’s thee about revision of writing, since
the external nature of writing can begin a dialogagveen the written product and
thought which allows both to change. Thirdly, Erdigws on Bruner’'s axiom of
learning, “We are connective” (in Emig, 1977, p5),2and Vygotsky’'s arguments
about the need for “deliberate structuring of thebwf meaning” (Vygotsky, 1962, p.
100)to show how both learning and writing make conmati She notes that this is
especially true in writing, which requires the rito expound on these connections
so that they are clear to the reader. Finallyt,ggsdearning must be “active, engaged,
and personal” (Emig, 1977, p. 128), so must writise also notes that both proceed
at their own pace, that is they are “self-rhythmg€®77, p.128). We can speed or
slow our writing or revision to be most effectiva bur learning: “writing can sponsor
learning because it can match its pace” (Emig, 1p7126).
Different Types of Writing and Thinking

Vygotsky and Emig’s theories appear to apply nspsiifically to published
writing which is shared with others and needs tovey its meaning precisely. A
contrasting type of writing is described by Petdroiy. He differentiates between
“freewriting and fast expository writing” and “cdué conscious, critical revising”
(1986, p. 55). He recognizes these two types tiingras contributing to different
types of thinking: first-order thinking, which igtuitive and creative,” uncontrolled,
leading to a sense of discovering one’s own thajgirtd second-order thinking,
which is “conscious, directed, controlled thinkin@: 55). Elbow believes that first-
order thinking is likely to contain more ideas, ligelier language, and may give

hints of organization in ways that second-ordamkimg cannot, and therefore is useful
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in first-drafts or pre-writing exercises. Secorrder thinking, however, allows the
writer to reflect upon the first order thoughts awluate their meaning and
organization. Therefore, second-order thinkingnast helpful when revising rather
than writing in the first place. However, the wig that is associated with first-order
thinking — freewriting and first-drafts — is tiedome closely to speech than the finished
product if we consider the differentiation Vygotskyd Emig make between verbal
and written speech. This type of writing is pagklb speech in that it is more
spontaneous and faster. Both types of writing,dw@x, are tied by Elbow to thinking,
following Vygotsky's ideas of how thought and laiage are related. However, this
intimates that there may be a correspondence betdiferent types of writing and
different thinking processes that a teacher may weaaxploit in instruction. If the
writing is not to be shared with others, thereasas much need for deliberation in the
words used, or the need for as many words to explaiwe focus only on first-order
thinking, there is also no need for revision, sefgedback from the writing may not
be as deep, limiting the interplay between thowgiat word.

Zinsser makes a similar distinction between twaesyof writing: “exploratory
writing: writing that enables us to discover what want to say” and “explanatory
writing: writing that transmits existing informatiar ideas” (Zinsser, 1988, p. 55-56).
The former can be closely identified with Elbowst order writing, but the latter
focuses more on the product than process of thk.wbine writing-process model in
Mclintosh & Draper (1997) highlights some of thefeliénces between these types of
writing that may have bearing on what is learnedtoglents. They mention five
stages of writing: prewriting, composing (or dnadf), revising, editing (or
proofreading), and publishing (or sharing) (19972 Exploratory writing only
makes use of the first two stages and thereforepr@yote different types of

interplay between thought and language.
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Summary of Assumptions about Writing and Thinking

Applebee (1987, p.577) summarizes the roles ofrvgrin thinking that are
found in the literature as

“(a) the permanence of the written word, allowihg tvriter to rethink

and revise over an extended period,

(b) the explicitness required in writing, if meagiis to remain constant

beyond the context in which it was originally weitt,

(c) the resources provided by the conventional foofndiscourse for

organizing and thinking through new ideas of exgreses and for

explicating the relationships among them; and

(d) the active nature of writing, providing a medidor exploring

implications entailed within otherwise unexaminsdwanptions.”
These four roles are tied closely to the uniquenésgiting as a form of
communication and its parallels with the procesddsarning. They become central
reasons to use writing as an instrument of learaimdy therefore, should be taken into
account in any description of writing tasks. Sittoere is variation in the different
types of writing as described by Elbow and Zinsseme of these elements may be
more or less present in a different type of writamgl affect resulting student learning.
Issues like permanence of the writing, whethes revised, how precise the writing
needs to be, how much organization is required vémether students actively
participate need to be considered when describitghg tasks. These issues affect

the thinking processes that students use and facted by the parameters of the task.

Affect of Experience on Writing Within a Discipline and Revision
The effectiveness of writing as a learning toolrrha affected by the
experience of the writer. The nature of writinglifferent disciplines is considered by

Williams and Colomb (1990). Research shows thatngrskill in one discipline may
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not necessarily transfer to writing skill in ottdksciplines. That is, higher-level
cognitive processes may depend not only on geaadabstract processing skills, but
also on knowledge of and experience with the cdrasa. In an experiment by Voss
and others (1985), they found that senior chemgztojessors behaved similarly to
students taking a first course in Soviet affairewlsonsidering the agricultural
problems of the Soviet Union. Without knowledgeled# discipline, the solutions
tended to be more concrete and have shorter cobargument than experts in the
field did. That is, even though the chemistry pesiors had evidenced high-level
thinking in their own field, it did not transfer that of Soviet affairs. Williams and
Colomb note that such results point out that aalingew of writing development is
therefore detrimental, since it does not take atcount the need for discipline
specific knowledge. Instead they suggest thatnessgbe considered as the joining of
a community, where the writer is socialized inte thscipline. Even an experienced
writer needs to learn the ways of thinking parécub a new discipline, and what
things should be tacit in the writing, rather tleplained. From this research, we can
see the motivation for the Writing in the Discigsimovement. According to
Williams and Colomb, learning how to write in adgine is a necessary part of
joining the learning community.

Similarly, Sommers (1980) finds that experiencthwiriting makes a
difference in the revision strategies of the writ€hese differences center on the
revision strategies of the different groups, arghhght different expectations for
structure, audience and meaning in the writerexperienced writers make most of
their changes on the word level, substituting faraad or deleting unnecessary words,
while experienced writers make a majority of tledianges on the sentence level,
reordering and adding words and sentences as svelilastituting and deleting.

Sommers draws the conclusion that inexperiencegmsrare focused more on words
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than meanings in their writing. Experienced weategnded to use their first drafts to
discover what they wanted to say. They then revzgahis information, and shape it
with a reader in mind. Inexperienced writers, hegrgare more likely to feel that
they are trying to write out a meaning that is adiepredetermined, merely translating
thoughts in their head to paper, and do not sedlibg “modify and develop
perspectives and ideas” (p. 382) as they reviges fas implications for using writing
as a means for learning. Many of the benefitsahatheorized to be associated with
writing depend on the interplay between thoughtwodd, with the revisions of one
leading to the revision of the other. If studests unclear that revision of meaning is
possible, these benefits may be very difficult¢biave. The benefits of Elbow’s
first-order writing may still hold; even here, howves, if students think that they are
writing out meanings that are already well-formedheir head, they may lose the
sense of discovery that is important with this tgpevriting.
Mathematics Education Motivationsfor Writing

The movement to use writing in mathematics refleoth the Writing to Learn
and the Writing in the Disciplines strands of thetig Across the Curriculum
movement. As students write, “they communicatieéon mathematics, and they
learn to communicate mathematically” (NCTM, 200B9). The NCTM Standards
promote Communication as one of its five procesmsis, making it central in its
view of mathematics and mathematics instructiod, tars view is very influential in
the mathematics education community. Both theofis&riting as an instructional tool
and the importance of mathematical communicatierr@cognized, and reflect the
two strands of the Writing Across the Curriculumvement. A number of factors
have contributed to the growth of writing in mattaics instruction: a desire to

promote deeper understanding of mathematics, theence of educational



22

constructivism, cognitive studies research, changesth the perception of the
discipline and its emphasis on writing and varipadagogical considerations.
Promoting Under standing and Thinking

This emphasis on writing and communication folloveegleriod of greater
emphasis on meaning and conceptual understandthgie discipline. Richard
Skemp was a leader in this emphasis on meaningjiffecentiated between two
types of understanding: relational understandirdyiastrumental understanding. He
defined relational understanding as “knowing bottatmto do and why” (1978, p. 9),
in contrast with instrumental understanding, whehdefines as “the possession of
...a rule, and ability to use it.” (1978, p. 9) Pmtimg relational, or conceptual,
understanding continues to be an issue of conoatreimathematics education
community, and the use of writing is seen as ongtavaneet this need for deeper
understanding. The use of writing to work towameaper understanding of the
subject parallels the work of Zinsser (1988) arel\Whriting to Learn movement..

As is reflected in the general rationale for Wgfito Learn, it is recognized in
mathematics that “through communication, ideas tmcobjects of reflection,
refinement, discussion, and amendment” (NCTM, 2@0®9). This emphasizes the
external nature of a written task after it is coet@dl, allowing students to act on it as
something external, even though it represents thigrnal thoughts. This leads to
metacognition, which is recognized as an impornpant of the learning process.
Metacognition is the process of thinking about sr@vn thinking: knowing what one
is thinking and self-regulating it. According teetVVygotskian dialectic between
writing and thinking, writing will give insight imt thinking. Once this representation
of thinking is on paper, students can reflect anrtthinking as if it were something
outside of themselves, therefore allowing metadogmi Pugalee writes that

“[w]riting helps build thinking skills for mathemias students as they become
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accustomed to reflecting and synthesizing as p@isnormal sequence involved in
communicating about mathematics” (1997, p. 308)
Educational Constructivism

The development of the educational theory of coiesitrism in mathematics
also has implications for why people choose towsiéng in mathematics instruction.
This theory purports that students construct tbem mental representations of
concepts based on the input they are given andhbsag representations are personal,
so they will not be mirror images of what is prasein According to Davis (1993),
this implies that “the task of teaching is to hslpdents build up larger and more
powerful collections of basic representational mpketas, and to help students develop
more powerful ways of thinking.”(p. 295). This f®es on providing opportunities
for students to experience and discover the measfitige mathematics, in contrast to
the teaching style Davis terms “telling” and “dalhd practice” (p. 296). NCTM
recognizes that writing, along with other formscofnmunication, “helps build
meaning and permanence for ideas” (NCTM, p. 59koAstructivist viewpoint is
also inherent in Whitin & Whitin’s approach to commication in the classroom.
They posit their use of writing and talking as aywsé “respecting children as sense-
makers” (2000, p. 1), encouraging them to learn twthink and construct their own
meanings. Elbow’s freewriting and other writindiaities that promote first-order
thinking would provide a chance for discovery. d&gots would also be able to
explore their own meanings and thoughts in writiMggotsky’s emphasis on the
connection between thought and language is alintahere. Written work is also
something that can be shared with other studewmtseschers so that they can be
exposed to a number of ways of thinking about threcepts, thereby promoting a

greater wealth of metaphors for the concept.
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Cognitive Sudies Research

Research in cognitive studies that explains howboains process ideas also
motivate the use of writing in mathematics. Ensigot the only researcher to link
writing to different kinds of brain activity. Krpa(2000) justifies the use of writing
based on brain research that suggests that woéindnelp retention of material and
connections between it. She suggests that thermdreature of writing and the
meaning students build in the process make thes iseae “emotionally charged,” (p.
6) thereby making them more memorable. Likewise,donnections students make
between their experiences and mathematical comteunltd make more neural
connections in the brain, allowing them to use whay know more easily. Also, the
more time the brain has to process the informatimamore it will solidify the
connections it has made. Writing can slow studdaten to give them this time. The
impact on the brain relies on the assumptionswiiding helps students construct
personal meaning, make connections between thearence and learning, and
reflect on what they have learned.
Changesin Perceptions of the Discipline

A shift in the perception of mathematics as aiglste has also contributed to
the desire to use writing in mathematics instructidMany mathematics educators are
trying to counter the stereotypical view of leagnmathematics where students work
alone, students passively accept the informatiachters pass on and practice it with
twenty similar problems, and the teacher is thb@utly on whether an answer is right
or wrong. Based on these patterns, students foerbelief that mathematics is
soliatary, done by respective algorithms passelyarsthers, and requires no
reasoning on their part. Writing is seen as ongtwaddress these student
misconceptions and change attitudes toward mathesnatliller (1991) writes that

mathematics instruction has been moving “away fformal correctness and finished
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product and toward process, context and understgh¢p. 516). Writing, in its own
process, can promote this different view of math&sa Also, writing allows each
student to make connections to his or her own éspegs, giving more context.
Therefore, mathematics becomes more personal aaddacher-centered. Students
also gain ownership and confidence in their ownugfim processes rather than relying
on the teacher to determine if an answer is rightrong.
Growth in Disciplinary Emphasis on Writing

This shift in perceptions of mathematics coincidés a greater emphasis on
communicating mathematics and professional writmgnathematics. Proponents of
writing in mathematics hope that it will not onlglp students learn concepts and
change their attitudes, but that it will help thirarn to communicate mathematically.
Some of the qualities particularly important in hexhatical communication include
the ability to make an argument or proof, and tbedito be precise. Through
communication, it is expected that students “l¢arbe clear and convincing”
(NCTM, 2000, p. 59) when they need to explain the@isoning to others. Writing
may encourage greater clarity and precision theardorms of communication;
Vygotsky recognized that writing must include itgrocontext to communicate, while
talking occurs in context and needs less explioatio

When Zinsser wrot®\fiting to Learn in 1988, and a year before the first
NCTM Principles and Standards document, emphasis on writing in instruction was
just beginning. Zinsser’s chapter on the use divgrin mathematics focuses on only
one teacher’s efforts. This teacher, Joan Courryriater wrote her own book on
writing to learn mathematics (1992). The use afimg in mathematics followed the
beginning of the Writing Across the Curriculum mowent by a decade. This is not
surprising, since mathematics is frequently steyed to have a distant relationship

with spoken and written language because of itolisgmbols. Zinsser himself was
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surprised that writing could be used in mathematiosl had to turn to a secondary
school teacher to find examples, although theaktte book focused on college
examples. However, through his time with Countmniee recognized that
mathematics has its own disciplinary language obetthat is perhaps more difficult
to learn than that of other disciplines. It isoalsteresting to note that the chapter on
using writing in mathematics is the only chaptet thses exclusively student
examples of writing rather than professional exasplvhile only one other chapter,
that on chemistry and physics, uses any studetihgsitasks. One can infer that
perhaps Zinsser was less comfortable with the psideal literature in mathematics
or that there was less attention paid to writingh®y/professional mathematics
community itself.

This latter assertion can be supported by surveyiagrofessional literature
on writing in mathematics. Only one of the profesal mathematics societies had a
guide for writing in mathematics before 1985: Thme&ican Mathematics Society
published the guidéd Manual for Authors of Mathematical Papers, in 1962. Starting
with Gillman’s guide published by the Mathematiéakociation of America in 1987,
however, there have been a number of books widbenit writing mathematics well
(Knuth, Larrabee, and Roberts, 1989; Higham, 1898ntz, 1997, etc.). It can be
inferred that within the American mathematical conmity, the issue of writing
mathematics well is taking more precedence now ithdid thirty years ago. This is
also reflected in the greater number of expositoaghematics books that are being
published. Therefore we can see that the useibhgiin mathematics instruction
coincided closely with a greater disciplinary imstrin writing.
Pedagogical Reasons to Use Writing

Many of the reasons in the literature for usingivwg in mathematics are more

pedagogical, rather than theoretical. Miller (1PS&dggests that writing allows all
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students to ask questions, even if they are todcshgk in class. Also, students who
have math anxiety and are better at other subpeajsfeel more comfortable writing
about mathematics. This also connects to the rdsea multiple intelligences
(Gardner, 1985). Writing provides a different meforsstudents to approach their
learning, through the verbal-linguistic intelligencather than the typical logical-
mathematical intelligence associated with mathassatGeeslin (1977), in comparing
writing to talking, focuses on practical reasortheathan the correspondence between
writing and learning that Emig considered. He rnwerd that writing, when compared
to discussion, involves all students and leavesrenanent record that can be
examined by the teacher or teacher and studernth&geWhitin & Whitin echo these
differences: writing “[creates] a record of ountking that we can analyze and reflect
upon” (2000, p. 2) and helps students “developragral voice” (2000, p. 2). Burns
(1995) lists three outcomes that the use of writhghathematics might support: it
“helps teachers evaluate how well the instructigagnaram is supporting learning
goals” (1995, p. 29), promotes “learning aboutwdlials’ understanding and skills”
(1995, p. 30) and is a “vehicle for communicatinghwparents” (1995, p. 30). Most

of these goals are teacher-oriented rather thandeariented, recognizing that

writing allows the teacher to keep all studentolned, assess students’ work, both as
a whole and individually, and incorporate parentthe learning process.

The idea that teachers can assess students thitwiglvritten work deserves
further examination. Beyond the fact that thenesigally information from every
student, there is an assumption that assessmengthvritten or spoken language
gives deeper and more detailed insights into aesttg&lunderstanding than does
traditional problem sets. The influence of congiiism can be seen here, in the
assumption that a student can do correct exerdisé$iave incorrect thinking.

Therefore, there is a need to find ways to assadests’ thinking. “Writing and
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talking are ways that learners can make their nmagiieal thinking visible.” (Whitin

& Whitin, 2000, p. 2) Itis assumed that “if stundie can write clearly about
mathematics concepts, then they probably underskemd” (Miller, 1991, p. 516).
Therefore, writing has become a significant medrassessing students’ thinking and
understanding.

The increasing prevalence and importance of stdimtal tests also provides
practical motivation for using writing. Krpan (2D0believes that the deeper
understanding of mathematics that grows out ofingitibout it helps students think
about whether answers on standardized tests arsilple, as well as allowing them to
identify more helpful strategies because they hlawaght about their own
mathematical thinking. Also, the positive attitadeward mathematics that writing
may engender would reduce test anxiety. Anothee&f this is the increasing use
of short-answer or free-response question formatstandardized tests that require
that students write out their answers. For thesoa, many teachers are using more
writing in instruction to give students more praetiand books have been written to
help teachers prepare their students for the wWritguired on these tests (e.g.

Thomas, 2004).

Effects of Writing on Learning

With this wealth of theory and justification foihy writing promotes learning,
the dearth of research that supports these assamap$ surprising. There is a large
literature of examples of writing tasks in matheiocgtbut few clear results that affirm
the major assumptions about the outcomes of writimging helps students
understand concepts better, writing promotes mgtaton because it allows students
to act on a written record of their own thinkingjtig changes student attitudes

toward mathematics. This lack of results is esggoglaring if one looks at research
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on writing in mathematics. Vygotsky performed @& fexperiments that appeared
consistent with his theories, but this programesiearch was interrupted by his death.
We will survey what is known about the effects aiting in instruction, both in the
general and discipline-specific literature.
Recursive Process of Writing

One of the central results from research on writiag to do with the writing
process. Although taught in a linear set of stagesg (1971) found that the writing
process was recursive and complex. Applebee suimesarork in the same vein
over the next decade as “emphasizing the essgrtliristic, problem-solving nature
of writing about new material” (1987, p. 582). Tieeursive nature of writing would
be consistent with Vygotsky’s and Emig’s claimsttating and thinking are
interrelated. The close tie to problem-solvingaaggests that there may be a close
tie with mathematical ways of thinking. Howeveone of these process studies
“provides useful evidence of how — or even whethany such learning actually takes
place” (Applebee, 1987, p. 583).
Different Tasks Result in Different Learning

One of the things that is clear in the literatigréhat the type of task has a
significant effect on the types of learning whielsult (Applebee, 1987). Applebee
(1987) reports that many studies show that thangriprocesses used differ based on
the task, as well as on the individual writer. sTtifference in writing processes
would be consistent with different learning accogiio the theories of Vygotsky and
Emig, so these results are consistent with theryhefpplebee concludes, from a
synthesis of research on writing as a way of reiagpihat the extent to which
material is manipulated and the breadth of an égtigsult in different depth and
content of learning. More manipulation, or degmecessing of the material, tended

to increase recall and the ability to use the miation in different contexts; this is
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most evident if the material is tested in a marsmailar to the manipulation. That is,
guestions following a reading passage have a pesffect on later questions, more
so if the same questions are repeated. Similsiilyst answer responses showed a
greater increase in learning than multiple choesponses and reorganization of
material also seemed to benefit later recall ardnusre than verbatim repetition.
Applebee also noted that the breadth of contentlhigawriting activities focused on
made a difference in student learning; “writingkathat focus on a limited problem
are unlikely to lead to general effects” (1987586). Therefore, since writing tasks
vary in the depth of processing they require amddth of content, it is likely that
different writing tasks will result in differentdening.

Applebee refers to some classroom studies withrgbciasses and treatment
groups that varied only in their use of writingh€elresults show very little difference
between the two groups, although the differencedde to favor the experimental
group. Applebee notes that these studies are “mteresting for [their] application
of writing activities to a variety of subject araghan for the strength of [their]
findings” (1987, p. 588).

The same can be said for most of the studies d¢ingrin mathematics, even
twenty years later. Most of the existing literattends to be descriptive of approaches
to writing in mathematics and surveys of apparestits rather than studies of
changes in students’ learning as a result of vgriirperience (e.g. Beidleman, et al.,
1995; Gopen and Smith, 1990; Price, 1989; etc.nyMd the articles are descriptions
of one or two people’s uses of writing in mathewwsti These articles present ideas
about why writing should be used and share thehtratexperience and instructional

ideas.
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Need for Mathematics-Focused Research

Mathematics educators could choose to base thiemngmtation of writing in
instruction solely on the general writing to leaesearch. However, | believe that
writing in mathematics varies enough from writimgother subject areas that the
general writing to learn research may not alwaysyapAs the Writing in the
Disciplines research implies, writing in every sdijarea has knowledge and
conventions that must be mastered. The study tienaatics expects unique types of
learning, and lends itself to different uses oftiwg than many other subjects.
Precision is more highly valued than in most sutgeeas, and there is a specialized
vocabulary. There are also subject-specific statsdfor justification and logic. With
different learning goals, different writing actigs may be necessary to target these
goals, but neither the mathematics-specific wriagvities nor the learning
objectives are reflected in the general literaturberefore, the literature cannot
inform mathematics teachers which writing actiwtigould be most helpful to
promote the student learning they desire. Alseemthis literature is applicable, it is
not always accessible to mathematics teachers giegeaare not trained to teach
writing. It is necessary to strengthen the tigsvben the writing that occurs in
mathematics classrooms and the research on thetseffiewriting and to present this
research in forums and ways that are accessibi@tbematics teachers so that the
writing will be useful for mathematics teachersheiefore, | believe that research on
writing as it occurs in mathematics classroomsasranted.

Research on the use of writing in mathematiconésbegun in the last
twenty years. A decade ago, Clarke et al. (1988¢d that the writing movement in
mathematics appeals to Vygotsky and Emig in thediss of writing and its effect on
learning since there are no equivalent studiesathematics. Shepard (1993), in

recognizing the dearth of research in this arezpgsed a model for the use of writing
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in conceptual development, associating a progressiconceptual understanding
with writing tasks that could help students advandhis progression. However, this
work focuses solely on conceptual developmentoidbased on actual writing
assignments, and does not take many of the faab@ady identified in the writing to
learn literature into account. Most other studiessmore practical and do not address
issues of theory or actual student learning, faaysistead on particular
implementations of writing and informal assessmentbe benefits of writing.
Affects of Writing on Mathematics Learning

Beidleman, Jones & Wells (1995) describe theirafserious writing
assignments in Calculus and the results they &twdents were given procedural
quizzes twice a week, in-class writing assignmahteast once a week, weekly out-
of-class writing assignments that required creatneight and at least one writing
guestion on each exam. They noted that studemoirad the quality of their writing
over the course of the semester and a few studeads significant improvements in
their grades that they attributed in part to th#img assignments. However, no
specific improvements in students’ understandingevmeasured, and the multitude of
writing activities would make it difficult to deterine which tasks had which effects
even if the effects had been measured. This wa®bmany articles written by
teachers about how they used writing, the reshétg saw, and the changes they
would make (see also Williams & Wynne, 2000; Sjgh&lavit and Coon, 2004).

Gopen and Smith (1990) write about their approadeaching writing in
mathematics. The focus is on making student vgritiear, focused and
understandable to a reader, and ascribes more Wviiting in the Disciplines than the
Writing to Learn movement. Gopen and Smith idgrdihumber of discipline
specific errors in student writing and show howytbeed questions to help the writer

think about how the reader will read the explamatmhelp student revise and
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improve their writing. The approach is well-explad and the examples are clear, but
there is no sense given of the scope of the impnew, and little attention is paid to
the actual assignments.

The study of writing in mathematics has frequeb#gn studied as teachers
undertake action research in their own classro@me such example is Stofferan
(2005). She implemented a variety of writing taskene of her classes and
compared pre- and post-treatment results on bséif-aating of mathematics ability
and a survey of students’ attitudes and approachesthematics problems. She also
collected student evaluations of how writing aféettheir learning. She found that
most students believed that writing in mathematias beneficial to them and that it
helped them understand mathematical concepts bé&teo, many beliefs about
mathematics showed changes, with students expgessire belief that mathematics
was applicable, that there were multiple ways teesa problem and that they liked
mathematics. These effects were seen more strongig male subgroup, who also
were also more likely to believe that their matheoah ability had improved during
the course of the study. Although one of her goalssing writing was to increase
problem solving skills, notably higher-order skilf&t require metacognition, no
information was collected regarding the growthtatients’ abilities in this area
because the strategies used to solve open-endel@mowere difficult to measure.

Borasi and Rose (1989) studied a class of stuaemtsused journals in order
to delineate potential benefits of journal writinghey used journals in a college
algebra class, one entry per class, so that steidentd “reflect on and express
feelings about mathematical content and the cotwg@ovide input to the teacher,
and to engage in a dialogue with the teacher” (1p8950). Students were also asked
to occasionally write in the journals in class. tA¢ end of the semester, students

evaluated their journal writing: how it affecteceihlearning, their feelings about it,
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the perceived benefits of journal writing and sugggas for improvement. Borasi and
Rose identified three categories of benefits: benédr the student, benefits to the
teacher, and benefits for the student-teachergli@o They saw that journal writing
could help students by a therapeutic sharing oftem®, increasing their content
knowledge, improving their problem solving skiléd changing their beliefs about
mathematics. Teachers could benefit through batteessment of and intervention in
students’ learning, and immediate and long-ternrow@ments in the course structure
and teaching approach. Dialogue between studedtteachers could allow more
individualized teaching, and a more relaxed classratmosphere as student-teacher
relationship improved. They also correlated thHesmaefits with the different types of
writing that students did in their journals, altigbut was not clear whether these
correlations were based on analysis of the relshignbetween students’ journals and
their evaluations or whether it was a theoreticalysis. Many of these benefits are
closely related to those expected by the theofi®&ygotsky and Emig regarding how
writing interacts with thought and allows studetatseview their thoughts. It is
unclear throughout the literature whether teachexpectations for using writing are
based on theoretical research or on students’ atrahs of writing in mathematics. It
is possible the effect is circular, since usuallyjn the case of Borasi and Rose,
students are given some rationale about why theepsked to do the writing
assignment. Borasi & Rose justify their focus tudents’ perceived benefits rather
than actual changes in learning because the fifwhrealistic” and “inappropriate” (p.
349) to seek empirical research on which learrsngedicted by the assignment
because the learning depends on the instructiamaéxt. Their approach is intended
to clarify the opportunities to learn that jourmaiting provides. The work of

Stofferan and Borasi & Rose therefore goes beybatddf Beidleman et al and Gopen
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& Smith by formally assessing benefits of writitogit only the perceived benefits of
the students.

Clarke et al. (1993), in a departure from this gedgcal and descriptive norm,
study a group of 500 secondary students using@f&pype of journals, and assess
students at different grade levels through surdegding with students’ attitude
toward mathematics and by analyzing student jowenaiies. Students who had used
a journal longer showed more depth of reasoningn évthey were at the same grade
level, implying that the process of journaling hreedped develop these skills.
However, this still addresses students’ currertestather than observing actual
change in students’ skills. Dreyfus noted the absef studies that study the actual
effects of writing tasks on students; he statesrtiast studies "have made little or no
attempt to assess changes in student’s views dfemettics and their ability to
explain and justify. The question how to...help thechieve [reasoning skills]
remains open” (1999, p. 106). Therefore, thediiane on the use of writing in
mathematics is primarily exploratory and descripiof teacher’s experience rather
than tied to theory or measuring changes in stu@eanting.

Jurdak & Zein (1998) studied the effects of a défe type of journal writing,
focusing on student achievement and attitudes thenaatics. The treatment group
received the same instruction as the control grexpept that they spent 7 to 10
minutes at the end of each class responding toragirin their journals. These
prompts included both cognitive and affective préendnstruments were given as
pre- and post-tests to measure students’ attitaeschievement, the latter being
subdivided into conceptual understanding, procddemawledge, problem solving,
mathematics school achievement and mathematicainconeation. The results
suggest that journal writing had a positive effatithe areas of conceptual

understanding, procedural knowledge and mathenhatcamunication, but not in the
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other areas. This study was conducted in bothddrand English, and found similar
benefits regardless of the language used.
Writing as a Means for Assessment

Another approach to research on writing in mathersas to consider whether
writing gives insight into student thinking. Pugal(1995) found that journal writing
about problem solving gave information similarhattgained via think-aloud
protocols, which are frequently used to assesdgmobolving skills, and students
performed significantly better on problem solviaghks after another variation of
journal writing. This supports the claim that joalwriting can help teachers assess

students’ understanding and higher-level thinking.

Hindrances to Research

There are a number of reasons that research angwvirt mathematics tends to
be descriptive and theoretical. One of them iddiffeculty in measuring the desired
student learning, and in fact, disagreement abduat that learning should be. Shield
and Galbraith (1998) recognized the difficulty Bsassing writing and created a
method for analyzing students’ expository writinfhis coding system focused on
three areas of the writing: properties of the emateon and justification, aspects of
mathematical thinking, and the level of languaggeims of generalization and
description. Dreyfus notes that, if using writitogdevelop reasoning, there is a great
need for the development of criteria by which temsltan “judge the acceptability of
their students’ mathematical arguments, and ofcglas on which the development
and examination of such criteria can be based’(199906).

Another difficulty is that of communicating cleaidpout writing tasks. Many
aspects of the literature refer to assignmentsouitdescribing them in detail, or use

the same word to refer to very different assignseifor example, a “journal” entry
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may refer to writing that students do about theg@lihgs about mathematics and
comments to the teacher (Britton in Sterrett, 1%se in Sterrett, 1990), to writing
about concepts they are learning (Borasi & Ros891Burns, 1995), or to writing
about problem solving (Patterson, see [Appendi8@]). Most of these assignments
assume some regularity, but that may be dailyweaifees a week or weekly. We
know that different assignments can lead to diffetearning. Dreyfus’ concern about
standards for judging reasoning also emphasizesdiitevent standards for
assessment of a writing task may result in diffelearning. Detailed descriptions of
assignments organized in a framework of writinds teeriables can set out a research
agenda for empirical and theoretical research aakerthe research more useful to
practitioners. Recognizing aspects of the assignthat need to be described and
explained is necessary so that teachers can reptloa essential aspects of
assignments to promote the desired learning atleswesearchers can study which
outcomes result from which types of assignments.

We address this second need in this research. ndte that it is necessary to
carefully define the writing task because reseahdws that the type of task has a
significant effect on the types of learning whielsult (Applebee, 1987). Therefore,
in order to study the learning that results fronmgsvriting in mathematics classes, it
IS necessary to be able to describe and diffetertbetween assignments in detail.

This research provides a classification to heldies and differentiate
writing tasks used in mathematics classes. Catsgof variation in writing tasks are
identified and examples are given which illustrtéie range within each category.
This classification introduces a vocabulary that dascribe the breadth of variation in
secondary mathematics writing activities. Thisalmdary is grounded in the practice
and language of secondary mathematics teacheesteate the distance between

research and practice: writing activities used athrematics classrooms were
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collected and discussed with the teachers who tieen, so that | could hear the
language they used to describe the assignmentsaltto developed in dialogue with
the literature presented here to make connectidthsstudies already completed and
to use the theories of how writing and learningiatt to suggest variations that may
affect learning. With this vocabulary, teacherd eesearchers can more clearly
communicate how writing is used and the resultingent learning. My hope is that
this classification will inform and direct researtchdetermine what learning results
from different types of writing, and thereby enatdachers to match writing tasks

with the student learning they desire.



