Conclusion

In this study, students had the lower order skills of rote memonization However,
they were not able to relate or apply information from previous instruction to the
concepts. This may be due to 1) years of passive education or 2) memonzation of
fragmented facts Or they might not have been su ccessfully taught to think cnitically or

realize when they are not doing so.
We must teach students to reason with disciplne, skill, and flexibility in order to

became critical observers and communicators, and be prepared for the technological
society we are producing Students must learnthese shills to be functional n an age of
accelerating change Without these skills, students are destined to become merely
users and servants of technology, vulnerable to the lowest forms of persuasion, and
incapable of reasoning through information, misinformation and disinformation put
forth by the media. Indeed, the functional distance between the few educated elite and
the numerous “tramed” mediocre may become a crippling societal problem

Arleen J. Watkins is currently a Research Specialist for Cancer Research and
the Coordinator of Third Year Medical Students at the University of Anzona Shealso
coordinated the self study program i introductory mathematics at the University of

Anzona.
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Research & Teaching in Developmental Education

By Arthur B Powell, Esaie Pierre and Carlos Ramaos, Rutgers University

Researching, Reading, and Writing
about Writing to Learn Mathematics:
Pedagogy and Product

Abstract

The collaboratve work of a mathematics professor and two undergraduate
students to produce an annotated bibhography about writing to learn mathematics
offers a new research paradigm The authors discuss this paradigm, procedural and
affective aspects of compiling and annotating the bibhiography, and cnitena for
selecting bibilographic entries At the end of the article, the authors present their
annotated bibliography.

Researching, reading and writing are activities usually associated with intellectual
or academic projects Though the project we describe entailed these actinties,
nevertheless, it was unusual for two essential reasons First, it involved a teacher and
rather than doctoral students, two undergraduate students, together laboring tt;
annotate a biblography of selected articles and books about wnting to learn
mathematics This tangible product was one focus of the project As important and as
useful as bibilographies are, more significant was the second focus This was
pedagogical and was connected to developmental education, specifically to mathe
matics. In both anticipated and unanticipated ways, the project proved particularly
powerful in encouraging students - who had been underprepared mathematically - 1o
participate in mathematics and to contnibute to mathematics education Moreover
the pedagogical and collaborative processes of this project, including its |:.m¢j|_l¢tr
onentation, signal the emergence of a new paradigm for research actiities n
developmental education (Powell, Jeffries, & Selby, 1989). In this paradigm, students
and teachers collaboratively investigate and develop curricular matenials as well as
pedagogical techmques *

The two students collaborating on this project, Pierre and Ramos, had taken a
“prealgebra™ course that Powell taught and, nit, had to mamtam journals (or learming
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logs).? They performed well mn the course and, m addition, both orally and in their
journals, raised challenging guestions about the purpose and appropriateness of
writing n that and, mdeed, in any mathematics course This intnigued Powell, who
after the course ended inuited them 1o participate in his bibilographic project, which
lasted for tweo years During the project, independently, each decided to pursue
mathematics beyond what the College strictly requires for a baccalaureate degree
One added mathematics as a minor while the other changed his major from hustory to
mathematics Though thewr increased mvolvment with mathematics occured after
they began the project, we are not claiming causalty Mevertheless, the pedagoaical
focus of the project nvolved Pierre and Ramos n researching, reading, and writing
about uses of wrnting for learmng mathematics Through the project. Powell
encouraged them to continue 1o use writing m their study of higher mathematics In
the article, describing their roles n the project, the authors discuss whether this
writing contmued and whether Pierre and Ramos denved other benefits Then the
authors elaborate upon the theoretical and pedagogic al critena for selecting articles
and books for the annotated ibliography

Project Activities and Benefits

When the project began, Pierre and Ramos had different conceptions of the
praject and feelings about participating Ramos thought that Powell's mwitation
offered huim an interesting work study assignment In other words, he viewed the
project as merely a job, with little else tied to 1t Pierre, on the other hand, was
surpnised when Powell mvited hum to participate, he did not belheve himself to bea
good enough reader or writer However, he trusted that Powell helieved him to be
capable, and thus joined the project with reticent enthusiasm Moreover, Pierre
hawing used wntingma mathematics class, held preconcewed notions about what the
authors would argue

Pierre and Ramos not only had different mihial athtudes toward and conceptions
aof the project but they had different expenences with researching, reading, and
wnting While both performed the same duties researching the hterature, reading
articles, and wrnting abstracts  they, nevertheless, developed differently For
example, distussing with Powell each artile and abstract ameliorated Pierre’s
conhdence about his ability to read and wrnite Furthermore, since these disc ussions
centered on evaluating and identifying important pontsin the articles, Pierre beganto
perceive salient ponts about the substance of subsequent articles and to incorporate
these points mto the abstracts he wrote Thus, as he grew more conhdent about his
reading, he developed his facility to wnte abstracts

Ramos also developed further his ability to read cnically To capture the
meaning of each sentence. he read the articles slowly and delberately to remaim n
touch with an author’s thoughts as he moved from sentence to sentence and

also extended this approachto writing abstracts Trutially,

paragraphto paragraph He
o say and then would

he would write all that he wanted and thought was important t

slowly and deliberately recast his commentary
Along with developing careful and cnitical reading and writing strategies,
we observed other benefits and outcomes Since Pierre had used wrnting n a
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prior mathematics course, he believed that he knew its hmitations and benefits Fro
the readings, he discovered benefus that went beyond his imihal conceptions Hm
learned that differences in the needs of indiiduals meant that they derwezl diffe i
benefits from usingwriting as a learming tool Also, he changed his oniginal conce 'te"
that writing was a learning tool confined to mathematics . p'm—'
Learning about theories and practices of using writing as a learning tool led both
Pierre and Ramos to adopt new study strategies and to appreciate how writ
facilitates learning Ramos, for mstance, felt able to discuss the articles he read \.i.‘::g
the authors Also, he learned about “reader expectation theory™ and apphed it
whet‘:euer h{:j wrote Prerre incorporated writmg n studying precalculus, calculus
giﬁ;;s::quuzl;:;r:;sTw whereas Ramos used writing to study lmear algebra and
QOverall, Pierre and Ramos denwved a number of benefits from this project
Perhaps the most salient s that they came to understand and appreciate more?de!e I
the usefulness of wrniting for learming Similar to the effects of reading and writin ab: 5:
it, the process of wniting to learn 1s ke the morming dew that forms on wmdowsght t:
start of the rught, the window is dry, comparable to the state when understand ;
subject 1s ml By the appearance of hght, moisture condenses on the pane “93
ultimately water droplets stream down the glass In the same way, writing to .I:an
develops and sohdifies thoughts and ideas in the minds of students 'I:he accum uEdlif:E
of moisture on the pane 1s comparable to the accumulanon of msights that students
acquire as they wnite to learn Each time they write about a prece of mathematics, they
must reflect on it and accommodate ther thoughts and ideas to words "l:h?s:-
processes force students to become aware of the contents of their minds and to think
more clearly. consequently, they soldify therr understandings of mathematics and
generate mathemanical knowledge N ‘m

Writing to Learn Mathematics and Selection Criteria

The ahove metaphor flustrates the justihcanon proffered in the hterature tor the
efficacy of writing a5 a learming tool From a corpus on wnting o learn mathemat
published in Fnghsh, mainly n North Amernica, we used sﬁemhc cotena to ;IE:{
references for the bibliography  To prowide acontext for these cnitena, we first br fl
olfer related histomical and theoretic al issues . B

Sinee about 1977 and particularly alter 1987, disc ussions have prohterated n the
literature and at professional gatherings concerning the effiacy ol wrniting as an
adjunct 1o the teaching and learming of mathematics * Among mdihvmdh(sed@ aT-n;a
thus interest appeared m the wake of, as Harston HQSEi describes 11, a Kuhman.
revolution n theoretical and related pedagogical theories of ((}mp{}sﬂm;'i Insurgent
perspectives n cogritive psychology. neuropsychology, sociohngwsntcs and phy
losophy nformed new pedagoagies through whicheducators viewed writing not t:rﬂf a5
acommunicatere tool but also as a powerful mstrument for reflecting tmelxpenem. :;5
Educators began to understand that, ke mathematics, wniting |5; a major tool lo
thought, and that, most importantly. students could use i as a tool for learn o
disciplines other than Enghsh and literary cnticism Indeed, even before 11?[2
revolution n the teaching of writing began, Bruner (1968} adwised that both writing
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and mathematics are instruments or “dewices for ordering thoughts about things and
thoughts about thoughts” (p 112)® Reasonably, therefore, one can imagne
mathematics educators explorng pedagogical tools whereby these seemingly dis
similar instruments function, as it were, symbiotically to augment learming

From our mveshgation of nearly one hundred works, we discovered that
mathematics educators in ncreasing numbers are exploring ways of employing
writing as a support for mathematics learming Maturally, among these explorations,
there are significant differences in the rationales and purposes for and imple
meniations of writmg into mathematics curricula Nevertheless, among these differing
approaches, two broad categories are identified’ product approaches and process
product approaches In the former approach, writingis used as away of demonstrating
knowledge, in process- product approaches, wnting 15 used as a way of achieving
knowledge or, in other words, as a way of knowng In product approaches,
mathemahcs educators engage students in writing activities for purposes that
ymmediately focus on mathematics rather than on students The concernis for what
students know at the moment, not for how their mathematical ideas evolve In
contrast, when educators design winting activities in the process product category,
they intend to strmulate and support students’ evolving understandings and msights,
to encourage students to express their affectve responses to mathematics; and to
prompt students towrite and analyze thew mathematical autobiographies or histories
In this category, writmg actwities focus on the ntellectual and emotional energies of
students by prompting them to reflect broadly and deeply on mathematics, on their
learning, and on their feelings. Consequently, writng activities in this category tend to
have several phases or drafting stages. Moreover, through these stages, students
have opportunities to negohate meamng and generate knowledge.

Pedagogical differences suggested by the two categories of approaches require
student writings to have different functions These functions range between
expressive and transactional wnting, two of the three categones formulated by
Brtton et al (1975)° Transactional writing is ¢ iefly the type of writing that students
produce in product approaches In these approaches, writing activities are used for
assessment and diagnosss, for students to record step by step anthmetic procedures,
and for assignments n which students, responding to nstructor supplied questions or
topics, complete sentences or write short, well developed passages Since the
primary aim of product approaches is evaluation, wrnitingactivities in these approaches
require students to produce writing that 15 impersonal or transactional rather than
expressive

With substanhally different aims from product approaches, wnting actwvities n
process product approac hes function to evince students’ independent and divergent
thinking Such actiities tend to require exploratory, speculative wnting n which
students externalize some of the content of therr minds Writinghere s used primarily
as a vehicle to learn about mathematics and oneself as a learner, not merely to
measure the extent to which students memonze nformation Furthermore, though
mathematics educators do not necessanly describe therr writing assignments usmg
the theoretical categones of Britton et al . many process product actiities move
students dialectically and recurswely along the expressive transactional continuum

A charactenstic ol expressive wrnting 1s that, according to Britton et al,
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“lit]1s a kind of matnx from which different \ated forms of mature wniting [ poetic and
transac tional] are developed” (1975, p. 83).In pracess-product approaches, expressive
writing ac twities often prowvide starting pomts for transac tional wnting Students write
to articulate some combination of ther beliefs about the nature of mathematical
knowledge, their thoughts about a prece of mathematics, and their affective responses
to the mathematics they are learning Necessanly, this involves them in negotiating
meaning and generating knowledge as well as n reflecting on and momitoring their
cogmtion and affectnaty From these expressie starting pomts and through
processes that include response and rewvision, students mowve toward writing about
mathematics so that the function of therr writing 15 transac tional

While two broad categonies of writing actwities  product and process product

are defined and the types of func tions of actisties that pertain to each are descrnibed

we have chosen to include only those articles and books that describe activities that
fall within the process product category Though we recogmize that writing ac tnaities
that are just in the product category have their place in mathematics curricula, we
beheve that educators overuse them and already know very well how to dewvise such
activities Instead, the focus 1s on actwities that engage students in generating and
appropriating knowledge by prowviding opportunities for students to achieve critical
distance from their first jottings or thoughts Also, omitted are empinical studies The
studies consulted were designed to measure the effectiveness of writing on student
achievement in and attitudes toward mathematics However, either the confusing and
contradictory nformation their methods yielded or the brief instructional periods of
these studies made their empirical investigations problematic

Can students. in fact, use writing as a vehicle to learn mathematics” Many of the
authors cited in the bibliography tackle this question As well, most describe particular
writing actwties for accomphshing specific purposes

Annotated Bibliography

BeMiller. 5 (1987). The mathematics workbook In T Fulwiler (Ed) . The journal
book (pp 359 366} Portsmouth, NH Hememann

BeMiller argues for the term ‘workbook™ owver Yournal’ or log’ not only to
emphasize a personal approach to learning and knowledge, not only to avond the
conflicting image that some have associated journals with mathematics, and not
only to encourage constant recordings of observahons but also to stress that
learning results only from working He then describes assignments he gwes
students involving transac tional and expressive writing Fnally, he offers five soft
assertions about the pracesses whereby wnting affects learming

Berlinghoff, W P (1989) Locally origmal mathematics through wnting In
P Connolly & T Vilarch (Eds ), Wnining to learn mathematics and science
{pp B894) New York Teachers College Press

Berlinghoff describes how he uses writing in hus freshman mathematics course
Students are mtroduced to problem solving strategies, gwen a problem to solve,

and then asked to write about the process they used to solve the problem
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Berhngholf claims that this form of wntmg refines students’ mathematical thinking
and that they come to appreciate this form of thinking

Birken, M. (1989) Using writing to assist learning in college mathematics classes In
P. Connolly & T. Vilardi (Eds.}, Wniing to learn mathemancs and science (pp
33 47) New York- Teachers College Press

Unlike the approach of some teachers, Birken pomts out why writing m a
mathematics class should not be afad She discusses benefits that students denve
from writing and describes four categories of writing actwities For each actiaty,

she provides an example of a mathematical problem that she uses in connection

with it

Borasi, R, & Rose, B (1989) Journal writing and mathematics instruction
Educational Studies in Mathematics, 204), 347 375

Borasi and Rose evaluate why wriling i a mathematics course helps students
From a study mvolving students in a course, “Algebra for Professional Programs,”
they elaborate benefits that students and mstructors canrecewe through dialogue

and from journal writing

Brandau, L. (1990) Rewriting our stores of mathematics In A Sterrett (Ed ), Using

writing to teach mathematics (pp 73 77} Washington, DC- The Mathematical

Association of America

Brandau mwites students to write mathematical autobiographies and, through
these, to re examine their views of mathematics Chronologically, she presents the
writing of one student and documents improvement in his attitude toward both
mathematics and wniting She also dist usses advantages and disadvantages of

mathematical autohiographies

Buerk. D (1982) Anexpernence wnth some able women who avond mathematics For

the Learming of Mathemanics, 321,19 24

Buerk reports on a study of math anxious women, who were, according to the
Perry scheme, generally “relatwistic” but “duahstic” in ther behefs about the
nature of mathematics Before and after the study, the women were mnterviewed
and wrote about therr feelings about mathematics They were given problems and,
before solving them, asked to build mental images of the problems Afterward, they
discussed how they would solve the problems Also, they wrote about solving the
problems and about insights they derwed from discussing and working on the

problems

Buerk, D (1990) Wrniting n mathematics A wehicle for development and em
powerment InA Sterrett (Ed ), Using wniting to teach mathemarics {pp 78 84)
Washmmagton, DC The Mathematical Associahon of America
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Buerk describes her work in trying to c hange students’ thmking about mathematics
She engages her students in wniting and dialogue as a way to prompt them to think
while doing mathematics She describes how, usingwniting, twe students changed
their views of mathematics and problem solving

Burton, G M (1985) Writing as away of knowing in amathematics education class

Arithmetic Teacher, 33, 40-45

Burton describes pedagogical uses in a number of writing assignments and therr
benefits for students and instructors She suggests ways students can help each
other, an example of which are guidelines for peer review Also, she gives a format
for assessing the guahty of students’ work

Countryman, J (1992). Writing to learn mathematics Strategies that work, K 12

Portsmouth, NH- Hemnemann

Countryman demonstrates how the use of journals, learming logs, letters,
autobiographies, mvestigations, and formal papers can dramatically improve the
reasoning abilities of students. In the book, she prowides descriptions of writing
actwities that one can use to enhance the learning of math, and includes examples
of student wriing from short journal entries to excerpts from longer research
papers She also suggests topics students can explore and present at different
levels of school mathematics, including descriptions of student responses to these
presentations

Driscall, M , & Powell, A B (1992) Commumcating in mathematics In C Hedley,

D Feldman, & P Antonacci(Eds ). Literacy across the curriculum (pp 247 265)
Norwood, NJ Ablex

Driscoll and Powell contend that students more suc ¢ essfully negotiate meamngs in
mathemnatics when educators attend 10 commumicatwe processes They discuss
an experment mn which wrting 15 used to gauge students’ comprehension of
mathematics text Based on the expeniment, they describe a techmgue in which
students, working collaboratively in small groups. use wniting 1o negotiate ther
(nmprehpnsmn and mterpretation of text

Elsholz. R . & Elsholz, E {1989) The wniting process A model tor problem solving

Journal of Mathematical Behauior, 8, 161 166

Equating drawing as the wrniting actwity of kindergartners, the authors describe
how they adapted Donald Graves' five step model of the wrniting process to the
process of solving problems  They alsn discuss the work of one student

Frankenstemn, M (1989) Relearming mathematics A different thud B Radical

maths [ ondon Free Association Books
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la Part One of Frankenstemn's book, she discusses i1ssues n the learming of
mathematics anxiety, anger, and accomplishment. In Chapter 6, she introduces
students to reasons for keepmg a journal These reasons are connected to
overcoming anxiety and clanfying learmng techmques, and understanding
mathematical concepts and problems In addition, she suggests seven ways
<tudents can use journals effectvely

Frankenstem, M , & Powell, A B (1989) Empowering non traditional students On
social ideology and mathematics education Science and Nature, 9(10), 100 112

The authors discuss socwlogical roots of underprepared mathematics students
and how, amang other vehicles, reading and articulating help students construct
meaning in mathematics Some arhculation activifies they discuss are free writing,
journals or learning logs, and multiple entry logs These actnaties enable learners
to explore, reflect, and conjecture The authors indicate that writing serves as an
outlet for anxiehies and other emotions that can hinder students’ progress in
mathematics They also suggest that responses to student writings should be
non judgmental and mwite students to explore the deas further

Gopen, G D, & Srth, D A (1989). What's an assignment like you doing in a
course hke this? Writing to learn mathemahcs InP Connolly & T Vilardi (Eds }.
Writing to learn mathematics and science (pp 209.229) New Yark Teachers

College Press

In the context of a computer based calculus course, the authors describe how
students’ lab reports become learming tools. After nstructors comment on the first
drafts, students revise their reports, applymg principles of “reader expectation.” a
wrihng approach that they learn in a university required writing course By
providing examples of student writings, the authors show that rewising forces
students to recast and rehine their 1deas nto clearer and more precise form and,
thereby, enable them to deepen their understanding of the concepts and

techmques of the course

Hoffman, M R . & Powell, A B (1989) Mathemancal and commentary writing
Vehicles for student reflection and empowerment Mathematics Teaching,

126, 55 57

The authors assert that wrntingmn mathematics classrooms should not be limted to
note taking Instead. they suggest that writing actwities should be generatwe,
allowing learners to produce personal and umque mathematics The actwities
should also enable students to acquire control, understanding, and a sense of
security with mathematical ideas Toaccomphsh these ends, the authors descnbe
two writing vehicles mathematical and commentary. The former allows students
to express themselves using mathematical symbols, while the latter prompts
students to reflect on thewr dong, thinking, and feeling toward mathematics
Finally, the authors suggest a matrix far classifying the type of wnting that students
produce and, withnit, which 1s most beneficial for learning
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Kenyon, R W (1987) Wniting in the mathematics classroom New England
Mathematic s Journal, (May, 1987), 3 19

For Kenyon, writing s ke problem soluing Inthis context, he discusses long term
and short term assignments and notes, what to look for, what to expect. and how
to respond to the iminial wnitings of students

Lax. A (1989) They think, therefore we are In P Connolly & T Wilarch (Eds ),

Writing to learn mathematics and science (pp 249 265) Mew York Teachers
College Press

After critquing conventional pedagogies of mathematics and explorning why
students suffer math anxiety, Lax proposes a different approach to teaching
mathematics, one which s problem centered and engages students inwriting while
they work mn groups and outside of class She suggests that both students and
teachers beneht and, using problems, explores questions that students may ask
and ways of handling them She also shows how students’ previous experience
with mathematics may determme the complexity of the questions they ask

Layzer, D (1989) The synergy between writing and mathematics InP Connolly &

T Wilard: (Eds ). Writing to learn mathematics and science (pp 113 121) MNew
York Teachers College Press

Layzer supports the notion that writing about mathematical ideas helps learners
acquire a deeper understanding of mathematical concepts He correlates the
ability to thimk and write clearly on a mathematical concept with a high level of
understanding of that cancept. For him, the clearer and more precise a learner's
wniting 1s. the deeper the understanding the learner has of the mathematical
concept

leGere. A (1991) Collaboration and wrnining i the mathematis classroom

Mathemati s Teacher, 8403), 166 171

[ eGere engages students n both collaborative and wntmg actvities to aid learming
and develop ¢ritical thinking Of the wniling actvities she uses, she dinades Ther‘;ﬁ
nto for categones personal mathematics hustory, problem analysis, quiz taking,
and open ended writing For each category, she provides examples of wnting
actiaties and then discusses benefits

McDonald. M M H {1990} Not just anather class Washington, DC The Mathe

matical Assocation of Amenica

McDonald discusses some of her reactions to being a student n a course on
operatuns research that required journal wrting on which the mstructor
commented McDonald describes her minial anxiety about the course and difficulty
in writing non narrative, thoughtful journal entnies Gradually, she begins o see
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how writing enhances her learmng and anxety 1s replaced by confidence
McDonald cites additional benefits that she experienced from using journals and,
i the context of journals, how the dialogue between students and an mstructor
allows an mstructor to respond more readily to student needs

Mett, C L (1987) Wnting as a learning dewice n calculus Mathematics Teacher,
80, 534 537

For teaching different levels of calculus, Mett suggests appropriate wrihings

actwities and discusses thewr benefits

Mett, C L. {1989). Wntingin mathematics Ewidence of learming throughwniting The
Clearing House, 62(7), 293 296

Attempting to respond to requests for “proof” that wnting helps students acquire a
better understanding of mathematics, Mett discusses examples of student journals
to demonstrate how these writings help students think about and understand and
use new concepts and terminology m mathematics

Mett, C L. (1990) A writing project n operations research In A Sterrett (Ed ),
Using writing to teach mathematics {pp 8792) Washington, DC The Mathe
matical Association of America

Melt investigates the use of writing in a course on operatons research Students
develop projects and report them orally and n wnting She provides examples of
<tudent writings along with her responses She also discusses ideas and queshions
that came up during and after her mvestigation and. as appendices, mcludes her

syllabus and project s hedule

Miller, L [ 119911 Writing to learn mathematics Mathematics Teac her.
84(7). 516 521

Miller responds to questions that feac hers might pose about how wntngimproves
learning. how toimplement writing ac bvities, how 1o handle the reading of student
writings, should spelling and grammar ervors he corrected. and whether wniting wall
mterfere with coverng content In answering these questions, she discusses the
use of “iImprompiu writing prompts " Ghe alsn suggests ways of gething started with

writing prompts

Miller, 1. D (1992) Tips for beginners Begin mathematics class with wrniting
Mathemati s Teacher, 8515). 354 355

Providing three examples of wrihng prompts, Miller advocates using prompts
during the first five minutes of class to promote students’ procedural and

conceptual understanding of mathematics

Myers, N C (1991} Writing and speaking to learn geometry Primus, 1(3), 287 294
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Muyers describes a wnting to learn programn a geometry course Students engage
in writing activihes ranging from mathematical autobiographies to proof writing
and proof analyses Using Reader Expectation Theory, they revise their first dralts,
producing clearer and sharper writing, students deepen ther understanding of
geometry Muyers also discusses how she integrates writing nto the curnculum and
provides students” as well as her own evaluations of the course

Powell, A B (1986) Working with “underprepared” mathematics students In
M Driscoll & J Confrey (Eds ), Teaching Mathematics Strategies that Work
{pp 181 189) Portsmouth, NH Hememann

In part of this article, Powell discusses three types of wnting actwities (1) journals,
{2) creative writing and research problems, and (3) explorations and problem

generating actwities He prowides examples of student writings and suggests ways
of responding to them

Powell, A B, Jeffries, D A, & Selby, A E (1989) An empowering, participalory
research model for humamstic mathematics pedagogy Humanistic Mathematics
Netwark Newsletter (4), 29 38

The authors describe a research model that nvolves, as co invesngators, those
who are tradimonally subjects In this participatory model, they use writing as a
vehicle 1o engage students and instructor m mterdependent learning and as a
means of empowerng students The authors also suggest the relationship of thewr
maodel 1o a humamstic prespective ol mathematics

Powell, A B.& lopez, J A (1989) Wniing as a vehicle to learn mathematics A
case study InP Connolly & T Vilardi (Eds ). Wninng to learn mathematics and
science [pp 157 177) New York Teachers College Press

After notmg the ¢ onned hons hetween reflec ing on expenenc es and learming. the
authors dist uss wnting as a tool 1o enhance reflec ion and distinguish effic acious
writing ac tivities, ones that mualve students in producing mathematics Using two
of these writing actites  free wniting and journals the authors prowide ewidence
of how, in a semester, wnting enabled a student to develop insights and facility m
mathemati s The student 15 one of the authors

Powell. & B . & Ramnauth, M (1992) Bevond questions and answers Prompting
reflec tiuns and deepenmg understanding of mathemati s using multiple entry logs
For the | earming of Mathemanes, 12(2), 12 18

While des¢ nbing a writing to learn tec hmigue called multiple entry logs, Powell and
Ramnauth lighlight the abulity of logs to prompt generative reflec ons on mathe
manical texts They interpret and evaluate examples of logs that Ramnauth wrote
after he began to see Powell for help in a precalculus class They also discuss the
henefits of multiple entry logs for teachers. tutors, and students
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Rose, B. (1989). Wnting mathematics: Theory and practice. In P. Connolly &
T VllardﬂEds.],Wnrrngfoleurnmathemarrcsundscwnce[pp 15 30) New York

Teachers College Press

Rose delines transactional and expressive wrniing and how they can be apphed to
the teaching and learming of mathematics She discusses chfferent types of
expressive and transactional writing actvities, relates these to research findings.
and suggests pedagogical uses n these actwities

Rose. B J (1990) Using expressive wniting 1o support mathematics mstruction
Beneft for the student, teacher, and classroom InA Sterrett (Ed ), Usingwriting
to teach mathematics (pp 63 72) Washington. DC The Mathematic al Associanion

of Amenica

Rose describes three expressive wriing actiities that she assigned to students n
her calculus class spontaneous dialogue journal writing, autobiographical
narratwes, and focused, m-class writing. She discusses how these activities benefit
students, the instructor, and the classroom enwironment

Stempien, M , & Borasi, R (1985) Students’ wnting n mathematics Some 1deas
and experiences For the Learning of Mathematics, 5(3), 14-17

Stempien and Borasi discuss fwe activities to nvalve students i writing fo learn
mathematics schematic reports, stores, essays, diaries and anecdotes, and
dialogues. They provide examples of these actwities, using the writmgs of high-
«chool and college students, and describe difficulies and benefits of the actvities

Tobias, S (1989) Wnting to learn science and mathematics In P Connolly &
T. Vilards (Eds.), Writing to learn mathematics and science {pp 48 55) New York

Teachers College Press

Tolas advocates the use of writing n learning science and mathematics She
examines how students and professionals use writing as a learming tool and
describes two actvities Minute Papers about Muddiest Points and The Dinded

Page Exercise

Van den Brink, J (1987) Children as arthmetic authors For the Learming of
Mathematics. 7(2), 44 47

After raising questions about whether children could be writers of anthmetic
textbooks, the author presents the work of first grade students who write an
anthmetic book for future first graders Using ther everyday experences,
students create prablems that flustrate addiion In some of the problems., the
author discovered that they incorporated skills learned m kindergarten and that
their writings revealed not only what they learned but also how they were taught

Whte, D L., & Dunn, K (1989) Wrnting and the teacher of mathematics In

P Connolly & T Wilard: (Eds b Wrniting to learn mathemanics and science
(pp 95 111) New York Teachers College Press
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After speaking to teachers, the authors learned that many wanted to teach
problem solving as a component of their course but could not because they lacked
an effective pedagogical method Thus, they mihated MATHCAPS, a project
designed to ntroduce teachers to different problem soluingstrategies and ways to
teach them A major component of the project was writing, which became a tool for
teachers 1o reflect on teaching strategies and mathematical concepts. In the
process, 1t served as a catalyst to change thew belels about teachmg and
mathematics This change, from a nigid, algonthmic computational focus toamore
conceptual focus helped the participating teachers improve thew teaching and
learming of mathematics -

Wilhamson, M M , & McAndrew, D A (1987) Wniting m college developmental
mathematics Research & Teaching in Developmental Education, 3(1), 14 21

The authors advocate miormal, longer, and non graded wrnting achwties for
learming mathematics They descnbe actities using learning logs and propose
ways that teachers can monitor and respond to student writings

Woarsely, D , & Mayer, B (1989) Theartof science wnting New York Teachers &
Writers Collaborative

Though this book 1s mainly about science writing, Worsley and Mayer do treat
writing in mathematics, contending that it 1s essenhial for grasping conceplts as
mathematicians know them Two useful sections are “Questions and answers "
where they treat issues that attend the uses of wntinginmathematics teaching, an.d
the appendix, “Using wnitingin mathematics,” wntten by R W Kenyon, where he
suggests wriling assignments, grouped into two categornes eight short term
actities and seventeen long term projects

Notes

i For another example in the field of mathematics education, specifically in the area of
cnitical mathematics hiteracy mvolving working class adults, see Frankensten {1992)

? For details on this use of journals, see Powell & Lopez (1989) Also,at the end of this
article, the annotated bibliography, pages eighty one to eghty nme, contains
references to other pedagogical uses of journals

i
Students of the Newark College of Arts and Sciences, Rutgers, the State University
of New Jersey, need only to demonstrate proficiency i college algebra

: See Myers (1991) and Gopen & Smuth (1989 or 1990) for detals on ‘reader

expectation theory’ as well as for discussions on its application to writing to learn
mathematics
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Geeshn, in 1977, published the first work we found specifically on writing to learn
mathematics; and after 1987, at their annual meetings, the Mathematical Association
of Amenica (MAA) and the National Council of Teachers of Mathematics (NCTM)
included numerous sessions on the topic Eurthermore, in Currniculum and Evaluation
Standards for School Mathematics, published m 1989, the NCTM emphasizes the
importance of commurucation n learning mathematics, while, m 1990, the MAA
published Sterrett’s edited collection, Using writing to teach mathematics, aimed at
instructors of collegiate mathematics

& One can extend this mstrumental notion of writing and mathematics to include the
ordering of both thoughts about effect and thoughts directed toward momitoring
effect For a discussion of this pont, see Powell & Lopez (1989)

7 Transachonal writing uses language “to get things done to inform people (telling
them what they need or want to know or what we think they ought to know), to adwise
or persuade or nstruc! people " We use 1t whenever we need an “accurate and
specific reference to what 1s known about reahty.” Expressive writing 1s ™ ‘thinking
aloud on paper " It has the function of revealing the speaker, werbahzing hus
consciousness . |It] submuts itself to the free flow of ideas and feeling " (Britton
et al . 1975, pp 88 90)
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