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Ludwig Wittgenstein: It is only the attempt to write down your ideas that
enables them to develop (Drury, 1982).

INTRODUCTION

Current technologies are useful for improving the productivity and appear-
ance of writing. However, with several notable exceptions, they neither offer
qualitative advances over previous tools in helping mature writers express or
refine their thoughts, nor help novices develop better writing skills. We pro-
pose that writing tools contribute indirectly to writing development (e.g., by
encouraging more writing) when they should provide direct support, in ways
to be described.

At the same time, an exciting new cognitive-developmental perspective on
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writing tools has begun to emerge at the interface of theory and practice. This
coalition stems from productive interactions among writing teachers, com-
puter scientists, cognitive and developmental psychologists, and practitioners
and students of literary creativity.

Exciting as the growing use of computer writing tools in education and
throughout society is, few technologies for writing closely connect thinking
and writing. In reviewing this area, our aim is to spur thought and dialogue
on this theme: How writing technologies could go beyond utility functions to
“cognitive” functions. “Cognitive writing technologies™ help a writer to de-
velop the cognitive activities that are integral to writing processes. They
would not just be “useful” for getting writing done faster or with fewer spell-
ing or grammatical errors. They would be tools that can directly serve to
develop more creative writing skills, be the writer adult or child, and involv-
ing effects of a different order of magnitude than the fine-tuning of meaning
afforded by an on-line thesaurus, or contemporary software that catches a
writer’s lapses in noun-verb number agreement.

Historical Importance of Writing as Externalized Thinking

Rich accounts have been offered of how the birth and development of writ-
ing systems throughout the world dramatically changed the content and pro-
cesses of thinking and education. This move from orality to literacy wrought
fundamental changes in the objectification of language (Goody, 1977; Ong,
1982). The creation of language as a permanent (written) rather than effer-
vescent (spoken) physical form meant that it could be carefully analyzed and
critiqued. Speaker meaning had to lie more explicitly within the text for it to
be understood (Olson, 1977).

These newfound possibilities had profound cognitive consequences. Our
weak information-processing capabilities became supported—in what could
be described as a cognitive revolution—by the externalization of thought as
written language. There has been a venerable history of treating learning to
write as closely connected to learning to think, both in history and in the
individual (e.g., Bruner et al., 1966; Bruner & Olson, 1977-1978; Elbow
1983; Greenfield, 1972; Murray, 1980), and we are at the dawn of a new age
of cognitive technologies for writing.

With existing technologies, radically new cognitive writing systems can be
developed that could significantly transform not only the future development
of thinking, but the processes and content of education. The required hard-
ware and software tools are available, prototype programs offer proof-of-
concept demonstrations of some important cognitive support functions for
writers, and, as we hope to illustrate, many thinking-for-writing functions
could be directly facilitated by tools but are not. Most of the remaining bar-
riers to creating such writing environments are conceptual and design prob-
lems rather than technological barriers.
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Consider the writing environment, the writer’s long-term memory, and the
“task environment.” The interrelationships between task environment and
writer memory are very intricate, since so much remembering consists of
being reminded (e.g., Schank, 1982). We can imagine flexible systems that
would allow writers of any skill level, while creating, evaluating, and revising
text structures, to tap external stores of knowledge that would radically ex-
tend memory—that would, in effect, break down the barriers between mind
and machine and facilitate the ready flow of knowledge in the service of writ-
ing in an integrated human-computer writing system.

For example, existing computer-based text-production tools, coupled to
random-access videodiscs and other mass storage technologies, have remark-
able potential for knowledge storing and structuring for writer use. Much
attention is being devoted to the new storage technology of compact-disk
read-only memory (CD-ROM), optical encoding of vast archival information
(400-1000 megabytes per disk) on small, inexpensive, virtually indestruc-
tible disks (Shuford, 1985; Sprague, 1985). One can envisage making avail-
able the several million words in English, with their precision and expressive
powers. Similarly, millions of images or symbols in nonlinguistic media
could be accessed to help trigger the writer’s memory and imagination. Ex-
isting query languages would allow users to use familiar English expressions
rather than arcane Boolean operators to seek out information in these vast
databases. CD-ROM would allow the first microcomputer internal access to
huge relational databases of reference resources and works that could be ac-
cessed inside writing tools during the writing process. Such rapid search of
stored images and text for specific content would be qualitatively distinct
from writers’ work with printed text archives.

What would the access interface between these resources and the writer’s
creative processes need to be like? What kinds of system queries could writers
pose to find the path to the meanings they seek to express? How could the
system help writers realize and achieve their rhetorical goals? How would
different skill levels in writing, and different knowledge of the language and
its nuances, influence writers’ search processes? Finally, how could an au-
thor’s text construction and its organizational methods be linked to these ma-
terials in ways that guide, not interfere, with the writing process? Before ad-
dressing such questions, we need to describe current writing tools, and how
writing skills develop.

Goals for Writing Development

We subscribe to a number of tenets about basic purposes of writing that
inform our approach. These tenets are central to many writing activities: (1)
to write is to think and reflect; (2) writing can help communication with oth-
ers; (3) writing may make one a better reader; and (4) writing can give writers
a better sense of their own voice. Beyond this, we may roughly distinguish
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writing as art and writing as communication, comparable to Roland Barthes’
(1982) “authors” and “writers”. While most writing as art is also communi-
cative, not all communicative writing is artful. This is critical for thinking
about the goals and tools of writing development because not all people have
the interest in or knack for writing as art. And little of the functional, com-
municative writing people do in business and everyday affairs is appropriately
evaluated by aesthetic standards. Unfortunately, few people today are good at
writing in either sense.

Yet writing as communication—to persuade, inform, instruct—is a nec-
essary skill in our society. For example, many people are frustrated by their
inability to write persuasive or expressive documents. Some find it difficult to
find structure in and remember the gist of texts when reading—a skill that
could be aided by writing experience.

Few people would know where to begin or what to do if they wanted to
become good writers. The craft of writing is surrounded by a fortress of
myths, which today’s computer-based writing tools leave intact. Handing the
novice a word processor is not enough. Such tools are opaque to the compo-
nents of the writing process that studies of the psychology of writing have
revealed. Most current computer writing tools are designed for skilled writers;
they are more like production tools for being a writer than for becoming one.
This distinction is not a sharp one because current technologies do indirectly
contribute to a person’s becoming a skilled writer, for example, by making it
easier to write more, and reread and revise more readily. But good cognitive
writing technologies would not only be useful for text production, they would
directly facilitate the development of the writer’s skills. Once chosen, such
cognitive tools should provide developmental writing environments for con-
tinual “becoming.” Our subsequent analyses illustrate the many ways in
which writing tools could serve these direct supportive functions.

In sum, we believe most people can become good, clear writers as com-
municators, better understanding and conveying what they think by means of
writing. New cognitive writing systems could help develop and perfect their
skills. Before exploring aspects of the developmental psychology of writing
that underpin these possibilities, we must establish the current context.

HISTORICAL BACKGROUND OF COMPUTER WRITING TOOLS

Writing by definition relies on some pairing of trace-forming and recording
technologies—stylus and clay tablet, quill and papyrus, chalk and slateboard,
pen and paper, keyboard and screen/disk/printer. While scribes and secre-
taries have always been available to a limited number of writers, major
changes in writing technologies have recently provided material assistance to
a much greater number of writers. More importantly, these capabilities are
available to young writers. We now find word processors in the kindergarten
and preschool.
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‘ T}}e move toward computer-based writing tools and computer-based writ-
ing instruction has proceeded through three primary phases: typewriters,
mainframe tools, and microcomputer tools.

Phase 1: Typewriter Technologies

The phase before computers defined the basic themes for much of what we
find today. In 1868, Christopher Sholes created a typewriter that could regis-
ter text as fast as a pen but unfortunately left us with the QWERTY keyboard,
whic_h was designed to keep key levers from jamming, not for its ergonomic
efficiency. By the latter part of the 19th century the typewriter had become
sufficiently reliable to be considered a viable writing tool, not just a produc-
tion device—like the printing press—for producing neat-looking copy. The
first important use of typewriters to help teach writing occurred in the 1920s.
For the first time, students as young as kindergartners were able to write at a
keyboard and observe the results of their efforts on neatly typed paper.

Iﬂ one of the largest studies of the effects of word processing on children’s
writing, Wood and Freeman (1932) studied 2,383 students over 2 years as
they learned to write on portable typewriters. Wood and Freeman observed
that when compared with a control group who wrote without typewriters, the
typers wrote more and with more expression, advanced in reading scores,
beca_me better spellers, and expressed greater interest in and enjoyment of
writing. Despite these strong positive results and the wide acceptance of the
_typewriter as the basic tool of the professional writer, the use of typewriters
in elementary school classrooms never caught on. Nonetheless, this study
provided the first inkling that superior keyboard-based writing technologies
could have an impact on early writing.

Phase 2: Mainframe Writing Tools

The second phase towards computer-based writing environments was the
realization in the 1950s and 1960s that, in addition to manipulating numbers,
the computer could be used to create texts. General-purpose program editors
running on mainframe computers were suddenly used for entering text, not
only data or programming code. Although clumsy by today’s standards, these
early editors and their descendants (e.g., ED, TECO, EMACS, ICE) dem-
onstrated that one could quickly merge and modify texts using basic editing
commands. When these editors were coupled with formatting and printing
programs (e.g., FORMAT, RUNOFF), a better writing system than the type-
writer was created. It was easier to alter a document without having to reenter
the unrevised document parts. Thus, multiple revisions and multiple copies
cpuld be produced rapidly. However, these mainframe systems were expen-
sive to operate, difficult to learn, and restricted to the few writers with tech-
nical backgrounds in universities and large businesses.
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Phase 3: A Menagerie of Microcomputer Writing Tools

The third phase began with the development of less expensive minicom-
puters in the early 1970s. The development of the microprocessor later in that
decade made possible the creation of personal computers, allowing word-
processing capabilities to migrate from mainframes down to the small, afford-
able machines now in schools. Until quite recently, these developments
focused on text production as electronic typewriting. We subsequently de-
scribe new trends that indicate the birth of a fourth phase: integrated writing
systems that directly support the writer’s thinking during the component pro-
cesses of text creation.

First Steps

Lexitron introduced the first video display word processor in 1971, and in
1973, Vydec released their own video word processor with floppy diskettes
for storage. At the same time, dedicated word-processing programs designed
specifically for text production, formatting, and printing were developed to
replace the older, general-purpose program editors/formatters running on the
mainframes. Thus, it became possible to create a complete desktop writing
and printing environment on a small specialized computer.

In 1974 the first of the true personal computers made its appearance when
Microelectronics Instrumentations and Telemetry Systems (MITS) created
the Altair. This $400 computer was primitive by current standards, but it be-
gan a dramatic drop in the cost of computer hardware and created a demand
for useful software. Soon the first commercial microcomputer word processor
made its appearance, Michael Shrayer’s Electric Pencil.

An Explosion of Word Processors

The demand from early computer owners for better word processors soon
led Seymour Rubinstein, founder of MicroPro, to commission Rob Barnaby
to write a word processor for his company. That program—WordStar—was
released in mid-1979 and became an immediate hit. Over the next 6 years
several million copies of WordStar in its various forms were sold, and un-
doubtedly an equal or greater number of illegal copies were also made. Per-
sonal computer-based writing had arrived.

Today, there are literally hundreds of word-processing programs available
to run on practically all existing computers (e.g., WordPerfect, MultiMate,
AppleWriter: see August 1985 Byte and January 28, 1985, PC Magazine for
a current sampling). In addition, there are computers with special keyboards
and integrated high-quality printers that are dedicated to text production (e.g.,
IBM. Displaywriter, Wangwriter). Complete text production systems (com-
puter, keyboard, mass storage device, display monitor, printer, and word-
processing software) can now be assembled for less than a thousand dollars,

Pea and Kurland: Cognitive Technologles 283

although most acceptable systems still cost several times that amount. Such
systems permit the writer to enter text as if at a typewriter. But they also allow
the writer to quickly delete, move, or copy letters, words, and larger text
blocks within the document; insert new text without having to retype or re-
arrange the surrounding text; find and replace specific words or phrases;
change headings, margins, fonts, and line spacing at will; have page numbers
and running heads or footers automatically inserted; and part or all of the
document printed out as many times and in as many ways as the writer de-
sires.

From 1983 to 1985, as word-processing software dropped in cost, there
was an astronomical growth in computers in schools in the United States—
school computers now number in the millions. Students do some of their writ-
ing with word processors, and businessmen write on portable computers on
the road.

Enhancing Word Processing

The most recent developments in the third phase have been new programs
designed to work with a word processor. They have primarily been directed
at enhancing the text-production process. We shall review five major cate-
gories of enhancers: (1) text-analysis programs, (2) on-line writing supports
such as thesauruses and spelling checkers, (3) prewriting and text-planning
programs, (4) integrated report-writing software, and (5) laser technology
page-printer and page-layout software systems. In describing these develop-
ments, we will not restrict ourselves to programs for micros because many
prototypes worked out initially on mainframes are now being ported down to
micros.

Text analysis programs. One of the first and most complete writer-
support systems was The UNIX WRITER'S WORKBENCH™ (Frase, 1983;
Macdonald, 1983), a set of related programs developed at Bell Laboratories
to augment text processing on the UNIX system. The UNIX WRITER’S
WORKBENCH and the many programs for microcomputers derived from it
(e.g., The Word Plus, Grammatik) take a text that has been produced with a
word processor and evaluate it according to a set of algorithms designed to
identify potential problems. For example, these programs check a document
for misspellings and, on request, can suggest possible correct spellings for
any word the program does not find in its dictionary. Other programs can
check a document for unbalanced quotation marks or parentheses, misplaced
or missing capital letters, excessively long sentences, sexist language, jargon,
overuse of the passive voice, and many other grammatical solecisms and sty-
listic infelicities. They can also provide statistics on average sentence length,
average number of syllables per word, number of technical words, and read-
ability level according to various scoring methods. With this information, the
programs can reference stored exemplars of different types of text, compare
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the writer's text to these norms, and provide feedback about how closel.y' the
writer’s text conforms to established norms for a particular kind of writing.
Thus, a writer could find out that the sentences in an essay were on average
seven words longer than the standard for a good essay, and that 23% more
four-syllable words than the norm were used, which might make the text hard
to read.

On-line writing supports. In addition to programs that provide feedba.ck
after a text has been produced, there are programs that work in tandem with
the word processor on-line while the writer is writing. For example, there are
electronic thesauruses (e.g., The Random House Electronic Thesaurus, .Turbo
Lightning, Word Finder, Word Proof I) that permit the writer in the midst of
composing to call up on the screen a thesaurus entry for a selected wqrd. and
have one of the alternate words in the entry inserted automatically into the
text.

Prewriting and text-planning programs. A third class _of support pro-
grams that have emerged assist such prewriting activities as 1d<_ea generation,
idea organization, and planning of text structure (Bruce, Collins, Rubin, &
Gentner, 1982). These programs are often called “idea processors” (Bruce,
1985; Owens, 1984). It is possible but awkward to use word processors e.ﬁ.ec—
tively for creating outlines, for rapidly jotting down ideas, or for organizing
these ideas before shaping the final text. Specialized programs now provide
support for these writing techniques. Some of the better-known tools are out-
lining programs (e.g., ThinkTank, Fact Cruncher, Freestyle, MaxThmIf,
Framework) and idea prompters that help authors plan a text (e.g., QUILL's
Planner), or manage text annotations (ANNOLAND: Brown, 1985?. Xero?(’s
Notecards provides an authoring environment for collecting and linking in-
formation on notecards, notecard browsing and structuring tools, and sophis-
ticated word-processing capabilities (Brown, 1985; Collins & Brown, 1986).
For the young student, there are programs that provide ready-made content,
but allow the writer to experiment with alternative structures or organizations
(e.g.. Storymaker: Rubin, 1980).

Integrated report-writing environments. A fourth class of programs rep-
resents the advent of integrated software environments that combine database
management systems, word processors, spelling checkers, spreadshgets, tele-
communication links, and business graphics applications. Prominent ex-
amples include Framework II, Symphony, Ability, Enable, and AppleWorks.
These programs allow the easy integration of data tables, charts, and graphs
with text created with a word processor. o

Desktop publishing. A fifth class of technologies that are begmmng_to
change writing are the extremely rapid laser-based page printers coupled with

layout programs, most prevalent today for the Apple Maclntosh cpmputer
(e.g.. ReadySetGo, Page Maker, MacPublisher). These technologies have
been heralded as creating a desktop publishing industry, and for only a few
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thousand dollars beyond the cost of one’s computer and software, one can
now create documents with the appearance of expensive books, newspapers,
and magazines. Simpler versions of page-formatting software for school com-
puters, such as Broderbund’s popular Printshop and Springboard’s Newsroom
allow sophisticated classroom publishing.

Summary of Phase 3 and New Directions

The recent expansion of text production tools into these five new areas has
gone a long way toward improving the technical capabilities of the writing
environment. However, even the most sophisticated of these computer-based
tools still represent slave technologies. Available writing tools have taken the
place of typing support and, to a lesser extent, the copy editor, but they cannot
serve as a constructive critic, writing process expert and teacher, responsive
audience, or collaborator. The next phase in the evolution of writing technol-
ogies must begin to address these fundamental problems.

Whereas Phase 3 developments such as the text-planning and prewriting
tools described offered the first “proof of concept” demonstrations of the use-
fulness of direct supports for the writer’s thinking processes during writing,
Phase 4 work will continue to define new direct supports for the writer’s
thinking while writing. The fourth phase, as will be described, is likely to
consist of wide-ranging prototype development to explore the possibilities of
using computer technologies to directly support different facets of the author’s
thinking during the writing process.

Major computer-based writing technologies that are under development or
in the planning stages are proceeding along two complementary courses: to
make the feedback available to writers more “intelligent,” and to make more
flexible, “personalizable” writing tools that could help bridge the gap between
thinking and writing.

Developers are incorporating recent advances in artificial intelligence and
natural-language understanding to make writing programs that can provide
more detailed and content-specific forms of feedback. Existing systems deal
with well-formedness and some aspects of style and genre. IBM’s Epistle
text-critiquing system (Heidorn, Jensen, Miller, Byrd, & Chodorow, 1982),
now in prototype form, attempts to combine a word processor with a powerful
natural-language parser and an extensive dictionary and database of infor-
mation about business correspondence and other document types. The parser
is used to determine the syntactic structures of sentences (Heidorn et al.,
1982). Epistle’s capabilities include all of those offered by the UNIX WRIT-
ER’S WORKBENCH, created at Bell Labs (Frase, 1983; Macdonald, 1983),
but the latter system does not have a syntactic parser (Lance Miller, personal
communication, November 1985). The stylistic analyses available from

Epistle are intended to go beyond those of the UNIX WRITER'S WORK-
BENCH.
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Epistle is expected to have the capacity to evaluate any text by providing a
critique of, among other problems, subject-verb disagreement, wrong pro-
noun case, noun-modifier disagreement, nonstandard verb forms, nonparal.lel
structures, overuse of the passive voice, excessive use of negatives, excessive
sentence length or clause complexity, poor readability scores, and whether
the distance between subject and verb is too great. Epistle is said to enable
the user to take a text and produce a synopsis of its contents, highlight im-
portant sections, and generate index terms based on conceptual or thematic
characteristics. Its ability to do syntactic parsing also allows for stylistic cri-
tiquing. Current elaborations on Epistle involve partitioning pf xpajc?r dpcu-
ment genre and subgenre branches according to major social institutions:
e.g., Law, Medicine, Education, Military, the Press, Government, Commerce
(Miller, 1985). Detailed planning templates and style-evaluati_ve standards for
each subgenre will assist the writer in creating and evaluating documepts.
Current document typologies permit critical comparisons between rhetorical
structures called for by the subgenre and the structures present in the do.cu-
ment; prompts concerning discrepancies are then presented to the writer
(Miller, 1985). 3

While work on intelligent systems like Epistle is under way, writing tech-
nology is moving in a second direction: flexible modifiability by users (Frase,
in press). Until now, even the most sophisticated word processors haye been
fairly inflexible. The order and manner in which they carried out their oper-
ations was set by the designer. In many cases the writer was forced to afi.opt
a method of writing by how the program worked, not by his or her writing
style. Writing systems are under development that can be flexibly rpodlﬁed
by the individual writer, and eventually modify themselves auto_matlcally to
complement the particular writing style or preferences of the writer (Brown,
1982, 1985).

Systems with greater flexibility already have emerged that offer some use:
control by permitting the writer to program function keys or create "‘macro
commands to perform a favored sequence of commands (such as boilerplate
paragraphs or commonly used words) with a single keystroke or command
(e.g., ProKey, SuperKey, Keyworks, Microsoft Word, F. ramework II). Ho_w-
ever, while such capabilities speed up editing and formatting within 'the exist-
ing system architecture, they do not allow writers to create personalized writ-
ing environments of their own choosing. Several word processors do go
further in this direction by providing their own internal programming lan-
guage by which a user may extensively customize the operation of the w9rd
processor (e.g., Finalword, AppleWriter II). Howeyer, a good undefstandlng
of programming techniques and the time and willingness to experiment are
required to modify these programs. .

We would like to see “developmental” word processors that come with a
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simple set of commands and functions that can, over time, be modified, ex-
tended, or redesigned to better support individual writers as they mature.

Writing technology has changed rapidly and in many directions during the
past two decades, perhaps more than in the previous 200 years. However, the
writing technologies developed thus far, no matter how superficially power-
ful, do not teach writing or explicitly help make a person a better writer. To
understand the forms that cognitive writing technologies and related research
should take in the future, we must consider what the novice or expert writer
actually does with the available writing technologies.

COGNITIVE SCIENCE OF WRITING: A PRODUCTIVE
FRAMEWORK FOR ASSESSING THE COGNITIVE ROLES FOR
WRITING TECHNOLOGIES

Research on the cognitive processes of writing thus far indicates the acces-
sibility of cognitive writing technologies, but there are few examples of soft-
ware tools that actually build on this research. Cognitive process models and
writing studies suggest many “developmental fronts” where new tools could
support the mental activities involved in composing text.

Demystifying Writing

For years, writing has been regarded as a mysterious process that only
those “good at writing” could do. The widely publicized quirks and idiosyn-
cracies of well-known writers have contributed to this mystique (Green &
Wason, 1982; Plimpton, 1981).

Recently, we have seen a progressive demystification of writing, published
largely in technical reports. This important demystification process has been
in large part due to extensive, careful investigations of the writing processes
of novice and expert adult writers and the development of writing abilities in
children, but also to rich observational accounts of the successful teaching of
writing (e.g., Calkins, 1986; Elbow, 1981; Graves, 1975, 1983).

How has writing become less mysterious? A paradigm shift has occurred—
from viewing writing as an unanalyzed holistic process to the widespread
recognition that writing is a complex skill comprising distinguishable com-
ponent activities such as planning, translating, reviewing, and monitoring.
The tacit has been made explicit. Recent studies of different cognitive activi-
ties involved in writing seek to identify its basic component processes and
how they are orchestrated or managed during the activities of writing (e.g.,
Bracewell, Frederiksen, & Frederiksen, 1982; Flower & Hayes, 1980a,
1980b, 1981a, 1981b; Hayes & Flower, 1980a, 1980b). Writing has been
demystified to the extent that such accounts allow for systematic testing of
alternative models of how text is composed, and how writing skills are devel-
oped through instruction and writing practices.
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The promise of improving writing instruction through various intervention
strategies based on these findings has also been assessed, particularly in re-
search programs at the Ontario Institute for Studies in Education (e.g., Be-
reiter & Scardamalia, 1983a, 1983b, 1985; Scardamalia & Bereiter, 1983a,
1983b, 1985, in press). Since many excellent introductions to this work are
available (e.g., Beaugrande, 1984; Scardamalia & Bereiter, 1985), our main
purpose will be to cite findings and provide some terms the reader can use in
thinking about the cognitive processes of writing with technologies.

Writing as Complex Problem Solving

Cognitive studies of writing begin with the observation that writing is a
complex cognitive task in which many cognitive demands impinge on the
writer at the same time. Writing is viewed as “a process of generating and
editing text within a variety of constraints” such as structure, content, and
goals (Collins & Gentner, 1980, p. 52). On the one hand (perhaps the left),
the writer has ideas to communicate and experiences to embody in written
text. The nonlinearity, rich imagery, and symbols of thought so glorified dur-
ing the romantic period provide crucial but unrefined gist for the writer’s
tasks. On the other hand (perhaps the right), the writer is creating a text struc-
ture governed by many constraints and conventions.

Perhaps the most obvious conventions, and certainly the central emphasis
of traditional writing instruction and current computer-assisted instructional
writing programs, are those of spelling, word meaning, and grammar (Rubin,
1983). But larger unjts of analysis—closer to the ancient discipline of rheto-
ric pioneered by Aristotle (Cooper, 1932), reawakened and developed by
Burke (1950), and today designated variously as either sociolinguistics or
“pragmatics"—also impose constraints on the writing process.

One must, for example, think about the objectives of the written piece, the
anticipated audience, whether the topics and comments are known or new to
the reader, the structure of arguments, and the genre of the composition as a
whole (e.g.. legal brief, essay, sonnet, mystery, business letter). The author
may focus on making the text enticing, comprehensible, memorable, or per-
suasive, and these pervasive goals of writing are realized through different
structures and devices at different levels of the text (Collins & Gentner, 1980).
Taken separately, each of these constraints may be manageable, but taken
together they can constitute a serious impediment to human memory and cog-
nitive processing. Like the centipede watching its own feet, a writer paying
attention to all these directions may never set pen to paper (Flower & Hayes,

1980b).

Writing is viewed in these cognitive studies as a complex problem-solving
activity (Bracewell, 1980; Hayes & Flower, 1980b) comprised of a small set
of basic mental processes. Writing calls on the author to manage available
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mental resources to deal with the Janus faces of writing—the creative and the
constraining.

This view of writing owes much to the general theory of problem solving
deve:loped by Newell and Simon (1972) and their colleagues (also see Greeno
& Simon, in press; Simon, 1981). Since the 1960s, this perspective has been
applied successfully to thinking and developmental processes in content areas
from mathematics and science to chess, engineering, and medical diagnosis,
and has recently had considerable influence on instructional psychology
(e.g., Gagné & Dick, 1983; Glaser, 1982; Greeno & Simon, in press; Res-
nick, 1981, 1985).

A {n'ajor difference between recent work on writing development and earlier
cognitive science accounts of problem solving for other content areas is the
broader sense given to the term “problem solving.” Whereas earlier studies
emphasized the solving of problems with well-defined goals, it is now rec-
ognized that goals can themselves be altered during work on a problem. Prob-
!em finding has thus come to be incorporated into the study of problem solv-
ing; writers often redefine the rhetorical problem their writing is “solving” by
means of the writing activity itself (Murray, 1978). Bereiter (1980) has called
this prized activity “epistemic”™ writing.

Flower and Hayes’s Cognitive Process Model of Writing

The cognitive science perspective will help structure our discussions of
writing development and roles for cognitive writing technologies. We will
describe a cognitive process model of writing as problem solving, how data
on writing activities relate to it, and the general framework of the model. We
then explore how cognitive process models relate to the development of writ-
ing skills and, finally, cognitive writing technologies.

Although different investigators offer different cognitive models of writing,
Flower & Hayes (1981a) present a lucid account of their cognitive process
quel that suits our purposes (Figure 1). Three major elements of the task of
writing are distinguished: the task environment (including “everything outside
Fhe writer’s skin™: what the rhetorical problem is, the text as it evolves, writ-
ing tools, and sources of information to be used in writing); the writer’s
long-term memory (including knowledge of topic, audience, and writing
st.rategies); and writing processes (including planning, translating, and re-
_vnewing——controlled by an executive monitor). The purpose of such a model
is to help sharpen thinking about writing by describing the parts of the cog-
nitive writing system and how they work together to create a written text.

A process model centers for analysis on units called basic mental “pro-
cesses,” such as generating ideas. We can call any execution of a basic mental
process a mental “act.” According to this model, any of the mental acts de-
scribed may be carried out at any time during the writing activity, and one
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Figure. 1. Cognitive processes of the writing model (adapted from Flower & Hayes,
1981a)
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of thinking processes” (pp. 386-387)..

basic mental process “monitors” the use of the others. There is no strict line-
i ese activities.

angatt: ;gr ceognitive studies of writing are provided by think-aloud protocols
as a writer works (Bereiter & Scardamalia, 1983b; Hayes & Flower, 1 ?8921).
These protocols are transcribed records of a .writer_’s' spontaneous descriptions
of what is going on in his or her mind while writing. They _hglp reveal the
kinds of mental processes that underlie text composition activities and pow
they are juggled during writing. Th; kinds of mental acts different wnte:s
engage in while writing have much in common, and'the model attempts to
capture these acts. However, the ways in which novices versus experts, or
children versus adults, orchestrate these mental a_cts dgnng w.ntmg varies tre-
mendously. Some major findings from such studies will be.cued b_e!ow. il

Before stating the basic mental processes that make u.p'thls cognitive mode
of writing, we must describe two elements of the writing environment de-

picted in Figure 1.
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First, within the task environment:

1. There is a RHETORICAL PROBLEM to solve, for example: “Write a
critical review of Bill’s cheese soufflé for potential future diners.” Writing is
the task of solving that problem, given some definition of topic and audience.

2. There is an EVOLVING TEXT, which opens or closes off options for
how it can proceed according to the vast array of linguistic and rhetorical
conventions already mentioned. For example, a topic sentence serves to limit
and refine a paragraph’s possibilities.

3. There are RESOURCES and TOOLS for writing, such as: teachers;
books, index cards, and other reference materials; writing materials; and
computer-based writing tools. We have taken the liberty of adding this box to
Figure 1 in order to acknowledge the important role of such prior externali-
zations of thought for creating new writing.

Second, within the writer's long-term memory (LTM), there is knowledge
about topic, audience, writing plans, and types of writing problems. Unlike
the active processing of short-term memory, LTM has a more stable organi-
zation, and the two major problems for the writer are to access the knowledge
that will be useful for the writing under way, and to organize that knowledge
to meet the needs of the rhetorical problem.

Now we move to brief descriptions of the basic mental processes of the
cognitive process model of writing. Within the box called “writing processes”
three major mental processes are shown: (1) PLANNING, (2) TRANSLAT-
ING, and (3) REVIEWING. A fourth, MONITORING, functions strategic-
ally to determine in what order processes are engaged in.

1. PLANNING is defined broadly as the act of building a representation
(e.g., of images, propositions, feelings) of the knowledge to be used in writ-
ing, and involves three major subprocesses: (a) GETTING IDEAS, which
includes accessing knowledge from long-term memory or collecting ideas
from resources (that may not appear in the final text); (b) ORGANIZING,
which helps to give meaningful structure to the ideas, and from which new
ideas can emerge as a result of this browsing and combinatorial activity; and
(c) GOAL-SETTING, which sharpens the definition of the rhetorical problem
by generating and revising goals and subgoals for the text.

2. TRANSLATING is defined as the process of turning ideas into written
language, and is subject to such constraints on linguistic form as spelling,
syntax, and word choice, and to such pragmatic constraints as given/new top-
ical organization or the temporal sequence of narration.

3. REVIEWING is the process of going back over the text or such writing
processes as planning, and involves two major subprocesses: (a) EVALU-
ATING, by which outcomes of writing processes (such as translating or plan-
ning) are judged against certain standards; and (b) REVISING, by which
changes are made in the products of the mental processes of writing (e.g.,
text, goals, or ideas).
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4. MONITORING is the complex “executive” process that oversees writ-
ing processes and allows the writer to decide when to move from one mental
process to the next (e.g., when to stop translating and start reviewing).

Several important empirical findings come from using this model as a tool
for observing the progress of writing activities: (1) writing processes are hi-
erarchically organized; (2) the guidance of writing processes emerges from
goal-directedness; and (3) the goals of writing are epistemically reactive; that
is, they are continually regenerated through what is learned during the writing
process.

1. These basic processes of writing are not executed in rigid sequence, but
are hierarchically organized so that they may be flexibly embedded within
other basic writing processes. This observation counters “stage models” of
writing that view text composing as a linear process of distinct stages, such
as Pre-Write, Write, and Re-write (Rohman, 1965), or the classical emphasis
in writing instruction on the “necessity” of a topical outline structure before
text production. Flower and Hayes (1981a) cite an example of a writer who,
after attempting to TRANSLATE the first sentence of a paper, created a
subgoal sequence of PLANNING, TRANSLATING, and REVIEWING to
try out another first sentence as part of the larger attempt to TRANSLATE.
These modular processes may be selected during writing processes as “tools”
to help solve the writing problem.

2. Goal-directedness is what guides a writer to invoke specific mental pro-
cesses during the act of composing, thus giving writing its purposefulness. A
hierarchical network of goals is created (in fact, often discovered as ideas are
generated, organized, and translated into text) which directs the sequencing
of mental processes. Evolving goals thus etch out a path for the composing
process.

3. Not only does writing help promote thinking, but as we learn during
writing, our writing goals often change (Scardamalia, Bereiter, & Steinbach,
1984; Murray, 1978). While many goals for writing may be automatically
accessed from memory, the creative setting of subgoals and the subsequent
discovery or redefinition of writing goals during the composing process is a
basic fact about mature writing.

Writing Development

Given this cognitive process model for writing, what is it that develops as
writers improve? Do we know how to design an instructional psychology of
writing? How could the cognitive writing technologies we are calling for sup-
port processes of writing development? These are the major questions, and
research has only begun to address them. Our strategy is to highlight findings
on writing development with significant implications for the kinds of cogni-
tive writing tools needed to foster writing development. We will illustrate the
main weaknesses or “stress points” in the cognitive system for writing in
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underdeveloped writers. Findings which demonstrate that the differences be-
tween good writers and novice writers lie in the mental processes they or-
chestrate and how they orchestrate them are of particular interest. These data
give rise to two important questions concerning new writing technologies:
How can the knowledge that experts appear to have be made available to
nqvicqes? How can cognitive writing tools serve in this pedagogical enter-
prise?

Problems of Novice Writers

Some clarification of the terms “novice” and “expert” writers is essential.
The term “novice writer” as used in the literature on the developmental psy-
chology of writing refers to those who do write—whether in school, for busi-
ness purposes, or for other functional activities in their lives—but whose
writing is problematical. It does not refer to nonwriting individuals, be they
illiterate or functionally illiterate (i.e., those who rarely use what writing
skills they have).

The technical meaning of the term “expert writer” is more elusive, since it
does not necessarily refer to professional writers, such as novelists or jour-
nalists, although such people often are expert. The popular definition of ex-
pert writers (i.e., those who write for a living) excludes a large group, such
as academicians or business people, who write all the time and are considered
“expert writers” in cognitive studies of writing. Perhaps the best working
definition is that expert writers are those who are recognized as such by their
peers in the genre(s) they have mastered.

The chief distinction between novice and expert writers is that the novice
reaches the plateau of writer-based prose and may never progress to the
reader-based prose of the expert (Flower, 1979). In writer-based prose,
which gets most writers through school and many through business-related
writing, the focus is on the text in isolation, produced in linear, nonreflective
fashion (Larson, 1971), rather than on the text in relation to its intended au-
dience (Maimon, 1979). Bereiter and Scardamalia (1983) call this overused
procedure the “knowledge-telling strategy.” Kroll (1978) describes this gen-
eral problem of novice writing as one of “cognitive egocentrism.” In Flower’s
(1979) words: “In its language and structure, Reader-Based prose reflects the
purpose of the writer’s thought. Writer-Based prose tends to reflect its pro-
cess” (p. 20).

What Flower describes as writer-based prose would appear to be, in part,
a literal translation of oral speech conventions into written language (Shaugh-
nessy, 1977). Many other problems of novice writers emerge as symptoms of
this “memory-dump,” mainly linear, approach to writing. We believe that an
explicit focus on these categories of difficulties has important consequences
for the creation of future writing tools. The difficulties of the novice writer
are presented in terms of the cognitive process model outlined earlier;






















































