Chapter 17

The Effects of New Technologies
on Writing and Writing Processes

Charles A. MacArthur

In a recent article in The Washington Post
Sennett (2004) discussed the agonized reflec-
tions of a college student about whether her
use of e-mail rather than the more casual in-
stant messaging had scared away a potential
date by conveying too much sense of com-
mitment. In the high-stakes rituals of dat-
ing, where e-mails are edited by friends for
the proper breezy tone before sending, her
friends concluded that the e-mail had defi-
nitely been a mistake. '
Electronic technologies are changing the
forms By Which people communicate with
each ofher and understan world. Changes
in techﬁao*g}"lﬁ?%—/damé{ﬂg“;—il—lgcontinue to
change the nature of literacy practices in so-
ciety, and the cognitive and social skills
needed to be considered fully literate. The
process did not start with computers. Radio,
television, and the movies dramatically al-
tered the ways in which we receive news,
entertain ourselves, consume goods, choose
heroic figures, elect our leaders, and under-
stand our culture. These popular media have
had limited direct impact on schooling,
though they may have had substantial in-
direct effects. Computer technologies may
have a more direct influence on schooling
and on literacy for two reasons. First, the in-
tegration of text and other media in hyper-
media and the Internet means that schools,
charged with responsibility for the important
business of teaching reading and writing,
cannot ignore them as they did television and
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the movies. The integration of text with
graphics, video, and sound may encourage
schools to expand the concept of literacy to
include a variety of media. Second, electronic

teghnologies engage students as Wwriters or

%pro ucers rather than just as readers or con-
5

sumers. Frorp publication of class n_ewslet—
fers = hypermedia_web
pages, to blogs and zines, computers offer

students opportunities 1o CreateTew Ty pes
t the Same time; They are

of _documents. At the same—timme—Tiey
cha\mg%\f%g@g_fmﬁftext
is produced. New_technologies promise to
become increasingly\u@'ortanﬁn—crmhools
as tools for inquiry and learning, as well as
means for communicating and composing.
In considering the impact of new technolo-
gies on writing, it is useful to begin with re-
cent scholarship on the impact of writing on
cognitive and social processes. Writing is it-
self a technology, a combination of a symbol
systcmmﬁs‘olfgg-
ducmzmlm“ﬁfe the durable rep-
resentation of language. Olson (1995) ar-
gued that written [anguage, by capturing and
communicating words with precision and
separating them from the context of produc-
tion, affords the opportunity to think in a
more abstract and decontextualized way.
The invention of the alphabet, which made
literacy possible for more than the few, and
of the printing press and paper, which sup-
ported wide literacy, had dramatic impacts
on the nature of thinking in society—
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supporting the development of a more ratio-
nal approach in all fields of knowledge. Ar-
guing against Olson’s thesis, Scribner and
Cole (1978) demonstrated, through study of
users of an informal, nonschooled script
used primarily for personal letters, that ra-
tional, decontextualized thought is not an in-
evitable consequence of the development of
literacy but rather is a consequence of school-
ing, Thus, writing affords the opportunity
for the development of more abstract think-
ing, but the actual impact on cognitive pro-
cesses depends on the social context of use.
This general principle applies to new tech-
nologies as well. New technological forms of
writing afford opportunities for EVElop-
“ment of cogmitive skills and social interac-
tions, but the ac etfects of the technology
depend on _complex interactions among the
téchnology, the social context, and individ-
Al Tsers.
ere is no shortage of theoretical work

on the transformative effects of technology
on literacy. Bolter (1998) argues that hyper-
media, of which the Internet is the prime ex-
ample, will have revolutionary effects on lit-
eracy for two reasons. First, the multilinear
nature of hypertext challenges the rhetorical
foundation of teaching writing (i.e., present-
ing a coherent point of view, with supporting
arguments, by encouraging the presentation
of multiple viewpoints). Second, hypermedia
place greater emphasis on visual images than
on verbal text, which will have dramatic ef-
fects on how knowledge is represented and
manipulated mentally. Purves (1998) goes
further, declaring that the imEact of the digi-
tal media o e a historical -
weight equal to the invention of alphabetic
writing and the printing press. He argues
that the vistal and organizational features of
digital information convey meaning beyond
the words. In particular, the emphasis on vi-
sual imagery will deemphasize the impor-
tance of n[_,aTngﬁil_a’g_e_m&ing,h%pertext
links willTead people to think in multidirec-
tional rather than hierarchical ways.

In contrast, BFice and Hogan (1998) ar-
gue that technology has quite variable effects

depending on hiow it is embedded in a social

context, Literacy technologies are ideologi- ~

cal tools that are designed, accessed, used,
and interpreted to further purposes that em-
body social values. In a classroom setting,
the technology, the t€achers instructional

—

methods,_and student experiences will all

ifiteract in ways_that determine the effects
f-technology as an innovation. Simularly,

o
ETiKins claimed that various media

and technologies promote and require differ-
ent types of thinking, because they use differ-
ent symbol systems and afford various types
of interaction. Regular use of any technology
has effects on cognition that can be subtle
and occur without awareness. However, how
the_affordances of technology are realized
depends on _conditions such as instruction,
expertise, - :
sign_of the tools.

Despite the broad and interesting theoreti-
cal claims, empirical research on the cogni-
tive and social effects of technology on writ-
ing is quite limited, and the results of that
research are mixed. My purpose in this re-
view 1s to examine empirical research on the
impact of new technologies on writing and
learning to write. Writing is defined broadly
to include creation of hypertext or hyper-
media, as well as traditional linear text, but
not so broadly as to include video and film
production. The review is limited to studies
focused on writing, not on reading or the ef-
fects of technology on acquiring knowledge.
It 1s also [imited to work done in educational
contexts, omitting the growing literature on
out-of-school writing and popular media.
Finally, it is Jimited to elementary and sec-

_ondary education.

[begin the review by considering the effects
of technology on producing traditional linear
texts, including the cognitive processes in-
volved, the development of skills, and how
social interactions in instructional sertings
modify these effects. Sections address word

pr upport for writing and
stlmthmm%__rm
research on composing hypermedia or hyper-
text. Finally, the review considers the effects
of computer-mediated communication as it
affects writing, including intercultural com-

munication projects and the use of networked
communication in writing classes.

Word Processing

One area of technology and writing that has

seen extensive research is word processing. It
was a common early application of comput-
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Q)T mﬁ%ﬁﬂgr‘s on

o
o

ers in schools gnd is probably the most
wi NI

lation as well. It seems well adapted to con-
temporary theories about writing as a cogni-
tive process involving recursive cycles of
planning, drafting, and revising. Further-

more, it s ial processe enhanc-
ing opportunities for publication and collab-

orative writing. A [arge number of studies of
word processing were published in the late
1980s, followed by a slower but steady
stream of publications to the present.

Two meta-analyses of the research have re-
ported moderate positive effects of word
processing in writNp—mStrachion on_the
length and quality of compositions. Bangert-
Drowns TT993] Tound small to maderate ef-
fect si ity £0.27) and length (0.36).
[Note: Unless otherwise indicated, alleffect
sizes (ESs) reported in this chapter represent
the common metric of mean difference di-
vided by the standard deviation.] Though el-
ementary, secondary, and college students
were included, effects were not related to
age. Interestingly, positive effects were found
even when posttests were administered in
handwriting, suggesting that whatever stu-
dents had learned from instruction with
word processing transferred to writing with-
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IS. In a review of similar re-
search since 1992, Goldberg, Russell, and

Co reported somewhat larger ESs

quality are stronger for struggliig Wrirers

BE

han for average ones. The small effect on
mangert-llrowns (1993)
is better viewed as a combination of a mod-
erate ES for nine studies of remedial in-
struction for struggling writers (0.49) and a
nonsignificant ES for 11 studies with average
writers (0.06). A few studies have shown
positive effects of word processing in combi-
nation with instruction for students with
learning disabilities (for a review, see MacAr-
thur, 2000). It is important to note that few
of the studies covered in these reviews effec-
tively controlled for instruction to isolate the
effect of the technology. Thus, it is probably
more accurate to say that word processing.in
c inari ith instruction adapted to the
technolo iti 3

An important practical concern reflected
in recent research is the impact of word
processing or its absence on student per-

[II. INSTRUCTIONAL MODELS AND APPROACHES

formance on accountability tests. Wolfe,
Bolton, Feltovich, and Niday (1996} com-
pared test essays written via handwriting and
word processing by high school students
with high, medium, and low experience with
word processing. No differences were found
for quality or length for students with high
or medium word-processing experience, but
students with low experience wrote shorter,
lower quality essays with word processing.
Russell (1999; Russell & Plati, 2001) studied
high school students taking tests involving
multiple-choice questions, and paragraph
and essay-length responses from state ac-
countability tests on the computer, or with
paper and pencil. No differences were found
for multiple-choice questions, but students
who were accustomed to writing with a
word processor and had competent typing

skills {ZU+ words per minute) performed

substarrt etter _on_ Wil HSES
when they used the word (ESs
1999) included students with a range of
measured typing skills; students with below
average typing scored significantly lower (ES
= —0.4) with word processing, while those
with above average typing scored signifi-
cantly higher (ES = 0.5). Students who are
u £ i rocessors may be
ata i tage if not permitted
to use them on high-stakes tests.

I n

—Research on the impact of word proceee®

ing on revising and other writing processes
has been mixed. In early reviews, Cochran-
Smith (1991) reported that word processing
for elementary students resulted in more
surface revision, but Hawisher (1987) and
Bangert-Drowns (1993) found that results
were too varied to draw any conclusions.
One reason for conflicting results is varia-
tions in how revisions were measured. If re-
visions are only counted between drafts, then
the extensive revisions often made during
drafting with a word processor are missed.
Another possible reason for variation in in-
structional studies is whether and how revis-
ing was taught. Experimental studies that
compared handwriting and-word proeessing
_withoiit"instruction withr middle schicol stu-
dents with Tearning diSabilitres TVfacArthur
8 Graham, 1987), cotlege students (Kellogg
& WMQWH"@{”@E_@_M"WHWS
{Van Waes & Schiellens, 2003) have generally
found more tevisiens-duiinig drafting with
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word processing, with most of those revi-

sions focused on minor changes that did not
it

affect meanin

“"Early predictions that word processing
would free writers from concern with the
mechanics of text production and enable
them to focus on higher level concerns
(Daiute, 1986) have not been supported. In
fact, the evidence on revision suggests that

< “é%dwgﬁrﬁa.wm_mw
,*e iting. Overall, the research is consistent

W Tth a view of the word processor as a flexi-

ble writing tool that has modest effects on

writifig processes, particularly revision, and

that "affords ortunities for learning it
combined with effective instruction. Thus,

the effects are largely dependent on the con-

ext in which word processing 1s used.

Computer Support for Planning
and Revising Processes

Since the early days of research on word
processing, educators have tried to design
software that would supplement word pro-
cessing by direct support of planning and re-
vising processes. Most efforts have been
based on cognitive models of composing
processes (Hayes & Flower, 1980) and on
Bereiter and Scardamalia’s {1987} concept of
procedural facilitation, or temporary sup-
ports to guide developing writers in using
more sophisticated cognitive processes.

The most positive results to date were
found in a study by Zellermayer, Salomon,
Globerson, and Givon (1991). Their Writing
Partner provided fairly extensive metacogni-
tive support for planning, drafting, and re-
vising. The planning tools asked students to
answer questions about rhetorical purpose
(c.g., Are you trying to persuade or de-
scribe?), topic, audience (e.g., Is your audi-
ence experts or beginners on this topic?),
main ideas, and key words. While students
worked on their draft, metacognitive ques-
tions appeared in random order, prompting
students to consider purpose, organization,
and elaboration; these prompts drew on in-
formation from the planning segment (e.g.,
descriptive or persuasive purpose). The revis-
ing questions included not only generic revis-
ing concerns but also drew on planning (e.g.,
asking about evidence, if the purpose was
persuasive). High school students were ran-

domly assigned to one of three groups: writ-
ing partner with solicited guidance {SG) or
with unsolicited guidance (USG), or regular
word processing control (C). Both experi-
mental groups received identical planning
and revising support; the only difference
was that the USG group saw the drafting
prompts at random intervals without asking
for them, whereas the SG group was directed
to check the prompts by typing a special key.
Pretest and posttest essays were written by
hand without support in order to test the
theory that the metacognitive support would
be internalized. Both on essays written with
support and on handwritten posttest essays,
students in the USG group earned substan-
tially higher quality ratings than the other
two groups, which did not differ from each
other (posttest ES about 1.5). The reason for
the difference between the SG and USG
groups is not clear. Planning and revising
support were identical, and both groups saw
about the same number of prompts during
writing and recalled the same number of
prompts on a posttest. Unfortunately, no fur-
ther research was conducted with this tool to
replicate or extend the findings.

Bonk and Reynolds (1992; Reynolds &
Bonk, 1996) conducted two studies of a sim-
ilar program that provided metacognitive
prompts on planning and revising during
composing. Students had a list of the eight
types of prompts and could access them at
any time; there was no unsolicited guidance
condition. In the first study (Bonk & Reynolds,
1992), middle school students wrote three
essays using the support tool and took a
posttest with a regular word processor; a
control group wrote three practice essays
with a word processor. No effects were
found on number of substantive revisions or
on the quality of essays produced with sup-
port or on the posttest. In the second study
(Reynolds & Bonk, 1996), first-year college
students in a composition class received 9
weeks of instruction on planning and revis-
ing and were then assigned to experimental
and control conditions, and wrote a paper
using the support tool or a word processor.
Students made significantly more substantive
revisions and received higher quality ratings
with the support tool; however, there was no
correlation between the number of revisions
and quality. No measure of transfer to writ-
ing without support was gathered. Differ-
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ences in age, instruction, and outcome mea-
sures make it impossible to interpret the
reasons for the different results across the
two studies. ,

Rowley (Rowley, Carsons, & Miller,
1998; Rowley & Meyer, 2003) reported a se-
ries of studies of a computer program that
provided prompts to support three aspects of
writing: brainstorming ideas, setting goals
and organizing ideas, and revising. All four
studies were large quasi-experimental studies
(500-1,200 students) in middle and high
schools but with relatively smalil amounts of
program use (6-15 hours over a semester or
year) and poor treatment fidelity. The main
outcome measure was writing quality on a
posttest without support. The first three
studies (Rowley et al., 1998) produced statis-
tically significant effects when analyzed at
the level of individual students rather than
classes; except for one study in which the
control group had no computer access, the
effect sizes were extremely small (aboutr 1%
of variance accounted for). The fifth study
found no significant effect.

Overall, the research on compurer 0-
grams that promm
to writers during the writing process has pro®

duced more negative than positive_results
but there are too few studies to drav any
irm _conclusions, Zellermayer et al. (1991)
was the only study to find Lmprovements in
the quality of writing on a transfer essay, but
even their study included an unexpected
and unexplained negative result for students
receiving solicited guidance. Reynolds and
Bonk (1996; Bonk & Reynolds, 1992) found
increases in revision and writing quality on
an essay written with support for college stu-
dents but no effects on revision or quality for
essays written with support or on a transfer
essay for middle school students. Rowley et
al.’s (1998) studies had design flaws and pro-
duced very small effect sizes.

More common in everyday life than
prompts with an instructional purpose are
tools designed to support planning, such as
outliners and concept mapping programs.
Despite the popularity among teachers of
current concept mapping software, only one
study of the effects of concept mapping soft-
ware on writing was found. Sturm and
Rankin-Erickson (2002) compared planning
with  concept mapping software, hand-
drawn concept maps, and no maps in adoles-

cents with learning disabilities writing de-
scriptive essays. Essays were longer and of
higher quality in hoth concept ma di-
mmmj—gegj,—()s (2002)
adopted a novel approach to supporting re-
vision by novice writers. Arguing that lack of
knowledge about good Writing is a critica]
problem for novices, they provided access to
a database of model texts to give students
ideas about content and solutions to com-
mon problems such as how to begin a story,
The database was an anthology of 250 ex-
cerpts from children’s literature, ranging in
length from a few lines to a page and half.
The texts could be accessed through a search
for theme (e.g., friendship, fighting), people
and places, or technique (e.g., how to start a
story, how to make readers laugh). In the
study, 8- to 10-year-old children wrote 4 first
draft in one session and used the database in
a second session to help with revision. The
database was compared to a paper condition
mn which children had access to eight story
excerpts on the same theme as the assign-
ment and to a no-support condition. The
ildren using computers produced more
" Propositions during rewriting amd, S —par-
Most of the additions were inventions rather
than direct copies of text. No quality mea-
sures were used, and transfer to writing
without support was not assessed. Research
on using imitation of model essays in writing
instruction has shown only modest effects
(Hillocks, 1986). However, children writing
collaboratively with peers have been shown
to adopt techniques used by their peers for
later independent writing (Daiute & Dalton,
1993) and modeling is well established as 2
basic method of learning, Perhaps this data-
base of brief models is more e ective than
the typi dels in writing instruc-

_tion, because it gives writers ideas and helps

them with particular problems durifg writ-

ing. \_3}4—/
A new irection in computer support for

writing development is the use of automated
essay scoring (AES) systems to provide feed-
back to students on their writing in iterative
cycles of revision and evaluation. Several
AES systems have shown good interrater re-
liability with human raters (see Shermis &
Burstein, Chapter 27, this volume), In addi-
tion, systems based on latent semantic analy-
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sis (LSA) are able to evaluate the semantic
content of writing and how well it matches
criterion texts {Landauer & Psotka, 2000).
Such systems are able to evaluate the content

coverage of an essay or the adequacy of a

summary of a larger text. A common prob-
lem in writing instruction is that teachers do
not have adequate time to provide detailed
evaluations of large quantities of student
writing. AES systems can provide repeated
feedback on students’ writing as they revise.

Kintsch, Steinhart, Stahl, Matthews, and
Lamb (2000) described the development and
initial evaluation of Summary Street, a pro-
gram that provides feedback to students on
how well their summary covers the various
parts of a text, whether it meets length re-
quirements, and which sentences might be
redundant or irrelevant. In initial studies,
sixth-grade students wrote better summaries
with Summary Street than without support,
but only on more difficult topics. Steinhardt
(2001) conducted a controlled study in which
50 sixth-grade students wrote summaries us-
ing Summary Street or a simpler version that
only gave feedback on length. Students spent
significantly more time working on their
summaries with Summary Street and re-
ceived significantly higher ratings on content
coverage and overall quality. Many issues re-
main to be investigated, including transfer to
writing summaries without support and the
effects on reading comprehension.

Overall, research on computer programs
that provide metacognitive support, or pro-
cedural facilitation, has produced mixed re-
sults. Paper-based procedural facilitators
have been shown to have effects on planning
and revising processes, and the quality
of writing in some studies (Bereiter &
Scardamalia, 1987; Ferretti & MacArthur,
2001; Graham, MacArthur, & Schwartz,
1995). Thus, it is likely that computer-based

versions could also be etfective if appropri-
ately dest and targeted on the needs of

the students. Fmt\her_igs_Jmmzlrlemd_d.&uale -
ment in this area should focus on the specif-
ics of instructional design

Another important area for research given
the frequent use of graphic organizers and
outlines in writing instruction is the design of
instruction combined with computer ver-
sions of outlining and semantic mapping

software. Crinon and Legros’s (2002) con-
cept of using a database of model texts to

support writing instruction is a novel ap-
proach that deserves more research. Finally,
applications of AES to writing instruction

appear guité Promusing a5 ways [0 1mprove

writing, especially writing in content areaw

Assistive Technology for Struggling Writers

Word processing, as noted earlier, appears to
be ‘especially helpful for writers with learning
disabifities (LD} and other struggling writers:
‘perhaps because they are in most need of the
support it provides for motivation, mechan-
ics, appearance, and revision. In addition to
word processing, other computer tools, in-
cluding spelling checkers, speech synthesis,

word prediction, and speech recognition, can
affer assistance to writers-who-struggle with
transcription.

e

Spelling Checkers

Spelling checkers, as one might expect, do
help students with LD to correct errors, but
with significant limitations. In one study
(MacArthur, Graham, Haynes, & De La Paz,
1996), middle school students with moder-
ate to severe spelling problems corrected
37% of their spelling errors with a spelling
checker compared to 9% unaided. The most
severe limitations were that the spelling
checker (1) failed to flag 37% of errors that
were other words, including homonyms and
other real words (e.g., sad for said), and (2)
failed to include the correct word in the list
of suggestions for 25% of errors. High
school students with LD can correct more of
their spelling errors if taught to use strate-
gies for managing the limitations of spelling
checkers (McNaughton, Hughes, & Ofiesh,
1997).

Spesch Synthesis

Speech synthesis, or text-to-speech software,
has potential as a tool to help students with
revision. By listening to the text they have
just written, students might be able to use
their oral language skills to identify and cor-
rect errors they would miss on reading the
text. Only one study with elementary and
secondary students was found that addressed
this potential. Borgh and Dickson (1992)
had elementary school students write on a

b,sl{'\.lﬂ_ [ i
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special word processor that prompted them
to check for errors; half of the students used
speech synthesis along with the prompts, No
differences were found in overall amount of
revision or the length and quality of papers.

Word Prediction

Word prediction software was originally de-
veloped to reduce keystrokes by individuals
with physical disabilities, but it has also been
applied with students wich severe spelling
problems. Word prediction software “pre-
dicts” what word the writer intends to type
based on the initial Jetters and, for sophisti-
cated software, syntax and individual pat-
terns of word use. For example, if I have
typed, “I went to the s,” the program might
offer a list of predictions including store,
show, and same. If [ continue by adding a ¢ to
the s, the brogram would update the list to
include only words beginning with sz. Most
word prediction systems also provide speech
synthesis to help students read the list of
words.

MacArthur (1998, 1999) conducted a se-
ries of three studies of word prediction with
9-and 10-year-old students wich severe spell-
ing problems, using single-subject designs
that support causal conclusions about the ef-
fects of treatment on individual students.
Students wrote dialogue journals with their
teachers, alternating among handwriting,
word processing, and word prediction. Across
the three studies, six of eight students dem-
onstrated dramatic improvemens in the legi-
bility of their writing and spelling when us-
ing word prediction. During baseline, the
writing of these six students ranged from §5
to 85% legible words (i.e., readable in isola-
tion) and 42 to 75% correctly spelled words,
All six increased their percentage of both
legible and correctly spelled words into the
90 to 100% range. A more recent study
(Handley—More, Deitz, Billingsley, & Coggins,
2003) with similar students (LD, age 10-11,
severe spelling problems) and a similar re-
search design found similar effects; two of
three students made substantial improve-
ments in legibility and spelling.

Thus, the available r arch supports rhe
use of word prediction software with sty-
dents with severe spelling problems. The
studies also Tevealed that esIgN i5sues, such
as the size of the vocabulary, its match to the

writing task, and complexity of the interface,
make a difference in the impact. Further re-
search is needed to replicate and exrend the
findings to other groups and to investigate
the impact on vocabulary use.

Speech Recognition

Speech recognition software for dictation
fepresents potentially the most complete so-
lution to problems with spelling, handwrit-
ing, and overall fluency. However, despite
steady improvements in the quality of speech
recognition software, it stil| has significant
limitations in comparison to dictation to a
human (MacArthyr & Cavalier, 2004). First,
accuracy is still limited. Second, users must
articulate carefully, dictate punctuation, and
avoid extraneous vocalizations. Finally, users
must learn to edit for new types of errors. On
the other hand, one advantage of speech rec-
ognition over standard dictation to a secre-
tary is that writers can see thejr text as they
dictate.

Reece and Cummings (1996) studied the
potential effects of speech recognition in 3
series of studies using a simulated speech rec-
ognition system with a hidden typist and vis-
ible computer screen. Two studies of fifth-
and sixth-grade students, one with normally
achieving students and another with students
with writing problems, compared papers
written via handwriting, normal dictation
(to a tape recorder), and simulated speech
recognition. For normally achieving sty-
dents, handwritten and normally dictated
Papers were equivalent in quality, whereas
poor writers did better with normal dictation
than with handwriting. Both groups wrote
better quality papers with the simulated
speech recognition system than with either
normal dictation or handwriting. However,
in another study, in which normally achjey-
ing students were required to develop a plan
before writing, the advantage of simulated
speech recognition over normal dictation
disappeared. The authors interpreted this
finding to mean thar planning made it [ess
necessary to see the developing text. For sry-
dents with writing problems, however, dicra-
tion in both forms was consistently better
than handwriting.

Several studies of speech  recognition
with struggling writers have been reported.
Though focused on college students with
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LDs, Higgins and Raskind’s study (1995 ) de-
serves mention as the earliest experimental
comparison of speech recognition, dicration
to a human transcriber, and unassisted com-
posing (word processor or handwriting at
students’ choice). Quality ratings were sig-
nificantly higher in the speech recognition
than in the unassisted condition. Quinlan
(2004) selected middle school students who
had significantly lower written language
than oral language scores (similar to a defini-
tion of LD) and compared them to students
without such a discrepancy. All students
learned to use speech recognition and then
composed brief narratives using handwriting
and speech recognition. Students with writ.
ing problems, but not the average writers,
wrote longer papers using speech recogni-
tion. However, no statistically significant dif-
ferences in quality were found by condition
for either the poor or average writers.
MacArthur and Cavalier (2004) compared
the effects of speech recognition, dictation to
a person who typed on a visible screen, and
handwriting on the writing of high school
students with and without LD. All students
received 6 hours of training and practice in
the use of both speech recognition and a sim-
ple planning procedure for writing persua-
sive essays, then wrote essays in all three
conditions. All students were able to use
speech recognition to compose and edit es-
says. The students with LDs made fewer to-
tal errors with speech recognition than hand-
writing, and few words were unreadable,
Their essays dictated using speech recogni-
tion were higher in quality than handwritten
essays (ES = 0.42), and essays dictated to a
person were even better (ES = 1.31). No sta-
tistically significant differences for condition
were found for students without LDs.
Although the research on assistive tech-
nology is not extensive, 1t provides support

for. the use of some torms of technology to
help _students with TDsamd—other strug-
gling writers compensate for problems with
basic_transcription. Word processing and
spell checkers are clearly helpful and are
readily available. Word prediction is prom-
ising for students with severe spelling prob-
lems. Speech recognition now has solid, if
limited, support. One cautionary note is
that all assistive technology tools, while re-
Moving one burdei. A0St some new bur-
den. Word processing removes problems

with_handwriting, but students must Jearn

to type. Speech recognition removes con-
cerns with handwriting, typing, and spell-
g, bUT_students must articalate carefully
and edit for errors. Whether a new tool in
creases or decreases the overall burden of
writing depends on the capabilities of the
individual student, the training provided,
and the demands of the setting. Thus, fur-
ther research should investigate which stu-
dents are most likely to benefit from partic-
ular tools.

Hypermedia

We turn our arttention now from computer
tools that support and instruct writers to
technology that changes the nature of the
written product. There is a rich literature on
the design of hypermedia to enhance the con-
tent learning of users (for a review, see Dillon
& Gabbard, 1998). In this chapter, discus-
sion is limited to research on the cognitive
processes involved in composing hyperme-
dia, or hypertext, and the learning conse-
quences of such composing. The term “hy-
permedia” is used for studies that involve
multiple media, including text, connected by
a network of links; “hypertext” is used for
research focused on linked text with no other
media.

Composing hypermedia and linear text
differ in some ways and are Slar D Others.
Both are composing processes with commu-
nicative purposes and, as such, require con-

sidermng the audience, setting goals, organiz-
ing with atténtion to content and rhetorical
pUFPOSE, presenting content clearly, and eval-
uating and revising. Hypérmedia differ from
written text in two major ways: the linked

structure and the inclusion of multiple me-

dia. These two differences potentially affect
all aspects of composing. For example, the
multiple purposes of audiences need to be

considered In_planning the organizational
structure of hypermedia (Bromme & Stahl,
2002). Multiple Tinks among segments of
content, as well as navigation through the
document as a whole, must be considered.
The content of individual segments is af-
fected, because the writer cannot count on
the reader’s having read previous segments.
Careful consideration needs to be given to
the use of multiple media. In addition, visual
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design issues play an important role ip us-
ability.

Investigations of the effects of composing
hypermedia have been primarily case studies

tWo considerations, First, media comparison
studies, like those comparing handwriting
and word Processing, make no senge because
of the lack of comparability of hypermedia
and text documents, Second, €xXperimental
comparisons of conrent learning as an out.
come of composing hypermedia are con-

Lehrer, Erickson, their colleagues
(Carver, Lehrer, Connell, & Erickson, 1992;
Erickson & Lehrer, 1998, 2000) have con-
ducted 2 number of classroom studies of

tion in design skills, and to assess students’
conceptual understanding  of the design
skills, their use of design skills in class pro-
Jects, and their transfer of skills to novel
tasks. Carver and colleagues ( 1992) reported
case studies of g ninth-grade ¢Jass that
worked directly with the researchers, and 5
group of three eighth-grade clagses taught by

- Both groups participated ir
10-week units and 4-week follow-up pro-
Jects to assess transfer. Analysis of student
discourse, self-report measures, and design
performance on the transfer tasks demon-

overall research process.

Erickson and Lehrer ( 1998) conducted g
2-year longitudina] study with a group of
sixth- and seventh-grade students who par-
ticipated in a serjeg of hypermedia inquiry

from simple factual questions to thought-
provoking questions that required inter-
pretation. Standards for hypermedia design

On assessment of student understanding.
Erickson and Lehrer {2000) conducted a

more detajled analysis of studentg’ develop-

ing understanding "of links and the hyper-

media space, They based their analysis on
Bereiter and sc damalia’s (1987) theo
WM_

€tween the content-
proBIem Space and the rEetorica]~proEIem
Space, as writers revise and extend their un-

Liu (1998) and colleagues (Liy & Hsiao,
2002; Liu & Pedersen, 1998) conducted 3 se-
ries of studjes with high school, middle
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school, and elementary school students
working on multimedia design projects.
Though they used a rationale similar to that
of Erickson and Lehrer (1998, 2000), and
used a variation of their design questionnaire
to measure gains in design knowledge, their
projects differed in that they focused on the
design of hypermedia as done by profes-
sional designers, with an emphasis on pre-
sentation rather than on the inquiry pro-
cess of research and communicarion. This
narrower emphasis on designing presenta-
tions limits the application of Erickson and
Lehrers” argument for the relevance and im-
portance of design skills. In addition, the
studies were primarily pretest—posttest de-
signs with single classes, with limited analy-
sis of qualitative data. Results on the quanti-
tative measures were mixed. They found
Increases in_motivation and design knowl-
edge in the high school class but mixed re-
sults in the middle school and elementary
school studies. Qualitative analysis of inter-
views and observations showed that students
were engaged and developed knowledge of
design, but their claims should be interpreted
cautiously.

Other case studies of educational projects
with hypermedia have taken different ap-
proaches. Myers, Hammett, and McKillop
(1998) discussed the use of hypermedia to
support critical pedagogy. In their case stud-
ies, high school students used hypermedia to
construct critical commentaries on literature.
By linking images and commentary to texts,
they created juxtapositions that involved re-
interpreting the texrs, questioning the under-
lying assumptions, and reflecting on culture
and ideology. Although Myers and her col-
leagues believed that hypermedia afforded
the opportunity to critique texts, they ac-
knowledged that the effects of the technol-

ogy were dependent on the™ Ways 11 _which

eachers and students used them.

Daiute and Morse (1994) reported a case
study of a class of reluctant writers who pro-
duced simple multimedia documents based
on pictures or sounds that they brought to
school because they had personal meaning.
They compared such multimedia writing to
the drawing in which primary students are
commonly engaged. The case studies of indi-
vidual students revealed high levels of en-

agement and increased production EXT.

Baker (Z00T; Baker & Kinzer, 1998;
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Baker, Rozendal, & Whitenack, 2000) re-
ported a series of analyses of an
ethnographic case study of a fourth-grade
class in an intensive technology environment
with a 1:1 ratio of computers to students
plus five multimedia stations. Students
worked on collaborative inquiry projects in
science and social studies that often involved
hypermedia presentations and engaged in a
variety of writing activities during language
arts time. In this setting, the composing pro-
cess was highly recursive, with students
brainstorming, searching for -information,
composing, and revising repeatedly in vari-
ous orders (Baker & Kinzer, 1998). Often
students revised hypermedia products they
had completed and presented much earlier.
One apparent reason for this recursive activ-
ity was the public nature of composing on
the computer screen (Baker et al., 2000). Stu-
dents were often observed to comment on
each other’s work or to stop and talk as they
walked by a peer’s computer. The classroom
offered pervasive opportunities for Interate-
Mg with—apeer audience through presenta-
tions, solicited and unsolicited feedback, and
frequent viewing of others’ screens, O

without comment. The _teacher saw not only
positive value i this public nature of writ-
ing, in that students got ideas from each
other and received 1ots of support in revising,
but also potentally nesative implications in
the lack of opportunity ro write prw_tdy_m
journals. Another issue about the impact of
technology was the effects of publication
and presentation. Students in this class were
highly motivated by the presentational igols
at their disposal. However, the teacher ex-
pressed some concern about an overempha-

T

sis on entation to the detriment of sub- S
stance-A common theme of her conlerences

with students was encouraging them to find
more content for their reports.

One experimental study with high school
students investigated the cognitive processes
involved in composing hypermedia. Braaksma,
Rijlaarsdam, Couzijn, and van den Bergh
(2002) compared the cognitive processes In-
volved in composing hypertext to the pro-
cesses involved in composing standard linear
text. They used artificial tasks designed to
represent the key processes of hierarchical-
ization for hypertext and linearization for
standard text. The hypertext task required
students to take a paragraph-length argu-

*
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ment and draw 5 diagram of the thesis, ar-
suments, and subordinate arguments, The

terms of proportions, the hypertext task elic-
ited more analysis, planning, gog] setting,
and Meta-analysis, while the linear task led
to more writing and rereading Statements,
For both tasks, the amounrs of planning
and analysis were posttively correlated with
the quality of products. The authors inter-
preted the results as evidence of considergble
similarity in the Bencral tvpes of copnitive
processes involved in com 0sing text and
hypertext, and suggested that composing
hypertexe may have a positive e ect on lin-
tting—skils by PTOMIOTIAE Mote plan-

ning am Ti5.
In Summary, research on the effects of

tential of instructiong] models that combine
technology and collaborative inquiry, and
have analyzed some of the cognitive pro-
cesses and instructiona] factors involved,
They have avoided unproductive media com-
parisons. After all, research on models of
collaborative inquiry withour the yge of tech-
nology, such as Group Investigation (Shachar
& Sharan, 1994), has shown positive effects
on student content ' i

of the cognitive brocesses involved ip using
hypermedia, such 4q a0 understanding of
how to divide content into segments and link
them in ways that are Teésponsive to readers’
needs, or how to yge multiple media tq com-
Mmunicate effectively rather than simply to
make g flashy presentation. They haye also
pointed to Important social consjderations,
such as the ; the public nature
interaction with

MODELS AND APPROACHES

gether show thar <omposing hypermedia re.-
quires high-level cognjtive processes and can
help to develop those processes. Though per-

hags somewhat different N _emphasys;
- _£ognitive processes Seem similar to thoge re-
quired for writing, Tnvoty; 2_Settin

ot |
considering audience nees, generating and
orm%gismg.
Continyed research js neéagé to undersrand
these cognit%and

to develop effectiye classroom environments
that include hypermedia composing,

Computer-Mediateq Communication

The term “computer-mediated communica-
tion” (CMC) covers a diverse range of tech-
nologies and contexts for use, unjfied only
by the idea of ; 1 icat
over the Internet or

marily vig W_ri[ing,_though sometimes syup-
plemented with other media. It includes

rooms, as well as specific instructional and
professional uses, such g online and djs-

fance courses, opl; ns in tra-
ditional courses, and ¢ 1 ork
rou ings. The large body of writ-

ng on CMC is
scriptive but alse includes theoretica]
Socia]-psychological

search has examined interaction patterns in

primarily practica] and de-
and

has generated 2 body of examples and pring;-
ples for practice (see the multiple-volume ed-
ited set by. Berge & Collins, 1998 ). Linguists
descriptive research on the

Mmunication via emaj] and instant messaging
{e.g., Baron, 1998). CMC has been widely
used in college WIIting courses (for 4 histori-
cal review, see Palmquist, 2003; £
Onl one extensive project, see Bruce, Peyton,
& Batson, 1993).

ecause CMC g CoOmmunication cop-
ducted via writing, all of thijs work is rele-
Vant to some degree to thjs chapter. How-
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ever, this chapter is confined to 4 review of
studies that [ooked specifically at the effects
of CMC on writing processes and writing
products in the context of writing instruc-
tion. At the elementary and secondary school
level, this research has focused on telecom-
munication projects, often involving class-
rooms from different cultures or geograph-

ical areas.

Intercultural communication projects us-
ing the Internet have been proposed as ways
to improve students’ writing skills, develop
greater cultural awareness, and prepare stu-
dents for an increasingly globally connected
world (Garner & Gillingham, 1996; Fabos
& Young, 1999). The scope of projects var-
fes from simple pen pal communications to
collaborative curriculum projects that in-
volve sharing of data and written products.
Such projects offer substantial Opportunities
to communicate in writing for authentic pur-
poses with age peers from culturally different
backgrounds. Communication with distant

PECLS may cause students to think more care-
tully about audience, andiohe Tile] it

-and elaborative in their writing, The aurhen

ticity of the writing and the technology may

also_mor : How-

on a series of six case studies of innovative
teachers using the Internet, Garner and
Gillingham (1996) argued that intercultural
communication projects encourage more
social-constructivist methods by supporting
collaboration and student inquiry. The teach-
ers in these cases changed their teaching by
devoting more effortto Inquiry methods that
LW on_student interests an real-world
concerns. The researchers found high Tev-
els of motivation for writine substantial
amounts of writing, and evidence of children
attempting to cultural differ-
ences and to consider audience needs. Case
studies have also revealed some of the insti-
tutional and social complexities of establish-
ing Internet communication projects. For
example, Neilson (1998) discussed a large
telecommunications project in a rural high
school. A variety of institutional barriers and
difficulties in managing projects resulted in
an implementation that reached only a few
students who were especially interested in
technology.
Fabos and Young (1999) wrote a highly
critical review of telecommunications pro-

jects, pointing out the lack of empirical re-

30_motivate students to write-more search on outcomes, and urging educators to
ever, little mmﬂm&% look critically ar the political and social
possibilities.

Cohen and Riel (1 89) had two classes of
seventh-grade students in 1 repeated mea-
sures design write papers on the same topic
for the teacher for a grade and for a distant
audience of peers. These students had no
prior experience with email or writing for
distant peers. The papers written for the dis-
tant audience were rated higher on all five
aspects of an analytic scale and given higher
grades by the teacher. Gallini and Helman
(1995) collected writing samples from fifth-
grade students who had experience in an
intercultural communication project. Stu-
dents were randomly assigned ro write pa-
pers for their teacher, for a self-selected
classmate, or for distant peers. The papers
written for distant peers were rated signifi-
cantly higher than others on severa] elements
of an analytic scale—organization, elabora-
tion, and interest. These studies provide pre-
liminary support for the value of writing to
distant audiences, but both studies were
small and involved a single writing sample.
Case studies of intercultural communica-
tion projects have also been reported. Based

forces that support such global communi-
cation projects. Case studies have demon-
strated the potential of intercultural commu-
nication projects, but given the popularity of
such projects, much more research is needed
to document their effects on writing and
other types of learning, and to gain under-
standing of the factors required for success-
ful projects.

Concluding Comments

In considering research on technology and
writing, it is helpful to divide it into two
parts: research on the use of technology to
support_traditional writins TSt g _outcomes, and
research op ntexts for writ-
Ing. Research on traditional outcomes has
asked whether Writing processes or the qual-
ity and quantity of written products are af-
fected by the use of word processing or pro-
grams that support writing by providing
metacognitive prompts, organizational sup-
port, automated evaluative feedback, or sup-
port with transcription. The answer, it turns
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