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Abpstract: The trends and findings from a
descriptive analysis of 25 years of research
studies examining the effectiveness of
technology to support the compositional
writing of students with learning and
academic disabilities are presented. A corpus
of 85 applied research studies of writing
technology effectiveness was identified from
among 249 items in the scholarly literature.
The use of technologies to support each of
the components of the writing process is
reported in terms of the research designs
used, the writing processes supported, and the
historical trends in research publication. The
research designs represented in the research
base suggests that, overall, there is a
developed program of research; however, this
does not hold for the individual writing
process areas (planning, transcription, editing,
and revising). Among the four process areas,
the largest number of studies 1is of
technologies to support transcription with
revising the next most frequent and few
studies of planning/organization and editing.
Comparison of the historical trends in
research to trends in technology development
revealed that little new research investigating
basic digital writing support tools, as used by
students with learning and academic
disabilities, has appeared in the last 10 years
despite the growth and development of
technology. Across the total corpus of applied
research studies, basic evidence-based practice
criteria related to number of studies and
number of participants was not met in the
areas of planning and organization, editing,
and revising technologies. Applied research

studies of the effectiveness of transcription
tools nearly meet the criteria for number of
studies and number of participants, and nearly
enough to warrant further analysis of study
quality and effect sizes. Taken together these
findings underscore the critical need for
further research on the effectiveness of
contemporary  technologies to  support
compositional writing.
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Writing  matters.  Along  with  reading
comprehension, writing proficiency predicts
academic success (Graham & Perin, 2007),
develops higher-order thinking skills (National
Writing Project & Nagin, 20006), is an essential
‘threshold skill’ for hiring and promotion
(National Commission on Writing, 2004), and
is a basic requirement for participation in civic
life and a global economy (Graham & Perin;
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National Commission on Writing, 2003).
However, writing achievement is not where it
is expected to be and not where it needs to be.
State governments report that, despite the
high level of educational attainment of state
employees compared with that of the general
public, approximately 30% of professional
employees fail to meet state writing
expectations  (National ~Commission on
Writing, 2006). Nearly one-third of students
who intend to enter higher education have not
attained the readiness benchmarks for college-
level English composition courses (ACT,
2005). According to the National Assessment
of Educational Progress (NAEP; Persky,
Daane, & Ying, 2002), many students (51%—
58%) are at a basic level of writing, which is
below the desired proficient level. Those 16%0—
22% of students below even the basic level of
writing reported by the NAEP are struggling
writers, called low-achieving writers by Graham
and Perin (2007). They include students
identified as having learning disabilities (LD)
as well as others with academic and learning
difficulties whose writing skills are not
adequate to meet classroom demands
(Graham & Perin). The findings of the NAEP
for ‘students with disabilities,” which here
refers to all students with disabilities who
completed the NAEP writing assessment, are
sobering. In 2007, students with disabilities
received an average scale score of 119 at the
8th grade and 118 at the 12th-grade levels as
compared to 160 and 156 (max = 300). From
1998 to 2007, the gap between students with
and without disabilities has remained about 40
points with only a 9% increase in scores. The
2007 results translate to poor levels of writing
attainment; 45% of students with disabilities
are below the basic level of proficiency (8%
without disabilities) while 49% are at only a
basic level (56% without disabilities) and only
6% are at the proficient level (33% without
disabilities; U.S.  Department of  Education,
Institute of Edncation Sciences, National Center for
Education ~ Statistics, National — Assessment — of
Educational Progress (NAEP), 1998, 2002 and
2007 Writing Assessment, n.d). More than six
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times as many students with disabilities
performed below the basic level than did their

typical peers.

If writing matters, then writing instruction
needs to improve (Graham & Perin, 2007;
National Commission on Writing, 2000;
National Writing Project & Nagin, 2006). The
research-based models and methods for
teaching good writing are known (National
Commission on Woriting; National Writing
Project & Nagin). Good writers use three
primary, recursive processes: (a) planning
(generating  ideas, setting goals, and
organizing, referred to in this paper as
“planning”); (b) translating (turning plans into
written language, referred to here as
“transcription”); and (c) reviewing (herein
referred to as “editing and revising”)
(National Writing Project & Nagin). These
processes are represented in instruction as
writing strategies wherein students are provided
(a) models; (b) some direct instruction; (c)
some kind of scaffolding (an explicit
framework or sequence of steps) that gives
them an organizational scheme; and (d)
guidelines for using inquiry strategies (e.g.,
imagining a situation from a perspective
different than one’s own, comparing and
contrasting cases, explaining how evidence
supports a claim) (National Writing Project &
Nagin).

Despite agreement about what constitutes
good writing instruction, effective strategies
are not widely used (National Commission on
Writing, 2003, 2006). To bring about reform
in  writing  instruction, the  National
Commission on Writing (2003) noted four
challenges to education professionals: (a)
increase the amount of time that students
spend writing, (b) improve the assessment of
writing,  (c) apply emerging  writing
technologies, and (d) provide professional
development for all teachers.



Technology to Support Writing

Among national organizations considering
writing outcomes, there is widespread
acceptance that writing has moved from a
paper and pen activity to one that is
technology-driven. Throughout this report,
the term ‘technology’ will refer to digital
technology. Technologies are recognized as
having potential both to support writing and
the teaching of writing (National Commission
on Writing, 2003; National Writing Project &
Nagin, 2000) and to represent new venues for
writing itself (National Council of Teachers of
English, 2004). Three approaches to
technology ~ have emerged from  this
discussion: fechnology-supported writing, technology-
enabled writing, and multimedia writing.

Technology-supported writing can advance all
phases of writing—planning, transcribing, and
editing and revising using tools, which
include, but are not limited to, the word
processor. But technology also enables writing
in new ways. Technology provides new
sources for and means of obtaining
information (e.g., the Internet, search engines)
and enables sharing, editing, and collaboration
among writers, teachers, and peers. The ability
to work from remote locations permits
students to gauge the quality of their writing
and their level of skill against those of peers
elsewhere (National Commission on Writing,
2003, 2006; National Writing Project &
Nagin, 20006). Finally, technology transforms
writing by introducing new electronic genres
and multimedia forms. In these new genres
and forms, composing involves a combination
of media, including print, still images, video,
and sound (National Council of Teachers of
English, 2004). The movement from writing
as a pen-and-pencil enterprise to one
including dramatically different forms of
creation, expression and communication is
explored in Because Digital Writing Matters
(National ~Writing Project &  DeVoss,
Eidman-Aadahl, & Hicks, 2010). Digital
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writing is defined as “compositions created
with, and oftentimes for reading or viewing
on a computer or other device that is
connected to the Internet” (National Writing
Project & DeVoss et al., p. 7). The tools used
for composing are not limited to the word
processor. They include many digital forms of
encoding (recording) information including
scanners, digital cameras, voice recorders.
Networked connectivity permits writers to
“draw from myriad sources, use a range of
media, craft various types of communication
representing a range of tools and genres, and
distribute that work almost instantaneously
and sometimes globally” (National Writing
Project & DeVoss et al,, p. 7).

But, where are schools and students with
disabilities in all of this? The assessment of
writing in statewide high stakes testing may be
both a driver and an inhibitor of writing
instruction and assessments in schools. While
proponents of the new forms of digital
writing decry the old ‘scripted genres’ as being
limiting to students development of 21st
century writing skills (National Weriting
Project & DeVoss et al. 2010), assessments
such as the National Assessment of
Educational Progress (NAEP) use traditional
genres or purposes for writing (e.g., narrative,
informative, persuasive) that have defined
structures and  requirements  for the
compositions. In addition, the use of the word
processor as a tool to assess writing is not
even standard among states (Russell &
Abrams, 2004; Russell, Goldberg, &
O'Connor, 2003). While empirical research
suggests that digital natives perform better
when using word processors (Russell, 1999;
Russell & Haney, 1997; Russell & Plati, 2001,
2002), surveys indicate that non-use of word
processing on statewide assessments may be
influencing teachers to avoid their use and
emphasize paper and pencil writing to prepare
students for testing (Russell & Abrams).
While the new tools, media, and forms may be
the now-and-future, the old media and forms
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continue to be the now-and-now. For
students with disabilities to make advances in
writing performance on measures like the
NAEP, there needs to be a critical
examination of the tools and technologies that
may provide compensatory benefit, i.e., that
assist these students to overcome barriers
created by a range of persistent cognitive and
physical factors (Peterson-Karlan & Parette,
2008).

Writing Problems of Students with
Learning and Academic Disabilities

Students  with learning and academic
disabilities demonstrate an impressive array of
problems in writing. Based upon a corpus of
41 research studies, Newcomer & Barenbaum
(1991) produced the seminal review of the
written composing abilities of children with
learning disabilities covering the decade of
1980-1990. This summary served as the
impetus for much of the subsequent research
in this area--research that either more fully
detailed the characteristics outlined by
Newcomer and Barenbaum or that attempted
to remediate the problems identified by these
authors through a variety of teaching and/or
technological approaches. Relative to typically
developing peers, students with learning
disabilities have decreased skills that do not
improve over time or years in school (under
typical conditions of instruction). In
comparison to typical peers, students with
learning disabilities (a) make more mechanical
errors, including spelling, punctuation, and
capitalization (fourth grade through college),
with spelling errors the most pronounced; (b)
make motre subject/predicate agreement
(syntax) errors; (c) are less fluent (i.e., use fewer
words, particularly those with seven letters;
produce fewer sentences, and use less variety
of words); and (d) do not exhibit an increase
in fluency with age (maturity).

Overall, in narrative writing, students with
learning disabilities reflect a paucity of ideas
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that prevents them from embellishing their
narratives and, as a result, produce
qualitatively perfunctory stories that may not
meet the minimal requirements for a story.
Problems with cohesiveness suggest an
inability to retain an overview of purpose or
direction of the composition (lack a story
‘plan’), instead writing any thought that occurs
-- indiscriminately and often inappropriately.
Data suggests that students with learning
disabilities have only cursory knowledge of
what a story is and do not know or remember
how to expand a composition beyond this
level, lacking the composing skills to identify
organization  problems  during revision
(Newcomer & Brenbaum, 1991).

Overall, in expository writing, students with
learning disabilities produce compositions
exhibiting mechanical errors, irrelevancies,
redundancies, early termination, lack of
coherence and organization. The type of text
structure of the composition differentially
affects the type and extent of errors.
Sequencing appears to be the easiest text
structure and compare/contrast the most
difficult. The problems exhibited by students
with learning disabilities were not only more
frequent compared to typically achieving
peers at grade level, but were significantly
worse than underachieving students matched
for reading level and IQ. Metacognitive
research in this corpus focused upon
expository, rather than narrative, composing
and compositions. Specific analysis of the use
of metacognitive knowledge and cognitive
strategies while writing reveals that students
with learning disabilities compared to typical
peers demonstrate (a) less knowledge of steps
in the writing process, including the relevance
of planning; (b) less knowledge of the
structures of various expository texts; (c)
fewer procedures for generating, selecting,
and integrating information from multiple
sources; and (d) fewer strategies for
organizing and presenting expository ideas,
including modeled strategies.



There is a long history to the suggestion that
technology can be particularly advantageous
for students with learning and academic
disabilities in remediating or compensating for
these problems. Word processors, word
prediction, spell checkers, text-to-speech, and
organization tools have all been extensively
discussed as helping or having potential to
help students with disabilities to engage in the
many levels of cognition required to produce
coherent, organized, audience-aware, and
conventionally accurate compositions (e.g.,
Forgrave, 2002; Hunt-Berg & Rankin, 1994;
MacArthur, 2000, 20092, 2009b; Montgomery
& Marks, 20006; Sitko, Laine, & Sitko, 2005;
Zhao, 2007). However, only recently has there
been systematic examination of the existing
evidence base using historical and meta-
analytic synthesis techniques that might
support such claims (Cochran-Smith, 1991;
Goldberg, Russell & Cook, 2003; Graham &
Perrin, 2007, Okolo & Bouck, 2007; Peterson-
Karlan & Parette, 2007b; Rogers & Graham,
2008). Based upon a comprehensive
compilation and examination of the literature
related to the use of technology to support
writing by students with learning and
academic disabilities (Peterson-Karlan 2011;
Peterson-Karlan & Parette, 2007b), this paper
reports on the characteristics of this literature
base, trends in research over time, and
implications for conclusions regarding the
effectiveness of technology as related to
specific components of the writing process.
The overall purpose is to determine what is
known from empirical research regarding
technologies to support writing and whether
technology to support writing is an evidence-
based practice.

Compiling and Synthesizing the Research
Literature

To identify published articles related to
technology that supports writing by students
with learning and academic disabilities,
multiple searches were completed using the
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Academic Search Premier, ERIC-OVID, and
PsycINFO electronic databases (search range
1994-2010). Each search was refined with a
three-phase process whereby initial search
terms were modified, with each subsequent
search using keyword and title descriptors
identified from the previous search. Where
available, text searches of these terms were
also completed. Hand searches were
conducted of 15 journals known to publish
articles on the topic (search range 2003-2005);
subsequently, “hand searches” of the
electronic article listings of a number of the
most cited journals using the databases were
conducted (search range 2005-2010). For each
article identified, ancestor searches of the
references cited in the article were also
completed. Ancestor searches were useful in
identifying literature from the 1985-1994
range of years. If authors appeared to have
multiple publications in the search area of
interest or if certain authors were cited
frequently in the identified literature,
additional author searches were conducted,
using the three databases to identify any
appropriate systematic lines of research.
Complete details of the search methodology

are available elsewhere (Peterson-Karlan,
2011).

For each item of literature, a complete APA-
formatted reference was created in an
electronic software database (Endnote®). To
synthesize the findings, each item of literature
was coded in the reference database (Endnote”)
using the descriptor terms reported below in
the results section; in general the categories
included type of article, type of research
design, writing process investigated or
discussed, and specific technology tool. Based
on the writing process and technology, tables
of findings were also created for all research
studies. Complete details and the table of
findings are available elsewhere (Peterson-
Karlan, 2011). The descriptors and tables of
findings were used to prepare the summaries
and general findings reported herein.
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Descriptive research synthesis using these
approaches is useful in (a) determining the
size of the evidence base, (b) identifying
trends in research, and (c) identifying the
design characteristics of the evidence base.
Descriptive research synthesis also is useful in
identifying relevant variables investigated
across the evidence base related to both the
process and products of writing; in
determining what we know and what we need
to know; in helping to interpret “what we
know”  regarding  the  chronological
development of the writing technology; and in
identifying limits to our conclusions in light of
the extent of the evidence base, the research
designs wused, and the development of
technology over time. Descriptive research
syntheses can provide the information needed
to conduct meta-analyses of the evidence base
to determine effect sizes, which yield
quantitative measures of the effectiveness of
technology to support writing across the
evidence base (see e.g., Goldberg et al., 2003;
Graham & Perin, 2007; Rogers & Graham,
2008).

Overall Characteristics and Trends in the
Evidence Base

There were 249 items of literature in the final

database (see Figure 1). Of these, 33.7%
(IN=85; see Appendix A for a listing of these
studies by writing process) were applied
research studies of writing technologies, while
39.3%  (IN=99) were categorized  as
background or basic research on the
technologies  themselves. Such  research
includes studies of writing technology by
typically developing students only and studies
of the functionality of the technology itself,
e.g., the accuracy of spellchecker accuracy in
detecting and suggesting replacements for
words misspelled by students with learning
and academic disabilities. The remainder of
the literature base consisted of (a) articles,
books and chapters that discuss the process of
writing  and/or  approaches to using
technology to support writing or describe the
problems exhibited by students with learning
and academic disabilities when writing (19%,
N=48); (b) national reports on the status of
writing (3.6%, N=9); and (c) meta-analytic
research  syntheses of effectiveness of
instructional approaches to improving writing
or technology to support writing with typical
students and/or students with disabilities
(4.4%, N=11).

Applied Research
1984-2010

Revise

Edit

Figure 1. The final literature collection.

Plan-Organize

Transcribe
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Research Designs Used to Examine
Technology Effectiveness

The issues related to the need for, difficulty in
establishing, and characteristics of standards
or criteria for an evidence-based practice for
special education have been addressed
extensively elsewhere (Odom, Brantlinger,
Gersten, Horner, Thompson, & Harris, 2005;
Peterson-Karlan &  Parette, 2007a). Of
specific interest in this discussion is the
contribution of research design to the
emergence of claims of effectiveness of a
practice. Within the larger discussion, a point
of agreement is that there are three central
research questions addressed in educational
and special education research: (a) What is
happening (description)? (b) Is there a
systematic effect (cause)? and (c) Why or how
is it happening (process or mechanism)?

There is further agreement that each type of
question is both scientific and requires
different methodology (Odom et al., 2005).
Four different research design methodologies
have been identified as appropriate for
addressing these questions: (a) experimental
group; (b) correlational; (c) single-subject; and
(d) qualitative (Odom et al.; Peterson-Karlan
& Parette, 2007a). Experimental group
designs include both ‘random assighment
experiments,” more commonly referred to as
the randomized controlled trial (RCT), and quasi-
experimental designs, which involve use of
subjects as their own controls (e.g., the
repeated measures design). While RCT
designs have been cited as the highest
standard for research on the effectiveness of a
treatment or intervention practice (Odom et
al; U. S. Department of Education, 2003),
other designs also permit analysis of
competing explanations for the effectiveness
of a practice (Peterson-Karlan & Parette).

To understand the contribution of wvarious
research methods or designs in determining
the effectiveness of technology to support
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compositional writing by students with
learning and academic disabilities, it may best
to view the development of the evidence base
as an ‘emerging program of research.” Levin,
O’Donnell and Kratochill (as cited in Odom
et al,, 2005) have proposed four stages of
research within which certain designs are most
appropriate. In Stage 1, preliminary ideas,
hypotheses, and observations are obtained
and explored using case studies and qualitative
and correlational designs. In Stage 2,
controlled  laboratory  experiments  or
classroom-based systematic observations and
experiments are conducted using qualitative,
single-subject, quasi-experimental, and
experimental (RCT) designs to explore the
questions of cause, process, or mechanism. In
Stage 3, results of the prior research are used
to design well-documented large-scale studies
to determine the effectiveness of a practice or
intervention. The RCT design is considered to
be the ‘gold standard’ for such research,
although an argument for the appropriateness
of large scale single subject design studies has
also been made (Horner et al., 2005; Odom et
al.). The final stage of the research process
determines those factors that lead to adaption
of effective practices in typical school systems
under naturally occurring conditions and
requires the application of a number of
research methods.

The foregoing discussion suggests that the
issue is not excluding studies from this review
based on some judgment as to the ‘value’ of
the design, but rather, that the various designs
provide perspective on the development of a
program of research on technology to support
writing. In general, case studies are indicative
of an early stage of exploration while small-IN
single-subject studies reflect an emergence of
early ‘scientific knowledge.” Large-IN single-
subject,  quasi-experimental, and = ‘true’
experimental design studies represent a more
rigorous  knowledge base capable of
substantially eliminating plausible competing
explanations for obtained results, and present
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Figure 2. Research designs used.

Quasi-Experiment

Experimental

‘strong evidence’ of effectiveness (Peterson-
Karlan & Parette, 2007a; U. S. Department of
Education, 2003).

Within the group of applied research studies
examining the effects of technology to
support compositional writing by students
with learning and academic disabilities
(IN=85), there is a fairly equal representation
of empirical research designs (See Figure 2)
with experimental (use of control groups) the
most frequent design (IN=18), and both quasi-
experimental (e.g., within subjects repeated
measure) and single-subject designs (e.g.,
multiple baseline across participants) being
about equally represented (IN=12 and 13
respectively.) Case studies represent only 20%
of the overall direct evidence base (IN=17).
These findings suggest that the evidence-base
does represent a developed program of
research overall; however, as discussed next,
this is not equally true for research on
technology to support each aspect of the
writing process.

Within the total group of applied research
studies, the most frequent writing process
examined has been transcription (53%, N=45)

Assistive Technology Outcomes and Benefits
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with nearly 1,400 students with learning and
academic  disabilities and typical peers
included in  studies  examining  the
effectiveness of technology to support
transcription (see Figure 3). Studies of the use
of technology to support the revision process
are next most frequent among all applied
research studies (29.4%, N=25), but including
a much smaller number of students with and
without learning and academic disabilities
(N=115). Much less frequent in the evidence
base are studies of the use of technology to
support editing (11.8%, N=10) and the
planning and organizing processes (5.9%,
N=5). While transcription is an important
process, representing the ability to generate
text that is both legible and conventionally
accurate (spelling, punctuation, grammar),
planning and organization are perhaps more
important to producing compositions that are
coherent, organized, understandable, and
interesting to the reader. Despite the fact that
technologies to support for the critical
planning and organization processes in
compositional writing exist (e.g, Draft:Builder®;
Inspiration”), lack of an evidence base for
students with learning and academic
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Total Applied Research Studies 1984-2010
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Figure 3. Research studies by writing process.

Edit Revise All Studies

disabilities is a serious deficiency of the
research field.

Figure 4 shows the distribution of research
designs used in the studies of technologies to
support compositional writing by students
with learning and academic disabilities across
the four writing processes. There are few
planning research studies (IN=5) with those
including mostly quasi-experimental (IN=4)
and experimental (N=1) designs.
Transcription research studies include cases
studies (32%, IN=12) single-subject design
studies  (26%, N=10), quasi-experimental
designs (10.5%, N=4), and experimental
designs (32%, N=12). Editing research studies
(N=10) include an equal proportion of case
studies (IN=3), quasi-experimental (IN=3), and
experimental (IN=3) design studies with only
one single-subject design study. Revising
research studies (N=7) include an equal
proportion of case studies (IN=2), single
subject (IN=2), and experimental (N=2)
design studies with only one quasi-
experimental design study. These numbers
indicate that the transcription, editing and
revising research base demonstrates a trend
toward increasing maturity in the scope and
purpose of the research but little volume on

which meta-analytic techniques can be applied
to render quantitative conclusions about the
effect of technology on the writing process
for students with learning and academic
disabilities. The extent of the research base
needed for this type of analysis will be
addressed in more detail below.

Historical  Trends in
Research

Technology

The research base compiled here extends over
a period of 26 years (1984-2010). During this
time, many technological advances were made
in the underlying operating systems and
application technologies. Any conclusions
about the effectiveness of the technology or
the generalizability of the findings in
supporting compositional writing by students
with learning and academic disabilities must
be viewed relative to the development of the
technology itself over time. Thus, it is
necessary to examine the historical trends in
development and publication of the research
base. Figure 5 presents the overall historical
trends in applied research on technology to
support compositional writing by these
students. Examination of the frequency of
applied research studies yields a disturbing
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Figure 4. Frequency of research studies by design across the writing processes.

conclusion; as technology availability has
exploded in the last 10 years (Parette,
Peterson-Karlan, & Wojcik, 2005), the
frequency of applied research investigating the
use of technology to support compositional
writing by student with learning and academic
disabilities across all four writing processes
has declined dramatically. In the last five years
(2006-2010), only five studies were located,
with only 13 in the previous five years (2001-
2005). That is less than two studies per year!
In contrast, in the 16-year period of 1984-
2000, there were 65 such studies published in
peer-reviewed  journals, representing 4.3
published studies per year. It would be
erroneous to conclude that perhaps we had
acquired all the information, or ‘answers,” that
we needed in that first 15-year period.

Examination of the research with students
with learning and academic disabilities using
technology to support transcription provides
evidence that such a conclusion is incorrect
(see Figure 6). The peak in frequency of
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studies came in the 5-year period of 1984-
1990  that preceded introduction  of
Microsoft® Word for Windows®, the first
Microsoft® word processor with a graphical
user interface (GUI). In the next five years,
there was 40% less research examining the use
of the ‘new’” GUI word processors to support
the transcription of students with learning and
academic disabilities. The frequency of such
research has continued to decline despite the
improvements to and enhanced features of
the GUI word processor. It would be difficult
to argue that the findings for the effectiveness
of word processors in improving aspects of
compositional writing would be equivalent for
non-GUI and GUI-based word processors.
Graphical, menu driven interfaces support
recognition of features, e.g. spellcheck), rather
than recall of command prompts (e.g.
c\\ptint), and What-You-See-is-What-Y ou-Get
(WSYWIG) views of the final written
product. Similarly, interpretation of applied
research examining the effectiveness of
speech recognition (speech-to-text)




technology is limited by the change in the
technology from discrete speech recognition
(e.g., Vwiwelype) to continuous speech
recognition (e.g., Dragon Dictate) that occurred
in 1999. There were an equal number of
studies published before and after the
technological change; however, not all of the
subsequent studies investigated the newer
technology (Peterson-Karlan, 2011).
Continuous speech recognition continues to
evolve and develop technologically with many
of the issues of training time and recognition
accuracy having been addressed (by developer
report) with little if any new empirical studies
of its use by students with learning and
academic disabilities to support compositional
writing. Word prediction shows a similar
trend having a peak in 1996-2000 (five
studies) and a subsequent decline. As
addressed below, all of these declines in well-
designed empirical research have an impact
upon our ability to formulate conclusions
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about technology as an evidence-based
practice.

Technologies that Support Compositional
Writing Across the Critical Writing
Processes

Despite the limitations of the overall scope
and currency of the evidence base, it is still
useful to examine the frequency and
characteristics of the research base for the
various tools that are available to support each
of the four compositional writing processes.
In addition, it is also useful to identify what
we know and what we do not know based on
existing evidence, despite the limited scope.
This section will address the overall
characteristics and general findings from the
research; detailed analyses are available
elsewhere (Peterson-Karlan, 2011).

25

Peer-Reviewed Research 1984-2010

20

15

10 r—

5

0 ¢ |
1984-1990 1991-1995 1996-2000 2001-2005 2006-2010
—#—Planning Transcription  —#—Editing-Revising =—==—TOTAL

Figure 5. Frequency of applied research with students with learning and academic disabilities.
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Technology to Support Planning

There are only five studies in the research
base that have examined the effect of using
digital planning and organization tools on the
compositional writing of students with
learning and academic disabilities (see Table 1)
[See also Appendix A]. Among these five
studies are one that examined the use of a
prompted outline tool, and four that
examined the use of prompted graphic
organizers. In all four studies, these tools were
combined with use of a word processor to
produce the written composition. ‘Prompt’ is
used here to refer to on-screen text that
provides specific content or procedural
prompts; if text-to-speech were available,
auditory presentation of the prompt was also
possible. Unfortunately, three of the studies
used technology that is not commercially
available; the technology was custom
developed for the series of research studies in
order to provide ‘proof of concept.’

What we do know is based both on direct
evidence (L.e., direct investigation of the
effectiveness of the digital tool), and indirect
evidence (i.e., direct evidence of an effective
strategy that is applied to a tool that uses the
strategy). A large base of indirect evidence
(Englert, Manalo, & Zhao, 2004; Englert, Wu,
& Zhao, 2005; Englert, Zhao, Dunsmore,
Collings, & Wolbers, 2007; Graham,
MacArthur, & Fitzgerald, 2007) suggests that
the planning and organization skills of
students with learning and  academic
disabilities can be improved and that tools
must provide both procedural facilitation and
text structure supports. Market survey
indicates  that such tools exist (eg,
Draft:Builder”; Kurzweil 3000, Read & Write
Gold). However, there is a great need for
additional research that directly examines the
effectiveness of these tools on the
compositional writing of students with
learning and academic disabilities.
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Figure 6. Frequency of applied transcription research studies with students with learning and
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Table 1
Applied Research Studies with Students with Learning and Academic Disabilities by
Writing Process and Digital Tool 1984-2010
N of % of
Writing Process Digital Tool Studies Studies
Word Processor (WP) + Prompted Outline 1 20.0%
Plan-Organize WP + Prompted Graphic Organizer 1 20.0%
WP + Graphic Organizer + Prompts 3 60.0%
. Keyboardin 9 20.0%
Transeribe Word Procegssor (WP) 17 37.8%
WP + Word Prediction 9 20.0%
WP + Speech Recognition 10 22.2%
Bdic Spellchecker 9 90.0%
Grammar checker 1 10.0%
Word Processor (WP) 38 32.0%
Revise WP + Peer Strategies 10 40.0%
WP + Procedural Facilitation 2 8.0%
WP + Digital Prompting 1 4.0%
WP + Text-to-Speech 4 16.0%

Technology to Support Transcription

There are a total of 45 applied studies in the
research base that have examined the effect of
transcription tools on compositional writing
by students with learning and academic
disabilities; this includes (see Table 1) studies
of keyboard training or use (IN=9), word
processors use (IN=17), use of word
processors with word prediction (IN=9), and
use of speech recognition word processors
(N=10). Given the problems associated with
technological development discussed above, a
number of tentative findings can be drawn
from this research. First, word processors
used alone increase the legibility of the written
composition and increase transcription speed;
however, only to the extent that students have
obtained ‘competent’ levels of keyboarding
speed. Word prediction, when used with word
processors, increases transcription accuracy,
may increase word fluency (which was often
not  measured), and may  increase
compositional quality (although not directly).
Writing  quality is a multi-dimensional

outcome construct (Graham & Perin, 2007)
of which word fluency is only one aspect.
Increases in word fluency when using word
prediction  contribute, in  part, to
compositional quality but not to the effect
that organization or use of detail does, for
example. The research with students with
learning and academic disabilities using
current, continuous speech recognition
systems 1is too limited, and the wvariables
involving  both  the technology (e.g,
recognition accuracy) and the user (e.g.,
severity of spelling errors, operational
competence in transcription and transcription
error correction) are too complex to yield any
useful tentative conclusions beyond the fact
the students can learn to use them to produce
written compositions.

Technology to Support Editing and Revising

As used here, editing is the process of
‘proofreading’ the written composition, either
after or during transcription for accuracy of
spelling, punctuation and grammar The
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Table 2
Criteria for an ‘Evidence-Based Practice’

Quasi-Experimental & Experimental
Design Studies

Single-Subject Design Studies

There are at least four acceptable guality studies, or
two high quality studies that support the practice;
and

Z€ro.

The weighted effect size is significantly greater than

The experimental effects of minimally acceptable
studies must be replicated across

A minimum of five acceptable single-subject
studies

Conducted by af least three different researchers
across at least three different geographical locations

And include a total of at least 20 participants

primary editing tool that has been investigated
is the word processor spellchecker (IN=9
studies) with only one study found
investigating use of a grammar checker by
students  with learning and  academic
disabilities (see Table 1). This research yields
one preliminary finding: that teaching students
with learning and academic disabilities to use
spellchecking strategies combined with text-
to-speech output spellcheckers increases
compositional accuracy. These findings are
further limited to the more recent word
processors that use new algorithms for
identifying errors and suggesting alternative
words.

As used here, revising is the process of
making improvements to the structure of the
composition including organization,
coherence, use of detail, etc. There are 25
applied  studies of  revising  written
compositions by students with learning and
academic disabilities in the research evidence
base. The majority these being ecither
investigation of the use of the word processor
alone (N=8) or in combination with either
procedural facilitation (strategy use; N=2) or
peer review strategies (IN=10). There are a
very small number of studies investigating the
use of a digital prompting tool (IN=1) and use
of text-to-speech aided screen review of the
written composition (IN=4). The major
limitation to identifying any overall findings is
the number of studies; there are only five

Alssistive Technology Outcomes and Benefits
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studies, of all 25, that employed non-case
study designs, including only two each for the
effect of word processor use and word
processor with procedural facilitation, and one
study of the use of a digital prompting tool.
This is too small a sample to draw any reliable
or valid conclusions regarding the effect of
technology on revising written compositions
by students with learning and academic
disabilities.

Conclusions and Implications

The purpose of this literature research was to
determine what is known from empirical
research on technologies to support writing
and whether technology to support writing is
an evidence-based practice. Based standards
recently proposed for determining whether a
practice is evidence-based, Table 2 provides
the criteria for ‘acceptable’ and ‘high quality’
experimental and quasi-experimental (Gersten
et al, 2005) and single-subject designs
(Horner et al., 2005).

The terms acceptable and high quality refer to
characteristics of the procedures and
methodology of the studies; details of these
internal characteristics can be found within
the references cited. For this review, it is
assumed that the internal characteristics have
been addressed through the peer review
process, although this will need to be
confirmed in follow-up investigations of the



Summer 2011, Volume 7, Number 1

Table 3

Analysis of Technologies to Support Writing as Evidence-Based Practice

(N=10)

Case Studies Single Subject Quasxi Experimental TOTAL
< Experiment
Planning & Onganization
N Studies
All Tools 0 0 4 1 5
N Students
All Tools - - 64 35 99
Transcription
N Studies®
Word Processor (WP) 2 4 3 8 17
WP+Word Prediction 2 5 0 2 9
WP+Speech Recognition® 8 1 1 2 12
N Students
Wotd Processor (WP) 12 19 106 794 931
WP+Word Prediction 6 21 0 297 324
WP+Speech Recognition 45 3 23 72 143
Editing
N Studies
Spellchecker 3 1 3 2 9
Grammar Checker 0 0 0 1 1
N Students
Spellchecker 66 3 72 296 437
Grammar Checker 0 0 0 203 203
Revising
N Studies
Word Processor (WP) 2 1 1 0 4
WP+Procedural Facilitation® 0 1 0 1 2
WP+Digital Prompting! 0 0 0 1 1
N Students
Word Processor (WP) 12 4 11 0 27
WP+Procedural Facilitation 0 3 0 28 31
WP+Digital Prompting 0 0 0 57 57
Notes:

* Omitted Keyboarding Studies (IN=9), ® Two articles reported 2 studies, © Omitted WP+Text-to-Speech (IN=4), ¢ Omitted WP+Peer Strategies

studies in this evidence base. The focus here is
on two necessary conditions: (a) Are there
enough studies to establish an evidence-based
practice? (assuming that the studies are either

acceptable or of high quality); and (b) Are
there enough participants in the studies to
establish an evidence-based practice? Table 3
presents the results of this analysis using the
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evidence base identified for technology to
support writing by students with learning and
academic disabilities.

Planning and Organization Tools

There is not a sufficient number of
experimental or quasi-experimental (N=5) nor
are there any single subject design studies to
support the wuse of digital planning and
organizing tools as an evidence-based practice

(See Table 3).
Transcription Tools

There are a sufficient number of experimental
or quasi-experimental design studies (IN=11)
of the effects of word processing on the
compositional writing of students with
learning and academic disabilities to warrant
further analysis and meta-analysis of the
necessary effect sizes (see Table 3). There
needs to be two additional single-subject
design studies before determining whether
these studies collectively support the use of
the word processor as an evidence-based
practice. There is not a sufficient number of
experimental or quasi-experimental (IN=2)
design studies regarding the use of word
processors with word prediction. One more
single subject design study (IN=5) of word
predication used with a word processor is
needed; however, there are a sufficient
number of participants (IN=21) to perhaps
warrant further meta-analysis of the results of
the use of these tools on the compositional
writing of students with learning and
academic disabilities. There are an insufficient
number of either experimental or quasi-
experimental (IN=3) and single subject (IN=1)
design studies to determine whether the use
of speech  recognition  (speech-to-text)
combined with word processors is an
evidence-based practice. If at least two of the
experimental or quasi-experimental were
found to be ‘high quality’ then a conclusion
might be possible regarding the use of word

Alssistive Technology Outcomes and Benefits
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prediction and speech recognition combined
with word processing as evidence-based
practices.

Editing & Revising Tools

The use of spellcheckers as an evidence-based
practice to support compositional writing of
students with learning and academic
disabilities is supported by five experimental
or quasi-experimental design studies, but only
one single subject design study (see Table 2).
If the experimental or quasi-experimental
design studies meet the criteria for either
acceptable or high quality studies, further
analysis or meta-analysis are warranted to
determine the necessary effect sizes. Grammar
checkers have received little attention in the
research on compositional writing by students
with learning and academic disabilities; in fact,
only one experimental design study could be
located. Digital tools to support revising of
written compositions by students with
learning and academic disabilities has also
received little attention, with a total of only
seven studies across all three types of tools
(see Table 3). There were not even two
experimental or quasi-experimental design
studies found for any one of the three types
of tools (word processor, WP with procedural
facilitation, or WP with digital prompting).

Summary

The extent and quality of the digital
technology applied research evidence base
reviewed here is alarming considering the: (a)
importance of compositional writing in post-
secondary education and in the workplace; (b)
performance of struggling writers, including
those with learning and academic disabilities
on assessments such as the NAEP; (c)
significant trends in writing technology
development over the past 25 years; and (d)
trends in availability and use of computers and
digital technologies by all school-aged
children, including those who struggle to



write. While there may be just enough applied
research to establish ‘promising’ technology
practices and, in a few cases, perhaps even
‘evidence-based practices,” there are major
gaps at all levels of the writing process in the
applied research base. Of perhaps greatest
concern is the fact that the trends in amount
or research published in peer-reviewed
journals (a necessary criterion for determining
an evidence-based practice) is decreasing as
digital tools (e.g., netbooks and tablet
computers) are increasingly present in school
settings.

Given the insufficient size and the extent of
outdated technology in the research base, we
should be very wary of published work that
recommends the use of technology to support
compositional writing by these students as
though it were an evidence-based practice.
Similarly, published conclusions regarding the
ineffectiveness of digital writing support
technologies are also to be greeted with
skepticism.  There is one overriding
conclusion that presents itself without even
the support of meta-analytic analysis of the
existing research base: We need more and better
research on current technologies that support
compositional writing by students with
learning and academic disabilities and we need
it now! The questions to be answered are not
new. Is it effective in improving the quality of
compositions?  While this is the ultimate
outcome of students with learning and
academic disabilities using technology to
write, in the larger scope of a research
program, another question is equally, if not
more, relevant: How does technology support
compositional writing? To address this
question, it will be necessary to measure more
than compositional quality using, for example,
6-trait rubrics. A range of variables has been
identified through systematic synthesis of the
existing research that impact the overall
quality of compositions produced by students
with learning and academic disabilities
(Peterson-Karlan, 2011; Peterson-Karlan &
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Parette, 2007). These variables include, among
others, operational competence in using
technology, organization and completeness of
the content structure of the various
compositional writing tasks (e.g., narrative,
compare-and-contrast expository, persuasive
argument, etc); transcription speed;
conventional accuracy (spelling, punctuation,
grammar); and word fluency and use of
supporting detail. In the systematic program
of research that is needed, current and
emerging technologies will be integrated with
those writing interventions that have been
demonstrated to be effective (e.g., Graham,
MacArthur, & Fitzgerald, 2007, Graham &
Perin, 2007). Such research will systematically
expand our knowledge and establish effective
technology-supported instructional practices
for students with learning and academic
disabilities who struggle to write in a digital

age.
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