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SUMMARY. This article investigates the impact that technology and
computers have had over the past 20 years in the field of special educa-
tion. A review of the literature on technology and computers was conducted
in the flagship journals in the areas of learning disabilities, mental retarda-
tion, deaf/hard of hearing, and gifted/talented. The analysis yielded a va-
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riety of trends that were specific to each subfield. Findings were compared
to the general literature in technology and revealed that the literature in each
field reflected the general advances in, and availability of, technology over
time. [Article copies available for a fee from The Haworth Document Delivery
Service: 1-800-HAWORTH. E-mail address: <docdelivery@haworthpress.
com>Website: <http://www.HaworthPress.com>©2003 by TheHaworth Press,
Inc. All rights reserved.]
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INTRODUCTION

Very few innovations have matched the growth of computer use in all areas
of education, but the overwhelming changes in technology use in all areas of
special education warrant attention. The mid 1970s were especially exciting
times for technology innovation. Apple computers released the Apple II series,
and computer-based instruction (CBI) emerged as a viable alternative in edu-
cation. By 1983, IBM was the sole personal computer (PC) manufacturer, and
microcomputers gained attention in our society as Time magazine named the
computer as “Man of the Year” (Blackhurst & Edyburn, 2000).

The growing popularity of microcomputers also became prevalent in the
field of special education. A series of federal laws were put into place to support
and assure that technology and related services were provided to individuals
with disabilities (see Assistive Technology Act, Individuals with Disabilities
Education Act, and Americans with Disabilities Act). Blackhurst and Edyburn
(2000), however, remind us that technology has played a significant role in the
lives of individuals with disabilities, even prior to the innovations seen during
the 20th century.

While the infusion of technology into special education programs predates
even the invention of the microcomputer, research on the impact of technology
is scant in the literature prior to the 1980s. During this early stage of interest in
technology as an educational innovation, the main thrust of research was dedi-
cated to how available technologies could be used to address the individual
needs of students. Software programs were designed primarily for use as tuto-
rials, to encourage drill and practice, or as enrichment in the form of games and
simulations. From the beginning, there was a differentiation in the use of tech-
nology, which depended heavily on the exceptionality for which it was used.
For example, in the areas that deal with students with disabilities, technology
was viewed primarily as assistive, concentrating on facilitating student ability
to communicate and promoting academic success. On the other end of the
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spectrum, technology used with gifted students tended to focus on expanding
the users’ experience with the content and using software that promoted active
engagement, higher order thinking, and abstract reasoning.

Today, many educators view technology as a vehicle for promoting think-
ing and as a delivery system that allows students to reach beyond the confines
of more traditional learning experiences. Even the use of assistive technology
for students with special needs has changed and is used to open up exciting
possibilities for learning. As a differentiation tool, technology allows students
of all ability levels to work within their own style preferences and readiness
levels. For example, students who use the Internet as a research tool will find a
wide variety of available resources. Teachers may allow some students who
have the ability to think abstractly and problem-solve to freely search their
topic while others are given guidance toward specific resources that fit the
topic at hand. Technology, such as the Internet, can provide yet other students
the ability to communicate with others in a bias-free environment.

The purpose of this article, therefore, is to identify the impact that comput-
ers and technology have had on the field of special education and specifically
to show the broadening use of technology over time in the lives of individuals
with exceptionalities. Throughout this article, unless otherwise noted, the term
technology will be used to include all aspects of instructional technology and
assistive technology, including but not limited to computers.

For this retrospective look at technology in special education, we deter-
mined to look back to the year 1981, which approximately estimates when
computers were first introduced in schools. A literature search was con-
ducted by each of the authors in her/his area of expertise using both online
and hand-search methods. Each author examined the flagship journal(s) in
her/his area using the key terms technology, assistive technology, and comput-
ers. The data were analyzed using a naturalistic approach that allows for the
emergence of themes (Lincoln & Guba, 1985). The emerging themes were then
cross-checked by the authors to identify overall trends in the field. The results
are presented by subfield, and a review of the overall trends can be found in the
conclusion. The general headings, which match the subfields investigated, in-
clude: Learning Disabilities, Mental Retardation, Deaf/Hard of Hearing, Gifted
and Talented.

LEARNING DISABILITIES

The research on using technology for students with learning disabilities re-
flects the complex instructional and assessment nature of the field of learning
disabilities. A thorough investigation of three flagship journals–Journal of
Learning Disabilities, Journal of Special Education Technology, and Excep-
tional Children–revealed several recurring themes: (a) computer-assisted in-
struction (CAI), (b) multimedia, and (c) tools for learning.
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Historical Trends

Computer technology in the early 1980s for students with learning disabili-
ties was comprised primarily of instruction commonly referred to as com-
puter-assisted instruction (CAI). Such instruction generally consisted of
drill-and-practice lessons to build specific skills. Researchers and educators
implemented CAI to provide individualized instruction to students with learn-
ing disabilities (Bahr & Reith, 1989; McDermott & Watkins, 1983; Wood-
ward, Carnine, Gerten, Gleason, Johnson, & Collins, 1986). Computers used
in this capacity were viewed as playing the role of the tutor (Woodward,
Gallagher, & Reith, 2001). This role came about as the computer was identi-
fied as an extremely efficient medium for delivering various levels of aca-
demic instruction, allowing students to work at their own pace and skill level
and providing them with immediate feedback. In addition to tutorial software,
drill-and-practice software provided learners with a multitude of opportunities
to practice a single skill already taught. Computer-assisted technology seemed
a natural fit into the traditional direct instruction curriculum that was typically
found in special education classrooms.

As classroom instruction began to change, a new dimension to CAI was in-
vestigated. Researchers began to look at instructional design variables for ef-
fective instruction for students with learning disabilities (Woodward & Cuban,
2001). In the early 1990s researchers (e.g., Anderson-Inman, 1990-91; Boone &
Higgins, 1993) developed computer-assisted instruction that engaged the
learner through hypermedia. Higgins, Boone, and Lovitt (1996) investigated
the use of hypermedia study guides and information retention with students
identified as having learning disabilities and students receiving remedial ser-
vices. Findings revealed that hypermedia study guides were viable educational
tools. A three-year, school-based research study conducted by Boone and Hig-
gins (1993) investigated the use of hypermedia support and basal readers. This
study confirmed the effectiveness and use of hypermedia software for students
in special education who participate in the general education curriculum.

Although the body of research in the area of hypermedia-based instruction
is relatively small and could benefit from further investigation, instructional
benefits of hypermedia and its use by students with learning disabilities have
been reported at the elementary, middle, and high school grade levels (Ander-
son-Inman, 1990-91; Boone & Higgins, 1993; Higgins & Boone, 1990, 1991,
1993; Lewis, 2000; MacArthur & Haynes, 1995).

Multimedia

As technology began to advance in the late 1980s and early 1990s, research-
ers working in the field of learning disabilities began to investigate the power
of graphics, and multimedia for learning. Multimedia–a combination of graph-
ics, video, animations, pictures, and sound–provides diverse learning instruc-

132 Technology in Education: A Twenty-Year Retrospective



tion and has been used for years in the classroom. Multimedia instruction
provides the learner with ample opportunities to become interactive in the
learning process.

The Cognition and Technology Group at Vanderbilt (CTGV) completed
extensive research on the application of multimedia instruction. The major fo-
cus of their work involved the use of videodisc environments. Such situated
environments provide rich opportunities and realistic contexts that encourage
the active construction of knowledge by learners (Cognition and Technology
Group at Vanderbilt, 1993).

As a result of advancing technology, more and more multimedia applica-
tions have become computer-based, making a shift from a receptive mode to a
more interactive mode. Research conducted by Daiute and Morse (1994) in-
volved the use of multimedia writing tools for students with disabilities. Find-
ings concluded that students could experience writing success through the
power of multimedia. Multimedia was found to be one way teachers can help
children connect their specific perspectives and ways of expressing them-
selves to a common curriculum.

Multimedia makes important information more obvious (Najjar, 1996). Re-
search supports the positive benefits of multimedia instruction for students
with learning disabilities or those who may have limited prior knowledge in a
particular academic area. Multimedia learning materials engage the learner in
multiple representations of content to be learned.

Tutor versus Tool Metaphor

As technology became more common in our classrooms, educators and re-
searchers were discovering the role of technology in the instructional process.
The role of computers began to shift from “tutor to tool” (Woodward & Cuban,
2001). Technology had shifted from providing instruction to providing sup-
port for completing learning tasks and processes. Word processors, word pre-
diction, speech recognition, spell checkers, text-to-speech programs, graphic
organizers, and online resources provided students with learning disabilities
opportunities to strengthen their academic weaknesses and complete a desired
learning task with hope that academic growth would be achieved.
Word processing. As early as 1989, educators were discussing the liberat-

ing effects experienced by students with reading difficulties when basic
word-processing applications were integrated into their language experience
lessons (Sharp, 1989). Word processing and spell checkers have long been rec-
ognized as valuable tools in improving student writing, and those with learning
disabilities especially benefit by being afforded the opportunity to edit easily
and produce a highly legible finished product (Graham & MacArthur, 1998;
Lewis, Graves, Ashton, & Kieley, 1998; MacArthur, 1996, 1998, 1999; Mac-
Arthur & Graham, 1987; MacArthur, Graham, & Schwartz, 1991; Outhred,
1989). Such a product would have been difficult to produce by these students
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without accessibility to word-processing applications (Woodward & Rieth,
1997).
Word prediction.Word prediction software provides the student with learn-

ing disabilities a tool to make the writing process more approachable. Such
programs were found to enhance the text-entry speed of students with learning
disabilities by allowing the student to simply recognize a word instead of spell-
ing it out by individual letters (Lewis et al., 1998; MacArthur, 1999). Addi-
tional research conducted by MacArthur (1999) revealed that word prediction
can make a substantial difference for those individuals with severe writing
problems that interfere with the readability of their writing.
Speech recognition. The advancement/improvement of speech recognition

technology is changing rapidly. De La Paz (1999) states that “in anticipation to
such technological advancements, a small but growing group of researchers has
conducted research during the past 10 years to determine how this technology
might best be used with persons with learning and writing problems” (p. 174).

Speech recognition has been researched both as assistive technology to
overcome difficulties in writing and as a tool to build remedial skills in reading
and spelling (Elkind, Black, & Murray, 1996; Higgins & Raskind, 1995; Hig-
gins & Zvi, 1995). Results were encouraging; students exhibited significant
improvement in writing composition using speech recognition as compared to
writing with word processing, or pencil and paper, or dictation to another per-
son (Higgins & Raskind, 2000). In addition, the use of speech recognition to
build remedial skills demonstrated an increase in word recognition, speed, ac-
curacy, and reading comprehension.

As we investigate the effectiveness of speech recognition and other com-
puter technologies for students with learning disabilities, it is essential to not
only investigate the role that technology plays but also the strategies and
metacognitive skills that are necessary to engage the individual in the specific
learning tasks. With a better understanding of these components we can assist
students in learning for understanding and provide them with the tools to cre-
ate knowledge that is useful (Hasselbring, 2001).

MENTAL RETARDATION

A review of the flagship journals in mental retardation resulted in the identi-
fication of three general themes: historical trends, technology as a tool, and
barriers. Each of these categories will be discussed according to specific
themes revealed as a result of the review.

Historical Trends

Equal access to all aspects of life has always been an issue for individuals
with mental retardation. Access for these individuals has relied heavily on the
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use of adaptive devices and technologies. Prior to the passage of P.L. 94-142
and the deinstitutionalization of individuals with mental retardation in the
1980s, most devices used by individuals with metal retardation would be con-
sidered “low tech.” Low tech devices–described as simple, passive, and hav-
ing few moving parts–include adaptive switches, cell systems, communication
boards, adaptive books, adaptive eating utensils, tactile enhancement tools,
etc. (Angelo, 1995; Mann & Lane, 1995; Parette, 1997). P.L. 94-142 and de-
institutionalization brought individuals with mental retardation into the com-
munity and public schools by mandating a free and appropriate education. To
meet the learning needs of these students, the focus of technology moved from
“low tech” to “high tech” devices. High tech devices, described as being more
complex, usually incorporating sophisticated electronic components, include
augmentative and alternative communication devices, modified or alternative
keyboards, Braille printers and text-to-speech devices, and computers for edu-
cational tasks (Huntinger, 1996; Inge & Shepherd, 1995; Parette, 1997). It was
ultimately shown that technology, as a teaching tool, would help give individ-
uals with mental retardation equal access to the appropriate education they de-
served.

Technology as a Tool

Technology as a teaching tool immediately, profoundly, and positively im-
pacted the education of individuals with mental retardation. The use of
assistive technology devices for individuals with mental retardation was
shown by Wehmeyer (1998) to increase self-determination, independence,
and integration skill. In addition, assistive devices allowed for “positive
changes in inter- and intrapersonal relationships, sensory abilities and cogni-
tive capabilities, communication skills, motor performance, self-maintenance,
leisure, and productivity” (Parette, 1997, p. 268).

While many of the “low tech” and “high tech” assistive technology devices
have greatly increased access to the learning environment for individuals with
mental retardation, the introduction of the computer as a teaching tool, and
subsequent supporting software, can be viewed as the greatest agent of change
in relation to both the curricula taught and the teaching methods employed for
individuals with mental retardation. Technology, in the form of interactive
computers and software, is now being used to enhance the learning of these in-
dividuals by providing alternative pathways to acquiring knowledge and
skills.

Initial studies in the 1980s and early 1990s identified computers, specifi-
cally computer-assisted instruction, as an effective teaching tool to support the
acquisition of basic learning skills (Chen & Bernard-Opitz, 1993; Iacona &
Miller, 1989; Thomas, 1981). More currently, the trend in research and in the
special education literature has become the use of technology to enhance
and/or open new avenues of learning and communication for individuals with
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mental retardation. Technology is now being used to develop functional cur-
ricula to better teach academic courses in schools and to help better prepare in-
dividuals with mental retardation for the transition to life after school.

Preparing individuals with mental retardation for the workplace through the
use of technology has been an emerging theme in special education literature.
Morgan, Gerity, and Ellerd (2000) used video and CD-ROM technology to
help individuals with severe disabilities establish job preferences. Kyhl, Alper,
and Sinclair (1999) used videotaped instruction to aid in job acquisition, and
Furniss et al. (1999) looked at the use of palmtop-based devices to aid individ-
uals with severe intellectual disabilities in the workplace setting.

A second theme evident in the literature is the use of assistive technology
devices as a means of opening avenues of communication for individuals with
mental retardation. Voice output communication aids, used to produce syn-
thetic or digitized speech, have been used successfully with individuals with
autism and related disabilities (Beukelman & Mirenda, 1992; Mirenda, Wild, &
Carson, 2000; Schepis, Reid, Behrmann, & Sutton, 1998). Although viewed as
controversial in the field of education, facilitated communication, the use of
keyboards or alphabet boards, has been used as a means of communication for
individuals with severe mental retardation, autism, or other related disorders
(Sheehan & Matuozzi, 1996; Salomon-Weiss, Wagner, & Bauman, 1996).

A third emerging theme in special education literature is the use of a variety
of technology to aid individuals with mental retardation in the acquisition of
lifeskills. Developing and maintaining meaningful relationships have histori-
cally been problematic for these individuals. Renbald (1999) used technology
to aid in the development of social networks of individuals with mental retar-
dation. Browning and White (1986) used an interactive video-based curricu-
lum to teach life-enhancement skills to these individuals.

Lastly, technology is now being used to help individuals with mental retar-
dation produce work in the classroom for ongoing assessment. Denham and
Lahm (2001) outlined how, through the use of assistive technologies, students
with moderate to severe disabilities construct alternative portfolios of their
work. Through the use of adaptive tools such as IntelliKeys keyboards and
Overlay Maker, students were able to construct portfolios of their year-long
work. These tools have allowed students with mental retardation to produce
products similar to their nondisabled peers.

The Future of Assistive Technology–Overcoming Barriers

The future use of assistive technology for students with mental retardation
does not necessarily lie in the development and implementation of new tech-
nologies but in the proper and full implementation of current technologies. The
Association for Retarded Citizens (The Arc), a national advocacy organization
that represents individuals with mental retardation and their families, has re-
peatedly voiced concerns related to access to technology for people with men-
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tal retardation. Wehmeyer (1999), summarizing the position of The Arc stated,
“It appears that, for a variety of reasons, assistive technology devices remain
largely underutilized by people with mental retardation” (p. 49). Studies by
Wehmeyer (1999) and Derer, Polsgrove, and Rieth (1996) support The Arc’s
view that many appropriate and helpful assistive technology devices are being
underutilized by these individuals.

Researchers have identified a number of issues that help to explain the cur-
rent underutilization of assistive technology devices by individuals with men-
tal retardation. Issues include the abandonment of technology (Parette, 1997),
the cost of purchasing devices (Parette, 1997; Walker, 1991; Wehmeyer,
1999), the lack of information about what technologies are available and their
use (Wehmeyer, 1999, 1998), the identification of appropriate technology fea-
tures (Batavia & Hammer, 1990; Parette, 1997; Schere, 1993), the lack of
assistive technology devices that can be used by individuals with mild to se-
vere cognitive disabilities (Wehmeyer, 1998), and, lastly, the development of
devices that are too complex (Perlman, 1993; Wehmeyer, 1998).

Access to all aspects of what society has to offer has always been at the fore-
front of issues for individuals with mental retardation. Technology as a tool,
whether “low tech” or “high tech,” has greatly increased access to public edu-
cation for individuals with mental retardation. The future development of tech-
nologies is sure to offer an even greater level of access to the community and
education as long as current and future barriers to the use of technologies for
individuals with mental retardation are addressed.

!"#$%&#'!()$(&"#'*+,

Traditional uses of technology have provided tremendous support to indi-
viduals with a hearing loss. Advances in computer use, however, have also
provided challenges to persons with a hearing loss because computers are in-
herently an auditory-visual medium (Strepp, 1994). Although this visual com-
ponent has allowed for presenting visual communication, the literature
available from technology and special education journals has focused on in-
struction with technology and has dealt with the focus of the development and
use of technology to work with or around the hearing loss. The two main jour-
nals in the area of deafness (American Annals of the Deaf and Volta Review)
have even had special theme issues on technology, in some cases more than
once, over the past 20 years. American Annals of the Deaf has included a tech-
nology issue section in each journal published, further highlighting the impor-
tance of technology to the field.

For individuals who are deaf/hard of hearing the overarching focus of the
literature has been around classroom instruction, as well as specific technol-
ogy to assist with the hearing loss or to facilitate the auditory educational envi-
ronment. The past 20 years of professional journals have demonstrated a
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parallel development and distribution of each of these notions over time. These
specific research issues have included closed captioning, real-time captioning,
text telephones (TTY/TDD), FM systems, and mechanisms related to speech
and speechreading.

Historical Trends

Even with the auditory quandary that classroom computers pose, they have
also presented a new visual access for learning that was capitalized early on to
assist with instruction and with individuals who are deaf/hard of hearing. As
early as 1981 the Volta Review published an entire issue on learning technol-
ogy for individuals who are hearing impaired that presented specific “tools” to
support learning for individuals with a hearing loss (i.e., closed captioning,
real-time captioning, and speech programs) as well as instructional technology
for language acquisition and language learning (Withrow, 1981). Twenty
years later the issues remain the same.

A number of surveys have attempted to identify the technology schools pos-
sess and the needs for such technology (Corbett & Micheaux, 1996; Deninger,
1985; Harding & Tidball, 1982; Harkins, Loeterman, Lam, & Korres, 1996;
Pillai, 1999; Rose & Waldron, 1984). Corbett and Micheaux (1996) identified
a few residential schools for individuals who are deaf that have clearly put a
considerable amount of money into hardware, software, and connections for
instructional technology, to improve educational and social programs. In other
classrooms across the country representing more public school programs, not
only was the need for more equipment identified but also teacher training and
time devoted to instructional technology (Harkins et al., 1996; Pillai, 1999). A
current survey of teacher education programs for the individuals who are
deaf/hard of hearing identified the continuous need for the integration of tech-
nology in the classroom and teacher education (Roberson, 2001).

Instruction and Learning

Early in the history of technology use, special computer programs for the
individuals who are deaf/hard of hearing were designed and used in residential
settings, offering drill and practice primarily to work on language develop-
ment, later moving into speech development and other curricular areas (Rich-
ardson, 1981). There was a call for instructional applications of computers to
broaden the diversity of instructional programs for students who are deaf/hard
of hearing (Stuckless & Carroll, 1994).

The literature has described ways in which integrating a variety of media
will assist in instruction (Hasselbring, 1994) and language learning of individ-
uals who are deaf/hard of hearing (Volterra, Pace, Pennacchi, & Corazza,
1995). In one study word prediction technology with individuals who are
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deaf/hard of hearing was shown to improve word fluency (Laine & Follansbee,
1994).

Specific technologies for instruction and learning include a focus on e-mail,
videodisc, World Wide Web (WWW), virtual reality, and hypermedia. E-mail
used with individuals who are deaf/hard of hearing and hearing students to
communicate curriculum through written communication has been very suc-
cessful. Since oral communication can be difficult for some individuals who
are deaf/hard of hearing, this collaborative writing tool assists students with a
hearing loss in this communication process (Weiserbs, 2000).

Videodisc technology has been used to create interactive instructional pro-
grams to successfully teach speechreading (Slike, Thornton, Hobbis, Kokoska, &
Job, 1995). A unique program was designed and tested targeting three-dimen-
sional virtual reality programs with students who are deaf/hard of hearing. The
study found that these programs could improve flexible thinking. Additional
learning opportunities were provided through the use of virtual reality (Passig
& Eden, 2000). Clymer and McKee (1997) described a survey expressing the
high rate of use of the WWW with students who are deaf/hard of hearing. In
dealing with the auditory component of computer technology, hypermedia
was used to create an instructional tool utilizing sign language and allowing
for the use of connecting the sign to written language for the development of
literacy and language (Aedo, Miranda, Panetsos, Torra, & Martin, 1994).

Technologies Applied to the Field

Technology had provided for the creation of text telephones (TTY) and
other telecommunication technologies, which have seen an increase in access
as continuing technology has allowed for convenience in size and mobility
(Beck, 1995). Over time the TTY has been often exchanged for computers, al-
lowing individuals to communicate “disability free” via e-mail, instant mes-
sages, and chat rooms (for example, Beck, 1995; Weiserbs, 2000).

Decoders were built into televisions and films were closed-captioned for
educational purposes (Hairston, 1994), which opened educational avenues in
school to a large amount of material previously inaccessible to individuals
with a hearing loss (Caldwell, 1981). Real-time captioning was initially used
to provide a visual process for print to assist with language acquisition
(Stuckless, 1981) and has since moved to lectures and live news to provide ac-
cess to current information.

Assistive listening devices have been created to provide access to auditory
components of the educational setting. Audio loop systems provide mobility in
the classroom for students with very mild or temporary hearing loss (Beck,
1995; Nelson & Nelson, 1997). FM systems are set up as radio signals to pro-
vide clarity of auditory information in one-on-one and group settings (Lewis,
1995). The research has demonstrated how FM systems have impacted
(Boothroyd, 1990) and improved the educational setting for all degrees of
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hearing loss (Crandell & Smaldino, 1999; Flexer, 1997; Flexer, Wray, Black, &
Millin, 1987).

There have been tremendous advancements in technological tools and the
infusion of computers for instruction with students who are deaf/hard of hear-
ing. The technology and the professionals in the field are at a critical juncture
to move forward with future advancements for instruction and learning for stu-
dents who are deaf/hard of hearing.

GIFTED AND TALENTED

A review of the extant literature on technology as it relates to the field of
gifted education revealed three general categories: historical trends, technol-
ogy as an agent for change, and distance learning. It should be noted that, gen-
erally, the literature follows the trends in innovation found in the general
technology literature. That is to say, as technology became available in the
market, it was quickly infused into the curriculum and programming for gifted
and talented students.

Historical Trends

Preparing students for a technologically demanding society is a common
theme throughout much of the literature on gifted programming. In an update
on a 1978 article on the needs for preparing gifted students for the future,
Torrance, Goff, and Kaufmann (1989) identified technology proficiency as a
primary goal. Instruction of technology mirrors many of the goals and objectives
of gifted education like critical and creative thinking (Corrigan, 1994; Little,
2001; Mann, 1994; Shaughnessy, Jausovec, & Lehtonnen, 1997; Weaver &
Wallace, 1980). The infusion of computers and technology has not only changed
what we teach but also how we teach (Olszewski-Kubilius, 2001). As will be
seen later in this article, the promise of technology also addresses the needs of
providing programming in rural areas (Spicker, Southern, & Davis, 1988).

There is a positive correlation between technological advancement in soci-
ety and historical trends identified in gifted education (Corn, 1999; Imbeau,
1999; Stewart, 1999). Advances in technology have provided critical impetus
for change in the field and will continue to do so both in the implementation
and curricular aspects of programming for the gifted.

Agent for Change

There are numerous articles in the literature on gifted education that de-
scribe attempts to infuse technology into the classroom. In these cases, tech-
nology is seen as a tool that affects various levels within the curriculum. As an
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agent for change, technology can be infused to enhance a single lesson or to al-
ter the entire philosophical nature of the curriculum.

Technology can be viewed as either a means to an end or the end itself. The
literature is replete with articles that describe technology as a vehicle for con-
veying content. In these cases, the content or skills are the primary goal of the
instruction, and the technology is infused to accentuate or facilitate the instruc-
tion. Traditionally, the use of technology was more commonly found in areas
like math and science enrichment. Robotics, Logo, and other computer-aided
design programs were popular additions to the activities in math classes
(Grandgenett, 1991). Early on, Doorly (1980) promoted the use of computers
in implementing mathematics instruction. She found developmental gains in
the primary grades in basic number operations. Learning to develop computer
programs was also a popular use of computers in math programs (Hershberger &
Wheatley, 1989). By the nineties, the use of technology began to permeate
other areas such as art, language arts, and thinking skills training (Banbury,
Walker, & Punzo, 1990; Bowen, Shore, & Cartwright, 1992; Heaney, 1992;
Riley & Brown, 1997; Smith, 1994; Troxclair, Stephens, Bennett, & Karnes,
1996).

Similarly, the literature also follows the trends in computer and technology
advancement. Early articles discussed the use of computer-assisted technol-
ogy and software packages like Logo, Hyperstudio, and various word-process-
ing, spreadsheet, and basic drawing programs (Beasley, 1985; Flickinger,
1987; Jensen & Wedman, 1983; Kanevsky, 1985; Sisk, 1978). Later, the inter-
est in more complex tools like interactive video, multimedia, artificial intelli-
gence, virtual reality, and simulation software became more prevalent in the
literature (Barr, 1990; Benno, 1998; Boyce, 1992; Bulls & Riley, 1997; Lewis,
1996; Riley & Brown, 1998a, 1998b; Strot, 1997a, 1997b; Wellington, 1993).

Additionally, using computers as tools to enhance the established curricu-
lum was also noted in the literature. Howard (1994) suggested that using com-
puters could enhance the learning opportunities for students who are gifted/
learning disabled. Ross and Smyth (1995) described the importance of pro-
moting thinking skills and how computer formats may enhance students’ ex-
periences with more difficult skills. Strot (1998) suggested that individualized
instruction could be enhanced by the infusion of computers into research de-
sign and implementation projects. Simulation programs, database design, and
research can all be added to existing research projects to further augment es-
tablished activities. Similar studies described the infusion of technology into
established units of study to improve the learners’ experience and interest with
the material and skills (Berger, 2001; Christopher, 1999; Duwell & Bennett,
2000; Strot, 1999).

Finally, there were few articles describing empirical studies that employed
technology as a variable. Steele, Battista, and Krockover (1982) found in a
study of fifth-grade math that infusing technology positively influenced the
students’ affective and cognitive outcomes. In a study of elementary and mid-
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dle school students, Middleton, Littlefield, and Lehrer (1992) found gender
and age differences on student attitudes for activities that included computers.
Following a review of the literature on mathematics, Sowell (1993) suggested
that further research is needed in the area of the effectiveness of computers in
math programs. Shermis, Fulkerson, and Banta (1996) studied the use of com-
puterized adaptive math tests and made suggestions for the potential this tech-
nology could have on talent identification. Kaniel, Licht, and Peled (2000)
found similar positive results in a study using computer software to enhance
metacognitive skills.

In addition to following trends in availability, as technology has become
more prevalent in schools and society in general, there has been a subsequent
increase in the literature on the philosophical nature of infusion. Morgan
(1993) discussed infusion in terms of general school reform. Infusion was seen
as a vehicle for impacting productivity and enhancing the instructional environ-
ment. Most recently, distance learning has become a popular avenue for instruc-
tion employing technology, which greatly alters the instructional environment
and has had a direct impact on pedagogical change.

Distance Learning

The final category, comprised of various issues related to distance learning,
has become a popular topic in the literature on gifted education. Articles in this
category describe both the how-to issues and those related to pedagogical
change.

Although Spicker, Southern, and Davis (1988) referred to the importance of
distance learning for rural programs, there are few references to this important
aspect of technology until later in the next decade. Like Spicker et al. (1988),
McBride and Lewis (1993) asserted that telecommunication courses provide
valuable resources to learners in rural areas because they provide resources to
students that would otherwise be unavailable. This philosophy is one that is be-
hind the distance learning opportunities like the Education Program for Gifted
Youth (EPGY) at Stanford University that provides computer-based acceler-
ated math and science courses for students across the country. Several authors
have reported on the effectiveness of this instructional delivery system for stu-
dents who require accelerated programs (Gilbert-Macmillan, 2000; Ravaglia,
Suppes, Stillinger, & Alper, 1995; Washington, 1997).

Caution should be taken by those who wish to incorporate distance learning
into the curriculum for gifted learners, as the very same objectives and stan-
dards should be applied to distance education as to other forms of instruction
for gifted learners (Adams & Cross, 2000). Distance learning provides many
positive outcomes for gifted learners but care must be taken that the technol-
ogy does not overpower the users. Interaction and rigor can be maintained but
must be carefully planned. Berger (2000) discussed how the rapid growth of
the Internet could be used to make learning more accessible because of the pleth-
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ora of resources now available via the World Wide Web. Teachers, however,
need to be well versed in these resources in order to maximize the experience
for learners. McKinnon and Nolan (1999) made excellent recommendations
for programs using distance learning. Their emphasis was on the interactive
nature of the technology, but advise that organization is the real key to success.

Many articles described specific programs, either intra- or extracurricular,
that used computers within the expected coursework. These publications de-
scribed the program specifically, and the technology was mentioned as part of
the overall plan of the program. In other words, the technology used was not in-
tegral to the overall program but simply a small component of the coursework. It
is worth noting that computers and technology are common features to gifted
programs, whether within the scope of the curriculum or used as part of an en-
richment program.

OVERALL TRENDS

The use of technology as reported in the literature on special education fol-
lows the historical timeline of available technology. Computers have been
used in the various special and gifted education programs for as long as they
have been available. Likewise the complexity of the infusion within programs
mirrors the profundity of use by the wider society. As technology becomes
more commonplace in schools and the sophistication of student use increases,
the issues become more philosophical in nature. Educators need to be aware of
their own pedagogical beliefs and beliefs about technology since these beliefs
direct the modification and implementation of innovative technologies for the
classroom (MacArthur, 2001).

It is evident that the infusion of technology is specifically tied to the mission
and goals of the special education program. For example, the literature reveals
that technology for students with learning disabilities is characterized by reme-
dial, instructional enhancement, and productivity tools. Technology involving
students with mental retardation is slowly shifting from remedial to functional
skills acquisition, addressing the demand for lifelong skills and community in-
tegration. In the literature regarding individuals who are deaf/hard of hearing,
technology is infused for auditory enhancements and overall access to the cur-
riculum. Within the gifted and talented literature, technology is used to en-
hance or enrich the curriculum.

CONCLUSION

Educators need to provide each student with an appropriate education that
meets his/her need for challenge, interest, and learning style. Educators now
have to ask themselves whether the use of technology provides support and ac-
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cess for the learning activity, enhances the activity, or detracts from the effec-
tiveness of the instruction. Technology is a tool; it is a means to an end, and
that end is learning itself. The impact of technology is moving beyond integra-
tion at the classroom level to infusion at the curricular level.

While some continue to search for the perfect “teaching machine,” many
have abandoned this quest in exchange for a different vision. Gradually, a shift
has occurred from using technology to provide remediation through drill-and-
practice applications to encouraging students to use the computer in more
self-directed ways to encourage critical thinking.

Students with exceptionalities generally look forward to using computers in
the classroom and teachers capitalize on this desire. Unfortunately, research
has indicated that teachers rationalize using computers in classrooms largely
on the basis of its potential benefits for motivation and self-esteem and not on
academic value or gains to achievement (Woodward & Rieth, 1997). More
needs to be done to illustrate the curricular value of technology that reinforces
what we value most in education, learning. Providing an appropriately chal-
lenging environment does not have to be at the expense of the curriculum.
Technology can provide a vehicle for instruction that respects the needs of all
learners without compromising the act of learning.

Review of the literature revealed that classroom technologies have the po-
tential to positively impact the academic growth and development of students
with exceptionalities. These students have benefited from the purposeful use
of technology. However, for technology to truly make an impact in special ed-
ucation, a push toward deeper infusion into the curriculum is needed. Those
with exceptionalities must find technology accessible and available, and
teachers must be comfortable incorporating it into their daily instructional rou-
tines. Technology can and should move to a more “transparent” position, as
teachers and students are able to use it more easily and creatively. In this type
of classroom, teachers and students “see through” the technology and are able
to better focus on more advanced learning goals of the curriculum.

The infusion of technology into the classroom and curricula during the late
20th century was largely reactive in nature. With limited coursework in
teacher preparation programs, limited in-service exposure to technology, and
the sheer speed of technological advances, educators were limited in their abil-
ity to thoroughly understand and fully infuse technologies that were currently
available. The good news, however, is that, as technology advances there will
be more user-friendly hardware and software from which to choose. In addi-
tion, as technology becomes more integrated into daily life, there will be a nat-
ural evolution into the classroom.

As we progress into the 21st century, a more proactive approach to the infu-
sion of technology into the classroom and curricula is occurring. No longer are
we as educators content with simple activities that allow students to use al-
ready-mastered skills. The primary thrust for infusion has infiltrated curricu-
lum planning with an emphasis on scope and sequence. A major emphasis in
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teacher preparation programs to address the priority of infusing technology in
all education is reflected in federal grant initiatives like Preparing Tomorrow’s
Teachers to use Technology (PT3). The emphasis for these grants is appropri-
ately on training at all levels, including training the trainers in education pro-
grams.

In conclusion, this review has revealed that within the field of special edu-
cation, there is considerable consensus with regard to the use of technology in
the classroom. While there are variations in the specific hardware or software
employed, there is much overlap in basic pedagological issues. Infusion of
technology is non-negotiable in all educational settings and for students of all
abilities.

REFERENCES

Adams, C. M., & Cross, T. L. (2000). Distance learning opportunities for academically
gifted students. Journal of Secondary Gifted Education, 11, 88-96.

Aedo, I., Miranda, P., Panetsos, F., Torra, N., & Martin, M. (1994). A teaching meth-
odology for the hearing impaired using hypermedia and computer animation. Jour-
nal of Computing in Childhood Education, 5, 353-369.

Anderson-Inman, L. (1990-91). Enabling students with learning disabilities: Insights
from research. Computing Teacher, 18, 26-29.

Angelo, D. H. (1995). ACC in the family home. In S. L. Glenn & D. C. DeCoste (Eds.),
Handbook of augmentative and alternative communication (pp. 523-541). San
Diego, CA: Singular.

Bahr, C., & Reith, H. (1989). The effects of instructional computer games and drill and
practice software on learning disabled students’ mathematics achievement. Com-
puters in the Schools, 6, 87-101.

Banbury, M. M., Walker, H., & Punzo, R. (1990). Thinking cap: A computer art pro-
gram for gifted and talented students. Gifted Child Today, 13, 32-35.

Barr, D. (1990). A solution in search of a problem: The role of technology in educa-
tional reform. Journal for the Education of the Gifted, 14, 79-95.

Batavia, A. I., & Hammer, G. S. (1990). Toward the development of consumer-based
criteria for the evaluation of assistive devices. Journal of Rehabilitation Research
and Development, 27, 425-436.

Beasley, W. A. (1985). The role of microcomputers in the education of the gifted.
Roeper Review, 7, 156-159.

Beck, S. G. (1995). Technology for the deaf: Remembering to accommodate an invisi-
ble disability. Technology for the Deaf, 13, 109-122.

Benno, M. (1998). Virtual reality. Gifted Child Today, 21, 12-14.
Berger, S. (2000). Technology in the 21st century. Understanding Our Gifted, 12, 3-8.
Berger, S. (2001). Surfing the net: We the people. Using interest as a motivator. Under-

standing Our Gifted, 13, 23-25.

Jeffs et al. 145



Beukelman, D., & Mirenda, P. (1992). Augmentative and alternative communication:
Management of severe communication disorders in children and adults. Baltimore:
Brookes.

Blackhurst, A. E., & Edyburn, D. L. (2000). A brief history of special education tech-
nology. Special Education Technology Practice, 2, 21-36.

Boone, R., & Higgins, K. (1993). Hypermedia basal readers: Three years of
school-based research. Journal of Special Education Technology, 12, 86-106.

Boone, R., Higgins, K., & Notari, A. (1996). Hypermedia pre-reading lessons: Learner
centered software for kindergarten. Journal of Computing in Childhood Education,
7, 39-69.

Boothroyd, A. (1990). Impact of technology on the management of deafness. Volta Re-
view, 92, 74-90.

Bowen, S., Shore, B. M., & Cartwright, G. F. (1992). Do gifted children use computers
differently? A view from “The Factory.” Gifted Education International, 8, 151-54.

Boyce, C. (1992). Interactive video. Gifted Child Today, 15, 22-23.
Browning, P., & White, W. A. T. (1986). Teaching life enhancement skills with inter-

active video-based curricula. Education and Training of the Mentally Retarded, 21,
236-244.

Bulls, M. R., & Riley, T. L. (1997). Weaving qualitatively differentiated units with the
World Wide Web. Gifted Child Today, 20, 20-27, 50.

Caldwell, D. C. (1981). Closed-captioned television and the hearing impaired. Volta
Review, 83, 285-290.

Chen, S. H. A., & Bernard-Opitz, V. (1993). Comparison of personal and computer-as-
sisted instruction for children with autism. Mental Retardation, 31, 368-376.

Christopher, M. (1999). Math in architecture: Using technology to connect math to the
real world. Gifted Child Today, 22, 24-31.

Clymer, E. W., & McKee, B. G. (1997). The promise of the World Wide Web and other
telecommunication technologies within deaf education. American Annals of the
Deaf, 142, 104-105.

Cognition and Technology Group at Vanderbilt. (1993). Examining the cognitive chal-
lenges and pedagological opportunities of integrated media systems: Toward a re-
search agenda. Journal of Special Education Technology, 12, 118-124.

Corbett, E. E., & Micheaux, P. A. (1996). How some schools for deaf and hard of hear-
ing children are meeting the challenges of instructional technology. America Annals
of the Deaf, 141, 52-58.

Corn, A. L. (1999). Missed opportunities: But a new century is starting. Gifted Child
Today, 22, 19-21.

Corrigan, S. Z. (1994). For the sake of the children. Gifted Child Today, 17, 22-23, 30, 41.
Crandell, C. C., & Smaldino, J. J. (1999). Improving classroom acoustics: Utilizing

hearing-assistive technology and communication strategies in the educational set-
ting. Volta Review, 101, 47-50.

Daiute, C., & Morse, F. (1994). Access to knowledge and expression: Multimedia writ-
ing tools for students with diverse needs and strengths. Journal of Special Educa-
tion, 12, 221-253.

146 Technology in Education: A Twenty-Year Retrospective



De La Paz, S. (1999). Composing via dictation and speech recognition systems: Com-
pensatory technology for students with learning disabilities. Learning Disabilities
Quarterly, 22, 173-182.

Denham, A., & Lahm, E. A. (2001). Using technology to construct alternative portfo-
lios of students with moderate and severe disabilities. Teaching Exceptional
Children, 33(5), 10-17.

Deninger, M. L. (1985). Is it still an apple for the teacher? American Annals of the
Deaf, 130, 332-339.

Derer, K., Polsgrove, L., & Rieth, H. (1996). A survey of assistive technology applica-
tions in schools and recommendations for practice. Journal of Special Education
Technology, 13, 62-80.

Doorly, A. (1980). Microcomputers for gifted microtots. Gifted Child Today, 14, 62-64.
Duwell, M. J., & Bennett, E. (2000). Weaving technology into gifted curriculum. Un-

derstanding Our Gifted, 12, 9-13.
Flexer, C. (1997). Individual and sound-field FM systems: Rationale, description, and

use. Volta Review, 99, 133-162.
Flexer, C., Wray, D., Black, T., & Millin, J. (1987). Amplification devices: Evaluating

classroom effectiveness for moderately hearing-impaired college students. Volta
Review, 89, 347-356.

Flickinger, G. G. (1987). Gifted students and Logo: Teacher’s role. Roeper Review, 9,
177-178.

Furniss, F., Ward, A., Lancioni, G., Rocha, N., Cunha, B., Seedhouse, P. et al. (1999).
A palmtop-based job aid for workers with severe intellectual disabilities. Technol-
ogy and Disability, 10, 53-67.

Gilbert-Macmillan, K. (2000). Computer based distance learning for gifted students:
The EPGY experience. Understanding Our Gifted, 12, 17-20.

Graham, S., & MacArthur, C. (1998). Improving learning disabled students’ skills at
revising essays produced on a word processor: Self-instructional strategy training.
Journal of Special Education, 22, 133-152.

Grandgenett, N. (1991). Roles of computer technology in the mathematics education
of the gifted. Gifted Child Today, 14, 18-23.

Hairston, E. E. (1994). Education media technology for hearing-impaired persons: A
federal perspective. American Annals of the Deaf, 139, 10-13.

Harding, R. E., & Tidball, L. K. (1982). A national microcomputer-software survey of
current microcomputer usage in schools for the hearing impaired. American Annals
of the Deaf, 127, 673-683.

Harkins, J. E., Loeterman, M., Lam, K., & Korres, E. (1996). Instructional technology
in schools educating deaf and hard of hearing children: A national survey. Ameri-
can Annals of the Deaf, 141, 59-65.

Hasselbring T. S. (1994). Using media for developing mental models and anchoring in-
struction. American Annals of the Deaf, 139, 36-44.

Hasselbring, T. S. (2001). A possible future of special education technology. Journal
of Special Education Technology, 16, 15-21.

Jeffs et al. 147



Heaney, L. F. (1992). Children using language: Can computers help? Gifted Education
International, 8, 146-50.

Hershberger, J., & Wheatley, G. (1989). Computers and gifted students: An effective
mathematics programs. Gifted Child Quarterly, 33, 106-109.

Higgins, E. L., & Raskind, M. H. (1995). An investigation of the compensatory effec-
tiveness of speech recognition on the written composition performance of
postsecondary students with learning disabilities. Learning Disabilities Quarterly,
18, 159-174.

Higgins, E. L., & Raskind, M. H. (2000). Speaking to read: The effects of continuous
vs. discrete speech recognition systems of the reading and spelling of children with
learning disabilities. Journal of Special Education Technology, 15, 19-30.

Higgins, E. L., & Zvi, J. (1995). Assistive technology with postsecondary students with
learning disabilities: From research to practice. Annals of Dyslexia, 45, 123-142.

Higgins, K., & Boone, R. (1990). Hypertext computer study guides and the social stud-
ies achievement of students with learning disabilities, remedial students, and regu-
lar education students. Journal of Learning Disabilities, 23, 529-540.

Higgins, K., & Boone, R. (1991). Hypermedia CAI: A supplement to an elementary
school based reader program. Journal of Special Education Technology, 11, 1-15.

Higgins, K., & Boone, R. (1993). Technology as a tutor, tool, and agent for reading.
Journal of Special Education Technology, 12, 29-37.

Higgins, K., Boone, R., & Lovitt, T. C. (1996). Hypertext support for remedial students
and students with learning disabilities. Journal of Learning Disabilities, 29,
402-412.

Howard, J. B. (1994). Addressing needs through strengths: Five instructional practices
for use with gifted/learning disabled students. Journal of Secondary Gifted Educa-
tion, 5, 23-34.

Huntinger, P. L. (1996). Computer applications in programs for young children with
disabilities: Recurring themes. Focus on Autism and Other Developmental Disabil-
ities, 11, 105-114.

Iacono, T. A., & Miller, J. F. (1989). Can microcomputers be used to teach communi-
cation skills to students with mental retardation? Education and Training in Mental
Retardation, 24, 32-44.

Imbeau, M. B. (1999). A century of gifted education: A reflection of who and what
made a difference. Gifted Child Today, 22, 40-43.

Individuals with Disabilities Education Act Amendments of 1997, Pub. L. No.105-17.
(1998).

Inge, K. J., & Shepherd, J. (1995). Assistive technology applications and strategies for
school system personnel. In K. F. Flippo, K. J. Inge, & J. M. Barcus (Eds.), Assistive
technology: A resource for school, work, and community (pp. 133-166). Baltimore:
Brookes.

Jensen, R., & Wedman, J. (1983). The computer’s role in gifted education. Gifted
Child Today, 6, 10-11.

Kanevsky, L. (1985). Computer based math for gifted students: Comparison of cooper-
ative and competitive strategies. Journal for the Education of the Gifted, 8,
239-255.

148 Technology in Education: A Twenty-Year Retrospective



Kaniel, S., Licht, P., & Peled, B. (2000). The influence of metacognitive instruction of
reading and writing strategies on positive transfer. Gifted Education International,
15, 45-63.

Kyhl, R., Alper, S., & Sinclair, T. J. (1999). Acquisition and generalization of func-
tional words in community grocery stores using videotaped instruction. Career De-
velopment for Exceptional Individuals, 22, 55-67.

Laine, C. J., & Follansbee, R. (1994). Using word-prediction technology to improve the
writing of low-functioning hearing-impaired students. Child Language Teaching and
Therapy, 10, 283-297.

Lewis, D. E. (1995). FM systems: A good idea that keeps getting better. Volta Review,
97, 183-196.

Lewis, J. D. (1996). Confessions of an Internet junkie: View from the “information
highway.” Gifted Child Today, 19, 40-45, 48.

Lewis, R. B. (2000). Musing on technology and learning disabilities on the occasion of
the new millennium. Journal of Special Education Technology, 15, 5-12.

Lewis, R. B., Graves, A. W., Ashton, T. M., & Kieley, C. L. (1998). Word processing
tools for students with learning disabilities: A comparison of strategies to increase
text entry speed. Learning Disabilities Research & Practice, 13, 95-108.

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic inquiry. Newbury Park, CA: Sage.
Little, C. A. (2001). Probabilities and possibilities: The future of gifted education.

Journal of Secondary Gifted Education, 12, 166-169.
MacArthur, C. A. (1996). Using technology to enhance the writing processes of stu-

dents with learning disabilities. Journal of Learning Disabilities, 29, 344-354.
MacArthur, C. A. (1998). Word processing with speech synthesis and word prediction:

Effects on the dialogue journal writing of students with learning disabilities.
Learning Disabilities Quarterly, 21, 151-66.

MacArthur, C. A. (1999). Overcoming barriers to writing: Computer support for basic
writing skills. Reading and Writing Quarterly, 15, 169-192.

MacArthur, C. A. (2001). Technology implementation in special education. In J. Wood-
ward & J. Cuban (Eds.), Technology, curriculum and professional development:
Adapting schools to meet the needs of students with disabilities (pp. 115-120). Thou-
sand Oaks: Corwin.

MacArthur, C. A., & Graham, S. (1987). Learning disabled students composing under
three methods of text production: Handwriting, word processing, and dictation.
Journal of Special Education, 21, 22-42.

MacArthur, C., Graham, S., & Schwartz, S. (1991). Knowledge of revision and revising
behavior among learning disabled students. Learning Disabilities Quarterly, 14, 61-74.

MacArthur, C. A., & Haynes, J. B. (1995). Student assistant learning from text
(SALT): A hypermedia reading aid. Journal of Learning Disabilities, 28, 150-159.

Mann, C. (1994). New technologies and gifted education. Roeper Review, 16, 172-176.
Mann, W. C., & Lane, J. P. (1995). Assistive technology for persons with disabilities.

The role of occupational therapy (2nd ed.). Rockville, MD: American Occupational
Therapy Association.

Jeffs et al. 149



McBride, R. O., & Lewis, G. (1993). Sharing the resources: Electronic outreach pro-
grams. Journal for the Education of the Gifted, 16, 372-386.

McDermott, P., & Watkins, M. (1983). Computerized vs. conventional remedial in-
struction for learning disabled pupils. Journal of Special Education, 17, 81-88.

McKinnon, D. H., & Nolan, C. J. P. (1999). Distance education for the gifted and tal-
ented: An interactive design model. Roeper Review, 21, 320-325.

Middleton, J. A., Littlefield, J., & Lehrer, R. (1992). Gifted students’ conceptions of
academic fun: An examination of a critical construct for gifted education. Gifted
Child Quarterly, 36, 38-44.

Mirenda, P., Wild, D., & Carson, P. (2000). A retrospective analysis of technology use
patterns of students with autism over a five-year period. Journal of Special Educa-
tion Technology, 15(3), 5-15.

Morgan, R. L., Gerity, B. P., & Ellerd, D. A. (2000). Using video and CD-ROM tech-
nology in a job preference inventory for youth with severe disabilities. Journal of
Special Education Technology, 15(3), 25-33.

Morgan, T. D. (1993). Technology: An essential tool for gifted and talented education.
Journal for the Education of the Gifted, 16, 358-371.

Najjar, L. J. (1996). Multimedia information and learning. Journal of Educational
Multimedia and Hypermedia, 5, 129-150.

Nelson, D. G., & Nelson, D. K. (1997). Teacher and student satisfaction with freefield
FM amplification systems. Volta Review, 99, 163-170.

Olszewski-Kubilius, P. (2001). Interview with Joyce VanTassel Baska. Journal of Sec-
ondary Gifted Education, 12, 57-61.

Outhred, L. (1989). Word processing: Its impact on children’s writing. Journal of
Learning Quarterly, 22, 262-264.

Parette, Jr., H. P. (1997). Assistive technology devices and services. Education and
Training in Mental Retardation and Developmental Disabilities, 32, 267-280.

Passig, D., & Eden, S. (2000). Improving flexible thinking in deaf and hard of hearing
children with virtual reality technology. American Annals of the Deaf, 145,
286-291.

Perlman, L. G. (1993). The views of consumers with learning disabilities, mental retar-
dation and their caregivers. Washington, DC: Electronic Industries Foundation.

Pillai, P. (1999). Using technology to educate deaf and hard of hearing children in rural
Alaskan general education settings. American Annals of the Deaf, 144, 373-378.

Ravaglia, R., Suppes, P., Stillinger, C., & Alper, T. (1995). Computer based mathemat-
ics and physics for gifted students. Gifted Child Quarterly, 39, 7-13.

Renbald, K. (1999). The potential for advanced technologies to broaden the outreach
and social network of persons with mental retardation: A literature study. Technol-
ogy and Disability, 10, 175-180.

Richardson, J. E. (1981). Computer assisted instruction for the hearing impaired. Volta
Review, 85, 328-335.

Riley, T. L., & Brown, M. E. (1997). Computing for clever kids: Creating the future.
Gifted Child Today, 20, 22-29.

Riley, T. L., & Brown, M. E. (1998a). Internet investigations: Solving mysteries on the
information superhighway. Gifted Child Today, 21, 28-33.

150 Technology in Education: A Twenty-Year Retrospective



Riley, T. L., & Brown, M. E. (1998b). The magic of multimedia: Creating leaders of
yesterday, today, and tomorrow. Gifted Child Today, 21, 20-22, 24-26.

Roberson, L. (2001). Integration of computers and related technologies into deaf edu-
cation teacher preparation programs. American Annals of the Deaf, 146, 60-66.

Rose, S., & Waldron, M. (1984). Microcomputer use in programs for hearing-impaired
children: A national survey. American Annals of the Deaf, 129, 338-342.

Ross, J. A., & Smyth, E. (1995). Thinking skills for gifted students: The case for
correlational reasoning. Roeper Review, 17, 239-243.

Salomon-Weiss, M. J., Wagner, S. H., & Bauman, M. L. (1996). A validated case study
of facilitated communication. Mental Retardation, 34, 220-230.

Schepis, M., Reid, D., Behrmann, M., & Sutton, K. (1998). Increasing communicative
interactions of young children with autism using voice output communication aid
and naturalistic teaching. Journal of Applied Behavior Analysis, 31, 561-758.

Scherer, M. J. (1993). Living in the state of stuck. How technology impacts the lives of
people with disabilities. Cambridge: Brookline.

Sharp, S. J. (1989). Using content subject matter with LEA in middle school. Journal
of Adolescent & Adult Literacy, 33, 108-112.

Shaughnessy, M. F., Jausovec, N., & Lehtonen, K. (1997). Gifted education: Some con-
siderations as we approach the year 2000. Gifted Education International, 12, 40-42.

Sheehan, C. M., & Matuozzi, R. T. (1996). Investigation of the validity of facilitated
communication through disclosure of unknown information. Mental Retardation,
34, 94-107.

Shermis, M. D., Fulkerson, J., & Banta, T. W. (1996). Computerized adaptive math
tests for elementary talent development selection. Roeper Review, 19, 91-95.

Sisk, D. (1978). Computers in the classroom. An invitation and a challenge for the
gifted. Gifted Child Today, 1, 18-21.

Slike, S. B., Thornton, N. E., Hobbis, D. H., Kokoska, S. M., & Job, K. A. (1995). The
development and analysis of interactive videodisc technology to teach speech-read-
ing. American Annals of the Deaf, 140, 346-351.

Smith, R. B. (1994). Robotic challenges: Robots bring new life to gifted classes, teach
students hands on problem solving, computer skills. Gifted Child Today, 17, 36-38.

Sowell, E. J. (1993). Programs for mathematically gifted students: A review of empiri-
cal research. Gifted Child Quarterly, 37, 124-132.

Spicker, H. H., Southern, W. T., & Davis, B. I. (1988). The rural gifted child. Gifted
Child Quarterly, 31, 155-157.

Steele, K. J., Battista, M. T., & Krockover, G. H. (1982). The effect of microcomputer
assisted instruction upon the computer literacy of high ability students. Gifted Child
Quarterly, 26, 162-164.

Stewart, E. D. (1999). An American century of roots and signposts in gifted and tal-
ented education. Gifted Child Today, 22, 56-57.

Strepp, R. E. (1994). A technological metamorphosis in the education of deaf students.
American Annals of the Deaf, 139, 14-17.

Strot, M. (1997a). Electronic explorations: Support for independent studies. Gifted
Child Today, 20, 12-14, 16-17, 46-47.

Strot, M. (1997b). Publishing a Web page. Gifted Child Today, 20, 38-39.
Strot, M. (1998). Individualizing instruction with computer applications. Gifted Child

Today, 21, 40-42.

Jeffs et al. 151



Strot, M. (1999). A technology plan for math skills. Gifted Child Today, 22, 30-31.
Stuckless, E. R. (1981). Real-time graphic display and language development for the

hearing impaired. Volta Review, 85, 291-300.
Stuckless, E. R., & Carroll, J. K. (1994). National priorities on educational applications

of technology for deaf and hard of hearing students. American Annals of the Deaf,
139, 62-63.

Technology Related Assistance for Individuals with Disabilities Act of 1988 and
Amendments (Catalogue No. 850, Senate Rep. No. 100-438). Washington, DC:
U.S. Government Printing Office.

The Americans with Disabilities Act of 1990, Pub. L. No. 101-336 (1991).
Thomas, M. A. (1981). Educating handicapped students via microcomputer/videodisc

technology: A conversation with Ron Thorkildsen. Education and Training of the
Mentally Retarded, 16, 264-269.

Torrance, E. P., Goff, K., & Kaufmann, F. (1989). Are we teaching our children to
think about the future? Gifted Child Today, 12, 48-50.

Troxclair, D., Stephens, K., Bennett, T., & Karnes, F. (1996). Teaching technology:
Multimedia presentations in the classroom. Gifted Child Today, 19, 34-36, 47.

Volterra, V., Pace, C., Pennacchi, B., & Corazza, S. (1995). Advanced learning tech-
nology for a bilingual education of deaf children. American Annals of the Deaf, 140,
402-409.

Walker, P. (1991). Where there is a way, there is not always a will: Technology, public
policy, and the school integration of children who are technology-assisted.
Children’s Health Care, 20, 68-74.

Washington, M. A. F. (1997). Real hope for the gifted. Gifted Child Today, 20, 20-22.
Weaver, R. A., & Wallace, B. (1980). Technology and the future of gifted child educa-

tion. Roeper Review, 2, 19-21.
Wehmeyer, M. L. (1998). National survey of the use of assistive technology by adults

with mental retardation. Mental Retardation, 36, 44-51.
Wehmeyer, M. L. (1999). Assistive technology and students with mental retardation:

Utilization and barriers. Journal of Special Education Technology, 14(1), 48-58.
Weiserbs, B. (2000). Social and academic integration using e-mail between children

with and without hearing impairments. Computers in the Schools, 16, 29-44.
Wellington, B. (1993). Connecting computers. Gifted Child Today, 16, 33-36.
Withrow, F. B. (Ed.). (1981). Learning technology and the hearing impaired. Volta Re-

view, 83.
Woodward, J., Carnine, D., Gerten, R., Gleason, M., Johnson, G., & Collins, M.

(1986). Applying instructional design principles to CAI for mildly handicapped stu-
dents: Four recently conducted studies. Journal of Special Education Technology,
8, 13-26.

Woodward, J., & Cuban, J. (2001). Technology, curriculum and professional develop-
ment: Adapting schools to meet the needs of students with disabilities. Thousand
Oaks: Corwin.

Woodward, J., Gallagher, D., & Reith, H. (2001). No easy answer: The instructional
effectiveness of technology for students with disabilities. In J. Woodward & J.
Cuban (Eds.), Technology, curriculum and professional development: Adapting
schools to meet the needs of students with disabilities (pp. 3-27). Thousand Oaks:
Corwin.

Woodward, J., & Rieth, H. (1997). A historical review of technology research in spe-
cial education. Review of Educational Research, 67, 503-536.

152 Technology in Education: A Twenty-Year Retrospective




