Marino, M. T., Sameshima, P., & Beecher, C. C. (2009). Enhancing TPACK with assistive technology: Promoting
inclusive practices in preservice teacher education. Contemporary Issues in Technology and Teacher
Education, 9(2), 186-207.

Enhancing TPACK With Assistive Technology:
Promoting Inclusive Practices in Preservice
Teacher Education
Matthew T. Marino
Washington State University
Pauline Sameshima
Washington State University
Constance C. Beecher
Washington State University

Abstract
As the global community continues the transition from an industrialized
factory model to an information and now participatory networked-based
society, educational technology will play a pivotal role in preparing students
for their futures. Many teacher preparation programs are failing to provide
preservice teachers with the knowledge, skills, and dispositions necessary to
adopt and utilize technology effectively. This paper presents an enhanced
technology, pedagogy, and content knowledge (TPACK) model that adds
assistive technology as a means to promote inclusive educational practice for
preservice teachers. This model offers substantive promise for improving
learning outcomes for students with disabilities and other traditionally
marginalized populations who receive the majority of their classroom
instruction in general education settings. This paper extends the TPACK
model by providing specific examples of how assistive technology and
instructional technology are distinct yet overlapping constructs. Essential
technology skills for preservice teachers and strategies supporting inclusive
educational practice are identified.

All of today's educators must have adequate technology knowledge and skills to serve the
increasing number of students with disabilities who participate in inclusive general
education classrooms (Wagner, Newman, Cameto, & Levine, 2006). The inclusion of
assistive technology with instructional technology in preservice teacher education
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programs will lead to enhanced academic, social, and employment opportunities for
individuals with disabilities. Educational technology will play a central role in the
transformation of the U.S. educational system for the foreseeable future, as the nation
transitions from an industrial to an information-based society (Otero et al., 2005; U. S.
Department of Education, 2004). This trend is supported by Federal mandates
stipulating increased accountability for all teachers and students (No Child Left Behind
Act, 2001) and the widespread expected adoption of technology standards in teacher
education programs from the International Society for Technology in Education (ISTE)
and the National Council for Accreditation of Teacher Education (NCATE).
There are approximately 3 million students with learning disabilities in the United States
(U.S. Department of Education, 2005). The practice of teaching students with learning
disabilities in general education classrooms is commonly referred to as inclusion, part of
the least restrictive environment mandate included in the Individuals with Disabilities
Education Act (IDEA Reathorization, 2004). The inclusion movement offers a variety of
positive academic, social, and behavioral opportunities for students with special needs
(Bond & Castagnera, 2006). Despite these positive attributes, current research clearly
indicates that students with learning disabilities often fail to make adequate yearly
progress toward their annual learning goals (De La Paz & MacArthur, 2003; Gersten,
Fuchs, Williams, & Baker, 2001; Mastropieri, Scruggs, & Graetz, 2003).
Teachers of students with learning disabilities are mandated by federal legislation to
consider the need for assistive technology during the development of students' individual
education programs (IDEA, 2004). Assistive technology for students with learning
disabilities are devices meant to scaffold students' cognitive processes in order to enhance
each individual student's unique processing abilities and maximize learning outcomes.
Examples include screen readers, speech-to-text software, and technology-based
scaffolds, such as digital outlines of text or question prompts embedded in technologybased interfaces. Unfortunately, the goals associated with the appropriate selection,
adoption, implementation, and assessment of assistive technology have not been realized
(Anderson & Petch-Hogan, 2001; Jackson, 2003; West & Jones, 2007; Zorfass & Rivero,
2005).
A primary reason for the discrepancy between the goals associated with appropriate
technology consideration and current practice is a lack of teacher training (Brown, 2000;
Lahm, 2005; Jackson, Ryndak, & Billingsley, 2000; Okolo & Bouck, 2007; Silver-Pacuilla,
2006). A secondary cause is teacher resistance to embracing the pedagogical practices
necessary to integrate technology into instructional practice effectively (Pedersen & Liu,
2003). New systems for understanding the benefits and barriers of assistive technology
integration and for developing communities of practice, experiencing integration,
fostering effective implementation, and managing technology environments are critical to
providing all students with the knowledge and skills necessary for active participation in a
democratic society.
This paper extends the technology, pedagogy, and content knowledge (TPACK;
http://www.tpck.org/tpck/) model (Mishra & Koehler, 2006) by promoting the inclusion
of assistive technology for individuals with disabilities. The increased number of students
with learning disabilities who are served in inclusive general education classrooms,
combined with the evolving characteristics of this student population, create a need to
enhance the theoretically sound TPACK framework. Our enhanced model is designed to
promote inclusive pedagogical perspectives at the nexus points between content,
technology, and pedagogy. There are two distinct goals to our approach: (a) to promote
access, participation, and learning for students with learning disabilities who receive the
majority of their instruction in general education classrooms, and (b) to develop
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preservice teachers' abilities to identify efficacious technologies that will enhance
students' transitions from school to work. The implications of including assistive
technology in preservice teacher education programs and essential assistive technology
knowledge and skills are discussed next in this paper, followed by our vision of assistive
technology inclusion in the TPACK model. Examples of ways this enhanced TPACK model
can influence preservice teachers' practice are also included, along with a list of essential
technology skills that support inclusive educational practices.
Implications of Assistive Technology Inclusion in the TPACK Model
Assistive technology holds the potential to maximize educational opportunities for
individuals with disabilities in inclusive classrooms by promoting access, participation,
and learning outcomes (Alper & Raharinirina, 2006; Michaels, Prezant, Morabito, &
Jackson, 2002; Rose, Meyer, & Hitchcock, 2005). Technology provides a venue where
information can be presented using a flexible, nonlinear interface, enabling students with
learning disabilities to access information otherwise unobtainable using traditional
expository texts (Twyman & Tindal, 2006). Studies have concluded that technology
enhancements to curricular materials have positive effects on content area learning
outcomes (Lange, McPhillips, Mulhern, & Wylie, 2006; Okolo, 2005), critical thinking
skills (e.g., reiteration, summarization, illustration, prediction, explanation, and
evaluation; Twyman & Tindal, 2006), motivation (Glaser, Rieth, Kinzer, Colburn, &
Peter, 1999), self-advocacy (Lancaster, Schumaker, & Deshler, 2002), and test-taking
strategies (Lancaster, Lancaster, Schumaker, & Deshler, 2006). Technology can mediate
students' performance through question prompts, writing scaffolds, and procedural steps
that lead to a strategic plan for accomplishing goals and objectives (Englert, Wu, & Zhao,
2005).
The benefits of including assistive technology in preservice teacher preparation extend
beyond students' academic performance to encompass lifelong learning and employment
opportunities through the development of meaningful, efficacious transition plans. All
students with disabilities must have a formally documented transition plan beginning at
age 16 (IDEA, 2004). Consider how assistive technology knowledge could impact a
teacher's recommendations for a secondary student with an IQ of 120 and a learning
disability in reading, whose goal is to graduate from a 4-year university. This student
excels when complex expository texts (such as chemistry books) can be presented orally.
An informed teacher would be able to advocate for assistive technology that converts text
to speech for the student.
Once this information is documented on the student's individual education program
(IEP) and transition plan, all postsecondary institutions receiving federal funding are
obligated under federal law to consider the accommodation (An Act to Restore the Intent
and Protections of the Americans with Disabilities Act of 1990, 2008). The student will,
therefore, have the opportunity to have text converted to audio format by the university's
disability resource center. Without appropriate assistive technology knowledge and skills,
the teacher might have failed to consider how changing the format of the material and
documenting the results could have a positive long-term impact on student learning.
Unfortunately, numerous significant barriers to the appropriate selection, adoption,
implementation, and assessment of assistive technology exist for students with
disabilities who receive the majority of their academic instruction in inclusive classrooms.
First is the ambiguous definition of assistive technology. IDEA (2004) defined an
assistive technology as “any item, piece of equipment, or product system, whether
acquired commercially off the shelf, modified, or customized, that is used to increase,
maintain or improve the functional capabilities of a child with a disability” (Sec. 602,
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Definitions). Many teachers are inadequately prepared to determine how and when to
consider assistive technology for students with disabilities based on this definition.
In addition, the number of available technologies is extensive and ever-increasing (Baush
& Hasselbring, 2004; Coiro, Klein, & Walpole, 2006). Schools lack funding to support
assistive technology in inclusive classrooms (Alper & Raharinirina, 2006). School
personnel who are adequately trained to make informed assistive technology decisions
are in short supply (Edyburn, 2004; Marino & Beecher, 2008; Nelson, 2006; Puckett,
2004), and few educators understand how to integrate assistive technology into content
area instruction (McLaren, Bausch, & Jones Ault, 2007). Clearly, additional educational
opportunities are necessary to promote preservice teachers' understandings of the
benefits and barriers associated with assistive technology.
Research findings consistently suggest that preservice teachers should experience courses
that integrate assistive technology early in the teacher preparation process so that they
have time to develop the knowledge, skills, and dispositions necessary to make informed
instructional decisions and contribute to the IEP processes (Alobiedat, 2005; Anderson &
Petch-Hogan, 2001; Bausch & Hasselbring, 2004; Edyburn & Gardner, 1999; Maushak,
Kelley, & Blodgett, 2001; Michaels & McDermott, 2003). The persistent challenge is
determining how to integrate technology instruction into teacher education programs
most effectively (Wepner, Bowes, & Serotkin, 2007).
The first step toward addressing this problem is acknowledging the multiple purposes for
incorporating assistive technology instruction in teacher preparation programs. The
Council for Exceptional Children (CEC, 2001), NCATE (2007), and ISTE (2008) have
similar standards, which dictate that teachers must have the ability to (a) integrate all
forms of technology during instructional planning, (b) use assistive technology during
assessment, and (c) create appropriate technology-based adaptations and modifications
for students with disabilities.
Our model maximizes the educational opportunities of individuals with learning
disabilities in inclusive classrooms by enhancing preservice teachers' abilities to integrate
assistive technology within instruction and assessment. This approach holds the potential
to improve access to curricular materials and increase the reliability of classroom
assessments. Our model provides preservice teachers with multiple opportunities to
analyze critically assistive technology options for students with learning disabilities by
understanding the institutional, situational, and dispositional barriers that limit assistive
technology effectiveness. Teachers can then advocate for the inclusion of efficacious
assistive technology in IEP and transition plans that can positively impact students'
learning at both the K-12 and postsecondary level.
Essential Assistive Technology Knowledge and Skills
In addition to meeting the technology standards highlighted previously, preservice
teachers must have the knowledge and skills to select, adopt, implement, and assess
assistive technology successfully. Selection begins with documentation of the student's
baseline performance prior to assistive technology consideration (Raskind & Bryant,
2002). This step is crucial for establishing the efficacy and long-term viability of any
assistive technology intervention. Students are eligible for assistive technology only if it
has the capability to improve their functional performance in the classroom. Therefore, a
student who is successful (e.g., has an acceptable grade) would not be considered eligible
for assistive technology.
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Teachers must also analyze their content to determine the performance indicators they
expect students to achieve prior to assistive technology selection. Teachers must be able
to articulate to an IEP team the exact tasks and outcome measures students will be
expected to complete to demonstrate mastery of the course objectives. In addition,
teachers must reflect on their pedagogical practices and understand how assistive
technology might enhance their instruction, increase access to the learning environment,
and improve the student's performance. Baseline performance assessments, task
analyses, and pedagogical practices are teacher and content area specific and should be
embedded in methods and learning theory courses throughout the teacher's preservice
program.
Assistive technology should be considered and selected when the IEP team determines
that baseline data of the student's performance indicates a need. A detailed description of
the assistive technology selection process is outside the scope of this manuscript. Marino,
Marino, and Shaw (2006) provided a case study approach to the assistive technology
selection process. Other assistive technology selection resources include the Boone and
Higgins (2007) software checklist as a means to evaluate software for individuals with
disabilities. This validated instrument contains six forms teachers can use to evaluate
software across the following domains: (a) instruction, (b) directions and documentation,
(c) feedback and evaluation, (d) content, (e) individualizing options, (f) interface and
screen design, and (g) accessibility.
In addition to a general form for all students with disabilities, there are disability specific
forms that address learning disabilities, early childhood, intellectual disabilities, physical
disabilities, and emotional disabilities. Boone and Higgins (2007) pointed out that
students with disabilities often have needs that run counter to widely accepted e-learning
design principles. Their software checklist takes these considerations into account.
Once appropriate assistive technology has been selected, use must be implemented with
fidelity. Teachers should document how the student is trained to use the assistive
technology, how often it is actually used, whether it is used appropriately, and how the
student's performance changes over time. Meyen et al. (2002) identified two key
management strategies that can be applied to assistive technology enhanced learning
environments: (a) the ability to teach students to manage their own electronic resources,
feedback, and assessment data, and (b) the ability to utilize quantitative and qualitative
assessment data to enhance instruction and planning. Effective teachers utilize
continuous progress monitoring as students complete assistive technology enhanced
investigations. These investigations can take the form of formative evaluation during
group discussions or one-on-one interactions where the teacher asks students to describe
their thinking processes or describe the tools they are using to access information
(McNamara & Shapiro, 2005).
Management is simplified when the assistive technology includes recordkeeping tools,
such as electronic field journals, that allow students to record observations, thoughts,
hypotheses, and reflections (Liu & Bera, 2005). These tools facilitate students’
metacognitive processes and help teachers document progress during technology-based
investigations (Edelson, Gordin, & Pea, 1999). In addition, this type of management
allows the teacher to document students’ response to intervention (RTI). Many states are
adopting RTI models as a means to enhance the eligibility determination process for
students with learning disabilities. As such, the majority of teachers will be required to
present this data to IEP teams in the future (Glover & DiPerna, 2007).
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Theoretical Framework for Enhancing the TPACK Model
Our enhanced TPACK model is grounded in the notion that preservice teacher
preparation programs should facilitate inquiry-based, active learning approaches, in
which students are researching, analyzing, and representing knowledge through the
production of personal understanding. Our framework for preservice teacher training
developed through the intersection of TPACK (Mishra & Koehler, 2006), pedagogical
praxis (Schaffer, 2004) and Universal Design for Learning (UDL; Rose et al., 2005).
Pedagogical praxis combines ideas such as Schon's (1987) reflexive practice and Dewey's
(1938) concept of schooling as a way to prepare students for a changing society.
Schaffer (2004) described pedagogical praxis as a teacher's ability to think about how to
make processes of learning more accessible through technology. This construct
accentuates the UDL premise, which calls for the use of technology to design accessible
instruction at the outset of the planning process, as opposed to retrofitting or adding
technology only after barriers to learning have been encountered. The utilization of UDL
encourages the development of curricular materials that are flexible and adaptable
enough to meet a wide range of needs (Rose, Hasselbring, Stahl, & Zabala, 2005). As
Balajthy (2000) pointed out, teacher beliefs about technology impact their adoption of
technology into classroom practice. Therefore, our framework incorporates TPACK as a
means to operationalize the metacognitive processes that are essential to effective
technology adoption.
The Center for Applied Special Technology (CAST, 2008) delineates three core principles
of UDL, which preservice teachers can adopt to promote learning. Although the research
at CAST focuses on students with disabilities, these principals are beneficial to all
students:
1.

Multiple means of representation. This principle supports diversity in a learner's
recognition network. In other words, the presentation of information in a
classroom is flexible enough to reach a variety of learners. Ideally, information is
presented in multiple ways in order to reach the wide range of the audience's
learning styles.
2. Multiple means of expression. Teachers recognize that a diverse group of
learners can demonstrate their learning a variety of ways, for example, through
multimedia presentations, plays, writing, or illustrating. The goal is to provide
students with the opportunity to learn and practice skills, receive feedback, and
develop knowledge.
3. Multiple means of engagement. Students should be offered varied levels of
scaffolding throughout the learning task. A flexible curriculum design stimulates
a wide range of student interests, enhances motivation, and promotes positive
interactions with the learning environment (Meyer & Rose, 2005).
Enhancing the TPACK Model With Assistive Technology
Our enhanced TPACK model is designed to facilitate preservice teachers' movement
toward what Hooper and Rieber (1995) described as the evolution phase of technology
development. Teachers reaching this stage are able to continuously and fluidly modify
their classroom instruction to include evolving learning theories and technologies. Mishra
and Koehler's (2006) TPACK model holds the potential to support preservice teachers'
knowledge acquisition through the combination of assistive technology with other forms
of traditional technology knowledge. TPACK is represented as a Venn diagram that
includes three core components: content (C), technology (T), and pedagogy (P). We view
this as a cyclic model that can support preservice teachers' practices in inclusive
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classrooms. Assistive technology training has been traditionally viewed as an add-on
specialization for special education teachers (Edyburn & Gardner, 1999). A
representation of this in relation to the TPACK model is presented in Figure 1.

Figure 1. Assistive technology (AT) training in traditional
educational environments.

In our model, the technology core (T) is parsed to represent the importance and
overlapping constructs inherent in both assistive technology (AT) and instructional
technology (IT). Consider that word prediction software is routinely considered as
assistive technology for students with disabilities who struggle with writing. This
technology is now widely available through Internet browsers, cell phones with text
messaging features, and other handheld devices. Boone and Higgins (2007) pointed out
that the benefits of this technology extend beyond students with disabilities to encompass
a wide range of students. Therefore, AT and IT should be taught as a symbiotic construct
throughout the teacher education process, so that teachers can explicitly identify the
beneficial features of the technology interface in a manner that informs their active
participation in the assistive technology consideration process. A visual representation of
our enhanced TPACK model with the inclusion of assistive technology is represented in
Figure 2.
Of critical note in Figure 2 is the notion that assistive technology does not fully eclipse
technology in the model. Our contention is that adding assistive knowledge to technology
knowledge will allow preservice teachers to view technology through an enhanced lens,
which extends their understanding of the ways technology can be used to improve
student learning. We exclude from technology knowledge a knowledge of assistive
technology used by students with extremely low incidence disabilities, because it is not
crucial for all general education preservice teachers.
During preservice teacher training, initial emphasis should be placed on identifying the
distinct purposes of AT and IT. Assistive technology is purposefully selected for students
formally identified with disabilities in order to improve functional performance in a
specific context. Instructional technology is taught as a means to enhance the learning
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Figure 2. Enhanced TPACK model with T expanded to include AT
and IT.
environment for all students. This distinction will provide preservice teachers with the
requisite skills to participate in IEP meetings. This initial distinction should be followed
with experiences that allow the preservice teachers to experiment with AT and IT in ways
that lead to the eventual merger of the technology knowledge construct, so that preservice
teachers in the final year of their program can parse AT and IT but also describe how the
two overlap and compliment each other as one construct.
Ways Assistive Technology Inclusion Changes Interactions in the TPACK Model
Effective instructional practices in education technology courses are key to ensuring that
this approach combining assistive technology with technology knowledge leads to
successful learning outcomes for preservice teachers. Otero et al. (2005), in a discussion
of the educational technology resource (ETR) model for implementing technology into
instructional practice, found that unidirectional or didactic methods of technology
instruction were ineffective. They stipulated that technology instruction should empower
learners (preservice teachers for our purposes) to develop the skills, language, and critical
dispositions toward technology that enable users to develop and implement technologybased learning experiences effectively in authentic contexts.
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Therefore, we propose our enhanced TPACK model as a series of semester-long cycles
that provide preservice teachers with multiple opportunities to experience the content,
pedagogy, and technology core tenets of the TPACK model. For example, beginning in the
first semester of the teacher preparation program, preservice teachers in a technology
course are taught to identify and use effective technologies that may be considered as
assistive technology for students with disabilities and instructional technology for other
students. In other courses, they use this information to enhance their content delivery
with effective pedagogical practices. Technology enhanced lessons should be modeled in
each content area so that preservice teachers have practical examples and experiences to
build on. This integrated approach continues each semester as students refine their skills
through the assimilation and accommodation of new information acquired during their
continued coursework and field experiences.
Consider how this model might be applied with a preservice secondary science teacher
who plans to teach in an inclusive general education classroom. The teacher must
understand the underlying pedagogical assumptions of teaching at the secondary level
(e.g., students in the class will be able to read at grade level) and how those assumptions
impact students with learning disabilities. Beginning in fourth grade, teachers'
instructional practices shift from teaching students to read to teaching students to utilize
diverse reading strategies during the learning process. This transition offers distinct
challenges for students with learning disabilities because of the complex literacy
strategies necessary to learn from both electronic and paper-based expository text
sources (Edyburn, 2007).
These challenges are compounded when students participate in inquiry-based learning
activities, such as secondary science labs. Therefore, the preservice teacher in this
example must be taught (a) to identify individual students’ learning styles, (b) content
specific pedagogical practices that account for student differences, and (c) ways to use
technology to scaffold and facilitate student learning. These experiences should begin
early in the teacher preparation process. This preservice teacher may benefit from a case
study approach, in which multiple assistive technologies are evaluated for a student with
a learning disability who is struggling in the class.
In this example, an understanding of assistive technology will provide the preservice
teacher with an alternate lens through which technology can be viewed as a means to
enhance student learning. If the development of this new lens is fostered throughout the
preservice training process, preservice teachers will construct lesson and unit plans that
take assistive technology considerations into account at the outset of the design process,
thus, moving toward the principles of UDL. This technology integration offers the
potential to improve access to the learning environment for a wide array of learners while
reducing the need for assistive technology. An integrated and cyclic approach that
includes assistive technology in technology knowledge eliminates many of the barriers
associated with assistive technology adoption, selection, implementation, and
assessment.
Now consider an example of a preservice teacher in her final semester of study who has
worked with assistive technology as part of the TPACK model. Say she is a preservice
middle school history teacher who plans to use open-ended learning environments
(OLEs) to teach students to critically analyze multiple perspectives of historical events.
The preservice teacher's pedagogical training has taught her that OLEs have gained
increased popularity as a means to teach students using context-specific authentic
problems because of the advantages this approach offers over classrooms that emphasize
rote memorization of preexisting expertly conceived concepts (Edelson et al., 1999).
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She utilizes OLEs because they encourage students to construct their own mental
frameworks as they use learning scaffolds to interpret and synthesize information
(Hannafin & Land, 2000). This strategy promotes a canonical learning cycle where
students use the scientific method continually to refine their mental models through the
development of procedural knowledge, declarative knowledge, and assumptions about
the focus concept (Oliver & Hannafin, 2001). Her training has also taught her that this
type of environment is complex, multifaceted, and extremely difficult for novice learners,
such as students with learning disabilities (Jonassen & Hernandez-Serrana, 2002).
The preservice teacher in this example is able to use an assistive technology enhanced
lens as she conceptualizes instructional plans that embrace diversity within the classroom
using Parallaxic Praxis (Sameshima & Vandermause, 2008; Sameshima & Sinner, 2009).
Issues of representation, expression, and engagement are deeply rooted in Parallaxic
Praxis (see Figure 3), a teaching and learning design model, which is grounded in holistic
arts-integrated inquiry. Parallaxic Praxis supports personal meaning making as
knowledge production.
Students in this teacher's class work with content through various mediums, such as
video production, technology-based graphic organizers, and other artful endeavors. They
receive explicit instruction to utilize technology-based tools in order to create artistic
renderings of their understanding of the historical events. The technology then becomes a
medium to share, engage, and provoke further learning among the class. In this example,
the preservice teacher can incorporate into her instructional practice many technologies
that could be considered assistive technology and taught in isolation. In addition, she has
created a meaningful learning environment that includes the principles of UDL and
provides artifacts that document students' performance toward their learning goals.
The Parallaxic Praxis method of meaning-generation produces an artifact, which can then
spur further learning in others. A well-known process of parallaxic praxis is to take
statistical data and create a graph. The graph is the outcome of content filtered through a
technology-based tool. Once rendered, learners can better analyze the data. Evidence
suggests that the benefits of using technology-based tools (AT for some and IT for others)
extend beyond students with learning disabilities to encompass all learners who
participate in OLE investigations (Marino, in press). Figure 3 illustrates the sequential
progression of content filtered through technological tools to facilitate UDL by
encouraging multiple means of representation, expression, and engagement.
Ways Technology Supports Inclusive Education
The role of technology cannot be understated in modern society. Christensen, Overall,
and Knezek (2006) pointed out that the use of computers has evolved over the past half
century from a single mainframe to individual computers to ubiquitous computing where
individuals fluidly use technology throughout their daily lives. Peterson-Karlan and
Parette (2005) noted that technology provides a much-needed medium to develop
socialization and communication skills often lacking in millennial students (i.e., those
who entered school after 2000) with disabilities.
One of the primary characteristics of students in the millennial culture is their comfort
with and consistent use of technology on a daily basis (Parette, Huer, & Scherer, 2004;
U.S. Department of Education, 2004). Evidence suggests that millennial students with
disabilities often rely more on technology than their peers without disabilities (Lenhart et
al., 2003). Today's students have such comfort with keypads and LCDs that they often
wear their technology (Dwyer, 2002). This widespread adoption of technology has
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Figure 3. Parallaxic Praxis model for assistive technology integration.

transferred to a preference for using technology when learning (Peterson-Karlan &
Parette, 2005).
A dynamic interplay exists among students, teachers, curriculum, classroom context, and
technology (Quintana et al., 2004). Effective technology-based tool utilization is not an
add-on to existing curriculum. Instead, we advocate for an integrated approach (an
enhanced TPACK model) that focuses on promoting the longitudinal viability of
technology as a means to enhance lifelong learning. This integrated approach allows
preservice teachers to develop a rich understanding of how knowledge of technology,
pedagogy, and content can be used to create flexible learning environments that benefit a
wide range of learners. Including assistive technology in technology knowledge enhances
the model by allowing preservice teachers to gain enhanced understandings of the
benefits of including technology in content specific instructional design.
Technology provides enhanced opportunities for individuals to learn actively in selfdirected ways, either through independent study or collaborative learning experiences
(Kirschner & Erkens, 2006). Jonassen (2000) describes technology as a functioning
intellectual partner that can act as a mindtool, which facilitates critical thinking and
learning. Others such as Lajoie (1993) have defined the scaffolds inherent in technology
as cognitive tools with specific roles for the user. These tools (a) support cognitive and
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metacognitive processes, (b) share cognitive load by providing information as needed,
thus allowing the user to concentrate on higher order thinking processes, (c) allow users
to conduct activities that would not be possible in traditional classroom environments,
and (d) allow users to solve problems by generating hypotheses, collecting data, and
interpreting results in a simulated environment. Preservice teachers must have the
knowledge and skills to incorporate these tools in their instructional planning so that the
unique needs of individuals with disabilities can be met.
Christensen et al. (2006) identified two types of tools used in educational contexts: (a)
Type I tools, which allow individuals to complete every-day tasks more efficiently, and (b)
Type II tools, which allow users to synthesize and communicate information in new ways.
Scaffolding within these tools provides structures and frameworks that augment the
learners' performance beyond what would be traditionally possible. These supports act as
bridges between learning experiences and real world situations (Chen & Hung, 2004).
Preservice teachers who experience assistive technology within their technology training
are able to utilize both sets of tools fluidly and identify the contexts in which each might
be considered assistive technology for some students and instructional technology for
others.
Pedagogical Considerations in the Enhanced TPACK Model
Oliver and Hannafin (2001) noted that teachers must be able to provide appropriate
instruction and prompting so that students are able to utilize the technology-based tools
and scaffolds in a manner that promotes meaningful learning outcomes. They suggest
that teachers employ “guided discovery” over “free discovery.” In other words, teachers
must provide a framework so that students with learning disabilities have procedural
guidelines that scaffold the learning process. This framework might include an electronic
checklist that students with learning disabilities can follow during complex OLE learning
activities. Other prompts could ask the student to generate alternate hypotheses when
evidence that contradicts their preconceived notions is located.
Teachers should also employ daily modeling of inductive and deductive reasoning
strategies when students with learning disabilities participate in OLEs. Oliver and
Hannafin (2001) found that evidence collection in an electronic environment often did
not lead to the appropriate application of the evidence toward the problem solution.
Here, a technology-based organizer could help students with learning disabilities
understand the relationships between the evidence and the problem through the use of
side-by-side comparisons where students compare evidence to their hypotheses and then
report whether or not the evidence supports their conclusions.
Pedersen and Liu (2003) noted the importance of a central question that acts to guide the
inquiry process. They pointed out that students should have the opportunity to assist in
framing the question so that it is relevant to their lives. Teachers should use “orienting
strategies” at the outset of inquiry-based activities to anchor investigations. These might
include background scenarios or advanced organizers that identify the prior knowledge of
the class as a whole (Hannafin & Land, 2000). Brown, Collins, and Duguid (1989), in
their discussion of situated cognition, advocated for the use of cognitive apprenticeship,
in which teachers model problem solving strategies, coach students to develop their own
understandings of the material, and gradually decrease their level of support as student
thinking develops.
Figure 4 is a Force Field Analysis Diagram depicting a framework for preservice teachers
to examine how technology integration factors (forces) can potentially address learning
barriers for students with learning disabilities. The Force Field Analysis Diagram is
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commonly used in business administration, science group dynamics, and leadership to
display visually driving and restraining forces in an implementation strategy (see Lewin,
2008)

Figure 4. Force field analysis diagram of driving and restraining forces enabling
assistive technology integration (Brown, Collins, & Duguid, 1989; Hannafin &
Land, 2000; Oliver & Hannafin, 2001; Pedersen & Liu, 2003; Quintina, Zhang, &
Krajcik, 2005).

Implementing the Enhanced TPACK Model in Teacher Education Programs
Failure to prepare preservice teachers properly creates a cycle in which students,
teachers, parents, and administrators become increasingly frustrated with assistive
technology (Maushak et al., 2001). Mindful consideration for preparing preservice
teachers to select, adopt, implement, and assess technology effectively is critical to
promoting the educational opportunities of students with learning disabilities in inclusive
classrooms. Developing an integrated community of practice within teacher education
programs is one way to facilitate this process.
Collaboration among general education and special education teachers promotes
academic and social success for their students (McLaren et al., 2007; Thousand & Villa,
2000). Michaels and McDermott (2003) pointed out that teacher education programs
must provide preservice teachers with an opportunity to observe classroom teachers and
other school personnel who model appropriate assistive technology use in inclusive
classroom settings. Preservice teachers should participate in a community that brings
general education teachers, special education teachers, and other technology
professionals together with students and families to explore relevant and meaningful
assistive technology options (Pope, Hare, & Howard; 2002; Wasburn-Moses, 2005).
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School-university partnerships can facilitate this process by enhancing the development
of technology skills across teacher preparation programs (Wepner et al., 2007). Zorfass
and Rivero (2005) found that as teachers expanded their knowledge of effective
technologies, they were able to transfer the knowledge and provide additional learning
supports to a broad range of students with diverse abilities. In addition, preservice
teachers should have the opportunity to apply new technologies immediately to their
current teaching placements (Schrum, Skeele, & Grant, 2003).
Conclusion
An enhanced TPACK model that includes assistive technology with technology instruction
early in the teacher preparation process addresses a need to further preservice teachers’
understandings of the benefits and barriers to appropriate assistive technology selection,
adoption, implementation, and assessment. We view assistive technology and
instructional technology as overlapping supports for students with learning disabilities
and other students who are educated in inclusive general education classrooms. Our
approach calls for the development of preservice teachers’ knowledge, skills, and
dispositions through a series of semester-long cyclical interactions with the enhanced
TPACK model, which is supported by integrating course work, field experiences, and a
broader community of practice.
Fostering effective assistive technology selection, adoption, implementation, and
assessment at the preservice level is not an easy task. Student's assistive technology
success is directly correlated to the knowledge, skills, and dispositions of the teacher
(Edyburn & Gardner, 1999). Teachers must be able to make meaningful contributions to
IEP teams during the assistive technology consideration process that take into account
the students' needs, classroom context, and cultural concerns relating to family values
(Parette & McMahan, 2002). Adopting technology into classroom practice is dependent
not only on the amount of training a teacher receives, but also the teacher's philosophy
and beliefs about the benefits of technology (Balajthy, 2000; Vannatta & Fordham,
2004). Therefore, teacher education programs must embed these constructs throughout
their programs.
Future research should further examine the nexus points among the enhanced TPACK
model and identify specific knowledge and skills associated with each stage of the cyclic
implementation system in a preservice teacher preparation program.
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