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ABSTRACT
Sounding Out Science:
Incorporating Audio Technology to Assist Students
with Learning Differences in Science Education

Clement V. Gomes

With the current focus to have all students reach scientific literacy in the U.S,
there exists a need to support marginalized students, such as those with Learning
Disabilities/Differences (LD), to reach the same educational goals as their mainstream
counterparts. This dissertation examines the benefits of using audio assistive technology
on the iPad to support LD students to achieve comprehension of science vocabulary and
semantics. This dissertation is composed of two papers, both of which include qualitative
information supported by quantified data. The first paper, titled Using Technology to
Overcome Fundamental Literacy Constraints for Students with Learning Differences to
Achieve Scientific Literacy, provides quantified evidence from pretest and posttest
analysis that audio technology can be beneficial for seventh grade LD students when
learning new and unfamiliar science content. Analysis of observations and student
interviews support the findings. The second paper, titled Time, Energy, and Motivation:
Utilizing Technology to Ease Science Understanding for Students with Learning
Differences, supports the importance of creating technology that is clear, audible, and
easy for students to use so they benefit and desire to utilize the learning tool. Multiple
correlation of Likert Survey analysis was used to identify four major items and was
supported with analysis from observations of and interviews with students, parents, and
educators. This study provides useful information to support the rising number of

identified LD students and their parents and teachers by presenting the benefits of using
audio assistive technology to learn science.
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Chapter I
INTRODUCTION

The learning disabilities that affect many students can cause them to have
difficulty with language-based communication in the form of reading and writing. This
dissertation addresses how the use of assistive technologies can benefit students with
learning disabilities/differences (LD) by easing the burden of understanding the language
of science. By gaining a strong understanding of science, LD students, like their
mainstream counterparts, will also be able to achieve scientific literacy. My research is
supported with scholarly references and qualitative field data in the form of interviews,
observations, and artifacts. The research also includes quantified data to provide
additional sources of insight, and additional support for qualitative findings. The study
was done through the lenses of disability theory, the use of technology for educational
advancement, and the importance of scientific literacy for all students. Linguistics was
another large area of focus to better understand LDs and the influence they have on
learning the language of science. The purpose of my research is to learn how audio
technology can assist students with language-based LDs effectively understand science
vocabulary and language to achieve scientific literacy.

Rationale
What is communication? We are capable of expressing ideas, thoughts, and
feelings through precise methods of communication. Whether through oral discussion,
written, or even body language, we have created many ways to exchange what is inside
our minds to be expressed to the outside world. We listen and see, allowing information
to enter our minds, and we say and write to express what our minds create. While
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everyone is different and some may be stronger at one form of communication over
another, we are all capable of expressing ourselves. With education we learn to
communicate our thoughts and absorb more knowledge, creating a cycle of intake and
expression. The more we know, the better we understand, leading to more ways to
communicate.
What if one’s ability to communicate orally has been handicapped to such an
extent that communication has been hindered or stopped altogether? Having a disability
of any sort can cause an individual great hardship, as it creates difficulty in achieving the
goals and aspirations of which others are capable (Salvia, Ysseldyke, & Bolt, 2010).
Learning disabilities/differences can greatly affect an individual’s verbal and/or written
communication, yet having an LD does not mean life is impossible. The individual needs
to seek alternative methods to attain similar goals as others. Nothing is impossible, and
this research presents technology as a major form of support that can be utilized by LD
students to reach their learning goals.
For eleven years, I have been working with children who are challenged to learn
through reading and writing and watched them overcome their individual difficulties to
find success. With the appropriate accommodations, these LD students are able to pass
required exams, graduate from high school, and attend college. This is what makes
working at an LD school a place of empowerment for the students and teachers. A team
of qualified faculty, dedicated parents, and the motivation to learn all contribute to
success for students who have different learning needs. After graduating, the students
move on to colleges and careers with the strength, courage, and knowledge to become
successful at the life goals they have chosen. The school does not only inspire but also
helps the LD students grow and develop necessary skills. Having started working there
right after completing my undergraduate degrees, the school has also inspired me to
pursue my masters and now my doctorate in science education. The LD students I work
with have taught me that anything is attainable with the right supports and knowledge.
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And with this understanding, the school helped me craft my goals in this dissertation
study to show others that, with the right accommodations and modifications, education is
a possibility for students of all abilities.
Understanding LD
As the diversity of students in schools throughout the United States expands, it is
important for teachers to understand each child’s individual educational needs and
differentiated learning (Turnbull, Huerta, & Stowe, 2006). With the growing population
of marginalized individuals, one area of education that has recently drawn greater
attention is that of students with Learning Disabilities (LD). LDs, also called Learning
Differences, are generally based on language impairments, with dyslexia being the most
common (Shaywitz, 2003; Swan & Goswami, 1997). Students with LDs may have
difficulty learning reading and writing but are of average intelligence and normal mental
ability, like any other non-LD individual. Due to incorrect assessment and/or lack of
understanding, highly capable LD students are often placed into special education
programs and schools for students that require greater assistive needs. This unnecessary
separation from cohorts with similar educational capabilities negatively impacts these LD
individuals by denying them the appropriate support and skills to help them succeed
(Salvia et al., 2010).
The Individuals with Disabilities Education Act (IDEA) states that all students
with disabilities should be placed in the least restrictive environment that still allows for
educational growth. Enacted in 1975, the IDEA ensures that all students with disabilities
throughout the nation are provided early intervention, special education, and related
services to support their needs (Turnbull et al., 2006). Specialized schools for students
with LDs can offer this opportunity without restricting their learning by placing them in a
classroom with students of lower ability or cognitive understanding.
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Since the 1970s, the percentage of students identified with disabilities has almost
doubled from over 8% to nearly 14% by 2006 (Dillon, 2007; National Center for
Education Statistics, 2010). As we continue to learn more about disabilities and how they
affect learning, this number will likely continue to increase. With the current push by the
Department of Education toward Science, Technology, Engineering, and Mathematics
(STEM) Education and Scientific Literacy for all students, the need to focus on this
marginalized population of students comes to the forefront (National Research Council,
2012). My goal in this research study is to present findings that show how LD students
can be supported to achieve the same science education goals as their mainstream cohorts
by utilizing assistive technology tools.
The Ambiguity of Scientific Literacy
What does it mean for a person to be scientifically literate? For the past fifty
years, educators and researchers have been trying to define clear expectations as to what
becoming scientifically literate means (DeBoer, 2000; Hurd, 1998). The most current
definition of scientific literacy focuses on the ability of individuals to have general skills
and an understanding of science so they can make knowledgeable decisions that impact
society (American Association for the Advancement of Science [AAAS], 1998). In his
research, Hurd (1998) presents several skills that a scientifically literate person should
have that can be used to assess scientific ability and develop curriculum. Based on the
Benchmarks for Scientific Literacy (AAAS, 1998), the definition of scientific literacy is
the ability to understand science concepts, apply them, and make knowledgeable
decisions, albeit, the second word, "literacy," is not addressed as a component of
understanding science. As the term "literacy" is also defined as the fundamental ability to
read and write, it is assumed that students need to enter science with certain literacy
(reading and writing) skills that should have been developed in other classes (Glynn &
Muth, 1994). There seems to be a duality to the meaning of scientific literacy and what
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skills are necessary to achieve it (Norris & Phillips, 2003). Does it involve science
comprehension or fundamental literacy skills? Does a person need to be literate in
reading and writing science content and vocabulary to be able to comprehend and reach
scientific literacy?
A current proposal for science education reform by the Next Generation Science
Standards (NGSS) (National Research Council [NRC], 2012) focuses on the Nature of
Science (NOS) and the combination of science and engineering practices, crosscutting
concepts, and core disciplinary ideas. The Standards provide a framework for K-12
Science Education that will be adapted to include a chapter on how to make NGSS
accessible to the ever-evolving diversity of students, which include major racial and
ethnic groups, students with disabilities, limited English proficient students, and
economically disadvantaged students, as well, of course, as students of both genders
(NRC, 2012). These new K-12 science standards address how to make students
successful in the future by gaining the knowledge and skills that are necessary. However,
the fundamental skills of being able to independently read and write science content are
not a focus and also need to be thoroughly addressed by the NGSS. As students advance
through high school and into college, the expectation to be able to read science texts
independently to learn new content becomes greater. A focus on disciplinary literacy is
necessary to support students to better understand science from readings and be able to
express scientific ideas and thoughts in writing (Shanahan & Shanahan, 2008). A lack of
focus on fundamental literacy skills in science with the new NGSS standards will hamper
students with lower skills from independently reading science content in order to learn
(Glynn & Muth, 1994; Pearson, Moje, & Greenleaf, 2010).
Research by Norris and Phillips (2003) focuses on the need for students to
achieve a fundamental sense of literacy to achieve scientific comprehension. They argue
that current science standards neglect to address independent reading and writing skills
and assume that students enter the classroom with age-appropriate literacy skills (Pearson
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et al., 2010; Shanahan & Shanahan, 2008). They focus on how reading and writing are
constitutive parts of science and point out that, without the ability to read and write
students’ will have difficulty achieving scientific literacy (Norris & Phillips, 2003;
Wellington & Osborne, 2001). This argument holds strong for the marginalized
population of LD students that struggle with literacy but not comprehension. Rivard’s
(2004) research supports this work by presenting how language-based activities can
affect student’s scientific learning. The information from these studies will be expanded
in the Literature Review (Chapter II) to show the importance of fundamental literacy in
reaching scientific literacy.
Since there is ambiguity in the term "Scientific Literacy," the use of this term in
this study adheres to the description from the Benchmarks for Scientific Literacy
description (American Association for the Advancement of Science [AAAS], 1998),
which focuses on the comprehension of science. To be able to comprehend science,
students need to understand science and its applications, distinguish what is relevant and
true science, problem solve using scientific knowledge, understand the nature of science,
and think about science critically to make intelligent decisions in societal issues involving
science (Norris & Phillips, 2002). This definition of scientific literacy should be universal
for all students, including those in mainstream schools as well as students that require
additional supports for their LD. The educational and learning path taken to achieve
scientific literacy is what may be different for students that have an LD.
When discussing the fundamental components of literacy, such as reading and
writing, when learning science, other descriptors are used, such as science reading,
vocabulary, linguistics, language, and writing. The ability to read and write has an
influence on learning, since it can be a means to understanding and expressing science
information. It is used as a vehicle for learning science meaningfully in most standard
classrooms. It is not the only way to learn science but one of the most heavily used
methods in education (Glynn & Muth, 1994). Although these reading and writing skills
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are addressed in the Common Core Standards (Common Core State Standards Initiative,
2010), many science educators neglect addressing these skills when teaching or assume
literacy will be covered in other classes that focus on language (Faggella-Luby, Graner,
Deshler, & Drew, 2012). So what can educators, parents, and LD students do to
overcome the hurdle of fundamental literacy to reach scientific literacy? There are ways
to work around LDs, and the methods are innovative, dynamic, and continuously being
changed and redeveloped.
Educational Technology
There has been exponential progress in technology and its uses in the classroom.
New educational standards include the use and understanding of technology for learning
(Wenglinsky, 2005). Amongst these, many new and modern technology tools assist LD
students fill the gaps that would otherwise prevent them from reaching the same goals as
students in general education. The use of computers for students with dysgraphia
students, voice recognition speech-to-text programs for dyslexic students, and audio
books for the visually impaired and students with slower speeds of processing are only a
few of the assistive technologies that can be utilized by LD individuals (Raskind, 2000).
The integration of technology into the curriculum and recognition of the need for school
change and development of more modern tools are important for the future of education
for all students (Fullan, 2007; Wenglinsky, 2005).
With this constant progress toward new technologies and software, there is still a
large gap to be filled for technology. The problem that many LD students face is the lack
of audio technology for expository science literature. This was discovered when
searching for audio textbooks for my LD students. It is possible to have a publishing
company create an audio science textbook, but that was found to be very costly. There
are many audio books available for narratives and recreational reading, but not many for
science. Audio books for science content simply were not found to be readily available.
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With the subject of science being composed of new, unfamiliar, and unique vocabulary,
the need for audio books is greater for LD students to thoroughly understand the language
and content (Rivard, 2004). With stronger science comprehension, these languageimpaired students will be able to reach the educational goal of scientific literacy.

Research Questions
Several specific research questions were developed with the purpose of seeking
audio technology that benefits LD science education.
1. What are the challenges that students with LDs have when learning science
language and vocabulary?
2. How will the use of audio technology affect LD students’ understanding and
comprehension when reading science text?
3. What forms of audio technology are enjoyable and preferred by LD students
to learn science?
Before analyzing and developing methods to assisting LD students, the first
question aimed to learn about the challenges the students have with learning science
through reading and writing. These challenges are different from generic literacy hurdles
faced by the LD population due to the unique, often multisyllabic, and formal language of
science (Carlisle, Fleming, & Gudbrandsen, 2000). Interviews and observations provided
a better grasp of the students’ challenges to arrive at the most effective and efficient
methods for teaching these students science.
The second research question considered the addition of audio technology for LD
students and its influence on learning science. Taking into consideration that audio
technology is not readily available for science text, this research question addressed
whether the addition of audio technology into the science curriculum would lead to
greater student learning gains. Using qualitative methods of observation from classroom
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discussions and interviews, the benefits of audio technology were considered in
comparison to traditional methods of learning. A quantified analysis of pretests and
posttests with and without audio technology was used to support the qualitative data to
answer this research question.
The third question focused on comparing the use of audio technology and the
different forms that are available. Based on interviews and Likert surveys, students were
able to express their interest in using technology tools and what positives and negatives
exist for each one. It is important for the students to enjoy using the audio technology, as
it will lead them to utilizing the tool to assist them in learning. By providing a
comfortable and user-friendly technological platform, more students will turn to assistive
tools to ease their learning of science and make learning the content more intrinsically
appealing. To support the qualitative information, statistical analysis of the pretests and
posttests and Likert survey responses was conducted to compare the technologies to see if
there are significant differences. The results showed that scientific learning is affected by
the lack or type of technology used. The purpose of the research was supported after
triangulating all the information and data collected from the study.
As one of many LDs, dyslexia affects the process by which students attain
knowledge, which can strongly affect the comprehension, absorption, and retention of
science content and its unique language (Carlisle et al., 2000). This study presents how
the addition of audio technology affects understanding of the language of science and
process of learning by focusing on reading as the fundamental component. The critical
question that emerged asks if curricula utilizing assistive audio technology can improve
and ease LD students’ ability to independently read, understand, and retain science
language, vocabulary, and content to reach scientific literacy. The research is explained
using narrative case studies based on observations, interviews, artifacts, and Likert
surveys of middle school students with LDs. This qualitative analysis is further supported
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by quantified data from pretests and posttests and analysis of Likert surveys completed
by the students.
The rationale for this research is based on the above outlined areas. The lack of
focus on reading and writing skills to achieve scientific literacy and understanding is a
deficit in the current standards and a disservice to the LD population. The addition of
audio books for expository science text can offer great benefits and options to assist LD
students with reading science. With a better understanding of the causes of LDs, the gap
to achieving scientific literacy can be bridged using educational technology for this
marginalized population. Below is a summary table of the research questions, data
collection, and data analysis for this dissertation.

Table 1.1 Summary of Research Questions, Data Collection and Data Analysis
Data Collection
Qualitative

Research Questions
1. What are the
challenges that
student with LDs
have when learning
science language
and vocabulary?

•

•
•

2. How will the use •
of audio technology
effects LD students’
understanding and
•
comprehension
when reading
science text?

Quantitative

Data Analysis

Interviews with
students, parents,
and teachers
Observations/ field
notes
Artifacts:
notebooks, class
work, lab work

Assessment and
•
comparisons of
graded written
work: homework, •
tests/ quizzes

Interviews with
students, parents,
and teachers
Observations/ field
notes

Pre and posttest

•

•

•
•

Coding of
interviews/ field
notes
Identification of
emergent themes
Analysis of
grades on
assignments
Coding of
interviews/ field
notes
Identification of
emergent themes
ANCOVA from
pre and post test
data
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Table 1.1 (continued)
Data Collection
Qualitative

Research Questions
3. What forms of
audio technology
are enjoyable and
preferred by LD
students to learn
science?

•
•
•

Interviews with
students
Observations/ field
notes
Likert Survey
responses

Quantitative
Likert surveys

Data Analysis
•

•
•

•

Coding of
interviews/ field
notes
Identification of
emergent themes
Coding of
answers from
Likert surveys
responses
Comparison and
statistical analysis
of Likert data

Organization of the Dissertation
This dissertation is organized into a two-paper style. This unique style is different
from the book format as it is composed of two independent journal-style papers within
the larger dissertation outline. The two papers are written with the intention of being
submitted to scholarly journals for publication after completion of the dissertation.
The literature review is the second chapter of this dissertation. This chapter
discusses the research on which this dissertation is grounded. The purpose of the
literature review is to support the presented information with information from past
scholarly studies by knowledgeable researchers from the fields of Disability Theory,
Scientific Literacy, and Assistive Technology.
The third chapter is the general overview of the methods for the dissertation
study. The purpose of using a qualitative case study approach is explained. The addition
of quantified data is included to add rigor and support to the study. The procedures,
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materials, participants, research collection methods, and other necessary components are
also presented to ensure accurate research and thorough study.
The fourth chapter is a paper on one set of findings that focuses on the first two
research questions: (1) What are the challenges that students with LDs have when
learning science language and vocabulary, and (2) How will the use of audio technology
affect LD students’ understanding and comprehension when reading science text? This
qualitative paper uses student interviews and observations to answer the questions. The
information is further supported by quantified data from pretests and posttests.
The fifth chapter is a paper on another set of findings with a focus on the third
research question: What forms of audio technology are enjoyable and preferred by LD
students to learn science? This qualitative paper uses student and teacher interviews and
observations to learn about the benefits and drawbacks of audio technology. Interviews
were done with several parents to shed light on the unique ways in which LD students
learn. The information is further supported by an analysis of quantified Likert survey data
connected to the qualitative information.
The sixth chapter presents the significance of the research presented. It ends the
study with a conclusion that ties the two sets of finding together and explains the
importance of the research and any future studies that can be done. The final sections for
the dissertation are the references and appendices.
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Chapter II
LITERATURE REVIEW

The Literature Review for this dissertation is based on three frameworks:
(1) Disability Theory, (2) Scientific Literacy and Education, and (3) Educational and
Assistive Technology. Current research does not offer information on all three
frameworks studied together, so I have surveyed several specific scholarly articles,
books, and studies to explain the importance of each topical area and to show how they
relate to each other and influence my research study.

Disability Theory
Dr. Sally Shaywitz is a well-known medical doctor who has devoted her research
to learning how to assist people with dyslexia. She is the Co-Director of the newly
formed Yale Center for Dyslexia and Creativity and the author of over 200 publications.
In this section, I will focus on her research from her 1998 article Dyslexia and her 2003
national bestseller Overcoming Dyslexia. Her research and information has been an asset
to many parents, teachers, and individuals with LDs to better understand dyslexia and
how the brain works. She not only explains LDs by simplifying medical jargon but also
describes methods and techniques to assist with and make learning more effective
(Shaywitz, 1998, 2003).
Dr. Shaywitz’s research explains that dyslexia is one of the most common LDs
that affect an individual’s ability to read, even if the person has appropriate schooling,
intelligence, and motivation (Shaywitz, 1998, 2003). This description of dyslexia allows
me, as a researcher and educator, to understand why LD students often score low grades
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on work that requires extensive reading and writing in science, yet are highly capable
otherwise.
Dr. Shaywitz also explains how recent scientific research in LDs has led to a
better understanding of the effects LDs may have on learning and methods to work
around it. She explains the phonological deficit hypothesis and how it affects learning.
This hypothesis states that dyslexia and many other language-based LDs are due to a
difficulty with translating written text to the auditory sounds it represents (Shaywitz,
1998; Swan & Goswami, 1997; Swanson, 1999). Phonemes, small units of sound,
correspond to graphemes, visual text, allowing us to transform the letters we see on the
page into the spoken words we hear. For an individual with dyslexia and other languagebased LDs, reading words can be a struggle if he or she is unaware of, unfamiliar with, or
has difficulty remembering the phonemes. The phonological loop is broken between the
sounds that compose the visual graphemes for LD students due to a lack of fiber
networks in the nervous system. For LD students, hearing and/or saying the words aloud
helps grasp the meaning by adding the auditory component (Shaywitz, 2003; Swanson,
1999). Understanding more about this auditory processing component of dyslexia leads to
many potential methods to teach LD individuals. My research makes this connection by
using audio technology as one of the methods to assist with learning in an effort to
overcome this phonological deficit for LD individuals.
Many other scientists also support the phonological deficit hypothesis based on
their work with LD individuals. Richardson, Thomson, Scott, and Goswami (2004)
reaffirm the proposed hypothesis in their research article, Auditory processing skills and
phonological representation in dyslexic children. They use clinical research to explain
how auditory input being impaired or absent can cause difficulty with reading and affect
learning. The research explains how individuals that lack normal auditory abilities
develop language difficulties that can affect their progress in literacy.
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Another important component of understanding LDs is realizing that individuals
with LDs are highly capable and should be given opportunities the same as any other
person. The IDEA ensures that students with disabilities receive a free public, appropriate
education and a modified education in the least restrictive environment, allowing for
learning and development (Turnbull et al., 2006). The aim for Shaywitz, Richardson, and
many other LD researchers is to learn how to assist these individuals to support the IDEA
and its cause. My research would be beneficial to the LD community and add support to
the IDEA by promoting a classroom where LD students may learn science through
assistive technologies.

Scientific Literacy and Education
In the field of science education, the meaning of scientific literacy is often
debated, as there is no consistent meaning. With much research in scientific literacy on a
common meaning and how to effectively achieve it, I find the explanation given in the
research by Hurd (1998) to be the most clear and concise. He reviewed and compiled
information into a meta-analysis about scientific literacy to describe that it has been
present and ever-evolving from the beginning of modern science in the 1500s or even
earlier. For a person to be scientifically literate, he or she needs to learn and present some
behaviors that allow them to view the world with the lens of science and technology.
Hurd lists over twenty possible characteristics that a scientifically literate person would
have, including the ability to use science knowledge to make life choices, understand
theory and recognize true data, and realize that science is constantly evolving and neverending. These attributes can also be used as guidelines for recreating science curricula in
education reform. Hurd includes in his research that the goal of science curricula should
be focused on achieving science understanding and literacy for all students through a
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lived curriculum so that they may develop the skills to utilize what they learn to lead
productive lives.
DeBoer (2000) and Hurd (1998) agree that the current goal is to reach scientific
literacy for all students. What should be considered are the teaching methods currently
utilized by many educators. From a young age, students are taught to read to learn new
information. At first, young students are supported and taught the skills to retrieve
knowledge from written sources. As students progress through school, the expectation is
that students will read independently to learn content (Glynn & Muth, 1994; Wellington
& Osborne, 2001). Students are sent home with books and written documents and
expected to read independently and learn content. The information learned may be further
explained and elaborated upon during class time by the teacher through discussion,
activities, projects, labs, etc. (Pearson et al., 2010). But our education system is focused
on independent reading to gain knowledge, thus creating a major hurdle for LD students.
With their difficulties in reading, LD students expend a lot of energy and time parsing
words to learn the vocabulary (Shaywitz, 1998; Swanson, 1999). They become focused
on reading the words in the text and less focused on the science content, therefore
delaying their process of achieving scientific literacy (Wellington, & Osborne, 2001).
How can we assist marginalized populations like students with LDs to also
achieve those goals? Before the LD students can reach scientific literacy, they must grasp
and understand fundamental literacy. Norris and Phillips (2003) address this issue in their
research focusing on the importance of the fundamental sense of literacy in achieving
scientific literacy. They discuss the importance of being able to read and write expository
science content as one of the primary steps to comprehension. If the students cannot
comprehend the science information because they lack fundamental skills, then how can
they reach scientific literacy? Their argument is simple and logical, yet not usually
addressed when discussing scientific literacy.
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Rivard’s (2004) research on language and science learning supports Norris and
Phillips's views on the importance of language and literacy skills in learning science. The
role of vocabulary in science is a critical component to gaining an understanding of the
content when reading independently. Rivard's research showed that lower-achieving
students exhibited more work output and better comprehension in ecology concepts after
discussion and oral explanatory tasks with other peers. Reading is not the only approach
to learning, but our current educational system focuses on reading as the fundamental
method. The ability to read independently and apply scientific academic language is a
means to learning that is most commonly used in the general education setting. If
students are adequately skilled in reading and writing, they have an effective support for
inquiry-based science learning (Glynn & Muth, 1994; Pearson et al., 2010). Rivard’s
research shows that verbalization and auditory reflection of new, complex language and
vocabulary of science by the students helped them gain a stronger understanding of the
content. This auditory reinforcement of the content can be beneficial to LD students when
reading independently to gain knowledge (Shaywitz, 2003; Swanson, 1999).

Educational and Assistive Technology
Current research points to audio processing as a major component of the ability to
read successfully based on the phonological deficit hypothesis (Richardson et al., 2004;
Shaywitz, 1998; Swan & Goswami, 1997). By focusing on how to offer this
accommodation -- translating written text to the auditory sounds, we can create an
environment for success for individuals with LDs. There are many routes to providing
this support. Having people act as readers and/or scribes for LD individuals has always
been a helpful method. However, needing another person to assist can be timeconsuming, costly, and leave the LD student feeling dependent on assistance from others
when they are capable of achieving learning on their own.
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Technology has provided such great opportunities to learn, experience, and
understand information and gain knowledge. Computers, tablets, and the Internet are only
a few exponentially evolving advances in modern technology that have made our lives
easier, fuller, and more invigorating. They have also allowed individuals who are
differently-able to achieve goals that were once unimaginable.
In the classroom, technology can be used to aid in teaching as a learning tool. For
example, Reid-Griffin and Carter (2004) and Wenglinsky (2005) explain the many ways
technology can be used to gain knowledge for all students. Technology allows students to
experience and learn science in far-off settings, conduct lab experiments and research,
and meet other students and scientists from anywhere in the world without leaving the
classroom. Technology also allows students to accomplish higher order knowledge
activities that they would otherwise not be able to access (Wenglinsky, 2005).
In addition, technology can also be used as a form of assistance to gain
accessibility for certain individuals. Research done by Thompson, Bakken, Fulk, and
Peterson-Karlan (2004) focused on how important technology is to individuals with
language disabilities. They explained that this type of technology, called assistive
technology, can range in price and functionality. More expensive tools like laptop
computers and speech-to-text voice recognition software can drastically improve an LD
student’s learning experience. Even simple low-tech tools such as audio recorders,
portable word processors, and spell checking features can be beneficial (Raskind, 2000;
Thompson et al., 2004). These assistive technologies are only the beginning of what is
offered and can help students. Since reading and writing are the difficult area for the
population of students in my study, these research studies support my aim to use
technology to help LD students understand scientific language and vocabulary.
My research provides support to the benefits of audio technology to assist LD
students to overcome their difficulties with fundamental literacy skills. Without the
hurdle of reading, the LD students should be able to comprehend the necessary content
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and reach scientific literacy. With a greater understanding of phonological processing by
LD students over the past 20 years, the advancements of technology for educational
purposes, and the need for all students, including marginalized populations, to achieve
scientific literacy, the literature above collectively supports the purpose and importance
of my research. By learning how LD students can use audio technology to understand
science, we can provide parents, educators, and the students themselves the knowledge
and opportunities that were once a feat to achieve.

Theoretical Framework
Due to a heightened interest in learning disabilities within the educational setting
and the constant and exponential advancement of technology, it seems appropriate to
further understand how technology can assist individuals who are disabled to adapt to
different learning needs. A postmodern perspective encompassing this research is based
on three frameworks: (1) understanding that a disability is a form of human difference
and not a defect (Creswell, 2007); (2) achieving Scientific Literacy by all students (Hurd,
1998); and (3) incorporating technology into curriculum to create a modified educational
environment that promotes positive school change (Fullan, 2007; Wenglinsky, 2005).
These assistive technology tools, when used properly, can allow learning for the
marginalized population of individuals with learning differences.
Learning Differences and Linguistics Studies
Recent studies on Dyslexia, Language Learning Impairments (LLI), and other
LDs have provided much information on the possible causes for these differences in
learning. With a greater understanding of these differences, we can use technology to fill
the gaps that will allow LD individuals to attain the same scientific literacy goals as
others (Wenglinsky, 2005).

20

Over the last fifty years, the research and understanding of LDs have changed
drastically. In the past, it was believed that dyslexia and other LDs were due to
impairment in the visual component for learning. It was termed ''congenital word
blindness," which signifies the belief that LDs were caused by visual perception
impairment. A common stereotype of students with dyslexia was the reversal of letters
such as ‘d’ and ‘b’ (Shaywitz, 1998, 2003). As researchers have made progress with
understanding LDs over the years, they have learned that visual processing is not the only
component of having an LD. LDs also involve auditory and attention difficulties that can
affect learning (Shaywitz, 2003; Swan & Goswami, 1997).
Recent research has been focused on the auditory component of learning language
and linguistics. Many acoustic studies were administered on LD individuals to find that
the auditory component of language is one of the major aspects behind many types of
language impairments (Tallal, Merzenich, Miller, & Jenkins, 1998). Studies show that
with auditory input being impaired or absent, these individuals develop language
difficulties that can affect their progress in literacy (Richardson et al., 2004). The
research from these studies has led to the current and widely accepted phonological
deficit hypothesis as the cause for reading difficulties with many LD students. It states
that individuals with dyslexia and other language-based LDs struggle with processing the
sounds that make up written language (Richardson et al., 2004; Shaywitz, 2003). Audio
technology can provide the necessary support to have the students hear the words they are
reading on the page.
When a student has difficulty with comprehending words, auditory and visual
processing are two key components to assess for the presence of language-based LDs
(Shaywitz, 1998). For a student with dyslexia and other Language Learning Impairments
(LLI), hearing the word mitochondria may cause him/her to struggle to break down and
spell the word, especially if the individual is unaware of, unfamiliar with, or has
difficulty remembering the phonemes. When asked to write down the word, the student
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will turn to simpler, familiar sight words to compose larger and more complex words,
causing him or her to misspell words. The difficulty in formulating the connection
between sounds and written words can make learning and retaining new vocabulary very
arduous for a person with dyslexia (Lovett, Borden, DeLuca, Lacerenza, Benson, &
Brackstone, 1994).
These auditory and visual processing difficulties caused by LDs affect the ability
and rate at which these students read and write. Reading is composed of two major
mental processes: (1) the ability to decode or identify words, and (2) the ability to
comprehend those words to create meaning and understanding. To decode words, a
person must understand the phonology, or sounds, that make up a word. If there is a
disconnection between decoding and phonology, then comprehension, the second step of
reading, is also affected (Swanson, 1999). This is often the reason language-impaired
individuals have difficulty retrieving the meaning and understanding behind written
information. The person cannot use the words because he/she is unable to identify them,
which can make it seem as though the individual does not know the meaning of the words
(Swanson, 1999).
Many people consider science a difficult subject. The unique vocabulary,
discourse, and literature of science can be a struggle, as it is not used often in colloquial
language and discussion. Multisyllabic and unfamiliar words, such as deoxyribonucleic
acid and phenolphthalein, can be difficult for a person that has language-based
disabilities. The language of science is not often used in everyday conversation and is
linguistically different, making it harder for a person with an LD to grasp and use the
scientific words (Richardson et al., 2004). Even people who do not have an LD can have
difficulty with science terminology. The decoding of an unfamiliar science word can take
time and energy, causing slower and more rigorous means of comprehension (Shaywitz,
2003; Swanson, 1999). Much like reading an unfamiliar language, if the individual is
unable or has difficulty in deciphering the science terms, it can lead to a delay or lack of

22

comprehension (Carlisle et al., 2000; Lovett et al., 1994; Shaywitz, 2003). The LD
creates an additional hurdle for these students to attain the educational goal of becoming
scientifically literate.
Scientific Literacy for All Students
As mentioned previously, the definition of scientific literacy has evolved over the
years. The overall theme has always been for individuals to have specific skills and
understandings of science content and processes that would make them knowledgeable
citizens in the ever-advancing technological world (National Academy of Sciences
[NAS], 1995). Based on NAS, a person that is scientifically literate is believed to hold the
skills listed below:
•

The ability to experiment and reason and understand basic scientific
information.

•

Desire to seek answers to questions from worldly experiences.

•

The capacity to understand and explain natural phenomena.

•

The ability to read and process scientific content to judge the validity of
findings.

•

An understanding of how to identify scientific and technological issues that
are relevant to making decisions that impact society.

•

Decide and evaluate the value of scientific research based on the methods
used to find the results that are presented.

•

The ability to use evidence to support and evaluate arguments and lead to a
logical conclusion.

By attaining these skills, an individual is believed to become scientifically literate.
Based on the Department of Education (DOE), the science education curriculum
should be focused on these goals in order for all students reach scientific literacy. Each
skill listed above is to be taught using a lived curriculum that is relevant to the students
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and applicable to the real world from the time they enter the school system until twelfth
grade (Hurd, 1997). The educator is to teach the students science content with these skills
engrained within each lesson. Six of the seven items listed above focus on the cognitive
abilities of a person. The fourth skill mentions the ability to read scientific information.
This skill requires a different set of proficiencies and fundamental cognitive ability that
goes beyond just comprehension.
The ability to read information is a skill independent of science comprehension. A
person can learn information through visual images, auditory perception, or even physical
practice, but reading requires the individual to use a component of his or her brain that is
different from that of memory, learning, and comprehension (Fang, 2005; Norris &
Phillips, 2003). This ability to read, unique to the human race, is a key form of
communication and can lead to learning. In the general education setting, reading skills
are fundamental to learning new information. Reading and writing are taught at a young
age and expected to be acquired to continue progressing through the education system
(Wolf, 2007). During the primary school years, students are learning to read, but by about
sixth grade, students are expected to be reading to learn new information independently
(Norris & Phillips, 2003; Shanahan & Shanahan, 2008).
The fundamental skills of reading and writing are often not addressed after
primary school, as all students are expected to be fully literate when learning other
subjects, such as science (Fang, 2005, Norris & Phillips, 2003). With science containing
new and differing vocabulary, literacy skills should be reevaluated when teaching
science, as it is similar to learning a foreign language (Fang, 2005, Wolf, 2007). Science
educators need to know whether the students have the fundamental literacy skills before
expecting them to independently read chapters in books for assignments and for
comprehension within the discipline of the content area (Faggella-Luby et al., 2012;
Shanahan & Shanahan, 2008; Wellington, & Osborne, 2001).

24

What many educators often forget is that when students have difficulty in reading
and processing written information independently, they also struggle to comprehend that
information (Wellington, & Osborne, 2001). Wellington and Osborne explain that, “for
many pupils, the greatest obstacle in learning science—and also the most important
achievement—is to learn its language” (p. 3). The language of the discipline hinders
learning especially for students with LDs that are impaired or have decreased reading
skills (Shanahan & Shanahan, 2008). By approaching learning for students by first
understanding their fundamental literacy skills, educators can use techniques, learning
tools, and a variety of other methods to help these students learn and reach scientific
literacy.
Assistive Technologies for LD Students
The use of technology in the curriculum has witnessed improvements in learning
science for all individuals and has become a major aspect of the reform movement in
science education standards (AAAS, 1998). Science, Technology, Engineering, and
Mathematics (STEM) education has included technology as a necessary component of
science education due to the exponentially advancing realm of technology (NRC, 2012).
Everything from art, medicine, entertainment, travel, and education has been directly
affected and influenced by technology. Pocket-sized cameras record the world at our
fingertips, heart transplants and prosthetic limbs allow for individuals to live longer and
accomplish once impossible physical tasks, entertainment lets us watch TV in the third
dimension, and we are able locate a person with the click of a button, filling our lives
with advances that were once only possible in our imagination. Much like all the other
areas, technology in education has also made huge advances since the days of the abacus.
With gadgets like Smart boards, iPads, and computers, learning can occur faster, in
greater quantity, and more efficiently.
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With the changing technology comes the connectivity created via the Internet.
Having a face-to-face conversation with a colleague stationed for research in Antarctica
can happen in real time while sitting in each other’s respective homes. The ability to
search directions while walking down the street or check into a flight without a ticket
using our smartphones is only the beginning of where the future of technology will take
us. Hence, there is a need for all students to understand how to use technology to be
active participants in society. This technology is not only making life easier, but also
making people more knowledgeable by making information easily accessible.
Technology can be used and viewed in two ways. When technology is used as a
vehicle to assist or ease an existing skill or process, it is an assistive technology. Using a
computer to type a paper as opposed to handwriting assists the process of writing
(Songer, 2007). One assistive technology tool that has been a focus for students with LD
and/or auditory/visual impairments has been audio assistive technology. Some examples
of audio assistive technology are audio recording smart pens, text-to-speech programs,
voice recognition programs, and audio books. With the assistance of technology, a person
with a disability can use programs, tools, and computers to overcome these impairments.
Cognitive technology, the other type, can allow students to experience and learn
science by allowing them to accomplish higher-order knowledge activities (Reid-Griffin
& Carter, 2004). Computer programs and other software can be used as a cognitive tool
that actually teaches students new content and skills. An example would be role-playing
games where the students take on the position of a doctor to diagnose diseases or a park
ranger trying to find solutions to lake pollution (Songer, 2007). These and other programs
have been found to be successful for students to learn new science content and skills via
technology.
The technology used in this study focuses on using assistive technologies to
support individuals with disabilities. These assistive tools are used to help differentlyabled individuals reach goals and accomplish similar tasks as those without those
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differences (Raskind, 2000; Thompson et al., 2004). For a student with an LD, most of
this technology focuses on making learning more accessible and attainable. Without the
aid of technology, some of these individuals would have great difficulty in society
(Raskind, 2000). Technology allows impaired individuals to move, comprehend, and
communicate independently. A person with an LD can now read, write, and attain
education goals that are at par with their general education counterparts (Thompson et al.,
2004). Technology has also reduced the issue of time, allowing more time to learn. These
technologies that help expedite the process of learning are useful for students with slower
speeds of processing and other LDs to accomplish tasks and reduce the stress of time
(Shaywitz, 1998).
The next chapter presents the methods of the dissertation. It explains the
importance of using a qualitative approach for educational research purposes. It also
presents the logistical components of the research study, including the setting,
participants, researcher’s role, data sources, data collection, analysis, validity, and rigor.
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Chapter III
METHODS

Through the lenses of disability theory and the use of technology in science
education, this study explains how curricula utilizing audio assistive technology can
support and empower individuals with LDs to reach scientific literacy. Research
questions were developed for this study with the purpose of seeking the benefits of audio
technology for LD science education. The format of this study is a qualitative design with
quantitative data to support the findings.

Qualitative Case Study Approach
When working with LD students, we quickly learn that measuring students’
learning based on their quantified grades from written assessments does not accurately
reflect their knowledge. A qualitative case study approach was used that emphasized the
importance of understanding LD students’ unique learning needs in a holistic sense
(Merriam, 2009). Firsthand personal information was collected through interviews and
observations of the students and teachers in the study to develop a descriptive narrative of
their experiences. Student Likert surveys and parent interviews were also used to add
color and clarity to the story. Qualitative information is holistic in nature and allows
learning about the experience of the participants to identify similarities and trends
(Merriam, 2009). The rich narration and thick descriptions allow the reader to gain a clear
understanding of the research presented. The information collected may be transferred to
other similar cases, making the research relevant and beneficial to others (Creswell,
2007). The case study research strategy is a method of analysis that explores a specific
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group, person, or project (Merriam, 2009). In this case study, the research focused on
audio technology and its effect on how LD students learn science.

Setting and Participants
The setting for this dissertation research was a K-12 independent school located in
a large urban city. The school has an exclusive program for students with LD and was
designed based on the requirements of the Individualized Education Program (IEP)
required by the Board of Education for all students with a disability (Turnbull et al.,
2006). The thirty-six students in each grade were broken into three heterogeneous classes
of twelve students. Each classroom is required to have two teachers. The head teachers
have masters’ degrees in the content area as well as second additional degrees or
certifications to teach special education. Many of the assistant teachers also have masters’
degrees in education or are in the process of acquiring one but are only required to have a
bachelor’s degree.
The students that participated in this study were seventh graders in the life science
class. All the students were between the ages of eleven and thirteen and of average
cognitive ability but had some form of LD. There was a mix of ethnicity and genders in
the student population that is reflective of most large urban schools.
The teacher, Ms. M, and the reading specialist, Ms. C, also participated in the
study. Ms. M was observed while teaching the modified audio technology curriculum for
the research. She and Ms. C were also interviewed to learn more about their experiences
working with LD students and the technology. Five parents from the thirty-six were also
interviewed to gain insight on the learning challenges their LD child may have.
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Role of the Researcher
I am the researcher for this study. While a graduate student at Teachers College,
Columbia University, I have also been working as a full-time teacher for over ten years at
the field school where the data were collected. Two years ago I became the Department
Coordinator of Middle School Science. In this role, I work with the science teachers in
the department to guide, observe, develop, and modify the middle school science
curriculum to benefit the students' learning needs while continuing to teach some of the
middle school classes. We were able to implement the audio technology with the 7th
grade students, as they were the grade that was piloting the one-to-one iPad program at
the school.
With this dual role of teacher as researcher, I am able to gain a stronger
understanding of the connection between educational research and its application in the
classroom. For this study, my role was strictly that of the researcher. I collected
observations and conducted the interviews. All the instruction was done by the Ms. M,
the life science teacher for the class during the time interval the study was conducted. As
the researcher and MS Department Coordinator, I am able to utilize the new information
collected to further support the use of audio technology in the science classroom.

Qualitative Data Collection
When reviewing LD students’ quantified grades from written assessments and
assignments, it seemed the students do not comprehend the information. Poor quality of
writing, incorrect responses, and incomplete and/or missing information on assignments
and assessments requiring writing can be found with many LD students. With a better
understanding of LDs, we have learned that there is a clear misrepresentation of scores
from work requiring reading and writing. Their true cognitive ability to retain and
comprehend information is strong but not reflected due to their struggle with reading and
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writing. For that reason, a qualitative approach was taken for this study to provide a clear
and precise understanding of the needs of LD students in science education (Creswell,
2007).
The qualitative data collection methods for this research utilized interviews of LD
students, several of their parents, and the educators that work with them. Observations
were also done throughout the study at different times and recorded to compare with the
responses from the interviews. Field notes of the observations were recorded to further
understand the students' learning. The qualitative information was coded and analyzed for
emergent themes and reoccurring trends.

Quantitative Data Collection
Although qualitative evidence provided a broad and rich source of information,
some quantitative evidence was also gathered. Quantified information was collected as
evidence of LD students’ learning based on tests of knowledge acquisition, but modified
to allow for the differing learning needs. Accommodations were made for components
requiring reading and writing to result in an accurate measure of the LD students
learning. Modification such as reading to the students, using audio versions of the tests,
and scribing the answers were several of the options the LD students were offered to
adjust for their unique learning needs and get an accurate measurement. This study
presents quantified data to support the qualitative base of the research. The numerical
information adds clarification and supports the implications presented on the benefits of
using audio technology with LD students. It further connects the information by
triangulation of data to add weight to the ideas presented in this research (Stake, 2005).
Specifically, quantified data were collected using two methods. A Likert survey
was used to obtain evidence of students’ attitudes and emotional orientation toward
science and audio technology. The Likert surveys were quantified and analyzed to find
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trends and correlations among students’ responses. Pretests and posttests were
administered to see if learning gain scores were significant after using audio technology.
The test questions were kept simple and modeled after the New York State Grade 8
Intermediate-Level Science Written Test. The questions focused on recall and reading
comprehension to mimic the style the students would encounter and be required to
answer while they continued to progress through school (Norris & Phillips, 2003). This
also reflects that LD students often struggle with achieving scientific literacy from
independently reading science text due to their difficulties with the fundamental literacy
skills needed to answer recall and reading comprehension questions (Norris & Phillips,
2003).
Therefore, using both methods of data collection—qualitative and quantitative—
allows for greater understanding of the students’ needs and the benefits of audio
technology. The numerical data were used to support the qualitative information provided
by the interviews and field notes.

Data Analysis
The qualitative portion of the study was coded to find emergent themes. The
interviews, observations, and field notes were all analyzed in this manner to find trends
and themes relevant to the study. The quantified data were analyzed using two different
methods. The pretest and posttest data were collected and statistically analyzed using
analysis of covariance (ANCOVA) to determine if there was a significant difference in
the experimental treatment versus the control treatment, by statistically controlling for the
initial pre-test scores. ANCOVA was used because it has more statistical power in this
research study. It allowed to control for any differences in the pretest scores between
treatment and control groups and reduced within-group error (Field, 2012). The Likert
survey results were also quantified and analyzed to find multiple correlations among the
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responses to each of the five-point response items using the statistical analysis program
Statplus. The five-point scale spanned five response options: Strongly Disagree,
Disagree, Neutral, Agree, and Strongly Agree, scored as 1 to 5, respectively. The
multiple correlation results were organized and displayed as a table of intercorrelations
and also as a correlation network diagram (Anderson, personal communication) showing
the major correlation linkages among the Likert items.

Validity and Rigor
The qualitative explanation provides insight and support to the quantitative
research while adding the rich description and depth to the study that numerical data
alone do not provide. The use of quantified data provides numerical information to show
if the use of the technology is statically significant (Hoy, 2010). Using many forms of
data collection adds rigor to the study, supporting and validating the ideas presented.
Triangulation of the multiple research sources is helpful to provide similarities and
congruency within the data (Creswell, 2007). Peer reviews and external audits were used
to assess the accuracy and flow of the study. Member checks were done with individuals
that were interviewed to assess the credibility of the information collected and any
changes and additions that were necessary (Creswell, 2007). Thick descriptive narratives
to explain the findings increased transferability of the research to allow others to benefit
from the information collected (Merriam, 2009). The field notes were very detailed, and
all the interviews were clearly and accurately transcribed.
Three LD science educators and one science education professor reviewed the
pretest and posttest questions for clarity and accuracy. The questions were modeled after
the New York State Grade 8 Intermediate-Level Science Written Test. The Likert survey
was created after reviewing prior valid surveys as models. The language and format of
the Likert items were modified for the age and ability of the students. The same three
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science educators and professor also reviewed the Likert survey. All the quantified data
analysis had a confidence interval of 95% to show statistical significance.

Organization of the Findings Chapters
After thorough review and analysis of the results from this study, two major
themes were identified. These themes were used to construct the findings component of
the dissertation and to present them as two separate chapters in the format of two research
papers:
1. Using Technology to Overcome Fundamental Literacy Constraints for
Students with Learning Differences to Achieve Scientific Literacy
(Chapter IV)
2. Time, Energy, and Motivation: Utilizing Technology to Ease Science
Understanding for Student with Learning Differences (Chapter V)
The first paper focuses on the challenges LD student face in learning science and the
benefits of audio technology to overcome these hurdles. The paper includes both
qualitative data from interviews and observations as well as quantified statistical
information from pretest and posttest results after using the audio technology. The second
paper explains the pros and cons of using audio technology for science learning. The
differences in types of audio technology voices are also compared. The information is
supported with qualitative data from interviews, surveys, and observations as well as
quantified analysis of the Likert survey responses.
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Chapter IV
FINDINGS -USING TECHNOLOGY TO OVERCOME FUNDAMENTAL LITERACY
CONSTRAINTS FOR STUDENTS WITH LEARNING DIFFERENCES
TO ACHIEVE SCIENTIFIC LITERACY

Abstract
The marginalized population of students with disabilities and learning differences
(LD) has been at the forefront of educational concern. With the current push to have all
students achieve scientific literacy through understanding Science, Technology,
Engineering, and Mathematics (STEM), students with LDs need modifications to assist
them in reaching those goals. The use of audio technology in science curricula may add
the support needed for LD students to reach scientific literacy.
The purpose of this study is to examine the hypothesis that integration of audio
technology in science curricula can enhance LD student learning. Moreover, the results
may provide evidence for an alternate modality for effectively teaching students with
Language Learning Impairments (LLI) such as dyslexia and other LDs.
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Introduction
In-tro-duc-tion. That is how most children are taught to break down the word and
sound it out. But what if you did not know, could not remember, or were not sure of what
sound “In” or “tro” makes or maybe you were not sure how “duc” would sound? How
can you figure out the meaning of the word if you struggle with what sound it makes
when you read it? This is the common challenge with many students who struggle when
learning through reading and writing (Lovett, Borden, DeLuca, Lacerenza, Benson, &
Brackstone, 1994).
Phonemes, small units of sound, correspond to graphemes, printed characters,
allowing us to transform the letters we see on the page into the spoken words we hear
(Richardson, Thomson, Scott, & Goswami, 2004). Auditory and visual processing are
two key components to assess for the presence of language-based learning disabilities
(Shaywitz, 1998). Hearing the word “introduction” may cause a student with dyslexia or
another Language Learning Impairment (LLI) to struggle to break down and spell the
word, especially if the individual is unaware of, unfamiliar with, or has difficulty
remembering the phonemes. When asked to write down a word such as “introduction,”
the student will turn to simpler, familiar sight words to compose larger and more complex
words, for example, by transliterating the spelling of “introduction” into a form that
“sounds” the way they hear it, namely “introduckshin.” The difficulty in formulating the
connection between sounds and written words can make learning and retaining new
vocabulary very arduous for a person with dyslexia (Lovett et al., 1994).
With the growing diversity of students in American classrooms, it is important for
educators to understand and modify their teaching to accommodate for the many
individual needs. Each student walks into a classroom with different life experiences and
modes of thinking and learning. Whether it is due to ethnicity, culture, family, lifestyle,
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gender, medical history, or personality, particularly in a country as heterogeneous as the
United States, we are all very different beings. This adds to the beauty of the diverse and
unique world we live in. With these differences comes the struggle of teaching young
minds new disciplinary knowledge when there are so many approaches and methods
necessary for each individual (Faggella-Luby et al., 2012).
Students with Learning Disabilities (LD) are a marginalized group that has often
been overlooked. LDs are more appropriately termed "Learning Differences" and can
affect the way students learn, retain, and understand written and spoken language. LDs
can affect reading and comprehension as well as writing and speech, even though the
students are of average intelligence and cognitive ability (Shaywitz, 1998, 2003). The
most common language-based LD is dyslexia. In recent years, more focus has been
placed on students who have dyslexia and how to better assist them (Turnbull et al.,
2006).
In the past, many LD students were placed in classrooms that were not supportive
of their needs, which is a disservice to their learning. These students should be provided
an appropriate and modified educational setting that will allow for learning (Salvia,
Ysseldyke, & Bolt, 2010). As the neurologic, linguistic, and educational communities
continue to learn and understand LDs, new and innovative supports are being developed
to assist this marginalized group of individuals.
One of the advances that have had great positive impact on students with LDs is
technology. Technology has been assisting individuals with disabilities for many decades
now. With innovations such as hearing aids, wheelchairs, and even elevators, technology
has allowed individuals who are different from the mainstream population to perform
activities and tasks independently that would not have been possible without the
assistance of others (Turnbull, Huerta, & Stowe, 2006). Technology has also greatly
facilitated individuals with LDs. For example, students with fine and gross motor control
issues can use computers to type. Dyslexic students can use voice recognition and text
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reading software to hear and type responses. Pictographic apps on the iPad are allowing
non-verbal autistic students to communicate with others. There are increasing numbers of
new programs and technology tools to assist individuals with special needs (Raskind,
2000). Language-based LDs such as dyslexia can affect learning the unfamiliar language
and vocabulary of science, because they affect reading, processing, and retaining new
information (Carlisle, Fleming, & Gudbrandsen, 2000).

Purpose of the Study
The purpose of this research is to understand the challenges that students with
LDs have when learning science language and vocabulary and how to support them using
technology. This study examines the use of audio technology to determine if there are
positive benefits to incorporating it into science curricula for LD students. More
particularly, this study addresses how the use of assistive technology can enable LD
students to effectively learn science language, vocabulary, and content independently.
Specifically, the research questions are: (1) What are the challenges that students with
LDs have when learning science language and vocabulary, and (2) How will the use of
audio technology affect LD students’ understanding and comprehension when reading
science text? This paper answers these questions by presenting qualitative data using
narrative descriptions based on observation, interviews, and artifacts, as well as
quantitative pretest and posttest analysis.

Theoretical Framework
Our current state of reform in science education has led to a multitude of changes
due to concerns for the educational level of science understanding for many American
students (American Association for the Advancement of Science [AAAS], 1998). Some

38

concerns that need to be addressed are standardized testing, teacher quality and
preparation, national learning goals, and equity/equality issues. Focusing on the latter
topic, this study addresses the concerns for the marginalized population of LD students
and what supports can be provided to assist them in attaining the learning goals of their
mainstream cohort. LD students struggle with language-based learning, but with an
appropriate and modified educational environment, these students will be capable of
reaching the same understanding as those without an LD (Turnbull et al., 2006).
Disabilities Theory
This research encompasses a postmodern interpretive perspective on disabilities
theory and research, supports the phonological deficit hypothesis (Swan & Goswami,
1997), and offers technological alternatives to having a scribe or reader to assist LD
students in their learning (Raskind, 2000). In the past, it was believed that visual issues
developed LDs, but based on further research, the phonological deficit hypothesis
proposes that auditory processing is another major component of having a languagebased LD (Shaywitz, 2003; Swanson, 1999).
The disability rights movement began in the early 1960s to promote ideas that
consider individuals with disabilities as active members of the community that should be
provided equal accessibility and rights (Goldsmith, 1963). Based on the disability theory,
which regards disability as a form of human difference and not a defect (Creswell, 2007),
people with disabilities should be treated with respect and equality. This movement led to
great changes for accessibility in the physical and ergonomic space of public places
(CAST, 1999).
One of the major forefronts of change for people with disabilities came with the
development of Universal Design. This term refers to the broad ideas to be considered
when developing public infrastructures and spaces as well as products that are accessible
to people with or without disabilities (Goldsmith, 1963). The Center for Universal Design
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(CUD) at North Carolina State University includes but is not limited to the following
considerations when creating new universally designed spaces: equitability, flexibility,
simple/intuitive nature, perceptible information, tolerance for error, and appropriate
ergonomics (CUD, 2008). With these efforts and ideas greatly focused on individuals
with physical differences, the concept of Universal Design has been applied to learning in
educational reform.
Universal Design for Learning (UDL) was developed in 1984 by the Center for
Applied Special Technology (CAST) to create an approach to education that includes
diverse learners of different levels and abilities. The proposed learning principles were
based on the CUD considerations for universally designed spaces as mentioned above
(CAST, 1999). The three primary principles include:
(1) Multiple means of representation, to give diverse learners options for
acquiring information and knowledge,
(2) Multiple means of action and expression, to provide learners options for
demonstrating what they know,
(3) Multiple means of engagement, to tap into learners' interests, offer appropriate
challenges, and increase motivation.
The educational researchers of CAST focused on new technologies as the means to
provide students with disabilities greater opportunities to learn.
Over the years, many approaches to teaching students of all abilities have been
developed further due to the importance of technology in the classroom (CAST, 1999).
Technology in every classroom has become a major focus of education with the current
Science, Technology, Engineering, and Mathematics (STEM) reform movement
(National Research Council, 2012). The importance of understanding and involving
technology in teaching has had unprecedented impact on education as a whole. The
disability framework addresses that individuals of any ability should be provided equal

40

access to all opportunities and experiences that life has to offer, and technology can be a
means of achieving this.
Phonological Deficit Hypothesis
Advancements in medicine and research have led to a better understanding of the
causes of LDs and the many forms of support that can be used to assist individuals with
learning difficulties. Over the past decade, research has shown that the auditory
component of language has a large impact on impairments that involve reading and
comprehending written information (Swan & Goswami, 1997; Tallal, Merzenich, Miller,
& Jenkins, 1998). The proposed explanation involving auditory processing as the cause
and/or development of LDs is called the phonological deficit hypothesis. The two major
components of reading are decoding and comprehension. To decode or identify words,
the reader must be able to compose a clear auditory translation of the textual information
(Shaywitz, 1998, 2003). Students with hearing impairments can be found to develop
language and literacy difficulties (Richardson, Thomson, Scott, & Goswami, 2004). The
individual needs to be able to connect the grapho-phonemic relationship of words in
order to match sounds to the letters they represent (Swanson, 1999). Students with
dyslexia and other LLIs struggle with making this connection between the phonology, or
sounds, of the word and the graphemes, or written text, the word is composed of. This
disconnect can lead to difficulty with comprehension of the written content (Shaywitz,
1998, 2003; Swanson, 1999). Individuals with dyslexia have difficulty with decoding,
which impacts comprehension of written information. In the past, this difference was
believed to be due to cognitive level, but when the content was presented using alternate
methods such as reading aloud, visual representations, and other multisensory techniques,
the individual was able to grasp and understand the content with greater ease (Ramus,
2003). Understanding the phonological component of LDs leads to the use of audio
technology to assist these students when they are learning science through reading and
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writing. Based on the phonological deficit hypothesis, audio assistive technology
provides the additional auditory support to LD students to reach comprehension when
learning science content (Raskind, 2000).
Assistive Technology Use in Education
The addition of technology to any classroom can improve learning for all
students, especially those with LDs. The Individuals with Disabilities Act (IDEA)
includes assistive technology as one of the many possible supports a student with
disabilities may require (Turnbull et al., 2006). A variety of assistive technologies may be
provided to students, ranging from simple tools such as voice recorders to more complex
devices such as iPads with speech-to-text software (Thompson, Bakken, Fulk, &
Peterson-Karlan, 2004). Students with dyslexia benefit from these and other forms of
audio presentation of information.
One major educational assistive technology that has been used to support LD
students is books in audio format. Narrative books can be found quite easily and used in
classes involving literature and reading. This has been shown to greatly benefit LD
students when learning new words and vocabulary (Raskind, 2000). A deficit with this
technology is the lack of audio books for other subject areas, such as science. With
science textbooks composed of expository information requiring the reader to retrieve
detailed content, it would be ideal and highly beneficial for LD students to have audio
versions of these publications. Another factor to consider is the unique and often complex
language of science (Fang, 2005). Being able to hear the unfamiliar vocabulary of science
would also assist LD students to learn and understand the words. A way around this issue
would be the utilization of audio technologies to support learning.
Recent advances in text-to-speech and voice recognition technologies, such as Siri
on Apple products, have provided a way to work around this difference in learning
ability. Technology has also reduced the issue of timing, allowing a faster pace to learn
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more information. These technologies that help expedite the process of learning are
useful for students with slower speeds of processing and other LDs to accomplish
educational goals and reduce the stress of time (Shaywitz, 1998). These new
technological tools can be used to read the text aloud for the students, reducing the need
for audio books.
Literacy Learning and Scientific Literacy
For LD students, literacy and fluency are challenges that are constantly at the
forefront of their learning. Literacy refers to the ability to read information to gain
meaning and create writing or text to express ideas. Fluency is the ability to accomplish
these tasks easily and readily (Fang, 2005). Having a LD delays the process of reading
and writing, which directly affects these two required skills for comprehension. This
fundamental level of literacy presents a hurdle when learning content in any subject area
(Wellington & Osborne, 2001).
Recent science reform focuses on the push for students to reach a level of
scientific literacy to be educated members of society (DeBoer, 2000; Hurd, 1998). The
current definition of scientific literacy focuses on the comprehension component and
often overlooks the student’s independent literacy skills and the importance of reading
ability (Glynn & Muth, 1994). Science can be taught and understood through means
beyond independent reading and writing, but these traditional methods of educating are
most prevalent in classrooms throughout the world and can be very effective to reach
scientific literacy if embedded in an inquiry-based, student-centered, multimodal
curriculum (Glynn & Muth, 1994; Pearson et al., 2010). Independent reading and writing
are not the only means to achieving scientific literacy but are often the major emphasis in
learning for students in traditional classrooms (Fang, 2005). These fundamental literacy
skills become increasingly demanding as students progress from primary school up to the
university level. It is commonly assumed by most teachers that middle or high school
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level students are literate and fluent (Norris & Phillips, 2003; Shanahan & Shanahan,
2008). This holds the key difference when trying to achieve scientific literacy with LD
students. To achieve comprehension, these students have the challenge of overcoming
their fundamental literacy and language difficulties (Wellington & Osborne, 2001).
To achieve scientific literacy, students go through a series of levels of
fundamental literacy in the discipline to reach understanding of the content through
reading and writing (DeBoer, 2000; Glynn & Muth, 1994; Shanahan & Shanahan, 2008;
Swan & Goswami, 1997). Students need to grasp fundamental literacy, focusing on
independent reading and writing skills, to be able to retrieve and convey information via
text (Faggella-Luby et al., 2012; Fang 2005). Once students are able to independently
read and write, the next level would be to apply these skills to the discipline, which is
usually done in the classroom (Shanahan & Shanahan, 2008).
Being able to read expository scientific text and writing in the unique linguistic
language of science can be the gateway to understanding science content and expressing
scientific thought. If these fundamental skills are not strong, as with most LD students,
they can struggle to achieve scientific literacy through reading and conveying their
understanding in written form (Fang, 2005). Once the students have achieved this
understanding, they will have the ability to express and understand science using the
language, reading, and writing of the scientific discipline to make knowledgeable
decisions as active, thoughtful members of the community (Faggella-Luby et al., 2012;
Hurd, 1998).
A method to resolve this issue for LD students and assist them to achieve this
scientific literacy and comprehension utilizes the support of assistive technology
(Raskind, 2000). The goal for the current reform to achieve scientific literacy for all
individuals, including LD students, can be made possible by utilizing audio technology to
assist in learning. The purpose of this study is to assess the effectiveness of audio
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technology in curriculum to support students with LDs through the lenses of disability
theory, technology use in education, and scientific literacy for all.

Research Design
This study is grounded in a qualitative case study research design and supported
by quantitative data to add weight and rigor (Creswell, 2007). A qualitative approach is
used because each individual student is unique and the data collected are specific to that
person. Adding the elements of rich narration and quantified statistics allows for
transferability so the information and methods can be beneficial to other similar cases
(Merriam, 2009). The design is very similar to a mixed methods study but will have
greater emphasis within the qualitative component (Hoy, 2010). The numerical data
analysis is used to explain and add to the qualitative information. Member checks, peer
debriefing, and triangulation of research were also done to add rigor to the study (Stake,
2005).
The importance of utilizing both approaches in research is to fully capture the
dynamic nature of educational research and the classroom environment. Using only one
method leaves the research with unanswered questions pertaining to the depth of
information collected for the study. A purely qualitative study leaves the reader
wondering how the research presented would affect quantified tests often associated with
and implemented in education. Using only quantified data leaves the reader with
questions of the numerical results, especially when dealing with LD students, since their
scores often inaccurately represent their cognitive ability and level. When both methods
are used, the quantitative research is able to complement the qualitative methods and
allow for thorough analysis (Creswell, 2007). This holistic approach is ideal when
collecting data and research involving social sciences, such as education.
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Field Setting
The field setting was an independent K-12 school for students with a variety of
LDs, including attention, memory, auditory/visual processing, and reading/writing
difficulties. The school is located in a large urban city and has a diverse student body. All
the students have an Individualized Education Program (IEP) and are taught using
methods appropriate for their unique learning needs. The students are held to the same
educational expectations as their non-LD counterparts but with special accommodations
(Turnbull et al., 2006). The method of purposeful sampling was used to acquire the
students as participants for this study. Choosing LD students with dyslexia and other
LLIs provided specific and information-rich cases based on the data collected (Stake,
2005). No proper names were used in this study in order to ensure participant anonymity.
All actual names were replaced by pseudonyms and/or coded with numbers.
Participants
Students with LD. The participants were thirty-six seventh grade students
between the ages of 11 and 13 years. The students were both male and female and
represented a diversity of races. The study had no attrition because this field school has a
set LD program, which requires the students to stay the full year if accepted. On
occasion, during the pretest and posttest portion of the study, some students were absent
but completed the task upon their return to school.
Since it was a purposeful sample, all the students have some form of language
LD, which affects their progress at a mainstream school. The students have a range of
LDs that require different techniques to support their learning. With LDs being such a
broad category, many of the students exhibit one or more differences and range in skill
and ability (Shaywitz, 1998). The major LD is Dyslexia, but students may also exhibit
other LDs, such as Dysgraphia, Attention Deficit Hyperactive Disorder (ADHD), delayed
auditory and visual processing, and executive functioning struggles.
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All grades are split into three classes of twelve students that are heterogeneously
mixed in ability and level. Hence, each grade consists of thirty-six students, so for the
quantified data, N = 36. For the qualitative interviews and reading assessment, ten
students from the grade were randomly selected for short interviews.
Classroom Teacher. The teacher, Ms. M, is an experienced fifth year middle
school science teacher and has her M.A. in Science Education from an accredited
university. She is also New York State (NYS) certified in secondary science education
with an extension in special education. Her teaching experience has predominantly been
at the field school, but Ms. M has done observations and taught at other schools and
educational settings. She has been trained in teaching the curriculum using the iBook
program on the iPad as well as many other apps, software, and educational technology.
Since the pretests and posttests were a part of the units within the curricula, Ms. M
administered this portion of the study. She guided the specific units that were part of the
study and gave the instructions on how to use the audio iBooks.
The Researcher. I am the researcher for this dissertation study, and I have been
working in the middle school science department at the field school for over ten years.
During the first eight years, I taught sixth grade chemistry, seventh grade life science, and
eighth grade physical science. I am currently the Department Coordinator of Middle
School Science at the school and work closely with the middle school staff to develop
curriculum, teach, and observe. For this study, only the designated teacher did all the
classroom teaching and instruction. My role in the classroom was to record observations
when the students were utilizing the audio technology. I also conducted all the interviews
with the specific students, parents, and teachers involved in the study.
Assistive Technology Materials and Research Procedures
The technology for this study involved using audio technology on the iPad using
the iBook app. First, three passages were chosen that were of similar level and science
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topic area from the same book series. The science passages were on three different body
systems: the Nervous, Cardiovascular, and Respiratory Systems (Table 4.1). The
passages were retyped, edited, and modified to create an iBook for each body system
using Apple’s iBook Author software. After the books were created, audio recording
were done for each of passage using the GarageBand software, the internal microphone
on the MacBook Pro, Harman/Kardon portable computer speakers, and a pair of Apple
earphones.

Table 4.1: Randomization of Audio Technology by Class
2-Week Topic

Class 1

Class 2

Class 3

Nervous System

No Audio

Automated Voice
Audio

Natural Voice
Audio

Circulatory System

Natural Voice
Audio

No Audio

Automated Voice
Audio

Respiratory System

Automated Voice
Audio

Natural Voice
Audio

No Audio

Two sets of recordings were done of the passages for each unit. One set of audio
was of natural voice recordings done while the reader read each passage aloud. The other
set comprised automated recordings of the computer voice reading the same passages.
These passages were done at the same volume, arrangement, pace, and voice, and used
the same equipment every time to keep each audio recording as consistent as possible.
The audio files were then edited and clipped by paragraph and imbedded into the specific
iBook body systems readings. Two teachers and one peer researcher reviewed the iBooks
for errors, consistency, and flow.
The students were all given the same model Sony MDR-222KD headphones
when listening to the audio on the iBook. Volume was not controlled, as it would be too
difficult to monitor, and everyone has a difference preference in loudness. As long as the
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track was audible, differences in volume should not have affected the results. All the
students involved were part of a one-to-one iPad program that began at the beginning of
the school year. By the time the students began using the iBooks developed for this study
a few months later, they were adept with the features of the iPad. This reduced the
learning curve and extra time needed for the students to understand how to use the
technology when utilizing the audio iBooks for the research.
Students were also provided a blank fillable T chart in PDF format (Appendix A)
to allow them to take notes on the reading. They used the Notability app on their iPad to
write or type notes into the T chart on each of the body system readings. This allowed
them to document their learning and to add support to the study with written reflections
of their understanding when utilizing the audio iBook technology. The pretests and
posttests were typed on the computer, printed, and photocopied. The students were given
hard copies on paper to complete and submit to the teacher. Modifications were offered
to the students for reading and scribing.

Data Collection Methods
Qualitative Design
The methods of data collection for the qualitative case study component of the
research consisted of interviews with ten students, formal and informal observations/
field notes, and analysis of written artifacts.
Semi-structured interviews were done with ten randomly selected students from
the group to learn more about the challenges they have in science and literacy. The
interviews were done to gain further insight on the students’ unique styles of learning that
is necessary to assist them (Appendix B). Follow-up interviews were conducted to learn
about the students' views after using the audio technology (Appendix C). Each interview
lasted approximately 15 to 20 minutes. The interviews were audio-recorded, transcribed,
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stored as digital files, and reviewed thoroughly. The same questions were used as a guide
for each interviewed student.
Formal and informal observations/field notes of the students were done, and
field notes were taken during regular class periods to find a base line. Observations were
also done of the classes while the students were using each form of iBook. Each
observation was approximately 40 minutes long for each class period and done over a
three-month period. The observations and field notes were recorded in writing and stored
in digital format.
Artifacts such as pretests and posttests and T chart graphic organizer note sheets
were reviewed to observe written and comprehension difficulties and any other struggles
the students had. The students whose artifacts were reviewed were the same ten students
that were interviewed.
Quantitative Design
The quantitative portion of the research is a quasi-experimental designed paired
study based on data from pretests and posttests before and after the seventh grade
students used the each form of audio technology (Appendix D). An analysis of
covariance (ANCOVA) adjustment of the posttest scores using the pretest sores as
predictors was done, thus controlling statistically for any differences in the pretest scores
between the control and experimental groups.
There were a total of thirty-six students involved in the quantitative component of
the study; these were all students in the seventh grade class. The technology for this
phase of the study was the addition of the different types of audio technology for the
students to listen and read about three different body system units on the iBook (Nervous,
Circulatory, and Respiratory). Since this is a paired study, all the students were included
in all three sets of pretests and posttests: no audio, automated voice, and natural voice
(Hoy, 2010). The three body system units were of relatively the same length, reading
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level, content focus, and presentation style. The students took an eight-question pretest
that took them approximately ten minutes to complete. After using the iBook technology,
the students took the same eight-question pretest as the posttest. This procedure was
repeated for each iBook unit for the study. The three classes had the treatments given at
different times to randomize the tests, unit order, and students (Table 4.1).

Data Analysis
Both qualitative and quantitative data analyses were done for this study. First, an
analysis was conducted of the qualitative interviews and observations of the students
using the iBook program with and without the audio. This information helped to gain a
holistic view on the technology by adding depth to the numerical data collected. All the
interviews and observations done while the students completed the reading tasks on their
iBooks were coded and analyzed in search of emergent themes (Hoy, 2010). Coding of
interviews was done by first reading the transcribed information three times. During the
fourth review, notes and highlighting were entered directly on the digitally transcribed
interviews. Coding was done using colors to identify different key components for each
interview and observation, and annotations were recorded. Blue highlighting identified
ideas/suggestions, red highlighting identified key words/content, and green highlighting
identified feelings/emotions. Once the color-coding was done, the information was
compiled into a chart with responses for key emerging themes (Creswell, 2007). This
process required recording the key responses under each emerging theme. As each
interview was reviewed, if new responses led to new themes, they were added to the
chart. This organized chart led to further understanding of the students’ challenges with
learning and their views on technology for learning through analysis.
Second, once each set of quantified data was collected, several mathematical
calculations were done to analyze the data for statistical significance. The gain scores
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were calculated from the raw data of each set of pretests and posttests of the non-audio,
automated, and natural voice iBook results to measure the students’ learning gains. The
nominal data were then analyzed further using ANCOVA to compare the non-audio and
automated voice audio test scores (Hoy, 2010; Mendenhall, Beaver, & Beaver, 2006).
Following parametric statistical methods leads to more accurate and precise estimates of
the information collected (Mendenhall et al., 2006).

Results
Quantitative Findings
The results of the pre- and posttests of this study show informative statistical
results when using ANCOVA to compare the non-audio to the automated voice audio.
ANCOVA has more statistical power because it decreases within group error (Field,
2012), and in this research more particularly provided a means of controlling for any
differences in the pre-test scores between treatment and control groups. Table 4.2
presents the pretest means, posttests means, and ANCOVA adjusted posttest means for
the non-audio and automated audio voice for the three iBook units.

Table 4.2: Pretest Means, Posttest Means, and ANCOVA Adjusted Posttest Means for the
Non-audio and Automated Voice Audio for Each iBook Unit

Pretest
Means

Posttest
Means

ANCOVA
Adjusted Posttest
Means

Respiratory System Non-Audio

48.64

59.55

59.25

Automated Voice

47.73

66.82

67.12

Circulatory System Non-Audio

34.17

61.25

59.79

Automated Voice

28.75

49.17

50.62

Nervous System Non-Audio

19.09

45.00

46.47

Automated Voice

29.55

63.18

61.71

iBook Unit
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The p value used of the study was less than or equal to 0.05 (95% confidence
interval) with a total n = 24. Since it was a paired study, the 12 students in each class
completed both the pretest and posttest for each unit. Table 4.3 presents the ANCOVA
data (http://www.vassarstats.net/ancova2L.html).

Table 4.3: ANCOVA Results Comparing Between Non-audio and Automated Voice
Audio Pre and Posttest
iBook Unit

SS & MS

df

F

P

Respiratory System

340.49

1

1.25

0.28

Circulatory System

496.43

1

2.21

0.15

1108.97

1

5.34

0.03

Nervous System

Based on the statistical analyses, it is apparent that the audio technology did not
have a statistically significant effect on student learning compared to the control for
either the respiratory system or circulatory system (F = 1.25, df = 1, p = 0.28; F = 2.21,
df = 1, p = 0.15, respectively). The audio technology used for the nervous system, on the
other hand, did have a statistically significant effect (F = 5.34, df = 1, p = 0.03).
An analysis of the mean scores of the non-audio and automated voice for each
unit shows that the respiratory system and circulatory system pretest mean scores were
high, so the students were already fairly knowledgeable in the content prior to using the
audio iBooks. The average of the non-audio and automated voice pretest mean scores
from Table 4.2 for the respiratory system and circulatory system were 48.19 and 31.46,
respectively. Examining individual data shows that the scores were substantial initially
for the circulatory and respiratory topics, which indicates that the control was not
particularly less able. This affected the gain scores for these two units. The students were
familiar with the content; hence their initial means were higher.
The average of the non-audio and automated voice from Table 4.2 for the nervous
system control group was 24.32. Comparing the average pretest means scores of the three
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units, we can see the students were initially less familiar with the content in the nervous
system unit. The data from the pretest score show that the students possessed less initial
knowledge, and, moreover, the nervous system may have had more difficult content to
learn. This could have led to a greater statistical significance between the pretest and
posttest results for the audio technology treatment, especially if it provided affordances to
support LD student learning. It is also possible that, beyond the language and vocabulary
of each unit, the students have greater familiarity with the overall concept of the
circulatory and respiratory system as opposed to the nervous system. This prior
understanding could have also impacted the high pretest scores for those two units.
Table 4.4 provides a sample of some of the vocabulary words from each of the
three body system units. The vocabulary words found in the nervous system unit are less
commonly used in everyday language, whereas the vocabulary in the circulatory and
respiratory system units is more prevalent in colloquial conversation (Fang, 2005). This
provides the students with familiarity and a stronger understanding of the words from
those two units, leading to higher pretest scores and smaller learning gains when
compared to the nervous system unit. Some of the nervous system words also do not
follow the phonetic rules, such as peripheral and hypothalamus. This can increase the
difficulty for LD student to decode, pronounce, and remember the words (Swanson,
1999).
Table 4.4: Sampling of Vocabulary Words Found in Each Body System Unit, Exhibiting
the Comparative Variations in Word Difficulty Among the Three Systems
Respiratory System

Circulatory System

Nervous System

Lungs
Diaphragm
Trachea
Bronchi
Oxygen
Alveoli

Heart
Blood
Arteries
Veins
Capillaries
Plasma

Myelin
Neurons
Hypothalamus
Peripheral
Axons
Dendrites

54

The statistical results from this study show that using audio technology can lead
to higher learning gains for LD students, especially when the content is less familiar
and/or more demanding. It is possible that the experimental group was more capable but
this was a paired study and the ANCOVA partially adjusted for this possibility based on
the pre-test predictor variable (Field, 2012).
Qualitative Findings
The results obtained below relate to the participant information collected from the
interviews and observations. To fully explore the possible complexities of learning the
more challenging nervous system content, interview data were obtained to gain insight
into the students’ observations about the learning experiences.
Challenges with Science Words. Initially, to understand LDs from personal and
individual perspectives, students were asked what areas of learning science they struggled
with. Some of the challenges expressed by the LD students on learning science focused
on the words rather than the content. This was an overarching theme among all the
students that were interviewed. The issues they brought up included pronunciation,
reading and decoding, unfamiliar and multisyllabic science terminology, and spelling.
When asked about challenges with school and learning, Jenny described that
“learning all of the new vocabulary words and trying to remember them in the amount of
time” can be difficult for her. Tom, Max, and Matthew brought up difficulties with
reading. Max stated, “I struggle in English…. Just reading specifically.” The students’
main hurdle before tackling the concepts and ideas in science was the fundamental ability
to read material independently at an age-appropriate level (Shanahan & Shanahan, 2008;
Wellington & Osborne, 2001). With their language-based LDs, and additionally the
unfamiliar and complex language of science, the students faced a large obstacle to
overcome before they could grasp the concepts and processes when reading
independently to learn science content (Fang, 2005; Rivard, 2004). Oftentimes, these
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same students also struggled with time management, task organization, and attention.
When the students struggled with reading and understanding words, it slowed the pace of
their learning, which in turn affected their stamina and desire to learn about the topic
(Gomes & Mensah, 2013). The students’ attention drifted and caused them to become
further removed from the learning process. Max described that "if the class is really long
and kind of going a slow pace, it's like you’re not really engaged in it and you're kind of
zoning out sometimes. That's sometimes hard to stay focused." Consequently, the
students’ language struggles can lead to a dislike of science due to the uncommon and
complex language of the content.
When the students were asked how they felt about science, it seemed that Ms. M
had been utilizing her skills to ensure that the students’ LDs and associated challenges
did not negatively influence their views on science. She provided supports to enhance the
learning of science without students feeling burdened by the lexically unique language
(Faggella-Luby et al., 2012). Kerry described science in comparison to other school
subjects, stating, "It teaches you about the world and it teaches you a lot of things that I
think are useful. It feels like it’s open, not like as restrictive as English or math, it’s open,
and ... that’s why I really like it."
But the language component of science can be grueling for LD students (Fang,
2005). When asked about understanding new science vocabulary, the students’ responses
expressed difficulty, as may be expected due to their language-based LDs. “A lot of the
words are very tongue-twisty and hard to say, and you have to go over it and over it
again”, Kerry stated. Jenny expressed that “you might not understand exactly what the
words mean. If you can’t really pronounce them, it can be a struggle.” The students were
describing the unfamiliarity and difficulty of the terminology, which can cause delays
when learning science (Fang, 2005; Norris & Phillips, 2003). However, the audio
technology provided certain supports not available in other formats. For example, with a
simple click, the students were able to define the words within the iBook audio program
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or use the Internet to search lexical and semantic information (Ramus, 2003). When
taking the posttests after completing the readings, Trevor asked, “Does spelling count?”
to which Ms. M said, “No, just sound it out.” Then in a low voice Trevor responded, “But
I forgot how to pronounce it.” Trevor may be at a disadvantage on the posttest because he
cannot pronounce the word. Among other contributory factors, he may either get the
incorrect answer or get frustrated and leave it blank. Alas, if he had the audio for the test,
he would be able to hear and pronounce the words to respond with the correct answer.
The students expressed that it did not have to do with the difficulty of the
concepts but their struggle with the language and pronunciation of the words
(Wellington, & Osborne, 2001). Tucker stated, “I don’t think the concept is difficult. I
find learning the pronunciation difficult.” The difficulty of the language leads to a
breakdown in understanding. The time it takes for the students to learn the words leads
them to even forget the meaning or concept. Factors such as time constraints, short-term
memory issues, and conscious awareness can also play into the struggle with
understanding the information presented (Ramus & Szenkovits, 2008). Matthew
described, “Some of them, they are really big words and I really don’t know how to
pronounce them and I forget the meanings sometimes.” The focus of their mental energy
is spent on reading rather than understanding the concepts (Ramus & Szenkovits, 2008;
Richardson et al., 2004). The students’ focus on the pronunciation of the words ties back
to the phonological deficit hypothesis for dyslexia and other LDs (Shaywitz, 1998, 2003;
Swanson, 1999). For LD students, there is a strong need to hear the pronunciation of the
words to help them read and understand the vocabulary. These LD students expressed
their auditory needs to better understand the meaning and content of the science words
they are learning.
Techniques for Learning Science Words. When asked what the students do to
help them learn and remember new words, they described some techniques, such as
repetition, reading aloud, and rewriting. Most of the students said that when they are
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having difficulty with a word, they read it again audibly to themselves. Max said, “Yes,
not super loud, a little. I could hear myself,” and Jenny also described, “Really difficult
paragraph I read it to myself.” Kerry stated, “When I’m reading subtext, for example, and
I don’t understand a chapter, I have to read it out loud.” To get a thorough understanding,
Kerry and her fellow LD classmates reread words aloud to hear and understand the
information. Max described, “Once you keep looking at them and read them, it just
becomes easy and comes back into your memory.” Mark said that when he is taught new
science vocabulary, it is helpful for him to “write them down on a piece of notepaper.”
Similarly Tom stated, “It helps me to write them out maybe even more than once, and
then to read over them.” This research focuses on the students’ need for reading aloud
and hearing the pronunciation of words to better understand and reach scientific literacy
in the broadest sense. Tom described his challenge with reading, stating, “I find reading
difficult, which has been hard for me for a while now, and my time management has been
also hard for me.”
The addition of the audio technology for use with expository science text can
bridge the gap that exists for these students to attain and enjoy science without struggling
through their language LDs. The addition of the audio technology gave the students the
support needed to learn the words without feeling dependent on others to read for them
(Gomes & Mensah, 2013). The audio technology ameliorated the major challenges the
students identified, such as pronunciation, repetition, and even finding the meaning of the
words. The technology allowed the students to hear the properly articulated auditory
version of the science vocabulary they were attempting to learn. It also allowed them to
repeat the words as many times as they felt necessary to grasp the phonology.
Connecting quantitative data with the aforementioned qualitative results, it is
apparent that there is a clear correlation between the students’ science content learning
outcomes in the treatment and the analysis of interview data. The significant outcome of
the ANCOVA for the nervous system (F = 5.34, df = 1, p = 0.03) provides support for the
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hypothesis that audio technology can be beneficial for LD students in learning new
science vocabulary and concepts, especially when the language of science is more
demanding (Fang, 2005). Some of the following qualitative findings lend credence to this
interpretation. The learning outcomes for topics on the cardiovascular (F = 2.21, df = 1,
p = 0.15) and respiratory (F = 1.25, df = 1, p = 0.28) systems, on the other hand, did not
show a statistically significant effect. Students were able to use the mediating role of
semantics to link the linguistically unique vocabulary of science to gain an understanding
of the content (Fang, 2005). By being able to hear the words and connect them with their
meanings, the LD students were able to gain stronger disciplinary understanding of the
language of science to further develop the linkages and associations necessary to lead to
learning that goes beyond just that of content knowledge (Shanahan & Shanahan, 2012).
The use of the T chart allowed the students to engage, reflect, and document their
process of learning while using the audio technology. The interviews and classroom
observations revealed that the students expressed some distinct differences and
preferences in their use of audio technology. Discussions of the content after using each
type of iBook showed strong student support of the need for audio technology.
When Ms. M asked questions about the content, the students’ responses were also
recorded and analyzed as a means of enriching the interpretation of the interview and
observational data. It was apparent from the observations of the students and the pretest
scores that they were not as familiar initially with the nervous system content, and the
students’ responses helped to clarify these findings. When reviewing the information
after reading, it was apparent that the students struggled most with the pronunciation of
the nervous system unit vocabulary. Abby explained, “Part of the central nervous, and
how do you say per… if….” She tried to enunciate, and Ms. M helped her by slowly
pronouncing out the word "peripheral." When told to highlight the key information from
the nervous system text, Amber stated, “For this one [reading] I am going to end up
highlighting the entire reading.” In another class, while asked about the peripheral
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nervous system, Judy said it’s “something with P-H.” As soon as she said that, Aaron
used the audio feature on the iPad to make it say "peripheral" aloud, and the class started
laughing. This observation in itself showed the benefit of the audio. Judy knew the
correct answer, though she struggled to articulate and pronounce the word, but she was
assisted by the audio technology. This identifies that the challenge for these students is
not with the concepts but the vocabulary of science.

Discussion of Findings
Using a qualitative approach supported with quantified data, this study presents
the benefits for using audio technology for students with language-based LDs and is
supported with recent and relevant research. Research on the phonological deficit
hypothesis presented by Swanson (1999), Swan and Goswami (1997), and Shaywitz
(1998, 2003) is addressed and amplified in this study by supplementing reading material
presented to the students with the audio support. This research provides additional
evidence to support the phonological deficit hypothesis and shows the importance of
auditory presentation of text information to LD students (Shaywitz, 1998, 2003; Swan &
Goswami, 1997; Swanson, 1999). The results from the study support the use of audio
technology to ensure that LD students are provided the same opportunities to learn and
understand science as the mainstream cohort. Providing audio iBooks on the iPad
emphasizes the importance of utilizing technology as a learning and assistive tool for all
students, including those with an LD (Songer, 2007).
The benefits of audio technology that the students described during their
interviews and based on observations include the ability to hear the words as they are
perceived in the text so that the students can properly parse the text and learn the proper
pronunciation, thus leading to more proficient comprehension and recall. As Miller
described, “If you’re reading it and you don’t understand certain words, you can’t read
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certain words, it puts the text out of context.” The students struggle with word
recognition (parsing the words) and not comprehension during reading. By having the
words read aloud, they can learn the proper pronunciation and meaning of science
vocabulary. In addition to hearing the words, students are able to click on the word for
definitions, leading to quicker provision of the information to support their
understanding. They also have access to the Internet to allow them to search additional
background information, such as examples and images, to add to their learning. All of
this additional information can be read aloud to them using the audio technology on their
iPads (Ramus, 2003). Having the students actively listening to audio and engaging with
the iPad, reflecting what they learned by completing the digital T charts, concluding the
information during the whole class discussion guided by Ms. M, and finally planning the
next steps by repeating use of the audio assistive technology with future readings, a
learning cycle is developed to help them learn from the experience using more than just
the common method of rote independent reading (Mumford,1997).
The findings reveal that the nervous system had the greatest significant learning
gains when analyzed using ANCOVA, showing that LD students can learn more
vocabulary when using audio technology for unfamiliar and complex science language.
Several factors have to be considered when reviewing these results. One major
component is that the students were less familiar with the content and vocabulary of the
nervous system, yielding a lower pretest mean score as opposed to the respiratory and
circulatory system units. This information does not mean that students cannot benefit
from using audio technology for less challenging written science content. Their initial
familiarity with the content of the unit from prior learning and everyday knowledge
rendered the students with higher pretest scores, decreasing the opportunity to make
larger strides, which reduced the learning gains to provide insignificant results. When the
data are revisited on Table 4.2, it is apparent that learning was occurring for all three
units, as there was an increase in mean posttest scores, but just not to the degree for the
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ANCOVA to identify the respiratory and circulatory data as significant. Further research
should be done with students who have very little to no exposure to respiratory and
circulatory system vocabulary and content to see if audio technology is beneficial for less
difficult science topics.
One of the bigger challenges for LD students is sufficient time to process
information (Ramus & Szenkovits, 2008; Shaywitz, 2003; Swanson 1999). Using audio
technology eases the burden of time to allow for faster auditory information processing
and makes the effort of reading more efficient and effective. It also makes the learner
more independent and allows her/him to feel capable when accomplishing reading tasks
without requiring support from others, such as having someone else read to them. For
example, watching Tom read was an eye-opening experience. The amount of patience
and endurance it took him to read a sentence showed his true motivation to learn. While
others would give up, Tom was patient and remained focused while he slowly articulated
each word and reread the sentences until he fully understood what was being presented.
The support from audio technology drastically improves the learning process for hardworking and motivated LD students like Tom.

Implications and Conclusion
This study focused on evaluating audio supports and technology tools to assist LD
students with learning science. It provides evidence to support the benefits of using audio
technology to help LD students read science text. Through quantitative data, supported by
qualitative evidence, including the students’ perceptions of their learning challenges,
evidence was obtained to demonstrate the merits of using audio technology for LD
students. This holistic approach provides novel classroom-based evidence to augment
prior reported findings that audio technology may aid text-based learning by LD students.
In addition, this approach adds weight to the arguments and promotes the importance of
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developing more audio technology for expository science education to support learning
by LD students.
Based on the interview findings, in general the students described their struggles
with pronouncing, reading, processing, and decoding words, especially multisyllabic and
unfamiliar science terminology. They explained that reading the words out loud or having
someone else read to them was a more effective way to learn the content. Moreover,
based on the quantitative portion of this study, it appears that audio-enhanced reading of
text material was particularly effective when the content was more demanding, as
evidenced by the significant gains with the neuroscience content. After using the audio
iBooks on the iPad, the students described the many ways they found the technology
helpful. They expressed that their struggle is not with understanding the content but
reading it, and the audio technology allows them to overcome that struggle. By listening
to the science text, LD students are able to pronounce the words, which can lead to
greater comprehension. Another major factor is the time it takes to read, but the audio
technology allows them to accomplish this task with more efficiency while also giving
them the benefit to repeat the information with a simple tap. They also described the
additional benefits of technology with the ease to access information by looking up the
definitions on apps or the Internet.
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Chapter V

	
  

FINDINGS -TIME, ENERGY, AND MOTIVATION: UTILIZING TECHNOLOGY
TO EASE SCIENCE UNDERSTANDING FOR
STUDENTS WITH LEARNING DIFFERENCES

Abstract
Assistive technology has been a major asset to students with learning differences,
as documented through practical observations in the classroom and research studies.
Since audio devices can vary in so many aspects, it is necessary to consider the type of
audio, voice, and format of the technology that is used, as it may affect learning and the
student’s motivation to use the supportive tool. Acknowledging the importance of proper
design and the use of different possible modifications when creating the audio may allow
for better student comprehension and pleasure when using the technology. In this study,
observations in the classroom and interviews with students and teachers who used the
audio technology provide information on the many strengths and weaknesses of audio
technology tools. Likert surveys completed by the students and evidence from parents’
interviews obtained in this study document some of the students’ struggles with unaided
reading of text and provide support for the benefits of using properly designed audio
technology. This study also presents some possible modifications that can be made to
audio technology to ease science learning by students with learning disabilities.
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Introduction
Societies worldwide have increasingly become dependent on science and
technology as a major advance of civilization. Nonetheless, in many respects, our
education systems are not effectively meeting the growing demands for increased literacy
in science and technology in our society (Sagan, 1996). Science should always be
accessible and understandable for everyone. All individuals in a modern society should
become literate in science to be better prepared to make critical and informed decisions
about the roles of science and technology in our societies as a whole (Hurd, 1998). This
has been a major effort of science reform and has impacted many components of
education and academia.
While this concern is being considered for mainstream students, many
marginalized groups also need to reach the same goals in science education (National
Research Council [NRC], 2012). Students with learning disabilities (LD), more
appropriately termed learning differences, are a growing group that has received
increasing attention to improve their opportunities to learn broadly, but also more
particularly in abstract and vocabulary-rich disciplines such as science. With the
combination of more effective means of assessment, better understanding of the causes of
LD, and the public becoming knowledgeable about LDs in general, the number of people
identified as having an LD has almost doubled to nearly 14% since the 1970s (National
Center for Education Statistics, 2010).
These students of average or higher intelligence clearly need a different means to
deal effectively with semantic material, especially text-based information. They have
strong cognitive abilities, but struggle with the reading and writing component of
education (Fang 2005). If information is presented using alternative methods, learning
can occur (Ramus & Szenkovits, 2008). For a student with an LD, understanding content

65

through traditional methods of reading and writing can be a challenge (Shaywitz, 2003).
Not only is it harder to understand, but it can be time-consuming compared to less
challenged students and additionally requires a substantial amount of mental energy,
leaving the student fatigued. This can make LD students seem unintelligent, slow, and
lazy, which is not the case (Salvia, Ysseldyke, & Bolt, 2010). LD students have difficulty
with reading and writing due to brain wiring, not lack of cognitive ability (Rey,
De Martino, Espesser, & Habib, 2002; Swanson, 1999). With all the reading and writing
challenges, LD students can be left feeling defeated and dependent on others for support.
This is a challenge faced by so many individuals with LDs. Burdened with an undeserved
and false feeling of inadequacy stemming from differences in ability and too often
reinforced by society, these students often struggle with low self-esteem (Shaywitz,
2003).
Many LD students can be disheartened when learning science vocabulary and
content due to their added challenges with reading and writing. Many people who are not
LD already consider science a difficult subject with its seemingly peculiar and unfamiliar
vocabulary and formal methodologies (Fang, 2005). Adding on the layer of languagebased learning differences impedes the LD students from achieving a strong and clear
understanding of the content when compared to mainstream students. Uncommonly used
vocabulary topped with multisyllabic, obscure words can leave the LD student at a loss
(Norris & Phillips, 2003; Wellington, & Osborne, 2001). Science educators are
professionally obliged to help these students achieve their fullest potential to master
science content by presenting the information in a form that meets their special needs.
LD students should be provided the same educational opportunities to become
scientists, doctors, teachers, and researchers as other students (Turnbull et al., 2006). So
how can we assist these students to learn science without further adding to their burden as
language-based LDs? How can we support them to realize competent abilities in reading
and writing, and thus to enhance their confidence to learn independently and be confident
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in their own abilities? What can we do to make the process of learning enjoyable and
increase their desire to learn? How can we help the students learn science content and
concepts without the excessive time delay they incur due to the challenges of language
and vocabulary?
One major support that has proven effective in teaching LD individuals is
technology. When used as an assistive tool, technology can fill the gap to allow these LD
students to reach once unattainable goals (Thompson et al., 2004). Audio technology has
become an increasingly applied technology, especially with advances in products that use
voice recognition software and text-to-speech tools, such as Siri. Moreover, with the
invention of audio books, this new software has changed the way we can teach LD
students. In the past, students relied on the teacher to read aloud to them, or were left to
painfully read new, unfamiliar science terminology on their own (Gomes & Mensah,
2013). Now, by simply highlighting and clicking the words, an automated voice will read
back the content. The student no longer needs a reader or must struggle to read on his or
her own. With the support of these new technologies, reading facility and the time needed
to read are often similar to those of a mainstream student. The LD student can repeat the
audio at any instant and increase the volume to their preferred auditory level to
understand what is being read. Though there has been increasing emphasis on including
audio-assisted reading for LD students, research is needed to address the question of just
how beneficial the automated audio software is. Does the automated voice, as opposed to
natural voice, affect students' learning of the words? Do the students have a preference
for a natural or automated voice? Does the technology help or distract the students from
learning? How do adults working with LD students view technology for science
education?
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Purpose and Research Question
The purpose of this study is to examine the benefits of using audio technology to
ease the process of learning science vocabulary and language for LD students. This
research is based on evidence from recent advances in three fields -- (1) LD studies,
(2) science education research, and (3) educational technology -- that are synthesized to
inform the rationale, research question, and design of the study. The research question for
this study is: What forms of audio technology are enjoyable and preferred by LD students
to learn science?

Theoretical Framework
Language-based Learning Differences
The ability to read and write is a major human cognitive accomplishment that has
changed the way we communicate, mentally represent the external world internally, and
mutually come to a shared understanding of the world around us. The ability to read and
write is not innate. It is not wired into our nervous system in the way that fundamental
processes required to sustain life, such as movement or ingestion, are biologically
inherited. These learned skills of reading and writing are a combination of the human
brain’s ability to see and identify visual images and hear and produce sounds. The ability
to add auditory components to graphic images is what allows reading and writing to
occur in all languages (Wolf, 2007). The inability to make a clear visual to aural
connection can lead to a person developing language-based LDs (Swanson, 1999).
The dawn of written communication starts with the famous markings found on
cave walls. Those marks came to evolve into images and pictographic forms of
communication (Wolf, 2007). Over time the demands for communicating ideas via
reading and writing increased, so prior forms of recording experiences, such as
memorizing thousands of pictures, no longer were the most efficient methods. By adding
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short sound components to the symbols and marks that represented graphic ways of
communicating, written language improved and required less memorization of a
multitude of characters. This phonemic addition to graphic representations came to form
what we know as the alphabet. This slow evolution in language not only changed the way
people communicated but also engaged new regions of the human brain that were not
used previously (Wolf, 2007).
While the first written languages were pictographic in form, symbolic and
alphabet-based written communication eventually evolved in most areas of the world.
Some languages and dialects, such as those found in China, follow the character-based
(ideogram) style of reading and writing. Most other languages are based on an alphabet
that associates letters with sounds that are arranged together to make aural words.
Linguistic studies have shown that English is one of the more difficult languages to read
and write due to its exceptions to the many phonemic language rules (Wolf, 2007). A
simple common word like “sign” has a silent ‘g’ that can make a novice English learner
struggle with reading and spelling it. Acknowledging that the word stems from the Latin
signare, which means “to sign,” explains why the phonetic rule is not followed. The word
“signature” further emphasizes the expectation of the rule. The ‘g’ is silent in “sign” but
enunciated in “signature,” showing that the related word has a similar root letter
arrangement but a different phonetic pronunciation. Without knowing the background of
the word, many may wonder why words like “sign” don’t follow phonemic rules. These
and innumerable other exceptions can make learning English words a challenge (Fang,
2005).
In the past it was believed that language-based LDs were caused by a variety of
cognitive, processing, and/or visual issues. The classic and stereotypical example would
be the ‘b’ and ‘d’ switch when formulating written words. Recent studies have shown
that there is a large auditory component that can affect students with LD, the most
common form being dyslexia (Shaywitz, 2003; Swan & Goswami, 1997; Swanson,1999).
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Although the exact cause or causes of LD have not been fully elucidated, Shaywitz and
other researchers have favored the phonological deficit hypothesis, which states that
students with dyslexia and other Language Learning Impairments (LLI) struggle with
processing what the written words on the page sound like, causing difficulty with reading
and writing. Graphemes, the written letters, are combined and processed by the brain to
make aural components that we hear as words (Shaywitz, 2003; Swan & Goswami, 1997;
Swanson,1999). There are a multitude of possible causes for an LD, including, but not
limited to, slower visual and auditory processing, hearing difficulties, and even chronic
ear infections (Rey et al., 2002).
This lack of phonemic awareness leads to struggles for many LD students when
reading and writing. Studies have also found that dyslexic students are better visual
learners and often learn to read words by recognizing and remembering the shapes rather
than phonetically processing the information (Wolf, 2007). They rely on memorizing the
image of the arrangement of the letters rather than parsing the word to decipher the
sounds that compose the word. Based on the linguistic studies mentioned combined with
their visual acuity, it is possible that a character form language may be more effective for
a student with LD. A less phonemic and more pictorial cuneiform language may lead to
greater success (Wolf, 2007).
Vocabulary and Language in Science Education
With the English language already linguistically difficult when reading and
writing, the addition of an unfamiliar and often complex science language can make
learning even more difficult for many students with or without an LD. Many science
words written in English do not follow phonemic rules, such as torque, camouflage, and
chlorophyll. Many scientific terms can also be difficult to read due to their multisyllabic
nature, like endoplasmic reticulum and photosynthesis (Fang, 2005). For a student with a
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language-based LD, the exceptional language of English combined with the complex and
uncommon language of science can create many learning challenges.
The vocabulary and language of science can be the hurdle that students with LDs
need to overcome to reach understanding in science (Wellington & Osborne, 2001). The
current US educational system expects that students should be able to read independently
to gain content by middle school grade level (Norris &Phillips, 2003). Fundamental
reading skills are generally no longer addressed once students reach high school. Science
educators give students texts with the understanding that they are able to read
independently to comprehend the content (Shanahan & Shanahan, 2008). However, if the
same reading expectations are placed on LD students, that would shut this marginalized
population out of science, as they are intellectually capable but can’t achieve success
without the appropriate accommodation for their learning needs (Ramus, 2003).
The bridge for connecting independent reading and writing with understanding
science stems from a basic understanding of semantics and how it impacts
comprehension. The levels of understanding start with basic literacy skills that are taught
at a young age in primary school. By middle school, students are expected to be able to
independently read expository content text to retrieve information (Shanahan &
Shanahan, 2008). The students are also required to express their ideas and understanding
using written response (Fang 2005; Glynn & Muth, 1994).
It is true that reading and writing are not the only method to learning science.
Hands-on, visual, experiential, and verbal teaching techniques can also be implemented
to teach science. Albeit, reading and writing is a very effective means of learning,
especially when used in association with hands-on, inquiry-based, engaging activities and
experiments (Glynn & Muth, 1994; Pearson et al., 2010). However, the struggle we come
across in most science classrooms is that the current traditional education system focuses
on reading and writing as the primary method to gain content knowledge. This
expectation is heighted as students progress though secondary school and into university-
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level academics (Norris & Phillips, 2003). Supports need to be offered to LD students to
ensure that they will also be able to succeed as they continue through their educational
development.
The development of a strong semantic verbal understanding of science vocabulary
can lead to comprehension. Knowing the meaning of science words will allow students to
make connections to what they learn in the science classroom (Fang, 2005). By
developing literacy skills that focus on the discipline of science, the students will find
success in the understanding the content (Shanahan & Shanahan, 2012). To achieve a
higher-level ability to communicate and understand science, it is necessary for the
students to build on their basic literacy skills. Fundamental reading and writing skills
become the gateway to comprehension that can lead to success in science education
(Glynn & Muth, 1994; Pearson et al., 2010). Wellington and Osborne (2001) report that
for many students it is not the content that causes them struggle but rather learning the
language of science.
The English language predominates in many countries and is often taught as the
major second language to learn. Media, radio, the web, and even science generally
default to English as the language of communication. It is seemingly becoming the
universal language of the world and is viewed as a gatekeeper even for science teaching
and learning (Moore, 2007). As science educators, we need to provide a support system
for these LD students to assist them to overcome their unique language demands to
understand the language and content of science. The bridge that will close this gap is very
likely an appropriate technology.
Technology in the Classroom
Technology is an exponentially topical and constantly redeveloping and evolving
component of our modern world. Travel, communication, information, entertainment,
work, and even leisure are all influenced by constantly changing technologies. With the
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advantages of technology increasingly encompassing our lives, it also should be
considered as a very important and major component of education and learning. Not only
do students need to understand how to use technology, but it can also be an effective
means to support learning.
Technology in the classroom can be used for two major purposes: as a cognitive
tool and as an assistive tool. A cognitive tool allows for the learner to gain information
that may otherwise not be accessible to her/him (Songer, 2007). Using a dissection
simulation to teach high school biology students about the organs in a human body would
be a cognitive tool. Due to cost and accessibility, most high schools are unable to procure
a cadaver; yet using a simulation allows them to learn information that would otherwise
not be accessible to them. An assistive tool, on the other hand, is used to support an
individual or to ease or fulfill tasks that they are generally unable to accomplish
independently (Raskind, 2000). An FM unit to amplify and reflectively transmit voice
back to the speaker or a voice recorder would be an assistive technology tool that allows
the individual to hear information at an audible level for their understanding or repeat
information by replaying from a lecture or discussion. Some technologies only function
in one mode, while other technologies are able to mutually serve the dual roles of
cognitive and assistive technology supports (Songer, 2007). Computers would be the
ideal example of a tool that has expansive technological benefits in both cognitive and
assistive supports. Personal devices such as iPads are able to serve the dual benefits of
technology as well. For this research, the focus will be on using educational and audio
components on the iPad as an assistive technology tool for LD students to learn science.
The benefits of such assistive technologies have changed the educational experiences for
so many LD students. Technology has provided students in the LD community
opportunities to achieve the same learning goals as students that do not have an LD
(Turnbull et al., 2006). Technology has not only allowed LD students to reach new goals
but also to ease the process and lessen the time to attain them.

73

Along with the many benefits of technology, there are also several possible
drawbacks or limitations in the use of technology. Some of the considerations that are
often mentioned are the time and energy invested to learn how to use the technology, the
time needed to use the tool itself, the frustration when things go wrong, and the
distraction of multipurpose technologies like an iPad or computer. Yet even with those
possible hurdles, we still continue to use and modify technology-- as the positives
generally outweigh the negatives.
Based on the phonological deficit hypothesis and other research on the auditory
aspect of dyslexia, a major consideration for audio technology should be the quality and
nature of the voice (Swanson, 1999). Recent advances on automated technologies such as
voice recognition, text-to-speech software, and Apple’s Siri have revolutionized audio
and speech tools for educational purposes. With the advantages of audio, now LD
students can have their science text read to them independently. They can change the
volume, repeat the information, and speed up the process of reading. One major factor
that may affect their comprehension is the type of voice presented. Most audiobooks
created for literature and novels are recordings of a person reading the content using clear
and articulated speech. The natural reading voice includes common inflections, pauses,
and diction. The newer automated voice technologies used for reading software often do
not have these natural inflections and established conventions of flow when reading the
information. The voice can sound unnatural or over-enunciated, lack pauses, and even
mispronounce certain words. This can make listening to automated voice audio
technology unpleasant and ineffective, or worse, negatively impact learning. The voice
choice becomes an important factor for LD students when understanding phonemic
character. Not only can it improve or impair their learning and comprehension, depending
on its reception by the students, but the technology should also make the students enjoy
using the product and increase their desire to learn.
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One of the aims of this study was to examine students’ preference for natural
voice or automated voice. The way audio technology is perceived by LD students, and its
influence on learning and enjoyment as reported by students is an important component
that is addressed in this research. The pros and cons of technology are also addressed
from the views of the students as well as their parents and the educators that work with
them.

Purpose of the Study
The focus of this research is on using audio iBooks on the iPad as an assistive tool
to support learning science. Since audio technology can be a major asset for students with
LDs, it is important to learn the positive aspects and consider any modifications that
could allow for a more efficient and enjoyable learning experience. By having the
students develop an active interest in using the tools, they will be more attentive to the
content, which can lead to greater learning. The effective emotional component satisfies
the total personality of the students and increases their intrinsic desire to attain new
knowledge (Mumford, 1997).
Through the use of interviews, observations, and Likert surveys, information was
collected to understand the strengths and weaknesses of the audio iBook technology and
how it can be modified to allow the students to enjoy the use of the tools and to promote
a more effective process of learning science. Specifically, the research question is: What
forms of audio technology are enjoyable and preferred by LD students during the
learning of science? The purpose of this study is to collect data that provide first-hand
information from LD students about their learning experiences with audio technology to
provide evidence-based recommendations for the use of audio technology and/or its
modifications to promote greater student comprehension and learning in science.
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Research Design
A qualitative instrumental case study design was used for this research study. The
information was further supported with quantified analysis of survey results using Likerttype scale items to determine if there were significant correlations among certain
responses and to display them as correlation network diagrams. The use of both
qualitative and quantitative research methods added weight and rigor to the study
(Creswell, 2007). The qualitative data provided a well-rounded understanding of the
students’, parents’, and teachers’ views on the use of audio technology in science
learning. The rich narration allowed for transferability to cases, which makes the
information beneficial to others in similar situations (Merriam, 2009). The quantified
analysis of the survey data was used to add to, and support, the data acquired from the
interviews and observations. Using multiple methods of analysis and research designs
allowed for triangulation to further strengthen the conclusions and hence
recommendations resulting from this research (Stake, 2005).
When working with LD students, it is important to take a holistic approach to
understanding their needs to better support them. Using a strictly instrument-based,
verbal response type approach when working with LD students can lead to an incorrect
representation of their academic ability and understanding of content. LD students
struggle with reading and writing, so measuring their comprehension using those forms
of assessment very likely will lead to inaccurate depictions of their understanding (Salvia
et al., 2010). Qualitative approaches such as oral discussions, presentations, and
observations of the students in this study revealed that learning is occurring, even though
it may inaccurately be missed using a written quantified method. By combining
qualitative and quantitative information about the students’ responses, we can gain a
more holistic understanding of their comprehension and learning needs, and thus better
support them to succeed in learning science.
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Field Setting
The setting for this study was a K-12 independent school located in a large,
diverse urban city. The school is specialized for students with LDs, so class sizes are
restricted to twelve students with two teachers to allow for an appropriately supported
environment. The students have a variety of LDs that affect their language learning
abilities, such as delayed processing, minor motor issues, mild visual/auditory
impairments, dysgraphia, and dyslexia. All the students have an Individualized Education
Plan (IEP) to guide the teachers and specialists in providing them the most appropriate
education (Turnbull et al., 2006). The students at the school are expected to meet the
same state testing and evaluations as their mainstream counterparts, with the necessary
accommodations for their learning differences. Since the students at the school are LD, a
purposeful sample was used for this study (Stake, 2005). To ensure privacy for
identification of the field setting and the identity of the participants, all actual names have
been replaced with pseudonyms.
Student Participants
The participants for this study were thirty-six LD students between the ages of 11
and 13 years studying seventh grade life science. There was a mixture of gender and
ethnicity comparable to the diversity of the city in which the study took place. There was
no attrition during the study because most of the students are admitted in elementary
school and stay until the end of eighth grade, at the least.
The students at the school have been admitted based on their LD, so all the
students have some form of language-based learning challenge. The students, like all
children, are unique, with different strengths and weaknesses in the academic areas.
Some of this variety may be due to their LDs or simple personality differences. Students
range in skills and abilities, and several mild LDs are represented in the student body at
the school. The most common are dyslexia, dysgraphia, speech and auditory processing
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delays, Attention Deficit Hyperactive Disorder (ADHD), struggles with executive
functioning, and sustained attention. Most LD students usually exhibit more than one of
the aforementioned differences, which can compile to cause them difficulty with learning
in a mainstream setting. Each student requires an individual education plan that informs
the teachers how to best provide him or her the most effective learning experience.
The thirty-six students in the seventh grade were further broken down into three
classes of twelve students. Each class was a heterogeneous mixture of students
independent of their cognitive ability and level. All thirty-six students consented to
participate in the study and completed the digital, online survey after using the audio
technology. Among all the students in the seventh grade, ten were selected randomly to
be interviewed before and after the use of the audio technology to gain deeper insights
into their perceptions of the learning experience.
Teacher
The teacher who participated in the study, Ms. M, has been teaching middle
school science for five years and holds a master’s degree in science education from an
accredited university. She also has her New York State teaching certification in
secondary science education with an extension in special education. She is a wellrounded teacher with experience working in other educational settings, but most of her
teaching experience has been at this particular school. She is well versed in using
technology in the classroom and very familiar with using the iPad, apps, and other
software for teaching science. Any additional training necessary to use the audio
technology was implemented prior to beginning the study.
Adult Participants
From the ten students who were interviewed in this study, five parents were
randomly selected to be interviewed. The seventh grade Reading Specialist, Ms. C, was
also interviewed to learn about the students in the grade. Ms. M, the science teacher that
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taught the classes that used the audio technology, was also interviewed after all the
information was collected.
Role of the Researcher
The researcher’s role during the study was strictly to collect observations,
interview, and create all the necessary materials for Ms. M to correctly implement the
study. The researcher was in the classroom but was not involved in teaching the science
lessons. Ms. M provided all the instructions, directions, and materials to the students. The
researcher held all the interviews with the students and adults outside of class time. The
researcher also administered the digital Likert surveys for all the students at the end of
the study.
Audio Book Technology
The seventh grade students were part of a one-to-one iPad program and had been
using this technology for four months prior to the study. The students were familiar with
using the iPad as well as many of the apps, including iBooks and iTunes U. The audio
iBooks that were used for the study were created using the Apple’s iBook Author
software. Three different books were created for three body systems that are generally
taught in the Life Science curriculum: Nervous, Cardiovascular, and Respiratory
(Table 4.1). Each of the three body system units had one natural voice audio version
iBook, one automated voice audio version iBook, and one plain text version iBook with
no audio. The audio was added using the GarageBand software. The audio was recorded
using the internal MacBook Pro microphone, Harman/Kardon computer speakers, and a
pair of Apple ear buds. All the settings for the recording were noted and kept the same for
all other recordings. The pace of reading, reader, equipment type, arrangement, and
volume for recording were kept consistent. Two teachers and one peer researcher
reviewed the iBooks for possible errors or technical issues that would affect the study.
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To ensure consistency in quality of sound, all the students were provided the same
model Sony MDR-222KD headphones. The volume of the audio was not controlled, as
that was a preference to allow for each student’s auditory ability. As long as the students
could hear the audio clearly, no specific volume level was required. The students were
also provided blank graphic organizer T charts (Appendix A) on PDF format to fill out,
and they used the Notability app on their iPad while reading and listening to the content
to complete the charts.
The five-point Likert survey was given at the end of the study. The survey was
created using Google forms on Google drive (Appendix E). The students all have a
Google school email address, so they were able to access the drive. After the link for the
digital survey was emailed to them, they completed the form on their iPads and submitted
their responses electronically. The results were then compiled and recorded into a Google
spreadsheet for easy transfer and analysis.
Qualitative Case Study Design and Analysis
The format of the study was a qualitative design with the major emphasis on
interviews and observations. Quantified analysis of a Likert survey, presented after the
treatment, was used to support the major conclusions derived from the qualitative data in
this research, and is explained more fully in the next section. The study involved the
thirty-six seventh grade students who participated in the audio technology treatment,
completed the Likert survey, and were observed while using the audio technology. Only
ten randomly selected students from the cohort were interviewed before and after using
the technology.
The first stage of the study involved conducting interviews to identify the
challenges students with LDs have when learning science language and vocabulary. This
was done using qualitative methods of interviews and observations to assess where the
students struggle. The interviews allowed for identification of the areas of linguistics and
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science language the students had difficulty with. It also gave insight into the general
feelings the students had toward learning science and using technology.
The initial step involved learning about the challenges that students with LDs
have when attempting reading and writing tasks in science. This information was
compiled through the one-to-one interviews of the ten students using semi-structured and
open-ended questions. The interviews were done prior to the students using the audio
iBook technology. Each interview was done in a quiet room and was approximately 15 to
20 minutes in length. To learn more about the students' learning needs, interviews were
also done with the seventh grade reading specialist, Ms. C. She gave background on
general difficulties the LD students in the grade have with the process of reading and
writing and also provided specific details on some of the students that were interviewed.
To further understand LD from a parental standpoint, five of the ten interviewed students'
parents were chosen to develop a clear picture on how they support their children with
learning.
Formal observations and field notes were done during several points in the study.
Students were initially observed during science classes where no audio technology was
being implemented to register a base line. Each class of students was then observed while
utilizing each type of audio iBook. Each observation was approximately the length of one
40-minute class period.
After completing all three units, the ten selected students had follow-up
interviews to learn of any benefits in using the audio iBooks and their feelings toward the
technology. Ms. M was also interviewed to learn about her perceptions of using the audio
technology with her students.
A qualitative analysis of the interviews and observations was done using a
rigorous process of coding the transcribed information (Stake, 2005). Preliminary coding
began with reading over the written interviews and observations three times for trends
and themes. During the fourth review, notes were made in the margins of the key trends
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and important points. The text was then coded directly on the digital document using
colors to identify the information for ideas/suggestions (blue), key words/content (red),
and feelings/emotions (green). A chart was compiled to organize the findings as each
interview and observation was coded. Topics were identified and recorded across the top,
and the supported information from the qualitative data was placed under each column.
As each interview and observation was reviewed, supported information was added to the
column. If a new major topic emerged, it was added to the chart and supported with
information from the interviews and observations. This process was repeated for each
interview and observation, then grouped to find themes and trends (Stake, 2005). A
graduate school researcher repeated the coding process to find congruency in results, and
one professor reviewed all of the codes and emergent themes for purposes of reliability.
Quantitative Design and Data Analysis
All the students completed the ten 5-point Likert items in the post-treatment
survey on the day following completion of the final audio iBook. The link was emailed,
and the students completed and submitted the survey digitally on their iPads. The results
were quantified, aggregated, and the data were analyzed to identify items that had
significant correlations based on the students’ responses. The analysis was done using the
Statplus statistical analysis software and Microsoft Excel.
The surveyed information was further analyzed quantitatively to find correlation
between the responses to the ten Likert items. The students’ responses were quantified by
assigning a numerical value to the options on the 5-point Likert survey. The value of 1
was assigned to "strongly disagree," 2 for "disagree," 3 for "no opinion, 4 for "agree," and
5 for "strongly disagree." The results were then analyzed to find the means and
correlations between the responses for each item (Hoy, 2010). The information was
obtained using the software Statplus statistical analysis linked to Excel. The critical
p-value selected to reject the null hypothesis was ≤ .05.
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After obtaining the multiple correlations of the data, all of the correlations that
were at 0.33 or greater were further included to creating a network diagram showing the
correlations among pairs of the items. The two items that did not yield significant results
were not included in the intercorrelation network diagram. A scatter plot was also done,
which resulted in a linear pattern to consider outliers and extremes in the data collected.
The four items with the greatest number of nodal points were identified and are discussed
in further detail, as they show the most connectivity among the items to reveal thought
relationships and support the purpose of this study.

Findings and Discussion
After coding and analyzing all the collected observations, interviews, and survey
data, several notable themes and interpretations emerged. To provide an overview of the
Likert item analysis, the mean results for each item are presented and discussed first. The
items are further elaborated based on the multicorrelation data, with more detailed
analysis of the results for the particular items that had the highest intercorrelation values.
Mean Likert Item Values
The mean values for each of the ten quantified Likert items are presented in
Table 5.1. Following the range of values mentioned prior, with 5 being "strongly agree"
and 1 being "strongly disagree," many noticeable trends were found for the responses
from the thirty-six LD students that were surveyed after using the audio technology.
Several notable topics were deduced from the ten items based on high and low means
from the Likert responses. The notable topics included the students’ relationship to
technology and ease of using audio technology, their preference for natural over
automated voice, their desire to continue using audio technology for science content, and
whether the use of audio technology was helpful.
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Table 5.1. Mean Values and Standard Deviation for Responses to Each of the Ten Likert
Items, Listed in Order of Appearance on the Actual Survey
Likert Items

Mean

S.D.

1. Science is a hard subject to learn.

2.76

0.89

2. I have difficulty reading science words on my own.

3.08

1.09

3. I like using technology.

4.32

0.80

4. The audio technology with the automated voice was helpful.

2.81

1.10

5. The audio technology with the natural voice was helpful.

4.00

1.00

6. I would rather read science on my own without the audio
technology.

3.11

1.10

7. I would like to use the audio technology with other science
readings.

3.46

0.96

8. Using the audio technology was helpful for me to learn the
information.

3.62

0.89

9. The audio technology was difficult to use.

1.97

1.01

10. I like science.

3.70

1.22

The data show that item 3 (I like using technology) had the highest mean of 4.32.
This response provides evidence that most students between the ages of 11 and 13 years
old enjoy using technology. This can be expected, considering the major influence
technology has had on the many components of our lives (Edelson, Gordin, & Pea, 1999).
Most students in the middle school age range have been exposed to and have probably
been using technology since early childhood. They are familiar with the tools and also
enjoy using technology. Item 9 (The audio technology was difficult to use) had the lowest
mean of 1.97. Most students found using the audio technology easy, which can relate to
their enjoyment of using technology. Since the students liked using the technology and
have been exposed it to from a young age, their desire to use technology increased their
ability to learn how to use the audio technology for the iBook units (Mumford, 1997).
The audio component that was imbedded into the text passages was also created to mimic
other audio programs the students had been exposed to and were familiar with using.
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The second highest mean was item 5 (The audio technology with the natural voice
was helpful) with 4.00. This was an important item to consider, as it involved the
students’ preference for a type of audio voice for use with the technology. The means
show that the students preferred natural voice over the automated, as item 4 (The audio
technology with the automated voice was helpful) had a lower mean of 2.81. Providing
the appropriate audio presentation can affect the students’ desire to use the audio
technology to assist with their independent science readings. The voice of the technology
can play a role in understanding the text that is being read audibly, which can affect the
pace and efficiency of learning new vocabulary for LD students. This important phonetic
aspect to learning vocabulary words is presented in the phonological deficit hypothesis,
which explains the importance of proper pronunciation of words (Richardson et al., 2004;
Shaywitz, 1998, 2003; Swanson, 1999).
Item 8 (Using the audio technology was helpful for me to learn the information)
and item 7 (I would like to use the audio technology with other science readings) also had
high mean scores of 3.62 and 3.46, respectively. These two items show that most of the
students found a benefit to using the audio technology to learn information and would
like to continue using it to learn science content. There is much research showing that LD
students struggle with decoding and parsing words due to audio processing based on the
phonological deficit hypothesis (Richardson et al., 2004; Shaywitz, 1998, 2003; Swan &
Goswami, 1997; Swanson, 1999). The mean scores show that the LD students have a
preference for using audio technology specifically when reading science, which can be
due to their challenges with deconstructing graphically presented words to their phonetic
basics. These topics deduced from the Likert response means will be further explained
using multiple correlation data and the intercorrelation network diagram.

85

Multiple Correlation Data
Eight of the ten Likert items had statistically significant intercorrelations. As
shown in Table 5.2, the eight items yielded thirteen positive intercorrelations greater than
r = 0.33 and p < 0.05. Items 2 and 10 did not have significant positive correlation with the
other items; hence these two items are not included in the discussion of the
intercorrelation results.

Table 5.2. Multiple Correlation Results for the Analysis of Likert Survey Items Listed
from Highest to Lowest Coefficient, Regardless of Sign1

1

Variable vs. Variable

Pearson Correlation Coefficient (r)

p-value

8 vs. 7

0.65

0.00001

8 vs. 6

-0.64

0.00002

7 vs. 6

-0.64

0.00002

9 vs. 1

0.57

0.0002

8 vs. 1

-0.46

0.00443

5 vs. 1

-0.45

0.00548

9 vs. 3

-0.41

0.0121

7 vs. 4

0.40

0.01416

3 vs. 1

-0.40

0.01432

4 vs. 3

0.39

0.01589

7 vs. 3

0.39

0.01793

8 vs. 3

0.38

0.02133

9 vs. 8

-0.34

0.04118

Note items 2 and 10 are not included due to nonsignificant statistical results.
Once the numerical data were collected, a correlation network diagram was

created (Figure 5.1) to display the multiple relationships among the different Likert
survey items. The intercorrelation network diagram is a visual representation to show
how the different items connect to each other. The number of interconnected nodes shows
the relevance of each item as it correlates to the other items. The nodes are a point of
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interest because they reveal the relationships between the different Likert items, showing,
partially, to what extent the students’ responses to the items coherently link together. The
larger the number of linkages, and the stronger the correlation coefficient, the more likely
that the assemblage of Likert item ideas are logically and coherently related in the
respondents’ set of responses to the Likert scale. These linkages are theoretically
indicative of the logical way the respondents cognitively link the ideas. The greater the
correlation value (r), the stronger is the relationship between the particular items
interconnected at the nodes. The greater number of nodes connected to an item means
there is a greater number of relationships and relevance to the other items on the Likert
survey (Anderson, personal communication).

Figure 5.1: Intercorrelation Network Based on the Likert Survey Results Showing the
Major Items (Ovals) and Pairwise Correlation Values Inserted on the Linking Arrows

87

Based on the intercorrelation network analysis, items 8 and 3 had the greatest
number of nodal connections. Both items have to do with the preference for and
perceived utility of the technology and make a significant set of key central nodes. Items
7 and 1 had the second most number of nodes. These two items focused on the
relationship of science and using audio technology to learning. Based on the results, these
four items are presented as the major topical areas to support the need for audio
technology in science learning. Each item was developed further and supported with
information from observations, field notes, mean values, and quotes from selected
interviews with the students, educators, and parents.
Further detailed analyses and interpretations of data for the four most highly
intercorrelated items are presented, including pertinent information from the qualitative
case studies. This text is organized beginning with item 8 with the most linkages in the
intercorrelation network, and proceeding sequentially to items 3, 7, and 1.
Item 8: Using the audio technology was helpful for me to learn the
information. The analysis revealed that the students found the use of audio technology
beneficial to their learning. Sixty-four percent of the students agreed or strongly agreed
with this statement, and 25% had no opinion. The other 11% disagreed or strongly
disagreed (Figure 5.2). This item had a strong positive correlation with item 7 (I would
like to use the audio technology with other science readings), r = 0.65, n = 36, p

0.001

and item 3 (I like using technology), r = 0.38, n = 36, p = 0.02. These results show that
the same students also said they liked using technology with audio and would like to use
it for future science readings.
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Figure 5.2: Results from Likert Survey Item 8
The interviews and observations showed clear consistencies between the
statistical information in the quantitative section and the feelings expressed by the
students, parents, and teachers gathered as qualitative evidence. Amber explained how
technology helps her with understanding the content by listening to the audio version of
the information: “I like using the iPads and I like having something read to me just in
case there are words that I can't understand or read.” Matthew explained how hearing the
written text read aurally not only provided him more information but also helped him
remember the content. When asked what he preferred, he stated, “Listening to it because
it gives me more information. When I read, I forget.”
The process for learning new science vocabulary is different for LD students
when compared to non-LD students. LD students tend to depend more on aural sensory
input to learn new words rather than from text-based content as they struggle with the
multifaceted process of reading (Shaywitz, 1998, 2003; Swan & Goswami, 1997). LD
students compensate for their struggles by utilizing these auditory skills. The process of
reading is challenging for them, so their listening skills develop and become stronger
(Richardson et al., 2004; Swanson, 1999). Tucker commented, “It’s kind of easier to
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capture what it’s telling you when it’s being said to you ... register in a different
perspective. When you see it versus hearing it, it’s different.”
When interviewing parents and teachers, there is evidence that the auditory
process is clearly beneficial and a key factor when working with an LD student. Tom’s
mother described his learning process as having a strong emphasis on aural keenness:
“He listens really carefully, and I think he absorbs a lot of information that way.” Ms. M
compared her observations after using the different audio iBooks to the challenges of
teaching the classes without it:
Pronunciation was better after they had heard it. For some kids, comprehension
was better when they were able to listen to it. It depends on the kid though.
The discussion afterward was very different.
Auditory technology may not be preferred or ideal for every student, but there
was a better understanding of diction and articulation after the audio. As described by
Ms. M, the students were able to better enunciate the words, and this benefited some
students’ understanding. Based on observations, the discussions that Ms. M and the
students had after the audio unit were distinctly different than without audio technology.
The students increased in participation and noticeably made an effort to sound out the
linguistically unique science words when questions were asked since they heard the
pronunciation of words using the technology (Fang, 2005). When students read the text
silently, the post discussions included less participation, especially when students were
required to say the challenging science vocabulary.
The students who reported that they wanted to use the technology also stated that
they preferred to have the audio support and not have to read on their own. Moreover,
they did not find it difficult to learn to use the technology or to learn science. There was a
strong negative correlation of item 8 (audio technology was helpful) with three other
items: item 6 (I would rather read science on my own without the audio technology)
r = -0.64, n = 36, p < 0.01, item 1 (Science is a hard subject to learn) r = -0.46, n = 36,
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p < 0.01, and item 9 (The audio technology was difficult to use) r = -0.34, n = 36,
p = 0.04. The students found that the technology benefitted their learning, so they wanted
to continue using it. The negative correlation with item 6 shows that continued use of
audio technology is preferred. Item 6 also had a negative correlation with item 7 (I would
like to use the audio technology with other science readings), which validates that the
students who did not want to read science on the own also wanted to continue using audio
technology for science text. These students also did not have to struggle with the subject
content or to acquire skills with the technology because they found it helpful and
explained that they are able to actually learn the content better using it. Sara stated that
she was able to further figure out the meaning by listening and looking up the words she
didn’t know. “If I didn’t know big words, it reads it to me, and then I can define it.” She
clearly finds the audio technology supportive of her unique learning needs.
Item 3: I like using technology. It can be assumed that most students like using
technology. However, it is worthwhile to obtain evidence to support it. There was a very
strong positive response to item 3; 86% of the students agreed or strongly agreed with
this statement, and 11% had no opinion. Only 3% disagreed, and no one strongly
disagreed (Figure 5.3). This item had a positive correlation with item 4 (The audio
technology with the automated voice was helpful) r = 0.39, n = 36, p = 0.016, item 7
(I would like to use the audio technology with other science readings) r = 0.39, n = 36,
p = 0.018, and item 8 (the usefulness of audio technology). as discussed before. The same
students also found the audio technology to be helpful, especially the one with the
automated voice, and would like to continue using the technology for future science
readings.
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Figure 5.3: Results from Likert Survey Item 3
Children consider technology engaging and fun. In the education world,
technology allows the students to learn and understand new ideas through digital
experiences they may have never been provided without technology (Edelson et al.,
1999). It can also be a tool to assist students by easing the process of learning (Raskind,
2000). LD students quickly recognize this benefits and also see the many ways
technology supports their differing learning needs. For example, Matthew stated, “It’s a
good way to learn with technology. There’s just so many things you can do that you
really can’t do without technology to learn.” Thus, we can understand that technology for
some of these students is not only fun and dynamic but also important for learning.
All the parents interviewed and Ms. C felt strongly favorable about the students
using technology to learn. They proposed several reasons for using technology with LD
students, such as multisensory learning, attention, independence, and the reduction of
time and mental energy required to complete tasks (Ramus, 2003). Sara’s mother
explained,
It's kind of like she gets the seeing, the hearing, the touching … all of that
helps. The computer and the access for them to not to struggle and try to figure
it out themselves to instantly have something there, as feedback to them, is
amazing.... The instant feedback is very important for time.
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The pace of work for students with LD is already slower relative to non-LD students, but
to wait for someone to read to them can slow them even more. Thus, having technology
makes LD students more independent and able to learn without requiring constant
support from others. Sara’s mother mentioned above how Sara uses her other senses to
collect the information as well. Miller’s mother said something similar in her response.,
stating,
He’s so comfortable in terms of toggling between going to the internet, getting
information, applying it, being able to read other things. I mean I think it has
been fantastic and just using this whole multisensory way of teaching and for
the kids to actually experience.
As mentioned earlier, LD students tend to use other senses to help them read and learn
(Ramus, 2003; Rey et al., 2002, Shaywitz, 2003). The evidence presented above supports
the conclusion that audio technology provides LD students with enhanced opportunities
to learn using other senses, such as visual, auditory, and tactile, to achieve scientific
comprehension.
The additional use of the T charts using the Notability app on the iPad to collect
notes and information while listening to the iBook audio readings helped the students
with applying this multisensory tactile approach to learning (Ramus, 2003). The
multimodal methods allowed the students to develop a learning cycle of actively doing
the task of listening to the audio readings, reflecting by taking notes on the T chart,
concluding with the whole class discussion, and planning by repeating this process with
the other readings. This tactile, auditory, and multisensory approach to learning assisted
the LD students with comprehension and understanding of the content (Mumford, 1997).
Ms. C presented further evidence for the positive role of audio technology in
improving the pace of learning. After working with Max for several years, Ms. C
supports technology use to help students like Max with a delayed pace when reading. She
explained, “He would spend so much time trying to decode the words that he wouldn’t be
able to take in the information. If he listens to it, he knows it.” Max is a cognitively

93

strong student, but he spends so much time trying to figure out the words that are
presented in graphic form. This delay causes him to expend his mental energy decoding
and lose the meaning behind the text (Ramus, 2003; Rey et al., 2002). With his attention
and energy so focused on the process of reading the words, learning science becomes less
of the goal and breaking down words becomes the main hurdle to overcome (Wellington
& Osborne, 2001). By providing audio assistance, Max was able to listen along with the
written text and learn the science content without getting caught up on his reading
challenges.
The students that like using audio also found the audio technology easy to use and
did not think science difficult to learn. There was an inverse correlation for item 3 with
item 9 (The audio technology was difficult to use), r = -0.41, n = 36, p = 0.01 and item 1
(Science is a hard subject to learn), r = -0.40, n = 36, p = 0.01. These students like to use
technology, so it is logical that they would also be motivated to master use of it. It is
interesting that the students that liked technology did not find science hard to learn. This
correlation provides data that these students enjoy using technology and find it easy to
use, which can make it more likely that they will be diligent in acquiring science
knowledge with the technology (Mumford, 1997). The enjoyment of technology can lend
to the desire to learn the science content using the audio iBook technology. Providing this
alternative technological opportunity allows the students to learn the science content with
less difficulty (Gomes & Mensah, 2013).
Item 7: I would like to use the audio technology with other science readings.
More than half the students said they would want to continue reading science text using
the audio technology. Of the 36 students, 52% agreed or strongly agreed with this
statement, and 31% had no opinion (Figure 5.4). The other 18% disagreed or strongly
disagreed. These students also enjoyed using technology and found the automated audio
technology helpful for learning. This item had a positive correlation with item 4 (The
audio technology with the automated voice was helpful), r = 0.40, n = 36, p = 0.01, and
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with item 8 and item 3, as discussed previously. This item addresses the unique language
of science and the desire to overcome the vocabulary challenges using audio technology.

Figure 5.4: Results from Likert Survey Item 7
Simply put by Kerry, she described science vocabulary as “very tongue-twisty
and hard to say.” Science language and vocabulary can be a struggle for many students,
even without an LD (Fang, 2005; Norris & Phillips, 2003). Ms. C helped LD students
overcome their language learning challenges for science text by utilizing different
multisensory methods. She explained, "We do a lot of multisensory techniques to help
him break apart multisyllabic words, which would be commonly found in science and
then learning the actual vocabulary and what it means." Furthermore, the students need to
decipher the vocabulary, as it is the gateway to understanding the content when reading
expository science text independently (Wellington & Osborne, 2001). Kerry continued on
discussing the benefits of audio technology to learn science: “A lot of science words are
hard to read or sound out; that was helpful because it would read to you.” The audio
technology was the assistive tool supporting the students to break down the difficult
words. Ms. C discussed her work with Max using audio for science content. As a reading
specialist, she is a strong proponent for audio programs in science learning and
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recognizes the many benefits and supports they can provide LD students (Faggella-Luby
et al., 2012). She explained, “He [Max] uses text to speech software on the iPad so that
for longer passages in a science textbook it can be read to him because it would be hard
for him if he had to read a chapter in science.”
In addition to the documented interviews, observational evidence also provided
some interesting insights. While observing the students using the technology, a very
obvious and clear distinction was noticed between the automated and the natural voice
iBooks. When the students used the automated voice iBook technology on their personal
headphones, a strange low humming sound was produced due to the collective automated
voices speaking at once. This humming did not exist when the students in the class were
using the natural voice iBook. This difference and other technical aspects emphasize that
listening to the mechanical automated voice can be discomforting and undesired over the
natural voice. The other aspects included the inflections and nuisances in pronunciation
of the words when comparing the automated to the natural voice.
Ms. M and the students expressed their feeling toward the two different audio
formats. There was a clear positive preference among the students. A few students did not
have a preference, but most students chose the natural voice audio, such as Tom, who
stated, “They’re both helpful. Natural is easier to understand and sounded more natural.”
Matthew agreed with Tom and said, “Automated voice sometimes sounded weird, and I
couldn’t really understand it sometimes.” Matthew’s response brought up a larger issue.
Understanding the words is the main purpose to using audio technology, but if the
students cannot understand the words, then the automated version is not an effective
solution to their language learning challenges in science. The reason some students could
not understand the automated voice has to do with the way the words are pronounced
(Swanson, 1999). Tucker tells us that sometimes the automated voice pronounces words
incorrectly. He stated, “Natural one was a little better, but I didn’t really mind the
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automated one. Automated one pronounces a few words wrong.” This is a major concern
when deciding the type of audio to develop and use with LD students.
Ms. M explained her views on the two types of voices.
The natural voice is better than the robotic voice because students are used to
their teacher's voice. Robots don't have inflection, and they can't capture the
same essence from reading that a human voice can. Hearing comments when
they were turning the robot voice on like, "This is a weird voice," but then they
didn't really complain that much when it was a natural voice.
It was clear from the students’ observed reactions and interviews that the audio
iBooks should be offered with a natural voice to effectively teach science to LD students.
This relates back to the phonological deficit hypothesis research done on dyslexia and
other language-based LDs (Shaywitz, 2003; Swanson, 1999). The LD students need clear
pronunciation of words, as auditory processing is a major area of struggle when learning
through reading text and writing and can impact their already compromised phonological
loop (Swanson, 1999). Therefore, the type of audio voice used will influence the
comprehension of science vocabulary for most LD students.
The students that wanted to continue using audio technology in science showed
that they preferred to read science with audio technology, not without it. Thus, an
obvious inverse correlation with item 6 (I would rather read science on my own without
the audio technology), r = -0.64, n = 36, p < 0.01, is expected. Students such as Mary
who struggle with decoding understand the clear benefits from the audio technology
support. Mary said she “find[s] pronunciation difficult. Just in terms of longer, bigger
words.” The natural voice audio helped her hear the correct pronunciation of the science
words so she could overcome her reading challenges.
Item 1: Science is a hard subject to learn. This item triggered a different
response pattern among the students when compared to the prior three items. Half the
class was ambivalent about the difficulty of science as a whole, while one third of the
grade did not think it was a hard subject to learn. The rest of the students found learning
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science difficult. Of the students, 50% had no opinion, while 34% of the students
disagreed or strongly disagreed with this statement. The other 16% of the students agreed
or strongly agreed that science is hard to learn (Figure 5.5). These same students also
seemed to struggle with using audio technology altogether. This item had a strong
positive correlation with item 9 (The audio technology was difficult to use), r = 0.5747,
n = 36, p < 0.01. With half the class having no opinion toward the difficulty of science, it
was questionable as to what was the cause of this ambivalence.

Figure 5.5: Results from Likert Survey Item 1
The students that found science difficult also did not find the natural voice
technology helpful. There was a negative correlation with item 5 (The audio technology
with the natural voice was helpful), r = -0.45, n = 36, p = 0.01, and items 8 and item 3, as
previously discussed. It seems that the students that struggled in science also did not have
a preference for the audio. This could be due to the fact that the audio technology was not
clear with the pronunciation of certain words. Irving stated, “I didn't like the computer
talk. Sometimes it messed up certain words.” Their outlook on the difficulty of science
also correlated with the idea that any form of audio would not be helpful to learn science,
which stems from their lowered self-esteem toward learning.
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It was clear from the interviews that attitudes toward science stemmed more from
the way the information was delivered rather than the subject and content. With LD
students, the struggle to comprehend writing and reading is at the forefront of the
challenge (Fang, 2005). Tucker explained, “I don’t think the concept is difficult. I find
learning the pronunciation difficult,” and Jenny said she and other LD students “might
not understand exactly what the words mean if you can’t really pronounce them.” The
students battle with their language learning challenges daily, but that should not hinder
them from attaining science knowledge. Jenny’s mother added,
Science is a different language and the words are different; she puts more
pressure on that she's supposed to know it and she shouldn’t. Language of
science is hard, especially when doing different things where you have the
technical terms.
The students push themselves daily to overcome their unique language
challenges. The added pressure of a new and difficult science vocabulary can make LD
students dislike the subject of science as a whole, an outcome disconcerting to any
science educator. This can lead to their forming a misconception that they are “bad at
science,” when really the challenge is in the presentation and not the content (Wellington
& Osborne, 2001). Sara’s mother felt that “sometimes it becomes more of the monster on
the page than the concept. When you can't spell, you can't even use a dictionary.” The
students are left at a point of helplessness. How could you attempt to learn more about a
topic if you could not find it in a dictionary or type it correctly into online search
engines? Looking up a word requires being able to read the word back. Using the audio
technology provided a solution for this challenge, allowing the students to seek further
knowledge on the topic.
Miller’s mother described his struggle when it comes to reading text. She
explained, “His number one nemesis is spelling. It slows him down because it's so
difficult he tries to spell phonetically. Where the issues may come in is depending on
what he has to do with the words.” Miller’s difficulty with audio processing affects
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parsing text, writing, and comprehension, thus delaying his learning. She added, “Even
with using the iPad, some cases he's so far off, spell check doesn't even help.”
LD students’ self-esteem is often quite fragile due to their challenges with
learning. These students have struggled through school and feel inadequate when
comparing themselves to their mainstream counterparts (Shaywitz, 2003). When Tom’s
mother was asked what he struggled with the most at school, she responded, “Reading
and I think it’s the key to everything, partly because he can’t read the context either or
it’s just so hard to read the context.” Tom and his fellow classmates recognize their
struggles with the process of reading and writing, which can dissuade them from learning
and school (Wellington & Osborne, 2001). His mother continued,
He doesn’t have faith that he could figure out a word from the context. I think
he gives up in a way. I think ... it all looks like soup. He doesn’t read through it
to find the one word he's looking for ... he does, but it's very difficult.
Hearing Tom’s mother describe his struggles with learning helps to understand
the emotional battle he faces with his self-esteem, yet he continues to stay positive and
work even harder to reach his goals. Finally, Miss C stated,
Assistive technology is essential because he [Tom] is such a cognitively strong
individual. Using the iPad and having it read to him really helps him because
he can enhance his comprehension skills that are already strong, can continue
to enhance him and not let his decoding difficulties hinder his comprehension
progress.
The audio technology provided the support to increase Tom and many other LD students’
self-confidence in their latent cognitive abilities. By overcoming the challenges of their
language LDs, the students can focus on the concepts and be confident in their skills in
science.
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Implications and Conclusion
The LD students, parents, and educators agree that audio technology can be
extremely beneficial for learning science. The information in this research study from
interviews, observations, and survey analysis supports the need to develop better and
more effective audio books and speech technology for science text so all students could
be provided the same opportunities to achieve scientific literacy (Pearson et al., 2010).
Much of the evidence presented here confirms that audio technology is helpful to
most LD students’ learning. The students describe that listening to the audio provided
them the opportunity to better grasp the semantics of science words to lead to a stronger
understanding of the science content. As Shaywitz (2003) describes in her book, LD
students tend to struggle with their auditory processing, so the assistive technology
supports the challenges of their dyslexia. The platform of audio technology allows LD
students the benefits of listening to the words and reducing the time and energy they need
to achieve the same goals as non-LD students (Gomes & Mensah, 2014). The students
and the adults that work with them recognize the need for audio technology when reading
and writing and the implications it has when applied to science text (Faggella-Luby et al.,
2012).
The students in this study described how they enjoy using technology. As
technology becomes a great part of our everyday lives, LD students are finding it pivotal
for their educational needs. The opportunities that technology provides to LD students as
an assistive tool enhance the learning process (Raskind, 2000). The students not only like
the accessibility of technology, but also the ease and enjoyment of using the innovative
gadgets. The parents and teachers of these students find the multisensory aspect to be
ideal for LD students’ learning. By utilizing the different ways to process information,
LD students often learn using methods that are unique to their needs, such as visual,
tactile, and auditory modalities (Mumford,1997). The wise use of technology to its fullest
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potential can provide many opportunities to LD students that were once not possible
(Wenglinsky, 2005).
Furthermore, using audio technology for science text gives LD students greater
perceptual access to the unique language of science, particularly with the multisyllabic
words in science that create a hurdle for LD students when decoding and pronouncing
science vocabulary (Fang, 2005; Norris & Phillips, 2003). Their struggles with language
overpower the goal of comprehending science information (Wellington & Osborne,
2001). When audio technology is added, LD students are able to reach science
understanding with less time and with greater ease.
Another important issue clarified in this research was that of voice type for the
audio technology. The data showed that more than half the LD students in this study
would like to continue using audio technology to read science text. The goal of this
research is not only to assess the benefits of audio technology, but also to examine which
format is the most user-friendly and preferred by LD students to make learning easier and
enjoyable. One major concern that emerged was the use of automated voice relative to
natural voice audio. Natural voice was preferred, because many students found it difficult
to understand the pronunciation in automated technology. Based on the phonological
deficit hypothesis, the phonemic component of words is a major factor that can adversely
affect an LD student’s language skills (Shaywitz, 1998; Swanson, 1999).
Some educators may dismiss the type of voice as merely preference. But
preference is a major concern when working with LD students. If the science information
is provided via audio, but the students do not enjoy the voice, they will be resistant to
using it, even if it is supportive of their learning. The goal is to have the students
intrinsically request use of the technology rather than have it imposed on them. It should
also be an enjoyable learning process when using the tool to develop a positive learning
cycle (Mumford, 1997). Individual differences of students should always be taken into
account when providing new methods to learn to allow a cautionary net for how varied
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students may be. The volume, voice, and even type of headphones can influence the
students' desire to use the technology. It is important to consider these factors when
developing audio technology for use with science text.
Many students find science a challenging subject, but for an LD student, the
added language demands can make science even more difficult. This can lead to a
skewed view of science and a dislike of the subject as a whole. These students struggle
with self-confidence and self-esteem due to the language challenges, but in actuality they
are cognitively capable and can understand the science concepts. Unfortunately, a
misinterpretation of their science skills and abilities, due to their lexical challenges, can
make LD students less likely to enjoy science and thwart their appreciation of the great
ideas and concepts encompassing it (Wellington, & Osborne, 2001).
Among the variety of affordances discovered in this study for the use of audio
technology, the following are especially noted. LD students can save time and energy
when learning science. They are able to learn at a faster rate, be independent, and feel
confident in their abilities. Strengthening their confidence in their ability to learn by
utilizing audio technology, there is evidence that LD students will increase their
motivation and commitment to learn science, because in part they have achieved the
capacity to read and enjoy it more fully.

103

Chapter VI
SIGNIFICANCE OF RESEARCH AND CONCLUSION

In this chapter, I summarize the purpose, major findings, and implications of this
dissertation study. The purpose of this study is to help LD students achieve scientific
literacy by uncovering methods to ease their learning processes. Dyslexic students spend
much of their mental energy and time reading written information. They continuously
look at the written text, working to decipher the phonemic understanding behind each
word, which reduces fluency (Salvia et al., 2010). When spending so much time and
energy on decoding, their focus and attention can be on spelling and reading the text,
which can cause students to have difficulty with grasping the concepts (Shaywitz, 1998;
Swan & Goswami, 1997). This process of constantly breaking down words can be very
taxing on working memory. Learning can become frustrating if a student has to
repeatedly look back and reread information (Salvia et al., 2010). Both of these aspects of
LDs cause difficulty with comprehension and understanding (Tallal, 2000).

Summary of Major Findings
This research is unique in that it is one of the first to analyze the use of audio
technology to teach LD students science content by focusing on vocabulary and
semantics. It not only connects three major areas of current educational focus but also
provides data to examine the topics using both quantitative and qualitative aspects
embedded in this research. The findings of this study provide information to support
learning for LD students, consider multimodal alternatives to teaching science, and
suggest advances and modification in educational technology.
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The major findings of this research show the many benefits of audio technology
for teaching science to LD students. Chapter IV focuses on the general use of audio
technology for LD students when learning science vocabulary. Disability theory and the
phonological deficit hypothesis from prior scholarly research connect to the results of the
pretests and posttests after the students learned unfamiliar science content in this study
(Shaywitz, 2003; Swan & Goswami, 1997; Swanson, 1999). When the students used the
audio technology to learn unfamiliar science content through independent reading, the
data showed significant gains in scores. The benefits of using assistive technology are
clear from these results and are further supported with firsthand interviews from the
students who used the technology. These audio assistive tools are one of the key ways to
bridge the gap for students with differing language demands (Raskind, 2000). With the
unique language of science, there is a greater need for these audio tools to support LD
students to achieve scientific literacy and comprehend the content without being
burdened by their language challenges (Fang, 2005; Wellington, & Osborne, 2001).
After understanding the importance of audio technology, Chapter V focused on
how to modify and develop the audio technology to most effectively teach science to LD
students. With the processes of reading and writing being learned skills, most LD
students have found their educational challenges to be disheartening (Wolf, 2007).
Though LD students are of average cognitive ability, they often feel inadequate and
dependent on others when learning through reading and writing (Shaywitz, 2003). The
analyzed Likert surveys and interviews from the parents, students, and teachers in this
study showed that the technology can ease learning for these students and increase their
desire to learn science. After struggling with learning, these students can now recognize
that they are capable of understanding information without being hindered by their
language comprehension differences. One important component is to consider the vocal
choice of the audio technology, as most students did not prefer the automated voice
technology. They expressed their difficulties with understanding the clarity or the
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complete mispronunciation of some words altogether by the automated voice. Aural
pronunciation has a major influence on the comprehension of words for LD students, as
we have learned from the phonological deficit hypothesis (Swanson, 1999).

Implications
Implications for Technology with LD Students in Science Education
Dyslexia and other LDs are not something that will be cured or can be unlearned.
Skills for LD individuals will improve over time, much like all students, as they get older.
They will become better readers and writers and will learn to catch and correct errors at a
faster rate. Their sight words will increase as they continue reading and progressing
through school. Although LD students’ skills will become more efficient, they will not
become automatic, which will continue to make reading time-consuming and draining
(Shaywitz, 1998). Overpowering dyslexia shows the individual that he or she can
accomplish the same educational achievements as a person without an LD. With differing
approaches to learning, the use of technology, and the motivation to succeed, LD students
can and will overcome their disability.
With the addition of new, complex language and the vocabulary of science added
to their already compromised learning process, LD students could find reasons to dislike
the subject (Rivard, 2004). Our goal as educators is to show these students that, as
important as the language of science may be, understanding the nature and processes of
science holds greater weight for higher order thinking (DeBoer, 2000). By easing the
burden of comprehending scientific language using technology, educators will be able to
accomplish this task not only with LD students, but also with students who are English
Language Learners, as well as those with hearing and visual impairments and other
language-based discrepancies (Carlisle et al., 2000). With students having differing needs
based on their learning styles, technology can be a great support in finding new modes of
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education and changing the outlook of education (Edelson et al., 1999). The use of
technology in the form of assistive technologies not only makes teaching more interesting
and accessible but also allows many students to work around their disabilities (Songer,
2007).
Implications for Research on Assistive Technology
Curricula incorporating audio technology can help LD students become stronger
readers and writers and assist them in learning science with some facility (Gomes &
Mensah, 2013). This can help increase their scores on exams, gain a better understanding
of content, relieve then from spending excessive amounts of time on schoolwork, and
reduce frustration and anxiety (Edelson et al., 1999; Wenglinsky, 2005). The use of
assistive technology should be beneficial for all types of students who are struggling with
science due to LDs. Digital resources and technology curricula can be used as cognitive
tools to guide students through information that fulfills educational purposes (Songer,
2007). For students with a strong work ethic, having a technologically supported route for
learning science will allow for even greater success. Students who are struggling in the
subject will reach goals similar to their general education cohort with the assistance
provided and become more motivated to learn.
Implications for Research in Teacher Education and Teacher Professional
Development
This research lends important information for teacher educators. With the
inclusion classroom becoming a prevalent occurrence in the American education system,
it is necessary for all teachers to understand the multimodal ways to teach students of all
abilities. Using audio technology in the classroom curriculum can be beneficial for
students with any language-based challenges. The technology is not limited to students
with language-based LDs but can extend to English Language Learners (ELLs), those
with Attention Deficient Hyperactive Disorder (ADHD) to help with focus, and the
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vision and hearing impaired (Raskind, 2000). Realizing that each student has a unique
way of learning and providing them the opportunity that works best with their brains
makes for the most effective means to learning. For a teacher to be flexible and have a
multitude of approaches to teaching is not just important when teaching LD students but
simply great teaching skills for students of all abilities.
Using audio technology will require teachers to understand how to utilize the
tools appropriately in the classroom. Much like other technologies, audio technology
should not be used as a replacement for the classroom teacher but rather as a support to
assist with learning. Professional Development (PD) would be necessary to present the
many ways to use audio technology to make for an effective means to teaching. PD can
also be offered to teachers to learn how to make their own audio books using programs
such as iBook Author. Recognizing that natural voice is preferred over automated voice,
teachers may want to record their own voice for comfort, familiarity, and ease to support
understanding for the students. The teachers would need to learn how to record, clip, and
embed the audio, which requires training that can be done in PD sessions. These skills
not only help the students but also make the teachers more technologically literate,
considering the direction of recent reform in STEM education, with Technology and
Engineering being two of the major components (National Research Council, 2012).

Future Research
In this final section, there are several questions that developed from this study that
should be considered for future research. As mentioned earlier, one major question is
whether the audio technology would be as effective for teaching students with other
learning challenges to learn science. The list can go on with possibilities of so many
different types of learners to utilize this tool. Students with visual and hearing
impairments can use the audio to read the science text. Audio technology can also assist
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with focus for students that have ADHD. The growing population of ELLs can also
utilize this tool to learn the language of science while trying to acclimate to the
vernacular of colloquial English language. Questions then extend to how students of
differing learning needs utilize assistive technology to promote science learning.
Moreover, questions on the types of audio technology also came up while doing
this study. What other forms or audio technologies are there? Are they effective for
education, and science education specifically? Do students have a preference? There are
many great new technologies, such as the Livescribe Smart pens, which are able to record
audio and written words while the student writes on a special notebook, and Read &Write
Gold and Siri, which are computer software programs that allow students to listen to an
automated voice read text as well as transfer their own speech to writing. How effective
are these audio technologies when teaching LD students science?
Of course, the application of the technology to other subjects, content areas, and
types of information should be addressed. Will audio technology be as effective when
teaching a subject like mathematics, physics, or chemistry with formulas and equations?
The automated voice may struggle to enunciate this information or even identify the
vocabulary without the correct programming. Thus, questions regarding the effectiveness
of audio tools for the LD students as they learn advanced science content and topics may
be an interesting area to pursue.

Conclusion
With the importance of providing LD students an equal opportunity to reach
science literacy, this research utilized audio assistive technology to bridge that gap. The
qualitative interviews and observations showed the benefits of the audio tool, supported
with quantified data to fill the narrative story. This study answered the research questions
that addressed student learning struggles, the benefits of the audio technology, and
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considerations to the type of technology used to teach science. The unique needs of LD
students place technology as a major asset to learning. Technology does not only help
build stronger connections with science concepts; it also serves as an assistive tool that
makes knowledge more accessible for LD students (Edelson et al., 1999; Songer, 2007).
The purpose behind this research was to learn how LD students and others with similar
language learning challenges use assistive technologies as a means to adapt to the
challenges of their learning differences to achieve scientific understanding.
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Appendix A: T Chart Used for Notes while Reading

Vocabulary/ Main Idea

Details

_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
_____________________________________________________________
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Appendix B: Semi-Structured Interview Questions Before Technology Use

Student Interview Questions
1.
2.
3.
4.
5.
6.
7.
8.

What do you find difficult about school and learning?
What do you struggle with?
Explain if you like or dislike science and why?
Do you find learning new science words, vocabulary, and concepts difficult? If
so, what do you find difficult about it?
What do you do to help you learn and remember new words, ideas, and topics in
science or other subjects?
Do you use any technology to help you learn? Which ones do you or have you
used and how is it helpful?
Is there anything else you’d like to say about learning science and/ or using
technology to learn?
Anything other questions or comments?

Adult Interview Questions
1. How old is your child?/How long have you known this student?
2. What do you think your child/ the student finds difficult about school and
learning?
3. What do you think your child/ the student struggles with in school?
4. Do you think your child/ the student likes or dislikes science and why?
5. Does your child/ the student seem to find learning new science words, vocabulary,
and concepts difficult? If so, what do you notice he or she finds difficult about it?
6. What do you do to help your child/ the student learn and remember new words,
ideas, and topics in science or other subjects?
7. Do you use any technology to help your child/ the student learn? Which ones do
you or have you used and how is it helpful?
8. Is there anything else you’d like to say about your child/ the student’s learning in
science and/ or using technology to learn?
9. Anything other questions or comments?
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Appendix C: Semi-Structured Interview Questions After Technology Use

Student Interview Questions
1. Now that you are able to listen to the science textbook on audio format on the
iPad what are some things that you find helpful?
2. Did you find anything difficult?
3. Would you change anything about the technology?
4. Do you want to continue using it?
5. Do you prefer books on audio?
6. Which format of audio book did you prefer: Natural voice or automated voice?
7. Do you read aloud?
8. Do you think being able to hear the textbook will affect your learning in science?
9. Is there anything else you’d like to say about learning science and/ or using
technology to learn?
10. Anything other questions or comments?
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Appendix D: Pretest and Posttest Questions

Pretests and Posttest- Nervous System
1. What is the major organ of the Nervous system?
2. What does the nervous system control?
3. What is a nerve?
4. How is information passed from one place to another?
5. What are neurons made up of?
6. What are the pathways called for messages to go from one place to another?
7. Explain step by step how a message travels from brain to the other parts of the
body.
8. Why is the nervous system important?

Pretests and Posttest- Circulatory System
1. What is the major organ of the circulatory system?
2. What does the circulatory system control?
3. What is blood?
4. How blood moved from one place to another?
5. What is blood made up of?
6. What are the tubes called for blood to go from one place to another?
7. Explain step by step how blood travels from the heart to the other parts of the
body.
8. Why is the circulatory system important?

Pretests and Posttest- Respiratory System
1. What is the major organ of the Respiratory System?
2. What does the respiratory system control?
3. What is oxygen?
4. How is oxygen passed from one place to another?
5. What is air made up of?
6. What are the tubes called for oxygen to go from one place to another?
7. Explain step by step how oxygen travels from the lungs to the other parts of the
body.
8. Why is the respiratory system important?
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Appendix E: Likert Survey After Technology Use
Directions: Please circle the number of the item based on how much you agree or
disagree with each statement below.
1. Science is a hard subject to learn.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
2. I have difficulty reading science words on my own.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
3. I like using technology.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
4. The audio technology with the automated voice was helpful.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
5. The audio technology with the natural voice was helpful.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
6. I would rather read science on my own without the audio technology.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
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7. I would like to use the audio technology with other science readings.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
8. Using the audio technology was helpful for me to learn the information.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
9. The audio technology was difficult to use.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
10. I like science.
_____________|_____________|_____________|_____________|_____________
1
2
3
4
5
Strongly Disagree Disagree
No Opinion
Agree
Strongly Agree
Any additional comments: _________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________

