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Abstract 

Speech Recognition (SR), a rapidly emerging technology used to compose text with 

voice, can provide some students with a writing tool more aligned with their strengths and 

preferences than a keyboard, touch-screen or pen. Students can become more proficient writers 

by selecting tools suited to their characteristics and learning to use those tools to produce 

effective results. Students can use SR as part of learning the writing process, all the while 

developing their skills as writers with that tool. Universal Design for Learning (UDL) is an 

instructional design framework designed to help teachers to better understand their students and 

proactively plan options and flexibility into lessons so that students can approach learning in 

ways that align with their strengths and preferences. This dissertation is composed of three 

papers that provide insight into how SR can be used to positively impact the writing experience 

of both teachers and their students. The first paper presents a literature review of thirteen 

empirical studies conducted between 1995 to 2018 on student use of SR for the writing process 

in K-12 and higher education environments. The second paper takes the form of a practitioner-

based article with a call to action for teachers to integrate SR technology and UDL as part of 

their teaching of the writing process. This paper is based on findings, implications, and 

recommendations of the third and final paper presented by this dissertation. The third paper 

presents a qualitative case study of three teachers who used a UDL-based instructional design 

process to make pedagogical decisions about how using SR and other emerging technology tools 

can overcome challenges that arise from student interaction with the traditional writing 

curriculum. Findings from this third paper show how UDL provides a compelling context for 

teachers to integrate emerging technologies like SR into their lessons to provide strength-based 

learning experiences for students while also supporting their needs. This paper shows how UDL 
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case study research can be conducted with the UDL Reporting Criteria (UDL RC), a set of 

guidelines recently developed for researchers and practitioners interested in conducting research 

and reporting on UDL implementation. Findings linking the three papers highlight the 

importance of how SR can provide students with the means to improve the quality and fluency of 

their writing. Findings also show that students can use SR as a writing tool while learning new 

writing strategies in the same way they would use a keyboard or pen. This is crucial, since the 

way in which a student completes a writing task can influence the outcome of success, and SR 

provides students yet another way to learn how to write beyond using a keyboard or pencil and 

paper. These findings may be used by teachers, parents, and students as they consider the 

adoption of SR as part of the writing process. Studies on speech recognition are an emerging area 

of educational research that has great potential for improving literacy.   
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Chapter 1 Introduction & Background  

“Progress lies not in enhancing what is, but in advancing toward what will be.” 

- Khalil Gibran 

 

Over the last decade, throughout the developed world, writing has moved almost entirely 

from paper to screen (Warschauer et al., 2013). The shift from physical to digital technology has 

provided writers with a new assortment of tools that can play a pivotal role in improving their 

writing ability (Goldberg et al., 2003; Lenhart et al., 2008; L. A. Rogers & Graham, 2008). The 

writing process is a complex series of tasks involving several phases, including planning, 

drafting, revising, and editing. Whereas skilled writers engage in these phases with automaticity 

and fluency, various aspects of the process have shown to pose significant challenges for 

students (Graham & Harris, 2006). The pressing need to improve the writing ability of the 

student population in our nation’s schools is evidenced by the importance of writing as an 

indispensable skill in today’s society (Graham, 2013; Graham & Hebert, 2011) and the failure of 

many students to show adequate writing proficiency in school (Applebee, 2011; Brindle et al., 

2016; Gilbert & Graham, 2010; National Center for Education Statistics, 2008, 2012).  

A promising digital tool shown to improve student writing, described as “a game-

changer” by some teachers, is Speech Recognition Technology (SR) (Hwang et al., 2012; 

MacArthur & Cavalier, 2004; Mader, 2007; Quinlan, 2004; R. Roberts, 1999; Shadiev et al., 

2014). SR enables a person to control their computer with their voice rather than a keyboard or 

mouse. The most common uses of SR are ‘command and control’ and ‘dictation’. With 
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command and control, the user can use commands to navigate between apps, perform a search 

for specific information or set a timer. With dictation, users can compose digital text, or simply 

put: write with their voice (O’Hare & McTear, 1999). Pennington (2018) published a 

comprehensive literature review on the impact of SR on students’ engagement in the writing 

process. The review showed that SR can assist students in developing writing proficiency by 

increasing spelling accuracy (Day, 1995; Raskind & Higgins, 1999) and writing speed (Snider, 

2002), while also allowing students to create significantly longer and more fluid pieces of 

writing (Quinlan, 2004; R. Roberts, 1999) with more mature vocabulary and less anxiety 

(Higgins & Raskind, 1995; Millar et al., 2005). Researchers have observed that students using 

SR wrote higher quality essays (MacArthur & Cavalier, 2004; Mader, 2007). Evidence also 

shows that SR increases student confidence in writing (Toll, 2014), which can thus increase 

motivation to write (Hwang et al., 2012; Shadiev et al., 2014).  

Universal Design for Learning (UDL), a framework for designing accessible instruction 

for the inclusion of all students (T. E. Hall et al., 2012), can provide a context for the 

implementation of SR during writing instruction and student writing tasks (Pennington, 2019). 

The effectiveness of SR may differ according to various factors, such as individual preferences, 

context, and range of tasks which it is used for (Holmes & Silvestri, 2012). UDL serves as a 

framework for outlaying a series of guidelines for meeting the learning needs and preferences of 

students (Rao et al., 2016) and can help teachers think about how various technology tools can be 

matched with students based on their characteristics (Ok et al., 2017). This dissertation will 

extend the literature on how UDL can be effectively applied to support writing instruction and 

literacy learning, an area of educational research that is still emerging (Rao et al., 2014).  
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The results of this study contribute to the literature on how teachers can integrate SR 

through a UDL approach during writing instruction to enhance the work of students. The study 

will attempt to address a number of challenges and barriers to student use of SR (Ok, Rao, & 

Pennington, in progress) by identifying viable strategies to integrate SR technology into writing 

instruction. The results of the study will foster understanding around how teacher attitudes about 

integrating SR for writing can be improved through professional coaching that considers UDL. 

These results, more generally, will provide insight into the perspectives and practices of teachers 

around technology integration, which has been a focus of research (Lowther et al., 2012).  

Supporting Literature  

The Internet, today’s most popular and powerful learning- and communication tool, is 

accessed by platforms dominated by digital text. Using internet browsers like Chrome or Firefox, 

people write daily on social network pages, online forums, blogs, and emails. They write in 

instant messages, reminders and countless other apps on their mobile devices and computers 

(Hilbert, 2014).  

The Importance of Writing 

In a recent national survey, 85% of teens reported using writing daily for social 

interaction, self-exploration, expression, and reflection on current events (Lenhart et al., 2008). 

Strong writing skills are key to student success in school, college, and career (Graham & Hebert, 

2010). Reading and writing may be two of the most important skills for enhancing the quality of 

life of students (Dymond et al., 2006). In a technology-mediated world, writing online is one of 

the main ways that people persuade and inform, both socially and professionally. The ability to 

communicate through writing in digital spaces has become a gatekeeper for participation and 
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advancement in professional, academic and social life. Individuals with poor writing proficiency 

miss out on many opportunities for connection and growth and may be stifled from entering 

higher education and new careers (Graham, 2013).  

Besides serving as a communication tool, writing is also a powerful tool to support 

learning. Writing about a particular topic can enhance a learner's understanding of that topic and 

has shown to increase achievement across all subject areas (Bangert-Drowns et al., 2004; 

Graham & Hebert, 2010, 2011; Graham & Perin, 2007b). Writing allows people to learn about 

themselves through the chronicling of life experiences. It also allows for direct, linear 

connections between ideas and offers audiences a simple way to provide feedback on those ideas 

(Graham et al., 2013). Writing can be used to collect, store, sort, and share information across 

time and space.  

Digital Writing Environments 

Technology tools can play a pivotal role in helping struggling writers (Lee, 2011; 

MacArthur, 2009). The flexibility of digital environments allows writers to “create” their own 

personalized writing tools (Bray, 2013). When using word processing applications (e.g., Google 

Docs) we can avail of many options for customization that facilitate drafting text (Goldberg et 

al., 2003; L. A. Rogers & Graham, 2008). Writers can select the font, and modify the size, and 

spacing of their words. They can enter distraction-free or dark-mode to alter the look and feel of 

their writing environment. Writers can also overcome challenges associated with writing on 

paper, transcending issues of handwriting. Using digital tools, writers can capture thoughts and 

edit them dynamically (e.g., cut and paste to reorganize text) and overcome issues with illegible 

handwriting. In addition to modifying the physical look of written text on screen, digital 

environments offer built-in features to support writers during the various stages of the writing 
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process. Word prediction tools facilitate the flow and can help individuals with spelling. 

Grammar and spell check can help identify errors and make editing a less tedious process. Using 

text to speech, writers can listen to what they have written, a helpful feature during the editing 

process. With the click of a few buttons, writers can share their work with colleagues who are 

provided several constructive feedback features that facilitate commenting and making in-text 

suggestions. These technology based supports for writing can provide helpful writing support for 

any who need it (MacArthur & Cavalier, 2004).  

Teacher Perception & Technology Integration in Schools  

Historically, there has been a tendency in schools for teachers to focus on using 

traditional tools with their students rather than contemporary ones. Aside from not preparing 

students for their future, this tendency limits the range of content and teaching methods that can 

be implemented and constricts the types of learners who can be successful (CAST, 2011). Low 

teacher adoption of emerging technologies has been attributed to the notion that “integration” 

can be a more challenging process than the “occasional incorporation” of technology in the 

classroom (García-Valcarcel, 2010).  

Although teachers are integrating SR as a tool for helping students to improve writing 

proficiency, few studies exist that explore how this technology can be integrated as a part of 

writing instruction in K-12 schools (Lee, 2011; Mader, 2007; Toll, 2014).  Recommendations for 

future research suggested by (Pennington et al., 2018) were to examine the effects of SR on 

various stages of the writing process (planning, composing, revising and editing) (Graham & 

Hebert, 2010) with the most current versions of SR. A study by Min, Rao & Pennington, (in 

progress) contributed to filling this gap in the research by focusing on understanding students’ 

perspectives and patterns of SR use during the writing process. Findings from this study suggest 
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that teacher attitudes towards using SR may impact the frequency of student use of the tool. 

Findings showed that teachers who had a more positive attitude toward SR had a greater number 

of students who actively used the technology. This implies that teachers with more negative 

attitudes about SR may have held back a number of students who otherwise would have 

benefited from using that technology (Min, Rao & Pennington, in progress). The study also 

found that students can benefit from explicit instruction on how to use SR as part of the writing 

process and from opportunities for practice using SR within each phase of the writing process.  

Before teachers adopt new technology-enhanced practices, such as integrating SR as part 

of the writing process, they need to believe that these practices will result in meaningful learning 

outcomes (Ertmer & Ottenbreit-Leftwich, 2010). Once teachers believe that a technology 

supports learning outcomes, they are more likely to want to integrate that technology (Polly et 

al., 2010). Finally, when teachers believe that a technology should be integrated and also believe 

that they can do so, then they will integrate the technology (Anderson & Maninger, 2007; Park & 

Ertmer, 2007).  

Universal Design for Learning 

Universal Design for Learning (UDL) creates a compelling context for teachers to 

integrate technology by providing a lens to view how different technological features can be used 

to address learner preferences and challenges with writing (Ok et al., 2017). UDL is an 

instructional design framework that is organized around how the brain learns (Rose & Meyer, 

2005). The concept of Universal Design comes from the field of architecture and was developed 

with the goal to improve physical accessibility to products or environments so they can be used 

by the widest range of users possible (Story & Mueller, 1998). UDL calls for using the power 

and versatility of technology to make curriculum and learning environments more cognitively 
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accessible to individuals by providing multiple, flexible pathways to learning (Rose & Meyer, 

2005). UDL is well respected among educators nationally (Rappolt-Schlichtmann et al., 2012; 

Smith & Basham, 2014) (See National Educational Technology Plan, 2010-2017) and globally 

(Rao et al., 2016). The framework can be applied to tech-integrated curricula to leverage the 

affordances of digital environments (Ok et al., 2017). UDL uses the power and versatility of 

technology to make curriculum and learning environments more cognitively accessible to 

individuals by providing multiple, flexible pathways to learning (Rose & Meyer, 2005). UDL 

can be used when making instructional design decisions, giving teachers a structured way to 

integrate flexibility and choice to address learner variability. 

The UDL guidelines and checkpoints help teachers to make intentional decisions about 

using assistive features and providing instruction that can help students become reflective 

learners (about what works for them) and self-directed users of those features (Rao et al., 2016). 

For instance, when a student uses SR to compose an email on an iPad, the student can select the 

language that he or she would speak in and customize the font, color, spacing and size of the 

digital text that will subsequently appear. Allowing learners to use their strengths and 

preferences can lead to feelings of confidence and self-efficacy (He, 2014) which can increase 

the motivation to write (Hwang et al., 2012; Shadiev et al., 2014).  
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Figure 1-1 Universal Design for Learning Guidelines Version 2.2 (CAST, 2018) 

The Problem Focus 

The 21st-century workplace requires writing competence (Graham, 2013). Fast-moving 

trends in technology innovation and global outsourcing are removing manufacturing and service 

jobs common in previous generations that required low literacy. Today’s students are entering a 

knowledge-based economy in which the majority of jobs demand extensive written 

communication (Trilling & Fadel, 2009). Entry-level jobs now require a higher level of literacy 
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skill than they did in the past decade and this trend is accelerating at an even greater rate 

(Gordon, 2009).  

Despite the clear evidence indicating the importance of writing, there is an increasing 

amount of literature about students lacking adequate writing proficiency in our nation’s schools. 

Recent studies of writing instruction in elementary, middle and high schools showed that little 

time was spent teaching writing, students weren’t doing much academic style writing, and 

students were frequently not using computers to write (Applebee, 2011; Brindle et al., 2016; 

Gilbert & Graham, 2010). These concerns were supported by the most recent results of the 

National Assessment of Educational Progress (NAEP), also known as the ‘nation’s report card’, 

which showed that roughly 75% of eighth and 12th graders were not proficient in writing 

(National Center for Education Statistics, 2012). This is not much of an improvement from the 

NAEP 2007 results, which showed roughly 70% of eighth-grade and twelfth-grade students 

performing at or below the basic level in writing (National Center for Education Statistics, 2008). 

The results of the most recent NAEP writing assessments conducted in 2017 are expected to be 

released in the summer of 2020 (National Center for Education Statistics, 2008). These statistics 

merit a call to action for educators and researchers to find innovative approaches that can be used 

to improve student writing.  

A literature review on Speech Recognition for the writing process in schools (Pennington 

et al., 2018) highlighted the need for exploratory, single-case research designs similar to (Wetzel, 

1996) to investigate the outcomes of SR on various stages of the writing process and more 

clearly operationalize the use of SR. Consequently, a subsequent mixed-methods study focused 

on investigating students’ perspectives and patterns of SR use during the writing process (Min, 

Rao & Pennington, in progress). Ninety students and 14 teachers participated in the study. The 
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study examined factors contributing to students’ use of SR and barriers to using this technology. 

Findings also showed that teachers who had a more positive attitude toward SR, had a greater 

number of students who actively used the technology (Ok, Pennington & Rao, in progress). This 

finding suggested that teacher attitudes towards using SR may have had a significant impact on 

the frequency of student use of the tool. This implies that teachers with more negative attitudes 

about SR may have held back several students who otherwise would have benefited from using 

that technology (Min, Rao & Pennington, in progress). The study also found that students can 

benefit from explicit instruction on how to use SR as part of the writing process and from 

opportunities for practice using SR within each phase of the writing process. It was from these 

findings that the empirical study presented by this dissertation was conceptualized and borne.   

Structure of the Dissertation 

The three-paper dissertation process focuses on publishing to position students for careers 

focused on research. This process requires students to write three papers ready for publication in 

peer-reviewed journals or conference proceedings. This dissertation contains three central 

chapters (Ch. 3, Ch.4, and Ch.5), one chapter for each of the three papers. Although each paper 

within this dissertation can stand alone and be read independently, the topic is more fully 

understood when the papers are read together as chapters of this dissertation and all perspectives 

are considered.   

The first paper (Ch.3) is a literature review recently published in International Journal for 

Educational Media and Technology. This paper provided a foundation for this dissertation by 

undertaking a systematic review of empirical articles and dissertations focusing on the use of SR 

as part of the writing process (prewriting, drafting, revising, editing, publishing) in primary, 

secondary and postsecondary settings. The review examined the research designs and methods 
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that were used to investigate student use of speech recognition to improve the writing process. 

This review of the literature provided an understanding of how to craft a future study focused on 

this area.  

The second paper (Ch.4) is a practitioner piece published in the conference proceedings 

of the 2019 UDL Summit. A practitioner paper is usually designed to provide insights into the 

practitioner (teacher) perspective with the intent to improve professional (teaching) practice. 

These types of papers focus on presenting findings in a way so that they have practical value and 

impact (Fox et al., 2007). This practitioner paper focused on how three teachers used a design 

process to implement SR with the UDL guidelines (Pennington, 2019). The paper presents 

findings that emerged from empirical research conducted as part of Paper 3, and is a call to 

action for educators to implement SR as part of the writing process and provides a series of 

recommendations for how they can do this.  

The third paper (Ch.5) is a qualitative case study of three teachers who used a UDL-based 

instructional design process to make pedagogical decisions about how using SR and other 

emerging technology tools can overcome challenges that arise from student interaction with the 

traditional writing curriculum. This paper shows how UDL case study research can be conducted 

with the UDL Reporting Criteria (UDL RC), a set of guidelines recently developed for 

researchers and practitioners interested in conducting research and reporting on UDL 

implementation.  

Dr. Min Ok and Dr. Kavita Rao, Associate Professors of Special Education at the 

University of Hawaii provided guidance, feedback, and support for the research conducted by 

Papers 1 and 3 in addition to assisting with the validation of qualitative data collected by each of 



 

 12 

those studies through an inter-rater reliability check. Dr. Ok and Dr. Rao have been added as co-

authors of those papers.  

Conceptual Framework 

One of the recommendations for practice emerging from the literature on student use of 

SR during the writing process was to provide continuous opportunities for practice with SR, as it 

is essential for developing feelings of ownership over the tool and learning to use it effectively 

(Pennington et al., 2018). Implications from a recent study link a higher frequency of student SR 

use with classroom teachers who demonstrate a positive attitude toward SR (Ok, et al, 2017; Ok 

et al., in progress). Teachers with less favorable perceptions or showing indifference about the 

value of SR can prevent students from developing proficiency in using the technology, or even a 

working knowledge of how it can help them. This can be a grave disservice to students on an 

individual level, and collectively, be a step backward to solving our nation’s writing crisis 

(Graham, 2013).  

In light of these implications, the research described in paper 3 investigated how teacher 

beliefs relate to their adoption of emerging technologies. The conceptual change framework by 

Sadera & Hargrave (2005) was employed as a tool to help uncover these conceptions and 

identify each teacher’s current beliefs about the value of SR. This framework, stemming from the 

work of Kuhn (1970), Piaget (1985) and Posner (1982) is not only focused on helping 

individuals to confront their conceptions, but also overcome three levels of dissatisfaction so that 

they can fully embrace a new concept. A flowchart of the conceptual change model (Figure 1-2) 

at each stage was annotated to provide more concrete examples of what teacher beliefs might 

look like at each stage within the context of this study. The application of this conceptual 

framework added rigor to this study (Miles & Huberman, 1994). 
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Figure 1-2. Modified Dissatisfaction Flowchart (Sadera & Hargrave, 2005).  

Research Questions 

This section focuses on the research questions of all three papers. All of the research 

questions were focused on exploring experiences related to how SR can be used as part of the 

writing process in schools, although they varied among each paper.  

Paper 1 

The first paper, a literature review (chapter 3), examined the literature on SR as support 

for the writing process. This review included empirical studies and dissertations that examined 
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the use of SR technology in elementary, secondary, and post-secondary settings. The researchers 

examined the extant literature guided by the following research questions: 

RQ 1. Which research designs and methods have researchers used to investigate the use 

of SR technology to support the writing of K-12 and postsecondary students?  

RQ 2. How has SR technology been used to support writing for K-12 and post-secondary 

students?  

RQ 3. What are the effects of using SR technology for supporting the writing of K-12 and 

post-secondary students?  

Paper 2 

 The second paper, a practitioner-based paper (Chapter 4) , was based on the third paper 

discussed below. This paper did not have its own set of research questions. The findings and 

implications shared by this article were guided by the research questions of the third paper. 

Paper 3 

 The third paper, a qualitative case study, explored how teachers integrate UDL and SR 

technology to enhance students’ writing process. This study examined how teachers used UDL 

as a framework to integrate SR technology into writing instruction when they are provided with 

professional coaching on a UDL-based instructional design process.  The study will be guided by 

the following three research questions: 

1. What are teachers’ experiences with student use of SR during the writing process?  

2. What are teachers’ experiences with student use of SR in relation to UDL? 

3. What are teachers’ experiences using a design process to integrate technology 

(SR) into writing instruction? 
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Research Designs and Methodologies 

Though the three papers each used a unique set of methods they have the same 

overarching content focus. Each paper examined how teachers can implement SR to improve the 

student writing process. 

Paper 1 

Paper 1, described in chapter 3, is a peer-reviewed literature review published in the 

International Journal for Educational Media and Technology (Pennington et al., 2018). The 

literature review examined how students can use SR to engage in the writing process. The 

researcher implemented methods according to recommendations by Galvan & Galvan (2017), 

applying a robust inclusion criterion to focus on empirical studies with experimental, mixed 

methods, qualitative, and single-subject research designs. For each study, SR was the 

independent variable and the dependent variable related to the writing process. The researchers 

implemented exhaustive search procedures, examining all relevant articles in educational 

databases such as Academic Search Complete, ERIC, PsycInfo, and Proquest. The researcher 

also conducted an ancestral search using the reference sections of previous articles, dissertations 

and literature reviews on this topic to assure that all possible articles were included. The search 

procedure was well documented and included in the appendix. 

Search procedures and inclusion criteria. To identify articles for this literature review, 

we searched using educational databases including Academic Search Complete, ERIC, PsycInfo, 

and Proquest. In the databases, we used the following primary keywords for the search: 

“dictation technology”, “speech-to-text”, “speech recognition” and “voice recognition”. With 

each of these primary keywords, we included secondary keywords including: “K-12”, “school”, 

“education”, and “writing”. The search results in 148 studies. After reviewing the titles and 
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abstracts of these studies, 20 studies were selected for further review to determine if the studies 

met all for the following inclusion criteria:  

1. Studies published in peer-reviewed English language journals or doctoral dissertations  

2. Studies that were published prior to September 2018, when the search took place. 

3. Studies that investigated the use of SR as part of the writing process (plan, draft, revise, 

edit, share) in educational settings. The independent variable needed to be SR and the 

dependent variable had to relate to the writing process. 

4. Studies that were empirically based and used experimental, mixed methods, qualitative, 

and single-subject research designs.  

5. Studies that had a sample of K-12 or post-secondary students. 

As part of their search, the researchers conducted an ancestral search using the reference 

section of previous literature reviews on this topic (e.g., Shadiev et al., 2014) to check if they 

included all possible articles. Consequently, the researchers identified a total of 13 studies that 

met the inclusion criteria for this literature review. These studies included four doctoral 

dissertations (Lee, 2011; Mader, 2007; K. Roberts & Stodden, 2005; Snider, 2002) and nine 

articles published in peer-reviewed journals (Day, 1995; Higgins & Raskind, 1995, 1999; 

MacArthur & Cavalier, 2004; Millar et al., 2005; Raskind & Higgins, 1999; R. Roberts, 1999; 

Wetzel, 1996). 

Coding procedures and inter-rater reliability. A coding sheet was developed using 

Excel to code each article. First, the researchers discussed and determined the coding categories 

that they were looking for based on the research questions. This discussion ensured that they had 

a shared understanding of the information we would be focused on in each study. Based on the 

discussion, the researchers decided to have the following eight coding categories: research 
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design, participants, setting, duration, SR type, SR use, dependent variables, and key findings. In 

order to evaluate inter-coder agreement, three coders were trained and independently coded 3 

articles (23%) selected at random (Miles et al., 2014). Inter-rater reliability was calculated using 

the following formula: number of agreements/number of agreements plus disagreements × 100. 

Reliability, the percentage of agreement across codings, was calculated to be 95%, an acceptable 

level of agreement reported for literature reviews (Orwin et al., 1994). The coders reconciled all 

discrepant codes by reaching consensus after a discussion on those areas.   

Paper 2 

 The second paper, Chapter 4, is a practitioner piece based on the findings of the third paper of 

this dissertation. A practitioner paper is usually designed to provide insights into the practitioner 

(teacher) perspective with the intent to improve professional (teaching) practice. These types of 

papers are more focused on presenting findings in a way so that they have practical value and 

impact (Fox et al., 2007). This paper focused on how three teachers used a design process to 

implement SR with the UDL guidelines (Pennington, 2019).  

Paper 3 

 The third paper, Chapter 5, is a study focused on understanding teachers’ experiences through 

their perceptions. It uses a qualitative, exploratory case study methodology to answer the 

research questions presented. Qualitative research was employed in this study to better 

understand the characteristics of teachers’ perspectives about using UDL and SR as part of 

writing instruction by providing rich descriptions of their experience (Tashakkori & Teddlie, 

2010). A case study method was used in this study since it is the preferred method of research to 

study a contemporary phenomenon (teacher perceptions of the integration of SR and UDL) 

within a real-life context (a live classroom setting) (Yin, 2017, p. 97). The case study method 
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was also used for its ability to collect in-depth data that draws from multiple sources of 

information (Creswell, 2017). This study collected data from teacher interviews and lesson 

observations to achieve a “rich and holistic account” of teacher experiences (Merriam, 1998, p. 

562) within the “bounded system” (Merriam, 2002) of an independent nonprofit school. Finally, 

an exploratory type of study was selected since integrating SR into writing instruction can be 

considered an innovative approach without a clear, single set of outcomes (Yin, 2017).  

The data from each of the three teachers were examined holistically since the teacher 

responses and observations were similar in regard to the instructional design process, the skills 

being taught and the strategies and technologies used. A holistic approach was selected since 

there were small differences in the responses due to the specific writing assignments and goals 

based on the grade-level curriculum (Yin, 2017). Below are sections outlining the researcher’s 

goals, his purpose, and his criteria for success. 

Research Context. This study was conducted at the elementary and middle school 

campus of a private school located in the western US that serves 341 students in grades K-12. 

The school’s mission is to provide a learning environment that supports students and addresses 

their varied learning needs with high-quality instruction and research-based practices, including 

the use of technology to support learning.   The instructional approach to writing used at this 

school is inspired by UDL practices. This means that lessons are focused on allowing students to 

be able to apply their strengths and preferences to overcome potential challenges to learning.  

This study was informed by the results of a prior study  (Ok et al., in progress) at this 

same study-site that examined 95 students and 14 teacher participants. Three of the previous 14 

teacher participants were invited to participate in this study. These three teachers were coached 

to design lessons with the UDL Design Cycle (Fig. 4 below), a structured way to think about 
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integrating UDL into a lesson plan (Rao & Meo, 2016). This design cycle is based on the 

following three tenets of UDL: (1) variability is the norm, (2) variability is systematic and 

predictable, and we can (3) reduce barriers to learning by designing for variability (Meyer et al., 

2014). By thinking about the range of needs and preferences of students in their class, teachers 

included strategies and tools that were useful for them. The UDL Design Cycle consists of five 

steps: (1) identify the challenges, preferences, and needs of learners, (2) establish clear learning 

goals for the students, (3) design flexible assessments in relation to each goal, (4) consider the 

strategies and tools that they would like to incorporate into the lesson, and (5) implement the 

lesson. The researcher provided five professional coaching planning sessions for teachers in 

order to structure five lessons that used features of digital writing environments to support 

students during the writing process (prewriting, drafting, revising, editing, and publishing). 

Effective strategies that supported the use of digital tools and the writing process were also 

included in lesson plans.  
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Figure 1-3. The UDL Design Cycle (Rao & Meo, 2016). 

 

A goal of UDL is for teachers to know the students and proactively plan options and 

flexibility into lessons so that students can approach learning in ways that align with their 

strengths and preferences (CAST, 2018). SR is only one of any number of tools that students can 

choose to use for writing. Although students were provided instruction on how to use this tool 

and asked to try it for several short writing tasks, they were not forced to use it as part of their 

writing assignments. Students were told by their teachers that they should select the tools that 

feel right for them and serve their needs and preferences.  

This tool selection process is aligned with UDL Principle 3: Multiple means of 

Expression, which advocates for the provision for students to select tools that are an optimal 
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match between their abilities and the demands of the task. During instruction, students used 

several writing applications with SR on both Mac laptop computers and iPads. The teacher 

guided students to familiarize themselves with each application and its key features prior to each 

writing task. Students were encouraged to use the app that most aligns with their strengths and 

preferences. Some students that needed to have their writing read to them more frequently 

preferred to use Voice Dream Writer over the built-in “speak” option of the operating system 

because the former offered a one-tap command for audio playback and a broader, more natural-

sounding, selection of voices. Some other students who enjoyed using SR frequently, but did not 

care much for using text to speech, preferred the app Dragon Anywhere instead of Voice Dream 

Writer due to its wider set of voice commands for formatting and editing. A goal of UDL is for 

teachers to know the students and proactively plan options and flexibility into lessons so that 

students can approach learning in ways that align with their strengths and preferences (CAST, 

2018) 

Participants. The participants of this study were three teachers employed full time at a 

private school that specializes in supporting students with literacy-related learning differences. 

At this school, the student population is composed of gifted and capable students, many of whom 

have been diagnosed with dyslexia. It has been consistently reported that both children and 

adults with dyslexia have difficulties with spelling (Ramus et al., 2013; Sumner et al., 2016), and 

composing texts (V. W. Berninger et al., 2008; Gregg et al., 2007; Sumner et al., 2014). Prior 

research also shows that SR can be an especially useful writing tool for students with dyslexia 

and related learning challenges (Higgins & Raskind, 2004; Lee, 2011; Mader, 2007; Millar et al., 

2005; K. Roberts & Stodden, 2005).  
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This study used a convenience sample of 3 teachers, one teacher of a class composed of 

5th and 6th graders, one teacher of a class composed of 7th and 8th graders, and one 4th grade 

teacher. Merriam (2002) suggested that participants should be chosen based on their ability to 

contribute rich data related to the topic being studied. With this in mind, the participating 

teachers were selected due to their prior experience using SR with students and their 

participation in an earlier study (Ok et al., in progress) two years previous, conducted by the 

same researcher, focused on identifying student patterns of SR use. 

Consent Process. The administration at the study site provided consent for research. In 

order to recruit teachers, the researcher provided an overview of the study to teachers and invited 

them to participate. Teachers interested in participating were provided a consent form. They 

were asked to read it over and return it with their signature at their earliest convenience. The 

researcher let teachers know that if they showed any signs of stress during the design process, 

interview or lesson implementation, the researcher would stop. The researcher assured teachers 

that there were no adverse consequences to opt-out of the study. 

Role of the Researcher. The lead researcher is employed by the study site and was 

heavily involved in the design phase of instruction. During the design phase, the researcher 

coached the teachers in using the UDL Design Cycle (Rao & Meo, 2016) to develop lessons that 

integrate SR as part of writing instruction. Dr. Rao, an renowned expert in UDL and co-creator 

of the UDL Design Cycle, offered guidance and provided feedback to the researcher during the 

coaching process to ensure quality. 

The researcher also supported teachers as they implemented the lessons they designed. 

As part of the lessons, the teachers provided writing instruction to enhance student writing 

through the consideration of UDL and the use of SR. The researcher’s primary role was to 
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observe the teacher experience and collect data, a common role in most case study research 

(Stake, 2010). As a secondary function, the researcher supported teachers by providing solutions 

for technology-related issues and modeling technology use as needed. Having an instructional 

technology specialist present during the lesson to troubleshoot and solve problems can boost 

teacher effectiveness when integrating technology (Toll, 2014). The researcher focused on 

assisting teachers aiding students in achieving technical success with the tools while being 

careful not to involve himself in the delivery of pedagogy. The “observer as a participant” role, 

was “secondary to the role of information gatherer” (Merriam, 1998, p. 101). The researcher 

moderated his “insider” involvement, by maintaining the necessary “outsider” detachment to 

remain objective (Spradley, 2016). Although recorded observations cannot capture a full 

description of a phenomenon (Atkinson & Hammersley, 1994), the researcher gathered as much 

data as possible by maximizing his attention to the task of observing. 

Participant observation may be a method of data collection that limits the study since the 

sole presence of the researcher in the area of study can influence the participants' behavior. This 

phenomenon is called the observer-expectancy effect and occurs when the experimenter subtly 

communicates the expectations for the outcome of the study to the participants, causing them to 

alter their behavior to conform to those expectations (Goldstein, 2014). The researcher will apply 

rigor to strengthen this study. 

Finally, when interpreting data through a specific lens or with a particular, anticipated 

outcome in mind, there is always the possibility of researcher bias playing a role. Additionally, 

the researcher had a prior collaborative relationship with the three teacher participants. Taken 

together, these factors could have contributed to a positive bias on the part of either researcher or 
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subject. This potential limitation was controlled through the maintenance of empirical rigor 

during interactions with teachers as well as frequent check-ins with research advisors. 

Data Collection and Analysis. This study focused on understanding teachers’ 

experiences through their perceptions, so the primary data set was obtained by directly eliciting 

the participants’ knowledge (Yin, 2017, p. 72) through post-implementation interviews. The 

researcher conducted 20-minute semi-structured interviews (including five questions) with each 

of the teachers after they finished teaching their five lessons. Personal accounts of their direct 

experience helped the researchers understand the teachers’ perspectives and professional 

approach (Bathmaker & Harnett, 2010). Teachers were asked to talk about their perception of the 

writing process and their students in general terms. They were not asked questions about specific 

students. The researcher recorded the interviews with an iPad and transcribed them. Interviews 

took place outside of teachers’ instructional hours in order not to interfere with classroom 

teaching. The interview protocol (see Appendix F) was tested by the research team to ensure the 

flow of ideas and to assure alignment with the research questions. 

The researcher implemented a semi-structured interview format since this method 

allowed for addressing key research questions about teachers’ perceptions while granting the 

freedom to pursue other related ideas that teachers contribute. Interview questions were open-

ended to encourage participants to expand on the information that they felt was crucial but may 

not have been thought about by the researcher (Gill et al., 2008). These open-ended questions 

allowed for thick and rich narrative type responses with the follow-up questions serving as a 

guide (Turner, 2010). Resources related to SR and UDL and notes from the lesson observations 

were used to keep the conversation fluid (Leech, 2002).  
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While asking these questions, the researcher ensured that the four criteria of a focus 

interview: non-direction, specificity, range, and depth (Flick, 2006) were met. The criterion of 

non-direction is a tactic achieved by using various forms of questions. In this case study, the 

interviewer began with an open-ended question, “How has SR affected student writing in your 

class?”, and then with more semi-structured questions such as “How did you feel about the 

quality and quantity of writing of students using SR?” and “How was SR helpful for students 

during the writing process?” Specificity is a measure of how fine details are elicited in people’s 

responses. The researcher used this to prevent staying on more general responses. Teachers were 

asked to think back to specific activities during lessons, and situations during planning meetings. 

The criteria of Range relate to how the researcher secures that the topics relevant to the research 

questions are discussed in the interview. In this case, the researcher allowed the interviewee to 

add connected topics and initiate changes to the topics discussed before using “reversional 

transitions” (Merton & Kendall, 1946, p. 553) to revisit earlier topics that were discussed but not 

detailed enough. The criteria of depth are based on how the researcher invites the participants to 

provide deep responses. The researcher raised the degree of depth by shifting towards having 

participants focus on their feelings and shifting back to feelings they described previously. 

The researcher observed three 45-min lessons and collected field notes as a secondary 

method of data collection to triangulate, establish greater validity and expand upon the primary 

data set. The lesson length of 45min was set according to the existing class schedule of the 

school and was determined to be an adequate length of time according to previous studies on this 

topic (Haug & Klein, 2018). These three lessons were designed collaboratively with teachers as 

part of the professional UDL coaching process that lasted 8 weeks. The field notes template used 

during observations consisted of four categories (Going Well, Challenges, Unexpected 
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Outcomes, Other). During classroom observations, the researcher assumed the role of an 

“observer as a participant”. Demonstrating technology use at the beginning of the class and 

providing minimal technical support was the extent of his participation. This “observer as a 

participant” role, “was secondary to the role of “observer as information gatherer” (Merriam, 

1998, p. 101). The researchers’ main purpose was to observe and collect data pertaining to 

teacher instruction and student use of SR during the class period.  

The data analysis phase of a case study is subjective and often dependent on the 

experience and skill of the researcher (Baxter et al., 2008). To produce credible results, the 

researcher used foundational literature to guide the process of data analysis (Stake, 1995).  

Following the qualitative analysis approach by (Creswell, 2017), the coding process for the data 

collection involved two phases. In the first phase, the researcher transcribed the interviews and 

the data was organized in a set of spreadsheets according to each teacher (i.e. Grade 4, Grade 5-

6, Grade 7-8). The researcher performed an initial investigation to examine the similarities and 

differences among the information collected from the three different teachers. During this phase, 

despite differences in grade level and content area for each of the teachers, the teachers operated 

in similar class environments within the same school. The instructional approach was also 

similar. Because of these overarching similarities, a holistic single case study approach was 

confirmed as the most appropriate as the method for analysis (Yin, 2017) to gain “a systemic, 

encompassing, and integrated” overview of how SR fits into writing instruction (Miles et al., 

2014).  

The second phase, involving coding teacher interview transcripts and observational data, 

was as follows. To begin, the researcher implemented a deductive coding procedure based on a 

conceptual change framework by Hagrve and Sadera (2005). Prior research supports the use of 
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this framework for developing instruction that prepares teachers to integrate new technology (L. 

Berquist & Sadera, 2014; Sadera, 2001; Sadera & Hargrave, 2005) and instructional frameworks 

such as UDL (E. T. Berquist, 2013). The researcher created three codes (Miles et al., 2014), 

“positive”, “negative”, and “other” to filter the data into general categories that will later 

facilitate the mapping of teacher perceptions to various stages of the conceptual framework. 

Mapping this connection will provide the researcher with a set of research-based 

recommendations for moving potentially dissatisfied teachers along a gradual path beyond 

dissatisfaction.  

Coding the data was a collaborative process. Two of the researchers first discussed how 

to best define the codes and fine-tuned them after some initial coding. Team coding helped to 

sharpen the definitions of the codes and establish a common vision for what the codes really 

mean. Having clear operational definitions (Table 1-1) for each of the three codes was important 

for the primary researcher so he could apply them consistently over time while coding the full 

data set. The definitions were also vital for a successful inter-rater reliability check so that both 

researchers had the same precise idea in mind when coding the same text independently (Miles et 

al., 2014).  

 The “positive” code was used to show a positive teacher perception or feeling of 

satisfaction. For example, “Students enjoyed Voice Dream Writer.” or “Improved student 

engagement & motivation.”. The “negative” code was used to indicate an apparent challenge, 

struggle, or dissatisfaction. Some examples were, “Students fixated on recognition errors.” or 

“Was challenging to monitor kids and quickly support those in need.” Certain data did not fit 

into either positive or negative groupings but were worthy considerations, so the category of 

“other” was established. Data coded with “other” were defined as other factors to consider. 
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These data came in the form of recommendations or observations. Some examples were “Seeing 

students struggle with new approaches was important for them to learn, but difficult to watch.” 

or “Students prefer to work near friends at school but find SR very useful for writing at home.” 

Table 1-1  

Operational Definitions of Codes 

Code Findings Definition Examples 

Positive Facilitating 
Factors 

● Positive teacher 
perceptions about the 
student use of SR or the 
design process used to 
plan the lessons. 

● Perception of 
satisfaction based on 
successful outcomes. 

“SR Improved student 
engagement & motivation”  
 
“Students enjoyed SR with 
Voice Dream Writer.” 

Negative Barriers to 
Implementation 
or Design 

● Teacher issues, 
challenges, struggles,  

● Feelings of 
dissatisfaction. 

“Students fixated on 
recognition errors.” 
 
“Was challenging to monitor 
kids and quickly support those 
in need.” 

Other Other Factors or 
Considerations 

● Relevant data points that 
did not fit with the 
definition of the other 
two codes.  

● Interesting findings that 
may not match the 
research questions.  

“Students prefer to work near 
friends at school and not use 
SR, they said SR is very useful 
for writing at home.” 
 
“Seeing students struggle with 
new approaches was important 
for them to learn, but difficult 
to watch.” 

 

To establish an inter-rater agreement, the primary researcher provided four pages of 

transcripts from a teacher interview with a secondary researcher. Each author coded the 

transcripts independently using the three codes mentioned above and determined which data was 

relevant for answering research question one. Next, the two authors compared their codes. The 
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reliability, the percentage of agreement across coding, was calculated for the four pages of 

transcripts. The resulting percentage, 82%, was an acceptable level of agreement for inter-rater 

reliability for qualitative research with the size and range of this coding scheme (Miles et al., 

2014). Finally, the two researchers discussed areas of disagreement and reached consensus on all 

items. Internal consistency was established.  

Rigor 

In exploratory studies such as this one, three tests are commonly used to establish the 

quality of empirical research: a) construct validity, b) external validity, and c) reliability. The 

goal of the researcher is to acknowledge his own subjectivity and implement protections to 

minimize bias and increase construct validity, external validity, and reliability (Yin, 2017). 

Construct validity will be enhanced by using multiple sources of evidence, having a draft 

reviewed by key informants (Yin, 2017) and stating clearly research bias from the beginning of 

the study (Creswell, 2017). Triangulation, the process of “using multiple investigators, multiple 

sources of data, and multiple methods to confirm the emerging findings” (Merriam, 1998, p. 244) 

will be established through the use of three different sources of information (e.g., interviews, 

transcripts, and observations), and by using multiple researchers. The process of examining three 

separate cases (e.g., a group of fourth grade students, a group of students in 5th and 6th grade, 

and a group of students in 7th and 8th grade) will also assist in triangulation. 

To clarify research bias prior to the study, it was decided that researchers who did not 

work at the study site would conduct teacher interviews. However, it was not feasible for those 

researchers to conduct the class observations or observe the design phase. It is to be noted that 

the primary researcher for this project works at the study-site and that he could have a pre-

existing bias that might influence the way that data is collected and interpreted. In this way, the 
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researcher can be considered inseparable from what he is investigating (Creswell, 2017). 

Measures to reduce research bias are discussed in the section titled Role of the Researcher. 

External validity is how findings can be applied to other circumstances (Merriam, 1998). 

Rich descriptions of each case will be provided in order to increase transferability, or the extent 

to which the findings of a qualitative research study can be applied to other environments 

(Trochim, 2006). Validation is a strength of qualitative research since it involves spending time 

in the field, providing detailed descriptions, and getting close to the participants (Yin, 2017). 

Member checking, a strategy that involves having the participants review the data being 

collected will also be applied in order to strengthen validity (Creswell, 2017). 

Reliability was boosted by following a case-study protocol and conducting an interrater 

reliability check during the coding process (Durepos et al., 2010). The researchers coded the data 

separately and compared results. This strengthened the reliability of interpretations of the data.  

To further increase reliability, the dissertation chair examined the findings to make sure that they 

were supported by the data (Durepos et al., 2010). 

This study has a comparative structure in which the same set of procedures is conducted 

with three groups at different grade levels. This structure will allow the researchers to compare 

alternate descriptions and explanations of the similar, yet unique, cases. The purpose of the 

repetition here is intentional, in an effort to show the degree to which the facts fit each model, 

and the repetitions actually illustrate a pattern-matching technique at work (Yin, 2017). This 

adds to the construct validity of the study. Additionally, examining the evidence from the 

perspectives of different participants will increase the chances that the study will be exemplary 

(Yin, 2017). 
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The study was designed to have a minimal impact on the participants. Teachers already 

meet regularly with the researcher to plan lessons and discuss technology integration. As part of 

those lessons, the teachers are already somewhat familiar with integrating SR and several other 

digital tools that support writing instruction.  

Limitations 

Since this study will use a small sample of teachers from one independent school in a 

geographically isolated area of the world, results may differ from school type and larger sample 

sizes if the study were to be replicated and conducted in other geographical areas.  Additionally, 

the teacher participants in this study work at a private school serving students with special 

learning needs and therefore may not accurately represent typical teachers.  

Though self-report data (ie. teacher interviews) is widespread in research related to 

technology integration and instruction (Lawless & Pellegrino, 2007), responses may not reflect 

true behavior. This, however, can be validated through observations of behavior during 

classroom visits and during the design process. 

Significance of Proposed Body of Work 

The need for support for students who struggle with writing is made evident by the 

perspective that sees the importance of writing as a tool (Graham, 2013; Graham & Hebert, 

2011) and the nation’s ongoing writing proficiency crisis (Applebee, 2011; Brindle et al., 2016; 

Gilbert & Graham, 2010; National Center for Education Statistics, 2008, 2012). Speech 

Recognition Technology has shown promising results in aiding students to improve their writing 

skill (MacArthur & Cavalier, 2004; Mader, 2007; Quinlan, 2004; R. Roberts, 1999) and 

increasing their motivation to write (Hwang et al., 2012; Shadiev et al., 2014).  
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The results of this study will contribute to the literature on how teachers can integrate SR 

in a practical way, as a part of writing instruction, to enhance the work of students. The study 

will attempt to address challenges and barriers to student use of SR (Ok, Pennington & Rao, 

2018) by identifying viable strategies to integrate SR technology into writing instruction. The 

results of the study will also help to understand how teacher attitudes about integrating SR for 

writing can be improved through professional coaching that considers UDL and conceptual 

change theory.  These results, more generally, will provide insight into the perspectives and 

practices of teachers around technology integration, which has been a focus of recent research 

(Lowther et al., 2012).  

Through this study, the researchers hope to gain an understanding of how UDL, a 

framework for designing accessible instruction for the inclusion of all students, can provide a 

context for the implementation of SR during writing instruction and student writing tasks. The 

effectiveness of SR differs according to factors such as the needs of students using the 

technology and the conditions that affect successful use such as individual preferences, context, 

and range of tasks for which it is used (Holmes & Silvestri, 2012). These factors are considered 

by UDL, and by addressing them, this study will extend the literature on how UDL can be 

effectively applied to support writing instruction and literacy learning, an area of study that is 

still emerging (Rao et al., 2014) .  

Concluding Thoughts 

A qualitative exploratory case study methodology was selected for this study in 

order to capture the participants’ experiences and perceptions of how educators can use the UDL 

framework to provide a rational frame for the implementation of Speech Recognition technology 
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as part of writing instruction. These findings will contribute to the literature on how UDL can be 

used to provide a context for a variety of technology tool use.  
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Chapter 2 Literature Review  

“If I have seen further than others, it is by standing upon the shoulders of giants.” 

-Issac Newton 

This literature review provides a background knowledge of the topics investigated by this 

dissertation. The information below gathered from the literature creates the context for the 

research conducted by the studies in this dissertation. Several questions were used to guide the 

researcher’s journey through the literature:  

● What is the role of writing in today’s society and how can writing proficiency be 

improved through the use of technology? 

● What is Speech Recognition Technology (SR) and how has its impact on student 

writing been studied in schools? 

● What is Universal Design for Learning (UDL) and how has it been studied in 

relation to technology integration in schools? 

● How do teacher beliefs relate to technology integration? 

● How can conceptual change frameworks be used to facilitate teacher adoption of 

new technology?  

● How can professional coaching and a collaborative design process be used to 

improve the adoption of new instructional practices and technologies? 

Recent research on student writing performance in schools and results from the “nation’s 

report card” over the past decade suggest that there is a writing proficiency crisis upon our 

nation’s schools (Applebee, 2011; Brindle et al., 2016; Gilbert & Graham, 2010; National Center 
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for Education Statistics, 2008). An innovative approach to tackling this problem may lie with 

understanding how teachers can integrate speech recognition technology (SR) as a tool for 

students to use as part of the writing process. This chapter provides an overview of specific 

strategies and technologies to improve writing proficiency with a focus on speech recognition 

technology. The chapter also provides a background on Universal Design for Learning as an 

instructional design framework, including related empirical studies in K-12 education, and how 

speech recognition can be integrated through a UDL approach. A synthesis of UDL and speech 

recognition is provided for the purposes of this study. The chapter includes a background on 

conceptual change theory and technology integration. Finally, the structuring of collaborative 

professional development is examined with an emphasis on conceptual change, technology 

integration and universal design for learning.  

Writing Proficiency 

The Internet, today’s most popular and powerful learning and communication tool, is 

accessed by platforms that are dominated by written text. People write daily on social network 

pages, online forums, blogs, and web pages. They write emails, instant messages, to-do lists, 

calendar events, and countless other apps on their cell phones, and computers. The ability to 

communicate through these tools has become a gatekeeper for participation and advancement in 

professional and social life (Graham, 2013). In a recent national survey, 85% of teens reported 

using writing daily for social interaction, self-exploration, expression, and reflection on current 

events. These teens also expressed the belief that being able to write well is important to success 

in life. (Lenhart et al., 2008).  

Writing is a highly flexible tool since it can serve a variety of purposes in life. One 

especially useful purpose, introduced at the earliest grades in schools, is to support the learning 
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process. Recent and past research has shown that writing about a particular subject enhanced a 

learner's understanding of that subject (Bangert-Drowns et al., 2004; Graham et al., 2011; 

Graham & Perin, 2007a). Writing allows people to learn about themselves through the 

chronicling of life experiences. It can be used to collect, store, sort, and share information across 

time and space. This allows a person to build upon prior learning. Writing also allows for direct 

connections between ideas and offers readers a simple way to review and provide feedback on 

those ideas.(Graham et al., 2013). In their meta analyses, (Graham & Hebert, 2010) identified 

strong writing skills as a key to student success in school, college, and career.  

Despite the recognized importance of writing as a learning and communication tool, 

many of today’s students are struggling to become proficient writers. There has been an 

increasing amount of literature on a writing proficiency crisis occurring in schools. Recent 

national studies of writing instruction in elementary, middle and high schools showed that little 

time was spent teaching writing, students weren’t doing much academic writing, and students 

were frequently not using computers to write (Applebee, 2011; Brindle et al., 2016; Gilbert & 

Graham, 2010).  

These concerns were supported by the most recent results of the National Assessment of 

Educational Progress (NAEP), also known as ‘the nation’s report card’, which showed that 

roughly 75% of eighth and 12th graders were not proficient in writing (National Center for 

Education Statistics, 2008). This isn’t much of an improvement from the NAEP 2007 results, 

which showed roughly 70% of eighth-grade and twelfth-grade students performing at or below 

the basic level in writing (National Center for Education Statistics, 2008). Together, these 

writing studies and achievement data suggest that students writing proficiency needs to be 

improved. 
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Literacy may be one of the most important instructional areas for enhancing quality of 

life for all students (Dymond et al., 2006). A series of meta-analyses have shown that certain 

interventions can effectively support and improve the writing process. Some of these include 

strategies such as establishing a process approach to writing, learning how to plan, revise, and 

edit; and establishing specific goals for writing.  

Computers and the Internet have played a pivotal role in supporting writers. The 

flexibility of digital environments allows writers to become active participants in the creation of 

their writing tools (Bray, 2013). Digital tools offer more flexibility and supports than traditional 

writing formats. One example is writing with a word processor like Google Docs (Goldberg et 

al., 2003; L. A. Rogers & Graham, 2008). Writers can customize the font, size, and spacing of 

their words. They can enter distraction-free, or dark-mode to alter the colors and features of their 

writing environment. Writers can use digital tools specifically designed for various stages of the 

writing process such as mind maps for planning, word prediction for drafting, text-to-speech and 

an integrated thesaurus for revising, grammar and spell check for editing, and blogs or other 

websites for publishing (Bouck et al., 2015). When learners write publicly on the Internet it gives 

them more opportunity to receive frequent, constructive feedback (Lenhart et al., 2008).  

Speech Recognition Technology (SR) 

One digital tool that has played an important role in helping people to become better 

writers is speech recognition technology (SR) (Higgins & Raskind, 1995, 2004; Mader, 2007). 

Speech recognition technology (also referred to as voice recognition) enables a person to control 

the computer with their voice rather than a keyboard or mouse. Common uses of SR include 

switching between apps, performing a search for specific information, or composing digital text 

(Zhao, 2007). When used for writing, SR is referred to as dictation. SR, or dictation transforms a 
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person’s speech into digital text. Dictation first gained popularity in the late 90’s with 

commercial products like Nuance’s Dragon Naturally Speaking and IBM’s ViaVoice that 

allowed users to generate on-screen text in a word-processing program by speaking continuously 

without having to pause between each word (Pinola, 2011).  In recent years, interest in dictation 

has exploded in popularity due to the technology becoming more refined. Improved predictive 

capabilities, faster transcription speed, decreased recognition error rates, and reduced learning 

curve have made the technology much more effective. (Huang et al., 2014). Initially, this 

technology was costly and limited to powerful desktop workstations, but the integration into the 

operating systems of the popular mobile devices has played a pivotal role in widening the user 

population, and offering much more flexibility for when and where people can use dictation. 

While on the move, SR can be an attractive convenience for writing text messages, email, or 

taking down notes or reminders. This perfect storm of technological improvement, price falling, 

and integration into our daily tools has made speech recognition attractive to K-12 schools.  

Benefits of SR 

Research provided by the acclaimed book, Proust and the Squid, reveals that writing is a 

man-made technology that must be explicitly taught. Speaking, on the other hand, is an ability 

that humans learn naturally and autonomously (Wolf & Stoodley, 2008). Bearing this idea in 

mind, scholars argue that dictation may be the “purest” writing technology ever invented, as it 

returns us to the realm of speaking (Trubek, 2016).  But is using dictation actually writing? How 

do we define writing? If writing is simply defined as the act of composing a text, then does the 

means in which we compose text matter? If the purpose of writing is to convey ideas, both typing 

or speaking lead to the same outcome. Since the way in which students complete learning tasks 

can act as a barrier (CAST, 2018), writing with SR may be the best option for some students. 
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Speech recognition technology can remove the burden of writing by increasing the ease with 

which they can transfer their ideas to paper. Some may say that writing is thinking made visible. 

Writer E. M. Forster famously said, “How do I know what I think until I see what I say?” 

(Graham, 2013) 

SR is beneficial because it circumvents the needed foundational knowledge and skills for 

writing by hand or keyboard such as recognizing letters, shaping letters and putting them 

together to form words (Graham, 2013). These put additional constraints on a person’s 

processing ability. Cognitive research shows that writers, especially early ones, can devote much 

of their available processing capacity to low-level writing skills such as to the production of 

correctly spelled words and text production. Devoting resources to these low-level skills leaves 

less capacity for syntactic processing, content-retrieval, rhetorical-structuring and other creative 

processes (Torrance & Galbraith, 2006). In this way, speech recognition technology can free up 

cognitive resources (Garrett et al., 2011; Higgins & Raskind, 1999) to be redirected towards 

more complex skills such as critical components of ideas and voice  

Even constructing basic sentences with a keyboard involves the application of a 

considerable amount of mechanical knowledge. This knowledge includes a variety of items 

including the following: 

● knowing and applying information such as capitalizing the first word of a sentence and 

proper nouns, remembering spelling of all the words needed.  

● remembering grammar rules such as adding an apostrophe for contractions and 

possessives, identifying when and where a comma is needed, and determining the 

punctuation.  

● including dialog provides additional complications.  
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Using SR to write circumvents the need for knowledge of mechanics during the initial 

construction of the sentence, thereby eliminating mechanical interference (V. Berninger et al., 

1996) which has shown to decrease the quality of writing (R. Roberts, 1999). For new writers, it 

can be especially challenging to remember mechanics while thinking creatively and connecting 

ideas pertaining to the content being written. Dictation helps to separate the initial constructive 

process of content generation from the later critical process of revising and editing. Teachers 

expecting students to engage in both the critical and creative processes as they write may be 

considered unrealistic and even seem antiquated. Word prediction, grammar checkers and spell 

checkers that are increasingly built into just about every digital writing environment are clear 

indicators that perfect spelling grammar are becoming less important for humans as niche as 

machines begin to understand context and can access almost every word combination ever 

created (Prensky, 2013). 

Three recent developments have made speech recognition technology a viable tool for K-

12 students today. (1) More students have mobile devices in their hands than ever before. A 

recent national survey reported that more than 30% of all K-12 students were provided mobile 

devices by their schools and the number increases each year(Up, 2013). (2) Speech recognition is 

integrated into the operating systems of the devices students use every day (Huang et al., 2014). 

(3) The quality of speech recognition tools have dramatically improved over the past ten years 

from an 80 percent error rate to about eight percent and continues to rapidly improve (Huang et 

al., 2014). More recently, in a Wall Street Journal interview, Andrew Ng, former Stanford 

professor and chief scientist at Chinese internet giant Baidu, “The Google of China”, said “the 

difference between speech recognition that is 95% accurate, which is where we were several 

years ago, versus 99% accuracy isn’t just an incremental improvement. It’s the difference 
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between barely using it, as in  a couple of years ago, versus you using it all the time and not even 

thinking about it” (Wall Street Journal, 2017). 

SR: K-12 studies: findings and recommendations  

Several studies have explored the effects of speech recognition on student writing within 

primary, secondary and postsecondary settings. The research base supporting its efficacy is in an 

early stage and focused mostly on students labeled as having learning disabilities. Participants in 

the newer studies used Dragon Naturally Speaking (Lee, 2011; MacArthur & Cavalier, 2004; 

Mader, 2007; Millar et al., 2005; K. Roberts & Stodden, 2005), while in the older studies used 

IBM’s Voice Type (Higgins & Raskind, 1999; R. Roberts, 1999; Wetzel, 1996) and Power 

Secretary (Faris-Cole & Lewis, 2001). In each of studies, the SR technology was stand-alone 

computer software as opposed to today’s OS-integrated mobile device apps. 

Findings from these studies showed that the use of speech recognition increased spelling 

accuracy (Day, 1995; Raskind & Higgins, 1999) by more than 50% and allowed for significantly 

longer and more fluent pieces (Garrett et al., 2011; Quinlan, 2004; R. Roberts, 1999) when 

compared with handwritten pieces. Students wrote higher quality essays (MacArthur & Cavalier, 

2004; Mader, 2007) at a faster rate using the SR than they did using the keyboarding method 

(Snider, 2002). They also used more mature vocabulary and reported less anxiety when using SR 

as opposed to typing because it reduced the need to spell individual words, allowing them to give 

more attention to the content of their writing (Higgins & Raskind, 1995; Millar et al., 2005). This 

allowed students to create a higher quality writing product that was more representative of their 

abilities.  

Speech recognition has been also reported to increase confidence in writing (Toll, 2014), 

which can increase motivation to write (Hwang et al., 2012; Shadiev et al., 2014).  As a 
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byproduct of its use for writing, speech recognition has also been found to improve word 

recognition and reading comprehension (as measured by the Wide Range Achievement Test-3) 

(Higgins & Raskind, 1999, 2004).  

Recommendations for implementing SR in the classroom include starting with an 

introduction of the purpose of dictation, modeling how it works, and offering guidelines (Lee, 

2011) in the form of a “cheat sheet”. Initially, teachers should inspire confidence and 

competence in students by showing how the technology is used in a professional context (Toll, 

2014). Studies also suggest providing motivating materials to suggest writing topics (Higgins & 

Raskind, 1999), establishing a process for correcting recognition errors (Higgins & Raskind, 

1999) and planning content before drafting (Quinlan, 2004). Teachers should be prepared with 

knowledge of how SR works and with problem solving techniques in order to efficiently address 

student concerns (Toll, 2014).  

Students may fear disturbing others or sounding silly while using SR, which can prevent 

them from taking notes during class (Toll, 2014)  or completing writing assignments while near 

other students. Providing students with the time and space to use it comfortably for writing is a 

key factor in successful implementation. Benches, couches, and tables can be placed outside of 

classrooms for students to work. Break out rooms can also provide the quiet, independent space 

required. Having this space serves a double purpose since SR requires a relatively quiet 

environment to function well (MacArthur & Cavalier, 2004).  

The efficacy of speech recognition technology differs depending on the needs of students 

using the technology and the conditions that interact with successful use such as individual 

preferences, range of tasks which it is used for and the context (Holmes & Silvestri, 2012). Some 

student characteristics that served as indicators of successful SR use were having a good attitude 
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and a willingness to try something new, in combination with good oral expression (Mader, 2007; 

Wetzel, 1996). Observation of students who use speech recognition technology can help to 

understand which characteristics suited for speech recognition technology for writing and how 

students can be taught to use it well (Shadiev et al., 2014).  

Future research  

While more and more teachers may be beginning to integrate SR as a tool for helping 

students to improve writing proficiency, few studies have attempted to explore how this 

technology can be integrated in a practical way as a part of writing instruction in the K-12 

schools (Lee, 2011; Mader, 2007; Toll, 2014). 

 If speech recognition will be part of the future of writing, then students will need to learn 

how to improve their dictation-based writing skill. This requires organizing one's thoughts in 

order to speak coherently and fluidly. It can be a more complicated process than simply 

communicating informally in person and can be aided by the assistance of a teacher. Research 

into how teachers can help students to control their speech to produce precise verbal production 

is warranted (Toll, 2014).  

Last year, in the 2016-2017 school year, the research team composed of Jon Pennington, 

Dr. Kavita Rao, and Dr. Min Ok conducted an empirical study to identify how students adopt 

and use the built-in speech recognition on their iPads. The study also explored how instruction 

can contribute to the students’ ability to use speech recognition as part of the writing process. 

Survey and interview data from students and teachers indicated that speech recognition was a 

useful tool for generating large chunks of text at various stages of the writing process. There 

were pedagogical barriers related to generating writing with SR. For example, students used the 

tool to generate text but were not as proficient at editing what they had written. Participants 
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mentioned some barriers to using the technology that included background noise, lack of 

individual space, poor internet connectivity, inaccurate word recognition, and untimely 

buffering. The researchers feel that some of these barriers could be addressed by providing 

participants with a more conducive writing environment, and improved modules to learn through 

the integration of Universal Design for Learning (UDL) framework.  

Universal Design For Learning (UDL) 

 Universal Design for Learning (UDL) is an instructional design framework that is 

organized around how the brain learns. It has continued to rise in prominence among educators 

nationally (See National Educational Technology Plan, 2010-2017) and globally (Rao et al., 

2016). The Higher Education Opportunity Act of 2008 (Congress, 2008) defines UDL as a 

scientifically validated framework for supporting all learners. The concept of Universal Design 

comes from the field of architecture and was developed with the goal to improve physical 

accessibility to products or environments so they can be used by the widest range of users (Story 

& Mueller, 1998). Universal Design for Learning calls for using the power and versatility of 

technology to make curriculum and learning environments more cognitively accessible to 

individuals through providing multiple, flexible pathways to learning (Rose & Meyer, 2005).  In 

this way, it is the bridge connecting special education and general education. As researcher Heir 

(2009) states, “UDL creates a framework to reduce the barriers in education, anticipate the 

diversity in our everyday classrooms, and embed support into our curricula. The implementation 

of a UDL framework will open doors in education to all students, especially those not effectively 

served by our current system (p.7)” The Universal Design for Learning framework is supported 

by seminal insights and empirical evidence from developmental psychology, and cognitive 

neuroscience (Rose & Gravel, 2010).  
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In the field of cognitive neuroscience, advancements over the past two decades have 

shown that most people vary in the ways they learn. Personal characteristics and abilities 

continually shift depending on the person and the demands and resources of the learning 

environment (Meyer et al., 2014). Universal Design for Learning was developed as a 

translational framework between neuroscience and education to guide the design of curriculum 

and environments that take into account the variability in the ways people learn (CAST, 2011). 

UDL recognizes that “learning disabilities” exist as part of a person’s interaction with the 

curriculum or environment and are not solely related to the overall capabilities of that person. 

For instance, students who are defined as having a learning disability in one environment, such 

as composing text with a pen or keyboard, may be highly adaptive in another environment, such 

as writing with speech recognition technology. An environment that enables one student to 

succeed, can just as easily disable another (Rose et al., 2006). 

According to the principles of UDL, when a person struggles to learn, the curriculum or 

environment can adapt according to the person’s strengths and preferences (eg. from writing with 

voice instead of writing with hands), instead of forcing the person to attempt an unnatural, more 

uncomfortable way of learning, which is often the result of a one-size fits all approach (Rose & 

Meyer, 2005). Curriculum and learning environments, especially when in digital form, can be 

proactively designed to anticipate various alternatives and adaptations that can be leveraged by 

different learner characteristics. (Rose et al., 2006). Allowing learners to use their strengths and 

preferences can lead to feelings of confidence and self-efficacy (He, 2014). This state of low 

stress can serve to increase cognitive potential, according to recent neuroscience research linking 

the interconnectedness between one’s emotional state and their cognitive ability (Immordino-

Yang & Damasio, 2007).  
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The key tenets of UDL, overlap with the principles differentiated instruction, which is a 

reactive approach to teaching where the instructor applies accommodations or modifications just 

in time or for the next lesson (Tomlinson, 2001). By contrast, UDL uses a “smart from the start” 

approach. In differentiated instruction, teachers apply various strategies and scaffolds to support 

students when they need it (Strong et al., 2004). Both the proactive approach of UDL and 

reactive approach of Differentiated Instruction, have shown to benefit a diversity of learners 

(Tomlinson, 2001).  

UDL principles  

The UDL framework is organized around the three principles of providing multiple 

means of representation, expression and action, and engagement (See Figure 1-1) (CAST, 2011, 

2018). These principles are based on three types of nerve networks that brain imaging techniques 

have shown to play a crucial role in learning. These nerve networks are goal oriented, variable in 

their functioning, and flexible over time (Kandel et al., 2000). These three neural networks 

closely parallel what soviet psychologist, Lev Vygotsky, identified as three essential conditions 

for learning to occur: recognition of sensory information, application of strategies to operate on 

the perceived information, and engagement with the strategies and information being applied 

(Vygotsky, 1986). The UDL framework refers to the three networks as the recognition, strategic, 

and affective networks, according to their primary functions:  

1. The recognition networks focus on receiving and analyzing information which can be 

identified as the “what of learning. This network connects to the UDL principle of 

representation. It calls for flexible options for how we learn and express what we know. 

Support for this network includes providing options for learners to access information in 

different formats such as video or text with images or diagrams to interpret content. 
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Providing multiple examples, highlighting critical features, and supporting background 

context also offer support. Providing multiple representations of a concept enables deeper 

engagement with that concept but also enables access for a broader range of learners 

(McGuire et al., 2006). 

2. The strategic networks focus on the planning and initiation of actions, identified as the 

“how” of learning. This network connects to the UDL principle of expression and action. 

It calls for allowing learners flexibility in the ways they learn. Support for this network 

includes options for completing tasks using a variety of media such as using speech 

recognition technology instead of writing with a pen.  

3. The affective networks focus on evaluating, prioritizing, identified as the “why of 

learning.” The UDL principle of engagement is based on this network. It calls for options 

for generating and sustaining motivation. Support for this network includes options that 

increase the relevance and authenticity of activities, such as using money to teach math. 

Options that encourage communication and collaboration also offer support. 

Together, these nerve networks orchestrate an individual’s ability to learn through 

memorization, language processing, problem solving and thinking (Rose & Meyer, 2002). Under 

the three principles which compose the UDL framework, The Center for Applied Special 

Technology (CAST), the leading research institute on Universal Design for Learning, has 

compiled nine guidelines and 31 checkpoints that offer guidance for educators on how research-

based practices can be operationalized to support learners (See Figure 2-1). The nine guidelines 

provide a systematic way to check curriculum and environment design for accessibility and 

flexibility (Ok et al., 2017; Rao et al., 2014). They also suggest methods to reduce or eliminate 

barriers as well as to incorporate suitable challenges for the learning process in order to keep 
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learners interested and committed to the task (CAST, 2018). Vygotsky, describes the ideal 

balance point as where the goal is just beyond reach but achievable with effort. He coined this 

idea “the zone of proximal development (ZPD)” (Vygotsky, 1980). The ZPD is different 

depending on the learner. A digital tool like SR can enable learners to rise to the challenge of 

writing while keeping intact the curricular goal of “composing a book report.”  

 

Figure 2-1. Universal Design for Learning Guidelines Version 2.2 (CAST, 2018) 

UDL: K-12 studies: findings and recommendations  

In the United States, the rising prominence and exponential growth of UDL over the past 

decade in education policy and practice (Rappolt-Schlichtmann et al., 2012) has brought together 
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stakeholders at the state, district, and school level to work together on systematic implementation 

and study of the framework (Nelson & Basham, 2014). Globally, the IBO (International 

Baccalaureate Organization), a consortium of international schools, has aligned its standards for 

curriculum, philosophy and practices with the guiding tenets of UDL. The IB guidelines 

highlight the need to anticipate student diversity, reduce barriers and provide teaching and 

learning approaches that support and engage learners (Rao et al., 2016). As a result of this 

notoriety, a great deal of books and descriptive articles have been published on how UDL is 

being applied to instruction within K-12 schools across the world (Basham & Marino, 2013; 

Glass et al., 2013; Ok et al., 2017; Rao et al., 2016)  

Three recent systematic reviews of empirical research on UDL-based interventions in K-

12 schools described how researchers are implementing UDL principles and found that UDL was 

effective for addressing learner variability thereby increasing access to learning (Crevecoeur et 

al., 2014; Ok et al., 2017; Rao et al., 2014). Qualitative data from a number of studies indicated 

that teachers and students were engaged and motivated by UDL-based practices (Rao et al., 

2016). 

The next part of this literature review will focus on how UDL has been applied to tech-

integrated curricula, literacy learning, and digital text environments since these areas are most 

relevant to this particular study. Three studies (Coyne et al., 2012; Dalton et al., 2011; T. E. Hall 

et al., 2015) examined how digital text environments provided flexible options for students and 

focused on literacy-related outcomes. In these studies, literacy instruction was supported by 

universally designed digital environments. The researchers mapped the specific components of 

the curricular content that they were using (ie “Literacy by Design” (LbD) to each of the three 

UDL principles. For example, text-to-speech was mapped to Multiple Means of Representation, 
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pedagogical aspects supporting reading comprehension were mapped to the principle of Multiple 

Means of Expression/Action, and the availability of choices were mapped to Multiple Means of 

Engagement (Ok et al., 2017). The researchers recommended providing clear and detailed 

descriptions of how various curricular components link to specific UDL guidelines and 

checkpoints. 

Future research  

As described in the section above, UDL has been moving to become a major component 

of educational public policy in the U.S. and global organizations like the IBO (Rao et al., 2016). 

As UDL becomes a greater part of general practice, the research agendas of K-12 institutions and 

universities will also focus more on UDL. Although research on UDL has been emerging 

quickly, it still can be considered at an early stage since the framework itself has only been 

around for a decade.  

Future research is needed to examine the use of UDL in relation to teachers as 

instructional designers, technology integration, and specific applications (Edyburn, 2010). 

Specifically, research focusing on UDL implementations that are explicitly based on problems of 

education practice (Rappolt-Schlichtmann et al., 2012) would be a solid contribution to the 

literature. This type of research would strengthen the foundation for validating the efficacy of 

UDL.  

Researchers recommend the use of single-case designs that describe how participants 

applied UDL guidelines to curriculum and instruction (Rao et al., 2014). These studies should 

also investigate the outcomes of UDL interventions to more clearly operationalize the UDL 

principles (Ok et al., 2017). Future research should describe the learning environments (i.e., 

context and setting) and participants in detail in order to assist other researchers and educators 
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understand variables associated with linking principles, guidelines, or checkpoints with learner 

characteristics (Crevecoeur et al., 2014).  

Although some studies focused on experience of teachers as instructional designers of 

UDL-based lessons (Claflin et al., 2012; Courey et al., 2013; Spooner et al., 2007), more 

research is needed on the beliefs, knowledge and practices of teachers learning to design lessons 

with UDL (E. T. Berquist, 2013). This line of research is important since teachers pull upon their 

existing beliefs about teaching and learning to interpret the credibility of pedagogical approaches 

(Posner, 2005).  

Additionally, (Edyburn, 2010) suggested the following ten propositions for new 

directions for UDL: 

1. Proposition #1: “Universal design in education is fundamentally different from universal 

design in the built environment ….[ where] the essence of UDL lies within the field of 

instructional design rather than architecture” (p. 36). 

2. Proposition #2: “UDL is fundamentally about proactively valuing diversity” (p. 36); 

without a diverse blueprint, it is unlikely that UDL designers will be able to design 

products that meet the accessibility and usability needs of all individuals, because they do 

not understand the special needs of some individuals. 

3. Proposition #3: “UDL is ultimately about design …. it may be necessary to rethink UDL 

as a product development intervention. Perhaps the teacher's role is more appropriately 

associated with implementing principles of differentiated instruction (which may include 

some products that have been universally designed)” (p. 37). 

4. Proposition #4: “Universal design for learning is not just good teaching….UDL 

represents a 21st-century intervention that seeks to use emerging insights gained from 
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research in diverse fields such as brain imaging, learning sciences, instructional design, 

and technology. Good teaching has never been able to address the full range of diversity 

found in a classroom” (p. 38). 

5. Proposition #5: “Universal design for learning does not occur naturally…. UDL must be 

recognized as a learned skill, one that is refined over time, to produce high levels of 

performance” (p. 38). 

6. Proposition #6: “Technology is essential for implementing UDL…To suggest that the 

potential of UDL can be achieved without technology is simply another way to maintain 

the status quo” (p. 38).  

7. Proposition #7: “UDL is not assistive technology.…Twenty-first-century instruction will 

likely need to alter instructional practices in order to place students in the role of 

Goldilocks – they try multiple options to determine which option is ‘just right’ for 

ensuring their performance is acceptable to meet standard. Principles of fairness indicated 

that equity is achieved when every student receives what he or she needs” (p. 38). 

8. Proposition #8: “It is necessary to measure the primary and secondary impact of 

UDL….Instructional designers need to explicitly describe the intended user of the 

product…Appropriate research methodologies must measure the impact of the 

intervention on the primary audience, as well as, the rest of the students in an inclusive 

classroom” (p. 39). 

9. Proposition #9: Claims of UDL must be evaluated on the basis of enhanced student 

performance... The critical focus of UDL is its emphasis on the variables that can be 

manipulated to produce high-performance…Ultimately, we need to understand how to 

measure the contributions of UDL to sustained engagement and development of 
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expertise” (p. 39). 

10. Proposition #10: “UDL is much more complex than we originally thought….We need to 

clarify the core stakeholders (developers or teachers) who will be trained to create UDL 

products,…. implement UDL, … measure the outcomes of UDL … [and] renew our 

commitment to equitably serving all students in the event that our UDL efforts fall short” 

(p.40) (McCann, 2014). 

The UDL Reporting Criteria 

 UDL’s strength as a framework is that it is both flexible and applicable to a vast range of 

educational practices. This level of flexibility, however, can also pose as a challenge in the realm 

of UDL-based research. Because UDL guidelines can be applied in several ways by educators, 

pinpointing how UDL is applied and measuring its impact can be difficult (Rao et al., 2014, 

2019). For example, the application of UDL checkpoints can appear to be similar to instructional 

practices such as differentiation or what some teachers might call “just good teaching”. 

However, UDL is a convergence of multiple disciplines and isn’t something that happens 

accidentally or naturally (Edyburn, 2010). The key element, “at the heart of implementing UDL” 

and what distinguishes it from other practices, is the intentional design of learning environments 

that can benefit all individuals (Basham & Marino, 2013; CAST, 2018).  

To guide consistent UDL reporting for the purpose of building an evidence base on 

effective ways to apply UDL, the UDL Reporting Criteria was created. The UDL Reporting 

Criteria are a set of guidelines for researchers and practitioners who are designing and reporting 

on UDL implementation (Rao et al., 2018). The criteria highlight the critical features of UDL 

that should be reported in studies and establish guidelines for how UDL is defined, 

operationalized and implemented within practice (Rao et al., 2019). This dissertation was 
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conducted in conjunction with the UDL Reporting Criteria (Table 2-1) to guide comprehensive 

reporting practices and contribute to its research base (See Appendix J). 

Table 2-1.  

UDL Reporting Criteria 
 

1. Learner variability  
and environment 

2. Proactive and intentional 
design 

3. Implementation and 
outcomes 

UDL provides guidelines for 
addressing learner variability 
and designing learning 
environments that are 
supportive for all learners. 
The following criteria relate 
to the information provided 
on learners and the 
environment in relation to 
the use of UDL. 

An essential aspect of UDL is 
proactive and intentional design 
of curriculum, instructional, and 
educational environments. The 
following criteria relate to the 
use of UDL in the design phase. 

Information about how the UDL-
based practice is implemented and 
about outcomes related to UDL 
are provided. 

(a) Participant information 
Authors describe learner 
variability by providing 
● Description of 

participants and general 
variability factors 

● Information on specific 
participant 
characteristics 

(a) Addressing barriers and/or 
increasing access  
Authors provide a description of  
● Specific challenges or 

barriers a that the practice or 
intervention is intended to 
reduce or eliminate  

●  Issues of access being 
addressed by UDL  

This can include barriers and/or 
access related to the 
environment, curriculum, and/or 
instruction. 

(a) Description of 
implementation of 
practice/intervention  
Authors highlight information on 
the UDL based aspects of the 
practice and intervention. 
 
Authors describe how the UDL 
aligned practice or intervention is 
conducted/implemented.  

 

(b) Setting  
Authors describe the setting 
for the practice/intervention 
(e.g., inclusive classroom, 
grade level, type of school or 
university) 

(b) Designing to address 
variability 
Authors describe aspects of 
design that address variability. 
This can include a description of 
how flexibility, choice, or 
engagement will be addressed in 
the practice/ intervention. 

(b) Outcomes/findings in 
relation to UDL 
In addition to describing the 
overall outcomes of the 
intervention, describe UDL 
components in relation to 
outcomes for all and for specific 
learners (1a) as appropriate to the 
purpose/RQ of the study and the 
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inclusion of the UDL framework. 

 (c) Application of UDL 
guidelines and checkpoints 
Authors provide details about 
how and which of the nine UDL 
guidelines and/or the 31 
checkpoints are applied to their 
practice /intervention. This can 
include information on how UDL 
guidelines and checkpoints are 
applied to goals, assessments, 
methods, and /or materials. 

(c) Implications 
 
Authors describe implications of 
the outcomes/findings in relation 
to UDL-based aspects of practice/ 
intervention. 

 

A UDL Approach to Technology Integration 

Universal design for learning is often associated with technology (Zascavage & 

Winterman, 2009) due to how both work synergistically to achieve optimal and practical results 

(C. Hitchcock & Stahl, 2003). With an awareness of which features and affordances are available 

on various devices, apps and websites, teachers can fluidly integrate digital technologies into 

lesson design to provide increased choice and flexibility (Bryant et al., 2014). The UDL 

guidelines and checkpoints help teachers think about how different technological features can be 

used to address learner preferences (Ok et al., 2017).  

Several studies examined how UDL can be applied to tech-integrated curricula to 

leverage the affordances of digital environments. (Ok et al., 2017). These environments are a 

natural fit with UDL practices due to their customizable formats that can be modified based on 

the preferences of the user. Digital spaces that we work in everyday, such as word processing 

and presentation applications, provide multimodal options during the learning process (Rao, 

2015). Media within those environments can be tagged, marked, coded, transformed, tweaked, 

and spoken aloud (Rose & Meyer, 2002). For instance, when a student uses speech recognition to 
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compose an email on an iPad, the student can select the language that he or she would speak in 

and customize the font, color, spacing and size of the digital text that will subsequently appear. 

The student could also have the text spoken aloud once it appears. Speech recognition could be 

used as an alternate way for a student to express what she or he knows. Used creatively and 

thoughtfully, speech recognition technology can provide alternatives to traditional forms of 

action and expression, supporting skill acquisition in a variety of academic areas. 

There is a synergistic relationship between effective technology integration and UDL. 

UDL and SR can be used together to meet the challenge of working with such a diverse range of 

students. UDL principles support the use of cognitive tools in the form of digital technology and 

the opportunity to move at one’s own pace (Basham & Marino, 2013). Teaching students to use 

digital technology as a vehicle to meet curricular learning goals is much more productive than 

focusing on how the technology works (MacArthur et al., 1996).  

Technology Integration  

People can use technology to extend their brain power (Prensky, 2013). History has 

shown that humans have depended on external mind enhancements (writing, for example). The 

idea of integrating technology with our minds can be thought of as a kind of symbiosis, though 

some consider it to be a dependence (Prensky, 2013). This relationship between humans and 

technology is transforming traditional educational practices. Just as the calculator has 

transformed math education and text-to-speech has transformed reading education, speech 

recognition technology is transforming writing education. 

As school leaders have recognized the benefits of effective technology integration on 

student learning (Tamim et al., 2011), they have continued to increase teacher and student access 

to computers.  One of the most common solutions is school provided one-to-one computing 
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programs. Despite increased access to technology, educational outcomes are not necessarily 

improved  (Keengwe & Onchwari, 2011). What makes a posititve impact is how students use 

technology to achieve learning outcomes (Lowther et al., 2012). To fully integrate “the benefits 

of technology in our education system and provide authentic learning experiences for students, 

educators need to use technology effectively in their practice” (The National Education 

Technology Plan, 2017, p. 3).  

Technology integration is most effective when used in problem and project based tasks, 

and underpinned with constructivist pedagogy (Ertmer et al., 2012). These student-centered 

instructional models enable and encourage students to wield the technology “in the same ways, 

and for the same purposes, that professionals do” to solve problems, communicate, and 

collaborate” (Ertmer et al., 2012, p. 424). To act as professionals, students must develop thinking 

skills, and use the power of technology to tackle meaningful work. Teachers can guide students 

in this process by adopting innovative teaching strategies that reflect the demands of modern 

society (Howard & Thompson, 2016).  

Despite the improved access to technology, the growing research base supporting 

student-centered learning and authentic and problem-based tasks, pedagogical changes by 

teachers have been inconsistent (Lowther et al., 2012). Many teachers have adopted new 

technologies, yet they continue supporting traditional practices. As a result, researchers and 

educators have focused on examining the relationship between teachers’ pedagogical beliefs and 

meaningful technology use, specifically those which facilitated student-centered learning. A 

common pattern of results was found: teachers with constructivist beliefs tended to use 

technology to support student-centered curricula; those with traditional beliefs used computers to 

support more teacher-directed curriculum (Ertmer et al., 2012). 
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Teacher beliefs impact integration 

According to research, evidence that teaching practices result in meaningful learning 

outcomes needs to be shown before teachers attempt new student-centered practices (Ertmer & 

Ottenbreit-Leftwich, 2010).  Once teachers feel that a technology supports student learning 

outcomes, they will be more inclined to seek out ways to integrate that technology. As the value 

of how a technology can support student learning outcomes increases, so does the wanting to 

learn more about how to integrate that technology (Polly et al., 2010). Research supports that as 

teachers implement technology and have positive experiences with its use, they are more likely 

to seek out professional development related to that technology (Ertmer et al., 2012). 

According to Ertmer (2012), “Professional development should focus on increasing 

teachers’ knowledge and skills, which can then help increase their confidence and reduce the fear 

associated with using technology” (Ertmer et al., 2012; Ertmer & Ottenbreit-Leftwich, 2010). 

One approach to reduce fear is to provide teachers with ideas about how their students can assist 

them with technology. For example, students can explain how to troubleshoot common technical 

issues.  Ultimately, what it comes down to is that if teachers believe technology should be 

integrated and that they are capable of integrating it, then integration will happen (Park & 

Ertmer, 2007). 

Teacher adoption of technology 

The scaling of innovations was identified as one of the difficult challenges for schools to 

overcome (Horizon Report, 2017). To meet this challenge, several models have been designed to 

measure teacher adoption of new technologies. One theory, Diffusion of Innovations (E. M. 

Rogers, 2003), says that in order for a technology to be accepted, the technology must reach 

wide adoption among teachers, administrators, and school leaders. This model defines teacher 
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adoption of technology as becoming adept at a variety of approaches that support content 

delivery, learner support, and assessment (Adams Becker et al., 2017). This theory was originally 

designed for the field of agriculture which is less gradual and involves less trial and error. In 

schools, for users to adopt new technologies, it takes more time and may require new 

infrastructure such as 1:1 computing initiatives (G. E. Hall, 2010). 

Another model, called the Concerns Based Adoption Model (CBAM) identifies seven 

stages of concern (SoC) teachers face when adopting an innovation. The assumption of change 

as a process is embedded within the model (T. E. Hall et al., 2015). The CBAM proposed that 

integration of new technologies involved an implementation bridge composed of three 

constructs: levels of use, innovation configuration, and the affective construct of stages of 

concern. Over the years, the CBAM framework has been demonstrated as a feasible approach to 

describe, measure, and explain the experiences of those attempting to implement an innovation 

(Gabby et al., 2017).  

Alternative models for understanding how to design effective professional development 

for teachers adopting new technologies have been built around the theory of conceptual change. 

Examining teacher beliefs, knowledge and practices through the lens of conceptual change has 

been shown to guide the development of clear and efficient effective professional development 

(E. T. Berquist, 2013). 

Conceptual Change  

Teachers enter into professional development sessions with prior knowledge and beliefs 

(Sadera & Hargrave, 2005). These conceptions (knowledge and beliefs) impact their ability to 

process new information and solve problems as part of their teaching practice. Restructuring of 

these conceptions is referred to as conceptual change. Changing concepts related to teacher 
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practice may be difficult since a revision to one practice often causes a revision to another 

practice causing inconsistency between what they know and the new information being presented 

(Özdemir & Clark, 2007). Although teachers absorb new information and add new ideas to their 

knowledge base, they do not necessarily accept these ideas in exchange for their existing 

conceptions (E. T. Berquist, 2013). Changing existing conceptions through professional 

development can be a challenging task. 

Multiple perspectives exist on how conceptual change occurs, but most agree that the 

process requires participating in a learning experience that alters an existing conception, such as 

a belief, an idea, or a way of thinking (Posner et al., 1982). Conceptual Change Theory, 

originally established by American physicist Thomas Kuhn (1970) and Swiss psychologist, Jean 

Piaget (1985), proposes that in order for beliefs to change, learners must travel through four 

discrete stages: dissatisfaction, intelligibility, plausibility, and fruitfulness. These four stages 

compose the Conceptual Change Model (CCM) (Posner et al., 1982) and are described as 

follows: 

1. In the first stage, learners need to become dissatisfied with their existing 

conceptions prior to contemplating the acceptance of a new conception. 

2. In the second stage, the learner is required to grasp the limitations of their existing 

beliefs and view the new conception as an intelligibly structured solution to the 

current problem.  

3. In the third stage, the learner views the new conception as a plausible method to 

solve the current problem.  

4. In the final stage, learners must see the new conception as fruitful; the new 

conception is a means to also solve other problems (Posner et al., 1982)  
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According to this framework, “Dissatisfaction” occurs when learners lose confidence in 

their existing conceptual understanding and, therefore, become more receptive to replacing prior 

knowledge with a more plausible explanation. Dissatisfaction is a cognitive conflict that can lead 

individuals to seek additional explanatory information when attempting to resolve the conflict. It 

is the crucial factor in deciding whether learners will move towards accepting a new (Sadera & 

Hargrave, 2005).  

Based on the foundational work of the CCM, The Cognitive Reconstruction of 

Knowledge Model (CRKM) (Dole & Sinatra, 1998), includes dissatisfaction as a primary 

motivator for conceptual change. The model goes further to describe cognitive engagement as 

existing on a continuum from low to high. Low engagement is associated with surface-level 

processing, while high engagement is associated with “deep processing, elaborative strategy use, 

and significant metacognitive reflection” (p. 121). According to the CRKM, as the level of 

cognitive engagement increases so does the likelihood of conceptual change. Instructional 

interventions that incorporate deeper engagement with the message increase the likelihood of 

conceptual change occurring (Dole & Sinatra, 1998).   

 Existing literature shows that conceptual change approaches to professional development 

are beneficial to the experience of teachers and pre-service teachers (Akar & Yildirim, 2009; 

Dawson, 2007; Dawson & Dana, 2007; Miller et al., 2009) in various contexts. In one study, the 

conceptual change approach was used to help teachers develop new understandings of instruction 

and classroom management (Akar & Yildirim, 2009) and become more effective integrating with 

technology. In another it was used to help teachers to shift their beliefs about technology 

integration (Dawson & Dana, 2007). Some earlier studies examined the role of the computer in 

the classroom in relation to teaching and learning through the lens of conceptual change theory. 
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Results showed that participants transitioned through the stages of conceptual change at 

reasonable moderate to strong levels (Sadera, 2001). Due to the findings of this study, Sadera 

and Hargrave (Sadera & Hargrave, 2005) concluded that levels of dissatisfaction can be used as a 

helpful framework for designing instruction that positions teachers to integrate technology. “It is 

time for teacher education to accept the challenge and develop instruction based upon creating 

dissatisfaction and confronting existing conceptions systematically and rationally” (Sadera & 

Hargrave, 2005, p. 301).  

Conceptual Change Framework 

Stemming from the work of Kuhn (1970), Piaget (1985) and Posner (1982), Sadera and 

Hargrave (2005) created a model of conceptual change focused on the importance of overcoming 

three levels of existing dissatisfaction: pre-dissatisfaction, dissatisfaction and post-

dissatisfaction. This model can be used as a theoretical framework to examine teacher beliefs 

towards implementing speech recognition technology as part of the writing process. Prior 

research supports the use of this model for developing instruction that prepares teachers to 

integrate new technology (Sadera, 2001; Sadera & Hargrave, 2005) and instructional frameworks 

(E. T. Berquist, 2013).  

The three stage conceptual change model is reviewed to better understand how specific 

strategies can facilitate movement between each stage, with the end goal being accommodation, 

a state when learners come to the conclusion that their pre-existing conception is not appropriate 

for solving the problem and they view the new conception as intelligible, plausible and fruitful 

(Sadera & Hargrave, 2005).  

Within the context of this particular study, teachers presently in this stage have started 

gathering information about SR and see it as a plausible way to address the challenge of writing 
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proficiency. They may have begun to explore ways to integrate the technology into their practice. 

Teachers in this stage may see SR as having the potential to improve student writing and coexist 

with typing in harmony.  

 

Figure 2-2 Modified Conceptual Change Flowchart from (Sadera & Hargrave, 2005).  

Collaborative Professional Development (PD) 

Collaborative learning in the context of professional development of teachers has been 

studied according to two different group hierarchies: symmetrical and asymmetrical (Kuusisaari, 

2014).  
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Asymmetrical vs symmetrical 

Asymmetrical collaboration is where an authoritative figure such as a pedagogical expert 

or administrator provides mentoring while also involved in group discussion and shared learning. 

The authoritative figure usually has greater expertise, providing support and facilitation within 

the group. In contrast symmetrical collaboration is when the group participants have a similar 

level of expertise and work as equals. There are benefits and disadvantages of both group 

hierarchies (Kuusisaari, 2014). Asymmetrical design is supported by Vygotsky’s Zone of 

Proximal Development, a theory which describes how a more capable expert supports and 

challenges a novice to developmentally progress through collaborative learning. For 

collaborative learning to succeed within a symmetrical design, colleagues should challenge each 

other (Kuusisaari, 2014). 

In an educational setting, a common example of an asymmetrical collaborative learning 

group is one composed of teachers and specialists or researchers whose shared purpose is to 

design curriculum. This type of collaborative process gives teachers a chance to reflect and 

discuss the purpose and impact of the changes with the experts. Teacher reflections stem their 

existing personal knowledge and beliefs, practice and goals for student learning (Parke & Coble, 

1997). The interaction with colleagues and external experts can both deepen and challenge the 

teachers’ reflections (Borko, 2004) which can improve teacher practice, attitudes or beliefs 

(Cordingley & Bell, 2005; Voogt et al., 2015).  Results from two case studies highlight the 

importance of experts providing opportunities for teachers to design with contextual knowledge 

throughout the entire design process (Voogt et al., 2015), while also making discussions of 

theory related to the design of instructional activities a priority(Cober et al., 2015).  
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When teachers learn through the process of collaboratively designing instructional 

content, they become agents of change, engaged in the creation of activities and materials to 

improve student learning” (Voogt et al., 2015). As agents of change, teachers go through the 

process of identifying problems and negotiating different interpretations that could serve which 

lead to collective conceptual growth and improved learning practices (Greeno, 2011).  

Participatory Design and Co-design 

“Participatory design” has emerged as a methodology where the development of 

innovations are tailored to end-user groups by including those users in various phases of the 

design process. The methodology has been influential in shaping current research practices that 

include teachers in design processes (Penuel et al., 2011). Having teachers involved as 

participatory designers in the co-creation of technology-enhanced learning environments brings 

unique and valuable perspectives on the role of technology in education (Cober et al., 2015). 

Educational researchers have engaged teachers as participants in the design of educational 

innovations, guided by the reasoning that such inclusion will yield more ecologically 

appropriate, viable, and resonant materials and activities  (Cober et al., 2015).  

“Co-design” is a methodology for developing innovations for learning and instruction in 

real-world classrooms (Penuel et al., 2011). In Co-design, a dynamic partnership is formed 

among teachers, researchers and technology specialists. This team of individuals contributes to a 

conversation about the innovation being developed and how it will lead to desired research and 

learning outcome. Through a collaborative process, curriculum and supporting technologies are 

designed and developed, with the resulting innovations implemented within the participating 

teachers’ own classrooms. The Co-design methodology aligns with the principles of design-

based research because the innovation is carefully tailored to the classroom setting in which it is 
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being investigated (Penuel et al., 2011) Similarly to participatory design, Co-design is focused on 

finding the right fit between technology innovations and classroom practice. (Cober et al., 2015) 

Zone of proximal development (ZPD) 

Oxford (1997) explains that collaborative learning is based on social constructionism, 

which advocates that learning is the acculturation into knowledge communities. Collaborative 

learning is the construction of knowledge within a social context in which a learner interacts with 

‘more capable others’ (Oxford, 1997, pp. 443–444). This idea comes from Vygotsky's (1986) 

sociocultural theory which asserts that learning occurs through social interaction between people 

who often hold differing skill or knowledge levels. Vygotsky also developed the idea for the 

Zone of Proximal Development (ZPD), which can be used as a tool for understanding the process 

of collaborative knowledge creation. The ZPD is defined as the distance between the actual 

developmental level as determined by independent problem solving and the level of potential 

development as determined through problem solving under guidance or in collaboration with 

more capable peers’. The crucial foci of Vygotsky's ZPD theory are (1) collaboration between 

capable peers, (2) fruitful interconnection of theoretical concepts and everyday experience, and 

(3) meeting the goal of change in a collaborative process (Kuusisaari, 2014). As described above, 

the Vygotskian approach clearly emphasizes the importance of collaboration in learning.  

More and more schools have incorporated collaborative co-teaching models in order to 

provide additional knowledge and expertise to address the instructional needs of their students 

(Garderen et al., 2009; Molly Gamble & Authors, 2017). 
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Professional Coaching & UDL 

In their UDL Strategy Guide for implementation, CAST recommends a professional 

coaching and facilitation approach for UDL implementation (Rose et al., 2014). Potential in-

house UDL coaches can come in the form of specialized teachers, often referred to as “coaches”, 

“specialists” or “resource teachers” (Dean, 2014)  who  collaboratively plan lessons and co-teach 

with various classroom teachers to support and enhance their efforts.  A typical responsibility of 

these individuals is to provide professional coaching to teachers in order to help them integrate a 

new technology or instructional practice in their classroom.  

This kind of “team instructional design”, a collaborative effort among faculty and 

sometimes researchers have shown to be especially beneficial for designing and implementing 

UDL-based lessons (Browder et al., 2008; Dymond et al., 2006; Katz, 2013).  Based on her 

research, Dymond (2006) made six recommendations for engaging in collaborative UDL-based 

instructional design:  

1. establish a realistic timeframe—start small and give stakeholders time to adjust 

2. involve all stakeholders in the process  

3. use lesson plans to develop and communicate UDL changes  

4. ensure that appropriate supports are available 

5.  provide structure to support students who prefer it  

6. evaluate the impact of the redesign, collect data, and refine the process of UDL-based 

design.  

Additional support for teachers engaging in collaborative design can be found in an in-

depth document from the UDL-Implementation and Research Network (2014) titled Universal 

Design for Learning: Recommendations for Teacher Preparation and Professional Development. 
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This paper provides a detailed blueprint for teacher professional development, including a rubric 

to quantify teacher understanding of UDL and the instructional planning they received (Israel et 

al., 2014). This comprehensive approach can be helpful for teachers that are new to working with 

UDL.  

Collaborative design with UDL is often an iterative cycle where teachers reflect on their 

students’ successful learning experiences, consider how to address the instructional barriers that 

remain, and also plan forward (Rose & Meyer, 2002). Through a reflective process, teachers can 

become more comfortable with UDL and as a result, become more effective in its 

implementation (Coyne et al., 2012).  

The purposeful, reflective, and iterative approach to designing with UDL can be 

compared to the work of designers and engineers. In one study, after designing lessons through 

this approach, teachers talked about themselves as “learning engineers”(Nelson & Basham, 

2014). They viewed themselves as designers of solutions focused on breaking down barriers 

through a process of problem-solving and iterative design. Two leading researchers in the field 

of UDL, Basham and Marino (2013), explain that an engineering style approach can be valuable 

to the implementation of UDL since teachers engaging in this process have shown to possess 

certain habits of mind that are characteristic of engineers including: systems thinking, creativity, 

optimism, and attention to ethical considerations (Basham & Marino, 2013). These habits of 

mind combined with a systematic application of UDL framework can provide students with 

possibilities to become more capable of making educational gains that ‘few thought were 

possible’ (Meyer et al., 2014; Nelson & Basham, 2014).  A conceptual model that practitioners 

can use to guide an iterative approach to UDL-based instructional design is The UDL Design 

Cycle by Rao & Meo (2016).  
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The UDL Design Cycle 

The UDL Design Cycle is a simple, intuitive, descriptive step-by-step process for UDL-

based lesson planning. The UDL Design Cycle consists of six steps: (a) identify the challenges, 

preferences, and needs of learners in relation to the skills and content they are required to learn; 

(b) establish clear learning goals for the students; (c) design flexible assessments in relation to 

each goal; (d) consider the strategies and tools to incorporate into the lesson; (e) implement the 

lesson; and (f) reflect and revise. 

 

 

Figure 2-3. The UDL Design Cycle (Rao & Meo, 2016) 
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In order to provide an in-depth understanding of the features and functions of the UDL 

Design Cycle, each step is reviewed. In the first step of the UDL design cycle, teachers identify 

the barriers, preferences and needs of learners. Teachers are guided to think about what content 

they are planning to teach and which barriers students may face. For example, students learning 

to use Speech Recognition may have trouble with oral expression, and prefer to type. Student 

needs and individual preferences may affect a student’s level of engagement, and as a result, 

impact their ability to learn. In relation to the subject-area content, learners are often more 

engaged if the content is relevant to their personal needs and unique experiences. Students’ 

cultural and background knowledge are also valuable sources of information that can be drawn 

upon academically. These “funds of knowledge” can be activated by encouraging connections to 

students’ prior knowledge and cultural and familial traditions (Molly Gamble & Authors, 2017) 

This first step of the UDL design cycle allows the teacher to intentionally start thinking about 

how to plan a lesson to increase flexibility and engagement based on students’ needs and 

preferences.  

In the second step of the UDL Design Cycle, the design team establishes clear learning 

goals for the students. The goal statement can serve as the foundation of the lesson plan and is a 

product of grade-level curriculum objectives. When using the UDL design cycle, it is important 

to state specific goals in a way that allows for flexibility in their completion (Ralabate & Lord 

Nelson, 2017). This approach allows students to develop a greater level of mastery in ways that 

they are best suited for. For example, a verb such as “write” in a goal statement may constrict 

students, whereas a more flexible term such as “describe” invites students to express what they 

know in a variety of ways instead of just in writing. When the goal is for students to write, as in 
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the case of this study, teachers can offer a variety of writing strategies and tools that offer 

students flexibility and support as they write.  

The third step of the design cycle requires that the design team collaborate to design 

flexible assessments in relation to each goal. Specifically, they develop each lesson goal for the 

team and will identify at least one assessment in order to assess how students are moving 

towards achieving that goal. An assessment that offers flexibility allows students to show their 

understanding of concepts and their progress towards reaching the goals in various ways 

(Ralabate & Lord Nelson, 2017). For example, for students who may not yet be comfortable 

thinking and writing independently, an assessment could include the option to communicate 

orally with a partner before writing to plan out what they will include. This way the student can 

practice expressing what they know and to build confidence in themselves. 

In the fourth step, Materials and Methods, the design team works together to consider the 

strategies and tools that they would like to incorporate into the lessons. Herein, they select 

strategies and tools to best address barriers, preferences, and learning difference needs while 

supporting students in the pursuit of their goals. Furthermore, the provision of a clear rationale 

for the project and the materials and methods involved will help to optimize relevance, value, 

and authenticity (CAST, 2018).  

Strategies can also involve choosing the format of instruction (e.g., presentation, 

discussion, group work), where the instruction takes place, and the tasks that students perform to 

learn and practice skills. The team critically investigates and thoroughly describes what 

instructional strategies the teacher has already been using and how UDL can be used to 

incorporate flexibility into these strategies so that they address the various students in the class. 

During this step, the researcher describes how the UDL checkpoints might offer a menu of 
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options for teachers to choose from as they think about how to offer additional flexibility and 

support for students. For writing practice, these supports could include guiding questions, 

sentence starters, and graphic organizers where students can fill in to organize their ideas (Rao & 

Meo, 2016).  

As part of the planning for which strategies to implement, the project team of this study 

will also choose the resources and tools that will be used to support the instructional process. 

These resources may include any existing materials that could range from pencils and 

worksheets to computers and tablets. The team will also discuss and note how they can possibly 

provide students with specific materials that offer students flexibility in their use to address a 

variety of modalities during the learning process. This means that the teaching team can also plan 

how to provide appropriate instruction on the use of materials (for example, if students are using 

a feature in a writing app such as SR, teachers should consider how much guidance they need 

and how often they need to do periodic checks as students use the technology.) These efforts 

could possibly create the opportunity for a shared mini-lesson on the process for completing the 

writing task and a demonstration of how SR, along other features of the writing app, can be used 

in order to complete tasks. Teachers in this study will be encouraged to share their personal 

experiences and nuances with the technology. To ensure that students had a range of choice in 

how to respond to the writing prompt, teachers, as participants in this study, can provide 

additional models of responses. The teacher might also provide a handout with key dictation 

phrases and tips for using SR to complete the writing task. Demonstrating and encouraging 

hybrid approaches to writing that incorporate several features of the writing app can offer 

additional flexibility to students.  
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Beware Barriers to Design  

Using the UDL guidelines can provide teachers with an array of compelling options when 

thinking about their instructional goals, methods, materials and assessments (Basham & Marino, 

2013; T. E. Hall et al., 2012; Meo, 2008). An interactive site focused on the 31 specific “UDL 

checkpoints” can be found on the National Center for UDL website (CAST, 2018). The page 

also provides definitions and descriptions of the checkpoints as well as instances of how they can 

be operationalized for curriculum design. The checkpoints are backed by empirical evidence and 

serve as specific practices that have proven to be effective in breaking down barriers to learning 

(Ok et al., 2017) However beneficial, the use of the guidelines and checkpoints should be 

approached with care. Teachers can become overwhelmed by many instructional choices as 

described by Israel, Ribuffo, and Smith (2014). 

Another challenge that may arise is that the UDL framework encourages teachers to 

move beyond the style with which they are most comfortable (e.g., lecture) and incorporate 

additional or innovative learning designs (e.g., collaborative grouping) (Nelson & Basham, 

2014). Using “concrete strategies for implementation” (p. 21) as described, for instance, in each 

phase of the UDL Design Cycle, are recommended to overcome this challenge. The UDL Design 

Cycle provides teachers with specific ideas and clear strategies for how to operationalize UDL as 

part of their existing lessons (Rao et al., 2016).  

A third challenge, noted, was the perpetual issue of not having enough time. Integrating 

UDL into the curriculum can be a time-consuming process since providing flexible options can 

require various iterations. As a result, one challenge teachers may face when collaborating to 

design lessons is a lack of time. Having coaches or other experts who assist teachers with the 

design process can be key to maintaining a manageable timeframe (Ganley & Ralabate, 2013) as 
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well as provide support and guidance during the process. Research shows that in some instances, 

even after only a one-hour workshop in UDL, teachers were able to effectively incorporate UDL 

principles in their lesson planning (Spooner et al., 2007).  

Summary 

This review of the literature illustrates how the Universal Design for Learning framework 

is defined, operationalized, and can be implemented within a K-12 setting. It also outlines how 

teachers can engage in a collaborative instructional design process using Universal Design for 

Learning. A UDL-based instructional module for learning to use SR for writing includes multiple 

pathways and flexible options for students to engage with content and to develop their skills.  
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Chapter 3. Paper 1 

Abstract 

Speech Recognition (SR) has been used as a technology tool to support students with 

writing, but how has student use of SR been documented in schools and to what extent has it 

been studied? This article presents a review of thirteen empirical studies conducted between 

1995 to 2018 on the use of SR in K-12 and higher education environments. The goals of this 

paper include: (a) identifying the research designs and methods researchers have used, (b) 

understanding how SR has been used by students and (c) learning about the impact of SR on 

student writing ability. Results indicated that researchers have used a variety of research designs 

and methods to study outcomes of SR use. Overall findings suggested that SR can support 

students by offering a means to improve the quality and fluency of their writing. An important 

implication of this study was that students can use SR as an alternative medium to compose text 

while learning new writing strategies. This is crucial, since the way in which a student completes 

a writing task can influence their outcome of success, and SR provides students with yet another 

way to learn how to write beyond using a keyboard or pencil and paper.  

Keywords: speech recognition, dictation technology, speech-to-text, writing, school, literature 

review 

Introduction 

In the past few decades, the proliferation of digital devices has changed how we write. We are 

now more likely to type on a keyboard than to write on paper (Warschauer et al., 2013). The shift 

from using physical tools like paper and pen, to using digital tools such as laptops and tablets, 

has given us ready access to tools that can change how we write and support the process of 
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generating written text (Goldberg et al., 2003; Lenhart et al., 2008; L. A. Rogers & Graham, 

2008).  

Writing matters. Little doubt exists that writing ability is key to student success in school, 

college, and career (Graham & Hebert, 2010) and may be one of the most important skills for 

enhancing the quality of life of students (Dymond et al., 2006). With the increasing prevalence of 

communication using digital tools, writing competence is expected in an increasing amount of 

job roles (Graham, 2013). Today’s students are entering a knowledge-based economy in which 

the majority of jobs demand extensive written communication (Trilling & Fadel, 2009). Entry-

level jobs now require a higher level of literacy skill than they did in the past decade and this 

trend is accelerating (Gordon, 2009).  

Despite the importance of writing, there are significant concerns about literacy education 

in our K-12 schools. The National Assessment of Educational Progress (NAEP), also known as 

‘the nation’s report card’ asserted that roughly 75% of 8th and 12th graders were not proficient 

in writing (National Center for Education Statistics, 2012). This is not much of an improvement 

from the NAEP 2007 results, which showed roughly 70% of eighth-grade and twelfth-grade 

students performing at or below the basic level in writing (National Center for Education 

Statistics, 2008). Studies of writing instruction in elementary, middle and high schools indicated 

that little time was spent teaching writing, students were not engaged in academic writing, and 

students were frequently not using computers to write (Applebee, 2011; Brindle et al., 2016; 

Gilbert & Graham, 2010). 

Features of digital environments support the writing process  

Technology tools can play a pivotal role in helping struggling writers (Lee, 2011; 

MacArthur, 2009). The flexibility of digital environments empowers students to use various 
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features and to “design” their own personalized writing tools (Bray, 2013). When using word 

processing applications (e.g., Google Docs) we can avail of many options for customization that 

facilitate drafting text (Goldberg et al., 2003; L. A. Rogers & Graham, 2008). For example, we 

can easily modify the font, size, color and spacing of words. Writers can also overcome 

challenges associated with writing on paper, transcending issues of handwriting. Using digital 

tools, writers can capture thoughts and edit them dynamically (e.g., cut and paste to reorganize 

text) and overcome issues with illegible handwriting. In addition to modifying the physical look 

of written text on screen, digital environments offer built-in features to support writers during the 

various stages of the writing process. Word prediction tools facilitate the flow and can help 

individuals with spelling. Grammar and spell check can help identify errors and make editing a 

less tedious process. Using text to speech, writers can listen to what they have written, a helpful 

feature during the editing process. With the click of a few buttons, writers can share their work 

with colleagues who are provided a number of constructive feedback features that facilitate 

commenting and making in-text suggestions. These technology based supports for writing can 

provide helpful writing support for any who need it (MacArthur & Cavalier, 2004).  

Speech recognition technology 

Speech Recognition Technology (SR) is a powerful tool that is built into the operating systems 

of computers and mobile devices (Hwang et al., 2012; Shadiev et al., 2014). SR (also referred to 

as voice recognition technology) enables a person to control their computer with their voice 

rather than via the keyboard. The most common uses of SR are ‘command and control’ and 

‘dictation’. With command and control, the user can initiate commands, to navigate between 

apps, perform a search for specific information or set a timer. With dictation, users can compose 

digital text on screen by speaking aloud. In the past few decades, SR has been used extensively 
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in the medical and legal professions (O’Hare & McTear, 1999) and has been used for individuals 

with physical limitations preventing them from typing. In this review, the authors focus on the 

use of SR for writing compositions, as opposed to generating small amounts of text for a web 

search or text message. The goal of the study is to better understand how this technology can 

help students to become more proficient writers. 

Although some research exists on the use of SR for writing in educational settings, most studies 

focused on students with learning disabilities (Lee, 2011). More information is needed on the 

ways this tool can support writing for a variety of learners (Haug & Klein, 2018). Research in 

educational settings showed that SR can assist students in developing writing proficiency by 

increasing spelling accuracy (Mader, 2007; Raskind & Higgins, 1999) and writing speed (Snider, 

2002), while also allowing students to create significantly longer and more fluid pieces of 

writing (Quinlan, 2004; R. Roberts, 1999) with more mature vocabulary and less anxiety 

(Higgins & Raskind, 1995; Millar et al., 2005). Researchers have observed that students using 

SR wrote higher quality essays (MacArthur & Cavalier, 2004; Mader, 2007). Evidence also 

showed that SR increased student confidence in writing (Toll, 2014), which can thus increase 

motivation to write (Hwang et al., 2012; Shadiev et al., 2014). The benefits of SR are amplified 

by its connection with other features of digital writing spaces such as text-to-speech (TTS) , 

allowing writers to easily read what they have written.  

Purpose and research questions 

The purpose of this research review was to examine the literature on SR as support for 

the writing process. This review included empirical studies and dissertations that examined the 

use of SR technology in elementary, secondary and postsecondary settings. We examined the 

extant literature guided by the following research questions: 



 

 79 

1. Which research designs and methods have researchers used to investigate use of 

SR technology to support writing of K-12 and postsecondary students?  

2. How has SR technology been used to support writing for K-12 and postsecondary 

students?  

3. What are the effects of using SR technology for supporting writing of K-12 and 

postsecondary students?  

 

Methods 

Search procedures and inclusion criteria 

To identify articles for this literature review, we searched using educational databases 

including Academic Search Complete, ERIC, PsycInfo, and Proquest. In the databases, we used 

the following primary keywords for the search: “dictation technology”, “speech-to-text”, “speech 

recognition” and “voice recognition”. With each of these primary keywords we included 

secondary keywords including: “K-12”, “school”, “education”, and “writing”. The search results 

in 148 studies. After reviewing the titles and abstracts of these studies, 20 studies were selected 

for further review to determine if the studies met all for the following inclusion criteria:  

1. Studies published in peer-reviewed English language journals or doctoral dissertations  

2. Studies that were published prior to September 2018, when the search took place. 

3. Studies that investigated the use of SR as part of the writing process (plan, draft, revise, 

edit, share) in educational settings. The independent variable needed to be SR and the 

dependent variable had to relate to the writing process. 

4. Studies that were empirically based and used experimental, mixed methods, qualitative, 

and single subject research designs.  
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5. Studies that had a sample of K-12 or post-secondary students. 

As part of our search, we also conducted an ancestral search using the reference section 

of previous literature reviews on this topic (e.g., Shadiev et al., 2014) to check if we included all 

possible articles. . Consequently, we identified a total of 13 studies that met the inclusion criteria 

for this literature review. These studies included four doctoral dissertations (Lee, 2011; Mader, 

2007; K. Roberts & Stodden, 2005; Snider, 2002) and nine articles published in peer reviewed 

journals (Day, 1995; Higgins & Raskind, 1995, 1999; MacArthur & Cavalier, 2004; Millar et al., 

2005; Raskind & Higgins, 1999; R. Roberts, 1999; Wetzel, 1996). 

Coding procedures and inter-rater reliability 

A coding sheet was developed using Excel to code each article. First, we discussed and 

determined the coding categories that we were looking for based on our research questions. This 

discussion ensured that we had a shared understanding of the information we would be focused 

on in each study. Based on the discussion, we decided to have the following eight coding 

categories: research design, participants, setting, duration, SR type, SR use, dependent variables, 

and key findings. In order to evaluate inter-coder agreement, three coders were trained and 

independently coded 3 articles (23%) selected at random (Miles et al., 2014). Inter-rater 

reliability was calculated using the following formula: number of agreements/number of 

agreements plus disagreements × 100. Reliability, the percentage of agreement across codings, 

was calculated to be 95%, an acceptable level of agreement reported for literature reviews 

(Orwin et al., 1994). The coders reconciled all discrepant codes by reaching consensus after a 

discussion on those areas.   
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Results 

In Tables 3-1 and 3-2 we report results for our 3 research questions. Table 3-1 includes 

information related to research questions 1 and 2. Table 3-2 presents overall findings based on 

the studies reviewed.  

Overall features of the studies 

Table 3-1 
 
Summary of Design and Participants 

 

Study Design Participants 

(Day, 1995) Repeated Measures 3 students, ages 19 -36 

(Higgins & Raskind, 1995) Experimental 29 students in college and post-grad 

(Higgins & Raskind, 1999) Experimental 52 students in k-12 

(Haug & Klein, 2018) Experimental 45 students in grade 5 

(Lee, 2011) Single Case 4 students in grades 3-5 

(MacArthur & Cavalier, 2004) Repeated Measures 31 students in grades: k-12 

(Mader, 2007) Mixed Method 3 students in grades: 6,7,9 

(Millar, McNaughton, & Light, 2005) Single subject 3 students in college and post-grad 

(Raskind & Higgins, 1999) Experimental 39 students in grades: K-12 

(Roberts & Stodden, 2005) Mixed Methods 15 students ages: 19-55 

(Roberts, 1999) Experimental 12 students in grades 5-8 

(Snider, 2002) Experimental 16 students in college 

(Wetzel, 1996) Exploratory Case 3 students in grades 5- 6 
 
 

Table 3-1 summarizes information related to the design and participants of each of the 13 studies 

included in this review. Studies were published between 1995 and 2018. Each study described 

the use of SR for writing with students in K-12 education and postsecondary settings. Eight of 
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the studies (61%) involved students in K-12 (Haug & Klein, 2018; Higgins & Raskind, 1999; 

Lee, 2011; MacArthur & Cavalier, 2004; Mader, 2007; Raskind & Higgins, 1999; R. Roberts, 

1999; Wetzel, 1996) and five of studies involved students in postsecondary settings (Day, 1995; 

Higgins & Raskind, 1995; Millar et al., 2005; K. Roberts & Stodden, 2005; Snider, 2002). 

There were 246 participants (155 males, and 91 females) across all studies. More than 

half of the studies (7 of 13) did not report participants’ ethnicity. Of those that did report 

ethnicity, caucasian was by far the most in each study. Of the total amount of students with 

reported ethnicity, 75% were caucasian. One study (Haug & Klein, 2018) focused on students in 

a general class setting, the remaining 12 of the 13 studies focused on kids that were reported to 

have learning disabilities. Eight of the 13 studied did not provide any socio-economic data 

(SES). Three of the thirteen articles included information about the socioeconomic status of 

participants (SES) and they varied from lower to upper-middle class families. Two studies (Haug 

& Klein, 2018) provided schoolwide SES data, which varied from a poor district with free and 

reduced lunch status. 

All of the studies took place in the U.S. with one study taking place in Canada (Haug & 

Klein, 2018). The studies were conducted at universities, community colleges, high schools, 

middle schools, elementary schools, learning centers, and reading clinics. Student writing 

sessions took place in classrooms, computer labs, libraries, and break-out rooms. The durations 

of writing sessions varied from study to study. Most writing sessions lasted between 45-50 min 

and were conducted bi-weekly or weekly and lasted between 2-16 weeks. In one study that used 

an experimental design (Haug & Klein, 2018), students received a pre-and post-test that lasted 35 

min. In each of the studies, students were required to train the technology to better understand 

their voices.  
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RQ 1: Research designs and methods  

Research designs included 8 quantitative designs ( 5 experimental, (Haug & Klein, 2018; 

Higgins & Raskind, 1995, 1999; Raskind & Higgins, 1999; Snider, 2002) and 2 single-subject 

designs (Lee, 2011; Wetzel, 1996). Additional research designs included an exploratory design 

(Wetzel, 1996), two mixed methods designs (Mader, 2007; K. Roberts & Stodden, 2005) and 

two repeated measures designs (Day, 1995; MacArthur & Cavalier, 2004). The rigor of these 

research designs varied. Huag and Klein’s (2018) study used a true-experimental design with 

random selection, also known as a randomized controlled trial (RCT), the type of study cited as 

the highest standard for research on the effectiveness of a treatment or practice (Baron, 2004). 

RQ 2: How speech recognition was used  

SR use was organized by two categories: (a) the type of SR used and the (b) the way it 

was used (See Table 3-1). Two studies used only Dragon Dictate (Day, 1995; Higgins & 

Raskind, 1995). Six studies used only Dragon Naturally Speaking(Haug & Klein, 2018; Lee, 

2011; MacArthur & Cavalier, 2004; Mader, 2007; Millar et al., 2005; K. Roberts & Stodden, 

2005) and five studies used only Voice Type (Higgins & Raskind, 1999; R. Roberts, 1999; 

Snider, 2002; Wetzel, 1996) In the study by (Higgins & Raskind, 1999) all three of the programs 

mentioned above were used.  

One study of the 13 focused on student use of SR to transcribe texts (Millar et al., 2005), 

while the other 12 studies focused on student use of SR to compose (draft). The studies that 

focused on drafting compositions included a variety of diverse writing tasks. Some studies 

offered little structure for what was expected and allowed students to self-select their topics 

(Higgins & Raskind, 1995, 1999; Raskind & Higgins, 1999) while other studies provided 

students with a topic or a selection of topics. Students were asked to draft narratives (Lee, 2011; 
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Wetzel, 1996), argumentative essays (Day, 1995; Haug & Klein, 2018; MacArthur & Cavalier, 

2004), expository essays (K. Roberts & Stodden, 2005; Snider, 2002), and stories (Mader, 2007; 

R. Roberts, 1999). In a number of studies the writing prompts closely mirrored the ones found on 

standardized exams (Higgins & Raskind, 1995). The amount of writing with SR required by 

students varied from a single draft, to three drafts, to six drafts. In the one study focused on 

transcription, students read texts from college textbooks by speaking them aloud into a word 

processor (Millar et al., 2005).  

RQ 3: Effects of using speech recognition for writing  

In Table 3-2, we present an overview of the findings across 13 studies. Key findings 

focused on the impact of SR on the quality and fluency of written compositions as well as some 

noted implications for practice. 
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Table 3-2.  

Summary of Findings  

Category Findings 

Design 

8 quantitative designs (5 experimental, (Haug & Klein, 2018; Higgins & Raskind, 
1995, 1999; Raskind & Higgins, 1999; Snider, 2002) 
2 single-subject designs (Lee, 2011; Wetzel, 1996) and an exploratory design 
(Wetzel, 1996) 
2 mixed methods designs (Mader, 2007; K. Roberts & Stodden, 2005) 
2 repeated measures designs (Day, 1995; MacArthur & Cavalier, 2004) 

Participants 

246 total participants (155m, 91f) across all studies. 
Of studied that reported ethnicity, 75% were caucasian. 
12 of the 13 studies focused on kids that were reported to have learning disabilities. 
2 articles included information about the socioeconomic status of participants 
(SES) and they varied from lower to upper-middle class families. 

Setting 

12 studies took place in the U.S. 
1 in Canada (Haug & Klein, 2018). 
Study sites included universities, community colleges, high schools, middle 
schools, elementary schools, learning centers, and reading clinics. 
Student writing sessions took place in classrooms, computer labs, libraries, and 
break-out rooms. 
Durations of writing sessions varied from 45-50 min and were conducted bi-weekly 
or weekly and lasted between 2-16 weeks. 

SR Type 
and Use 

Dragon Dictate (Day, 1995; Higgins & Raskind, 1995). 
Dragon Naturally Speaking (Haug & Klein, 2018; Lee, 2011; MacArthur & 
Cavalier, 2004; Mader, 2007; Millar et al., 2005; K. Roberts & Stodden, 2005) 
Voice Type (Higgins & Raskind, 1999; R. Roberts, 1999; Snider, 2002; Wetzel, 
1996) 
1 study used all three types (Higgins & Raskind, 1999) 

Dependent 
Variables 

Recognition accuracy, total words written, maturity of vocabulary, frequency of 
varied vocabulary, holistic quality, number of multisyllabic words, time, text 
production rate, number of elements of the genre, coherence, number of pieces 
written. 

Key 
Findings 

Student’s fluency of writing increased when using SR compared to when using 
paper and pencil (Lee, 2011; R. Roberts, 1999) and typing (Snider, 2002). 
SR improved the quality of written compositions (Day, 1995; Higgins & Raskind, 
1995; MacArthur & Cavalier, 2004; Mader, 2007; Snider, 2002). 
Student’s use of SR for writing improved that student’s ability to read and correctly 
spell words when handwriting (Higgins & Raskind, 1999). 
SR use allowed students to focus more on content generation than mechanics 
(Higgins & Raskind, 1995; MacArthur & Cavalier, 2004; Mader, 2007; Millar, 
2005). 
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Quality of writing - vocabulary and spelling. Five studies among the 13 articles 

reported that SR improved the quality of written compositions (Day, 1995; Higgins & Raskind, 

1995; MacArthur & Cavalier, 2004; Mader, 2007; Snider, 2002). To evaluate quality of 

compositions, Mader (2007) examined variables such as words written, words spelled correctly, 

syntactic complexity and maturity of vocabulary. Using both quantitative and qualitative 

approaches, Mader determined that the quality of written compositions improved when using SR 

instead of handwriting. Snider’s findings were similar, but instead of comparing SR with 

handwriting, Snider (2002) compared the use of SR to typing on a keyboard. He evaluated the 

quality of writing of his participants holistically, concluding that “SR is a superior method to 

write compared to keyboarding as indicated by measures of quality” (2002, p. 102).  

Snider (2002) and Mader’s (2007) findings correspond with the findings of MacArthur 

and Cavalier (2004) and Day (1995) who also concluded that students generally produced higher 

quality essays when using SR when compared with handwriting. An interesting finding by 

MacArthur and Cavalier (2004) was that students who were identified as “fluent writers” with 

handwriting seemed to have benefited less from using SR than students who were identified as 

“struggling writers” with handwriting. In this study, high school students divided into these two 

groups composed essays in three conditions (handwriting, dictation to scribe, and using SR). The 

“struggling writers” achieved scores higher in holistic quality using SR than handwriting, while 

students who were identified as fluent writers with handwriting showed no significant gains in 

quantity or quality with the use of SR (MacArthur & Cavalier, 2004).  

The maturity of vocabulary was a measure used to determine the quality of writing by a 

number of researchers (Higgins & Raskind, 1995; Mader, 2007). To evaluate the quality of 

writing, Mader (2007) used a method called The Curriculum-Based Approach of Written 
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Expression (CBE-WW). His findings showed that participants used more mature vocabulary 

when using SR as opposed to handwriting. Findings were similar to those of (Higgins & 

Raskind, 1995) that took a more holistic approach. Students in this study achieved higher 

vocabulary scores, measured by increased use of words of seven letters or more when using SR. 

Participants in this study reported that without the help of SR, a typical writing strategy for them 

was to substitute a "baby" word for the word they really wanted to use to avoid the 

embarrassment of spelling it incorrectly (Higgins & Raskind, 1995).  

Spelling accuracy is another variable linked to the quality of writing (Mader, 2007; R. 

Roberts, 1999). In handwritten or typed texts, common spelling errors include misspellings (e.g. 

pidgen for pigeon), word boundary errors (represented by incorrect spaces between words, e.g. 

“a round” for around or “alot” for a lot), and homophone errors (words that sound the same but 

are spelled differently, e.g. there/their). On the other hand, text generated by SR is never 

misspelled, and will be unlikely to include homophone or word boundary errors due to the 

system’s language model processing. The language model of SR provides statistical information 

on probable word sequences in any given context. It allows the acoustic speech engine to 

distinguish between words that are acoustically identical, such as `to', `too', and `two' (Huang et 

al., 2014; O’Hare & McTear, 1999).  

Because of these differences, it can be tricky to compare spelling accuracy between 

compositions typed or handwritten with those composed with SR, though some researchers have 

attempted it. In Robert’s (1999) study, for example, the raters determined spelling errors by 

dividing by composition length by total number of misspelled words to give an errors-per-word 

measure. SR “misspellings” were determined by words used in the wrong context. The result was 

that participants using SR wrote compositions with half the spelling errors as opposed to when 
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they wrote handwritten pieces. Studies by both Mader (2007) and Day (1995) also found that 

students who used SR had fewer spelling errors than those who wrote by hand. Roberts and 

Stodden (2005) sought to discover which types of students benefit most from the use of SR. 

Findings indicated that SR helped students who had challenges with written language, 

specifically with spelling.  

Higgins and Raskind’s (1999) study at a K-12 private school in California resulted in 

some notable outcomes. The researchers found that a student’s use of SR for writing actually 

improved that student’s ability to read and correctly spell words when handwriting. In this 

experimental study, the SR groups showed significantly more improvement than the control 

(keyboard) group in word recognition, spelling and reading comprehension. The authors inferred 

that the improvement was due to the bimodal nature of using SR. Saying the word, then seeing it 

appear, consolidated phonemic-graphemic relationships through paired association learning. 

Another aspect of SR that may have helped improve reading was when speaking to generate text, 

the students closely monitored the screen to make sure the correct world was shown, requiring 

them to study the words they were speaking. Additionally, when the SR system detected a 

possible recognition error, it would provide a list of alternative words, requiring students to do 

even more reading (Higgins & Raskind, 1999). 

Writing fluency - speed and length. Three studies reported that student’s fluency of 

writing increased when using SR compared to when using paper and pencil (Lee, 2011; R. 

Roberts, 1999) and typing (Snider, 2002). To determine writing fluency, Lee (2011) examined 

measures such as the rate of text production (speed), and text produced (length). In his study, all 

participants produced more text when using SR than when handwriting and 75% of the 

participants had a higher rate of text production when using SR as opposed to handwriting. 
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Snider (2002) compared SR use with using a keyboard and also found that students produced 

essays at a faster rate. Findings from the third study, Robert’s (1999) , showed that each of the 

participants used SR to create compositions that were significantly longer and more fluent than 

handwritten compositions, with no diminution in quality.  

Wetzel (1996) found that his primary participant, a 6th grade student who had challenges 

with spelling, produced much more text with SR in class than ever before with handwriting or 

typing. Since SR removes the need to spell individual words, Millar (2005) found that in some 

cases that SR decreased the anxiety to write allowing students to give more attention to the 

content of their writing. This finding was confirmed by three other studies that reported how SR 

use allowed students to focus more on content generation than mechanics (Higgins & Raskind, 

1995; MacArthur & Cavalier, 2004; Mader, 2007).  

Discussion 

In this review of SR in K12 and postsecondary school settings, we examined both the 

research process and the findings of 13 studies that met inclusion criteria. While these studies 

mostly characterized SR as a promising technology to support student writers, certain variables 

that seemed to impact the effectiveness of SR were further examined. These included user 

characteristics and prior writing ability.  

One variable is the user’s characteristics and prior writing abilities (MacArthur & 

Cavalier, 2004; K. Roberts & Stodden, 2005). An example of this was in MacArthur and 

Cavalier’s (2004) study, where students that were identified as “fluent writers” based on their 

handwriting ability appeared to benefit less from using SR than students identified as “struggling 

writers”. Also, students with spelling issues, for instance, seemed to receive a substantial gain 

(K. Roberts & Stodden, 2005) when compared to students who were good spellers.  
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Another variable is the error rate of SR vs typing. Findings were inconsistent with one 

study finding reduced error rates with SR (Mader, 2007; R. Roberts, 1999) and other finding the 

opposite (Millar et al., 2005). An explanation for this discrepancy may be that students did not 

anticipate the need to correct recognition errors before submitting their work, whereas others did 

(Arcon et al., 2017). Error rate may also have changed as SR technology has become 

increasingly accurate as the technology has improved and evolved. Modern versions of SR are 

increasingly accurate in recognizing young students’ voices and dealing with varied accents, 

whereas older versions of the technology were more likely to generate recognition errors (Haug 

& Klein, 2018). For this reason, it is necessary to consider the version of the technology when 

drawing conclusions about error rates.  

Limitations 

There are several limitations to this review of literature on SR. Findings were based on 13 

empirical articles, a relatively small set of studies. Most of the studies included in this review 

focused on participants that were reported to have learning disabilities. Only one study among 

our 13 (Haug & Klein, 2018) focused on students in a general class setting. Having a broader 

sample of students would increase transferability to the general population. 

A third limitation is that the publication dates of these studies are spread over a period of 

20 years where the technology being studied has evolved drastically. The first six studies 

reviewed were published in the late 90’s, when SR became available through commercial 

software products used in these studies (Day, 1995; Higgins & Raskind, 1995; Raskind & 

Higgins, 1999; R. Roberts, 1999; Wetzel, 1996). The next five studies were published between 

2000 and 2010 when SR technology was gradually developing and improving, but was still 

costly to purchase and limited to powerful workstation computers (MacArthur & Cavalier, 2004; 
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Mader, 2007; Millar et al., 2005; K. Roberts & Stodden, 2005). The most recent two studies 

(Haug & Klein, 2018; Lee, 2011) were published during a time when SR has been incorporated 

into the operating systems of the phones and tablet computers, playing a pivotal role in widening 

the user population, and offering much more flexibility for when and where people can use SR. 

Additionally, the technology has transformed to include a much more refined user interface with 

improved predictive capabilities, faster transcription speed, decreased recognition error rates, and 

a reduced learning curve for use (Huang et al., 2014).  

Recommendations for further research  

Despite the promising outcomes reported by researchers in the 90’s and early 2000’s and 

rapid improvements in SR due to technological advancement, over the past decade, research on 

SR has been relatively limited. One explanation for the lack of recent studies on SR may be an 

assumption by researchers that SR is already well understood and effective (Haug & Klein, 

2018). However, according to Peterson-Karlan (2011), SR is still far from being considered an 

evidence-based practice to support writing due to the scant number of high-quality experimental 

and single-subject design studies conducted on the topic. Additionally, the technology has been 

rapidly advancing (Xiong et al., 2017), creating new opportunities for exploration by researchers. 

One area that particularly merits exploration is the integration of SR into the operating systems 

of mobile devices such as phones and tablet computers.   

When studying SR, researchers should go beyond applying a “clinical” lens that views 

SR as an assistive tool for students labeled with learning disabilities. Instead, researchers should 

investigate the effectiveness of SR as a feature of everyday digital writing spaces through a 

“neurodiversity perspective” in regular all-inclusive type classes. A promising lens for 

examining SR could be Universal Design for Learning (UDL). UDL is a framework that focuses 
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on how students learn (Meyer et al., 2014). The application of this framework provides all 

students with access to tools that can support their learning. Through this lens, we can see that 

students who used SR were able to benefit from a more accessible approach to writing beyond a 

keyboard or pencil and paper. This evidence supports the notion that the way in which a student 

completes a writing task influences their outcome of success. This research direction is aligned 

with recommendations by the Center for Applied Special Technology (CAST, 2004) and could 

be used to identify the effectiveness of SR with a wider population of students to increase the 

generalizability of the results. 

The bulk of the studies included in this review focus primarily on using SR for 

composition writing instead of examining its effect on various stages of the writing process 

(planning, revising and editing). Proven strategies, such as using a writing process approach 

(Graham & Hebert, 2010)should be used with the most current versions of SR. Exploratory, 

single-case research designs similar to (Wetzel, 1996) would be useful to investigate the 

outcomes of SR on various stages of the writing process. Doing so might help researchers to 

more clearly operationalize the use of SR. Researchers should also conduct more studies with 

true-experimental designs similar to Huang and Klein’s (2018) study that included random 

selection in order to systematically expand the knowledge base and instructional practices around 

how SR can support writing. 

Implications for practice  

Researchers include a series of suggestions for teachers to better incorporate SR in the 

classroom. As a starting point, teachers should introduce SR by describing its purpose, modeling 

its use, and providing guidelines for student use (Lee, 2011). Students should be given an array 

of choices to write about that are interesting to them. A suggested initial practice activity is to 
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incorporate SR with reading. Using SR to dictate some lines of text from books students have 

enjoyed reading can reinforce vocabulary and knowledge of sentence structures while learning to 

use a new tool in a more structured, non-threatening way (MacArthur & Cavalier, 2004; Millar et 

al., 2005). Having background knowledge and experience with the topic makes writing easier. 

More involved practice activities include writing prompts related to the students’ lives and 

connected to their interests. For example, a student might bring in a photograph or object to write 

about. These types of prompts can increase engagement and lessen the struggle of writing. If 

students prefer not to be limited by teacher provided prompts, they should be encouraged to write 

on topics of their own design (Higgins & Raskind, 1999). For these types of more involved 

writing tasks, advance planning such as brainstorming and concept mapping is recommended to 

support the organization and generation of content (MacArthur & Cavalier, 2004). Providing 

opportunities to talk with peers and their teacher throughout the writing process can also be 

helpful for students in this way. 

Teachers can identify students who may especially benefit from the software by certain 

characteristics such as good oral expression and a positive outlook towards trying new things 

(Mader, 2007). Students who have spelling issues and who find it difficult to generate content 

are also prime candidates for reaping the benefits of SR (K. Roberts & Stodden, 2005; Wetzel, 

1996). Before deciding if SR is an effective tool for them, students should participate in several 

instructional sessions and be provided time to practice (MacArthur & Cavalier, 2004; Mader, 

2007; Millar et al., 2005). Direct instruction focused on correction procedures can make great 

strides in ensuring that students catch and correct their own recognition errors (Higgins & 

Raskind, 1999; Lee, 2011).  
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Lee (2011) recommends students to start using SR for writing as early as second grade 

since that is when they begin creating sentences, but researchers say that students should 

experiment with writing as early as possible. Young students can start using SR for basic tasks 

such as generating key words for a simple internet search on a topic or composing a simple text 

message to a friend. 

An important implication from the most recent study in this literature review by Haug 

and Klein (2018) suggests that students can  successfully learn to use SR as they are taught new 

writing strategies (ie. plan, revise, edit, share). When giving instruction on new writing 

strategies, teachers should treat SR as an alternative medium for students to compose text. 

Students should be encouraged to choose the medium that works best for them based on the 

writing task(Haug & Klein, 2018). Teachers should provide students who choose to use SR with 

a quiet, uncrowded environment. This will minimize recognition errors and distractions, while 

also eliminating the awkwardness of dictating in front of others and possibly disturbing them 

(MacArthur & Cavalier, 2004).  

Conclusion 

Overall, a review of SR studies revealed how SR can effectively improve writing fluency 

and quality for students. Students improved in lower level writing skills such as grammar, 

spelling and text production (Mader, 2007; K. Roberts & Stodden, 2005; R. Roberts, 1999; 

Wetzel, 1996) as well as higher level writing skills such as generating and organizing ideas, 

forming fluid sentences, and considering word choice (Higgins & Raskind, 1995; Lee, 2011; 

MacArthur & Cavalier, 2004; Mader, 2007). Instructing students in the use of this alternative 

means of writing readily available to them, may be crucial to their success in life considering the 

great emphasis of writing in today’s society.   
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Chapter 4. Paper 2  

“He had no idea his abilities could harmonize with such positive effect.” 
 

-Brandon Sanderson (Oathbringer) 
 

Abstract 

Universal Design for Learning (UDL) is a pedagogical framework that creates a compelling 

context for teachers to integrate technology into their lessons by serving as a lens to view how 

features of technology can be used to address learner variability, and challenges that arise from 

the learner’s interaction with the curriculum or environment. This paper describes a case-study of 

three of teachers who partnered with a technology integration specialist, to use the UDL Design 

Cycle to make pedagogical decisions about how to integrate Speech Recognition Technology 

(SR) based on learner variability, as part of their teaching of the writing process. Implications for 

teacher implementation of SR through a UDL approach are discussed. This paper also describes 

how UDL case-study research was conducted in conjunction with the UDL Reporting Criteria 

(UDL RC), a set of guidelines for researchers and practitioners who are designing and reporting 

on UDL implementation. 

Introduction 

“Ok, I’m ready to print!” said Jack, a happy-go-lucky third grader. 

Glancing at him skeptically, the teacher replied, “What? You typed the whole thing?” 

“I didn’t type… I used my voice!” Jack exclaimed. 

Sure enough, when the teacher looked at his screen, Jack’s writing task was completed, a 

feat that would have been impossible for him to finish in that short amount of time by typing on 
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a keyboard. Jack had learned to use Speech Recognition (SR), a powerful feature built into the 

operating systems of modern phones, tablets, and computers that enables a person to control the 

computer with their voice rather than via the keyboard (Shadiev et al., 2014). This technology 

has evolved rapidly in the recent decade to include a much more refined user interface with 

improved predictive capabilities, faster transcription speed, decreased recognition error rates, and 

a reduced learning curve for use (Huang et al., 2014). Within educational settings, the 

advancement of SR’s capabilities has enabled young students to more effectively use this tool 

(Haug & Klein, 2018). 

  It can be game-changing for students to possess new ways of composing text beyond using a 

keyboard or pencil and paper since the way a student goes about completing a writing task can 

greatly impact their outcome of success. By applying approaches that more closely align with 

their strengths and skills, a student is more likely to perform well on a given task. By using SR, a 

student with strength in verbal expression can transfer this ability to the skill of composing text. 

As one student put it, “It opens a whole new way of learning… if people have trouble with 

handwriting or typing, they can express themselves in their own talking way… it’s just 

amazing!” 

Background 

Traditionally, writing has been challenging for many students. The National Assessment 

of Educational Progress (NAEP), also known as ‘the nation’s report card’ asserted that roughly 

75% of 8th and 12th graders were not proficient in writing during its most recent national writing 

assessment(National Center for Education Statistics, 2012). Studies of writing instruction in 

elementary, middle and high schools indicated that not much time was spent teaching writing, 

students were not engaged in academic writing, and students were frequently not using 
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computers to write (Applebee, 2011; Brindle et al., 2016; Gilbert & Graham, 2010) These 

findings are surprising since technology has shown to be able to expand one’s cognitive 

capabilities time and time again (Prensky, 2013). Just as the calculator enhances one’s 

computational ability, and apps such as Google Maps enhance one’s ability to navigate 

unfamiliar places, SR can expand one’s ability to compose text. 

A recent literature review of SR use in schools found that SR can improve the fluency 

and quality of student writing, especially for those who struggle with mechanics and content 

generation (Pennington et al., 2018). Other studies show additional benefits for student writers, 

such as increased student confidence(Toll, 2014), and increased motivation to write (Hwang et 

al., 2012). The benefits of SR are amplified by its connection with other features of digital 

writing spaces such as text-to-speech (TTS), enabling writers to easily listen to what they have 

composed, and grammar check, allowing writers to apply context-specific corrections to assure 

the structural integrity of their compositions.  

Although the benefits of SR are promising, its effectiveness may vary according to a 

number of factors. These factors include personal characteristics and prior writing ability. For 

example, students with frequent spelling issues received a substantial gain when compared to 

students who were good spellers (Pennington et al., 2018). Other factors influencing students’ 

effective use of SR were individual preferences, context, and range of task use (Holmes & 

Silvestri, 2012). UDL can serve as a promising lens for examining why these factors exist, 

outlying a series of guidelines for various approaches to meet the needs of all learners (Rao et al., 

2016). By implementing SR as part of writing instruction through a UDL approach, teachers can 

better understand how technology can be applied to support writing instruction and literacy 

learning.  
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In the current literature, research on SR for writing has mostly been focused on 

investigating how SR can serve as an assistive tool for students labeled as having learning 

disabilities. Not much research exists on using SR as a feature of everyday digital writing spaces 

in regular all-inclusive type classes (Pennington et al., 2018) The application of the UDL 

framework in these mainstream classes can provide all students with access to tools that can 

support and extend their learning. 

The UDL Design Cycle 

Teachers can use several resources for UDL-based lesson planning such as the six 

guidelines proposed by Dymond and her colleagues(Dymond et al., 2006) or the Innovation 

Configuration matrix developed by Israel, Ribuffo, and Smith (2014). For the case-study 

described in this paper, the teachers used UDL Design Cycle by Rao & Meo (2016), a concrete, 

iterative six-step approach to lesson planning. The teachers who used the Design Cycle as part of 

the case-study reported that they enjoyed using this model because of the simple, intuitive, step-

by-step process. The UDL Design Cycle consists of six steps: (a) identify the challenges, 

preferences, and needs of learners in relation to the skills and content they are required to learn; 

(b) establish clear learning goals for the students; (c) design flexible assessments in relation to 

each goal; (d) consider the strategies and tools to incorporate into the lesson; (e) implement the 

lesson; and (f) reflect and revise. 
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Figure 4-1. The UDL Design Cycle(Rao & Meo, 2016) 

Reproduced with permission by authors 

 This paper describes a case-study at a school that serves students with language-based 

learning differences. The researcher, who worked as the technology integration specialist at this 

school, provided individualized professional coaching with the UDL Design Cycle for three 

teachers of different grade levels (grade 4, grade 6 and grade 8). The three teachers were quick 

learners since they already were familiar with UDL due to their school’s instructional approach 

being inspired by UDL practices. At the school, lessons are focused on encouraging students to 

apply their strengths and preferences to overcome potential challenges to learning.  

  Each of the three grade-level teachers worked with the instructional technology specialist to 

develop a UDL based instructional unit composed of five lessons centered on the five stages of 
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the writing process (prewriting, drafting, revising, editing, and publishing). Each writing lesson 

was spread a week apart, spanning a period of five weeks.  

The instructional units varied by content area and skill-level objectives since the teachers 

taught different grade levels. However, all the lessons were structured to use the features of 

digital writing environments to support students during the writing.  Teachers mentioned that 

having a week in between UDL based lessons allowed them to create opportunities for students 

to practice the use SR in different contexts, while also offering additional opportunities for 

practice and individualized attention for students who needed it.  

With great enthusiasm, the three teachers met with the technology integration specialist 

to begin planning their UDL unit. They began with the first step of the design cycle, which 

guided them to identify the challenges, preferences, and needs of learners in their class. To do 

this, the teachers accessed their class student profiles. Student profiles are personal documents 

created for each student when enrolling in this particular school. Student profiles include various 

test scores for reading comprehension, spelling, writing and verbal proficiency. Profiles also 

contain narratives describing the student’s personal characteristics, interests, work habits, and 

suggested accommodations. Since student profiles are progressively built upon each year the 

student attends school, samples of student work and recommendations from teachers of previous 

years are also included. 

Using the profiles of the students in their class, along with their own prior knowledge of 

working with the students, teachers created a classroom profile highlighting the general learner 

variability in the class. This list identified areas such as being from cultural and military 

backgrounds, anxieties such as being a new student with negative experiences at a prior school, 

and having dysgraphia, dyslexia, and ADHD. Teachers then created a chart showing the needs 
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and preferences of students, in addition to the typical challenges and issues they might face when 

writing. 

Continuing on to steps two and three of the design cycle, the teachers accessed their 

grade-level curriculum and set goals for the unit described by the study. These goals focused on 

writing skill development and content knowledge acquisition. Teachers then created several 

formative assessments and a summative assessment aligned with stages of the writing process to 

measure progress towards these goals. The topics of the writing assessments were designed to be 

flexible and geared towards subjects related to student background knowledge and personal 

interests. Prior to the assessment, teachers planned to meet with students to help them create 

personalized lists of topics that they could choose from. During these meetings, teachers also 

planned to gauge student progress with writing and provide reinforcement if necessary.  

The fourth step of the design cycle, Methods and Materials, was the most challenging and 

time-consuming step, yet it was a part of the planning process. Teachers began by creating a 

series of charts showing support that could help students to master the writing assessments and 

ultimately achieve the identified goals. These supports included resources, tools, and techniques. 

During this process, teachers accessed the UDL Checkpoints for insight into the types of 

supports they could include. Supports focused on increasing engagement, aiding with executive 

function, and providing quality feedback. 

Teachers then structured each UDL lesson into three parts: (1) First, an introduction will 

provide a clear purpose for the lesson as well as background knowledge on the tools and 

techniques being used. This section was included to show students the relevance and value of the 

lesson. The introduction of each lesson was designed to include a video or short slideshow of 

engaging pictures pertaining to writing and the tools and technologies being taught on that day. 
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During introductions, teachers planned to highlight key vocabulary words and prompted students 

to engage in partner conversations to draw connections to personal experience and prior 

knowledge. (2) Strategy instruction was included to break down the learning of tools and 

techniques for writing into graduated levels of support for practice. These levels of practice 

included the following: (a) develop background knowledge, (b) discuss the strategy (c) model the 

strategy (d) guide the use of the strategy (e) support independent practice. Teachers planned to 

use short authentic writing tasks during guided and individual practice to increase student 

engagement. These writing tasks included observations of the physical world, emails to teachers 

or friends, and commenting on blog posts.  

(3) A formative or summative assessment designed to measure progress toward the unit goals.  

Although students were provided strategy instruction on SR use and asked to try it for the 

short writing tasks, they students were not forced to use SR as part of their writing assessments. 

A primary goal of UDL is to proactively plan options and flexibility into lessons so that students 

can approach learning in ways that align with their strengths. In this spirit, the teachers designed 

the lessons so that students were encouraged to use apps and integrated digital tools that most 

aligned with their strengths and preferences, ones that felt right for them. The teachers provided 

instruction on the use of several writing applications with SR built-in (Google Docs, Voice 

Dream Writer, and Pages). Several of the students who preferred having their writing read to 

them during the revising stage, chose to use Voice Dream Writer because of its more natural 

sounding voices and quicker, more controlled playback. Other students preferred Google Docs 

because they liked the seamless ability to share their live document with peers and teachers. Each 

of these apps excelled in different areas, but all of them allowed for students to implement a 

hybrid approach of dictating and typing, as well as customize the font, color, spacing, and size of 
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the digital text. This allowed some learners to apply their strengths and preferences, leading to 

feelings of confidence and self-efficacy(He, 2014)and increased motivation to write (Hwang et 

al., 2012; Shadiev et al., 2014) 

Along with instruction on the various writing applications, teachers provided instruction 

on the use of several other digital tools. These tools were introduced in different lessons, based 

on the stage of the writing process that each tool could be most effectively used for. For 

example, students were taught to use digital graphic organizers and a concept map app during the 

planning stage, word prediction and wireless keyboards for drafting, a thesaurus and speech-to-

text for revising; and grammar and spell check for editing. Students were also shown how to 

share their live document with peers via Google Docs so that they can receive structured, 

targeted feedback in the form of comments and in-text suggestions. In the final stage of the 

writing process, students were guided to “publish” their writing for authentic audiences using 

outlets such as email, a blog, or social network like Diy.org.  To support students with the use of 

writing tools for the given task, teachers provided checklists and flowcharts to show the concrete 

steps needed. Students were able to check off each step and they completed it in order to self-

monitor their progress. 

The teachers also planned to provide students with materials that could address a variety 

of modalities and sensitivities during the learning process. These included special seats like yoga 

balls, impromptu standing desks, and quiet outdoor areas beyond the classroom where students 

can write. These materials were implemented to help minimize distraction and the threat of 

embarrassment some students feel when using SR in the presence of other students. 

Reaching the fifth step of the design cycle, the teachers implemented their carefully 

designed UDL infused lessons. The technology integration specialist observed each lesson 
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providing technology support and modeling some technology use. His focus was taking notes on 

what went well, the challenges, and any other notable occurrences.  

From the perspective of the researcher, one of the things that went well when using SR 

was when students used the Grammarly keyboard on the iPad for grammar checking and then 

listened to their writing with Text-to-Speech. Without those two tools, students were often 

unable to detect incorrect sentence structure or recognition errors. Another aspect of the lessons 

that went well was the use of strategy instruction. The teachers felt that students needed 

modeling, guided practice, and supported independent practice in order to learn effectively.  

One of the challenges observed during the lessons was that during student independent 

practice, teachers found it difficult to move around to reach all of the students when they needed 

help because the class was often separated by much greater distance. Some students would work 

in the classroom, while other students would work outdoors. Being outdoors had its advantages 

since teachers were able to separate students who normally gravitate to each other, allowing 

them to work more autonomously. While this helped some students, others found themselves 

more distracted when working in a new, stimulating environment.  

In the sixth and final step of the design cycle, teachers reflected on the previous week’s 

lesson plans and modified their current week’s lesson plans based on the previous week’s 

progress. Issues and challenges that arose were addressed in the subsequent lesson. In one 

particular lesson, the teacher commented that providing students with the choice to acquire 

information using videos instead of only reading text heightened engagement, but the students 

were so immersed in the videos and barely took notes on the important aspects to include in their 

writing. After reflecting, the teacher planned to do a more in-depth demonstration of note taking 

with SR while watching videos the following class. She modeled how to pause the video, switch 



 

 105 

to the writing app, dictate notes, and then resume the video. Students were provided an additional 

iPad to watch their videos if they preferred to avoid having to switch between apps.  

Teachers mentioned that they enjoyed this step of the design cycle due to its collaborative 

nature. They appreciated having the technology integration specialist present during lessons to 

observe and then regroup. The team was able to share their views on the experience and discuss 

the different things each one of them noticed.  

The UDL Reporting Criteria  

The study described by the paper was conducted in conjunction with the UDL reporting 

criteria. The tool functioned as an organized checklist for the researcher to identify the key 

elements of the UDL implementation and how these elements should be described in the paper. 

Using the tool boosted the researcher’s confidence in his comprehensiveness and depth of the 

UDL aspects being described in the paper.  

The deliberate documenting of the process using the UDL Design Cycle satisfied nearly 

all of the criteria included in The UDL Reporting Criteria. There is significant overlap between 

these two documents in the areas of UDL that they address. As such, these two tools work hand 

in hand for any researcher conducting a study that involves integrating UDL into classroom 

practice.  

Conclusion 

 
The UDL Design Cycle served as a powerful instructional design tool for integrating SR 

and other technology tools into writing instruction by guiding teachers to make intentional 
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decisions about when, how, and why students can use the various features that technology offers 

(Rao & Meo, 2016).  

Teachers shared that by working through the first step of the design cycle, they were able 

to gain a more in-depth understanding of their students and were better prepared to teach them.  

 

 Teachers were able to more quickly gauge their student’s knowledge about certain topics, know 

who they needed to check up on, and who needed space. One teacher shared that she felt more 

organized and prepared in step two of the Design Cycle, the process of setting instructional goals 

with clear ties to assessments and a reasonable timeline for completion made them feel more 

organized and prepared. 

Another aspect of the design cycle that teachers spoke positively about was the 

collaborative nature of working together through the lesson planning and reflection process. The 

design cycle provided a guide for these activities. Teachers valued the candid discussions each 

week and emphasized that meeting less frequently or meeting online would not have sufficed. 

One suggestion a teacher had to improve the collaborative experience was to build-in more time 

to review student work together.  

Teacher opinions on the effectiveness of SR to support student writing were mixed. Each 

teacher felt that SR helped certain students in their class, but others were either disinterested or 

frustrated because of repeated recognition errors. This disparity supports the idea that variability 

among learners is the norm and the need to integrate UDL so that students can access the 

learning path most suited to them (Meyer et al., 2014). Teachers commented appreciatively about 

how students had the option to use SR and various other tools to use it for assignments, they 

were not forced to use it. , (2) variability is systematic and predictable, and we can 
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Teachers commented that it was interesting how the students who used SR adopted it in 

different ways. Some students preferred to use it only for brainstorming, or to spell difficult 

words.  Research studies by Mader (2007) and Roberts and Stodden (2005) support the use of SR 

to benefit students with spelling challenges.  Other students used SR for getting their thoughts 

down on the page during the drafting process.  This finding is supported by three other studies 

showing that SR allowed students to focus more on content generation without the hinderance of 

mechanics (Higgins & Raskind, 1995; MacArthur & Cavalier, 2004; Mader, 2007). 

How these students adopted these tools, evidences the need for flexibility in instruction 

and assessment so students can take ownership of the tools and techniques that are effective to 

support their learning. 

Implications  

 
Overall, for teachers and researchers interested in integrating technology through a UDL 

approach, the paper recommends the following general guidelines: 

1. Use the UDL Design Cycle to guide unit and lesson planning. If feasible, engage in the 

process collaboratively with a co-teacher, technology specialist, learning specialist, or 

curriculum coach. Hold planning meetings at least once, preferably twice a week. These 

meetings should include reviewing student work and candid discussion about the previous 

lesson’s successes, challenges, and unexpected outcomes. These three topics shed light on how 

to modify and adjust the subsequent lessons to better meet the needs of learners. Document the 

process that takes place during lesson planning, lesson revision, and lesson implementation. One 

way is to record the audio of the meetings, then later use Dragon Dictate to transcribe the audio 

files so that the content can be more readily accessed.  
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2. Teach students to use multiple tech tools (3-5) and diverse approaches for task 

completion. Allow students to choose to use the tools and approaches best suited to their needs, 

preferences, and strengths. Provide continuous opportunities for students to practice using the 

technology for authentic tasks beyond the class time it is typically used. Reference the UDL 

Checkpoints for a menu of approaches that can help meet the needs of learners. 

3. Use the UDL Reporting Criteria to check the systemic inclusion of UDL in your 

lessons and the clarity of how the UDL Design Cycle was implemented. It will position teachers 

and researchers to concretely share their findings, not only to contribute to the literature, but to 

improve the practice for other teachers.  
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Chapter 5. Paper 3   

“Know, understand, take pride in, practice, develop, and enjoy your greatest strengths.” 
 

-E. Paul Torrance (Manifesto for Children) 
 

Abstract  

Speech Recognition (SR), a rapidly emerging technology used to compose text with 

voice, can provide some students with a writing tool more aligned with their strengths and 

preferences than a keyboard, touch screen or pen. Students can become more proficient writers 

by selecting tools suited to their characteristics and learning to use those tools to produce 

effective results. Students can use SR as part of learning of the writing process, all the while 

developing their skills as writers with that tool. Universal Design for Learning (UDL) is an 

instructional design framework designed to help teachers to better understand their students and 

proactively plan options and flexibility into lessons so that students can approach learning in 

ways that align with their strengths and preferences. This paper describes a qualitative case study 

of three teachers who used a UDL-based instructional design process to make pedagogical 

decisions about how using SR and other emerging technology tools can overcome challenges 

that arise from student interaction with the traditional writing curriculum. Findings from this 

study based on teacher perceptions showed that student SR can increase their engagement in the 

writing process and improve the quality of their writing. Findings also show how UDL provides 

a compelling context for teachers to integrate emerging technologies, such as SR, into their 

lessons to provide strength-based learning experiences for students while also supporting their 

needs. Findings from this study extend the literature on how UDL principles, when applied in 

conjunction with the use of specific technologies, can support writing instruction and literacy 
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learning. This is an emerging area of educational research that has great potential for improving 

world literacy. Findings from this study also foster an understanding of how teacher attitudes 

about integrating SR into the writing process can be improved through collaborative instructional 

design that incorporates UDL. Finally, this paper shows how UDL case study research can be 

conducted with the UDL Reporting Criteria (UDL RC), a set of guidelines recently developed 

for researchers and practitioners interested in conducting research and reporting on UDL 

implementation.  

Keywords: Education, K-12, Universal Design For Learning, Technology Integration, Speech 

Recognition 

Introduction 

Over the last decade, throughout the developed world, writing has moved almost entirely 

from paper to screen (Warschauer et al., 2013). The shift from physical to digital technology has 

provided writers with a new assortment of tools that can play a pivotal role in improving their 

writing ability (Goldberg et al., 2003; Lenhart et al., 2008; L. A. Rogers & Graham, 2008) . The 

writing process is a complex series of tasks involving several phases, including planning, 

drafting, revising and editing. Whereas skilled writers engage in these phases with automaticity 

and fluency, various aspects of the process have shown to pose significant challenges for 

students. The pressing need to improve the writing ability of the student population in our 

nation’s schools is evidenced by the importance of writing as an indispensable skill in today’s 

society (Graham, 2013; Graham & Hebert, 2011) and the failure of many students to show 

adequate writing proficiency in school (Applebee, 2011; Brindle et al., 2016; Gilbert & Graham, 

2010; National Center for Education Statistics, 2008, 2012).  

A digital tool that has shown to improve student writing, described as “a game-changer” 
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by some teachers, is Speech Recognition Technology (SR) (Hwang et al., 2012; MacArthur & 

Cavalier, 2004; Mader, 2007; Quinlan, 2004; R. Roberts, 1999; Shadiev et al., 2014). SR enables 

a person to control their computer with their voice rather than a keyboard or mouse. The most 

common uses of SR are ‘command and control’ and ‘dictation’. With command and control, the 

user can use commands to navigate between apps, perform a search for specific information or 

set a timer. With dictation, users can compose digital text, or simply put: write with their voice 

(O’Hare & McTear, 1999). Pennington (2018) published a comprehensive literature review on 

the impact of SR on students’ engagement in the writing process. The review showed that SR 

can assist students in developing writing proficiency by increasing spelling accuracy (Day, 1995; 

Raskind & Higgins, 1999) and writing speed (Snider, 2002), while also allowing students to 

create significantly longer and more fluid pieces of writing (Quinlan, 2004; R. Roberts, 1999) 

with more mature vocabulary and less anxiety (Higgins & Raskind, 1995; Millar et al., 2005). 

Researchers have observed that students using SR wrote higher quality essays (MacArthur & 

Cavalier, 2004; Mader, 2007). Evidence also shows that SR increases student confidence in 

writing (Toll, 2014), which can thus increase motivation to write (Hwang et al., 2012; Shadiev et 

al., 2014).  

Supporting Literature  

The Internet, today’s most popular and powerful learning and communication tool, is 

accessed by platforms dominated by digital text. Using internet browsers like Chrome or Firefox, 

people write daily on social network pages, online forums, blogs, and emails. They write in 

instant messages, reminders and countless other apps on their mobile devices and computers 

(Hilbert, 2014).  
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The Importance of Writing 

In a recent national survey, 85% of teens reported using writing daily for social 

interaction, self-exploration, expression, and reflection on current events (Lenhart et al., 2008). 

Strong writing skills are key to student success in school, college, and career (Graham & Hebert, 

2010). Reading and writing may be one of the most important skills for enhancing the quality of 

life of students (Dymond et al., 2006). In a technology-mediated world, writing online is one of 

the main ways that people persuade and inform, both socially and professionally. The ability to 

communicate through writing in digital spaces has become a gatekeeper for participation and 

advancement in professional, academic and social life. People with poor writing proficiency miss 

out on many opportunities for connection and growth and may be stifled from entering higher 

education and new careers (Graham, 2013).  

Besides serving as a communication tool, writing is also a powerful tool to support 

learning. Writing about a particular topic can enhance a learner's understanding of that topic and 

has shown to increase achievement across all subject areas (Bangert-Drowns et al., 2004; 

Graham & Hebert, 2010, 2011; Graham & Perin, 2007b). Writing allows people to learn about 

themselves through the chronicling of life experiences. It also allows for direct, linear 

connections between ideas and offers audiences a simple way to provide feedback on those ideas 

(Graham et al., 2013). Writing can be used to collect, store, sort, and share information across 

time and space.  

Digital Writing Environments 

The flexibility of digital environments allows writers to “create” their own personalized 

writing tools (Bray, 2013). An example of such a tool is Google Docs, offering a plethora of 

options for customization (Goldberg et al., 2003; L. A. Rogers & Graham, 2008). One can select 



 

 113 

the font, and modify the size, and spacing of their words. They can enter distraction-free or dark-

mode to alter the look and feel of their writing environment. Writers can use features integrated 

into apps like Google Docs, specifically designed for various stages of the writing process. Docs 

users can use bulleted outlining tools for planning; word prediction and speech recognition for 

drafting; text-to-speech and an integrated thesaurus for revising; grammar and spell check for 

editing; and one-click sharing to generate a shareable link to their published work online (Bouck 

et al., 2015). When learners publish their work on the Internet, they have more opportunities to 

receive frequent, constructive feedback (Lenhart et al., 2008).  

Teacher Perception & Technology Integration in Schools  

Historically, there has been a tendency in schools for teachers to focus on using 

traditional tools with their students rather than contemporary ones. Aside from not preparing 

students for their future, this tendency limits the range of content and teaching methods that can 

be implemented and constricts the types of learners who can be successful (CAST, 2011). Low 

teacher adoption of emerging technologies has been attributed to the notion that “integration” 

can be a more challenging process than the “occasional incorporation” of technology in the 

classroom (García-Valcarcel, 2010).  

Although teachers are integrating SR as a tool for helping students to improve writing 

proficiency, few studies exist that explore how this technology can be integrated as a part of 

writing instruction in K-12 schools (Lee, 2011; Mader, 2007; Toll, 2014).  Recommendations for 

future research suggested by (Pennington et al., 2018) were to examine the effects of SR on 

various stages of the writing process (planning, composing, revising and editing) (Graham & 

Hebert, 2010) with the most current versions of SR.  
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A study by Min, Rao & Pennington, (in progress) contributed to filling this gap in the 

research by launching a mixed methods study that focused on understanding students’ 

perspectives and patterns of SR use. Findings from this study suggest that teacher attitudes 

towards using SR may impact the frequency of student use of the tool. Findings showed that 

teachers who had a more positive attitude toward SR had a greater number of students who 

actively used the technology. This implies that teachers with more negative attitudes about SR 

may have held back several students who otherwise would have benefited from using that 

technology (Min, Rao & Pennington, in progress). The study also found that students can benefit 

from explicit instruction on how to use SR as part of the writing process and from opportunities 

for practice using SR within each phase of the writing process.  

Before teachers adopt new technology-enhanced practices, such as integrating SR as part 

of the writing process, they need to believe that these practices will result in meaningful learning 

outcomes (Ertmer & Ottenbreit-Leftwich, 2010). Once teachers believe that a technology 

supports learning outcomes, they are more likely to want to integrate that technology (Polly et 

al., 2010). Finally, when teachers believe that a technology should be integrated and also believe 

that they can do so, then they will integrate the technology (Anderson & Maninger, 2007; Park & 

Ertmer, 2007).  

Universal Design for Learning 

Universal Design for Learning (UDL) creates a compelling context for teachers to 

integrate technology by providing a lens to view how different technological features can be used 

to address learner preferences and challenges with writing (Ok et al., 2017). UDL is an 

instructional design framework that is organized around how the brain learns (Rose & Meyer, 

2005). The concept of Universal Design comes from the field of architecture and was developed 
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with the goal to improve physical accessibility to products or environments so they can be used 

by the widest range of users possible (Story & Mueller, 1998). UDL calls for using the power 

and versatility of technology to make curriculum and learning environments more cognitively 

accessible to individuals by providing multiple, flexible pathways to learning (Rose & Meyer, 

2005). UDL is well respected among educators nationally (Rappolt-Schlichtmann et al., 2012; 

Smith & Basham, 2014) (National Educational Technology Plan, 2010-2017) and globally (Rao 

et al., 2016). The framework can be applied to tech-integrated curricula to leverage the 

affordances of digital environments (Ok et al., 2017). UDL uses the power and versatility of 

technology to make curriculum and learning environments more cognitively accessible to 

individuals by providing multiple, flexible pathways to learning (Rose & Meyer, 2005). UDL 

can be used when making instructional design decisions, giving teachers a structured way to 

integrate flexibility and choice to address learner variability. 

The UDL guidelines and checkpoints help teachers to make intentional decisions about 

using assistive features and providing instruction that can help students become reflective 

learners (about what works for them) and self-directed users of those features (Rao et al., 2016). 

For instance, when a student uses SR to compose an email on an iPad, the student can select the 

language that he or she would speak in and customize the font, color, spacing and size of the 

digital text that will subsequently appear. Allowing learners to use their strengths and 

preferences can lead to feelings of confidence and self-efficacy (He, 2014) which can increase 

the motivation to write (Hwang et al., 2012; Shadiev et al., 2014).  
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Figure 5-1. Universal Design for Learning Guidelines Version 2.2 (CAST, 2018) 

The Problem Focus 

The 21st-century workplace requires writing competence (Graham, 2013). Fast-moving 

trends in technology innovation and global outsourcing are removing manufacturing and service 

jobs common to previous generations that required low literacy. Today’s students are entering a 

knowledge-based economy in which the majority of jobs demand extensive written 

communication (Trilling & Fadel, 2009). Entry-level jobs now require a higher level of literacy 
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skill than they did in the past decade and this trend is accelerating at an even greater rate 

(Gordon, 2009).  

Despite the clear evidence indicating the importance of writing, there is an increasing 

amount of literature about students lacking adequate writing proficiency in our nation’s schools. 

Recent studies of writing instruction in elementary, middle and high schools showed that little 

time was spent teaching writing, students weren’t doing much academic style writing, and 

students were frequently not using computers to write (Applebee, 2011; Brindle et al., 2016; 

Gilbert & Graham, 2010). These concerns were supported by the most recent results of the 

National Assessment of Educational Progress (NAEP), also known as the ‘nation’s report card’, 

which showed that roughly 75% of eighth and 12th graders were not proficient in writing 

(National Center for Education Statistics, 2012). This is not much of an improvement from the 

NAEP 2007 results, which showed roughly 70% of eighth-grade and twelfth-grade students 

performing at or below the basic level in writing (National Center for Education Statistics, 2008). 

The results of the most recent NAEP writing assessments conducted in 2017 are expected to be 

released in the summer of 2020 (National Center for Education Statistics, 2008). These statistics 

merit a call to action for educators and researchers to find innovative approaches that can be used 

to improve student writing.  

A literature review on Speech Recognition for the writing process in schools (Pennington 

et al., 2018) highlighted the need for exploratory, single-case research designs similar to (Wetzel, 

1996) to investigate the outcomes of SR on various stages of the writing process and more 

clearly operationalize the use of SR. Consequently, a subsequent mixed-methods study focused 

on investigating students’ perspectives and patterns of SR use during the writing process (Min, 

Rao & Pennington, in progress). Ninety students and 14 teachers participated in the study. The 
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study examined factors contributing to students’ use of SR and barriers to using this technology. 

Findings also showed that teachers who had a more positive attitude toward SR, had a greater 

number of students who actively used the technology. This finding suggested that teacher 

attitudes towards using SR may have had a significant impact on the frequency of student use of 

the tool. This implies that teachers with more negative attitudes about SR may have held back a 

number of students who otherwise would have benefited from using that technology (Min, Rao 

& Pennington, in progress). The study also found that students can benefit from explicit 

instruction on how to use SR as part of the writing process and from opportunities for practice 

using SR within each phase of the writing process. It was from these findings that the empirical 

study presented by this dissertation was conceptualized and borne.  

Methodology 

The researcher used a qualitative, exploratory case study methodology to answer the 

research questions presented by this study. Qualitative research was employed in this study to 

better understand the characteristics of teachers’ perspectives about using UDL and SR as part of 

writing instruction by providing rich descriptions of their experience (Tashakkori & Teddlie, 

2010). A case study method was used in this study since it is the preferred method of research to 

study a contemporary phenomenon (teacher perceptions of the integration of SR and UDL) 

within a real-life context (a live classroom setting) (Yin, 2017, p. 97). The case study method 

was also used for its ability to collect in-depth data that draws from multiple sources of 

information (Creswell, 2017). This study collected data from teacher interviews and lesson 

observations to achieve a “rich and holistic account” of teacher experiences (Merriam, 1998, p. 

562) within the “bounded system” (Merriam, 2002) of an independent nonprofit school. Finally, 
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an exploratory type of study was selected since integrating SR into writing instruction can be 

considered an innovative approach without a clear, single set of outcomes (Yin, 2017).  

The data from each of the three teachers were examined holistically since the teacher 

responses and observations were similar in regard to the instructional design process, the skills 

being taught and the strategies and technologies used. A holistic approach was selected since 

there were small differences in the responses due to the specific writing assignments and goals 

based on the grade-level curriculum. (Yin, 2017). Below are sections outlining the researcher’s 

goals, his purpose, and his criteria for success. 

Research Questions 

The purpose of this qualitative, exploratory case study was to explore how teachers 

integrate UDL and SR technology to enhance students’ writing process. This study examined 

how teachers used UDL as a framework to integrate SR technology into writing instruction when 

they are provided with professional coaching on a UDL-based instructional design process.  The 

study was guided by the following three research questions: 

4. What are teachers’ experiences with student use of SR during the writing process?  

5. What are teachers’ experiences with student use of SR in relation to UDL? 

6. What are teachers’ experiences using a design process to integrate technology 

(SR) into writing instruction? 

Research Context 

This study was conceptualized based on the results of a previous study at the same 

research site (Ok, Rao, & Pennington, in progress). The school serving as the research site is 

unique in that it serves students with literacy-related learning differences such as dyslexia and 

dysgraphia. The instructional approach to writing used at this school is inspired by UDL 
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practices. This means that lessons are focused on allowing students to be able to apply their 

strengths and preferences to overcome potential challenges to learning.  

The original study examined 95 students and 14 teacher participants. Three of the 

previous 14 teacher participants were invited to participate in this study. These three teachers 

were coached to design lessons with the UDL Design Cycle (Fig. 4 below), a structured way to 

think about integrating UDL into a lesson plan (Rao & Meo, 2016). This design cycle is based on 

the following three tenets of UDL: (1) variability is the norm, (2) variability is systematic and 

predictable, and we can (3) reduce barriers to learning by designing for variability (Meyer et al., 

2014). By thinking about the range of needs and preferences of students in their class, teachers 

included strategies and tools that were useful for them. The UDL Design Cycle consists of five 

steps: (1) identify the challenges, preferences, and needs of learners, (2) establish clear learning 

goals for the students, (3) design flexible assessments in relation to each goal, (4) consider the 

strategies and tools that they would like to incorporate into the lesson, and (5) implement the 

lesson. The researcher provided five professional coaching planning sessions for teachers in 

order to structure five lessons that used features of digital writing environments to support 

students during the writing process (prewriting, drafting, revising, editing, and publishing). 

Effective strategies that supported the use of digital tools and the writing process were also 

included in lesson plans. For a more complete discussion of the UDL Design Cycle, refer to 

Chapter 2, the literature review. 
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Figure 5-2 The UDL Design Cycle (Rao & Meo, 2016) 

 A goal of UDL is for teachers to know the students and proactively plan options and 

flexibility into lessons so that students can approach learning in ways that align with their 

strengths and preferences (CAST, 2018). SR is only one of any number of tools that students can 

choose to use for writing. Although students were provided instruction on how to use this tool 

and asked to try it for a number of short writing tasks, they were not forced to use it as part of 

their writing assignments. Students were told by their teachers that they should select the tools 

that feel right for them and serve their needs and preferences.  

This tool selection process is aligned with UDL Principle 3: Multiple means of 

Expression, which advocates for the provision for students to select tools that are an optimal 
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match between their abilities and the demands of the task (CAST, 2018). During instruction, 

students used several writing applications with SR on both Mac laptop computers and iPads. The 

teacher guided students to familiarize themselves with each application and its key features prior 

to each writing task. Students were encouraged to use the app that most aligns with their 

strengths and preferences. Some students that needed to have their writing read to them more 

frequently preferred to use Voice Dream Writer over the built-in “speak” option of the operating 

system because the former offered a one-tap command for audio playback and a broader, more 

natural-sounding, selection of voices. Some other students who enjoyed using SR frequently, but 

did not care much for using text to speech, preferred the app Dragon Anywhere instead of Voice 

Dream Writer due to its wider set of voice commands for formatting and editing.  

The participants of this study were three teachers employed full time at a private school 

that specializes in supporting students with literacy-related learning differences. At this school, 

the student population is composed of gifted and capable students, many of whom have been 

diagnosed with dyslexia. It has been consistently reported that both children and adults with 

dyslexia have difficulties with spelling (Ramus et al., 2013; Sumner et al., 2016), and composing 

texts (V. W. Berninger et al., 2008; Gregg et al., 2007; Sumner et al., 2014). Prior research also 

shows that SR can be an especially useful writing tool for students with dyslexia and related 

learning challenges (Higgins & Raskind, 2004; Lee, 2011; Mader, 2007; Millar et al., 2005; K. 

Roberts & Stodden, 2005).  

This study used a convenience sample of three teachers, one teacher of a class composed 

of 5th and 6th graders, one teacher of a class composed of 7th and 8th graders, and one 4th grade 

teacher. Merriam (2002) suggested that participants should be chosen based on their ability to 

contribute rich data related to the topic being studied. With this in mind, the participating 
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teachers were selected due to their prior experience using SR with students and their 

participation in an earlier study (Ok, Rao and Pennington, in progress) two years previous, 

conducted by the same researcher, focused on identifying student patterns of SR use. 

Consent Process 

The administration at the study site provided consent for research. In order to recruit 

teachers, the researcher provided an overview of the study to teachers and invited them to 

participate. Teachers interested in participating were provided a consent form. They were asked 

to read it over and return it with their signature at their earliest convenience. The researcher let 

teachers know that if they showed any signs of stress during the design process, interview or 

lesson implementation, the researcher would stop. The researcher assured teachers that there 

were no adverse consequences to opt-out of the study. 

Role of the Researcher  

The lead researcher is employed by the study site and was heavily involved in the design 

phase of instruction. During the design phase, the researcher coached the teachers in using the 

UDL Design Cycle (Rao & Meo, 2016) to develop lessons that integrate SR as part of writing 

instruction. Dr. Kavita Rao, an expert in Universal Design for Learning and co-creator of the 

UDL Design Cycle, offered guidance and provided feedback to the researcher during the 

coaching process to ensure quality. 

The researcher also supported teachers as they implemented the lessons they designed. 

As part of the lessons, the teachers provided writing instruction to enhance student writing 

through the consideration of UDL and the use of SR. The researcher’s primary role was to 

observe the teacher experience and collect data, a common role in most case study research 

(Stake, 2010). As a secondary function, the researcher supported teachers by providing solutions 
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for technology-related issues and modeling technology use as needed. Having an instructional 

technology specialist present during the lesson to troubleshoot and solve problems can boost 

teacher effectiveness when integrating technology (Toll, 2014). The researcher focused on 

assisting teachers to aid students in achieving technical success with the tools while being careful 

not to involve himself in the delivery of pedagogy. The “observer as a participant” role, “was 

secondary to the role of information gatherer” (Merriam, 1998, p. 101). The researcher 

moderated his “insider” involvement, by maintaining the necessary “outsider” detachment to 

remain objective (Spradley, 2016). Although recorded observations cannot capture a full 

description of a phenomenon (Atkinson & Hammersley, 1994), the researcher gathered as much 

data as possible by maximizing his attention to the task of observing. 

Participant observation may be a method of data collection that limits the study since the 

sole presence of the researcher in the area of study can influence the participants' behavior. This 

phenomenon is called the observer-expectancy effect and occurs when the experimenter subtly 

communicates their expectations for the outcome of the study to the participants, causing them to 

alter their behavior to conform to those expectations (Goldstein, 2014). The researcher will apply 

rigor to strengthen this study. 

Rigor 

In exploratory studies such as this one, three tests are commonly used to establish the 

quality of empirical research: a) construct validity, b) external validity, and c) reliability. The 

researcher acknowledged his own subjectivity and implemented protections to minimize bias and 

increase construct validity, external validity, and reliability (Yin, 2017).  

Construct validity was enhanced by using multiple sources of evidence, having a draft 

reviewed by key informants (Yin, 2017), and stating research bias clearly from the beginning of 
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the study (Creswell, 2017). Triangulation, the process of “using multiple investigators, multiple 

sources of data, and multiple methods to confirm the emerging findings” (Merriam, 1998, p. 244) 

was established through the use of three different sources of information (e.g., interviews, lesson 

plans, and observations), and by using multiple researchers. The process of examining three 

separate groupings of students (e.g., a group of fourth-grade students, a group of students in 5th 

and 6th grade, and a group of students in 7th and 8th grade) also assisted in triangulation. 

To clarify research bias prior to the study, the primary researcher for this project 

explained his role as an employee of the school at the study site and that he could have a pre-

existing bias that might influence the way that data is collected and interpreted. In this way, the 

researcher can be considered inseparable from what he is investigating (Creswell, 2017). 

Measures to reduce researcher bias were discussed in the section titled Role of the Researcher. 

External validity is described as how findings can be applied to other circumstances 

(Merriam, 1998). Rich descriptions of each teacher’s reports were provided in order to increase 

transferability or the extent to which the findings of a qualitative research study can be applied to 

other environments (Trochim, 2006). Validation is a strength of qualitative research since it 

involves spending time in the field, providing detailed descriptions, and getting close to the 

participants (Yin, 2017). To further strengthen validity, the researcher also implemented member 

checking, a strategy where the participants review the data collected (Creswell, 2017). The 

participants received the transcript of the data and confirmed the accuracy of the information 

collected. 

Reliability was boosted by following a case-study protocol and conducting an interrater 

reliability check during the coding process (Durepos et al., 2010). The researchers coded the data 

separately and compared results. This strengthened the reliability of interpretations of the data.  
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To further increase reliability, the dissertation chair examined the findings to make sure that they 

were supported by the data (Durepos et al., 2010). 

The study was designed to have a minimal impact on the participants. As part of their 

work routine, the participating teachers were already meeting regularly with the lead researcher 

to plan lessons and discuss technology integration. As part of those lessons, teachers were 

already familiar with integrating SR and a number of other tools into writing instruction.  

Data Collection and Analysis 

This study focused on understanding teachers’ experiences through their perceptions, so 

the primary data set was obtained by directly eliciting the participants’ knowledge (Yin, 2017, p. 

72) through post-implementation interviews. The researcher conducted 20-minute semi-

structured interviews (including five questions) with each of the teachers after they finished 

teaching their five lessons. Personal accounts of their direct experience helped the researchers 

understand the teachers’ perspectives and professional approach (Bathmaker & Harnett, 2010). 

Teachers were asked to talk about their perception of the writing process and their students in 

general terms. They were not asked questions about specific students. The researcher recorded 

the interviews with an iPad and transcribed them. Interviews took place outside of teachers’ 

instructional hours in order not to interfere with classroom teaching. The interview protocol (see 

Appendix F, Page X) was tested by the research team to ensure the flow of ideas and to assure 

alignment with the research questions. 

The researcher implemented a semi-structured interview format since this method 

allowed for addressing key research questions about teachers’ perceptions while granting the 

freedom to pursue other related ideas that teachers contribute. Interview questions were open-

ended to encourage participants to expand on the information that they felt was crucial but may 
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not have been thought about by the researcher (Gill et al., 2008). These open-ended questions 

allowed for rich narrative type responses with the follow-up questions serving as a guide 

(Turner, 2010). Resources related to SR and UDL and notes from the lesson observations were 

used to keep the conversation fluid (Leech, 2002).  

While asking these questions, the researcher ensured that the four criteria of a focus 

interview: non-direction, specificity, range, and depth (Flick, 2006) were met. The criterion of 

non-direction is a tactic achieved by using various forms of questions. In this case study, the 

interviewer began with an open-ended question, “How has SR affected student writing in your 

class?”, and then with more semi-structured questions such as “How did you feel about the 

quality and quantity of writing of students using SR?” and “How was SR helpful for students 

during the writing process?” Specificity is a measure of how fine details are elicited in people’s 

responses. The researcher used this to prevent a preponderance of more general responses. 

Teachers were asked to think back to specific activities during lessons, and situations during 

planning meetings. The criterion of Range relates to how the researcher assures that the topics 

relevant to the research questions are discussed in the interview. In this case, the researcher 

allowed the interviewee to add connected topics and initiate changes to the topics discussed 

before using “reversional transitions” (Merton & Kendall, 1946, p. 553) to revisit earlier topics 

that were discussed but not detailed enough. The criterion of Depth is based on how the 

researcher invites the participants to provide deep responses. The researcher raised the degree of 

depth by shifting towards having participants focus on their feelings and shifting back to feelings 

they described previously. 

The researcher observed three 45 min lessons and collected field notes as a secondary 

method of data collection to triangulate, establish greater validity and expand upon the primary 
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data set. The lesson length of 45-min was set according to the existing class schedule of the 

school and was determined to be an adequate length of time according to previous studies on this 

topic (Haug & Klein, 2018). These three lessons were designed collaboratively with teachers as 

part of the professional UDL coaching process that lasted eight weeks. The field notes template 

used during observations consisted of four categories (Going Well, Challenges, Unexpected 

Outcomes, Other). During classroom observations, the researcher assumed the role of an 

“observer as a participant.” Demonstrating technology use at the beginning of the class and 

providing minimal technical support was the extent of his participation. This “observer as a 

participant” role, was secondary to the role of “observer as information gatherer” (Merriam, 

1998, p. 101). The researchers’ main purpose was to observe and collect data pertaining to 

teacher instruction and student use of SR during the class period.  

The data analysis phase of a case study is subjective and often dependent upon the 

experience and skill of the researcher (Baxter et al., 2008). To produce credible results, the 

researcher used foundational literature to guide the process of data analysis (Stake, 1995).  

Following the qualitative analysis approach by Cresswell (2017), the coding process for the data 

collection involved two phases. In the first phase, the researcher transcribed the interviews and 

the data was organized in a set of spreadsheets according to each teacher (i.e. Grade 4, Grade 5-

6, Grade 7-8). The researcher performed an initial investigation to examine the similarities and 

differences among the information collected from the three different teachers. During this phase, 

despite differences in grade level and content area for each of the teachers, the teachers operated 

in similar class environments within the same school. The instructional approach was also 

similar. Because of these overarching similarities, a holistic single case study approach was 

confirmed as the most appropriate as the method for analysis (Yin, 2017) to gain “a systemic, 
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encompassing, and integrated” overview of how SR fits into writing instruction (Miles et al., 

2014).  

The second phase, involving coding teacher interview transcripts and observational data, 

was as follows. To begin, the researcher implemented a deductive coding procedure based on a 

conceptual change framework by Sadera and Hagrave (2005). Prior research supports the use of 

this framework for developing instruction that prepares teachers to integrate new technology (L. 

Berquist & Sadera, 2014; Sadera, 2001; Sadera & Hargrave, 2005) and instructional frameworks 

such as UDL (E. T. Berquist, 2013). The researcher created three codes (Miles et al., 2014), 

“positive,” “negative,” and “other” to filter the data into general categories that will later 

facilitate the mapping of teacher perceptions to various stages of the conceptual framework. 

Mapping this connection will provide the researcher with a set of research-based 

recommendations for moving potentially dissatisfied teachers along a gradual path beyond 

dissatisfaction.  

Coding the data was a collaborative process. Two of the researchers first discussed how 

to best define the codes and fine-tuned them after some initial coding. Team coding helped to 

sharpen the definitions of the codes and establish a common vision for what the codes really 

mean. Having clear operational definitions (Table 5-1) for each of the three codes was important 

for the primary researcher so he could apply them consistently over time while coding the full 

data set. The definitions were also vital for a successful inter-rater reliability check so that both 

researchers had the same precise idea in mind when coding the same text independently (Miles et 

al., 2014).  

 The “positive” code was used to show a positive teacher perception or feeling of 

satisfaction. For example, “Students enjoyed Voice Dream Writer” or “Improved student 
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engagement & motivation.” The “negative” code was used to indicate an apparent challenge, 

struggle or dissatisfaction. Some examples were, “Students fixated on recognition errors” or 

“Was challenging to monitor kids and quickly support those in need.” Certain data did not fit 

into either positive or negative groupings but were worthy considerations, so the category of 

“other” was established. Data coded with “other” were defined as other factors to consider. 

These data came in the form of recommendations or observations. Some examples were “Seeing 

students struggle with new approaches was important for them to learn, but difficult to watch” or 

“Students prefer to work near friends at school but find SR very useful for writing at home.” 
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Table 5-1  

Operational Definitions of Codes 

Code Findings Definition Example 

Positive Facilitating 
Factors 

● Positive teacher perceptions 
about the student use of SR or the 
design process used to plan the 
lessons. 

● Perception of satisfaction based 
on successful outcomes. 

“SR Improved student 
engagement & 
motivation.”  
 
“Students enjoyed SR 
with Voice Dream 
Writer.” 

Negative Barriers to 
Implementation 
or Design 

● Teacher issues, challenges, 
struggles,  

● Feelings of dissatisfaction. 

“Students fixated on 
recognition errors.” 
 
“Was challenging to 
monitor kids and 
quickly support those 
in need.” 

Other Other Factors or 
Considerations 

● Relevant data points that did not 
fit with the definition of the other 
two codes.  

● Interesting findings that may not 
match the research questions.  

“Students prefer to 
work near friends at 
school and not use 
SR, they said SR is 
very useful for writing 
at home.” 
 
“Seeing students 
struggle with new 
approaches was 
important for them to 
learn, but difficult to 
watch.” 

 

To establish inter-rater agreement, the primary researcher provided four pages of 

transcripts from a teacher interview with a secondary researcher. Each author coded the 

transcripts independently using the three codes mentioned above and determined which data was 

relevant for answering the first research question. Next, the two authors compared their codes. 

The reliability, the percentage of agreement across coding, was calculated for the four pages of 
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transcripts. The resulting percentage, 82%, was an acceptable level of agreement for inter-rater 

reliability for qualitative research with the size and range of this coding scheme (Miles et al., 

2014). Finally, the two researchers discussed areas of disagreement and reached consensus on all 

items. Internal consistency was established.  

Findings  

This case-study explored perceptions of three teachers who applied a UDL approach to 

teaching the writing process with SR. The findings are presented in relation to the three research 

questions that guided this study. First, teacher perceptions of students' use of SR are described. 

Next, teacher perceptions of student use of SR in relation to UDL are presented. Finally, teacher 

perceptions of using a UDL-based design process are examined. Following a section addressing 

each research question is a table summarizing the findings for that question (Tables 5-2 to 5-4). 

The contents of the third column of each table titled “other considerations” will be included to 

extend findings for each research question.  

Research Question 1  

Research question 1 focuses on understanding teachers’ experiences with student use of 

SR during the writing process. The findings are presented in two parts: “facilitating factors” and 

“barriers to implementation.”  

Facilitating Factors. According to the data, it was clear that, generally speaking, all 

three teachers had a positive experience with students using SR as part of the writing process. 

Teachers shared the ways in which SR helped students, noticing increases in motivation and 

engagement in a number of their students. One of these teachers described the level of student 

motivation in the following way, “They are just more happy writing, basically. And I think they 
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produce better work when they are happy.” Teachers shared that SR facilitated the transfer of 

ideas from “mind to text” for students. One teacher explained how a student would “just speak 

his thoughts as text, without hindering his progress or engagement.” Teachers also felt that 

students using SR produced more quality writing, using more sophisticated vocabulary, and 

lengthier pieces when compared to typing. Teachers highlighted the benefit of SR for students in 

their class with dyslexia and dysgraphia who typically struggle with spelling. The teachers 

explained that SR generates words based on a dictionary, circumventing the need for students to 

form letters, a requirement of handwriting, and the need to form words from individual letters, a 

requirement of typing. Teachers noted that this was beneficial for students with sensory issues 

who were averse to holding objects and using their hands frequently.  

Since the use of SR was a new approach to writing for students, it consequently unlocked 

several options for them. Teachers reported that students enjoyed being able to apply their 

preferences by having additional choices. SR requires a quiet, independent space for optimal use, 

so teachers also provided students with new and non-traditional locations on which they could 

write. Students could choose curtained areas of the classroom or go beyond the classroom to 

outdoor picnic tables, grassy lawns, benches, and under trees. Data showed that the use of SR 

created more physical space for writing. In addition to choosing their physical writing space, 

students could also select their digital writing space. Students chose between the apps Google 

Docs, Notes, Pages, or Voice Dream Writer but were limited to using these four apps. 

Voice Dream Writer, in particular, is a unique app because it provides a digital writing 

environment with highly customizable visual elements as well as its own integrated text to 

speech (TTS) engine with natural sounding voices. Teachers mentioned that students “loved 

Voice Dream Writer” and used it as their preferred writing environment. Observational data 
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showed that TTS was frequently used in combination with SR because students used it to check 

accuracy and identify any recognition errors. Teachers reported that students used other digital 

tools to supplement their SR use such as the Grammarly keyboard. They used Grammarly to 

double-check for recognition errors and to assist with grammar rules, correct sentence structure, 

and alternate word choice.  As one teacher put it, “SR affected the writing process immensely... 

if they didn’t have the option to use this… I don’t think we could have gotten it done”. 

Barriers to Implementation. There were a number of challenges that teachers described 

during their interviews. One of the drawbacks of using SR was that it required somewhat clear, 

fluid speech. Teachers shared how this nuance quickly frustrated certain students after they 

produced numerous recognition errors, making the revision process incredibly tiresome. These 

students abandoned using SR, despite being initially excited by the prospect of an alternative 

form of writing. One teacher mentioned that using earbuds with a built-in microphone helped to 

decrease some recognition errors. Most students did not use microphones since the headphones 

provided to them did not have them built-in, however, some students preferred to use their own 

earbuds equipped with microphones. 

One of the teachers shared how students being spread out across greater distance and 

obscured by objects created challenges for her. Students sometimes found themselves more 

distracted when working in new, inadvertently stimulating environments. She mentioned that it 

was difficult to monitor students and provide just-in-time support for those who needed it. The 

teacher was thankful for having the researcher present since it made supervision and support 

more manageable. Another challenge that teachers noted related to writing spaces was when SR 

did not work due to a poor internet connection. This occurred both inside the classroom and 

outdoors at various times, disrupting student work.  
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The newfound freedom to write in new places was not attractive to all students. Teachers 

reported that some students wanted to use SR but were accustomed to the routine of writing at 

their desks positioned near other students who preferred writing just with keyboards. 

Observational data showed that students who used SR in this setting appeared to be concerned at 

times by the others around them listening. A teacher shared the story of one student who told her 

that he uses SR frequently at home, but while at school, he prefers to be near his friends so he is 

reluctant to use SR there. 

Another barrier to implementation was that students enjoyed the benefits of speaking 

their compositions and were reluctant to spend much time or effort revising the text. In certain 

cases, however, one teacher commented that when certain students listened to their compositions 

after using SR, they were still not able to identify recognition errors and correct sentence 

structure. Students were taught to use additional tools such as Grammarly as a secondary check 

for recognition errors and to revise sentence structure. Teachers shared that some students did 

not want to revert to the keyboard for editing but there was not much of an option since Apple’s 

built-in dictation did not allow for voice-editing, in contrast to 3rd party apps that offer this 

feature such as Dragon Anywhere.  
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Table 5-2  

Key Teacher Experiences with Student Use of SR  

Facilitating Factors Barriers to Implementation Other Considerations 

● Impacted the writing 
process for students 
immensely.  

● Improved student 
engagement & 
motivation 

● Increased the quantity 
and quality of 
compositions  

● Facilitated use of 
other digital tools 
(text to speech, 
Grammarly)  

● Eliminated spelling 
errors 

● Facilitated transfer of 
mind to text  

● Created more space 
for writing 

● Circumvented 
forming letters and 
forming words with 
letters  
 

● Numerous recognition 
errors led to time 
intensive revision. 

● Stuck in old writing 
routines.  

● Success depended on 
clear speech. 

● Monitoring and 
supporting students was 
challenging. 

● Reluctance to make 
changes to the text after 
using SR 

● Didn’t work at times, 
internet outages. 

● How to achieve 
deeper 
brainstorms, often 
went with the first 
item they thought 
of 

● SR was new, so 
unable to reach 
true potential 

● Prefer to work near 
friends at school, 
only use at home 

● Headphones with 
mic improved 
recognition 

● Certain personal 
writing topics 
limited student 
sharing 

 

 

Research Question 2 

While Research Question 1 sought to understand the teacher's experiences with students 

using SR, Research Question 2 adds a new angle to this first question. Research Question 2 seeks 

to explore how teacher experiences with students using SR relate to the UDL framework. To find 

the relationship, the researcher examined the data through the lens of the three UDL principles: 

Multiple Means of Engagement, Multiple Means of Representation, and Multiple Means of 

Action and Expression. More specifically, the data was matched with various UDL checkpoints 
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(See Table 5-3). The UDL checkpoints are a list of research-based practices that can be used to 

operationalize the features of technology to create scaffolds and tools that support learners 

during the writing process (C. H. Hitchcock et al., 2016) (See Figure 5-2).  The checkpoints were 

compiled and categorized under nine guidelines by The Center for Applied Special Technology 

(CAST, 2018), the leading research institute on UDL and provide a systematic way to check the 

curriculum and environmental design for accessibility and flexibility (Ok et al., 2017; Rao et al., 

2014).  

Multiple Means of Engagement. In this study, teachers reported students who used SR 

showed “increased enthusiasm and motivation” for writing.” One teacher provided an example 

of how some students in her class who were usually very resistant to writing became excited to 

write when they had the option to use SR. The teacher explained, “SR addresses the needs of 

some students lacking motivation.” UDL supports the idea that people can differ drastically in 

the ways they are engaged and motivated to learn. The data showed that some students were 

highly engaged by using new technology like SR, while others were disengaged, or even scared 

of exploring the unknown or breaking their comfortable routine. Some students enjoyed working 

alone, while others preferred to work with classmates. In knowing the variability among their 

students, teachers attempted to provide multiple options for students to fuel their curiosity and 

drive. Students were usually provided with a choice for how to engage in the writing process in 

four general ways: 

1) Choice of their preferred way to compose text (writing, typing, use of SR) 

2) Choice of the writing app (Voice Dream Writer, Google Docs, Pages)  

3) Choice of what to write about (specific content to include) 
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4) Choice of where to write (outdoors at benches, tables or lawn; inside on pillows, at tables 

or desks). 

Cooperative opportunities for students to work with peers were also sometimes provided 

by teachers to fuel the sustained attention and effort required by the writing process. The data 

showed that students enjoyed using SR during writing activities that were structured 

collaboratively. One teacher described a memorable activity, set over a series of days, where 

pairs of students went outdoors to observe and take notes about the weather using SR. When 

checking in with the various groups, the teacher was satisfied by the student enthusiasm and the 

quality of their contributions. More than one teacher participant reported that meeting with 

students one on one to discuss work and offer feedback was one of the key success factors for 

sustaining engagement and producing quality writing, whether they used SR or not. UDL 

Guideline 8 Provide Options for Effort and Persistence highlights how providing feedback to 

students that is frequent, timely and specific can be critical to maintaining the effort essential to 

learning.  

Multiple Means of Representation. It was evident in this study how some students 

grasped content quicker or more completely than others depending on how they approached the 

content. In one example where students wrote a response to a historical extreme weather event, 

the data showed that a facilitating factor to SR use was that students were able to access a digital 

version of the news report as well as a YouTube video of the same report. Some students 

watched the video, some used TTS to listen to the article, while others just preferred to read the 

paper that was organized by highlighted titles above chunked information. Students had the 

option to use any or all of these resources to help them process the needed information to 

respond to the questions.  
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During interviews, teachers shared students’ appreciation for using text to speech (TTS) 

in conjunction with SR when writing. One teacher explained that when students listened to the 

text they had previously dictated, it was very satisfying for them. “They had a true sense of 

accomplishment,” was the way another teacher explained it. Voice Dream Writer was a favorite 

app among students. In the app, it was simple to listen to the spoken text. Students chose voices 

based on their preference and adjusted the reading speed according to their needs. Students also 

customized the visual display of Voice Dream Writer to their liking. Data showed that students 

enjoyed “making it their own,” tweaking the margins, line-spacing, fonts, and background 

colors. These types of individualized visual scaffolds helped to support students with the 

processing of information. 

Teachers shared that scaffolded instruction was one of the most helpful supports for 

student comprehension during the writing process. Visual guides were provided showing explicit 

prompts for each step in the writing process and reference sheets with highlighted, chunked 

information. “They all needed a guide but this student needed a little more structure than that 

student,” one teacher explained, “It was different for everybody so it was challenging but it was a 

chance to individualize.” For students who were distracted by other steps in the process and 

needed additional simplification, she would cover the other steps and emphasize, “today you 

need to focus just on this one thing.” In one classroom, instead of printed handouts, the teacher 

offered students an additional iPad used solely for accessing chunked reference material, so that 

students would not need to exit their writing app in order to access the material. Although 

teachers provided a number of resources to support information processing related to SR use at 

various stages of the writing process, data showed that additional visual cues and supporting 

resources for SR were recommended. 
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Multiple Means of Action and Expression. The data showed that students had 

sensitivities, needs, and preferences that limited and enhanced the ways they physically 

interacted with learning tools. Teachers highlighted how some students were able to express 

themselves well in speech but not written text and vice versa. In one example, teachers 

highlighted how students who preferred to speak increased the quantity and quality of their 

compositions when using SR. Before having this option, these students struggled with a variety 

of issues such as holding pencils over time, spelling words, and navigating a keyboard 

effectively. Using iPads as their primary tool for information gathering and writing, students had 

the benefit of using a number of modes for interaction (e.g. single button, stylus, keyboard, 

voice) and options to customize their writing experience. For students who struggled with 

strategic and organizational abilities due to executive functioning deficits and had language 

barriers like dyslexia, data showed that SR provided a fresh and rewarding manner in which to 

express what they know. 
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Table 5-3  

UDL Related to Data (CAST, 2018) 

UDL Guideline Data Points & Matching UDL Check Point 

1. Provide Options 
for Perception 

● Students enjoyed using SR in Voice Dream Writer, an app 
designed to allow specialized customization of the display. 
(1.1 Provide ways of customizing the display of information) 

● Listening to their compositions after using SR, did not help 
several students identify recognition errors and correct 
sentence structure. (1.3 Offer Alternatives for Visual 
Information) 

3. Provide Options 
for Comprehension  

● Additional visual prompts for writing and supporting 
resources for SR use could have helped students requiring 
more structure (3.3 Guide information processing) 

● Printed guides and reference sheets helped structure the 
writing process and did not distract (3.3 Guide information 
processing) 

4. Provide Options 
for Physical Action 

● SR use facilitated student use of Grammarly keyboard for 
grammar check and recognition errors. (4.2 Optimize Access 
to Assistive Technologies) 

● Eliminated spelling challenges, especially helpful for young 
and dyslexic students (4.2 Optimize Access to Assistive 
Technologies) 

5. Provide options 
for Expression & 
Communication 
 

● Increased quantity and quality of text for students who 
preferred to speak. (5.2 Use multiple tools for composition) 

● SR success depended on clear speaking, some students were 
unable to use it (5.1 Vary the methods for response) 

● Several students preferred a hybrid approach using both 
speaking and typing. (5.1 Vary the methods for response) 

● Students were used to using keyboards and SR was new, so 
they did not reach writing potential (5.2 Use multiple tools 
for composition) 

● Students circumvented the barrier of using hands, helping 
with dysgraphia & sensory issues (5.2 Use multiple tools for 
composition). 

● SR removed the challenge of forming letters with a pencil  
● Series of short directed questions helped to structure longer 

writing assignments. (5.3 Build fluencies with graduated 
levels of support for practice and performance) 
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6. Provide options 
for Executive 
Functions  

● Facilitated mind to text (UDL Checkpoint 6.3 Facilitate 
managing resources) 
 

7. Provide Options 
for Recruiting 
Interest  

● Use of SR increased enthusiasm and dedication to writing. 
(7.1 Optimize choice and autonomy) 

● Students who used SR removed physical keyboards 
providing increased freedom to move (7.1 Optimize choice 
and autonomy) 

● Some students wanted to keep the routine of writing at 
classroom desks, but proximity to others seemed to make SR 
use uncomfortable. (7.3 Minimize Threats and Distractions) 

● The use of SR created more physical space for writing, 
students enjoyed having space. (7.3 Minimize Threats and 
Distractions) 

8. Sustaining Effort 
and Persistence  

● Some students enjoyed working with partners using SR. (8.3 
Foster Collaboration and Community) 

● Students who liked being near friends reported only used SR 
at home as a result. (8.3 Foster Collaboration and 
Community) 

● Meeting with students one on one to discuss and offer 
feedback  
(8.4 Increase mastery-oriented feedback) 

● Students who needed more guided practice were more 
isolated from teachers. (8.4 Increase mastery-oriented 
feedback) 

9. Provide options 
for Self Regulation 
 

● Teachers set the expectation that students had the choice to 
use SR or not use it based on their preference(9.1 Promote 
expectations and beliefs that optimize motivation) 
 

● (9.2 Facilitate personal coping skills and strategies) 
 

● (9.3 Develop self-assessment and reflection) 
 

 

Research Question 3 

Research Question 3 focuses on exploring teachers’ experiences with a design process to 

integrate technology (SR). According to teacher interviews, the design process was helpful to all 

three teachers in a number of ways created an overall positive, collaborative experience. 
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Teachers also identified certain challenges they faced during the process and made 

recommendations for future practice. The findings for this research question are presented below 

as “Facilitating Factors” and “Barriers to Design.” 

Facilitating Factors. All three teachers shared that the design process helped them to 

better understand their students’ needs and preferences, enabling them to better support their 

students. One teacher described it by saying, “the design process increased my awareness of 

what my students were capable of and what they needed.” She explained that the design process 

allowed her to “individualize” and “integrate new technologies.” The teachers also expressed 

that the design process made them more thoughtful about their teaching. This included 

establishing clear goals and a timeline. One teacher explained this further by saying, “The 

process helped me think about what worked and didn’t, allowing me to adjust and add depth to 

the lessons.” She explained that this understanding allowed her to provide additional practice to 

address student difficulties prior to the next writing lesson. The other teachers echoed this 

sentiment. One said, “It helped me slow down, instead of moving too fast on to the next thing,” 

and the other described the design process as a great reflection tool for finding what works. Two 

teachers emphasized how having multiple teachers collaborate during the design process was 

excellent to work towards overcoming student challenges. These teachers also mentioned how 

meeting face to face regularly was important and could not be replaced by digital 

communication. The remaining teacher said, “Every step was helpful, I enjoyed the design 

process fully!” 

Barriers to Design. The overarching challenge teachers faced during the design process 

was battling with time, as is the case with many situations involving teaching and learning. 

Teachers mentioned not having enough time to use the design process fully and recommended 
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additional time to plan and discuss student work. One teacher expressed her frustration with 

figuring out the amount of work students are capable of doing in a set amount of time. Lastly, 

teachers commented on how the timing of the study made meeting and scheduling the series of 

writing classes challenging since the second semester had many interruptions such as field trips 

and graduation. These items are organized in the Table 5-4 below. 

Table 5-4  

Teachers’ Experiences Using a Design Process to Integrate Technology (SR) 

Facilitating Factors to Design Barriers to Design Other 
Considerations  

● Enjoyed engaging in the design process 
fully 

● Worked well as a means to integrate 
technology 

● Collaborative nature provided solutions to 
challenges 

● Helped set clear goals & establish a 
timeline 

● Felt more prepared to teach and support  
● Increased awareness of students’ abilities 

and needs 
● Better positioned to individualize for 

students 
● Lesson design process matched existing 

approach 
● Helped to reflect on practice, adjust and 

add depth  

● Not enough time to use 
the design process fully 

● Interruptions to 
scheduled meetings due 
to field trip and 
graduations 

 

● More time to 
discuss student 
work 

● Implementation 
during first 
semester may 
better than the 
second for deep 
teacher 
collaboration 

 

Summary 

With the relevant data matched to each research question and the findings shared, below 

is a brief summary of the key findings produced by this case study.  
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SR - Positive Impact 

Teachers perceived SR to be an important element to include as part of the writing 

process. They felt that it “impacted the writing process immensely” by increasing student 

engagement and motivation, improving the quality and quantity of compositions, and serving as 

a bridge to a number of other digital tools that help students become overall better writers. SR 

also allowed students to write in novel, autonomous physical environments. Teachers felt that 

students should be encouraged to try SR for tasks associated with the various stages of the 

writing process and always provided this option, but not forced to use it. Students should 

consider the options and access the learning path most suited to them. 

UDL - Student Use of SR 

Another key finding was the strong connection between the study data and the UDL 

Checkpoints. This was not surprising considering that the teachers used an instructional design 

process that considered the principles of UDL. The findings support the notion that the use of 

technology, with a focus on SR, provided options to address learner variability, the core mission 

of UDL (CAST, 2018).  

UDL - Effective Design Process & Instruction 

A final key finding made evident by research question 3, was the effectiveness of the 

collaborative design process as an approach to structure effective instruction that addressed the 

diverse needs, preferences, strengths, interests, and curiosities of students. The positive outcomes 

shown in Table 5-4 underscore several ways that teachers leveled up their professional skills as 

teachers. Among these skills were collaboration, technology integration, awareness, preparation, 

instruction, and reflection. 
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Discussion 

This research explored how teachers integrate UDL and SR technology to enhance 

students’ writing process. The discussion will be organized by the key themes as a structured 

approach to reflect on the findings. This discussion will help to illuminate the path of teachers 

and researchers who are seeking to integrate SR and other technologies through a UDL 

approach.   

UDL, Technology and The Writing Process  

As the findings of this study illustrate, the use of emerging technologies brings power and 

flexibility to better align learning and individual expression with student strengths and 

preferences, while also providing options to support student needs. The speed at which these 

technologies are improving to allow greater usability is quite incredible. For example, one of the 

challenges mentioned by teacher participants in this study when SR did not function due to 

internet issues.  Upgrades to the Apple’s SR engines announced at the most recent Apple 

Worldwide Developers Conference (WWDC), resolved this issue, explaining that an internet 

connection is no longer required for SR to function on all devices containing an A9 or later 

processors. This includes any iPad manufactured in 2017 or later. These subtle enhancements 

unimportant to some can eliminate hardships for others, greatly increasing adoption.  

Although laptop computers and tablets such as iPads are commonly used in schools for 

writing, teachers are often unaware of the vast array of options these technologies afford 

students. Teachers may also not be familiar with how an instructional approach such as UDL can 

be used to identify how the features of technology can be built into the writing process to provide 

support and scaffolds that address specific student needs and preferences. Teachers can enhance 
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their instructional practice by learning more about how UDL and technology integration can 

work hand in hand.  

As part of their everyday professional responsibilities, teachers regularly develop lesson 

plans that identify curricular objectives and highlight various student activities to practice skill 

development and assess progress. As illustrated by the findings of the second research question, 

the UDL checkpoints provide a menu of recommendations that can be applied during the lesson 

planning phase. Lesson planning tools such as the UDL design cycle help teachers to make 

intentional decisions about when, how, and why students can use the various features that 

technology offers. Direct instruction demonstrating the benefits of technology tools does not 

only facilitate student use, but also helps students to reflect on which tools work for them and 

how they can deepen and amplify the use of those tools (Rao et al., 2016). Findings from this 

study showed that students who used SR adopted it in different ways. Some preferred to use it 

only for brainstorming, or to spell difficult words, while others used it to get their thoughts on 

the page during drafting. Why, how and when students adopted SR evidences the need for 

flexibility in instruction and assessment so students can take ownership of the tools and 

techniques that are effective to support their learning. The literature on UDL implementation has 

been actively expanding as researchers and practitioners continue to work together to explore 

student outcomes in relation to UDL.  

UDL Reporting Criteria 

UDL’s strength as a framework is that it is both flexible and applicable to a vast range of 

educational practices. This level of flexibility, however, can also pose as a challenge in the realm 

of UDL-based research. Because UDL guidelines can be applied in several ways by educators, 
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pinpointing how UDL is applied and measuring its impact can be difficult (Rao et al., 2014, 

2019). See Chapter 2 for illustrative examples. 

To guide consistent UDL reporting for the purpose of building an evidence base on 

effective ways to apply UDL, the UDL Reporting Criteria was created. The UDL Reporting 

Criteria are a set of guidelines for researchers and practitioners who are designing and reporting 

on UDL implementation (Rao et al., 2018). The criteria highlight the critical features of UDL 

that should be reported in studies and establish guidelines for how UDL is defined, 

operationalized and implemented within practice (Rao et al., 2019).  

This dissertation was conducted in conjunction with the UDL Reporting Criteria to guide 

comprehensive reporting practices and contribute to its research base (Rao et al., 2018). The 

UDL Reporting Criteria presented a set of guidelines that functioned as an organized checklist to 

identify the key elements of the UDL implementation and how these elements should be 

described in this paper. Using this tool boosted the author’s confidence in his comprehensiveness 

and depth of the UDL aspects being described in the paper. The deliberate documenting of the 

process using the UDL Design Cycle satisfied nearly all the criteria included in The UDL 

Reporting Criteria. There is a significant overlap between these two documents in the areas of 

UDL that they address. As such, these two tools work hand in hand for any researcher 

conducting a study that involves integrating UDL into classroom practice.  

Conceptual Change Framework 

One of the recommendations for practice emerging from the literature on student use of 

SR during the writing process was to provide continuous opportunities for student practice with 

SR, as it is essential for developing feelings of ownership over the tool and learning to use it 

effectively (Pennington et al., 2018). Implications from a recent study link a higher frequency of 
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student SR use with classroom teachers who demonstrate a positive attitude toward SR (Min, 

Rao & Pennington, in progress). Teachers with less favorable perceptions or showing 

indifference about the value of SR can prevent students from developing proficiency in using the 

technology, or even a working knowledge of how it can help them. This can be a grave 

disservice to students on an individual level, and ultimately to helping to solve our nation’s 

writing crisis, considering the impact that this tool can have on improving student writing 

proficiency (Pennington, 2019).  

In light of these implications, this study investigated teacher beliefs. According to 

Berquist & Sadera, (L. Berquist & Sadera, 2013) teacher dissatisfaction occurs when a new 

concept causes the teacher to question the validity of their current beliefs. One approach to 

aiding teachers with feelings of dissatisfaction they may be feeling towards SR is to reveal pre-

conceptions or conceptions that conflict with their current system of beliefs. The researcher 

employed the conceptual change framework by Sadera & Hargrave (2005) as a tool to help 

uncover these conceptions and identify each teacher’s current beliefs about the value of SR. This 

framework, stemming from the work of Kuhn (1970), Piaget (1985) and Posner (1982) is not 

only focused on helping individuals to confront their conceptions, but also overcome three levels 

of dissatisfaction so that they can fully embrace a new concept. The researcher annotated a 

flowchart of the conceptual change model (Figure 5-3) at each stage to provide more concrete 

examples of what teacher beliefs might look like at each stage within the context of this study. 



 

 150 

 
 

Figure 5-3. Modified Conceptual Change Framework (L. Berquist & Sadera, 2013; Sadera & 
Hargrave, 2005). 

 

 To find the phases of the framework most closely aligned with each teacher’s current 

beliefs, the researcher cross-referenced teacher transcripts from interviews with the descriptors of 

the various phases of the framework. First, the researcher compared the data with negative codes 

and the descriptors of the dissatisfaction stage. Then, the researcher compared the data with 

positive codes and the descriptors of the beyond dissatisfaction stage. The annotations shown in 

(Figure 5-3) were used to help guide potential connections. Data coded as “other” were also 

examined to provide additional insight into which phase each teacher best fit according to their 

beliefs about SR.  
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An important consideration to note, was that prior to the interviews, each teacher 

participated in five UDL-based individualized professional coaching sessions to structure five 

lessons focused on how the features of digital writing environments can be used to support 

students during the writing process (prewriting, drafting, revising, editing, and publishing). 

These collaborations focused, first, on increasing teachers’ knowledge and skills in order to 

increase their confidence and reduce the fear associated with using technology (Ertmer et al., 

2012; Ertmer & Ottenbreit-Leftwich, 2010). These sessions helped to dispel prior 

misconceptions teachers held about SR.  

Each of the three teams, composed of a teacher and the researcher, explored how UDL 

can provide a rational frame for why teachers should integrate SR and other emerging 

technologies as part of the writing process. Teachers identified these technology tools as crucial 

to supporting a variety of student needs and offering students learning paths that leverage their 

strengths.  As a result of this series of professional coaching, it was no surprise that the data 

showed each teacher’s overall beliefs most aligned with the stage of “beyond-dissatisfaction”. 

However, despite strong teacher beliefs in the promise of SR as a tool to increase writing 

proficiency, there still existed barriers to implementation that caused some level of 

dissatisfaction. These barriers were related to time, context and technology not functioning 

properly and did little to diminish teacher enthusiasm about SR being a plausible and fruitful 

solution to improve the writing proficiency of students. According to interview transcripts, the 

three teachers in the “beyond-dissatisfaction” stage expressed ideas in favor of students using SR 

and the need for SR to be integrated as a part of teaching the writing process. Each teacher 

compared traditional writing options with SR and how certain students were able to make great 

improvements to their compositions. They implemented SR as part of their instructional practice 
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and evaluated the impact that SR had on student writing. Finally, these teachers saw SR as a 

plausible solution to address issues concerning the lack of writing proficiency of some students.  

Transcripts also showed overwhelming teacher support for UDL as a framework to 

address challenges with learner variability. Teacher support for UDL as an instructional 

approach to integrate technology for the purpose of providing alternate approaches to task 

completion and supporting student needs may have served as a facilitating factor in resolving 

conflicts with existing teacher conceptions. The framework served the researcher as intended. It 

helped to identify not only current teacher beliefs, but also pre-conceptions and conceptions that 

could cause teacher dissatisfaction when asked to integrate SR. This knowledge will be 

beneficial in the development of future professional development and professional coaching 

focused on integrating SR into writing instruction. The application of this conceptual framework 

added rigor to this study (Miles & Huberman, 1994). 

Limitations 

Using a methodology based on qualitative research, the findings based on the empirical 

data collected by this dissertation has several limitations. One of these limitations is 

generalizability to other contexts (Merriam, 2002).  This limitation is amplified due to the small 

sample size of three participants.  This study used a purposive sample of thee teachers, one 

teacher of a class composed of 5th and 6th graders, one teacher of a class composed of 7th and 

8th graders, and one 4th grade teacher. Teacher demographic data can be found in (Appendix G).  

Merriam (2002) suggested that participants should be chosen based on their ability to contribute 

rich data related to the topic being studied. With this in mind, the participating teachers were 

selected due to their prior experience using SR with students and their participation in an earlier 

study (Ok, Rao & Pennington, in progress). The teacher participants in this study worked at a 
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small private school on a remote island serving primarily students with special learning needs so 

this site-specific context may problematize the ability to generalize (Miles et al., 2014). Lastly, 

since the teachers who took part in this study had previously taken part in a previous study by the 

same researcher, bias may come into play.  

Additionally, the primary source of data (teacher interviews) were self-reported.  

Although this type of data collection is widespread in research related to technology integration 

and instruction (Lawless & Pellegrino, 2007), responses may have been subject to bias and not 

reflective of their true behavior (Roth et al., 2016). Each teacher’s behavior, however, was 

validated to an extent through the use of observations of behavior during classroom visits and by 

the content they included in their lesson plans. Nevertheless, because of its exploratory nature, 

this case study was not necessarily concerned with generalizability and replication. It should be 

primarily viewed in light of confirming or questioning results from other investigations (Baxter 

et al., 2008). 

Finally, when interpreting data through a specific lens or with a particular, anticipated 

outcome in mind, there is always the possibility of researcher bias playing a role. Additionally, 

the interviewer had a prior collaborative relationship with the three teachers interviewed. Taken 

together, these factors could have contributed to a positive bias on the part of either researcher or 

subject. This potential limitation was controlled through the maintenance of empirical rigor 

during interactions with teachers as well as frequent check-ins with research advisors. of 

confirming or questioning results from other investigations (Baxter et al., 2008). 

Implications for Practice  

Findings from this research help to provide a series of guidelines for researchers and 

practitioners interested in integrating technology through a UDL approach. The UDL Design 
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Cycle (Rao & Meo, 2016) can serve an effective tool to guide unit and lesson planning. If 

feasible, teachers should engage in the process collaboratively with a co-teacher, technology 

specialist, learning specialist, or curriculum coach. Meeting together as a team to plan at least 

once a week will help to create the time needed. These meetings should include time for 

reviewing student work and candid discussion about the successes, challenges, and unexpected 

outcomes from previous lessons. Visiting these three topics can shed light on how to modify and 

adjust the subsequent lessons to better meet the needs of learners. Teachers should document the 

process that takes place during lesson planning, lesson revision, and lesson implementation. One 

way is to record the audio of the meetings, then later use the Dragon Dictate app to transcribe the 

audio files so that the content can be more readily accessed.  

Regarding instruction, teachers should teach students to use multiple technology tools (3-

5) that provide diverse approaches to task completion. Students should choose to use the tools 

and approaches best suited to their needs, preferences, and strengths. Teachers should provide 

continuous opportunities for students to practice using the technology for authentic tasks beyond 

the class time. Teachers can reference the UDL Checkpoints for a menu of approaches that can 

help meet the needs of learners (CAST, 2011). Researchers should use the UDL RC to position 

teachers and researchers to share their findings, not just to add to the literature, but to improve 

the practice for other teachers. 

 Researchers should deliberately document the process of their UDL implementation. An 

effective way to do this, if feasible within the context of the study, is to use the UDL Design 

Cycle, since it satisfies nearly all the criteria included in The UDL Reporting Criteria. These two 

tools work hand in hand for any researcher conducting a study that involves integrating UDL 



 

 155 

into classroom practice. Use of the UDL RC will position teachers and researchers to share their 

findings, not just to add to the literature, but to improve the practice for other teachers. 

Summary 

The researchers selected a qualitative exploratory case study methodology for this study 

to capture the participants’ experiences and perceptions of how educators can use the UDL 

framework to provide a rational framework for implementing Speech Recognition technology as 

part of writing instruction. These findings contribute to the literature on how UDL can provide a 

context for a variety of technology tool use. 

Conclusion and Future Research 

The researchers selected a qualitative exploratory case study methodology for this study 

to capture the participants’ experiences and perceptions of how educators can use the UDL 

framework The researchers selected a qualitative exploratory case study methodology for the SR 

is a unique tool that can be used in various ways to enhance the writing process for students. It 

continues to evolve rapidly, becoming more effective, streamlined and feature-rich. To 

understand the added benefits and limitations of these features for students, future studies should 

investigate their use. SR remains underutilized in schools, despite its growing capability and 

growing research base. UDL is a framework that guides deliberate instruction for how 

technologies can address students’ needs and preferences. UDL can serve to provide guidelines 

that provide why and how to support teachers with implementing SR and other tools that can 

provide game-changing affordances to help struggling learners just like SR helps struggling 

writers. More research about how UDL and integrating specific technologies like SR, can 
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address student preferences can be used to improve teaching practice and contribute to the 

research base supporting UDL implementation. 

Findings from this study identify some of the important elements to consider when 

integrating SR into writing instruction. These elements can inform future quantitative 

investigations to test the elements for value and aid in providing more general findings to the 

larger population. For example, a survey might be used to confirm the benefits of using UDL as 

an instructional design strategy for more inclusive technology integration. Using both 

quantitative and qualitative methodologies in a sequential investigation can reveal a wider or 

more in-depth understanding of phenomena over any single inquiry (Creswell, 2017)  
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Chapter 6 Discussion and Conclusion  

Introduction 

As shown by the research presented by the three manuscripts included in this dissertation, 

SR can play a major role in affecting student success when engaging in the writing process. 

More specifically, SR can provide students with a writing tool more aligned with their strengths 

and preferences than a keyboard, touch screen or pen. Students become more proficient writers 

by selecting tools suited to their characteristics and learning to use those tools to produce 

effective results. Findings from DL provide a compelling context for teachers to integrate 

emerging technologies, such as SR, into their lessons to provide strength-based learning 

experiences for students while also supporting their needs (Pennington, 2019).  

This final chapter will examine the methodologies used for the three studies included in 

this dissertation. The chapter will then revisit the research focus and findings of each paper 

followed by a discussion of the findings that links the studies and explores how they connect to 

the literature. This chapter will revisit how the findings contributed to the theory, implications 

for practice, and recommendations for future research. Lastly, this final chapter will also discuss 

the limitations of the findings produced by this study. The dissertation concludes with a general 

summary and closing commentary. 

Literature Update 

A recent (2019) study led by Regan, focused on finding school teacher perceptions of 

integrating technology in writing, was similar to this study in several ways.  Both studies focused 

on teachers in the grades K-8 realm and sought to understand teacher attitudes about using 

technology as part of writing instruction. Both studies also used interviews as the primary data 
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collection instrument.  Results from Regan’s study showed that middle school teachers indicated 

three primary barriers to technology integration during writing instruction: 

1. Lack of Access: difficulty connecting to the internet, websites being blocked. 

2. Time Involved: technological glitches that made the benefits not worth their time, 

even when they did everything right, it would not work properly. As soon as you 

learn one program then things change and you have to learn another one.  

3. Increased Competition: signing out laptop carts or reserving the computer lab had 

to be done weeks in advance and a lot of people check laptops out for huge blocks of 

time (Regan et al., 2019). 

Aside from lack of internet connectivity, the perceived barriers reported by Reagan’s 

study were not an issue for the teachers in this dissertation.  A primary difference was that 

teachers and students studied for all papers in this dissertation each had their own school 

provided iPads as opposed to competing for shared and dated laptops. Having their own 

technology eliminated the barrier of competition and minimized lack of access.  Since most 

students and teachers had been using iPads for years, they had a working knowledge of the 

device and were accustomed to using it.  The level of student proficiency with technology 

minimized the barrier of time involved. The teachers also had an instructional technology 

specialist working closely with them in order to provide tech support when needed. 

In her study, Reagan also shared that using technology for writing was a positive 

experience for some teachers as well.  The three benefits she mentioned, differentiating 

instruction, providing twenty first century learning opportunities, and assisting students who 

learn differently were key benefits mentioned by the teachers in my study as well.  Both 

Reagan’s study and this dissertation stress the importance that teacher attitudes play an important 



 

 159 

role in the integration of technology. Both studies recommend the need for professional 

development and time for reflection to help to promote positive teacher attitudes and improve 

technology integration in the classroom.  This dissertation addresses these needs by discussing 

how specifically we can assess and improve teacher attitudes about technology integration.  The 

dissertation also explains the process and benefits of using professional coaching, UDL, and a 

conceptual change framework.  

A recent (2019) manuscript led by Evmenova reviewed the literature on supporting the 

writing process for students with disabilities.  This dissertation contained much of the 

information in Evmenova’s review. In the article, she discusses the complexity of teaching 

writing through a process approach and focuses on how certain strategies and technologies can 

provide students with assistance during the process.  Evmenova organizes her paper by creating 

sections for each stage of the writing process (Planning, Drafting, Revising/Editing, Publishing). 

Within each section, she hones in on studies that showed successful strategies and technologies 

to support students at that stage of the writing process. She concludes her manuscript by stating 

that the majority of research on how technology supports writing is outdated (MacArthur, 1998; 

Raskind & Higgins, 1995; Wetzel, 1996) and calls for new research in this area. She 

recommends the use of research-based strategy instruction (the approach that the teachers used in 

my study) and declares that manipulating instruction with technology can only enhance students’ 

writing performance throughout the writing process (Evmenova et al., 2019). 

Overall, updated literature supports the findings and conclusions of this dissertation. 
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Methodologies 

Though the three papers each used a unique set of methods they have the same 

overarching content focus. Each paper examined how teachers can implement SR to improve the 

student writing process. Chapter 3 describes a peer-reviewed literature review published in the 

International Journal for Educational Media and Technology. The literature review examined 

how students can use SR to engage in the writing process. In his review, Pennington (2018) 

implemented methods according to recommendations by Galvan & Galvan (2017), applying a 

robust inclusion criterion to focus on empirical studies with experimental, mixed methods, 

qualitative, and single-subject research designs. For each study, SR was the independent variable 

and the dependent variable related to the writing process. The primary researcher and his 

colleagues implemented exhaustive search procedures, examining all relevant articles in 

educational databases such as Academic Search Complete, ERIC, PsycInfo, and Proquest. They 

also conducted an ancestral search using the reference sections of previous articles, dissertations, 

and literature reviews on this topic to assure that all possible articles were included.  

Chapter 4 presents a practitioner paper, focused on how three teachers used a design 

process to implement SR with the UDL guidelines. Chapter 5 describes a study focused on 

understanding teachers’ experiences through their perceptions. It used a qualitative, exploratory 

case study methodology. Data were examined holistically (Yin, 2017) and were coded 

deductively according to Sadera and Hagrave’s (2005) conceptual change framework. Each of 

the three papers were written to provide insight on the impact of student use of SR for the writing 

process.  
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Major Findings  

This section will review the research focus and findings for each article in this 

dissertation. Next, it will discuss the connections of the findings between each of the three 

articles. Finally, it will discuss how these links relate to the current literature. 

Paper 1, Chapter 3   

The goals of this literature review included: (a) identifying the research designs and 

methods researchers have used, (b) understanding how SR has been used by students and (c) 

learning about the impact of SR on student writing ability. Results indicated that researchers 

have used a variety of research designs and methods to study the outcomes of SR use. Table 6-1 

shows the findings related to the designs and participants in each of the 13 studies included in the 

review.  
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Table 6-1  

Design and Participants (Chapter 3)  

Study Design Participants 
(Day, 1995) Repeated Measures 3 students, ages 19 -36 

(Higgins & Raskind, 1995) Experimental 
29 students in college 
and post-grad 

(Higgins & Raskind, 1999) Experimental 52 students in k-12 

(Haug & Klein, 2018) Experimental 45 students in grade 5 
(Lee, 2011) Single Case 4 students in grades 3-5 

(MacArthur & Cavalier, 2004) Repeated Measures 
31 students in grades: k-
12 

(Mader, 2007) Mixed-Method 
3 students in grades: 
6,7,9 

(Millar, McNaughton, & Light, 2005) Single-Subject 
3 students in college and 
post-grad 

(Raskind & Higgins, 1999) Experimental 
39 students in grades: k-
12 

(Roberts & Stodden, 2005) Mixed Methods 15 students ages: 19-55 

(Roberts, 1999) Experimental 12 students in grades 5-8 
(Snider, 2002) Experimental 16 students in college 
(Wetzel, 1996) Exploratory Case 3 students in grades 5- 6 

 

Overall findings suggested that SR can support students by offering a means to improve 

the quality and fluency of their writing. Five studies reported that SR improved the quality of 

written compositions (Day, 1995; Higgins & Raskind, 1995; MacArthur & Cavalier, 2004; 

Mader, 2007; Snider, 2002) and three studies reported that student’s fluency of writing increased 

when using SR compared to when using paper and pencil (Lee, 2011; R. Roberts, 1999) and 

typing (Snider, 2002). Table 6-2 presents an overview of the findings across the 13 studies. Key 

findings focused on the impact of SR on the quality and fluency of written compositions as well 

as some noted implications for practice. 



 

 163 

Table 6-2.  

Summary of Findings (Chapter 3) 

Category Findings 

Designs 

● 5 experimental designs, (Haug & Klein, 2018; Higgins & Raskind, 1995; 
Higgins & Raskind, 1999; Raskind & Higgins, 1999; Snider, 2002) 

● 2 single-subject designs (Lee, 2011; Millar, Mcnaughton & Light, 2005)  
● 1 exploratory design (Wetzel, 1996), 
● 2 mixed method designs (Mader, 2007; K. Roberts & Stodden, 2005) 
● 2 repeated measures designs (Day, 1995; MacArthur & Cavalier, 2004) 

Participants 

● 246 total participants (155 males, 91 females) across all studies. 
● 75% of participants were Caucasian (of studies that reported ethnicity). 
● 12 of the 13 studies focused on kids reported having learning disabilities. 
● 2 articles included information about the socioeconomic status of 

participants (SES) and they varied from lower to upper-middle-class 
families. 

Setting 

● 12 studies took place in the U.S., 1 in Canada (Haug & Klein, 2018). 
● Study sites included universities, community colleges, high schools, 

middle schools, elementary schools, learning centers, and reading clinics. 
● Student writing sessions took place in classrooms, computer labs, 

libraries, and break-out rooms. 
● Durations of writing sessions varied from 45-50 min and were conducted 

bi-weekly or weekly and lasted between 2-16 weeks. 

SR Type and 

Use 

● Dragon Dictate (Day, 1995; Higgins & Raskind, 1995). 
● Dragon Naturally Speaking (Haug & Klein, 2018; Lee, 2011; MacArthur 

& Cavalier, 2004; Mader, 2007; Millar et al., 2005; K. Roberts & 
Stodden, 2005) 

● Voice Type (Higgins & Raskind, 1999; R. Roberts, 1999; Snider, 2002; 
Wetzel, 1996) 

Dependent 

Variables 

● Recognition accuracy, total words written, the maturity of vocabulary, 
frequency of varied vocabulary, holistic quality, number of multisyllabic 
words, time, text production rate, number of elements of the genre, 
coherence, number of pieces written. 

Key Findings 

● Student’s fluency of writing increased when using SR compared to when 
using paper and pencil (Lee, 2011; R. Roberts, 1999) and typing (Snider, 
2002). 

● SR improved the quality of written compositions (Day, 1995; Higgins & 
Raskind, 1995; MacArthur & Cavalier, 2004; Mader, 2007; Snider, 2002). 

● Student’s use of SR for writing improved that student’s ability to read and 
correctly spell words when handwriting (Higgins & Raskind, 1999). 

● SR use allowed students to focus more on content generation than 
mechanics (Higgins & Raskind, 1995; MacArthur & Cavalier, 2004; 
Mader, 2007; Millar, 2005). 
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Paper 2, Chapter 4 

This practitioner paper describes the journey of the three teachers who participated in the 

case-study presented in paper three (Chapter 5) of this dissertation. The teachers used a 

collaborative UDL design process known as the UDL Design Cycle (Figure 6-1) to make 

pedagogical decisions about how to integrate Speech Recognition Technology (SR) while 

teaching the writing process. 

 

Figure 6-1 The UDL Design Cycle (Rao & Meo, 2016). (Chapter 4) 

  

 
Step 1: Identify BARRIERS 
Consider barriers, preferences, 
and support needs related to 
the selected skill or content. 

 

Step 2: Develop GOALS 
Develop specific and flexible 

goal statements (can be 
derived from grade-level 

standard). 

 
Step 4: METHODS & 

MATERIALS.  
Use UDL guidelines to include 

supports and scaffolds. 

 

Step 3:  
Develop Flexible 
ASSESSMENTS  

Use UDL guidelines to create 
varied formative and summative 
assessments related to goals. 

 
Step 5: TEACH 

Teach lesson(s) designed 
considering UDL. 

 

Step 6: REFLECT & 
REVISE 

 Reflect on what worked and 
what to change to reduce 

barriers and increase access - 
revise as needed. 
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The paper reports on how Universal Design for Learning (UDL) can aid teachers by 

serving as a lens to view how features of technology can be used to address learner variability, 

and challenges that arise from the learner’s interaction with the curriculum or environment (Ok 

et al., 2017).  The paper describes how UDL case-study research was conducted in conjunction 

with the UDL Reporting Criteria, a set of guidelines for researchers and practitioners who are 

designing and reporting on UDL implementation (Rao et al., 2018). The UDL reporting criteria 

(See Appendix J) is a tool that highlights the critical features of UDL that should be reported in 

studies. Its purpose is to serve as a guide for consistent reporting in order to build an evidence 

base on effective ways to apply UDL. The UDL RC establishes guidelines for how UDL is 

defined, operationalized and implemented within practice (Rao et al., 2019). 

The UDL reporting criteria functioned as an organized checklist for the researcher to 

identify the key elements of the UDL implementation and how these elements should be 

described in the paper. Using the tool boosted the researcher’s confidence in the 

comprehensiveness and depth of the UDL aspects being described in the paper. The deliberate 

documenting of the process using the UDL Design Cycle satisfied nearly all of the criteria 

included in The UDL Reporting Criteria. These two tools work hand in hand for any researcher 

conducting a study that involves integrating UDL into classroom practice.  

As a practitioner paper, this paper presents several findings originating from the study 

conducted in paper 3 of this dissertation. Findings illustrate how teachers used a UDL-based 

design process involving professional coaching to feel more aware of their students’ abilities and 

needs and were better prepared to teach and support them when implementing a new technology. 

Findings showed that teachers felt better positioned to individualize the writing experience for 

students based on their preferences and needs. They shared how the design process helped them 
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to reflect on practice and adjust their lesson plans proactively based on students’ progress. Table 

6-3 underscores several ways the teachers felt they improved their professional practice. Among 

these skills were collaboration, technology integration, awareness, preparation, instruction, and  

reflection. Understanding the philosophy behind UDL can strengthen educators’ beliefs in the 

process of proactive design (Rao et al., 2016). 

Table 6-3  

Teachers’ Experiences Using a Design Process to Integrate Technology (Chapter 5) 

 

Paper 3, Chapter 5 

The purpose of this qualitative case study was to explore how teachers integrate UDL and 

SR technology to enhance students’ writing process. Findings in this chapter showed that 

teachers perceived SR to be a crucial element to include as part of the writing process, and that 

Facilitating Factors Barriers to Design Other Considerations  

● Enjoyed the design process 
fully 

● Worked well as a means to 
integrate technology 

● Collaborative nature provided 
solutions to challenges 

● Helped set clear goals & 
establish a timeline 

● Felt more prepared to teach and 
support  

● Increased awareness of 
students’ abilities and needs 

● Better positioned to 
individualize for students 

● Lesson design process matched 
existing approach 

● Helped to reflect on practice, 
adjust and add depth  

● Not enough time to use the 
design process fully 

● Interruptions to scheduled 
meetings due to field trip and 
graduations 

 

● More time to 
discuss student 
work 

● Implementation 
during first 
semester may be 
better than the 
second for deep 
teacher 
collaboration 
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“The use of SR impacted the writing process immensely” by increasing student engagement, 

improving the quality and quantity of text they composed, and serving as a bridge to a number of 

other digital tools that help students become overall better writers. Findings also showed that SR 

allowed students to write in novel physical environments.  

Research findings also supported the notion that the use of technology, with a focus on 

SR, provided options to address learner variability, the core mission of UDL (CAST, 2018). 

Teachers felt that students should be encouraged to try SR for tasks associated with the various 

stages of the writing process and always provided this option, but not forced to use it. Students 

should consider the options and access the learning path most suited to them. 

Finally, the UDL-based professional coaching process proved to be an effective approach 

to integrate SR into the writing process in a way that addressed the diverse needs, preferences, 

strengths, interests and curiosities of students. Table 6-3 underscores the ways teachers perceived 

the collaborative process as a positive experience that contributed to an improvement in their 

professional skills. Among these skills were collaboration, technology integration, awareness, 

preparation, instruction, and reflection. 
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Table 6-4 

Teacher Experiences with Student Use of SR (Chapter 5) 

Facilitating Factors Barriers to Implementation Other Considerations 

● Impacted the writing 
process for students 
immensely.  

● Improved student 
engagement & 
motivation 

● Increased the quantity 
and quality of 
compositions  

● Facilitated use of other 
digital tools (text to 
speech, Grammarly)  

● Eliminated spelling 
errors 

● Facilitated transfer of 
mind to text  

● Created more space 
for writing 

● Circumvented forming 
letters and forming 
words with letters  
 

● Numerous recognition 
errors led to time 
intensive revision. 

● Stuck in old writing 
routines.  

● Success depended on 
clear speech 

● Monitoring and 
supporting students was 
challenging. 

● Reluctance to make 
changes to the text after 
using SR 

● Didn’t work at times, 
internet outages. 

● How to achieve 
deeper 
brainstorms, often 
went with the first 
item they thought 
of 

● SR was new, so 
unable to reach 
true potential 

● Prefer to work near 
friends at school, 
only use at home 

● Headphones with 
mic improved 
recognition 

● Certain personal 
writing topics 
limited student 
sharing 

 

Connecting the Findings 

Although each paper was an individual piece, together, the three papers support the 

overarching goal of better understanding how SR can be implemented in schools as part of the 

writing process. This section seeks to identify common themes found across all three studies. 

Effects of SR on Student Writing 

 The effects of SR on student writing is a consistent theme throughout this dissertation. 

Participants from the empirical study conducted in Paper 3 showed that teachers felt students 

using SR produced higher quality writing and generated lengthier pieces compared to when 
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typing or handwriting. These findings aligned with the findings that emerged from the literature 

review conducted in Paper 1 showing that SR can improve the quality (Day, 1995; Higgins & 

Raskind, 1995; MacArthur & Cavalier, 2004; Mader, 2007; Snider, 2002) and increase the 

quantity (Quinlan, 2004; R. Roberts, 1999; Snider, 2002) of student writing.  

In Paper 3, teachers highlighted the benefits of SR for students in their class with dyslexia 

and dysgraphia who typically struggle with spelling. Findings from Paper 1 highlighted studies 

showing similar results (Day, 1995; Mader, 2007; K. Roberts & Stodden, 2005; R. Roberts, 1999) 

and delved deeper into this concept by providing an explanation as to how SR functions to 

achieve spelling accuracy through language model processing (Huang et al., 2014; O’Hare & 

McTear, 1999; Pennington et al., 2018).   

In Paper 3, teachers noticed increases in motivation and engagement in a number of their 

students. One of these teachers described this phenomenon in the following way: “They are just 

more happy writing, basically. And I think they produce better work when they are happy.” 

Another teacher provided an example of how some students in her class who were usually very 

resistant to writing became excited to write when they had the option to use SR. These findings 

relate to findings discussed in Paper 1 that showed SR can increase student confidence in writing 

(Toll, 2014), and increase motivation to write (Hwang et al., 2012; Shadiev et al., 2014).  

Findings related to increases in motivation and engagement are further supported by 

Paper 1 showing that SR decreased the anxiety to write and allowed students to give more 

attention to the content of their writing (Millar et al., 2005). This finding was confirmed by three 

other studies in Paper 1 that reported how SR use allowed students to focus more on content 

generation than mechanics (Higgins & Raskind, 1995; MacArthur & Cavalier, 2004; Mader, 

2007). These reports coincide with teacher reports from Paper 3 pointing out that SR facilitated 
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the transfer of ideas from “mind to text” for students, relating that students would “just speak 

thoughts as text, without hindering progress or engagement.” These teacher reports are mirrored 

by findings revealed in Paper 1 showing that students who had spelling issues and who find it 

difficult to generate content were prime candidates for reaping the benefits of SR (K. Roberts & 

Stodden, 2005; Wetzel, 1996). The variability of student preferences in regard to SR use and the 

mixed effectiveness of SR use is discussed in all three papers.  Teachers in the study described 

by Paper 2 and 3 reported that not all students preferred to use SR, and among those who did 

prefer it, liked to use it for different types of writing tasks. These findings are supported by 

findings presented in Paper 1 showing that SR only improved the writing of some students and 

not others. Studies showed that SR produces the greatest gains for students who struggle with 

traditional writing tools such as a pencil or keyboard (MacArthur & Cavalier, 2004; K. Roberts 

& Stodden, 2005). Findings from all three studies show that SR works well as an alternative 

medium for students to compose text and teachers are recommended to encourage students to 

choose the tool that works best for them based on the writing task (Haug & Klein, 2018).  

Implementation of SR for Writing at School 

 Findings pertaining to the implementation of SR within the school context was a theme 

discussed across papers. In Paper 3, teachers indicated that the length and spacing of the writing 

sessions worked well at about 45-min long, conducted weekly over a span of six weeks. This 

session length and time frame were consistent with the other studies highlighted by Paper 1 

(Pennington et al., 2018). One aspect of timing to note was, in Paper 3, teachers shared that 

conducting the study at the beginning of the school year instead of mid-year would have worked 

better due to a number of conflicts such as field trips and graduation that interrupted the 
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scheduling of planning meetings and writing sessions. However, this teacher preference of time 

frame may not extend to other schools.  

Findings from Paper 3 showed teachers’ appreciation for the way students could 

customize their writing experience by choosing from a variety of options. These options 

pertained to physical space, writing tool, specific app and content. This sentiment was mirrored 

by the findings of Paper 1, which highlighted studies where student choice was an important 

element for successful SR implementation (Higgins & Raskind, 1999; MacArthur & Cavalier, 

2004; Millar et al., 2005).  Additional findings from both Paper 1 and Paper 3 show how SR uses 

links to other digital tools, such as TTS, to aid in the writing process (MacArthur & Cavalier, 

2004).  

Teacher reports from Paper 3 showed that some students wanted to keep the routine of 

writing at classroom desks, but proximity to others seemed to make SR uncomfortable. This 

finding is linked to Implications for practice derived from Paper 1 highlighting that using SR in a 

quiet, uncrowded environment will minimize recognition errors and distractions, while also 

eliminating the awkwardness of dictating in front of others and possibly disturbing them 

(MacArthur & Cavalier, 2004).  

Differences 

An interesting distinction between Paper 1 and Paper 3 was the type of SR engine used. 

Paper 3 presented a 2018 study that used the Apple Dictation Engine on the iPad.  This SR 

technology was first released for the iPad in early March 2012 (Everymac, 2020) and was 

different from all of the other SR engines used in the articles reviewed by Paper 1 which 

included Dragon Dictate (Day, 1995; Higgins & Raskind, 1995), Dragon Naturally Speaking 

(Haug & Klein, 2018; Lee, 2011; MacArthur & Cavalier, 2004; Mader, 2007; Millar et al., 
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2005; K. Roberts & Stodden, 2005) and Voice Type (Higgins & Raskind, 1999; R. Roberts, 

1999; Snider, 2002; Wetzel, 1996). 

Contribution to Theory 

Universal Design for Learning 

This dissertation reports on how Universal Design for Learning (UDL) can aid teachers 

by serving as a lens to view how features of technology can be used to address learner 

variability, and challenges that arise from the learner’s interaction with the curriculum or 

environment (Ok et al., 2017). Findings contribute to the research base of how a UDL-Based 

approach to instructional design can facilitate the integration of technology. Specifically, this 

research provides merit to the UDL Design Cycle, and how it served as a powerful instructional 

design tool for integrating SR and other technology tools into writing instruction (Rao & Meo, 

2016).  Paper 2 discusses the overlap of the UDL Design Cycle and UDL Reporting Criteria and 

how two tools can work hand in hand to achieve optimal results in the area of UDL reporting.   

The deliberate documenting of the lesson planning process using the UDL Design Cycle 

(Appendix P) satisfied nearly all the criteria included in The UDL Reporting Criteria (Appendix 

J).  Data showed that using these tools together increased the researcher’s confidence in the 

comprehensiveness and depth of the UDL aspects described.  These two tools provided a clear 

path to defining, operationalizing, implementing, and reporting UDL effectively.  Research 

conducted with UDL Design Cycle provided  additional support for how the UDL Guidelines 

can be mapped to specific technologies  (Rao et al., 2017), while the UDL Reporting Criteria 

established a consistent evidence base for effective ways to apply UDL (Rao et al., 2019). School 

and teacher demographic data was provided in order to better understand the application of 

UDL-based instruction and how it impacts different learners (Ok et al., 2017) (Appendix G). 
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Conceptual Change Theory  

In Paper 3, the researcher employed the conceptual change framework by Sadera & 

Hargrave (2005) to identify teachers’ current beliefs about the adoption of a particular 

technology. Prior research supports the use of this model for developing instruction that prepares 

teachers to integrate new technology  (Sadera, 2001; Sadera & Hargrave, 2005).  This study 

contributes to the research base of how this framework can be applied to technology integration 

in three ways.  One way was to apply the framework to the integration of a specific technology, 

SR.  This study provides an annotated flowchart to show descriptive examples of what teacher 

beliefs might look like at each stage within the context of SR adoption (See Figure 6-2 below).  

 
 

Figure 6-2. Modified Conceptual Change Framework (L. Berquist & Sadera, 2013; Sadera & 
Hargrave, 2005). 
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Secondly, this study recommended using the framework as a deductive coding approach 

to sort data according to teacher perceptions.  This approach to coding facilitated the mapping of 

teacher perceptions to various stages of the conceptual framework.   Finally, this study explores 

how conceptual change might be facilitated by UDL-based professional coaching.   

 

Zone of Proximal Development 

 The Zone of Proximal Development (ZPD) can be used as a tool for understanding the 

process of collaborative knowledge creation.  The crucial foci of Vygotsky's ZPD theory are: (1) 

collaboration between capable peers, (2) fruitful interconnection of theoretical concepts and 

everyday experience, and (3) meeting the goal of change in a collaborative process. The ZPD is 

defined as the distance between the actual developmental level as determined by independent 

problem solving and the level of potential development as determined through problem solving 

under guidance or in collaboration with more capable peers’(Kuusisaari, 2014; Vygotsky, 1986). 

Findings from paper 3 support the ZPD. Teachers participated in a collaborative UDL-Based 

instructional design process.  The design process was an asymmetrical collaboration in that the 

researcher served as the pedagogical expert, facilitating a fruitful interconnection of UDL and 

teaching practice.  The teachers reported that the collaborative process was a positive experience 

that contributed to an improvement in key professional skills associated with the effective 

implementation of UDL.  These skills included collaboration, technology integration, awareness, 

preparation, instruction, and reflection (Pennington, 2019). 

Connecting the Theories 

“Team instructional design”, a collaborative effort among faculty and sometimes 

researchers has been shown to be especially beneficial for designing and implementing UDL-
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based lessons (Browder et al., 2008; Dymond et al., 2006; Katz, 2013).   Findings from Paper 3 

support this collaborative faculty approach, and describe the value of including faculty members 

in the role of “coaches” or “specialists” who have a knowledge-base of UDL and/or technology 

integration (Pennington, 2019).   As part of this dissertation research, teachers took part in five 

UDL-based individualized professional coaching sessions with the Instructional Technology 

Specialist to develop five lessons focused on how the technology can be used to support 

individual preferences and needs during the writing process.    

These collaborations focused, first, on increasing teachers’ knowledge about UDL and 

their student’s needs and preferences.  It then focused on how technology can be used 

purposefully to meet those needs and provide paths that align with their preferences. In other 

words, they explored how UDL can provide a rational frame for why teachers should integrate 

these technologies.  As such, using UDL may have served as a facilitating factor in resolving 

conflicts with existing teacher conceptions 

Ultimately, when teachers were interviewed about their use of technology.  Teachers 

identified these technology tools as crucial to supporting a variety of student needs and offering 

students learning paths that leverage their strengths.   After teachers implemented the lessons and 

were interviewed, their overall beliefs most aligned with the stage of “beyond-dissatisfaction”. 

This finding could shed light onto how a UDL can be used in the context of conceptual change. 

A UDL approach to instruction can facilitate movement along the phases of dissatisfaction and 

ultimately adoption of technology. Applying the framework to identify conceptions that could 

cause teacher dissatisfaction when asked to integrate a technology, and using UDL as a rational 

frame for the implementation of this technology will be beneficial in the development of future 

professional development focused on technology integration.  
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Will circumstantial dissatisfaction persist to some extent even in the stages beyond 

accommodation? Findings from paper 3 showed that despite strong teacher beliefs in the promise 

of SR as a tool to increase writing proficiency, teachers identified certain barriers to 

implementation causing dissatisfaction. These barriers (See Table 6-4) were related to time, 

context and technology not functioning properly.  Overall, they did not diminish teachers’ 

enthusiasm about SR being a plausible and fruitful solution to improve the writing proficiency of 

students.  

Implications for Practice 

 The findings from the research conducted by Papers 1 and 3 offer a playbook of practical 

implications for teachers to incorporate SR as part of the writing process.  From an instructional 

design perspective, Paper 2 provides a walk-through for how the UDL Design Cycle was applied 

in practice for the implementation of SR as part of the writing process. Several charts 

(Appendices L-N) developed by this study to support practitioners, served as a reference sheet 

for teaching a technology infused writing process through a UDL approach.  Together these 

resources and recommendations provide a solid guide for teachers to incorporate SR as part of 

the writing process.   

UDL-Based Instructional Design for Technology Integration 

The UDL Design Cycle (Rao & Meo, 2016) can serve as an effective tool to guide unit 

and lesson planning. Detailed documentation showing how the UDL Design Cycle was used in 

practice is provided in (Appendix P).  If feasible, teachers should engage in the process 

collaboratively with a technology specialist, learning specialist, or curriculum coach who is 

experienced with UDL (Kuusisaari, 2014). Meeting together as a team to plan at least once a 
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week could help allot the time needed for effective planning. These meetings should include time 

for reviewing student work and candid discussion about the successes, challenges, and 

unexpected outcomes from previous lessons. Visiting these three topics can shed light on how to 

modify and adjust the subsequent lessons to better meet the needs of learners. Teachers should 

document the process that takes place during lesson planning, lesson revision, and lesson 

implementation. One way is to record the audio of the meetings, then later use the transcription 

feature of the Dragon Dictate app to convert the audio content into a form that can be more 

readily accessed (Pennington, 2019).  

Guidelines for Implementation of SR 

As a starting point, teachers should introduce SR by describing its purpose, modeling its 

use, and providing guidelines for student use (Lee, 2011). Students should be given an array of 

choices to write about that are interesting to them. A suggested initial practice activity is to 

incorporate SR with reading. Using SR to dictate some lines of text from books students have 

enjoyed reading can reinforce vocabulary and knowledge of sentence structures while assisting 

with learning to use a new tool in a more structured, non-threatening way (MacArthur & 

Cavalier, 2004; Millar et al., 2005). Having background knowledge and experience with the 

topic makes writing about it easier (CAST, 2018). More involved practice activities include 

writing prompts related to the students’ lives and connected to their interests. For example, a 

student might bring in a photograph or object to write about. These types of prompts can 

increase engagement and lessen the struggle of writing. If students prefer not to be limited by 

teacher provided prompts, they should be encouraged to write on topics of their own design 

(Higgins & Raskind, 1999). For these types of more involved writing tasks, advance planning 

such as brainstorming and concept mapping is recommended to support the organization and 
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generation of content (MacArthur & Cavalier, 2004). Providing opportunities to talk with peers 

and their teacher throughout the writing process can also be helpful for students in this way. 

Regarding instruction, teachers should teach students to use multiple technology tools (3-

5) that provide diverse approaches for task completion. Students should choose to use the tools 

and approaches best suited to their needs, preferences, and strengths. Teachers should provide 

continuous opportunities for students to practice using the technology for authentic tasks beyond 

the class time. Teachers can reference the UDL Checkpoints for a menu of approaches that can 

help meet the needs of learners (CAST, 2011). 

An Alternative Writing Tool 

Research findings from this dissertation suggest that students can can successfully learn 

to use SR as they are taught new writing strategies (ie. plan, revise, edit, share) (Haug & Klein, 

2018). When giving instruction on new writing strategies, teachers should treat SR as an 

alternative medium for students to compose text. Students should be encouraged to choose the 

medium that works best for them based on the writing task (Pennington, 2019).  

Before deciding if SR is an effective tool for them, students should experiment with the 

technology, participate in several instructional sessions and practice writing with it 

independently (MacArthur & Cavalier, 2004; Mader, 2007; Millar et al., 2005). Direct 

instruction focused on correction procedures can make great strides in ensuring that students 

catch and correct their own recognition errors (Higgins & Raskind, 1999; Lee, 2011).  

Teachers can identify students who may especially benefit from using the software by 

possession of certain characteristics such as a capacity for good oral expression and a positive 

outlook towards trying new things (Mader, 2007). Students who have spelling issues and who 

find it difficult to generate content are also prime candidates for reaping the benefits of SR (K. 
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Roberts & Stodden, 2005; Wetzel, 1996).  Lee (2011) recommends that students should start 

experimenting with  SR for writing as early as second grade since that is when they begin 

creating sentences, but other researchers say that students should experiment with writing as 

early as possible. Young students can start using SR for basic tasks such as generating key 

words for a simple internet search on a topic or composing a simple text message to a friend 

(Pennington et al., 2018). 

Practitioner Section 

The UDL Design Cycle can provide a smooth approach to integrating SR and other 

digital tools as part of teaching the writing process.  Through my experience using the design 

cycle with teachers I arrived at several key discoveries during the process.  For a broader and 

more extensive narrative about the design cycle (see Chapter 4, page Y).  

I coached each of the three teachers to develop UDL-based instructional units composed 

of five lessons centered on the five stages of the writing process (prewriting, drafting, revising, 

editing, and publishing).  The teachers had previous experience teaching the writing process 

approach so the content was familiar. They even had certain favorite activities with 

accompanying collections of various supplemental resources such as graphic organizers and 

writing prompts.  The teachers were especially interested in exploring the benefits that digital 

technologies can offer struggling student writers.   

Teachers planned to co-teach formal writing lessons with me once a week, while also 

planning ample opportunities for their students to practice the new writing skills throughout the 

week as part of their participation in science and/or social studies.  Table 6-5 highlights the tasks 

the teachers and I worked on at each stage of the design cycle.  Table 6-5 also references useful 

documents in the appendix showing the content we developed at each phase.    
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Table 6-5 
UDL Design Cycle in Practice 
 

UDL Design 
Cycle Step 

What we did What we discovered in the 
study 

1: Identify  
Barriers 

• Discussed challenges, preferences, and 
needs of students in relation to the 
skills and content they are required to 
learn. 
   

• Created class profile charts for each 
class (See Appendix K). 

 
• Created a chart that shows each 

student's preferences specific 
challenges /issues that we should 
anticipate. (See Appendix L). 

• Teachers enjoyed discussing 
the unique characteristics of 
students and felt better 
prepared as teachers after 
completing even this first 
step. 

 
 

• This step was most 
appreciated by teachers, 
providing insight into the 
capabilities of students and 
how they can be helped.   

2: Develop  
Goals 

• Accessed grade-level curriculum and 
set specific goals for the unit focused 
on  

o the writing process 
o content knowledge  

 (See Appendix P) 
• set a reasonable timeline for 

completion made teachers feel more 
organized and prepared. 

• Teachers felt more 
organized and prepared due 
to this work.  
 

3: Develop 
Assessments 

• Design flexible assessments in relation 
to each goal 

 

• Created some formative writing 
process assessments and a summative 
assessment.  (Flexible topics geared 
towards student interests and 
background knowledge.)  (See 
Appendix P) 

 
• Created a chart linking writing 

strategies and UDL in order to provide 
multiple options and structure for 
assessments. 

• Students felt more prepared 
to write when teachers 
helped them develop 
personalized lists of topics 
that they could choose to 
write about prior to 
assessments.  
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 (See Appendix Q) 

4: Select 
Resources 

• Created a list of a variety of  digital 
tools to incorporate into the lesson 

 (See Appendix Q, Page ?)  
 

• Developed a plan to teach the writing 
process - including activities, potential 
barriers and support strategies and 
connected digital tools. (See Appendix 
Q, Page ?)  

 
• Created a list of materials we have that 

could address a variety of modalities 
and sensitivities during the learning 
process.  (special seats like yoga balls, 
impromptu standing desks, and quiet 
outdoor areas where students can 
write) (See Appendix K, Page ?)  

• Students enjoyed being able 
to choose the digital tools 
they wanted to use 
and being forced to try 
them. 

• When selecting resources, it 
was helpful to consider the 
individual student charts in 
part 1.  

 

• Students responded well to 
encouragement to try tools 
that we thought matched 
their characteristics.  

5: Teach • Implement the lesson you designed 
with UDL. 

• We used strategy instruction to 
break down the learning of tools 
and techniques for writing into 
graduated levels of support for 
practice (See Appendix M, Page ). 

• Teachers thought the use of 
strategy instruction was a 
great way to teach the digital 
tools as part of lessons.   
 

• The teachers appreciated the 
sequence of modeling, 
guided practice, and 
supported independent 
practice in order to guide 
effective learning.  

6: Reflect 
and Revise 

Reflect on what worked and what to 
change based on reducing barriers and 
increasing access.   

• Teachers thought we needed 
more meeting time to review 
and discuss student work. 

 

• The note taking observation 
instrument worked well as a 
springboard for revisions. 
(See Appendix O, Page ?)  
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Teachers enjoyed the collaborative nature of the design cycle and how it to helped them 

gain a more in-depth understanding of their students and became better prepared to teach them. 

Experiences 

Although UDL was not a novel concept to teachers, using the UDL Design Cycle was a 

fresh approach to lesson planning for them.  Since they were new, as their coach, I worked with 

them closely, guiding them through each step and focusing only on the most relevant 

information. I was intentionally conservative with the amount of information or options 

presented at any given time, careful not confuse or overwhelm. Not only does Israel, Ribuffo, 

and Smith (2014) warn against this pitfall but I have seen it happen firsthand.  For example, 

instead of asking teachers explore the 31 UDL checkpoints and then operationalize some of them 

for our lesson design, I provided scaffolds for teachers by choosing a few relevant checkpoints 

on my own and offering some suggestions for how we might operationalize them for a writing 

task, while inviting teacher feedback.  Once teachers are accustomed to the process and how the 

framework is used, then UDL Checkpoints become a menu of strategies designed to optimize 

learning in just about any context. The relationship between step one and four of the design 

becomes clear.  

The UDL design cycle is based on the UDL tenet of learner variability, and 

understanding the variability of a particular individual or group should inform the decision of 

which resources to provide him in order to optimize his learning.  In other words, the digital 

tools should be selected based on how features of the technology can be used to address learner 

variability, and challenges that arise from the learner’s interaction with the curriculum or 

environment.   



 

 183 

As a coach, I was careful not to rush through the steps, while also being conscious of 

teachers’ time. Using an in-depth framework for instructional planning can be a time-intensive 

process, so preventing teachers from spending too much time on each decision for what to 

include or not to was important to facilitating forward momentum. 

Through the coaching process I developed a deeper trust and respect for how design cycle 

was structured to facilitate the application of UDL principles to lesson. I learned ways applying 

UDL to new contexts based on the variability of each teacher’s class the assessments we 

designed.  In each case, UDL was able to enhance the learning experience by offering exciting 

new options and connection.  It was through this coaching experience that I began truly 

understanding how well UDL serves as a lens to view how features of technology can be used to 

address learner variability, and challenges that arise from the learner’s interaction with the 

curriculum or environment.   

Limitations 

 Using a methodology based on qualitative research, the findings based on the empirical data 

collected by this dissertation has several limitations. One of these limitations is generalizability 

to other contexts (Merriam, 2002). The study-site was a small private school on a geographically 

remote island serving numerous students with language-based learning differences.  This unique 

site-specific context may problematize the ability to generalize (Miles et al., 2014).  This 

limitation may be amplified due to the small sample size of three participants.  This study used a 

purposive sample of thee teachers, one teacher of a class composed of 5th and 6th graders, one 

teacher of a class composed of 7th and 8th graders, and one 4th grade teacher.  These three 

teachers were selected based on Merriam’s (2002) suggestion that participants should be chosen 

based on their ability to contribute rich data related to the topic being studied. The three teacher 
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participants were selected due to their prior experience using SR with students and their 

participation in an earlier study (Ok, Rao & Pennington, in review). Despite their ability to 

contribute rich data, the prior collaborative relationship between the three teachers and the 

researcher may have contributed to a positive bias on the part of either researcher or subject.  

Additionally, when interpreting data through a specific lens or with a particular, hoped-for 

outcome in mind, there is always the possibility of researcher bias playing a role. These potential 

limitations were controlled through the maintenance of empirical rigor during interactions with 

teachers as well as frequent check-ins with research advisors. 

Finally, the primary source of data (teacher interviews) were self-reported.  Although this 

type of data collection is widespread in research related to technology integration and instruction 

(Lawless & Pellegrino, 2007), responses may have been subject to bias and not reflective of their 

true behavior (Roth et al., 2016). Each teacher’s behavior, however, was validated to an extent 

through observations of behavior during classroom visits and by the content they included in 

their lesson plans. Nevertheless, because of its exploratory nature, this case study was not 

necessarily concerned with generalizability and replication. It should be primarily viewed in light 

of confirming or questioning results from other investigations (Baxter et al., 2008). 

Recommendations for Future Research 

SR is a unique tool that can be used in various ways to enhance the writing process for 

students. It continues to evolve rapidly, becoming more streamlined and feature-rich yet SR 

remains underutilized in schools. Part of this may be that research focusing on writing instruction 

that includes SR is still emerging. Future studies should explore new iterations of this technology 

and their application to the writing process.  Exploratory, single-case research designs similar to 
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the research conducted by Paper 3 would be useful to investigate the outcomes of SR on various 

stages of the writing process and more clearly operationalize the use of SR (Wetzel, 1996). 

One example might be a study focused on how the newest versions of SR can be used 

and part of the revising and editing process (Pennington et al., 2018).  More research about how 

UDL and integrating specific technologies like SR, can address student preferences can be used 

to improve teaching practice and contribute to the research base supporting UDL implementation 

(CAST, 2018).  

Conclusions and Summary 

Empirical research conducted during the preparation of this dissertation showed that 

students can successfully learn to use SR as they are taught new writing strategies (ie. plan, 

revise, edit, share) (Pennington, 2019).  This supports prior research findings highlighted by 

Paper 1 (Haug & Klein, 2018).  Moreover, students using SR produced higher quality work and 

generated lengthier pieces compared to when typing or handwriting. These findings were also 

supported by the literature in Paper 1 showing that SR can improve the quality (Day, 1995; 

Higgins & Raskind, 1995; MacArthur & Cavalier, 2004; Mader, 2007; Snider, 2002) and 

increase the quantity (Quinlan, 2004; R. Roberts, 1999; Snider, 2002) of student writing.   

This dissertation supports the idea that Universal Design for Learning (UDL) can aid 

teachers by serving as a lens to view how features of technology can be used to address learner 

variability (Bryant et al., 2014). Findings provide insight into how using a collaborative 

professional coaching process that considers UDL can help teachers to confront and overcome 

any feelings of dissatisfaction associated with adopting a new technology such as SR. This 

research on implementation provides guidance for how SR can potentially be integrated into 
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writing instruction in schools across the nation as a solution for our national writing crisis 

(Graham, 2013), and ultimately improving literacy worldwide. 
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Appendices 

Appendix A  – Chapter 3 –Literature Review Search & Tasks – Chapter 3 – 

Research 
Questions 

1. Which research designs and methods have researchers used to 
investigate use of SR technology to support literacy performance of K-
12 and post-secondary students?  

○ (Research design, # of participants, age, grade, ethnicity, SES, 
other disabilities, setting, duration) 

2. How has SR technology been used to enhance the writing performance 
of K-12 and post-secondary students?  

○ (Name, publisher of SR technology, how devices were used, K-
12 or post-secondary?) 

3. What are the effects of using SR technology to enhance the writing 
performance of PK-12 and post-secondary students?  

○  (Depends on DV? Or K-12 or post-secondary?) 
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Search 
Methods 

● Search Databases 
○ Google Scholar 
○ EBSCOHost 
○ Academic Search Premier  
○ ERIC 
○ Psyc Info 
○ Proquest 

● Search Terms 
○ Primary Keywords 

■ speech Recognition, dictation (not tape recorder or 
scribe), speech to text, voice recognition 

○ Secondary Keywords 
■ K-12, elementary, secondary, primary, middle, high, 

Post-secondary, college, university 
● Search Results 2016 

a. Pysc Info (n=140) 
b. Ebscohost (Eric & Academic Search: n=839) 
c. Proquest (n=90643) 

 
● Search Results 2018 

○ Proquest Dissertations  

Study 
Inclusion 
Criteria 

● Published in peer-reviewed English Journals 
● Searched by May 2018* 
● Empirical research (Group, mixed methods, qualitative, single subject) 
● K-12 or post-secondary students 
● IV: using voice recognition technology 
● DV: Literacy skills 
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List of  Studies 
 Study Participants (LD, 

Grade) 
Design Target 

skills 
SR Type 

 Journals-Post-Secondary 
1 Higgins 

& 
Raskind 
(1995) 

Post secondary, LD; all 
LD 

Group Essay 
composition 

Dictation to 
scribe vs 
technology vs. 
handwriting 

2 Roberts 
& 
Stodden 
(2005) 
 

LD/post secondary Mixed 
method??? 
(not able to 
calculate) 

Writing Technology 

3 Millar, 
McNaugh
ton, Light 
(2005) 

LD/Post secondary; 1 
students did not attend 
university? (Coding) 
only university student 

Single case Writing Technology vs. 
traditional 
keyboard 

 Journals-K-12 
4 Raskind 

& 
Higgins 
(1999) 

LD, K-12 (age9-18); all 
LD 

Group Reading and 
Spelling 
 

SR vs. general 
computer 
instruction 

5 MacArth
ur & 
Cavalier 
(2004) 

LD/High (21 LD; 10 
NLD) 

Group Writing (test 
accomm) 

Technology, 
scriber, 
handwriting 

6 Higgins 
& 
Raskind 
(2000) 

LD/K-12 (9-18) Group Reading and 
Spelling  

Discrete speech 
vs. continuous 
speech 

7 Faris-
Cole & 
Lewis 
(2001) 

LD/EBD, K-12 Research Writing Technology 

8 Wetzel 
(1996) 

LD, K-12 Research Writing Technology 

 Dissertation-Post Secondary 
9 Snider 

(2002) 
LD, Post secondary Group Writing Technology vs 

transcription vs 
keyboard 
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10 Day  
(1995) 

LD, Post secondary Single case Writing Technology 

 Dissertation-K-12 
11 Lee  

(2011) 
LD, K-12 (3-5th) Single Writing Technology vs. 

recorder vs. 
handwriting 

12 Mader 
(2007) 

LD K-12 Mixed 
Method 

Writing - 
attitudes 

Technology 

13 Roberts 
(1999) 

LD, K-12 (5-8th) Group Writing Technology 

 
Inter-reliability 

Coding  ● Coding 
o 20% (3 articles): inter-rater reliability. 
o Min & Kavita code 6 articles, Jon code 6, plus other 7. 

● Check 
o Lee (60/63),  
o Higgins & Raskind (60/63),  
o Wetzel (63/63) = 183/189 = approx. 96% 

Kavita’s Articles to 
Code 

1. Higgins & Raskind (1995) 
2. Roberts & Stodden (2005) 
3. Millar, McNaughton, Light (2005) 
4. Higgins & Raskind (2000) 
5. Lee (2011) 
6. Wetzel (1996) 

Min’s Articles to 
Code 

1. Raskind & Higgins (1999) 
2. MacArthur & Cavalier (2004) 
3. Snider (2002) 
4. Higgins & Raskind (2000) 
5. Lee (2011) 
6. Wetzel (1996) 

Jon’s Articles to 
Code 

1. Day (1995) 
2. Mader (2007) 
3. Roberts (1999) 
4. Ferris Cole and Lewis (2001) 
5. Higgins & Raskind (2000) 
6. Lee (2011) 
7. Wetzel (1996) 
-- Extra--  
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8. Higgins & Raskind (1995) 
9. Raskind & Higgins (1999) 
10. Millar, McNaughton, Light (2005) 
11. Roberts & Stodden (2005) 
12. MacArthur & Cavalier (2004) 
13. Snider (2002) 

 
Tasks 
 
1. Compute Inter-rater reliability 
(Agreement/total categories) x 100 
2/3 +1/3+3/3+………= ?? 
2.  Analyze the information 
  
Introduction, Method, Results, Discussion, Limitations, Directions for Future Research, 
Implications for practice  
 
Lee (60/63), Higgins & Raskind (60/63), Wetzel (63/63) = 183/189 = approx. 96% 

 
3. Select a Journal  
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Appendix B  – Chapter 3 – Design and Participants Table 

Table 3-1: Design and Participants 
 

Study Design Participants 

(Day, 1995) Repeated Measures 3 students, ages 19 -36 

(Higgins & Raskind, 1995) Experimental 29 students in college and post-grad 

(Higgins & Raskind, 1999) Experimental 52 students in k-12 

(Haug & Klein, 2018) Experimental 45 students in grade 5 

(Lee, 2011) Single Case 4 students in grades 3-5 

(MacArthur & Cavalier, 2004) Repeated Measures 31 students in grades: k-12 

(Mader, 2007) Mixed Method 3 students in grades: 6,7,9 
(Millar, McNaughton, & Light, 

2005) Single subject 3 students in college and post-grad 

(Raskind & Higgins, 1999) Experimental 39 students in grades: K-12 

(Roberts & Stodden, 2005) Mixed Methods 15 students ages: 19-55 

(Roberts, 1999) Experimental 12 students in grades 5-8 

(Snider, 2002) Experimental 16 students in college 

(Wetzel, 1996) Exploratory Case 3 students in grades 5- 6 
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Appendix C   – Chapter 3 – Summary of Findings  

Table 3-2:  

Summary of Findings  

Category Findings 

Design 

8 quantitative designs ( 5 experimental, (Haug & Klein, 2018; Higgins & Raskind, 
1995, 1999; Raskind & Higgins, 1999; Snider, 2002) 
2 single-subject designs (Lee, 2011; Wetzel, 1996) and an exploratory design 
(Wetzel, 1996) 
2 mixed methods designs (Mader, 2007; K. Roberts & Stodden, 2005) 
2 repeated measures designs (Day, 1995; MacArthur & Cavalier, 2004) 

Participants 

246 total participants (155m, 91f) across all studies. 
Of studied that reported ethnicity, 75% were caucasian. 
12 of the 13 studies focused on kids that were reported to have learning disabilities. 
2 articles included information about the socioeconomic status of participants 
(SES) and they varied from lower to upper-middle class families. 

Setting 

12 studies took place in the U.S. 
1 in Canada (Haug & Klein, 2018). 
Study sites included universities, community colleges, high schools, middle 
schools, elementary schools, learning centers, and reading clinics. 
Student writing sessions took place in classrooms, computer labs, libraries, and 
break-out rooms. 
Durations of writing sessions varied from 45-50 min and were conducted bi-weekly 
or weekly and lasted between 2-16 weeks. 

SR Type 
and Use 

Dragon Dictate (Day, 1995; Higgins & Raskind, 1995). 
Dragon Naturally Speaking (Haug & Klein, 2018; Lee, 2011; MacArthur & 
Cavalier, 2004; Mader, 2007; Millar et al., 2005; K. Roberts & Stodden, 2005) 
Voice Type (Higgins & Raskind, 1999; R. Roberts, 1999; Snider, 2002; Wetzel, 
1996) 
1 study used all three types (Higgins & Raskind, 1999) 

Dependent 
Variables 

Recognition accuracy, total words written, maturity of vocabulary, frequency of 
varied vocabulary, holistic quality, number of multisyllabic words, time, text 
production rate, number of elements of the genre, coherence, number of pieces 
written. 

Key 
Findings 

Student’s fluency of writing increased when using SR compared to when using 
paper and pencil (Lee, 2011; R. Roberts, 1999) and typing (Snider, 2002). 
SR improved the quality of written compositions (Day, 1995; Higgins & Raskind, 
1995; MacArthur & Cavalier, 2004; Mader, 2007; Snider, 2002). 
Student’s use of SR for writing improved that student’s ability to read and correctly 
spell words when handwriting (Higgins & Raskind, 1999). 
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SR use allowed students to focus more on content generation than mechanics 
(Higgins & Raskind, 1995; MacArthur & Cavalier, 2004; Mader, 2007; Millar, 
2005). 
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Appendix D – Chapter 5 – IRB Approval  
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Appendix E – Chapter 5 – Research Proposal for Administration 
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Appendix F – Chapter 5 – Teacher Consent Form 

Teacher Consent to Participate in Research Project: 
 

Teacher Experiences with and Perceptions of Speech Recognition Technology for Writing 
and Universal Design for Learning: An Exploration of Practice 

  
Aloha, 
  
Our research team is interested in examining the ways in which teachers use a design process to 
integrate speech recognition technology into writing instruction.   
 
Our research team is: 

● Mr. Jon Pennington, Technology Integration Specialist, Assets School 
● Dr. Min Ok, Assistant Professor, College of Education, University of Hawai’i 
● Dr. Kavita Rao, Associate Professor College of Education, University of Hawai’i 
● Dr. Michael Menchaca, Professor of Learning Design and Technology, University of 

Hawai’i  
The purpose of this study is to examine how teachers can integrate UDL and speech recognition 
technology to support students’ writing process.  The study will examine: 
 
(a) How teachers use Universal Design for Learning (UDL) as a framework to integrate SR 
technology into writing instruction when provided professional coaching on a UDL-based 
instructional design process. 
 
(b) How the integration of SR technology supports the writing process for students who face 
challenges with writing. 
 
The outcomes of the study may provide insights into the way that SR technology can be used. 
The Assets School administration has approved this project. 
  
As a teacher, we seek your permission to interview you and to conduct classroom observations to 
see how you provide writing instruction for the use of speech recognition. 
 
Project Description – Teacher Activities and Time Commitment: 
 
1. Interview: We would like to conduct 25-minute interviews with teachers to find out their 
perceptions of how students use speech recognition and the use a design process to integrate 
technology into writing instruction. The interview can take place during your free time (e.g., 
lunch or when you do not have any class) in school. The interview will be audio recorded and 
will be destroyed after completing transcription.  
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2. Observations: Our team would like to conduct observations in the classroom to gain an 
understanding of how teachers provide instruction on speech recognition. Our observations will 
not interfere with regular classroom instruction. We will coordinate with you to find a time to 
conduct observations in your classroom if you are willing. Each observation will take 
approximately 20-30 minutes depending the class.  
  
Benefits and Risks: There will be no direct benefit to you. However, we believe that the study 
will give you the opportunity to reflect on how speech recognition technology is being used in 
the classroom setting.   
 
There is little or no risk to participating in this research project. If you are uncomfortable or 
experience any stress or discomfort while being interviewed or observed, you can discontinue the 
interview or observation at any time.  
 
Confidentiality and Privacy: During this research project, we will keep all data in a secure 
location. When we report the results of the research project, we will not use your name or any 
personally identifying information. The interview audio files recorded will be destroyed after 
completing transcription.  
  
Voluntary Participation: Your participation in this project in voluntary. At any time, you can 
stop participating in this project and you can withdraw your consent without any repercussions. 
Your participation will not affect in any of your teaching evaluation or other performance in 
school.  
  
  
If you have any questions about this project, you can contact any of the team members: 

● Mr. Jon Pennington – jpennington@assets-school.net, 808.423.1356 
● Dr. Min Wook Ok – okmin@hawaii.edu, 808.956.3708 
● Dr. Kavita Rao – kavitar@hawaii.edu, 808.956.3475 
● Dr. Michael Menchaca –mikepm@hawaii.edu, 808.956.5664 

  
You may contact the UH Human Studies Program at 808.956.5007 or uhirb@hawaii.edu. to 
discuss problems, concerns and questions; obtain information; or offer input with an informed 
individual who is unaffiliated with the specific research protocol. Please visit 
https://www.hawaii.edu/researchcompliance/information-research-participants for more 
information on your rights as a research participant. 
 
 
 _______________________________________________________________________  
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 Please keep the section above for your records. 
Please sign the signature section below and return it to Mr. Pennington.  

 
 
 
 
Please check the box below:  
 
 

Yes. I give my consent to participate in the study.  
 
 

No. I do not want to give my consent to participate in the study.  
 
 
 
 Name (PRINT):__________________________________________ 
    
                                       
Signature:  ________________________________  
 Date:___________________ 
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Appendix G – Chapter 5 – Study Site Info and Participant Demographics 

Study Site Information 

Grade Range Total 
Students  

Total 
Teachers 

Class Type Student 
Teacher Ratio 

Location 

K-8 341 students  56 Multi-grade, 
self contained 

6 to 1 Western US 

School’s mission is focused on providing a strength-based approach and supporting learning 
needs with high-quality instruction and research-based practices, including the use of 
technology.  
Study Participant Demographic Information 

Grade 
Level Teacher # Gender 

Years 
Teaching 

State 
Licensure 

 Years at 
School 

Level of 
Education Race 

4 Teacher 1 f 7 Yes 7 Bachelors Hawaiian 

5-6 Teacher 2 f 2 No 2 Bachelors Asian 

7-8 Teacher 3 f 2 No 2 Bachelors Caucasian 
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Appendix H  – Chapter 5 – Schedule for Data Collection 

March 

Sun Mon Tues Wed Thurs Fri Sat 

11 12 
Elisa Pilot Meeting 1 
10:00-10:30  

13  14 
Tiana Pilot Meeting 1 
11:15-11:40  
 
Julia Pilot Meeting 1 
12:00  -1:00  

15 16 17 

18 19 20 21 22 23 24 

25 26 27 28 
Julia Pilot Meeting 2 
12:00 -1:00  

29 30  

 

April 

Sun Mon Tues Wed Thurs Fri Sat 

1 2  3  
Tiana Pilot Meeting 
3 
11:15-11:40 
 

4 
Julia Pilot Meeting 
3 
12:00 -1:00  

5 
Elisa Pilot 
Meeting 3 
10:00-10:30  
Julia Pilot 
Class 1 
1pm-11:45  

6 7 

8 9 
Elisa Pilot 
Meeting 4 
10:00-10:30 
Elisa Pilot Class 
1 
1:00-1:45  

10 
Tiana Pilot Meeting 
4 
11:15-11:40  

11 
Proposal Defense 
10am-11am (Wist 
217) 
Julia Pilot Meeting 
4 
12:00 -1:00  

12  
 
Tiana Pilot 
Class 1   
12:50-1:40  

13 14 

15 16 Start Study 
Tiana Pilot Class 
2 
9:15-10:00  
Elisa Meeting 1 
10:00-10:30 
Elisa Pilot Class 
2 
1:00-1:45  

17 
Tiana Meeting 1 
11:15-11:40  
Julia Intro 
10:25-11:05 
Elisa Class 1 
1:00-1:45  

18 
Julia Meeting 1 
12:00-1:00  

19  
Julia Class 1 
10:25-11:05 
Tiana Class 1 
12:50-1:40  

20 21 
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22 23 
Tiana Class 2 
9:15-10:00  
Elisa Meeting 2 
10:00-10:30  
Elisa Class 2 
1:00-1:45  

24 
Julia Class 4 
10:25-11:05  
Tiana Meeting 6 
11:15-11:40  
Elisa Class 3 
1:00-1:45  

25 
Julia Meeting 6 
12:00  -1:00  

26  27  28 

29 30 
Tiana Class 5 
9:15-10:00  
Elisa Meeting 7 
10:00-10:30  
Elisa Class 5 
1:00-1:45  

 
See May calendar  
below 

    

 
 

May 

Sun Mon Tues Wed Thurs Fri Sat 

  1 
Julia Class 5 
10:25-11:05  
Tiana Meeting 7 
11:15-11:40  
Elisa Class 6 
1:00-1:45  

2 
Julia 
Meeting 7  
12:00 -1:00 

3 
Julia Class 6 
10:25-11:05  
Tiana Class 6 
12:50-1:40  
 

4 5 

6 7 
Tiana Class 7  
9:15-10:00  
 
Elisa Meeting 
8 
10:00-10:30  
 
Elisa Class 7 
1:00-1:45  

8 
Julia Class 7 
10:25-11:05  
 
Tiana Meeting 8 
11:15-11:40  
 
Elisa Class 8 
1:00-1:45  

9 
Elisa Class 
9 
9:00-9:45  
 
 

10 11 12 

13 14 
Elisa 
Interview 
10:00-10:30  

15 
Tiana Interview  
11:15-11:40  

16 
Julia 
Interview 
12:00 -1:00 

17 18 19 

20 21 22 
Last day for Students 

23 24 
 

25 
 

26 

27 28      
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Appendix I – Chapter 5 – Interview Protocol & Questions 

Teacher Interview Questions for After Lesson Implementation 
 
Preface: For our research study, we are interested in learning about how teachers can integrate UDL and speech 
recognition technology to support students’ writing process.   For this interview, we will ask you five main questions 
and also leave time for you to ask us questions. 
  
1. How has speech recognition affected student writing in your class? (RQ 1a) 

Follow up questions: 
● Have you observed your students being engaged in writing with SR? 
● Has SR been a helpful tool for students to write with?  
● Has the use of SR affected the quality or quantity of text for students?  

 
 
2. How does SR allow students to apply preferences, address needs, and overcome writing challenges/issues? 
(RQ 1b) 

Follow up questions: 
● How do you feel that this technology supports the writing process? 
● How did you feel about using the UDL checkpoints as a menu of options? 
● How did the use of SR…  

○ address student needs and preferences when writing? 
○ break down student barriers to writing? 

● What have been the biggest challenges for students using this technology? 
● Did you observe students using a conducive (quiet, isolated) environment for SR use? 

 
3.  Instruction on which part of the writing process was most helpful to students? (RQ 1a, 1b) 

Follow up questions: 
● Which issues did you experience during instruction? 
● For which part of the writing process was instruction was most challenging for students? 
● Which supports were helpful during instruction? 
● In which areas do you feel that students need more instruction? 

 
4. How do you feel about how the design process affected your instruction?  (RQ 1c) 

Follow up questions: 
● How did the design process (planning meetings) help to integrate SR technology for writing?  
● How did the UDL principles (Student strengths, preferences, and needs) influence your lesson 

design?   
● Which part of the design process did you think was the most helpful? why? 
● Is there anything you would have liked added or modified? 

 
5. Is there anything else you would like to add? 
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Appendix J – Chapter 5 – Universal Design for Learning Reporting Criteria (UDL IRC) 

Area and Criteria Y/
N 

Notes 
(Reviewer uses this 
column to take notes) 

1. Learner Variability and Environment 
UDL provides guidelines for addressing learner variability and designing learning 
environments that are supportive for all learners. The following criteria relate to the 
information provided on learner and the environment in relation to the use of UDLs 
 

a) Participant information 
Authors describe learner variability by providing: 
● description of participants and general variability factors 
 
● information on specific participant characteristics (e.g., 
addressing literacy 
skills for students with a disability or a language learner, IEP 
objectives, 
disability information) 

Y The participants are 
students at School in 
grades 4-8. 
 

● See description of 
participants and 
general variability 
factors         (See 
Appendix K) 
 

● See information 
on specific 
participant 
characteristics 
(See Appendix L) 

b) Setting 
The authors describe the setting for the practice/intervention 
(e.g., inclusive classroom, grade level, type of school).   
 

Y ● See School & 
Teacher 
Demographics In 
 (See Appendix 
G) 

2. Proactive and Intentional Design 
An essential aspect of UDL is proactive and intentional design of curriculum, instructional 
and educational environments.  The following criteria relate to the use of UDL in the design 
phase. 
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a) Addressing Barriers and/or Increasing Access  
Authors provide a description of: 

● specific challenges or barriers** that the practice or 
intervention is intended to reduce or eliminate 

● Issues of access being addressed by UDL  
This can include barriers and/or access related to the 
environment, curriculum, and/or instruction. 
**Authors do not have to use the term “barrier” or 
“access”; other terminology that describes challenges or 
issues being addressed can meet this criterion. 

 Y ● See Teaching the 
Writing Process: 
List of Barriers & 
Corresponding  
Support Strategies 
and Tools 
(See Appendix N) 

b) Designing to Address Variability  
Authors describe aspects of design that address variability. 
This can include a description of how flexibility, choice, or 
engagement will be addressed in the practice/intervention.  

 Y ● See Goals for 
student writing 
(See Appendix N) 
are designed to be 
more open ended, 
providing 
flexibility and 
choice 

c) Application of UDL Guidelines and Checkpoints 
Authors provide details about how and which of the nine 
UDL guidelines and/or the 31 checkpoints are applied to 
their practice/intervention.  This can include information on 
how UDL guidelines and checkpoints are applied to goals, 
assessments, methods, and/or materials. 

 Y ● See Writing 
Strategies 
Matched to UDL 
Checkpoints (See 
Appendix Q) 
 

● See Writing 
Technologies 
Matched to UDL 
Checkpoints (See 
Appendix R) 

3. Implementation and Outcomes  
Information about how the UDL-based practice is implemented and about outcomes related 
to UDL are provided. 

a) Description of Implementation of 
Practice/Intervention  
Authors describe how UDL-aligned practice or intervention 
is conducted/implemented. Authors highlight information on 
the UDL-based aspects of the practice and intervention (the 

 Y ●  See Chapter 5, 
Figure 5-2 (UDL 
Design Cycle) 
and subsequent 
paragraphs. 
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UDL based aspects should align with what is described in 
2c) 

b) Outcomes/Findings in relation to UDL 
In addition to describing the overall outcomes of the 
intervention, describe UDL components in relation to 
outcomes for all and for specific learners (1b) (as appropriate 
to the purpose/RQ of the study and the inclusion of the UDL 
framework).  

 Y ●  See Chapter 5, 
Table 5-4 (UDL 
Related to Data) 
and section 
proceeding table.   

c) Implications 
Authors describe implications of the outcomes/ findings in 
relation to UDL-based aspects of practice/intervention. 

 Y ●  Implications are 
discussed in a 
paragraph at the 
end of study. 
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Appendix K – Chapter 5 – Example Class Profile: General Variability Factors and Support 

Strategies 

Classroom Profile 

● Grade 4  
● Self-contained class 
● Language Arts and Science focused lessons 
● 1 Teacher 
● 8 Learners 
● Learner Variability:  

○ Dysgraphia, Dyslexia, ADHD   
○ Different cultural backgrounds (Hawaiian, Japanese, Cuban) 
○ Military families 
○ Anxiety from negative experiences at other schools and learning challenges. 

 

General Preferences and Support Strategies 

Learners’ Preferences & Needs General Strategies/Tools to Support 
Students 

● Writing Preferences  
o Tools (pencil, pen, voice input, 

keyboard, laptop, ipad, various 
apps) 

o Hypertext vs linear text 

● Provide opportunities for students to 
experiment with different modes of 
writing.   

● Sensory Preferences 
o Visual 
o Auditory 
o Movement Seeking 
o Tactile 

● Visual 
o Lighting may provide greater 

comfort and focus (Salt Lamps, 
unscented candles, glowing 
diffuser) 

o Hoodie- provides focus by 
removing peripherals 

● Auditory 
o Calming music (sets a rhythm) 

Focusatwill.com 
o Quiet space - may be sensitive to 

low frequency sound 
(refrigerators, smoke alarms, 
clocks)  

● Tactile 
o Provide surfaces that give good 

tactile feedback. Chair with 



 

 208 

pillow/ cushion, fidget 
● Movement-Seeking 

o Prefers a busy environment such 
as a hallway or  

o Bouncing or rotating chair, 
standing desk 

● Emotional Needs 
o Based on bad experiences at 

other schools 
o Based on Diagnosis dyslexia, 

dysgraphia, and ADHD affecting 
self-image. 

o From being young 

● Provide routines and structure in a calm 
setting. 

● Build in opportunities for students to get 
help who may be uncomfortable to ask 

 
 
 

Challenges/Issues and Support Strategies 

Challenges/Issues General Strategies/Tools to Support Students 

● Demonstrating Understanding 
o Writing skills to present 

information.  
o Sentence construction  
o Task switching- moving from 

content viewing to note 
taking. 

o Prioritizing and organizing 
ideas 

o Writing - knowing formation 
while handwriting and 
identifying letters on 
keyboard  

● Provide modeling, guided practice 
● Provide sentence frames, text deconstruction 
● Include interaction and collaboration with 

more proficient peers 
● Use sentence starters 

● Acquiring Content 
o Understanding vocabulary 

while exploring topic (Science 
texts often use academic or 
unique words). 

o Comprehending concepts 
that assume foundational 
scientific knowledge (e.g. 
what a network is).  

● Watch content on video instead of only 
reading. 

● Listen to content (text to speech) 
● Use integrated dictionary 
● Note taking 
● Highlighting 
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o Interpreting diagrams, 
graphs, charts, diagrams 
when exploring their topic.  

● Engaging with Challenging Content 
and Projects 

o Sustaining attention and 
persistence with projects that 
have multiple components 
and last multiple class 
periods. 

o Managing inattention; 
hyperactivity/impulsivity 

o Time tracking/management 
support is important for 
students who get absorbed 
into activities. 

o sustain focus when reading 

● Teach students to develop grit by 
understanding the concept of a growth 
mindset (intelligence and abilities can be 
developed through effort). Reading and 
writing can be improved through time and 
focus. (hard work and perseverance). 

● Build a sense of self-efficacy by having 
students’ complete activities in which they 
can be successful and in which they can see 
their ability to succeed. 

● Provide structured workspace. 
● Working near other known people is more 

likely to result in distractions and disruptive 
scenarios.  

● Help students to find a peaceful, self-
selected, somewhat isolated space, familiar 
writing space 

● Use a timer to sustain focus, when take 
breaks minimize attention residue (ie. Do 
exercise, not play video games). 
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Appendix L  – Chapter 5 – Specific Student Challenges/Issues and Preferences 

Student Specific Challenges/Issues  

 Student Specific Challenges/Issues  Specific Preferences 

1 CE ● Dysgraphia- graphomotor 
issues - holding a pencil, typing.   

● Need open choice.  
● Lots of fantastic thoughts and 

ideas but can’t get them down 
on “paper”. 

● Variable motivation in task 
because very observant of 
surroundings. 

● Managing inattention; 
hyperactivity/impulsivity 

● Fascinated by computers, 
technology, space. 

● iPad someone writing for 
him or dictation.  Likes 
music. 

● Computers 
● Likes to have some 

background knowledge on 
topic.  

● Printed/clear directions to 
refer to 

● Extended time for optimal 
performance 

● Spelling checker 
● Time management support 
● Peer approval 
● Semi-Structured 

environment. 

2 AR ● Organizing her ideas 
● Staying on topic and bringing 

tasks to completion 
● Sensitive feelings 
● Low self-esteem 
● Can get frustrated easy and 

give up 
● Working independently  

 

● Lots of interest in writing - 
romance, creative writing, 
about her travels 

● Likes to write with people. 
● She enjoys traveling 
● Enjoys her Cuban Heritage 
● Sometimes works better 

with consistent teacher 
support, encouragement. 

● Extended time in a 
structured environment 
helps her. 

3 LD ● Level of engagement is topic 
dependent.  

● Prioritizing and organizing is 
difficult 

● Time management support is 
important since she gets 
absorbed into an activity 
 

● Enjoys connections to her 
Hawaiian heritage 

● horseback riding, sailing, 
hula dancing, swimming, 
paddle boarding, and 
gardening 
loves drawing, painting, and 
crafting. 
collecting objects and 
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turning them into art 
● Creative writing. likes to 

write with people. 
● Prefers larger font size and 

adding 
drawings/illustrations.  

● Likes animals, fantasy, art, 
and audiobooks). 

● Extended time allowances 
are required for her optimal 
performance. 

● Text to speech - listening to 
text. 

● Concrete or semi-abstract 
ideas 

● Good body posture 
● Frequent check ins 
● Peer approval, adult 

approval gets her working 
harder. 

● She works well in structured 
settings 

4 RR ● Graphomotor issues when 
writing with pencil, difficulties 
writing in narrative form.  

● Likes to type, likes to write 
with friends.  Likes music. 

● Likes open choice. 

5 GE ● Spelling Issues - perfection, he 
asks how to spell words often.  
Trouble with grammar, feels 
like he is very behind with 
reading ability.  Does not like 
pressure to keep up with 
others. 

● Dyslexia makes reading 
difficult, needs support 

● Has a specific learning disability 
with impairment in written 
expression 

● Dysgraphia- makes writing 
difficult for him. 

● Likes video games and 
animals.  

● Enjoys using technology for 
learning. 

● Prefers to type instead of 
writing, likes music. 

● Extended time on writing 
helps him. 

● He enjoys having options 
instead of complete open-
endedness. He likes help to 
create options based on 
possibilities. 

● Writing about concrete 
topics he knows about 
instead of abstract ones. 

● Consistent check ins 
encouragement and support. 

● Structured, small group 
instruction and work setting. 
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6 KY ● Level of engagement is topic 
dependent. 

● Writing - knowing formation 
while handwriting and 
identifying letters on keyboard 
can be challenging. 

● Perfectionist at times- 
● Can be sensitive if she feels she 

makes a mistake and get very 
upset.   

● Sometimes get move from 
project to project and not bring 
things to completion. 

● Sometimes speaks too fast for 
people to understand. 

 

● Loves gymnastics; she says 
she wants to get flexible. She 
also plays soccer. 

● She likes listening to and 
making music. She takes 
piano lessons. 

● Likes options of topics to 
work on. 

● Consistent reassurance of 
teachers that she is doing 
well and encouragement 

● Needs to be well fed “full 
stomach” to perform at 
optimal levels - eat snacks! 

● collecting objects and 
turning them into art 

● Having a wobble ball to sit on 
and a fidget like slime can 
help her. 

● Does well writing on 
concrete topics as opposed 
to abstract. 

● Peer and adult 
encouragement help her 
motivation. 

● She thrives in a more 
structured setting. 

7 MI ● Level of engagement is topic 
dependent 

● Like to write with pencil or 
pen 

● Prefers to choose her own 
topic. 

8 MD ● New student. Not sure yet. 
 

● Enjoys videogames and art. 
Likes to write independently. 

● Confidence in self. 
● Good writer 

 

Student Specific Challenges/Issues  

 Student Specific Challenges/Issues  Specific Preferences 

1 CE ● Dysgraphia- graphomotor 
issues - holding a pencil, typing.   

● Need open choice.  
● Lots of fantastic thoughts and 

● Fascinated by computers, 
technology, space. 

● iPad someone writing for 
him or dictation.  Likes 
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ideas but can’t get them down 
on “paper”. 

● Variable motivation in task 
because very observant of 
surroundings. 

● Managing inattention; 
hyperactivity/impulsivity 

music. 
● Computers 
● Likes to have some 

background knowledge on 
topic.  

● Printed/clear directions to 
refer to 

● Extended time for optimal 
performance 

● Spelling checker 
● Time management support 
● Peer approval 
● Semi-Structured 

environment. 

2 AR ● Organizing her ideas 
● Staying on topic and bringing 

tasks to completion 
● Sensitive feelings 
● Low self-esteem 
● Can get frustrated easy and 

give up 
● Working independently  

 

● Lots of interest in writing - 
romance, creative writing, 
about her travels 

● Likes to write with people. 
● She enjoys traveling 
● Enjoys her Cuban Hertatige 
● Sometimes works better 

with consistent teacher 
support, encouragement. 

● Extended time in a 
structured environment 
helps her. 

3 LD ● Level of engagement is topic 
dependent.  

● Prioritizing and organizing is 
difficult 

● Time management support is 
important since she gets 
absorbed into an activity 
 

● Enjoys connections to her 
Hawaiian heritage 

● horseback riding, sailing, 
hula dancing, swimming, 
paddle boarding, and 
gardening 
loves drawing, painting, and 
crafting. 
collecting objects and 
turning them into art 

● Creative writing. likes to 
write with people. 

● Prefers larger font size and 
adding 
drawings/illustrations.  

● Likes animals, fantasy, art, 
and audiobooks). 

● Extended time allowances 
are required for her optimal 
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performance. 
● Text to speech - listening to 

text. 
● Concrete or semi-abstract 

ideas 
● Good body posture 
● Frequent check ins 
● Peer approval, adult 

approval gets her working 
harder. 

● She works well in structured 
settings 

4 RR ● Graphomotor issues when 
writing with pencil, difficulties 
writing in narrative form.  

● Likes to type, likes to write 
with friends.  Likes music. 

● Likes open choice. 

5 GE ● Spelling Issues - perfection, he 
asks how to spell words often.  
Trouble with grammar, feels 
like he is very behind with 
reading ability.  Does not like 
pressure to keep up with 
others. 

● Dyslexia makes reading 
difficult, needs support 

● Has a specific learning disability 
with impairment in written 
expression 

● Dysgraphia- makes writing 
difficult for him. 

● Likes video games and 
animals.  

● Enjoys using technology for 
learning. 

● Prefers to type instead of 
writing, likes music. 

● Extended time on writing 
helps him. 

● He enjoys having options 
instead of complete open-
endedness. He likes help to 
create options based on 
possibilities. 

● Writing about concrete 
topics he knows about 
instead of abstract ones. 

● Consistent check ins 
encouragement and support. 

● Structured, small group 
instruction and work setting. 

6 KY ● Level of engagement is topic 
dependent. 

● Writing - knowing formation 
while handwriting and 
identifying letters on keyboard 
can be challenging. 

● Perfectionist at times- 

● Kyla loves gymnastics; she 
says she wants to get 
flexible. She also plays 
soccer. 

● She likes listening to and 
making music. She takes 
piano lessons. 

● Likes options of topics to 
work on. 
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● Can be sensitive if she feels she 
makes a mistake and get very 
upset.   

● Sometimes get move from 
project to project and not bring 
things to completion. 

● Sometimes speaks too fast for 
people to understand. 

 

● Consistent reassurance of 
teachers that she is doing 
well and encouragement 

● Needs to be well fed “full 
stomach” to perform at 
optimal levels - eat snacks! 

● collecting objects and 
turning them into art 

● Having a wobble ball to sit on 
and a fidget like slime can 
help her. 

● Does well writing on 
concrete topics as opposed 
to abstract. 

● Peer and adult 
encouragement help her 
motivation. 

● She thrives in a more 
structured setting. 

7 MI ● Level of engagement is topic 
dependent 

● Like to write with pencil or 
pen 

● Prefers to choose her own 
topic. 

8 MD ● New student. Not sure yet. 
 

● Enjoys videogames and art. 
Likes to write independently. 

● Confidence in self. 
● Good writer 
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Appendix M – Chapter 5 – Teaching SR for Writing 

 

Teaching the Use of Speech Recognition for Writing 

1. Develop Background 
Knowledge 

● Pronunciation of words.  
● When to add punctuation. Adding basic punctuation 

such as periods will improve recognition. 

2. Discuss the Strategy ● Discuss benefits vs handwriting/typing  
● Show general findings from research 
● Explain importance of writing skill today 

o If have vs not have.  
● Describe conditions to optimize for success 

3. Model the Strategy ● Demonstrate how to use it for various authentic 
personal and professional tasks in your life (Text 
message, email, to-do-list item, Internet Search, college 
paper)  

● Use think- aloud method. Mention blue lines for 
questionable error. 

● Show how to replace a mistaken word or phrase: 
Highlight, delete, speak replacement word. 

4. Guide use of the Strategy ● Provide shared prompts to choose from in context of list 
making, for brainstorm or adding to-do items. 

● Try in context of drafting short messages - few 
sentences. 

● Provide individual or small group instruction for those 
that may need extra guidance. 

● Provide encouragement, feedback and support their use 
of the strategy. Model again when needed. 

5. Support Independent 
Practice  

● Provide time for students to use the technology 
● Establish and enforce rules that optimize the conditions 

for success: 
o Be at least 10 feet away from other students. 
o Use headphones with a mic. 
o Choose your own quiet, independent space. 

● Allow students to use an authentic writing prompt. 
● Monitor students to make sure they are successful. 
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Appendix N – Chapter 5 – Teaching the Writing Process 

Table 7. Teaching the Writing Process 

Writing 
Process 
Component 

Activity Barriers Support Strategies / Tools 

1. Planning & 
Prewriting 

Brainstorming, 
Deciding on 
Topic, 
Gathering Info, 
Outlining 

● Lack of 
background 
knowledge 

● Read text or watch 
youtube videos on topic 
(filter with “for kids” and 
other keywords to find age 
appropriate content.   

● Difficulty 
organizing 
Information 

 

● Use a mind mapping 
approach or outline 
information by hierarchy. 

● Tools that provide great 
flexibility to move content 
between levels are 
preferred. 

2. Drafting Composing 
sentences and 
paragraphs. 
Adding basic 
punctuation.  

● Difficulty 
managing 
combined 
cognitive 
requirements 
for this task.  

● Errors in 
pronunciation 
and 
punctuation 

● Talk with peers about 
concept maps before 
drafting. 

● Have a concept map in 
sight while drafting. 

● Use speech recognition in 
a quiet, isolated area. 

3. Revising Reviewing 
content for 
improvements, 
changing words 
not mechanics. 

● Difficulty 
identifying 
content that 
needs revision 

● Checklist with revising 
steps. 

4. Editing Checking 
grammar, 
punctuation, 
spelling, word 
choice errors. 

● Difficulty 
identifying 
content that 
needs editing 

●  

● Speech to text. 
● Checklist with editing 

steps. 
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sentence 
structure. 
 

5. Sharing 
 

Putting writing 
in public places 
and inviting 
others to read, 
or sending 
writing to 
others to read. 

● Lack of 
confidence to 
share 

● Multiple steps 
involved. 

 
● Checklist with sharing 

steps 
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Appendix O – Chapter 5 – Research Instrument for Observational Notes 

Structure for Field Notes 
 

While observing coaching sessions, consider: 
RQ 1c. Teacher experience with using a design process to integrate technology (SR) into 
writing instruction? 

 

For lesson observations, consider:  
RQ 1a. Teacher experience with student use of SR during the writing process?  
 
RQ 1b. Teacher experience with student use of SR in relation to UDL? 

 
Examine Teacher experience in regard to the below categories: 

Unexpected 
Outcomes 

Going Well Challenges Other 
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Appendix P  – Chapter 5 – Goals for Student Writing; Assessments and Supports 

Set Goals for Student Writing 

Writing Goals 

Language Arts Skills 
1. Prewriting 
2. Paragraph drafting 
3. Report writing  

a. Structuring an informative report 
b. Checking mechanics/grammar 

Science Curriculum Learning Outcomes 
4. Describe structures and their functions 

 
Step 3. Develop Assessments to Match Goals 

Goal 1: Prewriting - Planning 
Assessment (Formative): concept map, graphic organizer, or outline  

Description: 
● Create structure to identify, organize and 

develop topics. 
● structure should Include 4 branches: 

Intro/relevance, function, history, fun info 
and conclusion 

● Mindmeister App: Instruction will be 
provided, students can use another app if 
they prefer. 

● Graphic Organizers: Instruction will be 
provided, students can use another app if 
they prefer. 

Supports: 
● Menu of options  
● Provide Model: Show completed structure 

and provide editable template.  
● Guided Practice: complete part of structure 

together.  
● Checklist of Tasks:  show specific tasks needed 

to complete an assignment.  
● Peer Discussion: Allow talking with peer about 

topic before mind mapping 
● Structured, independent workspace 
● Landing page of links to resources for the 

project.  
● Extended Time 

 

Goal 2: Composing a Paragraph - Drafting 
Assessment (Formative): Two Paragraphs (Draft Form)  

Description: 
● Write paragraphs about mind-map branches 

1, 2, 3 and 4.  
● Paragraphs should include an introduction, 

conclusion paragraph and two descriptive 
paragraphs. 

Supports: 
● Provide Model: Show completed paragraph 
● Sentence Starters:  
● Highlight Vocabulary: words to be used 
● Guided Practice: complete part of mind map 

together.  
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● Use tools of choice (Google Docs, Voice 
Dream).  

● Checklist of Tasks:  show specific tasks 
needed to complete the assignment.  

● Structured, independent workspace 
● Landing page of links to resources for the 

project.  
● Extended time 

 
 
 
 

Goal 3: Expository Report Writing - Revising/Editing/Sharing 
Assessment  (Summative): Written Report (Final Paper) 

Description: 
● This is the final draft Includes structuring a 

formal paper, attention to grammar and 
mechanics and receiving and modifying work 
based on peer and teacher feedback. 

Supports: 
● Provide Model: Show completed paper 
● Demonstration: Show how to write  
● Guided Practice: Guide students to check 

work using a variety of grammar 
checkers, use thesaurus, and engage in 
collaborative feedback.  

● Checklist of Tasks:  show specific tasks 
needed to complete an assignment.  

● Structured, independent workspace 
● Collaborative editing 
● Landing page of links to resources for the 

project.  
● Extended Time 

 

Goal 4: Understanding Structures and their Functions 
Assessments (Formative & Summative): concept map, Paragraph and Final Paper 

Description: 
● Engage in research and writing about a 

physical structure. 

Supports: 
● Use videos as writing prompts instead of 

reading. 
● Landing page of links to resources for the 

project.  

 
 

Assessments for each Goal (for Research Study) 



 

 222 

Goal 1. Prewriting 2. Paragraph 
Drafting 

3. Expository Report 
Writing  

Assessment Create a Mindmap  Write Two 
Paragraphs 

Final Report 

Type Formative Formative Summative 

Writing Process Planning Drafting Revising, Editing, 
Sharing 

Grouping Individual & Collaborative Individual  Individual & 
Collaborative 

Date Due 4/25 5/1 5/10 
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Appendix Q – Chapter 5 – Writing Techniques Matched to UDL 

List of Writing Techniques 

Strategies Purpose UDL Checkpoint 

Discuss purpose 
of assigned task 
with students 

● Students are engaged by information and 
activities that are relevant and valuable to 
their interests and goals. 

● To sustain effort and concentration in the 
face of distractions. 

● To remind students of the goal and its 
value. 

● Generate relevant examples that connect 
to their cultural background and interests. 

● 7.2  Optimize relevance, 
value, and authenticity 

● 8.1 Heighten salience of 
goals and objectives 

● 9.1 Promote expectations 
and beliefs that optimize 
motivation 

Provide menu of 
options for topic  

● Offering learners choices can develop self-
determination, pride in accomplishment, 
and increase the degree to which they feel 
connected to their learning.  

● When choice is open-ended, having a 
menu provides guidance for topic 
selection.  

● Meet with students to find their specific 
interests, background knowledge, ethic 
culture or familial traditions. Personalize a 
list of choices for each student.  

● 6.2 Support planning and 
strategy development 

● 6.3 Facilitate managing 
information and resources 

●  7.1 Optimize individual 
choice and autonomy 

● 3.1 Activate or supply 
background knowledge 

● 7.2 Optimize relevance, 
value, and authenticity 

Talk with a 
partner before 
writing on own 

● Can help students to think about and 
process information when talking about 
and can get information out from mind to 
paper, easier.  

● 7.2 Optimize relevance, 
value, and authenticity 

● 8.3 Foster collaboration 
and communication 

Create concept 
map 

● Provides a structure to identify, organize 
and develop a topic.   

● It connects information losely.  
● concept maps can be used for a variety of 

purposes, so it’s not an isolated skill. 

● 3.3 Guide information 
processing, visualization, 
and manipulation. 

● 5.2 Use multiple tools for 
construction and 
composition 

● 5.3 Build fluencies with 
graduated levels of support 
for practice and 
performance 

● 3.4 Maximize transfer and 
generalization 
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Create checklist 
of tasks 
required for the 
assessment 

● Allows students to see the concrete steps 
they need to do in order to finish their 
project. They can check them off as they 
complete them. 

● 6.4 Enhance capacity for 
monitoring progress 

● 3.3 Guide information 
processing, visualization, 
and manipulation. 

Use sentence 
starters or 
frames 

● These help students see the expectations 
for what types of sentences are expected 
and to provide scaffolding for the 
language. 

● 3.3 Guide information 
processing, visualization, 
and manipulation. 

● 5.3 Build fluencies with 
graduated levels of support 
for practice and 
performance 

Provide an 
authentic model 
of the 
completed 
deliverable 

● Provide multiple authentic examples of 
the final product students are being asked 
to complete.  

● 3.3 Guide information 
processing, visualization, 
and manipulation. 

● 5.3 Build fluencies with 
graduated levels of support 
for practice and 
performance 

View 
demonstration 
of task 
completion 

● Complete the task in the presence of 
students as a demonstration.   

● Offer a video showing how to complete 
task for later reference. 

● 3.3 Guide information 
processing, visualization, 
and manipulation. 

● 6.4 Enhance capacity for 
monitoring progress 

Guided practice  ● Guide students to complete part of a 
particular task on their own. 

● 3.3 Guide information 
processing, visualization, 
and manipulation. 

● 5.3 Build fluencies with 
graduated levels of support 
for practice and 
performance 

Teach concepts 
of grit and 
growth mindset 

● A growth mindset (how intelligence and 
abilities can be developed through effort). 
Writing can be improved through focus 
and time. Hard work and perseverance 
(grit). This helps with sustaining attention 
and persistence with challenging projects 
that have multiple components and last 
multiple class periods. 

● 7.2 Optimize relevance, 
value, and authenticity 

● 8.1 Heighten salience of 
goals and objectives 

● 9.1 Promote expectations 
and beliefs that optimize 
motivation 
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Provide 
structured 
workspace 

● Create an familiar and supportive 
classroom climate 

● Charts, calendars, schedules, visible 
timers, cues can increase the structure of 
daily activities and transitions. 

● Vary the level of sensory stimulation 
● Vary the social demands required for 

learning or performance 

● 3.3 Guide information 
processing, visualization, 
and manipulation. 

● 7.3 Minimize threats and 
distractions 

● 6.2 - Support planning and 
strategy development 

Individual 
conferencing 

● Conference 1:1 with student to help them 
progress.  

● 5.3 Build fluencies with 
graduated levels of support 
for practice and 
performance 

Small group 
instruction 

● Conference with students in a small group 
who may need reinforcement. 

● 5.3 Build fluencies with 
graduated levels of support 
for practice and 
performance 

Provide 
independent 
space  

● Working near other known people is more 
likely to result in distractions and 
disruptive scenarios. Find a peaceful, self-
selected, somewhat isolated space.  

● 3.3 Guide information 
processing, visualization, 
and manipulation. 

● 7.3 Minimize threats and 
distractions 

Extended Time ● Students could set their own incremental 
deadlines as long as they could complete 
the project by the final due date.  This 
allows students to take multiple breaks as 
needed in order to complete the task.  

● 4.1 - Vary the methods for 
response and navigation 

● 7.1 - Optimize individual 
choice and autonomy 

Highlight key 
vocabulary 
words  

● Pre-teach vocabulary, especially in ways 
that promote connection to the learners’ 
experience and prior knowledge 

● 2.1 Clarify vocabulary and 
symbols 

Use videos as 
writing prompts 
instead of 
reading 

● Text is a particularly weak form of 
presentation for learners who have text- 
or language-related disabilities.  

● Providing alternatives—especially 
illustrations, simulations, images or 
interactive graphics—can make the 
information in text more comprehensible 
for any learner and accessible for some 
who would find it completely inaccessible 
in text. 

● 2.5 Illustrate through 
multiple media 
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Landing page of 
resources for 
project  

● This is a Web Page, sometimes a public 
Google Doc, with a number of links to 
resources available to help with the 
project. Links include items such as video 
demonstrations or explanations, curated 
articles for research. 

● 6.3 - Facilitate managing 
information and resources 

Collaborative 
Editing 

● Google Docs allow for easy sharing of 
documents for commenting and 
suggesting, with a number of links to 
resources available to help with the 
project. 

● 8.3 Foster collaboration 
and communication 

Customize 
Writing 
Environment 

● Change text size, font, color, spacing and 
Margins. Change background color, 
highlight color, etc. 

● Voice Dream Writer App (iPad) 
● Google Docs with Chrome (Mac) 
 

● 1.1 Offer ways of 
customizing the display of 
information 

● 4.2 Optimize access to tools 
and assistive technologies 

● 7.1 Optimize individual 
choice and autonomy 
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List of Writing Tools 

Writing 
Tools 

Description and Purpose UDL Checkpoint 

Timer 
 

● Track how long you write for. Use a timer to 
sustain focus. 

● During breaks do something enjoyable BUT 
minimize attention residue (ie. Do exercise, 
not play video games or engage in heated 
conversations.  

● Befocused App (iPad) 

● 6.4 Enhance capacity for 
monitoring progress 

● 4.2 Optimize access to tools 
and assistive technologies 

● 7.3 Minimize threats and 
distractions 

Thesaurus 
(Built-in) 

● During the revision process, this allows you 
to quickly find and replace a word with a 
similar word.  Good for finding more 
relevant, interesting language or alternative 
words if using a particular word frequently. 
The feature is built into the app, Voice 
Dream Writer (iPad) Also, can be added as 
an Addon in Google Docs or as Chrome 
Extension (Computer). 

● 4.2 Optimize access to tools 
and assistive technologies 

● 5.2 Use multiple tools for 
construction and composition 

Spell Check ● Checks spelling and capitalization. 
Integrated into most writing apps 
(Computer and iPad). 

● 4.2 Optimize access to tools 
and assistive technologies 

● 5.2 Use multiple tools for 
construction and composition 

Grammar 
Check 

● Checks grammar, passive voice, sentence 
structure, subject-verb agreement.   

● (Grammarly keyboard on iPad or 
Grammarly Website.) 

● 4.2 Optimize access to tools 
and assistive technologies 

● 5.2 Use multiple tools for 
construction and composition 

Word 
Prediction 

● This supports students as they write by 
offering prompts and word predictions to 
words, they often have difficulty spelling. 
As the students write, he or she receives a 
possible list of words that they could be 
typing, and likely words that would follow.  

● (Built into iPad onscreen keyboard, 
available on Read Write Think Keyboard)  

● 4.2 Optimize access to tools 
and assistive technologies 

● 5.2 Use multiple tools for 
construction and composition 

Text to 
Speech 

● Reads text aloud. Good for proofreading 
during revision and editing stages of the 
writing process. 

● 1.3 Offer alternatives for visual 
information 

● 4.2 Optimize access to tools 
and assistive technologies 
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Dictionary 
(Built-in) 

● Double tap on a word to show the meaning 
of the word.  (Voice Dream Writer iPad 
App, Chrome Extension on Computer) 

● 4.2 Optimize access to tools 
and assistive technologies 

Speech 
Recognitio
n 

● Generating text via dictation (Integrated 
into OS of Laptop or iPad) 

● 5.2 Use multiple tools for 
construction and composition 

● 4.1 Vary the methods for 
response and navigation 

Keyboard 
(Bluetooth) 
 

● Physical keyboards have feedback click and 
allow for a more tactile approach to 
writing. 

● 4.1 Vary the methods for 
response and navigation 
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