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Abstract 
 

 

This research evaluated the affordances of iPads related to adolescent comprehension and 

engagement. Specific research questions were guided by a framework of reading 

engagement in which classroom practices are theorized to have both a direct and indirect 

effect on comprehension through the mediating roles of motivations and strategic 

interaction with text (Guthrie, Wigfield, & You, 2012).  Participants	  consisted	  of	  281	  

9th	   grade	   students	   from	   two	   rural	   Midwest	   high	   schools	   with	   one-‐to-‐one	   iPad	  

initiatives.	   	   Using	   a	   between-‐participants	   experimental	   design,	   students	   were	  

randomly	   assigned	   to	   read	   informational	   text	   on	   either	   an	   iPad	   or	   paper	   and	  

completed	   comprehension	   questions	   and	   motivation	   questionnaires.	   Half	   of	   the	  

students	   in	   each	  modality	   condition	  were	   randomly	   assigned	   to	   receive	   a	   review	  

lesson	   on	   strategy	   use	   and	   annotation	   to encourage strategy use while reading. The	  

effects	   of	   text	   modality	   and	   strategy	   review	   on	   comprehension of text, observable 

strategy use, and motivation variables were examined.  Results revealed no differences in 

comprehension or motivational variables among students who read on iPads and students 

who read on paper. However, students who read on paper were more likely to use 

observable strategies while reading, with this difference decreasing among students who 

received a strategy review lesson.  Implications for theory and practice are discussed.  
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Chapter 1 
 

Introduction 
 

We have entered an era in which students and adults expect to be able to work and 

learn whenever and wherever they want, without the bounds of a classroom, office, or 

power cord (Johnson, Adams, & Cummins, 2012a). The ability to effectively use rapidly 

changing technology to access information and communicate with others is necessary for 

21st century learners to be successful in a global economy (Partnership for 21st Century 

Skills, 2011). Multiple forms of digital technology are already at the core of current 

adolescents’ lives outside of the classroom and future careers (Rideout, Foehr, & Roberts, 

2010), and it has been argued that schools must attempt to mirror students’ daily lives 

outside of school in order to engage and prepare a generation of technology savvy 

students (Rosen, 2010; US Department of Education, Office of Technology). 

An emerging trend in K-12 and higher education is the incorporation of tablets, a 

class of mobile technology that is distinct from other mobile devices and defined by 

characteristics of portability, large touch screens, and Internet connectivity (Johnson et 

al., 2012a). This trend was likely propelled, in part, by the 2010 release of Apple’s iPad, 

with tablet ownership among college-bound high school seniors tripling in 2011 (Finkel 

& Aspey, 2011). Tablets provide the opportunity for mobile learning (m-learning) 

environments that afford anytime, anywhere learning, without the constraint of a physical 

connection (Georgiev, Georgieva, & Smirkarov, 2004).  

A potential outcome of the tablet trend is the increased opportunity for the use of 

digital textbooks.  Although digital textbooks have been around for quite some time, 

traditional textbooks have largely remained the preferred modality (Gregroy, 2008; 
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Shepperd, Grace, & Koch, 2008). Poor portability, accessibility and screen resolution 

associated with digital books have been cited as reasons for preferring traditional books. 

However, there has been a recent growth in the development of software and hardware to 

support electronic documents such as e-readers, tablets, personal digital assistants (PDAs) 

and smart phones (Landoni, 2008). Currently, over 50% of college students and college-

bound seniors prefer to read digital textbooks, and the large majority believe tablet 

computers will result in even more students preferring digital textbooks to print (Pearson 

Foundation, 2011). Greater portability, storage capacities, and processing speeds of 

current mobile devices address several concerns that have been previously expressed with 

e-books.  It has been argued that the emergence of handheld readers has rejuvenated 

digital books, and that tablet computers will replace textbooks in future years (Abbot & 

Kelly, 2004; Obst, 2010).   

The study of digital technologies and reading is often studied in terms of 

affordances, or actions or outcomes enabled in certain environments (O’Brien & Voss, 

2011). In the last several decades, the concept of literacy has been continuously changing 

as new technologies rapidly emerge (Leu, 2000). As with earlier technologies, the 

prospect for mobile devices, including tablets, to replace paper as a textbook modality in 

schools has potential implications for the process and outcomes traditionally associated 

with reading. The emergence of mobile devices in educational settings and their use for 

reading prompts questions regarding the affordances of mobile devices related to 

supporting or hindering reading comprehension and engagement. Given that the trend of 

tablet computers in education was accelerated by the success of Apple’s iPad, which was 
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introduced in 2010, research on the use of tablets in educational settings is limited by the 

short duration in which they have been available and integrated into classrooms.  

Research on the effects of mobile technologies on learning is further challenged in 

that mobile learning is dynamic and likely dependent on contextual factors (Sharples, 

Milred,  & Vauoula, 2009).  For example, the construct of reading changes depending on 

how an e-book is defined and features of the text, including the degree of multimedia and 

hyper links incorporated into the text, which have all been shown to affect reading 

comprehension (Destefano, & LeFeure, 2007; Zucker, Moody, & McKenna, 2009). 

Although limited in breadth, available research suggests reading tasks on mobile devices 

in which textual features are similar to print text has little or no effect on comprehension 

among elementary-age students (Grace, 2011; Milone, 2011), which is consistent with 

research on electronic text presented on earlier technologies (Dillon, 1992). 

Research on the affordances of mobile devices related to reading comprehension 

and engagement are limited, but hypotheses can be generated by considering features of 

mobile devices in the context of a framework of reading engagement in which classroom 

practices are theorized to have both a direct and indirect effect on comprehension through 

the mediating roles of motivations and strategic interaction with text (Guthrie, Wigfield, 

& You, 2012).  

One of the reported affordances of digital text is that it allows students to mark up 

text and take notes, an option that generally is not available to high school students 

renting books from their school (Clarke & Bensory, 2010). Note-taking and annotation 

while reading represent cognitive learning strategies, or behaviors or thoughts that help 

students to learn, remember, or understand material (Weinstein & Mayer, 1983). The use 
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of strategies while reading is consistent with Guthrie and colleague’s framework of 

reading engagement (Guthrie et al., 2008) as well as models of comprehension that 

emphasize the importance of active construction of meaning (Wittrock, 1989) and has 

been repeatedly cited as a critical component in improving reading comprehension 

(Alvermann, 2001; Dole, Duffy, Roehler, & Pearson, 1991; Kamil, Borman, Dole, Kral, 

Salinger, & Torgesen, 2008; Torgesen, Houston, & Rissmann, 2007; Vaughn et al., 

2008). While paper text has historically been perceived as superior to computer-based 

text in supporting active reading (O’Hara & Sellen, 1997), more recent work has found 

tablet computers to be rated as comparable or superior to paper in regards to active 

reading, annotating, and note taking (Morris, Brush,  & Meyers, 2007).  Thus, text 

modality would theoretically support both reading comprehension and engagement to the 

extent that it affords the opportunity for active reading.  

The use of tablet devices in classrooms could also affect reading outcomes 

through changes in student motivation. Within an expectancy-value model of student 

motivation, motivation is dependent on students’ perceptions of their abilities to 

successfully complete tasks and the degree to which tasks are perceived to be interesting, 

useful, and meaningful (Eccles et al., 1983). Given the saliency of mobile technology in 

students’ lives outside of school, it is hypothesized that students may perceive reading 

tasks on mobile technology as more interesting or meaningful than paper-based reading 

tasks.  This hypothesis is supported by survey results in which more than 80% of college 

bound high school seniors perceived tablets as contributing to their educational success 

and increased enjoyment in learning (Pearson Foundation, 2011).  Further, early research 

on the use of tablets on college campuses suggests students are optimistic regarding the 
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potential academic value of iPads and other mobile devices (Gupta & Koo, 2010; Kinash, 

Brand, & Mathew, 2012; Maremarelli & Ringle, 2009, 2011; Weisburg, 2011). 

Considering the potential effects on motivation in conjunction with the opportunity for 

active reading previously described, text modality could have a significant effect on 

reading engagement.   

Statement of the problem 

The use of mobile devices and digital textbooks in schools is expected to continue 

to grow dramatically in the near future (Obst, 2010; Johnson et al., 2012b). Too often, 

past e-learning initiatives in schools have been driven by technology rather than 

theoretical or empirical evidence of educational effectiveness (Ravenscorft, 2001).  

Although evidence of increased acceptability and perceived usefulness of mobile devices 

in education is emerging, particularly among college-students, more research is necessary 

to systematically explore the effects on specific learning outcomes and the pathways by 

which these effects occur. As mobile devices are infused into educational environments 

and used as platforms for digital textbooks, more theory-based research is necessary to 

understand subsequent effects on reading outcomes and how they can best be used to 

support learning. 

A challenge associated with studying the degree to which mobile devices can be 

used to support reading is the dynamic conceptualization of reading on mobile devices.  

In its simplest form, an iPad is merely a platform for static presentation of digital text, but 

additional features such as touch screens, Internet connectivity, and availability of 

countless apps introduce additional variables that affect the construct validity of reading.  

Recognizing this challenge, Sharples and colleagues presented a framework for studying 
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the educational use of mobile devices that incorporates micro research in which the use of 

mobile technology for individual learning activities is evaluated for usability, 

effectiveness, and satisfaction in addition to research exploring the larger impact of 

mobile devices on learning experiences as a whole (Sharples et al., 2009). In doing so, 

programs of research can systematically evaluate affordances of specific features of 

mobile devices and their use in different learning tasks.  

Purpose  

The current study is intended to contribute to the emerging body of literature on 

the use of mobile devices in education by evaluating the affordances of the iPad as a 

reading modality among adolescent students. The advanced features of new tablets, 

including iPads, are believed to provide opportunities for increased active learning  

(Melhuish & Fallloon, 2010; Murphy, 2011; Johnson et al., 2012a, 2012b).  Considered 

within a theoretical framework of generative comprehension and reading engagement 

(Guthrie et al., 2004; Guthrie et al., 2006; Linden & Wittrock, 1981;Wittrock & 

Alesandrini, 1990;Wittrock, & Marks, 1978), these features are hypothesized to support 

reading comprehension and engagement. Similarly, within an expectancy-value theory of 

motivation (Eccles et al., 1983), tasks presented on mobile technology may be more 

aligned with students’ lives outside of school and is theorized to further support 

motivation and reading engagement to the extent that it is perceived to be more 

important, useful, or interesting to students.  

The current study compares adolescents’ comprehension and engagement when 

reading text on iPads and paper. Further, this study seeks to contribute to the general 

understanding of how tablets can affect reading outcomes by examining the individual 
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contributing roles of student values, self-efficacy, and use of annotation tools.  The 

following research questions guided the study:  

1. What is the effect of text modality on student comprehension of text?  

2. What is the effect of text modality on students’ self-efficacy and subjective task 

value? 

3. What is the effect of text modality on the use of cognitive strategies? 

4. If the effect of text modality on the use of cognitive strategies is significant, to what 

extent is this relationship mediated by self-efficacy and subjective task value?  

5. If the effect of text modality on comprehension is significant, to what extent is the 

relationship mediated by the use of cognitive strategies? 

Definition of Key Terms  

There are several key terms that are central to the study development and interpretation of 

results. These terms are defined below.  

Annotation. Annotation has been operationally defined as writing brief 

summaries in text margins, listing ideas or concepts in margins, putting key information 

on graphs or charts, noting possible test questions and confusing ideas, and selectively 

underlining key words or phrases (Simpson & Nist, 1990).  

Cognitive learning strategies. Cognitive learning strategies are behaviors or 

thoughts that help students to learn, remember, or understand material and are primarily 

classified as rehearsal, elaboration, or organizational strategies (Weinstein & Mayer, 

1991). 
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Rehearsal strategies.  Rehearsal strategies are used to keep information in 

working memory and include recitation or repetition of information, copying materials, 

writing down keywords, and underlining, highlighting or marking text.   

Elaboration strategies. Elaboration strategies are used to make information more 

meaningful by relating the text to other parts of text or existing knowledge and include 

summarizing, paraphrasing, creating analogies, generative note-taking, and generating 

questions.  

 Organizational strategies. Organizational strategies involve transforming 

information into another form in order to create meaning and move into long-term 

memory and include selecting and organizing main ideas from text, outlining, and 

mapping.  

Mobile learning environments.  Mobile learning environments are environments 

that enable students to learn anywhere, any time, without the constraint of a physical 

connection, through the use of mobile devices such as laptops, tablets, personal digital 

assistants (PDAs), or smart phones (Georgiev et al., 2004). 

Motivation. Motivation is a theoretical construct used to explain the direction, 

intensity, persistence, and quality of behavior (Maehr & Meyer, 1997). The current study 

utilizes an expectancy-value theory of motivation in which achievement performance, 

persistence, and choice are explained in terms of individuals’ expectancy and value 

beliefs for a specific task (Wigfield, Tonks, & Klauda, 2009). 

Reading comprehension.  Reading comprehension has been defined as the 

process of simultaneously extracting and constructing meaning from text and is 

dependent on characteristics of the text, task, and reader (Snow, 2002). The current study 
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utilizes a generative model of comprehension in which comprehension involves the 

active generation of relations among parts of text and between text and what we already 

know (Wittrock, 1989). 

Reading engagement. In the current study, reading engagement is conceptualized 

in terms of the expectancy-value theory of motivation and strategic interaction with text 

(Guthrie et al., 2004; Guthrie et al., 2006). 

Self-efficacy. Self-efficacy is defined as one’s perceptions of his or her ability to 

successfully complete a task and is theorized to affect motivation, behavior, and 

persistence when faced with a challenge (Bandura, 1977; 1989). 

Subjective task value. Subjective task value refers to the degree to which a task 

meets the needs of an individual and reflects the likelihood an individual would select the 

task (Wigfield & Eccles, 1992). In the current study, subjective task value is measured by 

interest, utility value, and attainment value (Eccles & Wigfield, 1995; Wigfield & Eccles, 

2000). 

Interest. Interest is an affective state that represents a student’s subjective 

experience and is derived from either individual or situational factors (Ainley, 2006). 

Within the expectancy-value theory literature, interest is often used interchangeably with 

the subjective conceptualization of intrinsic value, which has been defined as the 

enjoyment, or anticipated enjoyment associated with engaging in a task (Eccles, 2005). 

Utility Value. Utility value is the degree to which participating in the task 

contributes to the attainment of short or long-term goals  (Eccles, 2005).  

Attainment value. The degree to which engaging in the task is personally 

important to the individual and consistent with one’s self- image  (Eccles, 2005).  
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 Tablets. The term tablet is used to describe a modern class of mobile technology 

that is distinct from other mobile devices such as smart phones, laptops, and earlier 

versions of tablet PCs and is defined by characteristics of portability, large touch screens, 

and Internet connectivity (Johnson et al., 2012a). 

Limitations 

The results of the current study should be interpreted within the context of study 

limitations.  At the time this study was designed, iPads had been on the market for only 1 

year, and very few high schools in the nation had implemented one-to-one iPad 

initiatives.  The current sample is a convenience sample in that it includes the only two 

high schools in the state that were known to have one-to-one iPad initiatives at the time.  

The sample includes students from two rural Midwest high schools, and study results 

may not generalize to different populations of students.  

Additional limitations exist in the use of two schools. Two schools were selected 

in order to increase the study sample size.  However, the use of two different schools 

resulted in unforeseen differences in student populations, school structure, and attrition.  

These differences are further discussed in the methodology section of this paper and are 

addressed by analyzing data from schools both individually and combined.  

Delimitations 

The current study was designed within the limits of specific frameworks and 

conceptual definitions selected by the researcher. The study involves students reading 

electronic text from iPads, which are mobile devices, but participants in the study read in 

stationary positions in their classrooms and were not provided the opportunity to take 

advantage of several of the mobile and ubiquitous learning features of the device. 
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Limiting the time frame of the study to two 40-50 minute class periods was necessary in 

order to increase the feasibility of the study and control for confounding variables. 

Similarly, the potential affordances of tablets in education are immeasurable. With 

increased Internet connectivity and countless applications (apps), tablets open up doors to 

new literacies involving hyper links, cloud computing, and social media. In order to limit 

the scope of this study and attempt to contribute to the understanding of how specific 

features of tablet devices support or hinder reading comprehension and engagement, the 

current study only involves static text.  

The scope of the study was further limited by the use of annotation as a measure 

of strategy use. While limited, this construct was chosen because it is an observable and 

concurrent measure of strategy use. Concurrent measures of strategy use provide a 

measure cognitive activity while an individual is actually engaging in an activity, which 

have been found to be superior to prospective or retrospective measures of strategy use in 

predicting reading comprehension (Cromley & Azvedo, 2006). However, this 

conceptualization of strategy use does not take into account less observable reading 

strategies such as pre-reading, prediction, visualization, or thought processes are not 

annotated.  Future research may consider incorporating both observable and retrospective 

student report measures to account for less observable methods of strategy use. 

Assumptions  

 The design and methodology of the current study were based on several 

assumptions, that if proven false may affect the interpretation of student results.  At the 

time of the study, participants had been using the iPads regularly for 3 months and it was 

assumed that students would be familiar with the basic functions of the devices.  
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Moreover, when participants were asked to complete a motivational questionnaire 

regarding their perceptions of a reading task completed on either an iPad or paper, it was 

further assumed that their answers to these questions would reflect their experience with 

assigned modality.  

Organization of document  

The remainder of this document is organized around five distinct chapters. 

Chapter One provided background information, a statement of the problem, and the 

purpose of the study. Chapter Two describes the theoretical frameworks underlying this 

research and provides a review of relevant literature. Chapter Three describes the study 

design and methodology.  The results are presented in Chapter Four and are further 

discussed in Chapter Five.  
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Chapter 2 

Literature Review  

Educational policy makers and researchers have been calling for increased 

application of technology in classrooms (International Society for Technology in 

Education, 2005; U.S. Department of Education, Office of Educational Technology, 

2010; Sharples, Taylor, & Vavoula, 2010). Students today must be able to use and adapt 

to rapidly changing technology in order to be successful in a global economy (Partnership 

for 21st Century Skills, 2011). Although the Association of Educational Communications 

and Technology (AECT) defines educational technology as the study and ethical practice 

of facilitating learning and improving performance by creating, using, and managing 

appropriate technological process and research (Januszewski & Molenda, 2008), recently 

the study of educational technology has placed more of an emphasis on digital 

technologies that contribute to student learning (Selwyn, 2010). 

One way educators have been meeting the call for increased digital technology in 

classrooms is through one-to-one computing initiatives, or learning environments in 

which students have individual access to personal computers (Penuel, 2006). One-to-one 

computing initiatives began in the 1990’s with studies of laptops and personal computers, 

which found student access to personal computers was related to increased collaboration 

among students, use of active learning strategies, project base learning, and improved 

quality of writing (Rockman et al., 1997, 1998, 2000). Personal computing devices are 

believed to have a unique effect on student outcomes in that they allow for increased 

access, a greater sense of ownership, autonomy, independence, and opportunities for self-

paced or individualized instruction (Rockman, 2007). 
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 A more recent trend in the application of digital technologies and one-to-one 

computing initiatives in K12 and university classrooms is tablet devices (Johnson et al., 

2012a, 2012b). Lead by the development of Apple’s iPad, the term tablet is used to 

describe a modern class of mobile technology that is distinct from earlier versions of 

tablet PCs and other digital technologies including laptops and smart phones (Johnson et 

al., 2012b; Murray & Olcese, 2011). Recent tablet computing devices, such as the iPad, 

have been argued to provide new opportunities to facilitate learning through advanced 

features such as increased portability, connectivity, screen size, interactivity, and 

potential for customization that distinguish them from other computing devices 

(Melhuish & Fallloon, 2010; Murphy, 2011; Johnson et al., 2012a, 2012b). Although the 

iPad is still leading the tablet market, other tablets including Amazon’s Kindle Fire, 

Samsung Galaxy Tab, and Acer Iconia are also gaining in popularity (Lipsman & 

Acqunio, 2013). 

In addition to the opportunities provided by specific features of the tablet device, 

the tablet trend in education represents a movement toward mobile learning  (m-

learning), or environments that enable students to learn anywhere, anytime, without the 

constraint of a physical connection, through the use of mobile devices such as laptops, 

tablets, personal digital assistants (PDAs), or smart phones (Georgiev et al., 2004). While 

interest in mobile learning is not new, interest has been rejuvenated with the introduction 

of modern tablets (Brand, Kinash, Matthew, & Kordyban, 2011). With the increase in 

mobile learning, learning is predicted to move increasingly out of the classroom and into 

students’ own individual learning environments (Naismith, Lonsdale, Vavoula, & 

Sharples, 2004). Current mobile devices differ from personal computers and laptops in 
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that they have greater storage capacities and processing speeds, improved Internet 

bandwidth, and greater portability (Low & O’Connell, 2006). Features of these advanced 

mobile devices are believed to enable learning that is student centered, constructive, 

collaborative, incidental, and situated within an authentic context (Corbeil & Valdes-

Corbiel, 2007; Low & O’Connell, 2006; Naismith et al., 2004).  

Implications for Digital Books 

The recent surge of tablet devices in education opens up new opportunities for 

digital books. Although digital textbooks have been around for quite some time, 

traditional textbooks have largely remained the preferred modality (Gregroy, 2008; 

Shepperd, Grace, & Koch, 2008). The threat for digital publishing to replace paper text 

has been present since early models of digital books on floppy disks and initial mobile 

reading devices (Marshal, 2010). While earlier mobile reading devices were found to be 

bulky with disappointing battery life, current electronic reading devices (e-readers) allow 

for more ubiquitous use in that they are wireless and have improved screen resolution, 

storage capacity, battery life, and portability (Marshal). Current e-readers typically 

present static digital text, but often have additional features such as high lighting tools, 

dictionaries, and search tools (Cardullo, Zygouris-Coe, Wilson, Craanen, & Stafford, 

2012).  

Despite improved technology, e-books have yet to surpass paper text in popularity 

(Rainie & Duggan, 2012).  While the overall percentage of adults reading print books is 3 

times that of e-book users, the percentage of e-book users has increased between 2010 

and 2012, while the percentage of adults reading print books has decreased during this 

time frame (Rainie & Duggan). It has been argued that the recent emergence of handheld 
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readers has rejuvenated digital books, and that tablet computers will replace textbooks in 

future years (Abbot & Kelly, 2004; Obst, 2010). With the increased use of mobile 

technology and digital books in education, it is important to consider the effect of text 

modality on reading comprehension and engagement. Therefore, the following review 

will address the theories, contextual factors, and empirical findings related to reading on 

tablets and other mobile devices. 

Reading on Mobile Devices: Theoretical Underpinnings 

A theory of mobile learning. Tablets represent a class of mobile devices that 

allow for ubiquitous learning, without the constraint of a physical connection (Georgiev 

et al., 2004). Mobile devices are believed to have an impact on education that is distinct 

from other learning technologies in that they afford opportunities for portability, 

ubiquitous access, situated learning opportunities, increased connectivity, and 

individualized learning experiences (Melhuish & Falloon, 2010). Despite the widespread 

belief that current mobile devices can support student learning, theoretical pathways 

underlying those beliefs have not been well established (Park, 2011; Uden, 2007). A 

current theory of mobile learning must be distinct from current theories of classroom 

learning, account for the mobility of learners, reflect informal and formal learning, 

conceptualize learning as a social and constructive process, and analyze learning as a 

situated activity that is mediated by technology (Sharples, Tayler, & Vavoula, 2007). 

In the last decade, multiple theoretical frameworks have been suggested to guide 

the implementation of mobile technology in learning environments. For example, the 

Framework for the Rational Analysis of Mobile Education (FRAME) model describes 

mobile learning as occurring at the intersection of device, learner, and social aspects of 



EFFECTS	  OF	  TEXTBOOK	  MODALITY	  ON	  READING	  
	  
	  

17	  

information (Koole, 2009).  Therefore, learning with mobile devices is dependent on the 

physical and functional device characteristics such as size, weight, speed, storage, and 

input and output capabilities, the learner characteristics, including an individual’s prior 

knowledge, attitudes, motivation, and cognitive abilities and social processes of 

interaction and collaboration. According to the FRAME theory, the interactions of these 

aspects govern mobile learning.  For example, device usability occurs at the intersection 

of device and learner characteristics. The intersection of device and social aspects 

describe how specific mobile devices afford collaboration and interaction among 

learners. Lastly, the intersection of learner and social aspects represents a social 

constructivist view, emphasizing the importance of collaboration and interaction to 

learning. Similarly, Uden (2007) offered a framework for mobile learning using activity 

theory, suggesting that learning activity consists of interactions between a user and an 

objective that is mediated by a tool (e.g. mobile technology) and situated within a social 

and cultural context. What these suggested frameworks have in common is the emphasis 

on the consideration of interactions between characteristics of the learner, device, and 

contextual factors.  

Generative theory of comprehension. Reading comprehension has been defined 

as the process of simultaneously extracting and constructing meaning from text and is 

dependent on characteristics of the text, task, and reader (Snow, 2002).   Specifically, 

given fluency of decoding, comprehension is the product of well-written texts, 

compatibility of readers’ knowledge & text content, and use of active strategies. The 

inclusion of strategy use in the definition of comprehension represents the 

conceptualization of reading as an active task. Early models of reading conceptualized 
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comprehension as the product of mastering a succession of sub-skills with the assumption 

those students would be able to obtain meaning from text once sub-skills were mastered 

(Dole, Duffy, Roehler, & Pearson, 1991). Current conceptualizations of comprehension 

are based on generative models of reading in which comprehension requires the active 

generation of connections among parts of text and background knowledge (Wittrock, 

1989).  Moreover, teaching students to generate analogies, summaries, or connections to 

prior knowledge has been shown to increase students’ comprehension and retention of 

text (Doctorow, Wittrock, & Marks, 1978; Linden & Wittrock, 1981; Wittrock & 

Alesandrini, 1990).  Thus, environments in which students are afforded increased 

opportunities to interact with text would theoretically support comprehension.  

Engagement theory. Reading engagement is an outcome variable related to 

reading comprehension that has gained recent attention in the literature (Wigfield et al., 

2008). Broadly, engagement is a multi-dimensional construct that includes academic, 

behavioral, cognitive, and affective subtypes (Appleton, Christenson, Kim, & Reschly, 

2006). Specifically, engagement has been described as behavior, emotions, and 

cognitions that represent the manifestation of motivations (Skinner, Kindermann, 

Connell, & Wellborn, 2009). Indicators of academic and behavioral engagement are 

described as observable variables such as homework completion, time on task, 

attendance, and behavioral incidences. Indicators of cognitive and affective engagement 

are less observable variables including values, goals, feelings of autonomy, sense of 

belonging and relationships with peers (Appleton et al., 2006).  In the domain of reading, 

Guthrie and Wigfield (2003) have proposed a framework for reading engagement that 

draws from fields of motivation, literacy, and cognitive strategies. Specifically, reading 
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engagement has been defined as the joint functioning of motivation and strategic 

interaction with text (Guthrie et al., 2004; Guthrie et al., 2006).  

Motivation. Motivation is a theoretical construct used to explain the direction, 

intensity, persistence, and quality of behavior (Maehr & Meyer, 1997).  Several theories 

of motivation have been presented to explain human behavior in achievement situations, 

and inconsistencies exist in the way in which motivation is defined and conceptualized 

(Murphy & Alexander, 2000). Recently there has been a call for the integration of 

theoretical models (Martin, 2007; Pintrich, 2003). Pintrich and DeGroot (1990) describe 

how core features of most social-cognitive theories of student motivation are reflected in 

the expectancy-value theory of motivation, which describes how choice, persistence, and 

academic performance on a task is predicted by individuals’ expectancies and subjective 

task values (Eccles et al., 1983). The model has two primary components: a) an 

expectancy component, regarding expectations for an academic outcome, and b) a 

subjective value component, describing the degree to which a student perceives a task as 

important, useful and interesting.  

Task expectancies. In the expectancy-value theory of motivation proposed by 

Eccles and colleagues (1983), the expectancy component largely refers to efficacy 

expectations, or an individual’s expectations in obtaining a given task outcome (Wigfield, 

1994).   Beliefs about one’s ability have been central to several theories of motivation. In 

his social cognitive theory, Bandura defined self-efficacy as one’s perceptions of his or 

her ability to successfully complete a task and theorized self-efficacy to affect 

motivation, behavior, and persistence when faced with a challenge (1977, 1989).  

Moreover, self-determination theory posits that competence, conceptualized as having 
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control over outcomes, being self-efficacious, and having strategies and capabilities for 

success, is a basic need that must be fulfilled in order to be motivated (Deci, Vallerand, 

Pelletier, & Ryan, 1991).  

Theories relating self-efficacy to academic achievement are well supported by 

empirical evidence (Multon, Brown, & Lent, 1991). However, the relationship between 

self-efficacy and academic achievement is not entirely straightforward. Self-efficacy has 

been shown to have an indirect effect on academic achievement in that self-efficacy 

influences self-regulatory processes, including goal setting, self-monitoring, self-

evaluation, and strategy use (Zimmerman, 2000; Zimmerman, Bandura, & Martinez-

Pons, 1992). Pintrich and DeGroot (1990) found that after accounting for cognitive 

engagement variables, including self-regulatory process, the effect of self-efficacy on 

achievement was non-significant, suggesting that self-efficacy facilitates academic 

achievement by increasing students’ use of cognitive strategies.  

Self-efficacy has often been discussed as a benefit of increased digital 

technologies in classrooms. A frequently cited benefit of the use of computers, laptops, 

and mobile devices in classrooms is the allowance for individualized instruction and self-

paced work (Clarke & Bensory, 2010; Kim & Kamil, 2002; Melhuish & Fallloon, 2010; 

Rockman, 2007; Warschauer, 1995). Individualized instruction supports self-efficacy in 

that students are given more opportunities for success on challenging yet obtainable goals 

(Pajares, 2006). While differentiating instruction is daunting in a traditional 

heterogeneous classroom, when used appropriately, digital technologies can help make 

this goal more attainable. Claims are often made that computers, particularly mobile 

devices, greatly empower students by allowing them to construct their own learning 



EFFECTS	  OF	  TEXTBOOK	  MODALITY	  ON	  READING	  
	  
	  

21	  

environments and take control over their learning (Lepper, 1985; Naismith et al., 2004; 

Reeves, 1998).  In addition to providing individualized instruction, e-learning 

environments may influence self-efficacy by changing the nature of traditional tasks.  

Specifically, O’Brien (2003) argued that adolescents who disengage from print text will 

often continue to engage in popular media texts and demonstrated how using technology 

to incorporate non-print media can transform students’ perceptions of competence, which 

may also improve achievement in print literacy.    

Task values. The value component of student motivation refers to the degree to 

which a task meets the needs of an individual and the likelihood an individual would 

select the task (Wigfield & Eccles, 1992). Subjective task value is comprised four 

components: Attainment value, or the importance attached to succeeding or participating 

in a specific task, interest or intrinsic value, or the enjoyment experienced or anticipated 

by a task utility value, and cost (Eccles, 2005).  The first three components are associated 

with the positive valence of a task and are most consistently discussed in subjective task 

value literature, so this review will be limited to the first three components (Eccles & 

Wigfield, 1995; Wigfield & Eccles, 2000).  

 The concepts of intrinsic motivation and interest are not unique to expectancy-

value theory and have been well studied in motivational literature.   Theories of intrinsic 

motivation aim to explain behaviors that are performed because they are inherently 

enjoyable and not because they lead to separable outcomes (Deci & Ryan, 1985). 

Intrinsic motivation has been conceptualized in terms of both innate, basic needs, and as a 

subjective experience (Eccles & Wigfield, 2002).  According to self-determination 

theory, humans have basic needs for competence, autonomy, and relatedness (Deci & 
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Ryan, 1992). Contextual factors influence intrinsic motivation to the degree that they 

support these basic needs (Ryan & Deci, 2002).  

Intrinsic motivation has also been described in terms of the experience of flow, or 

the subjective feelings of pleasure, happiness, or satisfaction that influences one’s 

volition to attend to stimuli (Csikszentmihalyi, 1988). The experience of flow has been 

described as involving focused attention on stimuli, a sense of control over actions, a 

distortion of time, and a sense of the experience as rewarding (Nakamura & 

Csikszentmihalyi, 2002).  

 Similarly, interest is an affective state that represents a student’s subjective 

experience and is derived from either individual or situational factors (Ainley, 2006). 

Individual interest develops slowly over time and refers to enduring individual 

differences in preferences and predispositions to attend to specific stimuli or events (Hidi, 

1990). Engaging in activities that are of individual interest is associated with positive 

affect, greater attention, persistence, and learning, and serves as a pre-condition for 

intrinsic motivation (Ainley, Hidi, & Berdorff, 2002; Hidi & Harackiewicz, 2000).

 Situational interest is triggered by environmental factors and is related to 

intrinsic motivation to the degree that it is held or maintained over time (Hidi & 

Harackiewicz, 2000). The motivating effect of high interest materials is useful in the 

classroom to the extent that they can help overcome gaps in individual interest or 

knowledge by contributing to cognitive processing and persistence (Hidi, 1990).  Further, 

situational interest can develop into individual interest over time when stimuli are 

meaningful, induce curiosity or personal involvement, or are aligned with students’ 

everyday lives (Hidi & Renninger, 2006; Mitchell, 1993). It is therefore conceivable that 
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adolescents, who spend a significant amount of time consuming technology each day 

(Rosen, 2010), may find perceive reading tasks as more meaningful and interesting if 

presented in an electronic formal. 

 Multiple studies have reported findings in which students report learning with 

digital technology to be more interesting than traditional instruction (Randel, Morris, 

Wetzel, & Whitehill, 1992; Rockman et al., 2000). However, it is important to consider 

the degree to which the “bells and whistles” of computerized effects are simply catching 

students’ attention and whether interest in the subject matter will maintain after 

computers are removed (Lepper, 1985). It is argued that over time, students will become 

satiated with even the most interesting stimuli, and thus it is more important to consider 

the degree to which stimuli holds students’ attention (Keller & Suzuki, 2004). However, 

more recent research indicated that when technology is used in a way that involves 

engaging students in collaborative problems solving and taking advantage of 

constructivist features, situated interest is more likely to develop into sustained individual 

interest for the topic area (Brophy, 2010). 

 Changing motivational beliefs. The role of motivation becomes increasingly 

important for older students, as achievement motivation, including reading motivation, 

has been shown to decrease as students go through school (Eccles & Midgley, 

1989;Wigflield, 2004). As students go through school, students become increasingly 

aware of their abilities relative to others and classrooms place more focus on comparison 

and extrinsic motivators such as grades (Gurthrie & Wigfield, 2000).  Moreover, students 

begin to perceive the concept of ability as more stable and less controllable (Stipek & 

Iver, 1989). Further, as children get older, the relationship between task-expectations and 
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values strengthens, such that older children are more likely to value tasks on which they 

feel they do well (Wigfield, 1994).  This change is believed to be a result of changes in 

both students’ cognitive development and educational environment (Stipek & Iver, 1989). 

 Strategic interaction with text. Motivation beliefs are necessary, but not 

sufficient for engagement (Appleton, Christenson, & Furlong, 2008). The distinction 

between motivation and engagement has been conceptualized as the difference between 

motivation beliefs and behaviors. Whereas motivation beliefs include self-efficacy and 

interest, representing the will to engage in learning, engagement requires one to have the 

skill to regulate and manage his or her behaviors (Cleary & Zimmerman, 2012).  

 In the engagement literature, the use of strategies is often discussed in the 

context of self-regulated learning.  Self-regulated learning describes learning in which the 

learner plays an active role in his or her learning process and involves meta-cognitive, 

motivational, and behavioral components (Zimmerman & Martinez-Pons, 1988).  Self-

regulated learning has been further categorized the application of cognitive learning 

strategies to learn, remember, and understand material, and the meta-cognitive and effort 

management strategies (Pintrich & DeGroot, 1990).  

 Three types of cognitive learning strategies are frequently discussed in the 

engagement and self-regulation literature: Rehearsal, elaboration, and organizational 

(Weinstein & Mayer, 1986; Weinstein & Mayer 1991). Rehearsal strategies are important 

in the early stages of learning a topic and used for memorization of information 

(Weinstein & Mayer, 1991). The purpose of rehearsal strategies is to help a student attend 

to important information and keep information in working memory (Weinstein & Mayer, 

1986). Common rehearsal strategies include recitation or repetition of information, 
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copying materials, writing down keywords, and underlining, highlighting or marking text 

(Weinstein, Husman, & Dierking 2000; Weinstein & Mayer, 1991).   Elaboration 

strategies are used to make information more meaningful by relating the text to other 

parts of text or existing knowledge. The goal of elaboration strategies is to integrate 

information with existing knowledge and transfer new information into long-term 

memory (Weinstein & Mayer, 1991). Common elaboration strategies include 

summarizing, paraphrasing, creating analogies, generative note-taking, and generating 

questions. Organizational strategies involve transforming information into another form 

in order to create meaning and move into long-term memory (Weinstein & Mayer, 1991).  

Common organizational strategies include selecting and organizing main ideas from text, 

outlining, and mapping (Weinstein & Mayer, 1986).  

The use of strategies while reading is consistent with a generative model of 

comprehension (Wittrock, 1989) and has been repeatedly cited as a critical component in 

improving reading comprehension (Alvermann, 2001; Dole, Duffy, Roehler, & Pearson, 

1991; Kamil, Borman, Dole, Kral, Salinger, & Torgesen, 2008; Torgesen, Houston, & 

Rissmann, 2007; Vaughn et al., 2008). While some cognitive strategies represent 

thoughts or cognitions, and are therefore difficult to observe or measure, others are 

manifested through behaviors. One observable way strategies can be used while reading 

is through annotation. Annotation has been operationally defined as writing brief 

summaries in text margins, listing ideas or concepts in margins, putting key information 

on graphs or charts, noting possible test questions and confusing ideas, and selectively 

underlining key words or phrases (Simpson & Nist, 1990).  
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The relationship between motivation, engagement, strategy use, and reading 

comprehension. Conceptualized as the integration of motivational processes and strategy 

use while reading, reading engagement is correlated with reading comprehension 

(Guthrie et al., 2008).  Guthrie, Wigfield, and You (2012) described a framework of 

reading engagement that describes how classroom practices and conditions affect reading 

outcomes.  Specifically, the authors proposed classroom practices and conditions have 

direct effects on reading comprehension, but also indirect effects through the mediating 

roles of motivations and behavioral reading engagement. This framework is supported by 

research in which motivational variables of self-efficacy and task value were positively 

related to use of rehearsal, elaboration, and organizational strategies (Pintrich, 1999). The 

use of cognitive strategies, have in turn been shown to support reading comprehension 

(Souvignier & Mokhlesgerami, 2006). 

The theoretical argument for the incorporation of motivation and engagement in 

models of reading comprehension is supported by research on the effectiveness of 

Concept Oriented Reading Instruction, a reading curriculum that includes strategy 

instruction and motivational support.  Specifically, elementary students receiving strategy 

instruction plus motivational support have been shown to outperform their peers 

receiving strategy instruction without motivational support on measures of reading 

comprehension, reading strategy use, and reading motivation (Guthie et al., 2004). 

Summary. The FRAME theory suggests theories of mobile learning must 

consider the characteristics of the individual, device, and social and cultural context in 

which they are situated. Thus, in exploration of the effect of mobile technologies on 

reader comprehension and engagement, it is necessary to consider the extent to which 
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device characteristics support strategic interaction with text, the degree to which the 

presentation of text on mobile devices supports or hinders readability, whether or not the 

reader perceives reading on mobile devices as important, useful, or intrinsically 

motivating, and the readers self-efficacy in using and reading from mobile devices. 

Lastly, these factors must be considered the broader societal context, including the role of 

technology across populations and generations of individuals.   

Reading on Mobile Devices: Contextual Factors 

Twenty first century students and their use of mobile technology. Changing 

society is a common argument for the use of mobile technology in education (Gupta & 

Koo, 2010; Rosen, 2010; Tapscott, 1999). More so than any prior generation, technology 

is at the core of the lives of the current generation of adolescents. A national study of 

adolescent media use revealed that nearly 40 percent of 15-18 year-olds own their own 

laptop computer, with the amount of recreational time adolescents report spending on 

computers increasing by 30 minutes a day from 2004 to 2009 (Rideout et al., 2010). A 

separate survey found that the average combined technology consumption for 16-18 year 

olds totals over 20 hours per day, with an average of 2.5 hours being spent online and 3.5 

texting (Rosen, 2010). This population of individuals born after 1977 has been referred to 

as the “Net Generation” and is comprised of young adults who grew up surrounded by 

computers and are accustomed to media multi-tasking, quick communication and access 

of information, and frequent instances of collaboration and innovation (Tapscott, 2009).  

The US Department of Education Office of Technology (2010) acknowledged that 

technology is central to students’ current life and future careers, and schools must attempt 

to mirror students’ daily lives outside of school. It has further been argued that asking 
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children to be surrounded by technology in all aspects of their life except school risks 

losing a generation of technology savvy students (Rosen, 2010). However, student 

expectations of technology as an argument for increased implementation of digital 

technology in education has been criticized by some, who argued instead that the 

implementation of mobile technology should be based on the degree to which 

technologies actually enhance learning (Kinash, 2011; Kinash, Brand, & Mathew, 2012). 

Despite the increasing use of technology among younger generations, the extent 

to which young adults are requesting tablet devices in their educational environments is 

unclear. Kinash, Brand, and Mathew (2012) loaned undergraduate students iPads that 

were loaded with Blackboard Mobile Learn, an application for accessing class content 

and participating in class discussions.  At the completion of the study, students completed 

a questionnaire regarding their use of the iPads and the degree to which iPads contributed 

to their learning and motivation.  While 42% of the students agreed with the statement 

that iPads motivated them to learn, the majority of students (51%) were neutral in their 

responses to the question of whether or not they felt iPads actually improved their 

learning in the class (Kinash et al., 2012).  Students also reported to be using the iPads 

more for searching the web for pleasure and accessing social networks than for class 

activities.  These results were interpreted to suggest that 21st century students are not 

demanding more technology in their education and are neutral in the extent to which they 

perceive mobile technology as beneficial to their learning. The Kinash et al. (2012) 

results were consistent with The ECAR Study of Undergraduate Students and 

Information Technology (Dahlstorm, 2012), suggesting that students wanted to use their 

mobile devices to be able access course materials, and the number of college students 
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who used their mobile devices for academic purposes increased, but students still rated 

iPads behind laptops, desktops, printers, and thumb drives in regards to their academic 

value. 

Device characteristics and relevance to education. The development of the 

iPad has been described as introducing a new class of mobile technology (Johnson et al., 

2012b). Modern tablets have much of the functionality of laptops with the portability of a 

smartphone (Melhuish & Falloon, 2010).  Murray and Olcese (2011) reviewed the iPad 

hardware and applications relevant to education to explore the extent to which iPads 

allow learners to do things they would not otherwise be able to do. The authors concluded 

that several features related to the hardware of the iPad affords the opportunity for great 

innovations in education, including the access to thousands of applications, multi-touch 

display, large rotating screen, Wi-Fi networking, Bluetooth capabilities, and long battery 

life. Despite the potential of iPad hardware, Murrary and Olscese also argued that 

software developers are not creating applications that fully take advantage of the iPads 

capabilities to transform education. 

Murray and Olscese’s claim of unused potential was supported by a study in 

which the potential educational capabilities of the iPad were compared to the actual 

utility in the classrooms of 36 universities that were actively using iPads in several 

courses (Murphy 2011).  Collectively, this research suggests that the iPad has the 

potential to be used for collaboration, generation of information, productivity, and 

research, but the most frequently reported use of iPads at universities is consumption of 

course information, with the majority of universities not reporting to be taking advantage 

of other features.  
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Despite the new opportunities afforded by tablets, several of the same features 

toted as benefits to learning, can also be perceived as barriers. For example, the compact 

and lightweight design of the modern mobile devices facilitate increased portability and 

ubiquity, but also result in a smaller screen and keyboard, which have also been cited as 

limitations (Rossing, Miller, Cecil, & Stamper, 2012). Further, the increased Internet 

connectivity allows students to have access to an abundance of resources and information 

and affords increased opportunities for collaboration (Johnson et al., 2012), but also 

increases the risk of distractibility, which has been cited as a limitation of the device 

(Maremarelli & Ringle, 2011; Rossing et al., 2012; Weisburg, 2011). Conversely, it has 

been argued that for 21st century students, using mobile devices for purposes other than 

learning is not categorically dissimilar from doodling for earlier generations of students, 

and thus should not be a major concern for teachers (Kinash et al., 2012). 

Text characteristics. At the most basic level, reading a digital book on a tablet 

involves reading electronic text, but digital books and tablets can also incorporate 

additional features such as multimedia, web-based text, and opportunities for active 

reading. Moreover, it has been argued that reading electronic documents changes not only 

the cognitive nature of the task, but physical or ergonomic aspect as well, including 

positioning of the text, turning pages, annotating (Hillesund, 2010).  All of these features 

must be considered in studying the effect of text modality on reading outcomes.  

Electronic text. Electronic text refers to any text that is presented on a computer 

screen (Dillon, 2004). In the last 3 decades, a great deal of research has been conducted 

on the effects of reading from a screen verses paper.  A review of early literature 

comparing print and electronic reading found no conclusive differences in 
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comprehension, but depicted electronic reading as potentially slower and more fatiguing 

than reading paper text (Dillon, 1992). Moreover, the differences were hypothesized to be 

due to screen quality and may disappear as quality of screen displays improve (Dillon, 

1992). Recent research suggests that the legibility of text of current e-readers, as 

measured by eye-movement data, is comparable to print text (Siegenthaler, Wurtz, 

Groner, 2010). However, additional variables, such as text font, size, and resolution, may 

influence the effect of text modality on reading performance (Dyson, 2004; Ziefle, 1998). 

Multimedia.  Reading electronic text often involves more than simply reading text 

presented on a screen.   The incorporation of some degree of multimedia has been 

included as a defining feature of children’s e-books (Zucker, Moody, & McKenna, 2009). 

Multimedia learning refers to learning from both words and pictures (Mayer & Moreno, 

2003). The rational for multimedia learning is based on the assumption that humans have 

separate information processing systems for verbal and visual material, and incorporating 

both words and pictures takes greater advantage of the mind’s capacity for processing 

information (Mayer, 2002). Further, e-books have been shown to have a greater effect on 

children’s comprehension when they incorporate multimedia (Verhallen, Bus, & Jong, 

2006).  Specifically, e-books, as defined as incorporating features of traditional print 

books along with some degree of multimedia enhancements (e.g. options for audio 

reading), have been shown to have a small to moderate effect on comprehension for 

kindergarten to 5th grade students (Zucker et al., 2009). 

Despite apparent benefits, cognitive overload is a potential concern associated 

with multimedia learning (Mayer & Moreno, 2003). Mayer’s (2002) cognitive theory of 

multimedia learning incorporates the assumption of active learning, referring to 
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multimedia learning as a cognitively demanding process in which a learner is required to 

actively select, organize and integrate relevant stimuli into prior knowledge.  However, 

several strategies have demonstrated effectiveness in reducing cognitive load, including 

presenting words as narration opposed to text, presenting lessons in learner controlled 

segments, eliminating extraneous material, and presenting text and visuals 

simultaneously and in close proximity (Mayer & Moreno, 2003).  

Web-based text.  A frequently cited benefit of modern e-readers and mobile 

devices is Internet connectivity (Corbeil & Valdes-Corbiel, 200l, 2007; Low & 

O’Connell, 2006; Weisburg, 2011). The Internet affords students the opportunity to 

interact with different formats of texts, creating both challenges and support for reading 

comprehension (Corio, 2003). Web-based text is frequently imbedded with hypermedia, 

referring to various forms of media that are organized in a non-linear format (Dias & 

Sousa, 1997). Processing non-linear text is a different reading task than processing linear 

text in that it gives the reader complete control over the sequencing of topics (Wenger & 

Payne, 1996). Moreover, whereas linear text is permanent and unchangeable, non-linear 

text allows students to explore the learning environment and combine text to suit their 

needs (Alexander, Kulikowich, & Jetton, 1994).  

 Despite these perceived benefits, research on the effect of hyperlinks on student 

outcomes has been inconsistent and contradictory (Destefano & LeFeure, 2007; Shaprio 

& Niederhouser, 2004).   A frequently cited concern of hyperlinks is that they place a 

greater demand on cognitive processing and working memory in that they require the 

reader to make decisions about whether or not to follow a link and interrupt processing 

when links are followed, therefore hindering reading comprehension (Destefano, & 
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LeFeure, 2007).  A synthesis of the literature suggested hypertext has the potential to 

enhance learning, but the effect of hypertext on student learning was dependent on the 

interaction between the text structure and individual characteristics (Shaprio & 

Niederhouser, 2004). For example, students with low prior knowledge in the content 

domain were likely to benefit more from highly structured text while students high in 

prior knowledge were more likely to do better with a structure that allowed for greater 

autonomy and exploration. Moreover, the effect of hypermedia on student understanding 

is influenced by students’ self-regulation skills and was increased if training or 

scaffolding was provided to students on how to regulate their learning (Azevedo & 

Cromley, 2004; Azevedo et al., 2008). Thus, while electronic text has the potential to 

contribute to learning, student characteristics, including prior knowledge, self-regulation 

and web-navigation skills, must also be considered.  

Ergonomics. Reading electronic text has also been argued to affect the 

ergonomics of reading (Schilit, Price, Golovchinsky, Tanaka, & Marshall, 1999). 

Ergonomics is the study of workplace design or equipment related to efficiency, 

productivity, and comfort. For example, compared to reading from a book, in which a 

reader can change the positioning as needed, electronic documents have historically been 

read on relatively stationary laptops or PCs in which the user must change his or her own 

position rather than the device for better viewing.   However, improvements in portability 

associated with modern e-readers largely reduce or eliminate differences in positioning of 

text.  

Paper has also been considered superior for document navigation and flexibility in 

spatial layout, which allows readers to cross reference the text (O’Harra & Sellen, 1997). 
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Specifically, paper text is associated with a fixed layout, which has been argued to 

promote spatial memory and help reader obtain an improved “overall sense” of the text 

(Schilit et al., 1999, p. 66).  Similarly, the physical nature of turning a page of a printed 

book, compared to scrolling of electronic books, has also been suggested to support 

spatial orientation of reading (Dillon, 1992). 

Lastly, there is evidence to suggest that adults approach reading tasks differently 

when reading electronic documents compared to paper documents.  When reading 

electronic documents, adults report spending more time browsing and scanning materials, 

reading selectively, searching for keywords, reading non-linearly, and less time engaged 

in continuous and in depth reading compared to print documents (Hillesund, 2010; Liu, 

2005).  The aforementioned differences in how readers approach and respond to 

electronic and print text provide support for the notion that studies of electronic text 

should include both process and outcome measures (Dillon, 1992).  

Reading on Mobile Devices: Empirical Findings 

Given the rapid proliferation of tablets in the last few years, empirical research on 

their effect on reading outcomes has been limited.  More research has been conducted on 

other mobile platforms for e-books, which is included in the following review. The 

following review summarizes results of research conducted thus far, discusses 

implications for reading comprehension and engagement, and provides suggestions for 

future research.   

Comprehension. Comprehension is believed to be dependent of features of the 

text (Snow, 2002), suggesting a review on the effect of modern e-readers and tablet 

computers on comprehension must account for the degree to which individual studies 
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have utilized additional textual features such as multimedia and hyper-text. Although 

limited in breadth, available research suggests reading tasks on mobile devices in which 

textual features are similar to print text has little or no effect on comprehension. For 

example, no differences in comprehension were found regardless of text difficultly when 

4th grade students were asked to read six books of varying levels of difficulty on either a 

traditional book or a Kindle, a modern e-reader with a presentation similar to print text 

(Milone, 2011).  A similar study compared 3rd grade students’ comprehension when using 

either iPads or printed books and found no differences in comprehension between 

modality conditions (Grace, 2011).  Students in this study had access to annotation and 

dictionary tools, but the text did not incorporate additional multimedia features. Although 

differences in comprehension were not found, 95% of students reported reading on the 

iPad to be easier, and over 50% reported using annotation tools and dictionary tools 

(Grace).  These results suggested that students as young as 3rd grade can use device and 

application features intended to enhance learning, such as annotation and dictionary tools, 

but these features might not improve comprehension.  Additional research is necessary to 

determine if these findings are replicated across populations, particularly older students 

who likely have more experience with using strategies while reading.  

Lastly, Sheppard (2011) found similar results in his study with 11-13 year-old 

boys in which he looked at the effect of iPads on comprehension of narrative text.   

Similar to the study by Grace, students had access to annotation features within the 

reading application and were able to change front size and text color, but the text did not 

incorporate additional multimedia features such as animation or audio.  Sheppard found 

that differences only occurred among low achieving readers, in that these students 
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comprehended less when reading from iPads than print text. Thus the role of reading 

ability should be considered in future research on reading on mobile devices.  

Unlike the above studies, in which multimedia features were not included in the 

electronic text, Kim et al. (2010) looked at the effect of mobile devices loaded with e-

books that incorporated animation and audio features on the literacy achievement of 2nd 

grade students at two elementary schools. After 16 weeks, students who had access to the 

mobile reading devices performed significantly better on the literacy achievement test 

than those who used standard enrichment literacy materials.  This study is consistent with 

earlier research on electronic text finding that electronic books have a greater effect on 

children’s comprehension when they incorporate multimedia (Verhallen, Bus, & Jong, 

2006).  

Reading engagement. Among the theorized benefits of mobile devices in 

education is increased student engagement (Manuguerra & Petocz, 2011). Engagement 

and motivation are commonly discussed in the context of increased technology in 

classrooms, but there is inconsistency in the quality of the definitions and measures of 

these constructs (Penuel, 2006). For example, several studies relied on student or teachers 

response to a single question, which required the respondent to interpret the definition 

(e.g. Bebell, 20005; Mister-Jackson & Songer, 2000; Swan, van’t hooft, Kratcoski,  & 

Unger, 2005).  In the current literature review and research design, reading engagement 

will be conceptualized and measured in terms of the expectancy-value theory of 

motivation and strategic interaction with text (Guthrie et al., 2004; Guthrie et al., 2006). 
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Motivation.  According to an expectancy-value theory of motivation, mobile 

technology would affect motivation to read to the extent that it affects students’ 

expectancies for success and values of interest, importance and usefulness.   

 Expectancies. Prior research has supported a relationship between one-to-one 

computer initiatives and general self-efficacy (Spektor-Levy, Menashe, Doron, & Raviv, 

2010), but there have been limited studies that look specifically at the relationship 

between the use of modern mobile technologies and self-efficacy of reading.  A recent 

study looked at the relationship between 6th grade students’ self-efficacy and use of 

technology in and outside of school and found that using laptops in the classroom, and 

iPads and smart phones outside of the classroom, was correlated with increased 

confidence in learning in general, but no effect was found for reading (Castagnaro, 2012).  

Through focus groups, potential reasons for this effect were identified, including the 

ability to easily find answers on computers and prior knowledge of technology. 

Additional research is necessary to further explore the relationship between mobile 

devices and self-efficacy of reading.  

 Subjective-task value.  Current research on the use of mobile devices for reading 

has largely focused broadly on students’ attitudes, with little research looking specifically 

at individual motivation variables.  Thus, the following review will summarize literature 

reflecting students’ broader perceptions of task value related to reading on mobile 

devices, rather than perceptions of interest, usefulness, and importance individually.   

As of 2010, nearly 50% of adults reported perceiving mobile devices as having 

the potential to be useful for educational reading (Gupta & Koo, 2010). However, there is 

evidence to suggest perceptions of reading electronic text are improving with 
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advancements in mobile technology. Weisburg (2011) looked at undergraduate student 

attitudes and behaviors related to digital textbooks over a 2-year study with multiple 

cohorts of students between 2009 and 2011. The time period in which this study took 

place is significant because it allowed researchers to capture student change in attitudes 

and behavior related to digital textbooks during time in which tablet computers and 

advanced e-readers were being introduced and increasing in popularity. Specifically, at 

the start of the study in 2009, the e-readers available to students were the Amazon Kindle 

and Sony e-Reader and were largely unfamiliar to students.  Students in this cohort rated 

e-readers as unsuitable for classroom use.  By the fall of 2010, when iPads were 

introduced and available to study participants, students’ perceptions of digital textbooks 

became more favorable, with more students indicting a preference for tablet reading.  

Portability, convenience, connection to the Internet, and cost were cited as benefits of 

tablet e-readers.  Despite the increased acceptability of digital textbooks over the two-

year study, students were more likely to report using digital textbooks as a secondary 

textbook than a primary textbook, indicating they would still want access to print 

materials.  Disadvantages of e-textbooks cited were increased distractibility and 

decreased affordance to comprehend content.  Although this study is descriptive in 

nature, and therefore provides limited evidence of digital textbook acceptability, it 

suggests the degree to which students value reading e-textbooks has changed in recent 

years and is dependent on the specific platform used, warranting further study on this 

topic.  

Perceived usability has been shown to be a critical factor in e-book use (Shin, 

2011).  The Reed Institute (Maremarelli & Ringle, 2009, 2011) conducted back-to-back 
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studies on the use of the Kindle DX and iPad in higher education classrooms using two 

different samples. In both studies, students were asked to use the electronic reading 

device for all of their class readings and provide feedback on several aspects of usability. 

Students in both studies reported the device portability and text legibility as favorable. 

However, students who used the iPad reported higher ratings of navigation than students 

who used the Kindle.  Further, while students who used the Kindle found note-taking 

cumbersome and consequently resorted to note-taking on paper, students who used the 

iPad rated the annotation and note-taking tools more favorably, found the quality and 

quantity of their notes on the iPad increased as the semester went on, and even reported 

that, in most cases, highlighting on the iPad was easier than on paper.  However, students 

who used iPads also noted concerns of distraction, which was not noted in the Kindle 

study.  

There is evidence to suggest that the increased acceptance of digital text is 

especially salient among younger generations of individuals. In a study of college student 

and faculty acceptance of e-books, 17-21 year-olds reported the greatest use of e-books 

and were the most likely to prefer reading e-books off a computer screen rather than 

printing the readings (Rowlands, Nikolas, Jamali, & Huntington, 2007).  Further, this 

generation effect may be present when comparing today’s elementary and college age 

students. Culén and Gesparini (2011) conducted simultaneous iPad pilot studies with 4th 

grade and graduate-level college students.  Interestingly, experience at the elementary 

level was rated as more positive. At the elementary level, 85% of the students rated the 

iPads as preferred or equivalent platforms for reading compared to paper. Whereas 

graduate students, who felt pressure of time and grades, were generally uninterested in 
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taking time to learn about the functionality of the iPads, elementary students were more 

likely to explore the capabilities of the iPads and found them easy to use.   The graduate 

students also reported note-taking applications difficult to master.  

Interpreting these results together supports a theory of mobile learning that 

accounts for the interaction of student and device characteristics, in that perceived 

benefits of mobile technologies are dynamic and dependent on advancements in digital 

technology, user familiarity, and societal values.  

Reader interaction with text. One of the reported benefits of reading digital text is 

that it allows students to take notes and highlight key points, an option that is generally 

not available to students renting books from their schools (Clarke & Bensory, 2010). 

Platforms for reading e-books are increasingly incorporating annotation tools to 

highlight, write notes, magnify, or change font color (Corbeil & Valdes-Corbeil, 2007).  

Moreover, advanced digital annotation tools have additional features such as the option to 

make annotations public to classmates and teachers, search and organization of 

annotations, and a skimming tool that automatically highlights main points based on 

other users annotations (Kim, Farzan, & Brusilovsky, 2008). Annotation features 

embedded within e-books and e-book platforms are in demand among several e-book 

users. Specifically, among adults who use e-books in their academic work, 68% rated the 

ability to annotate, bookmark and take notes as an important feature of e-books (Li, Poe, 

Potter, Quigley, & Wilson, 2011). 

Increased interactivity of tablets has been credited in increasing student 

engagement (Virginia Department of Education, 2011). Annotation features allow for 

readers to take a more active role in reading. While paper text has historically been 
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perceived as superior to computer-based text in supporting active reading (O’Hara & 

Sellen, 1997), results of more recent research have found tablet computers to be rated as 

comparable or superior to paper in regards to active reading, annotating, and note taking 

(Morris, Brush,  & Meyers, 2007).  In one case study with two students, Larson (2010) 

demonstrated students as young as seven were able to learn to spontaneously take notes 

using the annotation features of the Kindle after three weeks of practice.   However, these 

results are inconsistent with the results found by Maremarelli and Ringle (2009; 2011) in 

which college students found note-taking on the Kindle cumbersome, but perceived note-

taking on the iPad as comparable to note-taking on paper. The perceived usability of 

note-taking found among iPad users may be a factor of the iPad’s touch screen and 

affordance for interactivity, features that differentiate the iPad and other modern tablets 

from earlier e-readers and laptop computers (Johnson et al., 2012b). Thus, more research 

is necessary on the perceived usability of annotation tools on modern tablet computers 

and mobile reading devices and the corresponding effect on reading comprehension and 

engagement.  

Summary and Implications for Current Research  
 

 Modern mobile devices, tablets and advanced e-readers, are arriving to the 

educational scene at a time when educational policy makers and researchers are calling 

for more technology in classrooms (International Society for Technology in Education, 

2005; U.S. Department of Education, Office of Educational Technology, 2010). It has 

been argued the improved portability, storage capacity, and battery life of handheld 

readers and tablet computers have rejuvenated digital books and will replace textbooks in 

future years (Abbot & Kelly, 2004; Obst, 2010). However, it is important to consider the 
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degree to which there is theoretical and empirical evidence for tablets to support reading 

outcomes before they are integrated into educational practices.   Guthrie and colleague’s 

reading engagement framework (2012) describing the relationship between classroom 

practices, motivations, engagement and comprehension provides a comprehensive 

theoretical model for studying the affordances of iPads related to reading comprehension 

as well as the mediating roles of motivation and engagement variables.  

Theories of reading engagement, as well as theories of generative comprehension, 

suggest the use of strategies while reading supports retention of information and 

engagement (Guthrie et al., 2004; Guthrie et al., 2006; Linden & Wittrock, 1981; 

Wittrock & Alesandrini, 1990; Wittrock, & Marks, 1978). Thus, advanced e-readers and 

tablets that are increasingly incorporating touch screen functionality and the applications 

and annotation tools to highlight, write notes, and alter font could arguably affect reading 

comprehension and engagement to the extent that readers are afforded increased 

opportunities to actively interact with text.  

Research comparing elementary school students’ comprehension when reading 

from either print or static electronic text presented on mobile devices found no difference 

in comprehension (Grace, 2011; Milone, 2011). While annotation features were available 

to students in both of these studies, and there is qualitative evidence of students as young 

as 2nd and 3rd grade spontaneously using highlighting and note-taking features when 

reading from mobile devices (Grace, 2011; Larson, 2010), the degree to which reading 

strategies were used, or the relationship between strategy use and comprehension, across 

modalities has not been empirically evaluated.  Further, research on comprehension and 

use of annotation tools when reading from mobile devices has largely been limited to 



EFFECTS	  OF	  TEXTBOOK	  MODALITY	  ON	  READING	  
	  
	  

43	  

elementary age-students, and additional research should explore the degree to which 

annotation tools are used by secondary students who have arguably had more experience 

using strategies while reading.   

Students’ motivation to read is a critical component of reading engagement 

(Guthrie et al., 2004; Guthrie et al., 2006).  According to expectancy-value theory (Eccles 

et al., 1983), students’ motivation to read would be dependent, in part, on their values 

related to the specific reading task.  The study of students’ values related to reading on 

mobile devices is particularly intriguing among adolescents. Coined as the “Net 

Generation”, today’s young adults grew up surrounded by computers and technology and 

are argued to be accustomed to quick communication and access of information in all 

aspects of their lives (Tapscott, 2009).  Thus, it is conceivable that students may value 

reading on mobile devices more than print text if it is more aligned with their current and 

future lives.  However, recent research has been interpreted to suggest 21st century 

students are neutral in extent to which they perceive mobile technology as beneficial to 

their learning, and place less educational value on mobile devices than laptops and 

desktop computers (Dahlstorm, 2012; Kinash et al., 2012).  However, available research 

on young adults’ attitudes towards mobile devices in educational settings suggests 

perceptions of usability and value are dependent on the specific device used, and may 

increase with technological advancements (Maremarelli & Ringle, 2009, 2011; Weisburg, 

2011). 

Recent research on the use of tablets and other mobile devices for educational 

purposes have largely considered the effect of the use of the device in general, rather than 

looking at specific aspects of the device, or opportunities afforded by the device, that may 
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contribute to learning.   This is significant in light of earlier research on electronic text 

suggesting the importance of contextual factors such as font, hyperlinked text, 

multimedia, and reader characteristics, including familiarity with and attitudes towards 

technology (Azevedo & Cromley, 2004; Azevedo et al., 2008; Shaprio & Niederhouser, 

2004; Verhallen, Bus, & Jong, 2006). Moreover, the increasing contextual factors 

associated with advancing technology, including opportunities afforded by the increased 

mobility, internet connectivity, and access to countless applications, have been argued to 

change the construct of reading  (Destefano, & LeFeure, 2007; Zucker, Moody, & 

McKenna, 2009).  The dynamic nature of reading on emerging technologies presents 

challenges for studying specific affordances, generalizing findings, and drawing 

conclusions across the literature.  

Sharples, Milred, and Vauoula (2009) discussed the contextual challenges of 

evaluating the impact of mobile technology on learning and presented a framework of 

future evaluation.  Specifically, mobile technology is not static, and the effect of mobile 

technology may largely depend on contextual factors.  It is further argued that the full 

effect of mobile technology on student learning cannot be measured until devices are 

fully implemented in learning environments, as the actual use of mobile devices may be 

different than intended by the manufacture.  Lastly, mobile devices that enable learners to 

engage in new learning activities may change how learners approach old learning 

activities. Thus, an evaluation of mobile technology must also study how new tools are 

used for every day learning tasks. To address these challenges, Sharples and colleagues 

(2009) proposed a framework in which mobile technology is evaluated at three different 

levels: micro, in which the use of mobile technology for individual learning activities is 
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evaluated for usability, effectiveness, and satisfaction, meso in which the effect of mobile 

technology on the educational experience as a whole is evaluated to address questions 

about how technology changes the learning experience, and macro, in which the larger, or 

long term, impact of mobile technology on learning is evaluated.  

In accordance with the framework proposed by Sharples and colleagues (2009), 

the current research is a micro level study in which the affordances of iPads related to 

adolescents’ reading comprehension and engagement are studied.  The study will look at 

the direct effects of text modality on reading comprehension and engagement, as well as 

the potential mediating roles of task values, self-efficacy, and strategy use, based on 

Guthrie and colleague’s model of reading engagement (Guthrie et al., 2012). In order to 

control for the additional contextual features that emerge with increased mobility and 

connectivity, the current study looks specifically at the affordances of device 

characteristics when reading static text in classroom settings. The current study addresses 

the following questions:  

1. What is the effect of text modality on student comprehension of text?  

2. What is the effect of text modality on students’ self-efficacy and subjective 

task value? 

3. What is the effect of text modality on the use of cognitive strategies? 

4. If the effect of text modality on the use of cognitive strategies is significant, 

to what extent is this relationship mediated by self-efficacy and subjective 

task value?  

5. If the effect of text modality on comprehension is significant, to what extent 

is the relationship mediated by the use of cognitive strategies 
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Chapter 3  
 

Methodology 
 
Participants and Setting 
 

Two hundred and eighty-one ninth grade students from two rural Midwest high 

schools were asked to participate. Of the students at School 1, approximately 94% (n 

=73) were Caucasian, 4% (n=3) were Hispanic, and 2.5% (n=2) of the students were of 

another or non-defined nationality. Of the students at School 2, approximately 85 % (n= 

172) were Caucasian, 2  % (n= 4) were Hispanic, and less than 1 % were African 

American (n = 2), Asian (n = 2), or American Indian (n = 1). The nationality of 10 % of 

students at School 2 (n =22) was not identified. Further, approximately 12 % (n =22) of 

the 9th grade students at School 2 received special education services, and 38% (n = 69) 

of the students received free or reduced lunch.  

Among those students who were invited to participate, several participants were 

eliminated from the study.  Reasons for exclusions include absences and lack of parent or 

individual consent. The actual number of students who participated from School 1 and 

School 2 were 44 and 189, respectively.  Among those who participated, several students 

were unable to complete all components of the study. Characteristics of student data by 

school and condition are provided in Table 1.  

As observed in Table 1, missing and incomplete data were unequal across schools 

and conditions and may have been a result of the differences in work environment and 

technology that existed between the two participating schools. While students at School 2 

participated in the study from their regular classroom desks, students from School 1 were 

pulled from their regular classrooms to participate in either the library or auditorium. The 
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printing process at School 1 was difficult and unfamiliar to the students, and the printer 

was not set up to allow multiple users to print at once. Students at School 2 did not have 

printer access, so they were asked to upload their readings to a Dropbox. Lastly, students 

at School 1 required more individualized instruction on how to use some of their iPad 

features, which appeared to be more familiar to students at School 2.  As a result, there 

was a disproportionate amount of attrition and incompletion of measures in the iPad 

condition at School 1.  Specifically, at School 1, 22 students in the paper condition 

returned complete sets of data compared to only 8 in the digital condition.  At school 2, 

93 students in the digital condition turned in complete sets of data compared to 89 in the 

digital group. 

Table 1  
 
Characteristics of Student Data by School 
 
 School 1 School 2 

 Paper Digital Paper Digital 

 n % n % n % n % 

Initial 39 50% 39 50% 102 50% 101 50% 

Absent 2 5% 6 5% 5 5% 4 4% 

No Parent Consent 2 5% 2 5% 3 3% 0 0% 

Opted Out 11 28% 11 28% 1 1% 1 1% 

Incomplete Comprehension 
Data 

1   3% 10 26% 0 0% 1 1% 

Incomplete Motivation Data 1 3% 11 28% 4 4% 2 2% 

Participating Students 24 62% 20 51% 93 91% 96 95% 

Complete Data 22 56% 8 21% 89 87% 93 92% 
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The research occurred within 9th grade social studies classes. Social studies was 

chosen because it was assumed that all 9th grade students were enrolled in a social studies 

course. Participants were enrolled in one of 12 sections of social studies taught by 3 

teachers. To better accommodate the study, School 1 altered students’ schedules on the 

days of the study such that all 9th grade students had their social studies class during the 

same hour. As a result, students were not in their regular social studies classrooms. 

Students at School 2 participated during their regularly scheduled social studies hour and 

classrooms.  

Design 

A between-participants experimental design was used. Students were randomly 

assigned to one of four conditions based on two levels of each independent variable 

conditions in a 2 x 2 factorial design. The first variable was reading modality (digital or 

paper), and the second was strategy review (review or no review).  

Independent Variables 

Text modality.  Students were randomly assigned to read either a paper or digital 

presentation of a section of expository history text. Students in the paper condition read 

from a photocopied packet that was stapled in the upper left hand corner. Students in the 

paper condition were also provided with a pen and a highlighter. Students in the digital 

condition read from their iPads using either iAnnotate (Branchfire, LCC, 2010) or 

Noterize (presently called PaperPort Notes; Nuance Communications, 2010). iAnnotate 

and Noterize are applications designed for the iPad to read, annotate, and share PDF files. 

While both schools were encouraged to use iAnnotate, administrators at School 2 were 

uninterested in loading a new application on students’ iPads when Noterize, an 
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application with comparable functions, was already in use. Thus, while students at School 

1 used iAnnotate to read the designated text, students at School 2 used Noterize.  

  Students in the two conditions completed the readings and questionnaires in two 

separate rooms and were unaware of the text modality used by students in the other 

condition. A researcher surveyed the room to ensure all students were reading from their 

assigned modality.  

Strategy lesson. Within each modality condition, half of the students were 

randomly assigned to receive a lesson on comprehension strategies.  It was assumed that 

all students had received some degree of exposure to basic comprehension strategies at 

some point in their educational history. However, it was not assumed that students had 

been exposed to these skills recently or that they were in the regular practice of applying 

these strategies independently while reading.  The purpose of strategy instruction was to 

review these strategies and teach students how they can be applied directly to text while 

reading in order to increase the likelihood of students applying the strategies when given 

a reading assignment on the following day.  

The primary researcher and a female graduate assistant provided small group 

instruction simultaneously for the print and digital condition.   The lesson was developed 

by the primary researcher to incorporate evidence-based practices in annotation and 

strategy use and was scripted to ensure standardization across classes. Students were 

taught to annotate text using five evidence-based strategies: clarification, identifying the 

main idea, identifying key words and supporting details, question generating, and 

connecting text to prior knowledge and text (Duke & Pearson, 2002; Mastropieri & 

Scruggs, 1997; Simpson & Nist, 1990). Students were taught to apply each strategy to 
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text annotation using three steps: 1) explanation and rational, 2) model, and 3) guided 

practice with feedback. All strategies were practiced on passages that were related to the 

content that was currently being taught in the students’ history class. While the 

instruction on effective use of strategies while reading was the same across the digital and 

print conditions, the digital condition received additional instruction on using the 

annotation tools provided by the iAnnotate or Noterize application. The lessons were 

approximately 40 minutes in length and were audio recorded and checked for integrity. 

While students in the strategy condition received instruction, students in the no-strategy 

control group participated in an independent work time in a separate classroom.  

Materials 

All students were asked to read two passages, both of which were approximately 

1000 words in length. Students in the print conditions read print copies of the readings, 

and students in the digital condition read a digital version of the same text that had been 

uploaded into the iAnnotate or Noterize application on an iPad 2.   

The test passages were selected to correspond with the content currently being 

covered in students’ history classes. At the time of the study, students at both schools 

were learning about the early stages of World War II.  The primary researcher worked 

with the history teacher at one of the participating schools to identify texts that were 

comparable to what students were accustomed to reading. Passage difficulty was 

determined using the Lexile scale. The Lexile scale is a developmental reading scale 

ranging from 200L to 1700L based on word frequency and word length (Lennon & 

Burdick, 2004).  Fifty percent of 9th grade students read at a Lexile level between 855L 
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and 1165L (Metametrics, 2012).  The passages used in the current study were at Lexile 

levels of 930L and 1220.  

Measures 

Student motivation. In accord with an expectancy-value theory of motivation, 

student motivation to read expository text was measured with measures of self-efficacy 

and subjective task value.  Researcher developed measures were used because published, 

norm referenced assessments of motivation tend to measure general indicators of 

motivation and would likely be insensitive to between group differences in motivation for 

this specific reading task.   

Self-efficacy. A scale of self-efficacy was created based on the guidelines 

provided by Bandura (2006).  The scale requires students to rate their confidence (1 to 

10) in their ability to perform 11 sub-skills involved in successful reading of expository 

text. The sub-skills ranged in difficulty from basic decoding skills to note-taking and 

strategy use while reading. See Appendix A for complete scale.  

While scoring students’ responses, a response pattern was noticed in which 

students rated their confidence in skills related to note-taking lower than all other reading 

skills.  As a result of this observation, an exploratory factor analysis was performed to 

determine if the self-efficacy scale measured more than one factor.  An Alpha Factor 

extraction method with Promax rotation yielded a two factor solution with eigenvalues of 

5.14 and 1.39, explaining 46.8% and 12.66% (cumulative 59.5%) of variance, 

respectively. Consistent with the observed response pattern, 8 items reflected general 

reading self-efficacy (α = .865), and 2 items reflected self-efficacy of note-taking while 

reading (α =.745). As a result, the two factors were treated as two separate sub-scales of 
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self-efficacy and analyzed separately using the average item score for each sub-scale. The 

factor pattern matrix is presented in Table 2.  

Table 2 

Factor Pattern Matrix  
 
Item Factor 1 Factor 1 

Stay focused while reading .569 -.052 

Read the words easily  .657 .069 

Understand the meaning of the words .720 -.060 

Identify the main idea of what I read .810 -.050 

Re-tell what I read in my own words .798 -.068 

Comprehend what I read .908 -.132 

Use strategies to help me remember what I read  .409 .115 

Use strategies when I read something difficult that I don’t 

understand 

.568 .282 

Take notes while I’m reading -.007 .779 

Use my notes to study for a test 0.076 .757 

Remember what I read for a test  .601 .228 

 

Subjective task value. Subjective task value was measured with three subscales 

from the Self and Task Perception Questionnaire (Eccles & Wigfield, 1995) that were 

adapted for the domain of reading. In the original version of the subscales, 2 items were 

used to measure intrinsic interest value (α= .76), 3 items measured attainment value (α= 

.70), and 2 items measured utility value (α=.62).  
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In addition to modifying the questions to the context of reading, an item was 

added to both the Intrinsic Interest Value subscale and the Utility Value subscale to 

increase variability. The item created for the Intrinsic Interest subscale was, “Compared 

to other class assignments, how much did you enjoy this reading task?” The item added 

to the Utility Value subscale was, “If your history teacher gave you a reading task similar 

to the one you just read, how useful would it be in helping you do well in history class?” 

The response format for all items was a 10-point Likert scale.  Cronbach’s Alpha for the 

current version of the Interest, Attainment Value, and Utility Value subscales were .90, 

.84, and .81, respectively.  Average item scores within each sub-scale were used in 

analyses.  See Appendix B for complete scale.  

Strategy use. Strategy use was measured using a direct analysis of students’ 

annotations and notes.  Although annotation and note taking is a limited 

conceptualization of strategy use, it was chosen as an observable and concurrent measure 

of strategy use. Concurrent measures of strategy use have been found to be superior to 

prospective or retrospective measures of strategy use in predicting reading 

comprehension (Cromley & Azvedo, 2006).  

Copies of students’ readings were obtained from 224 of the total participants. Of 

the 224 participants, only 12 used a note-taking strategy other than highlighting or 

underlining.  Thus, a dichotomous coding strategy was used in which data were coded for 

whether or not a student used any type of annotation strategy, and further analyses on the 

quality and quantity of notes were not performed.  

Comprehension. Comprehension of text content was assessed using a researcher-

developed measure of text comprehension. The measure is a 20-item multiple choice 
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measure reflecting the three cognitive targets assessed on the National Assessment of 

Educational Progress (NAEP): locate or recall, integrate or interpret, and critique or 

evaluate (Institute of Education Sciences, 2010).  Consistent with the NAEP, 

approximately 20 % of the items reflect the locate or recall target, 55 % reflect the 

integrate or interpret target, and 25 % reflect the critique or evaluate target. The 20-item 

measure was found to have adequate internal reliability for research purposes, (α =.70; 

Salvia, Ysseldyke, & Bolt, 2010). 

Scaling. IRT scaling was used to transform students’ raw scores on the 

comprehension measure because students’ summed scores on the comprehension 

measure did not meet the assumptions of normally distributed, continuous data necessary 

for parametric statistical analyses (Harwell & Gatti, 2001). XCalibre 4.1 (ASC, 2012) 

was used to estimate person ability scores (θ) with 1-parameter, 2-parameter, and 3-

parameter dichotomous IRT models.  The 2-parameter model was determined to best fit 

the data, resulting in the lowest Akaike information criterion (AIC) and Baysian 

information criterion (BIC) values of 4481 and 4606, respectively.  The 3-parameter 

failed to converge on multiple items, suggesting a poor fit of the data.  The difference 

likelihood ratio statistic (ΔG2) was calculated to compare the relative fit of the 1-

paratmeter and 2-paramer model (de Ayala, 2009, pg. 140). The resulting ΔG2 was 116, 

which when evaluated on a chi-square distribution (n =240, df = 52) was significant at p 

< .001, indicating that there was a significant difference between the 1- and 2- parameter 

model. Thus, the person ability scores from the 2-parameter model were used in analyses 

involving students’ comprehension of text. 
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Transformations. Theta scores were transformed into T-scores with a mean of 50 

and standard deviation of 10 to improve interpretation.  This transformation took place by 

first transforming theta scores into z-scores, multiplying the z-scores by the desired 

standard deviation of 10, and adding the desired mean of 50.  The following equation was 

used: 

T= X - µ * 10 + 50 
          σ 
 
Reading Achievement. Students’ fall scores on the reading portion of the 

Measures of Academic Progress (MAP; Northwest Evaluation Association) were used as 

a covariate in all parametric analyses. The MAP is a computerized adaptive achievement 

test designed to measure student growth in the areas of mathematics and reading. A 

review of the psychometric properties of the MAP found evidence of concurrent validity 

and internal and alternate form reliability coefficients that meet or exceed .89 (Brown & 

Coughlin, 2007). 

Procedures  

Consent forms were sent home to parents 1 week prior to the start of the study.  

The study procedures were similar to regular classroom activities, so a passive consent 

procedure was used in which parents were asked to return the consent form if they did not 

want their child to participate. Students with parent consent were randomly assigned to a 

digital or paper condition and a strategy review or no strategy review condition using an 

Excel random number generator. The remaining study procedures were conducted over 

two consecutive days. 

Day 1. Students were briefed on the study and asked to provide assent of 

participation. Students in the strategy condition received a lesson in which 
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comprehension strategies were reviewed and annotation was taught as previously 

described. Specifically, five strategies were reviewed: clarification, identifying the main 

idea, identifying key words and supporting details, question generating, and connecting 

text to prior knowledge and text.  Lessons were scripted and taught by either the primary 

researcher or a female research assistant.  Each strategy was reviewed using the same 

format: define strategy and explain purpose, model, allow opportunity to practice on 

example paragraphs, and provide feedback.   Students were taught to apply these skills to 

either paper or digital text depending on the text modality condition they were assigned.  

Students who were in the no strategy condition remained in the classroom for 

independent work time.  

Day 2. Students were separated into different rooms by text modality. Students in 

the paper condition were given a folder that contained the passages to be read, a packet of 

comprehension questions, and the motivation scales.  Students were also given a 

highlighter and a pen. The primary researcher or research assistant gave the following 

directions, “Please read the two readings carefully as if you are studying for a test 

because you will be asked to answer some questions about them when you are finished.” 

After 20 minutes, students were asked to put the readings back in their folders and 

complete the comprehension questions and the motivation scale. Students in the digital 

condition received similar instructions but were first instructed to upload the reading into 

iAnnotate or Noterize. After reading, students in the digital condition were instructed to 

either print the reading or upload it to a Dropbox account depending on the school’s set 

up.  Specifically, students at School 1 had access to a printer, and therefore printed their 
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readings.  Students at School 2 did not have access to a printer so they uploaded their 

readings to a Dropbox.  

Analyses  

A description of the analyses used to address each research question is presented 

below. Prior to conducting primary analyses, data were evaluated on the degree to which 

necessary assumptions were met.  

What is the effect of text modality on student comprehension of text? A 2x2 

analysis of covariance (ANCOVA) was performed to analyze main effects and 

interactions of text modality and strategy review on comprehension of text (θ). The effect 

of strategy review was included in the analyses to account for differences in student 

familiarity with annotation strategies across the two modalities. Students’ scores on the 

reading portion of the fall MAP test were used as a covariate to control for prior 

differences in reading achievement.  

What is the effect of text modality on student motivation? In align with an 

expectancy-value theory of motivation, student motivation to read expository text was 

measured with measures of self-efficacy and subjective task value. Separate 2 x 2 

multivariate analyses of covariance (MANCOVA) were run on the Self-Efficacy and 

Subjective Task Value subscales. Due to the established relationship between motivation 

and reading achievement (Baker & Wigfield, 1999, Wigfield & Guthrie, 1997), reading 

MAP scores were used as a covariate.  

What is the effect of text modality on the use of cognitive strategies? A three-

way Chi-Square test of independence was performed to test the relationship between the 
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use of cognitive strategies and text modality, for students who received a strategy review 

lesson and those who did not. 

If the effect of text modality on strategy use is significant, to what effect is 

this relationship mediated by self-efficacy and/or subjective task value? Baron and 

Kenny (1986) argued the following requirements for a mediating relationship:  a) a 

significant relationship between the mediating variable (self-efficacy or subjective task 

value) and independent variable (modality), b) a significant relationship between 

mediator (self-efficacy or subjective task value) and dependent variable (strategy use), 

and c) a significant relationship between the independent variable (modality) and 

dependent variable (strategy use).  Point biserial correlations were calculated to 

determine the significance of the preceding relationships (see Table 3) and whether or not 

additional mediating analyses were necessary.  
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Table 3 

Correlation Matrix of Variables  

 1 2 3 4 5 6 7 8 

1. Modality 1        

2. Comprehension -.024 1       

3. Interest .068 .341* 1      

4. Attainment Value .007 .320* .798* 1     

5. Utility Value .001 .225* .613* .719* 1    

6. Self-Efficacy: 

Reading 

.088 .471* .612* .568* .525* 1   

7. Self-Efficacy: 

Note-taking 

.026 .220* .207* .225* .309* .490* 1  

8. Strategy Use  .349* .156* .188* .198* .214* .171* .227* 1 

   * p < .05.  

If the effect of text modality on comprehension is significant, to what extent is 

the relationship mediated by the use of cognitive strategies?  Point biserial 

correlations were calculated to determine if the relationships between modality, 

comprehension, and strategy use were significant and met requirements of a mediating 

relationship (Baron & Kenny, 1986). Treatment Fidelity and Interrater Reliability 

 The primary researcher checked treatment fidelity for 50% (n =7) of the strategy 

review lessons.  Treatment fidelity was determined by listening to audio recordings of the 

lessons and using an implementation checklist that included primary lesson components 

(see Appendix D).   The number of correctly implemented components was divided by 
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the total number of lesson components, resulting in 100% of items being implemented 

correctly.  

Interrater reliability of comprehension scores was determined by having two 

graduate research assistants score 25% (n =60) of the comprehension measures.  Items 

that were consistently scored as correct or incorrect by both raters were counted as an 

agreement and those that were inconsistently scored were counted as disagreements. The 

total number of agreements was divided by the number of agreements plus disagreements 

and multiplied by 100. Total interrater reliability was 95% with a Kappa statistic of .945. 
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Chapter 4 
 

Results 
 
Characteristics of Data 

 As previously described, there was a disproportionate amount of missing and 

incomplete data at School 1. The effect of disproportionate attrition at School 1 on task 

performance was assessed by determining whether or not there were significant 

differences in reading achievement, as measured by scores on the reading portion of the 

MAP test, between School 1 students who finished the comprehension test and School 1 

students who did not finish, and determining whether or not there was a significant 

difference in performance on the comprehension task between students at School 1 and 

School 2. A one-way ANOVA revealed no significant difference in reading achievement, 

as measured by scores on the reading portion of the MAP test, between School 1 students 

who finished the comprehension test and those who did not, F(1, 48) = .001 p = .97. 

These results suggest that there was not a significant difference in reading ability, 

between students at School 1 who finished all experimental tasks and those who did not. 

An analysis of covariance (ANCOVA) revealed that the difference in performance on the 

comprehension task between the two schools, after controlling for reading MAP scores, 

was significant, F (1, 191) = 6.219, p =.01, indicating that students at School 2 performed 

better than students at School 1 on the comprehension measure.   In order to address 

missing data at School 1, all research questions were answered by separately analyzing 

two sets of data: data from School 2 only and the combined data from School 1 and 

School 2. Due to the small sample size and non-random missing data, separate analyses 

were not run on data from School 1 only.   
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 The disproportionate amount of attrition in the digital condition could also have an 

effect on the results of the factorial analyses of variance.   Unbalanced factorial designs 

can result in ambiguity in regards to calculation of marginal means and partitioning of 

sum of squares (Tabachnick & Fidell, 2007). In the current study, which utilizes factorial 

ANCOVA and MANCOVA, the problem of unbalanced designs was lessoned by using 

the default Type III method of sums of squares calculation in SPSS to run factorial 

analyses of variances because the Type III method uses a harmonic mean instead of a 

weighted mean (Shaw & Mitchell-Olds, 1993). 

Descriptive Statistics 

 Data from the two schools were treated as both individual and combined data sets. 

The descriptive statistics for all measures in each data set are presented in Tables 4, 5, 

and 6.  

School 1. The descriptive data from School 1 are presented in Table 4. Only 45% 

to 66% of the sample completed all measures administered to School 1 as a result of 

technology complications and time limitations.  The distributions of the two self-efficacy 

scales and Attainment and Utility Value subscales of the Subjective Task Value 

Questionnaire were slightly negatively skewed. However, with the exception of MAP 

scores, the skew and kurtosis values for all measures were between -1 and 1, and 

therefore were assumed to not deviate significantly from a normal distribution (Leech, 

Barrett,  & Morgan, 2005). The distribution of MAP scores was slightly platykurtic, with 

a kurtosis value of 1.86, but was not a significant concern for use in ANCOVAs, which 

have been shown to be robust to minor violations of normality (Olejnik & Algina, 1984)   

School 2.  The descriptive data from School 2 are presented in Table 5. The 
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response rate for measures administered to School 2 was between 94% and 99%, but 

MAP scores were only available for 77 % of the sample.  With the exception of the 

Interest sub-scale of the Subjective Task Value Questionnaire, the distribution of data 

from all measures had a slight negative skew. However, skew and kurtosis values for all 

measures were between -1 and 1.  Kurtosis values were all within a normal range.  

Combined data set.  The descriptive statistics from the combined data set are 

presented in Table 6.  The distributions of data from all measures were slightly skewed, 

but all values of skew were between -1 and 1 and thus assumed to not deviate 

significantly from the normal distribution.  The kurtosis values for the distribution of all 

measures was within a normal range with the exception MAP scores.  The distribution of 

MAP scores was slightly platykurtic, with a kurtosis value of 1.24, but deemed 

appropriate for use in robust analyses such as ANCOVAs (Olejnik & Algina, 1984). 
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Table 4 

Descriptive Statistics for School 1Data 
 

 N % of 

sample 

Mean (SD) Skew (SE) Kurtosis 

(SE) 

Self-Efficacy- Reading 34 45.9 7.4 (2.0) -.65 (.18) -.19 (.36) 

Self-Efficacy-Note-

taking 

35 47.3 6.2 (2.9) -.44 (.18) -.63 (.36) 

Interest 37 50.0 5.6 (2.6) -.32 (.18) -.62 (.36) 

Attainment Value 35 47.3 5.8 (2.4) -.51 (.18) -.19 (.36) 

Utility Value  35 47.3 6.2 (2.5) -.53 (.18) -.22 (.36) 

Comprehension 49 66.2 48.0 (10.2) .69 (.34) 1.0 (.67) 

MAP Score 71 95.9 222.7 

(14.3) 

-.71 (2.9) 1.9 (.56) 
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Table 5 
 
Descriptive Statistics for School 2 Data 
 

 N % of 

sample 

Mean (SD) Skew (SE) Kurtosis 

Self-Efficacy- Reading 176 94.6 7.3 (1.6) -.65 (.15) -.19 (.36) 

Self-Efficacy-Note-

taking 

182 97.8 6.2 (2.5) -.44 (.18) -.63 (.36) 

Interest 180 96.8 6.1 (2.1) -.32 (.18) -.22 (.36) 

Attainment Value 180 96.8 6.5 (1.8) -.51 (.18) -.19 (.36) 

Utility Value 178 95.7 6.8 (1.9) -.53 (.18) -.62 (.36) 

Comprehension 185 99.4 50.5 (9.9) .56 (.18) .71 (.36) 

MAP Score 144 77.4 224.2 

(12.5) 

-.53 (.20) .75 (.40) 
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Table 6 

Descriptive Statistics for Combined Data Set  

 N % of 

Sample 

Mean (SD) Skew (SE) Kurtosis 

Self-Efficacy- Reading 213 80.7 7.3 (1.7) -.72 (.17) .19 (.33) 

Self-Efficacy-Note-

taking 

221 83.7 6.2 (2.6) -.45 (.16) -.71 (.33) 

Interest 220 83.5 6.0 (2.2) -.35 (.16) -.62 (.33) 

Attainment Value 218 82.5 6.4 (1.9) -.54 (.17) -.094 (.33) 

Utility Value 216 81.8 6.7 (1.98) -.58 (.17) -.21 (.33) 

Comprehension 238 90.1 50.0 (10.0) .57 (.16) .64 (.31) 

MAP Score 218 82.5 223.7 

(13.1) 

-.59 (.17) 1.2 (.33) 

 

Primary Analyses  

Research question # 1: What is the effect of text modality on student 

comprehension of text?  The first research question sought to address the effect of text 

modality on comprehension of text. The effect of strategy review was also included in the 

analyses to account for differences in student familiarity with annotation strategies across 

the two modalities. Main effects and interactions of modality and strategy review on 

comprehension of text were analyzed with a 2 x 2 factorial ANCOVA, using MAP scores 

as a covariate. Separate analyses were conducted for School 2 data and the combined data 

set of School 1 and 2.  
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Prior to conducting an ANCOVA, Levine’s test for homogeneity of variance was 

conducted on comprehension data to test the assumption of homogeneity of variance. The 

results of Levine’s test were not significant for either the School 2 data F (3, 139) = 2.03, 

p > .05, or the combined data set F (3, 190) = 2.03, p > .05, indicating the assumption for 

homogeneity of variance was reasonably met.  A visual inspection of regression lines 

suggests a linear relationship between the covariate and dependent variable with similar 

slopes across modality and strategy review conditions, indicating the assumptions of 

linearity and homogeneity of regression were also met.    

Combined data set. The descriptive statistics for the comprehension data for 

School 1 and 2, including cell sizes, covariate means, actual comprehension means, and 

estimated marginal means are presented in Table 7.  The main effect of modality on 

comprehension was not statistically significant using the combined data set F (1, 189) = 

2.48, p > .05, η2 = .013.These results suggest that after controlling for prior reading 

achievement, there was no statistical difference in comprehension between students who 

read on an iPad and those who read on paper. The main effect of strategy review on 

comprehension was also not statistically significant F (1, 189) = .01, p > .05, η2 < .001. 

These results suggest that after controlling for prior reading achievement, there was no 

statistical difference in comprehension between students who received a strategy review 

lesson and those who did not.  There was no interaction effect F (1, 189) = .73, p > .05, 

η2 = .004. 

School 2 only. The descriptive statistics for the comprehension data for School 2, 

including cell sizes, covariate means, actual comprehension means, and estimated 

marginal means are presented in Table 8. The main effect of modality on comprehension 
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was not statistically significant F (1, 141) = 1.57, p > .05, partial η2= .011. The main 

effect of strategy review on comprehension was also not statistically significant F (1, 

141) = .212, p > .05, η2 = .002. These results suggest that after controlling for prior 

reading achievement, there was no statistical difference in comprehension between 

students who received a strategy review lesson and those who did not. There was no 

interaction effect F (1, 141) = .118,  p > .05, η2 = .001. 

Table 7  

Mean Measures of Academic Progress (MAP), Comprehension, and Adjusted Mean 
Comprehension (AMC) scores by Condition at School 1 and School 2 
 

 Digital Paper 

 Strategy 

Review 

N = 43 

No Strategy 

Review 

N = 50 

Strategy 

Review 

N = 54 

No Strategy 

Review 

N = 47 

Mean MAP 

Score (SD) 
222.4 (11.4) 222.6 (15.0) 227.1 (11.4) 222.9 (14.3) 

Mean 

Comprehension 

Score (SD) 

49.5 (9.9) 49.4 (10.6) 49.0 (9.8) 48.3 (8.8) 

AMC Score 

(SE) 
50.3 (1.1) 49.5 (1.0) 47.8 (1.0) 48.8 (1.1) 
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Table 8 

Mean Measures of Academic Progress (MAP), Comprehension, and Adjusted Mean 
Comprehension (AMC) scores by Condition at School 2  
 

 Digital Paper 

 Strategy 

Review 

N = 35 

No Strategy 

Review 

N = 38 

Strategy 

Review 

N = 39 

No Strategy 

Review 

N = 34 

Mean MAP 

Score (SD) 
223.0 (12.4) 224.6 (11.4) 226.5 (11.2) 222.3 (15.1) 

Mean 

Comprehension 

Score (SD) 

49.5 (9.7) 50.6 (10.4) 49.4 (9.3) 48.3 (9.4) 

AMC Score  

(SE) 
50.1 (1.2) 50. 4 (1.2) 48.2 (1.2) 49.3 (1.2) 

 

Research question # 2: What is the effect of modality on student motivation? 

In align with an expectancy-value theory of motivation, student motivation to read 

expository text was measured with measures of self-efficacy and subjective task value.  

The effect of modality on self-efficacy and subjective task value was analyzed using 

separate 2 x 2 MANCOVAs with subscales from each measure as dependent variables 

and MAP scores as a covariate. As with research question 1, the effect of strategy review 

was also included in the analyses to account for differences in student familiarity with 

annotation strategies across the two modalities. 
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A visual inspection of scatter plots was used to check the assumption 

homogeneity of regression for all MANCOVAs. The slopes of the regression lines 

between the covariate, MAP scores, and all dependent variables appeared to be slightly 

discrepant across strategy and modality conditions. When the combined data set was 

used, the discrepancies across independent variables (i.e. modality and strategy lesson) in 

regression line slopes appeared relatively minor (see Figure 1 for example of a minor 

discrepancy), with the exception of the regression line between MAP and utility value, in 

which the independent variable, strategy lesson, appeared to have a greater effect on the 

slope (see Figure 2).  When only data from School 2 was used, the slopes of the 

regression lines between MAP and all subjective task value variables also appeared to 

differ more across strategy conditions (see Figure 3 for example of larger discrepancy).  

To test whether or not the assumption of homogeneity of regression was significantly 

violated, the interaction between MAP and both independent variables were included in 

all MANCOVAs. 
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Figure 1. The relationship between MAP scores and ratings of Self-Efficacy of Note-
taking among students who received a strategy review lesson and those who did not in 
the combined data set. 
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Figure 2. The relationship between MAP scores and ratings of Utility Value among 
students who received a strategy review lesson and those who did not in the combined 
data set. 
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Figure 3. The relationship between MAP scores and ratings of Attainment Value among 
students who received a strategy review lesson and those who did not at School 2. 

 

Self-efficacy. Separate analyses were run for School 2 data and the combined data 

set of School 1 and 2. 

Combined data set. The descriptive statistics for the self-efficacy data for the 

combined data set including cell sizes, covariate means, actual comprehension means, 

and estimated marginal means are presented in Table 9. Prior to running analyses, 

Levine’s test for homogeneity of variance was conducted on the self-efficacy data to test 

the assumption of homogeneity of variance. The results of Levine’s test were not 

significant for either the Self-Efficacy of Reading F (3, 174) = 1.56, p > .05, or Self-
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Efficacy of Note-taking F (3, 174)= 1.56, p > .05. A visual inspection of regression lines 

provided evidence of a linear relationship between the covariate, MAP scores, and both 

dependent variables, Self-Efficacy of Reading, and Self-Efficacy of Note-Taking, 

suggesting the assumption of linearity had been met.  Observed differences in the slopes 

across modality and strategy conditions were minimal, and when these interactions were 

tested in a multivariate analysis on subjective task value, neither MAP x modality F (3, 

168) = .86, p > .05, nor MAP x strategy review F (3, 168) =1.55, p >.05, were 

significant. Thus, it was assumed that the assumption of homogeneity of regression for 

MANCOVA was not significantly violated.  

The omnibus MANCOVA revealed no significant main effects of modality F (2, 

172) =.34, p >.05, η2 = .004, or strategy use F (2, 172) =1.28, p >.05, η2 = .015 on self-

efficacy. The interaction was also non-significant F (2, 172) = .08, p >.05, η2 = .001. 

These results indicate that students in the combined data set reported comparable levels 

of self-efficacy for reading and note-taking, regardless of whether they were reading from 

an iPad or paper and whether or not they had a review lesson on strategy. 
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Table 9 

Mean Measures of Academic Progress (MAP), Mean Self-Efficacy subscale Ratings, and 
Adjusted Mean Self-Efficacy subscale by Condition at School 1 and 2 
 

 
 

 

 

 

 

 

 

Modality 

 

Strategy 

Condition 

 

N 

 

    Mean 

MAP 

(SD) 

 

Mean Rating  

      1-10 

       (SD) 

 

Adjusted 

Mean Rating 

(SE) 

Strategy 

Review 

36 222.9 

(12.2) 

7.1 (2.0) 7.3 (.26) 

Digital No Strategy 

Review 

44 223.9 

(13.5) 

7.1 (1.9) 7.1 (.23) 

Strategy 

Review 

52 226.9 

(11.5) 

7.5 (1.5) 7.3 (.22) 

Se
lf-

Ef
fic

ac
y 

of
 R

ea
di

ng
 

Paper 
No Strategy 

Review 

46 224.0 

(13.8) 

7.2 (2.0) 7.24 (.34) 

Strategy 

Review 

36 222.9 

(12.2) 

6.7 (2.4) 6.8 (.44) 

Digital 
No Strategy 

Review 

44 223.9 

(13.5) 

5.9 (2.9) 6.0 (.40) 

Strategy 

Review 

52 226.9 

(11.5) 

6.5 (2.6) 6.38 (.36) 

Se
lf-

Ef
fic

ac
y 

of
 N

ot
e-

Ta
ki

ng
 

Paper 
No Strategy  

Review 

46 224.0 

(13.8) 

5.9 (3.0) 5.90 (.39) 
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School 2 only. The descriptive statistics for the self-efficacy data for School 2 

including cell sizes, covariate means, actual comprehension means, and estimated 

marginal means are presented in Table 10. Levine’s Test of Equality of Error variance 

was conducted on the self-efficacy data to test the assumption of homogeneity of 

variance. The results of Levine’s Test were not significant for either the Self-Efficacy of 

Reading F (3, 139)= .095, p > .05, or Self-Efficacy of Note-taking F (3, 139) = 2.09, p > 

.05. A visual evaluation of regression lines provided evidence of s a linear relationship 

between the covariate, MAP scores, and both dependent variables, Self-Efficacy of 

Reading and Self-Efficacy of Note-Taking, suggesting the assumption of linearity had 

been met. Observed differences in the slopes across modality and strategy conditions 

were minimal, and when these interactions were tested in a multivariate analysis on self-

efficacy, neither MAP x modality F (2, 138) = .424, p > .05, nor MAP x strategy review 

F (2,138) = 2.42, p >.05, were significant. Thus, it was assumed that the assumption of 

homogeneity of regression was not significantly violated.  

The omnibus MANCOVA revealed no significant main effects of modality F 

(2,137) =.39, p >.05, η2 = .006, strategy use F (2,137) =2.483, p >.05, η2 = .035, or self-

efficacy. The interaction was also non-significant F (2,137) = .01, p >.05, η2 = .001. 

These results indicate that students from School 2 reported comparable levels of self-

efficacy for reading and note-taking, regardless of whether they were reading from an 

iPad or paper and whether or not they had a review lesson on strategy use.  
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Table 10 
   
Mean Measures of Academic Progress (MAP), Self-Efficacy Subscale ratings and Mean 
Subscale ratings by Condition at School 2 
 
 

 

 

 

Modality 

 

Strategy 

Condition 

 

N 

Mean MAP     

(SD) 

 

Mean Rating 

1-10 

(SD) 

 

Adjusted 

Mean 

Rating (SE) 

Strategy 

Review 
35 

223.03 

(12.37) 
7.31 (1.69) 7.38 (.25) 

Digital 
No 

Strategy 

Review 

37 
224.57 

(11.66) 
7.11 (1.78) 7.08 (.25) 

Strategy 

Review 
37 

226.11 

(11.12) 
7.56 (1.58) 7.42 (.25) 

Se
lf-

Ef
fic

ac
y 

of
 R

ea
di

ng
 

Paper 
No 

Strategy 

Review 

34 
222.29 

(15.19) 
6.98 (1.83) 7.10 (.26) 

Strategy 

Review 
35 

223.03 

(12.37) 
6.86 (2.08) 6.90 (.44) 

Digital 
No 

Strategy 

Review 

37 
224.57 

(11.66) 
5.84 (2.87) 5.82 (.42) 

Se
lf-

Ef
fic

ac
y 

of
 N

ot
e-

Ta
ki

ng
 

Paper Strategy 

Review 
37 

226.11 

(11.12) 
6.50 (2.43) 6.40 (.43) 
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Subjective task value. Separate analyses were conducted for the subjective task-

value data for School 2 and the combined data set of School 1 and 2. 

Combined data set.  Levine’s test for homogeneity of variance was conducted on 

the subjective task value data for School 1 and School 2 combined.  The results were not 

significant for Interest Value F (3, 170) = .62, p >.05, Attainment Value F (3, 170) =.18, 

p > .05, or Utility Value F (3,170) = .82, p > .05, suggesting that the assumption of 

homogeneity of variance was not violated. The assumption of linearity between the 

covariate and dependent variable was evaluated with a visual inspection of scatter plots. 

The relationships between scores on each subjective task value subscale and MAP scores 

appeared to be linear. Homogeneity of the regression lines were further assessed by 

testing MAP x modality and MAP x Strategy review interactions in a multivariate 

analysis on subjective task-value. Neither MAP x modality F (3, 168) = .86, p > .05, nor 

MAP x strategy review F (3,168) = 1.55, p >.05, were significant. Thus, it was assumed 

that the assumption of homogeneity of regression was not significantly violated. 

The omnibus MANCOVA revealed no significant effects of modality F (3,167) 

=.49, p >.05, or strategy use F (3,167) =.21, p >.05,  on subjective task value, indicating 

that students’ ratings of interest, utility, and attainment value were statistically equal 

across conditions.   Covariate scores mean subscale ratings, and adjusted mean ratings are 

presented in Table 11. 

 

 

  No 

Strategy 

Review 

34 
222.29 

(15.19) 
5.57 (2.91) 5.66 (.44) 
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Table 11 

Mean Measures of Academic Progress (MAP), Subjective Task Value Subscale ratings, 
and Mean Subscale ratings by Condition at School 1 and 2 

 

  

Modality 

 

Strategy 

Condition 

 

N 

 

Mean MAP 

(SD) 

Mean Rating 

1-10 

(SD) 

Adjusted 

Mean Rating  

(SE) 

Strategy 

Review 

34 222.3 (12.5) 6.0 (2.1) 6.1 (.38) Digital 

No Strategy 

Review 

42 223.2 (13.3) 5.6 (2.4) 5.7 (.34) 

Strategy 

Review 

53 227.2 (11.7) 6.2 (2.1) 6.1 (.30) In
te

re
st

 

Paper 

No Strategy 

Review 

45 223.6 (13.9) 5.8 (2.4) 5.9 (.33) 

Strategy 

Review 

34 222.3 (12.5) 6.6 (2.0) 6.7 (.33) Digital 

No Strategy 

Review 

42 223.2 (13.3) 6.1 (2.1) 6.1 (.30) 

Strategy 

Review 

53 227.2 (11.7) 6.6 (2.0) 6.4 (.27) 

A
tta

in
m

en
t V

al
ue

 

Paper 

No Strategy 

Review 

45 223.6 (13.9) 6.1 (1.9) 6.2 (.29) 

Strategy 

Review 

34 222.3 (12.5) 6.9 (2.2) 7.0 (.34) Digital 

No Strategy 

Review 

42 223.2 (13.3) 6.5 (2.0) 6.5 (.31) 

U
til

ity
 V

al
ue

 

Paper Strategy 53 227.2 (11.7) 6.9 (1.7) 6.8 (.25) 
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School 2 only. Levine’s Test of Equality of Error Variances was conducted on the 

School 2 data from the three subjective task value subscales to check the assumption of 

homogeneity of variance. The results of Levine’s Test were not significant for Interest F 

(3,137) = .38, p >.05, Attainment Value F (3, 137) = .92, p >.05, or Utility Value F 

(3,137) = p > .05.  The assumptions of linearity were confirmed with a visual inspection 

of scatter plots of covariate, MAP scores, and dependent variables, Utility Value, Interest, 

and Attainment Value. Homogeneity of the regression lines was further assessed by 

testing MAP x modality and MAP x strategy review interactions in a multivariate 

analysis on subjective task-value.  As with the combined data set, when these interactions 

were tested in a multivariate analysis on subjective task value, neither MAP x modality F 

(3, 135) = .70, p > .05, nor MAP x strategy review F (3,135) = 1.70, p >.05, were 

significant. Thus, it was assumed that the assumption of homogeneity of regression was 

not significantly violated. 

The omnibus MANCOVA revealed no significant main effects of modality F (3, 

134) =.673, p >.05, η2 = .015, strategy use F (3,134) = 1.86, p >.05, η2 = .04, on 

subjective task value. The interaction was also non-significant F (3,134) = .60, p >.05, η2 

= .013. These results indicate that students from School 2 reported comparable levels of 

task interest, attainment, and utility value regardless of whether they were reading from 

an iPad or paper and whether or not they had a review lesson on strategy use. Covariate 

scores, mean subscale ratings, and adjusted mean ratings are presented in Table 12. 

 

Strategy 

Review 

53 227.2 (11.7) 6.9 (1.7) 6.8 (.25)  Paper 

No Strategy 

Review 

45 223.6 (13.9) 6.0 (2.3) 6.0 (.30) 
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Table 12 

Mean Measures of Academic Progress (MAP), Subjective Task Value Subscale ratings, 
and Mean Subscale ratings by Condition at School 2 
 
 

  

 

Modality 

 

Strategy 

Condition 

 

N 

 

Mean MAP 

(SD) 

Mean Rating 

1-10 

(SD) 

Adjusted 

Mean Rating 

(SE) 

Strategy 

Review 

33 222.64 (12.50) 6.15 (1.97) 6.21 (.36) Digital 

No Strategy 

Review 

38 224.45 (11.53) 5.39 (2.30) 5.37 (.34) 

Strategy 

Review 

38 226.47 (11.39) 6.60 (2.10) 6.49 (.34) In
te

re
st

 

Paper 

No Strategy 

Review 

32 221.81 (15.54) 5.82 (2.18) 5.91 (.37) 

Strategy 

Review 

33 222.64 (12.50) 6.77 (1.79) 6.83 (.31) Digital 

No Strategy 

Review 

38 224.45 (11.53) 5.93 (2.08) 5.91 (.29) 

Strategy 

Review 

38 226.47 (11.39) 6.59 (1.78) 6.68 (.29) 

A
tta

in
m

en
t V

al
ue

 

Paper 

No Strategy 

Review 

32 221.81 (15.54) 6.34 (1.68) 6.44 (.32) 

Strategy 

Review 

33 222.64 (12.50) 7.09 (1.96) 7.14 (.32) Digital 

No Strategy 

Review 

38 224.45 (11.53) 6.25 (2.00) 6.23 (.30) 

U
til

ity
 V

al
ue

 

Paper  Strategy 38 226.47 (11.39) 6.91 (1.59) 6.82 (.30) 
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Review  

No Strategy 

Review 

32 221.81 (15.54) 6.37 (1.96) 6.45 (.33) 

 

Research question # 3: What is the effect of text modality on the use of 

cognitive strategies? Research question # 3 was addressed with a three-way chi-square 

test of independence to determine if the use of visible cognitive strategies (annotation) 

was independent of modality among students who had a lesson in strategy use and those 

who did not. Separate analyses were conducted for the combined data set and data from 

School 2 only.  

Combined data set. Technology limitations (i.e. poor internet connection and 

printer malfunctioning) resulted in missing copies of students’ readings in the iPad 

condition.  This limitation did not exist for students in the paper condition.  Thus, 

analyses included data from 121 students from the paper condition and 103 students in 

the iPad condition.   

A significance difference in frequency of strategy use was found between 

modality conditions among students who received the strategy lesson, χ2 = 4.55, df =1, p 

= .033, and among students who did not receive the strategy lesson, χ2 = 30.83, df =1, p 

<. 001.  These results indicate that students in the paper condition were more likely to use 

visible cognitive strategies while reading, regardless of whether or not they received a 

lesson in strategy use.  Among students who received a strategy lesson, 44% of students 

in the digital condition used an annotation strategy, compared to 64.4% of students in the 

paper condition.  Among students who did not receive a strategy lesson, only 3.8% of 

students in the digital condition used an annotation strategy while reading, compared to 



EFFECTS	  OF	  TEXTBOOK	  MODALITY	  ON	  READING	  
	  
	  

83	  

51.6% of students in the paper condition. The numbers of students who did and did not 

use annotation strategies by modality are presented in Table 13.  

 

Table 13 

Annotation X Modality X Strategy Lesson Contingency Table for Combined Data Set 
 

 Annotation used Annotation not 

used 

Total  

 n % n % n 

Digital 22 44 28 56 50 

Paper 38 64.4 21 35.6 59 

St
ra

te
gy

 
Le

ss
on

  

Total 60 55 49 45 109 

Digital 2 3.8 50 96.2 52 

Paper 32 51.6 30 48.4 62 

N
o 

St
ra

te
gy

 
Le

ss
on

 

Total 34 29.8 80 70.2 114 

Digital 24 23.5% 78 76.5% 102 

Paper 51 42.1% 70 57.9% 121 

To
ta

l 

Total 94 42.2% 129 57.8 223 

 
 

School 2 only. The chi-square analyses included data from 86 students from the 

digital condition and 93 students from the paper condition. Among students who received 

a strategy review lesson, the difference in frequency of visible strategy use was found 

between modality conditions was not significant, χ2 =3.31, df =1, p > .05, indicating that 

students in the paper and digital conditions were equally likely to use visible cognitive 
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strategies while reading.  Specifically, 44.2 % of students in the digital condition used an 

annotation strategy, compared to 63.6 % of students in the paper condition. Among 

students who did not receive a strategy lesson, the difference in frequency of visible 

strategy use between modality conditions was significant, χ2 =22.20, df =1, p < .001. 

Specifically, 4.7 % of students in the digital condition used an annotation strategy, 

compared to 49% of students in the paper condition. The numbers of students who did 

and did not use annotation strategies by modality are presented in Table 14. 

Table 14 

Annotation X Modality X Strategy Lesson Contingency Table for School 2 Data 

 Annotation used Annotation not 

used 

Total  

 n % n % n 

Digital 19 44.2 24 55.8 43 

Paper 28 63.6 16 36.4 44 

St
ra

te
gy

 
Le

ss
on

  

Total 47 54 40 45 87 

Digital 2 4.7 41 95.3 43 

Paper 24 49 25 51 49 

N
o 

St
ra

te
gy

 
Le

ss
on

 

Total 34 29.8 80 70.2 92 

Digital 21 24.4 65 75.6 86 

Paper 52 55.9 41 44.1 93 

To
ta

l 

Total 73 40.8 106 59.2 179 

 

Research Question # 4: If the effect of text modality on strategy use is 



EFFECTS	  OF	  TEXTBOOK	  MODALITY	  ON	  READING	  
	  
	  

85	  

significant, to what effect is this relationship mediated by self-efficacy and/or 

subjective task value? The role of self-efficacy and subjective task value as mediating 

variables in the relationship between modality and strategy use was evaluated by first 

testing the following prerequisites for a mediating relationship proposed by Baron and 

Kenny (1986), (a) a significant relationship between the mediating variable (self-efficacy 

or subjective task value) and independent variable (modality), (b) a significant 

relationship between mediator (self-efficacy or subjective task value) and dependent 

variable (strategy use), and (c) a significant relationship between the independent variable 

(modality) and dependent variable (strategy use).  Point biserial correlations were 

calculated to determine the significance of the preceding relationships (see Table 2) and 

whether or not additional mediating analyses were necessary.   

The resulting correlations indicate that only two of the three requirements were 

met.  The relationships between strategy use and all self-efficacy and subjective task 

value variables were significant, and the relationship between strategy use and modality 

was significant.  However, the first requirement, of a significant relationship between 

modality and self-efficacy or subjective task value variables, was not met.  Thus, further 

mediation analyses were not conducted.  

Research Question #5: If the effect of text modality on comprehension is 

significant, to what extent is the relationship mediated by the use of cognitive 

strategies.   Point biserial correlations were calculated to determine the significance of 

the relationships between the independent, dependent, and potential mediating variables.  

Although the relationship between modality and strategy use was significant, r =.35, p< 

.001, the relationship between modality and comprehension was not significant, r= -.02, p 
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> .05.  It was therefore deemed unnecessary to conduct further mediation analyses. 

Moreover, previous analyses revealed a non-significant effect of modality on 

comprehension, nullifying the need for further exploration of mediating variables.  

Chapter 5  
 

Discussion  
 

The overarching purpose of the current study was to contribute to the 

understanding of the affordances of tablets related to adolescents’ reading comprehension 

and engagement. Guided by Guthrie et al.’s reading engagement framework (2012), this 

study looked at the direct effects of text modality on comprehension and engagement 

variables as well as the relationships between variables to examine the theoretical 

pathways between strategy use, comprehension, and motivation related to the use of 

modern tablet devices in education. Results indicated that text modality did affect the 

degree to which students physically interacted with text, but there was no effect on 

student comprehension or task motivation. Interpretations of results and implications for 

research and practice are discussed below.  

The first research question addressed the direct effect of text modality on student 

comprehension of text as well as the effect of a strategy review lesson intended to prime 

students to use strategies.   After controlling for prior reading achievement, there were no 

significant differences in comprehension among students who were reading on iPads and 

those who were reading from paper, regardless of whether or not students received a 

review lesson in comprehension strategies. These findings are consistent with previous 

studies with elementary students in which no differences in comprehension were found 

among students reading on mobile devices and paper (Grace, 2011; Milone, 2012).  They 
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are also consistent with earlier research on electronic text, which has found minimal 

effects on comprehension (Dillon, 1992; Dillon, 2004).  

Although differences in comprehension were not found, students who read on the 

iPad annotated text significantly less than students who read on paper.  These results 

were inconsistent with recent research in which adults reported annotating text on tablet 

devices to be comparable or easier than paper (Maremarelli & Ringle, 2011; Morris, 

Brush, & Meyers, 2007).   These inconsistencies may be a result of differences in the 

constructs being measured.  Whereas previous studies measured adult perceptions of 

usability, the current study measured actual use of annotation strategies. Moreover, 

results from the current study indicate the difference in annotation use between modality 

conditions was reduced among students who received a strategy review lesson. These 

results are consistent with those found by Maremarelli and Ringle (2011) in which the 

quality and quantity of student note-taking on iPads improved with increased use over the 

course of the semester. Studies of longer duration are therefore necessary to determine if 

differences in strategy dissipate with further practice.   

The observed differences in annotation, but not comprehension, across modality 

conditions underscore the importance of considering both process and outcome variables 

(Dillon, 1992). Given a theory of generative comprehension, differences in 

comprehension would be expected if students in the iPad condition were interacting with 

the text less than students in the paper condition. The current results may be explained by 

the use of inefficient strategy use. Specifically, students in the current study relied mostly 

on underlining and highlighting strategies rather than more elaborative strategies.  

Differences in comprehension among students who used annotation strategies and those 
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who did not may not be expected if the strategies used were not effective. However, the 

results of the current study are also consistent with previous literature in which the 

process and outcome variables of reading electronic text have not always been congruent. 

For example, despite limited evidence of comprehension differences, adults have reported 

to spend less time engaged in in-depth reading when reading electronic text and noted 

concerns of limited affordance for spatial memory, navigation, and annotation (Hillesund, 

2010; Liu, 2005; O’Hara & Sellen, 1997; Schilit et al., 1999).  

In conjunction with strategy use, reading engagement is theorized to be dependent 

on motivation, which was conceptualized in this study by self-efficacy and task values 

(Eccles et al., 1983).  The current study found no difference in self-efficacy among 

students who read on an iPad or paper. The adolescents who participated in this study 

were equally confident in their ability to read text presented on iPads and paper, which 

could possibly be explained by arguments of 21st century learners increased use and 

familiarity with digital media (Rideout, Foehr, & Roberts, 2010; Tapscott, 2009). 

Specifically, it is conceivable that today’s adolescents are so accustomed to using digital 

technology that they do not perceive differences in their ability to read and comprehend 

text, regardless of modality. However, students who read on iPads did not report 

increased self-efficacy over students who read on paper. However, the features of digital 

technology that have been argued to support self-efficacy, including individualized 

instruction, opportunities to control and change the nature of academic tasks (Naismith et 

al., 2004; O’Brien, 2003; Pajares, 2006), may not have been utilized in the current study. 

The saliency of digital technology in the lives of today’s adolescents has 

prompted questions of the degree to which young adults’ perceptions of task values are 
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affected when tasks are presented on mobile devices.  In the current study, students were 

asked to complete a reading task on either an iPad or paper and then rate the degree they 

found the task useful, interesting, or important. The results revealed no difference in 

perceptions of utility, interest, or attainment value among students who read on the iPad 

or on paper. Thus, despite their increase use of digital media outside of school, the 

students in this study who read on iPads did not rate the reading task as more interesting, 

useful, or important than those who read on paper. Given the amount of time adolescents 

choose to engage in digital technologies outside of school, it is interesting that students in 

the current study did not rate the reading task on iPads as more interesting, as interest is 

related to intrinsic motivation, subjective feelings of pleasure and happiness 

(Csikszentmihalyi, 1988). However, these findings are congruent with research 

suggesting students were more interested in using iPads for personal or social purposes 

than academic purposes (Kinash et al., 2012). Moreover, the finding of equivalent ratings 

of utility value among students in the iPad and paper conditions is consistent with the 

findings of two recent studies that suggest young adults want to able to be able to access 

class material on their mobile devices, but are neutral in the extent to which they perceive 

mobile devices as being useful or beneficial to their learning (Dahlstorm, 2012; Kinash et 

al., 2012). An alternative interpretation of these findings is that the way in which iPads 

were used in the current study did not significantly change the task of reading enough to 

alter perceptions of interest, utility, or attainment value.  

The current study examined both direct and indirect effects of text modality by 

considering the role of mediating factors. Two mediation analyses were included in the 

design of this study. The first considered the mediating role of motivation in the 



EFFECTS	  OF	  TEXTBOOK	  MODALITY	  ON	  READING	  
	  
	  

90	  

relationship between text modality and strategy use was investigated, as previous 

literature has established a relationship between the use of cognitive strategies and the 

motivational variables of self-efficacy and task values (Pintrich, 1999).  Although 

differences in strategy use were found across modality conditions, differences in 

motivation variables were not found.  It was therefore assumed that the relationship 

between modality and strategy use was not mediated by motivation and further mediating 

analyses were not conducted. The second mediation analysis included in the design of 

this study sought to identify whether or not use of strategies mediated the relationship 

between modality and comprehension.  However, because differences in comprehension 

were not found, the mediating role of strategy use was not further investigated.  

Implications for Practice   

The results of this study have implications for the use of mobile devices in 

education. Tablet computers have been proclaimed to revolutionize digital books in 

future years (Abbot & Kelly, 2004; Obst, 2010). However, too often, educators confuse 

technology with innovation and quickly infuse the latest gadgets into their classroom 

without considering how they will be used to enhance learning (Shepherd, 2008). This 

research contributes to a body of empirical research that is necessary in determining the 

degree to which mobile technologies support or hinder learning.    

 Although the current study does not provide evidence of iPads facilitating reading 

comprehension, it does provide evidence to suggest that reading on iPads does not hinder 

comprehension among high school students.  A concern related to iPads in education was 

increased distractibility (Maremarelli & Ringle, 2011; Rossing, Miller, Cecil, & Stamper, 

2012; Weisburg, 2011).  In the current study, students in the iPad condition had access to 
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other applications while reading, and some students were observed to use the Internet or 

drawing applications during the reading task.  However, comprehension scores were not 

significantly lower for students who used iPads and had access to these applications than 

students who read from paper and did not have access to these applications. A possible 

explanation for this finding relates to the argument that using mobile devices for purposes 

other than learning is not categorically dissimilar from doodling for 21st century students 

(Kinash et al., 2012).  This argument could be empirically explored with future research 

comparing actual on-task behaviors in classrooms with and without mobile devices.   

 Although the results of this study suggest students comprehend equally well 

regardless of reading from an iPad or paper, they also provide evidence to suggest 

students may not interact with text presented on mobile devices to the same degree they 

would on paper text. However, this difference decreased substantially when students 

received a lesson in which specific strategies were reviewed and annotation features on 

iPads were taught. Interpreting these results in the context of prior research, in which the 

quality and quantity of annotations on mobile devices was found to increase with practice 

(Maremarelli & Ringle, 2011), suggests students may require continued instruction and 

opportunities to practice note-taking when reading from iPads, and schools should not 

assume these skills will automatically transfer if learned on paper text.  

The results of this study also contribute to an emerging body of research 

exploring the degree to which 21st century learners value increased technology embedded 

into instruction. The US Department of Education, Office of Technology (2010) argues 

that technology is central to students’ current life and future careers, and schools must 

attempt to mirror students’ daily lives outside of school.  However, it is necessary to first 
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understand which technologies are perceived to be beneficial to learning and how they 

can be used in meaningful ways.  The results of this study suggest using iPads for a 

stationary reading task was not perceived as being more interesting, important, or useful 

than reading on paper, suggesting there is nothing inherent about reading on the iPad that 

increases student motivation.  These results are consistent with prior research finding 

college students perceive mobile devices to be beneficial to academic success, but are not 

perceived to be as valuable as other educational technologies such as laptops, desktops, 

printers, and thumb drives (Dahlstorm, 2012). A possible explanation is that the novelty 

of the software and devices has not afforded educators researchers the opportunity to 

explore the full capabilities of mobile devices and the specific ways in which they can be 

used to support motivation. 

Educators must consider how iPads can be used to facilitate sustained interest and 

motivation. The interpretations of this study’s results are limited to the specific context in 

which iPads were used in this study and had been being used at the participating schools. 

It is possible that using iPads for the current reading task did not increase student interest 

in the task because students’ interest in using iPads was situational.  Specifically, the high 

interest stimuli of iPads may have initially caught students’ attention and interest, but 

were not used in a meaningful way that facilitated a deeper interest or intrinsic 

motivation. At the time of this study, students had been using the iPads in their 

classrooms for three months, and the novelty of the “bells and whistles” of reading on an 

iPad may have worn off. It is argued that over time, students will become satiated with 

even the most interesting stimuli, and thus it is more important to consider the degree to 

which stimuli holds students’ attention (Keller & Suzuki, 2004).  Learning tasks in which 
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students are afforded opportunities to take advantage of collaborative and constructivist 

features of new technologies may have a larger effect on sustained interest and 

motivation.  

Implications for Theory  
 

As mobile devices continue to be incorporated to educational environments, 

empirical research must be conducted and synthesized in order to guide theories of 

mobile learning to inform educators how mobile devices can be used to support learning. 

In the last decade, multiple theoretical frameworks have been suggested to guide the 

implementation of mobile technology in learning environments, and a common theme 

across proposed theories is the emphasis on contextual factors. The importance of 

contextual factors in mobile learning environments was evident in both the current 

literature and interpretations of results of this study.  Specific contextual factors that may 

affect perceived and actual value of mobile devices in education include device 

characteristics, familiarity with the device, and specific way in which devices are being 

incorporated into classrooms.  In the current study, more students in the iPad condition 

opted out or failed to complete the study components at School 1 than School 2, which 

also corresponds with observed differences in overall familiarity with the device between 

the two schools.  The role of contextual factors in mobile learning theory discourages 

research that studies the global effect of mobile devices, and warrants further research on 

how mobile devices can be effectively used in educational environments and the 

interaction effects of contextual factors.   

The results of the current study also question the integration of traditional learning 

theories and mobile learning theories.  This study was guided by well-established theories 
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of comprehension and engagement that were applied to a reading task on mobile devices. 

Interestingly, the data obtained in this study are not entirely congruent with a generative 

theory of comprehension.  Specifically, whereas a generative theory of comprehension 

would support comprehension of text to be related to strategy use, the results of the 

current study indicate the use of iPads affected strategy use, but not comprehension.   

Although this discrepancy could be explained by study limitations, which are discussed 

in the following section, another possible explanation relates to the application of 

traditional theories of learning to mobile learning environments. Sharples, Tayler and 

Vavoula (2007) argue that a current theory of mobile learning must be distinct from 

current theories of classroom learning, suggesting caution when assuming traditional 

learning theories will apply to mobile learning environments. The appropriateness of 

traditional theories is further complicated by the notion of emerging technologies 

continuously changing the construct of reading (Destefano, & LeFeure, 2007). Although 

the purpose of this study was not to confirm or disprove theories of mobile learning, the 

results provoke thoughtful considerations for future research related to theories reading 

applied to modern digital technologies and mobile learning environments. 

Limitations 

 The results of the current study should be interpreted within the context of study 

limitations.  A notable limitation of the current study design, as well as the design of 

several other studies investigating the effect of mobile learning devices, is the failure to 

provide participants the opportunity to take advantage of the mobile and ubiquitous 

learning features of the device.  In order to increase feasibility, the timeframe of the study 

design was limited to two 40-50 minute class periods.  Students in both the iPad and 
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paper condition completed the reading task while sitting at their desks during a 

designated class period.  Thus, the affordance of the iPad to facilitate “anytime, 

anywhere” learning was not permitted in the study design.  This limitation is not unique 

to the current study, and may be a more systematic concern. In a review of iPad software 

related to education, Murray and Olcese (2011) described the current educational 

software as limited in the extent that it takes advantage of the full capabilities of the iPad.  

Conclusions regarding the degree to which iPads and other mobile devices facilitate 

reading engagement must be interpreted with caution until studied within a context in 

which these opportunities are afforded.  

A second limitation exists in the limited conceptualizations of strategy use and 

comprehension. While limited, annotation was chosen as an observable and concurrent 

measure of strategy use, which have been found to be superior to prospective or 

retrospective measures of strategy use in predicting reading comprehension (Cromley & 

Azvedo, 2006). However, this conceptualization of strategy use does not take into 

account less observable reading strategies such as pre-reading, prediction, visualization, 

or thought processes that were not annotated.  Future research may consider 

incorporating both observable and retrospective student report measures to account for 

less observable methods of strategy use. Similarly, measurement of comprehension was 

limited to responses to multiple-choice questions. Incorporating additional measures of 

comprehension, such as open-ended questions, cloze tasks, or verbal or written re-tell 

tasks, may provide a more complete picture of students’ comprehension when reading on 

each modality.  
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An additional limitation exists in that the degree to which students had been 

previously exposed to strategy instruction was not formally assessed. This study 

incorporated a strategy lesson that was intended to be a review to prime students to use 

strategies on the second day of the study.  Given the short duration of the lesson (i.e. 40 

minutes), the lesson was not intended to teach new skills.  However, in personal 

communication with staff of the larger participating school, it was revealed that students 

had not received formal instruction in note-taking strategies, which may explain why the 

strategy review did not affect student comprehension.  Similarly, this study also did not 

account for the degree to which digital textbooks and readings had been previously 

incorporated into instruction, which may have also had an effect on results.   

A final limitation may exist in the measurement of motivation variables. I 

excluded items in which students were explicitly asked to compare their attitudes towards 

reading on iPads and paper to avoid bias.  Instead, students were given instructions to 

answer the items in regards to their attitudes towards the task they just completed, with 

the assumption students answers would reflect their perceptions of completing the task on 

the assigned modality. However, it is also possible that students’ responses reflected 

more general attitudes towards reading, rather than the specific task completed. This is a 

potential limitation of the study and should be considered in future research. 

Conclusion 
 

The purpose of this study was to examine the direct and indirect effects of tablets 

on reading comprehension and engagement and contribute to a broader body of literature 

on how tablets can be integrated into educational settings to support learning.   In the 

current study, students who read on the iPad engaged physically with the text less than 
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students who read on paper, but students’ comprehension and perceptions of task value, 

utility, or importance were not affected by reading on an iPad. Interpreting these results 

in the context of previous research and theory related to mobile learning results in three 

primary conclusions.   

The first conclusion is students’ comprehension does not appear to be affected 

when reading static text on tablets.  This result is consistent with a larger body of 

research suggesting reading tasks on mobile devices in which textual features are similar 

to print text has little or no effect on comprehension.  However, this study does not 

account for other textual factors that are often incorporated into electronic books such as 

hyper-text and multi-media, which should be studied specifically in future research.  

Second, despite apparent ubiquitous use of media and mobile devices among 

today’s adolescents, simply completing tasks on mobile devices may not alter perceptions 

of tasks or increase task motivation.  However, educators and future researchers should 

consider the how iPads can be used in more meaningful ways that may have a greater 

affect on task motivation.  Similarly, regardless of technology use outside of school, 

educators should not assume all academic skills will transfer when asked to apply them to 

mobile devices.  This was evident in the current study when students used significantly 

less annotation strategies when reading on iPads than paper.  This difference was reduced 

among students who received a 40-minute lesson to review strategies and learn how to 

use specific features of the device and note-taking application to apply strategies, 

underscoring the need for explicit instruction on using the device and applications for 

different purposes.  
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The current results, when interpreted in the context of and previous research and 

theory, reiterate the importance of contextual factors.  The current study examined the 

affordances of iPads related to reading comprehension and engagement while used in a 

static learning environment.  Thus, the results should not be interpreted to suggest iPads 

and mobile learning devices do not have a significant impact on learning outcomes.  

Alternatively, it is plausible that research has not yet captured the full capabilities of 

iPads and other mobile devices.   Research of longer duration (e.g. a school year) is 

necessary in which students are provided the opportunity to take advantage the mobile 

and connectivity features of the iPad.  

The contextual factors that may have the greatest impact on tablet research are 

time and technological advancements. The current study was conducted within a year and 

a half of the iPad being introduced and included schools that were among the first in the 

country to distribute iPads to all students.  Since the time this study was conducted, three 

new versions of the iPad have been released, more schools have incorporated mobile 

devices into their classrooms, new tablet devices, software and applications have been 

developed, and more research and support is available for educators, all of which result in 

an arguable increase in student and teacher familiarity with tablets.  The advancing 

features and applications of tablets and other mobile devices create new opportunities for 

learning that warrant additional research.  However, the same features that excite 

educators and are believed to transform learning, including instant connectivity and 

mobility, create challenges for rigorous scientific research. To better understand how 

dynamic mobile technology can support educational outcomes, the study of mobile 

technology may require the integration of micro research, or the effectiveness and 
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usability of specific affordances related to the use of mobile technology in education, and 

macro research, reflecting the larger impact of mobile devices on learning experiences as 

a whole (Sharples et al., 2009). In doing so, programs of research can systematically 

evaluate affordances of specific features of mobile devices as well as their broader impact 

on education.   
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Appendix A 
 

Self-Efficacy Scale  
 
 

         ID ______________ 
 
         Gender _________  
Instructions: 
Think about the text you just read. If given another text like the one you just read, rate 
your confidence in your ability to complete the following tasks.  
 
Rate your degree of confidence by recording a number between 0-10 using the following 
scale  
 
0 1 2 3 4 5 6 7 8 9 10 
Cannot do         Moderately    Highly certain  
 at all             Can do     can do 
 
 

Confidence  
    0-10 

 
Stay focused while reading   
Read the words easily    
Understand the meaning of the words   
Identify the main idea of what I read   
Re-tell what I read in my own words   
Comprehend what I read   
Use strategies to help me remember 
what I read  

  

Use strategies when I read something 
difficult that I don’t understand 

  

Take notes while I’m reading   
Use my notes to study for a test   
Remember what I read for a test     
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Appendix B 
 

Subjective Task Value Scale  
 
 
Instructions 
Please answer the following questions in regard to your attitude towards reading history 
texts similar to the ones you just completed. 
 
Interest-Enjoyment 
 
In general, how interesting would you rate reading history texts like the ones you just 
read? 
 
1 2  3 4 5 6 7  8 9 10 
Very Boring       Very Interesting 
 
 
How much did you like reading the history texts that you just read? 
 
1 2  3 4 5 6 7  8 9 10 
Strongly Dislike      Strongly Liked 
 
Compared to other class assignments, how much did you enjoy this reading task? 
 
1 2  3 4 5 6 7  8 9 10 
Did not enjoy at all      Very much enjoyed 
 
 
Attainment Value 
 
To what extent is reading history texts like the ones you just read worth your time? 
 
1 2  3 4 5 6 7  8 9 10 
Not at all worthwhile    Very worthwhile 
 
How important is it to you that you read this type of text for history class? 
 
1 2  3 4 5 6 7  8 9 10 
Not important      Very Important  
 
Compared to other assignments in history class, how important is this type of reading 
task? 
 
1 2  3 4 5 6 7  8 9 10 
Not important      Very Important  
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Utility Value 
 
If your history teacher gave you a reading task similar to the one you just read, how 
useful would it be in helping you do well in history class? 
 
1 2  3 4 5 6 7  8 9 10 
Not at all useful      Very Useful 
 
To what degree will this type of reading task be useful after you graduate high school? 
 
1 2  3 4 5 6 7  8 9 10 
Not at all useful      Very Useful 
 
To what degree will similar reading activities be useful in your life outside of school? 
 
1 2  3 4 5 6 7  8 9 10 
Not at all useful      Very Useful 
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Appendix C 

 
Comprehension Measure  

 
Please answer the following questions about the readings you just read. 
 
1. Which of the following statements best describes the attitude toward Japanese 

Americans in the 1940s: 
a. Prejudice towards Japanese Americans began after the attack on Pearl Harbor  
b. Prejudice toward Japanese Americans worsened following the attack on Pearl 

Harbor 
c. Japanese Americans were not associated with the attack on Pearl Harbor 
d. Prejudice towards Japanese Americans was primarily directed toward those living 

on the West Coast or Hawaii 
 

2. The imprisonment of Japanese Americans was driven by: 
a. An analysis of military conditions 
b. Evidence of treason committed by the Japanese Americans  
c. Fears of Japanese Americans serving as spies in the U.S. 
d.  All of the above  

 
3. The attack on Pearl Harbor occurred 70 years ago.  Based on what you have read, 

how might treatment toward Japanese Americans be different if the attack occurred 
today? 
a. There would be no mistreatment today because of the Civil Liberties Act of 1988 
b. We live in a different era and there is no longer prejudice based on race, religion, 

or culture 
c. Suspicion of Muslim Americans following 9/11 suggests there would be mistrust 

of Japanese Americans  
d. Japanese Americans would likely be treated similarly to Muslim Americans 

following 9/11 and would therefore be detained 
  

4. The author uses the term irony to describe the situation in which 
a. Japan attacked a country where Japanese Americans live 
b. Japanese Americans were being incarcerated by the U.S. Government on threats 

of treason while their sons fought for the United States 
c. The living conditions in detainment camps were not fit to live in 
d. Most of the imprisoned Japanese Americans were deceased by the time the Civil 

Liberties Act was passed 
 

5. Franklin D. Roosevelt signed Executive Order 9066 that resulted in: 
a. An apology to Japanese Americans 
b. Treason committed by the Japanese Americans  
c. Exclusion and imprisonment of Japanese Americans 
d. The banning of incarceration based on race  
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6. In what year was Executive Order 9066 signed into law? 

a. 1988 
b. 1936 
c. 1944 
d. 1942  

 
7. Which word best describes the condition of the detainment centers in the 1940s? 

a. Awful 
b. Modest 
c. Comfortable  
d. Illegal  

 
8. Which of the following statements is true about the Japanese Americans when they 

were released from prison? 
a. Most Japanese Americans were able to regain their homes and businesses  
b. Prejudice toward Japanese Americans had decreased  
c. Despite how Japanese Americans were treated, they maintained their faith in 

the U.S. Government 
d. Many Japanese Americans continued to be treated unfairly and lived in 

poverty 
 

9. Which president enacted the Civil Liberties Act? 
a. John F Kennedy  
b. Franklin D. Roosevelt  
c. George H.W. Bush 
d. Ronald Reagan 

 
10. How did the courts respond when challenged about the legality of the Japanese 

internment camps? 
a. The wartime courts supported the hysteria 
b. The Supreme Court ruled that he denial of civil liberties based on race and 

national origin were legal 
c.  The Supreme Court ruled that a loyal citizen could not be detained 
d.  All of the above 
 

11. The passing of the Civil Liberties Act in 1988 resulted in: 
a. The justification of forcing of Japanese Americans into confinement during 

WWII  
b.  An apology to all Japanese Americans who were confined 
c. A law stating that the exclusion and incarceration based on race and national 

origin were illegal 
d. None of the above 
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12. The article recites a quote from a Muslim missionary saying that the September 11th 
attacks hijacked the faith of Islam. What does the missionary mean by this? 

a. Islam is becoming increasingly popular among Americans  
b. The Islam religion is frequently associated with terrorism  
c.  Muslims were the primary targets of the September 11th attacks 
d. Several Islamic Masques have been vandalized since September, 11, 2001  

 
13. How has the September 11th attacks affected the lives of Muslim Americans? 

a. Increased surveillance at airports  
b. Increased suspicion and mistrust among fellow Americans 
c. Branding of their religion and culture  
d. All of the above  

 
14. According to the readings, what important fact about the September 11th attacks has 

"gotten lost"? 
a. The majority of Muslims did not condone the attacks 
b. The attack happened 10 years ago 
c. Muslims were once welcome in the United States  
d. Only 20% of Muslims worldwide live in the Middle East  

 
15. According to the readings, which of the following words best describes Americans’ 

attitudes towards Islam before September 11th?  
a. Hostile  
b. Impartial or neutral 
c. Suspicious 
d. Intolerant  

 
16. What similarities are there between Japanese Americans during WWII and Muslim-

Americans after 9/11/01?  
a. Both groups have been incarcerated following attacks on the United States 
b. Both groups have been mistreated because of their identification with a 

specific race, religion, or culture 
c. Both groups have been exiled for committing treason against the United States   
d. Both groups faced increase surveillance at airports  

 
17.  From what perspective is the article on American Muslims written? 

a. Family members of 9/11 victims  
b. Muslims associated with the 9/11 attacks 
c. Americans who believe Muslims should be exiled 
d. Primarily American Muslims  
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18. How is the situation different for Muslim Americans today than Japanese Americans 

in the 1940s? 
a. Muslim Americans are not being associated with the attacks of 9/11 
b. Suspicion of Muslim Americans is primarily being driven by the general 

public, not the government 
c. Japanese Americans were actually guilty of treason during WWII whereas 

there has not been documentation of treason among Muslim Americans 
d. Muslim Americans are still patriotic  

 
19. How has the recent Muslim American experience demonstrated a shift in public 

opinion and tolerance of other cultures? 
a. Increased suspicion of Muslim Americans suggests tolerance for other cultures 

has decreased in the last decade  
b. There is still suspicion of other cultures but there is more open debate and less 

wide spread hysteria than in the past 
c. The similarities between the Muslim American experiences and those of the 

Japanese Americans suggest public opinion and tolerance has not changed 
d. The Civil Liberties act of 1988 ended intolerance of other cultures  

 
20. According to the readings, what can Muslims do to improve the outside view of their 

culture? 
a. Encourage non-Muslims to learn more about the Islamic faith  
b. Increase political involvement 
c. Comply with increased surveillance  
d. Demonstrate patriotism by increased acts of community service  
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Appendix D 

 
Treatment Fidelity Checklist  

  
 

Treatment Integrity Checklist  
 
Introduce self and purpose 
of presentation 

 

Ask students about their 
own experience with 
reading 

 

Introduce and define 
strategies  

 

Introduce and define 
annotation 

 

Explain why annotation is 
important  

 

Digital Only: Explain 
annotation tools in 
annotation application  

 

Explain process of reading a 
paragraph before annotating  

 

Introduce strategy 1: 
Clarification  

 

Provide a purpose for 
clarification 

 

Model clarification   
Give students opportunity 
to practice clarification and 
ask for examples 

 

Introduce strategy 2: 
Finding the main idea 

 

Provide a purpose for 
finding the main idea 

 

Model finding the main idea  
Give students opportunity 
to practice finding the main 
idea 

 

Introduce strategy 3: 
highlighting/ underlining 

 

Provide purpose for 
highlighting/underlining 

 

Model highlighting/  
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underlining 
Provide opportunity for 
students to practice 
highlighting/underlining  

 

Introduce strategy 4: 
making connections  

 

Provide purpose for making 
connections 

 

Model making connections  
Provide opportunity for 
students to practice making 
connections  

 

Introduce strategy 5: 
Questioning 

 

Provide a purpose for 
questioning 

 

Give examples of question 
stems 

 

Model Questioning   
Provide opportunity for 
students to model 
questioning strategy  

 

Encourage students to 
practice reading next time 
they are given a reading 
assignment  

 

 
 

 


