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Abstract

This study measured the effects of reading a text passage in digital or print format on 10" grade
students from two independent schools. Randomly assigned groups each read two short passages
in print or digital format and, for each, took a twelve-question comprehension quiz focused on
four component areas of comprehension: vocabulary use, activation of prior knowledge, the
ability to make inferences, and the ability to summarize and synthesize. Additional data about
student beliefs and attitudes toward reading and technology were gathered from pre- and post-
surveys. No significant differences were found between print and digital reading groups, while
students with positive attitudes toward reading and strong reading aptitudes in the four
component areas performed better on assessments for both media. Other attitudes toward
reading and technology, as well as specific during-reading strategies, had little or no effect on

comprehension outcomes.

Introduction

The failures of American schools are sometimes attributed, at least in part, to traditional
teaching methods that are no longer effective for students growing up in the digital age; in other
words, the argument might go, as students’ methods of receiving and processing information
change along with technological advances, the nature of teaching and the delivery of information
in the classroom must also change. Incorporating technology into the classroom is often
promoted as a way to engage students in learning. Yet this may be an unfounded and, in some
particulars, untested assumption. Can technology in fact improve student learning? Does the
method of information delivery and processing that technology involves really change the way
teachers ought to structure instruction?

One specific reform implemented by schools moving toward greater integration of
technology is the replacement of traditional textbooks and other printed material with 1:1 laptop
programs in which every student uses a laptop computer and encounters material in a digital
format. According to a report from the New York Times in 2007, for instance, two educational
consultants, Hayes Connection and the Greaves Group, in a study of the nation’s 2,500 largest

school districts last year found that a quarter of the 1,000 respondents already had one-to-one
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computing, and fully half expected to by 2011 (Hu, 2007). According to Grimes and
Warschauer (2008), “One-to-one laptop programs arguably offer the greatest potential of
educational technologies to date in that they place the most power and versatility in students’
hands, while wireless network connections open vast new vistas for communication and
collaboration” (p. 306). Certainly, such changes in the way students approach technology, and
through it, texts, may have wide-ranging effects that extend into areas of budgeting, classroom
management, and transportation of student materials, for instance.

More importantly, common wisdom, especially given the fledgling nature of research on
the subject, provides no clear sense of how the use of laptops affects the actual delivery of
academic material or students’ abilities to process that material effectively when dealing with
digital text and information. According to Leu (2007), for instance, “the lack of theory and
research on the new literacies of online reading comprehension is surprising, given the increasing
prevalence of the Internet in our lives” (p. 4). Henry (2006) further suggests that current literacy
practices, in particular, do not always reflect the reading needs of students in an online world:
“As new technologies increasingly become a part of classroom lessons, teachers are discovering
that many students do not possess the literacy skills required to successfully read and write with
the many new technologies that regularly appear in today’s world” (p. 615). Included in these
skills, Henry goes on to note, are the ability to search for and locate information online and new
reading comprehension skills, such as reading pieces of information selectively rather than from
start to finish. Coiro (2003) similarly notes that many reading issues have traditionally been seen
as technology issues rather than issues of reading comprehension. Other writers (Nachmias &
Gilad, 2002; Yang, 1997) suggest that students who do not possess the skills necessary to
categorize and read information effectively online can become subject to frustration and
information overload.

All three of the researchers in this project either teach or are administrators at schools that
have instituted 1:1 laptop programs. There is an immediate need in such environments for
research-based decisions about how students can best process texts—first, whether there is a
significant difference for students between reading a digital text or from a print copy, and
second, what strategies and resource uses teachers should be aware of when instructing students

in reading for today’s world.
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This experience, as well as the following literature review, helped to shape both a central
research question and the measure used to investigate the question: Does reading a digital text
compared to printed text have a negative effect on reading comprehension for 10" grade students
in 1:1 laptop programs?

Review of the Research on 1:1 Laptop Usage, Digital and Printed Text, and
Reading Comprehension and Technology

Studies of reading comprehension and digital material are becoming increasingly
common, though the quick-paced changes in technology may result in studies that are quickly
outdated or in which the sample does not result in easy generalizations to a larger population.
Middle school students in 2010, for instance, may be more adept at a variety of technological
skills than middle school students ten years ago were or even than adults ten years ago were.
Nonetheless, some trends have emerged in the literature that both help to refine and suggest the
need for further study of the role of technology in reading comprehension. To identify these
trends, we examined the literature in three areas: the nature of 1:1 laptop programs in the
classroom, the differences that have been identified between reading online and reading on the

page, and the elements of reading comprehension related to technology.

Research on 1:1 Laptop Programs

The use of one-to-one laptops in schools as either an enhancement to learning or as a
marketing tool can be traced back to the late 1990s. At that time, evaluating entities like that of
the Copernicus Project, which partnered with Toshiba and Microsoft, instituted “a multi-district
laptop pilot program in Seattle, Washington, found laptops to be especially suited for writing
activities, student projects, and presentations” (Fouts and Stuen, 1997). Since then, however,
more and more research has been and continues to be completed around the topic of reading
comprehension of students using laptops as a part of the regular high school program. While
there remain financial constraints or cultural resistance at some schools who are considering
laptops, other schools have either begun to phase out or eliminate their programs altogether

based on a lack of increased achievement.
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A review of the research on one-to-one laptop programs in high schools reveals that there
have been “relatively few studies that have been carried out, and even fewer that are
methodologically rigorous” (Warschauer, 2008). Given the designs the authors of this review
implemented, the validity of these conclusions could be challenged, but the article nevertheless
refers to a dearth of reliable, existing scholarly studies that incorporate numerous factors into
their analyses. In fact, the most comprehensive study to date has been an evaluation of the
laptop program in eight schools in Microsoft’s Anytime, Anywhere Learning project (Rockman
et al., 1998) and a statewide study of the Maine laptop program (Silvernail and Lane, 2004).
Both of these studies relied predominantly on surveys and interviews to document how laptops
were used, with relatively few direct observations of actual classroom practice. The conclusions
of the two studies were similar and pointed to increased use of technology following
implementation of laptop programs, positive attitudes toward the programs by students and
teachers, more autonomous learning, and a high degree of student engagement.

Additionally, more than 30 smaller researcher studies on learning with laptops were
published between 2001 and 2005 (for a listing and review, see Penuel, 2005). While Apple
Computer, Inc. sponsored the review of these studies, an affiliation that could interject bias, the
chief author, Bill Penuel, works for SRI International, an independent non-profit research
institution specializing in research and development. Notwithstanding, the bulk of the existing
research suggests that “students use laptops primarily for writing, taking notes, completing
homework assignments, keeping organized, communicating with peers and their teachers, and
researching topics on the Internet” (p. 3), with students who engage in more extended projects
typically using “design and multimedia tools, including presentation software and software for
making and editing digital images and movies” (p. 4). The implementation of laptop programs,
as with other uses of technology, is highly shaped by teachers’ attitudes (see, in particular,
Windschitl and Sahl, 2002), and professional development is thus critical for successful
implementation, as is sufficient technical support. Only a handful of studies have attempted to
look at test outcomes, and those that have done so most rigorously have found no substantive
gains due to laptop use (e.g., Walker et al., 2000). About the only measurable student outcome
that has been shown to improve is technological proficiency (Schaumburg, 2001). In summary,
though school laptop programs are growing in number, there have been relatively few

independent, peer-reviewed studies of these programs. Moreover, no prior studies have carried
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out extensive and systematic observations of laptop programs in a number of schools, and no
prior studies have used the theoretical lens of literacy as a research focus (Warschauer, 2008)
Anecdotally, there have been positive examples across the country where “Many school
administrators and teachers say laptops in the classroom have motivated even reluctant students
to learn, resulting in higher attendance and lower detention and dropout rates” (Hu, 2007).
However, the question of whether one-to-one laptop programs have improved academic

performance is still unclear and points to the need for further evaluation.

Literature related to the differences between digital and print text formats

Studies of the differences between digital and print text formats often focus on issues
tangential but related to the heart of reading comprehension, such as speed, navigation methods,
and even physiological factors of reading such as eye movement or posture. Kurniawan and
Zaphiris (2001), for instance, concurred with previous studies that found that reading on paper is
10-30% faster than reading online. Different column formats in this study made no difference in
reading speed, however. The discussion in this study suggests that elements of online reading
such as font size or level of contrast (between background and print) might affect the online
reading experience. More significantly for the present study, the authors found that readers of
paper texts used different methods for keeping track of where they were than did online readers,
including self-guiding reading by following text with a finger or pencil. Some online readers
used the mouse pointer in a similar fashion, but online readers used such methods significantly
less often.

Another small-sample study of ten adult readers by O’Hara and Sellen (1997) studied
annotation while reading, movement within and between documents, and the design factors that
contribute to reading on paper and online, with specific findings in each area. Annotation
occurred more frequently with paper reading than online reading, both on the source document
itself and on a separate paper document. Movement within and between documents was found to
be “quick, automatic, and interwoven” (p. 5) with paper reading as opposed to “slow” and
“laborious” with online reading. Design, it was found, offered greater drawbacks for online
readers, who had to plan in advance how to observe pages and who had greater difficulty with

windows on the screen than with paper pages. It should be noted, however, that in the thirteen
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years since this study took place and with a different generation of computer users as subjects,
reading habits and practices might have changed.

Baker (2003) investigated the different effects of paging and scrolling on reading
comprehension. Here again, a small, non-equivalent sample was tested through multiple choice
reading comprehension questions on the effects of using a scroll function, a “paging” function
(three mouse clicks required to move forward), and a “full”” page function (one click required to
move forward). Participants using the paging function took slightly longer to read passages than
with either the full or scrolling function with no significant difference in their ability to answer
reading comprehension questions correctly. The researcher found this conclusion surprising;
given that it directly contradicted an earlier finding by Dyson and Kippling (1998) that paging
was typically faster than scrolling. “It may be,” suggested the researcher, that “since participants
had more exposure to scrolling they were able to read through the documents more quickly using
that mode of navigation.” Here, again, it is worth considering the possibility that with rapid
changes in technology and experience with technology, results of studies could reasonably
change within just a few years.

From a study of 48 grade six students in an Australian school, Sutherland (2002)
concluded “students perceive Web reading as different from print text reading” (p. 664). Among
these perceptions were the view that reading print requires one to read more slowly (or,
conversely, that digital formats require more speed), that one had to question the authority of
digital texts but not of print, and that online texts should offer “instant gratification” (p. 664)
while print reading required consulting multiple texts over more time. Sutherland also notes the
non-linear model of digital reading, and quotes Slatin (1991), who states that “reading, in
hypertext, is understood as a discontinuous or non-linear process which, like thinking, is
associative in nature, as opposed to the sequential process envisioned by conventional text” (p.
158).

Evidence, then, is contradictory in terms of actual differences in method of reading
between digital and print formats, though it seems clear that reader attitudes play a role in
determining the methods, strategies, and perceptions involved in reading on the screen.
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Literature related to reading comprehension and technology

The RAND Reading Study Group (2002) produced a report on reading comprehension
that included the caveat, “Accessing the Internet makes large demands on individuals’ literacy
skills; in some cases, this new technology requires readers to have novel literacy skills” (p. xx).
Identifying the reading comprehension skills common to both print and digital formats is
therefore a key area for the present study.

Coiro and Dobler (2007), using a small sample of eleven skilled sixth-grade readers,
determined that successful online reading experiences involved the application of prior
knowledge sources, inferential reading strategies, and self-regulating processes (p. 215). Prior
knowledge, it is worth noting, includes here not only prior knowledge of the subject but also of
text structures, informational websites, and search engines (pp. 254-255). In other words, the
most skilled readers bring to online reading not only the knowledge that helps them in traditional
reading but also a new set of skills that assists in reading material in new, digital formats. Self-
regulation, according to the study, involves prediction, monitoring (judging whether or not
information has been found), and evaluation (meta-cognitive reflection on chosen reading
strategies), or, in other words, “a recursive pattern of self-regulatory strategies” (p. 256).

Henry (2006) further suggests that current practices do not always reflect the reading
needs of students in an online world: “As new technologies increasingly become a part of
classroom lessons, teachers are discovering that many students do not possess the literacy skills
required to successfully read and write with the many new technologies that regularly appear in
today’s world” (p. 615). Included in these skills, Henry goes on to note, are the ability to search
for and locate information online and new reading comprehension skills, such as reading pieces
of information selectively rather than from start to finish.

According to Schmar-Dobler (2003), “Most of the text on the Internet is expository.
Being able to read such text requires familiarity with its concepts, vocabulary, and organizational
format.” Pearson, Roehler, Dole, and Duffy (1992) identify an additional seven strategies that
can be identified with strong reading and comprehension skills, including activating prior
knowledge, monitoring and repairing comprehension, determining important ideas, synthesizing,

drawing inferences, and asking questions.
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In conclusion, research related to this study is strongest in the area of reading
comprehension for standard print texts, where decades of study have contributed to numerous
frameworks that emphasize consistent aspects of reading. In all areas of technology, however,
including laptop programs and reading in digital format, research is shallow, mixed in its
findings, or subject to the ephemeral nature of the very material it purports to explore. With
these issues in mind, we have constructed a conceptual framework for reading comprehension

that informs the measures and data collection used in the current study.

Conceptual Framework

Many of the findings of the studies discussed earlier reinforce the findings of traditional
studies of reading comprehension. Among the important elements of reading comprehension,
this study focuses mainly on five areas that appear important to student processing of both print
and online text. The first of these areas are components of reading comprehension that were

tested directly using assessments on the reading passages students were assigned:

1. Activating Prior Knowledge

According to Irvin, et al. (2006), “Proficient learners build on and activate their
background knowledge before reading, writing, speaking, or listening; poor learners
begin without thinking.” Duke and Pearson (2002) likewise agree that “good readers
draw from, compare, and integrate their prior knowledge with material in the text” and
“think about the authors of the text, their style, beliefs, intentions, historical milieu, and
so on” (p. 206). The nature of prior knowledge, of course, may change when one is
reading Internet text with hyperlinks or the ability to search for references instantly. The
measures in this study thus include questions about external reference use and prior

knowledge in order to help gauge the effect of this skill.

2. Making Inferences

According to Duke (2004), “making inferences” is among the central strategies that
“appear to improve comprehension” (pp. 41-42). Just, Carpenter and Woolley (1982)
likewise suggest that strong readers “not only encode the word but also attempt to select
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a meaning, assign a syntactic status, make inferences, and determine the concept's role in
the sentence and discourse as soon as possible” (p. 229). Questions that require readers to
make inferences about both large and small portions of text (i.e., a single sentence or an

entire passage) are measured in the present study.

3. Knowing How Words Work and Acquiring Vocabulary

“Research conducted in the past ten years reveals that vocabulary knowledge is the single
most important factor contributing to reading comprehension. Moreover, studies
conducted on the importance of vocabulary instruction demonstrate that it plays a major
role in improving comprehension,” states Laflamme (1997). Carr and Wixson (1986)
add, “Because of the enormous number of words which a mature reader needs to
understand, it is important for student to learn how to learn the meanings of new words.”
Thus, vocabulary questions are one area of the measures we have used to determine
reading comprehension. In addition, since “good readers try to determine the meaning of
unfamiliar words and concepts in the text, and they deal with inconsistencies or gaps as
needed” (Duke & Pearson, 2002), we gauge how readers answer vocabulary questions as

well as whether or not they do so correctly.

4. Summarizing and Synthesizing Information

The ability to summarize information, as well as to correctly gauge such elements of text
as tone, plot, and overall meaning, directly relates to understand: “research suggests
instruction and practice in summarizing not only improves students’ ability to summarize
text, but also their overall comprehension of text content” (Duke & Pearson, 2002).
Planning and monitoring, according to Moore (n.d.), means “controlling one’s mental
activities; it is metacognitive in nature, centering about readers’ awareness and control of
their comprehension.” This study measures students’ ability to correctly summarize and

synthesize sentences, passages, and tone.

The fifth area of reading comprehension skills was not assessed using reading comprehension

quizzes, but rather through survey questions on the pre-test and post-test:
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5. Monitoring and Self-Regulating Reading Strategies

Adler (2004) suggests that “students who are good at monitoring their comprehension
know when they understand what they read and when they do not. They have strategies
to “fix’ problems in their understanding as the problems arise.” Vacca (2002) likewise
states, “strategic learning during reading is all about monitoring reading and making
sense. Skilled readers know how to monitor and keep track of whether the author is
making sense.” Because of the importance of self-monitoring as an element of
comprehension, the post-reading measures of this survey ask respondents to self-describe

methods of reading answering comprehension questions.

While these five areas of comprehension form the basis for the direct measures used to
gauge comprehension in this study, other research covered in the literature review provides a
basis for judging the method of delivery as an effect on comprehension, as well. Therefore,
whether or not students annotate as they read, their perceptions and attitudes toward reading
digital text as opposed to printed text, and their ability to read and answer questions within a set
time frame were also established as relevant data to our conclusions.

In addition to the above areas of focus, the pre- and post-surveys students completed
were designed to augment our understanding of comprehension by taking into account students’
comfort level with technology and history of technology use. While the researchers
hypothesized that students would perform better on the print task in conventional areas of
reading comprehension such as summarizing and synthesizing and making inferences, we also
hypothesized that the ability of the digital group to look up information online while reading
might remove any benefits for the print group in the areas of vocabulary and prior knowledge.
We anticipated that students with a higher comfort level with technology and longer history of
technology use would perform better on the digital reading task than students with less comfort
and less experience with technology. In addition, the researchers hypothesized that students who
performed well in the five component areas of reading comprehension would perform better on
either reading task, and that students who employed reading strategies (such as tracking, self-
monitoring, or using a print or online dictionary while reading) specific to print or digital media

would perform well on the assessment relevant to the strategies employed.
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Data

This study was conducted with students at two independent, private schools: Cannon
School in Concord, NC and Lausanne Collegiate School in Memphis, TN. All tenth grades
students at both locations were selected for the study. Therefore, sampling did not occur, as the
whole population was targeted. The number of students in 10" grade was between 60 and 82
students at both locations, respectively. The size of this group was not only manageable, as it
allowed for a more accurate picture of each grade, but it also generated enough participants that
concern over it being too small a survey group could be avoided. Furthermore, since the overall
group was divided into a control and experimental group, sufficient size was maintained during
the assignment.

By selecting all of the 10" graders at both locations, the study avoided the errors
associated with sampling. The study, however, has only limited generalizability since only two
small schools provided study data. Study results also do not generalize to other grades within
each respective school. While generalization from this preliminary study is quite limited, results
can help inform the development of subsequent studies of reading comprehension with digital
texts at various grades levels and in larger populations of 10™ graders in various learning
environments (e.g. public, charter, or faith based private schools).

This study, conducted at the beginning of May 2010, focused on 10" grade students
because two authors had ready access to these students. Barry Gilmore was the 10" English
instructor and English Department Chair at Lausanne Colligate School. Matthew Rush, the
Assistant Head of School/ Head of Middle School at Cannon School, was able to secure the
permission of the 10" grade English teacher at his school to match the same age demographics
between schools. While this selection provided ease of access to students, it also introduced the
potential for bias in the study due to the fact that at least one of the researchers had a prior
relationship with the subjects. Therefore in order to reduce bias, students had the ability to opt
out of the research with no penalty, no grades were given for participation, and students were
both anonymously and randomly assigned.

Since minors were involved with the study, parental consent forms were distributed to
students to be taken home, signed, and returned to the researchers. Student consent forms were

also required, per IRB regulations. A one-week window prior to the start of the study was used
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to collect the consent forms and follow up with students who were slow in returning the proper
documentation.

Researchers randomly assigned 10™ grade students at each school to the control or the
experimental group (1:1 ratio). Investigators at the two testing sites assigned every tenth grader
a number at random by allowing students to draw a number from a hat as they came into class on
the first day of the study. The numbers ranged from 100 to 162 at Lausanne Collegiate and 200-
284 at Cannon School. These numbers encompassed the maximum number of students in the
10™ grade at each respective school. From there, all of the students who drew even numbers
used laptops (experimental group), while all of the students selecting odd numbers used printed
text and printed resources within the room. All data collected was subsequently tracked by the
random number drawn on day one.

Once groups were assigned, each student took a pre-survey designed to obtain
demographic information as well as a general background of each participants ease with
technology and weekly reading engagement both in and out of the classroom. The pre-survey
was designed with the independent variables for this study in mind, and therefore identified
students not only through the easily distinguished criteria of school and gender but also by
asking questions that helped the researchers construct scales for the following variables: comfort
level with technology, attitudes toward reading for school and pleasure, and history with
technology and 1:1 laptop programs.

On the second day, each group read a relatively short selection from Mary Shelley’s The
Last Man in a different format (print will serve as the control vs. dynamic digital document
which will serve as the experimental group). While relatively obscure, these Shelley excerpts
were not assigned by the schools, but fell within the range of regular curricular reading for
sophomores at each institution. Consequently, the reading had face validity as a passage that
was challenging but manageable for the students. Each group was given 20 minutes for pure
reading and 25 minutes to answer the questions with the reading. During that time, students
could use reading strategies like underlining, taking marginal notes, or using the electronic
resources available to them through their laptops (experimental group only). After the 20
minutes reading time, students were given a reading comprehension assessment designed to
assess the overall dependent variable of comprehension as well as its component parts:

vocabulary usage, activation of prior knowledge, the ability to make inferences, and the ability to
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summarize and synthesize. Students were allowed to use other resources to help answer the
questions in the assessment and still had access to the reading material during this time. Those in
the control group had access to printed dictionaries within the room. However, there was no
prompting by the instructor to the students to use these resources. Those in the experimental
group could use the Internet - an additional resource - but again, no prompting of the instructor
was given. The following were the oral instructions delivered at the start of each reading test

period:

“Today you are going to read and answer questions about a passage from a nineteenth
century novel by author Mary Shelley. Some of you will use laptops to read, while others
of you will read from paper. You may not discuss the passage nor ask any questions.
Students who are reading the passage on paper may not use their laptops for any reason.
All of you, however, may use any resources in this room other than those | have just
mentioned. You will have twenty minutes to read the passage, and then you will have
twenty-five minutes to answer twelve multiple-choice questions based on the reading.

During the answer session, you may refer back to the text at any time.”

On the third day, students repeated the experiment from day two with a second passage
by the same author. The same experiment and control assignments applied. The rationale for a
second administration was three-fold. First, the repetitiveness allowed researchers to test similar
types of questions on consecutive days to assess validity and obtain additional data. Secondly,
because both schools operate on rotating schedules, no class met at the same time of day,
accounting for the intervening variable of time of day to be a non-factor. And third, because data
was collected on multiple days, there were neither disturbances nor anomalies with respect to
internal validity and the threat of history.

On the fourth day, students took a survey that focused on two areas, the first of which
was how the students arrived at each of their answers on the reading assessment. The second
half of the survey focused on questions about students’ perceptions of using the type of text
assigned. All surveys and reading assessments were collected at the end of each period. This

resulted in a high percentage of data being successfully completed.
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Based on research from the literature review and the questions proposed by the research
itself, information was collected on the dependent and independent variables outlined in
Appendices A and B and described below.

The format in which texts were delivered to the two groups of tenth graders was the
independent variable. This group was controlled by their enrollment in a 1:1 laptop, independent
school and their grade level, 10" grade. Both groups read the same text, each in a different
format, followed by reading comprehension tests. Pre- and post-surveys helped to account for
possible intervening variables such as the school attended, gender, comfort with and experience
with technology, and each student’s personal attitudes toward reading in general. Random
assignment accounted for other variables such as class period (time of day) or class size. The
dependent variable was reading comprehension, as judged from reading comprehension quizzes
made up of a variety questions suggested by the five categories of comprehension presented in
the literature review: activating prior knowledge, making inferences, vocabulary, summarizing
and synthesizing, and monitoring and self-regulating. Appendix C shows how the survey
questions align to the research questions of this study and the various dependent variables herein.

The pre- and post-surveys mainly included questions about students’ comfort level and
history with technology and reading, as well as attitudes and perceptions about technology.
These surveys were an amalgamation of previously developed survey questions from Coiro
(2003), Harris and Smith (2004), Silvernail and Lane (2004), and Grimes and Warschauer
(2005). In particular, the pre-survey questions, besides establishing basic background
information (gender, school, and age), aimed to collect data about history and comfort level,
while the post-survey focuses on reading strategies and methods of technology use during
reading. Scales used for these measures are included in Table 1 along with the corresponding
Cronbach’s alpha scores. While the scales for “positive attitude toward reading” (a = .680) and
“comfort level with technology” (a = .704) were used as planned from the initial design of the
surveys, the scale for “self-monitoring and regulating” (o = .697) proved more difficult to
compute. Initial scales based on the sets of variables intended to measure various aspects of
tracking and self-reflection while reading proved to demonstrate very little reliability between
the various survey items. The scale that is presented in this study is a measure of self-monitoring
while reading print texts in particular and includes both tracking activities and enjoyment during

reading as individual components of the scale.
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A final measure, given on the fourth day, asked students to respond to each of the 24
reading comprehension questions with an explanation of how the question was answered. The
goal of this brief response set was to determine when students were using prior knowledge,
technology skills, or simply guessing.

Appendix A includes means, standard deviation, and sample size for each of the
dependent and independent variables. The limitations offered by small sample sizes in some

areas of the analysis are addressed in the results section of this paper.

Methods

In order for the reading comprehension quiz scores to be compared with other variables
more easily, the raw answers to the quizzes were rescaled in three ways. First, each question
(originally a four-option multiple choice question answered by students) was rescaled into a
categorical variable indicating a correct or incorrect answer. Using these new categorical
variables, a new raw score out of 24 questions was established for each student (this variable was
used for Tables 4, 5, and 6). A mean score was then determined for all students (slightly above
13 questions correct) and a subsequent categorical variable was created, identifying students who
scored above or below the mean score (used in Table 2). Finally, each student’s answers to
questions specifically addressing vocabulary use, prior knowledge, making inferences, and
summarizing and synthesizing were extracted to create scales for aptitude in each of those areas
for each student (Tables 5 and 6).

A number of variables based on student answers to pre- and post-survey questions were
also rescaled into categorical variables. For instance, many of the statements students answered
on a scale of 1-5 (for which 1 = “strongly agree,” 2 = “agree,” 3 = “neutral,” 4 = “disagree,” and
5 = “strongly disagree”) were rescaled into categorical variables on which students either agreed
with the statement in some fashion, or not. This allowed us to run chi square comparisons in
Table 2, for instance, as well as using the original scaled variables where relevant.

Additionally, the three scales described in Table 1, all of which were essential to our
original hypotheses, were created using a number of variables from the pre- and post-surveys.

With these variables in place, a number of statistical analyses were run. What follows is

a rationale for each of the five statistical Tables (2-6) found in this paper.
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Table 2 presents chi square values for the categorical variables representing self-
identified reading characteristics; the values for these variables were first compared to the
variable representing student above the mean test score and then to one another. Because the
most important information sought in this table was a) simply whether or not positive or negative
attitudes had any effect on other attitudes and on general test performance and b) whether
specific during-reading strategies mattered at all to performance, simplifying these variables to
positive or negative responses to various statements allowed us to compare nuanced student
responses with more certainty. Our primary concern in creating this table was to determine
whether or not relationships occurred by chance or whether the effects of strategies and attitudes
on one another were statistically significant. In particular, by using categorical variables and chi
square values, we were able to see whether positive attitudes correlated with other positive
attitudes and positive beliefs toward strategies with other positive beliefs. Using the above mean
variable for test scores in this table also allowed us to use the variables to determine a general
correlation with academic performance and reserve more nuanced analysis of test scores using
scaled data for later tables.

Tables 3 and 4 used original scaled variables to indentify reading attitude and attitudes
toward technology. Because we were not seeking to determine causation but only covariance,
Pearson’s correlation was used for both Tables 3 and 4 as a way of determining the extent to
which one could reasonably assume that students who exhibited one trait while reading or using
technology might also exhibit another. Using these statistics, the size and direction of
relationships between particular attitudes toward reading and technology could be determined.

Finally, Table 6 used descriptive data for a number of dependent and independent
variables to compare t-test statistics between various groupings of students and the overall group.
Using t-test analysis allowed us to divide the population into print and digital groups and make
comparisons based on the means of a large number of variables to determine whether statistically
significant relationships existed between them.

Using this variety of analytical approaches allowed us, in some cases, to double-check
the validity of our findings by including some variables on more than one table. The picture that
grows out of the five tables is more cohesive than any one table and offers more certainty about
the relationships between several more abstract variables such as attitude, feelings, and beliefs

with more objective data such as quiz scores. Since some results were unexpected or
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contradicted our original hypotheses, it was important to view the data through a variety of
lenses to confirm our understanding of the extent to which attitudes and aptitudes in reading

comprehension and technology affect one another.

Results

In an effort to gauge not only successful reading but also the effect of student
predispositions on reading activity, results of this study broken down into three primary
categories: 1) student attitudes and beliefs toward reading, 2) student attitudes and beliefs toward
laptop and technology use, and 3) reading skills and aptitudes as they relate to reading
comprehension of print and digital media. While there is overlap between these three groups, the
distinction between student attitudes and actual performance is important because it highlights
the differences between perceptions students have of their own abilities and the abilities
themselves. More about the relationship between the three areas of the study is addressed in the
conclusion of this paper, while limitations of this study are addressed at the end of this section.

Initial analysis of data was performed using t-tests, scatter plots, and other graphs to
check for directions of relationships and, in some cases, to make sure random selection was
verified within and between schools. For instance, one of the first analyses the researchers
conducted was meant to ensure that school attended and gender had no effect on test scores, thus
ensuring that random selection had worked (Figures 1 & 2). No significant difference was found
for quiz scores based on either of these criteria.

Another initial set of data we checked were the reading comprehension components for
differences in means (see Figure 3). Here, charting the data offered an initial idea of differences
(or lack thereof) between the print and digital reading groups, allowing us to determine that more
nuanced analysis using t-tests would be useful in this area to determine whether some differences
were statistically significant or not.

Other important initial checks of data included creating a scatter plot for the fifth
component of comprehension (self-monitoring), based on the scale identified in Table 1 (Figures
4 and 5), and two other important variables in the study, comfort with technology (Figure 6) and
comfort with reading (Figure 7). Here, the initial appearance of the data on scatter plots raised

the possibility of interesting findings. Specifically, the data appeared to refute the hypothesis
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that students who express greater comfort with technology would score higher on the quiz. In
fact, it appeared that lower levels of comfort with technology equated to higher scores, as was
later confirmed by the t-test analysis conducted in Table 6. Moreover, students with greater
enjoyment of reading also scored higher; a trend that was also confirmed by later analysis. Each
of these initial reviews of data set the stage for determining methods of data analysis to be used

in the remainder of the study.

Student attitudes and beliefs toward reading

Table 2 presents the interaction between self-identified reading characteristics of students
(from the pre- and post-surveys completed by all students in the study) and a) the students who
scored above the mean score of 13 out of 24 questions correct on the combined reading
comprehension quizzes, and b) other self-identified reading characteristics. For this table, scaled
variables that asked students to strongly agree, agree, disagree, strongly disagree, or state
neutrality on the issue were simplified into categorical variables, where strongly agree and agree
were considered a “positive” response and all other responses are considered “negative.”
Likewise, raw test scores for each student were converted to a categorical variable in which
students were identified as scoring above or below the mean score of 13. Using these
categorized variables, it was possible to run chi-square analyses on all variables presented in the
table.

Two areas of interest arise from the results of table. First, the relationship between self-
identified characteristics of student readers and those who scored above the mean is worth
attention. Statistical significance was achieved for two variables—*“enjoys reading” and “is
productive”—and even then, only the variable “is productive” (the full statement on the survey
read, “I am more productive when | use my laptop”) was significant at the level of p < .05, while
“I enjoy reading for school” was significant at the level of p <.10. On all other variables, no
statistical significance was found.

What becomes apparent in this table and is reinforced throughout the study is the general
finding that students’ perceptions of their own reading, as well as their specific strategies while
reading, mattered less (if they matter at all) for this reading task than did their general enjoyment

of reading and their aptitudes in specific areas of reading comprehension (as detailed in Tables 5
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and 6). The unique finding of significance between students who self-identify as being more
productive when using laptops and students who scored above the mean is possibly just what it
seems, a correlation between those strong readers both in print and digital text and those who
consider themselves more productive using technology. A possible explanation could include
the idea that laptops help good students—who might already be organized—organize even
better, or simply that productive students in general are likely to be among those who are also
productive when taking reading comprehension tests, for instance.

What is equally clear from the table, however, is that other self-identified characteristics
do not correlate with high scores on the quizzes. Among these are during-reading strategies such
as text tracking using a finger or mouse, looking up words while reading, and reading slowly. In
addition, a history with laptops as reading or school tools, including becoming distracted in class
when using a laptop and having used a laptop in school for more than two years (in other words,
since middle school) does not correlate to above-average reading comprehension scores. Most
interestingly, perhaps, the self-perception of increased or decreased comprehension while
reading digital text does not translate into an effect on actual performance on the reading
comprehension assessments. What emerges from these findings is that on a response to a text of
this style and length, attitudes and strategies tend to not to have an effect on overall scores.

The second major area of interest raised by the chi-square results of Table 2 is the
relationship between individual self-identified characteristics. Here, significant correlations
appear only between self-perceived improvement on comprehension with digital text and three of
the other variables related to digital reading: productivity, reading slowly, and using a dictionary.
What is important to note is that all of the variables identify perceptions students have of
themselves, not actual improvements in reading. Thus, students who feel that they read more
slowly with a digital text also feel that they comprehend more (at a highly significant level of p <
.01), just as students who claim to look up more words when text is digital feel they comprehend
more (at a less significant level of p <.10). Thus, self-perceived strategies affect self-perceived
attitudes, but neither the attitudes nor strategies can be proven to have actual effects on the
reading task itself.

For every other self-perceived reading characteristic in Table 2, no statistical significance
can be shown for effect on other characteristics. This finding is somewhat surprising since one

might expect student attitudes to correlate—those who have used laptops for more than two
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years, for instance, might be expected to track text or read more or less slowly with some
consistency, but such is not the case. Rather, it seems likely that all students have enough
experience with technology that reading strategies remain broadly distributed throughout the
population in the study. It is also interesting that those who claim to enjoy reading for school do
not comprise the same group (in a statistically significant manner) as those who see themselves
as comprehending digital text better than print text, possibly because reading for school in an
independent school, 1:1 laptop program consists of both print and digital text to large extent.

Table 3 presents Pearson correlation coefficients that evaluate the strength of
relationships among key questions about reading enjoyment. As with Table 2, there were
surprisingly few strong relationships, though some moderate or weak correlations emerge.
Specifically, the results suggest that a student’s level of enjoyment of reading print correlates
with his or her level of enjoyment of overall reading (r = 0.325), a finding of moderate strength,
but it does not suggest correlation to the usefulness of laptops with regard to reading assignments
(r =.025). While the relationship between enjoyment of print reading and overall reading is
significant, even these seemingly closely related variables possess just a moderate level of
significance (between .30 and .49 level). Additionally, when comparing a student’s enjoyment
of reading digital material for pleasure to usefulness of the laptop on reading assignments, the
computation produced a technically significant statistic (r = -0.315) at the .01 level, but only a
moderate level of significance is suggested.

Interestingly, Table 3 also shows additional findings of correlations among general
attitudes and beliefs toward reading. In comparing enjoyment of reading for school and the
laptop’s usefulness for schoolwork, the Pearson correlation coefficient (r = .230) is technically
significant at the .05 level. Again, however, this is a small level of significance (between .10 and
.29 level). Moderate levels of significance (r = .304) at the .01 level, were also produced
between student’s enjoyment of reading for school and usefulness of the laptop for reading. The
usefulness of the laptop for schoolwork compared to the usefulness of laptop with reading
generated a similar, moderate level of significance (r = .331) at the .01 level. This correlation is
only surprising, perhaps, in its lack of strength—though schoolwork and reading are not

synonymous, one might expect a close relationship to exist in student perception between them.
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Further analysis on the question “I enjoy reading printed material for non-academic
pursuits” compared to self-evaluation of technology ability reveals a lack of dramatic
significance (r = .158), further corroborating the earlier findings.

The overall impression that emerges from Tables 2 and 3, then, is that student attitudes
toward reading—with and without technology—are variable. These attitudes are generally
unrelated to actual reading comprehension ability nor to numerous other attitudes about reading
in print or with technology. Contrary to this general finding is the finding that students who
enjoy reading do perform better on actual reading tasks in either media, digital text or printed

text.

Student attitudes and beliefs toward laptops and technology use

Table 4 yields specific data around general attitudes toward technology and personal
laptop usage, using questions taken from the pre-survey. In general, the data suggests that total
quiz scores do not correlate with attitudes toward technology. In other words, it does not seem to
matter whether students like using laptops or not when they actually perform reading tasks. In
the case of only one variable does this general trend not hold true; test score data does correlate
with responses to the statement, “The quality of my schoolwork is better as a result of my
laptop,” but only at the most minimal level on the Pearson scale (r = .206).

However, unlike attitudes and beliefs toward reading, a number of attitudes and beliefs
toward technology correlate with statistical significance against one another. While the feelings
that students have toward laptops may not affect their academic performance, those feelings do
affect other attitudes and beliefs, some strongly and others only moderately.

There was a strong correlation (r = .546), for instance, between student feelings that
schoolwork is more interesting with laptops and their sense of improved understanding with
laptops. Increased interest in schoolwork and students feeling more involved as a result of using
their laptops also produced a strong correlation (r = .550). Additional strong correlations were
found between students’ feelings of understanding schoolwork better with laptops and their
involvement (r = .535) and productivity levels (r = .547) being stronger as a result. None of

these correlations is particularly surprising—the pattern that emerges is one in which students
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who feel positive about using laptops in some ways also feel positive in other ways—they feel
more interested, and therefore more involved; they feel involved, and therefore more productive.

While the aforementioned data has strong significance, most of the other questions
regarding laptop usage reveal significance only in the low-moderate range.

Students’ beliefs that schoolwork is more interesting with their laptops, for instance,
compared to feelings of being more productive with their laptops, yielded moderate results (r =
.330). Similar findings also appeared when interest level was compared to the quality of work
produced (r = .347). Perceptions of understanding schoolwork better with laptops and improved
quality of schoolwork also yielded moderate significance (r =.483), as did perceptions of being
more involved with feelings about being more productive (r = .486) and producing quality
schoolwork (r = .482). A final moderate correlation was produced between feelings of
productivity and a belief that the quality of schoolwork improves with laptops (r = .433).

Again, none of these correlations is particularly surprising. Students who enjoy using
their laptops tend to reinforce some positive attitudes about technology with others. It bears
repeating, however, that just because positive attitudes about technology fortify one another, they
do not necessarily weigh upon actual performance.

One group of findings from Table 4, those involving distractibility, are interesting
because of their lack of statistical significance. Distractibility is one marker that is often
suggested as a downside of 1:1 laptop programs; one popular article on laptop use, for instance,
suggests that “Inside the classroom, technology may be a disruptive innovation in ways not
intended... pervasive multi-tasking between laptop, smart-phone and other technologies in the
classroom often distracts students (Glenn, 2008). However, the research conducted in our study
suggest that a sense of distraction does not bear any statistical significance on total quiz scores or
on other variables, other than a very small negative correlation (r = -.220) when compared to
productivity in school. Otherwise, the distractibility students do or do not encounter because of
laptops does not highly correlate with any other attitudes or beliefs about personal laptop usage.
To buttress this finding, the chi-square data in Table 2 illustrates that neither the self-perception
of students being distracted by laptops nor their experience level with laptops possesses

statistical significance when compared to the score on the reading quizzes.

Reading Aptitudes and Academic Performance
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For the purposes of this study, academic performance does not equate to overall grade
average for the year, previous academic history, or any standardized testing data. Rather,
academic performance refers strictly to the results on the two quizzes students took after reading
the Shelley passages. These quizzes were designed, however, to address a variety of reading
aptitudes and strategies that students might display, a number of which are addressed in Table 6.

Table 6 offers both descriptive data for major variables related to reading comprehension
(also included in Appendix A) and also t scores for the difference in means between student
performance based on those variables and the performance of all students. The table includes
three models: one for the print readers only, one for the digital readers only, and one for all
students (both media types combined). The number of students who fit the description provided
by each variable is provided in part because for some variables, the sample size is quite small
and may therefore offer some limitations in the findings.

The first half of Table 6 gauges the difference in means based on dependent variables in
the study. Practically none of the variables tested here proved to be significant in affecting
reading comprehension scores—gender, school, history with laptop usage, and a high comfort
level with technology included. It should be noted that among the dependent variables included
on this chart, attitudes toward reading and comfort level with technology may stand out as
attributes over which students have no or little control, unlike gender. Nonetheless, because
student scores on these variables were determined using student pre-test responses to questions
on a pre-designed scale (see Table 1), these characteristics are here treated as attributes that
students carried with them into the testing that could not reasonably be expected to change
between the start of testing and the end of the study.

Ultimately, only two of these characteristics affected scores at a statistically significant
level. First, students who identified themselves as possessing a positive attitude toward reading
(asmall group at 24 students, or around 18% of the total population) scored higher. Especially
significant here is the print group, whose attitude is significant at the level of p < .01, as is the
attitude of the combined groups, while the digital group’s positive attitude is significant at the
level of p <.05. Given earlier findings from the study referenced earlier, this finding is not

particularly surprising; students who like to read appear to have scored higher on the quizzes.
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Worthy of note here, however, are two aspects of the finding. First, while the statistical
significance for the print group is higher than for the digital group, both results are statistically
significant at conventionally recognized levels. In other words, a positive attitude toward
reading affects scores of all readers, regardless of the type of media read. Secondly, a negative
attitude toward reading appears to have no measurable effect on scores—students with a positive
attitude score high when compared to all students, but students with a negative attitude cover a
broad spectrum of performance.

A perplexing finding is that possession of a high comfort level with technology showed
no effects on performance, but a low comfort level did affect scores (Table 6). Moreover, for
students in the print group, a low level of comfort with technology is significant at the level of p
< .01, while for the digital reading group a low comfort level with technology is not significant
by conventional measures at all. Without further study, it may be fruitless to speculate about this
finding, which seems to run contrary to all expectations (surely one would expect students with a
low comfort level with technology to do worse on the digital reading task, not the print task).
Nonetheless, this finding reinforces other findings from the study that suggest student self-
perception is not the most important factor in determining reading performance—though a
positive attitude about reading may affect performance, precious few other attitudes, including
the attitude toward technology, seem to prove reliable indicators of student performance on
reading comprehension.

The search for reliable indicators may find its most secure footing, however, in the
second half of Table 6, where t scores of reading comprehension aptitudes are compared to
overall performance of the entire group. Here, on four major aspects of reading
comprehension—vocabulary recognition and use, the ability to make inferences, the application
of prior knowledge, and the ability to summarize and synthesize information—every variable in
every model save one proved significant at the p <.10 level, at least, with most registering at the
level of p <.05 or p < .01.

To better understand these effects, the results displayed in the latter half of Table 6 may
be considered in three parts made up of two variables each. The first are the variables for the
ability to make inferences and the ability to summarize and synthesize information. A “strong”
display of these skills here indicates that students answered at least 3 out of every 4 questions in

this area correctly. These variables stand out for two reasons: first, because the level of
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corresponding significance between the mean scores in these areas and of all students share the
most compelling levels of significance of all data in this part of the study, and second, because
neither of these variables could be manipulated by student use of external resources during the
quiz or reading itself. Making inferences and synthesizing require students to employ critical
thinking skills, reading expertise, and savvy, not search engines or dictionaries. For this reason,
these aptitudes may be taken to reflect actual student ability, not the tools students possessed in
class.

A second set of variables to consider as a pair are those for vocabulary use and activation
of prior knowledge. While statistical significance levels suggest that strength on these variables
effects test score means, it should also be noted that questions corresponding to these skills could
be answered using either technology or other resources with the classroom. In particular,
numerous students used some resource to look up vocabulary words once they saw the words on
the quiz (as opposed to while reading). Some questions, such as one which required students to
identify the King of England at the time of Shelley’s composition, probably required either prior
knowledge beyond the typical scope of a tenth grade student or required knowledge gained
through Internet use—this explains, perhaps, the more significant relationship of this area to
means scores among digital readers, who also possessed access to the Internet.

Finally, the third pair of variables, the ability to monitor and self-regulate and the
proactive use of resources while reading, show no statistically significant link to overall
performance. As suggested earlier, it seems that strategies have less application to reading
comprehension of this sort than for proclivities of reading or elements of reading tasks therein.

The findings from this study must be taken within the context of several study
limitations. High school students in most independent schools feel degrees of pressure, be it
from parents, the school, themselves, or a combination therein. While we attempted to have a
low-stress environment by not counting the grades on the quizzes toward the students’ academic
average, there is always the possibility of cheating. Though students were monitored at all times
during the sessions, looking up information was allowed in this exercise, using either print or
digital media according to the random selection groupings. Similarly, the fact that the quizzes
did not count for grades may have also altered students’ efforts in this exercise. As a result,
though hard to measure, a level of apathy must be considered in analyzing the final results of the

reading quizzes.
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Time of year is an additional limitation. The month of May presents students who
experience greater fatigue, are preparing for end-of-year exams, are concluding interscholastic
athletic seasons with district and state playoffs, and have just finished or are preparing for AP
exams—not to mention that most are looking forward to their summer vacation. Couple this
with the potential for the students to see the Shelley passage as boring or irrelevant, and
additional confounding variables are presented.

Chosen to be a balance of having relevance to the curricula at both schools and being
hard to find on the Internet (answers to questions, reading notes, etc.), The Shelley passages may
also have provided limitations. Due to the difficulty with narrative structure in fictional texts,
only one chapter from the book was used for reading selections. This takes the text out of
context from the rest of the story, which could confuse students or lack relevance. Thus, using a
shorter story in order to cover the whole text may have provided greater interest, more relevance,
and different results on the reading quizzes. In addition, a non-fiction text or poem could
produce different results in terms of comprehension and attitudes.

Finally, we acknowledge that the sample size, while acceptable, was relatively small,
particularly in analyzing some of the variables. While we are confident in the results, additional
testing should be done on greater numbers of students.

Conclusions

The study was designed to determine whether independent school sophomores would
perform better on reading comprehension tasks and assessments after reading a text in either
digital or print format. Ultimately, no appreciable difference could be distinguished between
student comprehension and the two types of text; the hypothesis that students would perform
better on the print task than the digital task was proven false. Neither simple test score results on
the responses to digital and print texts nor the results filtered through other variables, such as
attitudes and beliefs, demonstrate that students perform better after reading in one media versus
another.

What clearly does affect reading comprehension in both media, however, are four
component areas specific to comprehension and reading ability: vocabulary use, activation of
prior knowledge, the ability to make inferences, and the ability to summarize and synthesize.

The hypothesis that strength in these areas would improve scores on quizzes in either media was
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proven true; strength in these areas produces strong comprehension of texts whether those texts
are encountered on the screen or on the page.

On the other hand, reading strategies and specific methods of reading have little or no
effect on actual performance and comprehension on this type of reading task. The hypothesis
that student strategies such as note taking, tracking while reading, and self-monitoring would
affect performance on comprehension of either print or digital text was proven false. Where
strong reading aptitudes are therefore crucial to understanding of texts in any format, students’
self-selected strategies while reading cannot be shown to affect this type of reading
comprehension task for this population of students.

The study also took into account the importance of student self-perceptions on their
comprehension and laptop use. In addressing the question of whether reading aptitudes are more
valuable than reading attitudes, some interesting differences may be noted.

While the hypothesis that overall positive attitude toward reading can be shown to have
some positive effect on performance on reading comprehension tasks of this type proved true,
attitudes toward reading generally make little difference in determining how students will
perform in reading digital or print texts specifically. Reading attitudes also affect other reading
attitudes only sporadically, generally making it difficult to draw large-scale assumptions about
student performance from beliefs about their own reading habits.

Student beliefs and attitudes toward technology correlate more consistently with one
another. Again, these attitudes cannot be demonstrated to produce an effect on actual academic
performance and therefore the hypothesis that higher comfort levels or longer history with
technology would increase scores was proven false. However, the results do suggest that
positive attitudes toward laptop programs reinforce other positive attitudes toward those
programs.

This study offers possible implications for independent schools in general and for
teachers and their daily practice in particular. Study results do not recommend for or against the
use of laptops in schools. Study results with respect to reading comprehension suggest that the
tool used for comprehension is less important than the attitudes, self-perceptions, and aptitudes.
Like many other excellent tools used by teachers to engage students, stimulate thought, and
differentiate learning, laptops appear to also fall into that same category. We would also

advocate for additional research among additional independent schools with 1:1 laptop programs.
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This would allow a larger sample size, as well as an opportunity to test a different reading
passage. Schools with laptop programs and strong technology programs frequently make
decisions, however, about buying texts, assigning digital homework, and allowing students to
read online in class. The results of this study suggest that school administrators and teachers
should tread carefully in making assumptions about the comprehension abilities of students
based solely on the media through which a text is presented. This study can neither confirm nor
argue against the decision a school might make, for instance, to replace paper copies of entire
novels with online (and often free) versions of the text.

Further, setting up a similar study at different independent schools may point to strategies
certain English teachers use that are either deleterious or advantageous to students, based on the
students’ scores on reading comprehension quizzes. While specific reading strategies did not
appear to offer significant advantage to students on this particular reading task, that does not
mean that such strategies do not work well with other forms of text or in improving the
component areas of reading comprehension over time. It is entirely possible, for instance, that
tracking skills improve reading in general over a period of years, with longer or shorter texts
only, or with text that appears in a visually demanding format such as multiple columns.

Reading comprehension is a complex, multi-faceted task, as is technology use.

Practicing professionals should be aware that even as current research is completed regarding the
interaction between reading and laptops, students themselves are likely changing their habits,
attitudes, tools, and skills related to technology. While this study suggests that digital reading of
short passages may be a viable alternative to using print text for some independent school
classes, teachers and school officials should watch the relationship between reading and laptop

programs carefully in the coming years.



Enhancing Aptitudes Through 1:1 Laptop Programs 29

References

Adler, C. (2004). Seven strategies to teach students text comprehension. Reading Rockets:
Reading Comprehension & Language Arts Teaching Strategies for Kids. Retrieved April
18, 2010, from http://www.readingrockets.org/article
Carr, Eileen & Wixson, Karen K. Guidelines for evaluating vocabulary instruction.
(April 1986). Journal of Reading. pp. 588-595.
Coiro, J. (2003). Rethinking comprehension strategies to better prepare students for
critically evaluating content on the Internet. The NERA Journal, 39(2), 29-34.
http://us.mg2.mail.yahoo.com/dc/launch?.rand=0fh6oerrpmnnv - bib3up#bib3up
Dole, J.A., Duffy, G.G., Roehler, L.E., & Pearson, P.D. (1991). Moving from the old to the
new: Research on reading comprehension instruction. Review of Educational Research, 61,
239-264.
Dyson, M.C. & Kippling, G.J. (1998). The effects of line length and methods of

movement on patterns of reading from screen. Visible Language, 32, 150-181.



http://us.mg2.mail.yahoo.com/dc/launch?.rand=0fh6oerrpmnnv#bib3up#bib3up

Enhancing Aptitudes Through 1:1 Laptop Programs 30

Duke, N.K., & Pearson, P.D. (2002). Effective practices for developing reading
comprehension. In A.E. Farstrup & S.J. Samuels (Eds.), What research has to say about
reading instruction (3" ed., pp. 205-242). Newark, DE: International Reading
Association.

Duke, N. (2004). The case for informational text. Educational Leadership, 61(6), 40-

44,

Fitzgerald, M. et al (2002). Educational Media and Technology Yearbook: Volume 27.
Englewood, CO: Greenwood Publishing.

Fouts, J.T. & Stuen, C. (1997). Copernicus Project: Learning with laptops. Year 1
evaluation report. Seattle, WA: Seattle Pacific University. (ERIC Document
Reproduction Service No. ED 414 847)

Glenn, M. (2008). The future of higher education: how technology will shape learning. The
Economist Intelligence Unit. New York, NY: New Media Consortium.

Grimes, D. & Warschauer, M. (2005). Fullerton School District Laptop Program First Year
Evaluation Report - University of California, Irvine Department of Education. October
20, 2005.

Grimes, D., & Warschauer, M. (2008). Learning with laptops: A multimethod
case study. Journal of Educational Computing Research 38(3), 305-332.

Harris, W.J., & Smith, L. (2004). Laptop use by seventh grade students with
disabilities: Perceptions of special education teachers: Research report #2.

Orono, ME: Maine Education Policy Research Institute, University of Maine Office.

Henry, L.A. (2006). SEARCHing for an answer: The critical role of new literacies while
reading on the Internet. The Reading Teacher, 59, 614-27.

Hu, W. (2007). Seeing no progress, some schools drop laptops. The New York Times.
Retrieved April 17, 2010, from
http://www.nytimes.com/2007/05/04laptop.html

Irvin, J.L.; Lunstrum, J.P.; Lynch-Brown, C. & Shepard, M.F. (1996). Enhancing Social

Studies Through Literary Strategies. (p. 5). Washington D.C.: National Council for the
Social Studies.
Just, M.A., Carpenter, P.A. & Wooley, J.D. 1982. Paradigms and processes in reading

comprehension. Journal of Experimental Psychology: General, 3, 228- 238.


http://www.nytimes.com/2007/05/04laptop.html

Enhancing Aptitudes Through 1:1 Laptop Programs 31

Laflamme, J.G. (1997). “The Effect of Multiple Exposure Vocabulary Method and the
Target Reading/Writing Strategy on Test Scores.” Journal of Adolescent and Adult
Literacy, 40 (5). pp. 372-381.

Leu, D.J. etal. (2007). What is new about the new literacies of online reading
comprehension?. Secondary school literacy: what research reveals for classroom
practice (pp. 1-18). Urbana, IL : National Council Of Teachers Of English.

Moore, D.W. (n.d.). Reading comprehension strategies. Hampton-Brown Edge. Retrieved
April 18, 2010, from http://www.hbedge.net/profdev/guides

Nachmias, R., & Gilad, A. (2002). Needle in a hyperstack: Searching for information on
the World Wide Web. Journal of Research on Technology in Education, 34, 475-486.

Penuel, W.R. (2005). Research: What It Says About 1 to 1 Learning. Cupertino: CA: Apple
Computer, Inc. Available online at: http://www.ubigcomputing.org/Apple 1-to-

1 Research.pdf
RAND Reading Study Group. (2002). Reading for understanding: Toward an R&D

program in reading comprehension. Retrieved April 15, 2010 from

http://www.rand.org/multi/achievementforall/reading/readreport.html

Rockman, et Al (1998). Powerful tools for schooling: Second year study of the laptop program-
A Project for Anytime Anywhere Learning by Microsoft Corporation: Notebook for
Schools by Toshiba American Information System. Rockman, et Al, San Francisco, CA.

Schaumburg, H. (2001). Fostering girls' computer literacy through laptop
learning: Can mobile computers help to level out the gender difference. Paper presented
at the National Educational Computing Conference, Chicago, IL.

Schmar-Dobler, E. (2003). Reading on the Internet: The link between literacy and
technology. Reading Online, 17-23. Retrieved April 15, 2010 from
www.readingonline.org.

Slatin, J. (1991). Reading hypertext: Order and coherence in a new medium. In P,

Danley and G. Landow (Eds). Hypermedia and literary studies (pp. 153-170).
Cambridge, MA: MIT Press.

Silvernail, D.L. & Lane, D.M.M. (February 2004). The impact of Maine's one-to-one

laptop program on middle school teachers and students. Retrieved from

www.state.me.us/mlti/articles/research/MLTIPhaseOneEvaluationReport2004.pdf


http://www.ubiqcomputing.org/Apple_1-to-1_Research.pdf
http://www.ubiqcomputing.org/Apple_1-to-1_Research.pdf
http://www.rand.org/multi/achievementforall/reading/readreport.html

Enhancing Aptitudes Through 1:1 Laptop Programs 32

Vacca, R.T. (2002). “Making a Difference in Adolescents’ School Lives: Visible and
Invisible Aspects of Content Area Reading.” In A.E. Farstrup & S.J. Samuels (Eds.).
What Research Has To Say About Reading Instruction (3rd ed., pp. 184-204). Newark,
DE: International Reading Association.

Walker, L., Rockman, S., & Chessler, M. (2000). A more complex picture:

Laptop use and impact in the context of changing home and school access. The third in a
series of research studies on Microsoft’s Anytime Anywhere Learning Program. San
Francisco, CA: Rockman, et Al.

Warschauer, M. (2008). Laptops and Literacy: A Multi-Site Case Study Pedagogies: An
International Journal, 3, 52-67.

Windschitl, M. & Sahl, K. (2002). Tracing teachers' use of technology in a laptop computer
school: The interplay of teacher beliefs, social dynamics, and institutional culture.
American Educational Research Journal, 39 (1), 165-205.

Yang, S. (1997). Information seeking as problem solving using a qualitative approach to
uncover the novice learners’ information-seeking processes in a Perseus hypertext

system. Library and Information Science Research, 19, 71-92.



33

1 Laptop Programs

Enhancing Aptitudes Through 1

Juiad w1 511%31 2yl uaym asow duipeas Aolua | g
“Juud u s 1x91 3yl uaym Apaink asow pead |y
Jund Ul 51 K@) 3yl uaym
AOUY 1,U0D | UOIIBWIOUI 01 S33U3J381 dn yoo| 01 A2y 40w LWe | "
U Ul 51 1%33 9Y3 Uaym Mauy ,Uop | spiom dn joo| 01 Aj@y] aJ0w We |7
“Jund Ul S @1 3yl UIYM S310U DI0W BHEY | T

sa|gelEN PAPR U]

169" sixa) Julld Buippay apym Jonuop-fas 03 Agy

‘doyde| Aw Jo ynsad e se 491394 51 yJomoouyas Aw jo Alljenb ayy -5
‘dojde| Aw asn | uaym aaljanpodd alow We | “f
ie|noiued u) stuawud|sse
Buipeas yum |nyd|ay ag o1 Aep jooyas ayl Suunp doide) e Buisn puly | g
Hom|ooyas Yim nidiay ag o3 Aep jooyas ayi dunnp doyde) e uisn puiy |-z
*s1nsJnd o wapedle-uou o) |eaew (e18ip Suipeas Aolua | T
[Sa|gRUEA papRjau|
w0/ ABojouyda) yim pofwo)n

“ABp Yoea 3unsea|d 10) SINOL 2J0W J0 334y} pead |k
‘adessed Aa||ays ayl Buipeads patolua | "¢
“s1ed ou Fuuwiys 40 uiddiys ‘A|njased aBessed Ad||aUs 2U11U3 Yy peas | '
s1nsand alwapele-uou Joy [Buatew pajuud Buipeas folua | 1
sageLEA pAPN U]
0R9 Buippay pipmol apniiily aniisod

eyd|y s ,yoequol)

sIsAjouY Yl U pase) sajpas
T 319vL



34

‘pauiquwod sazzinb uoisuayaadwod Buipeas 0M1 3L U0 H7 J0 1IN0 SI3MSUE 102400 £ 0 UBILW Y] 2A0GE PAI0IS OYM SIUIPNIS ||8 U0 paseg—7
sieah oMl uelyy alow Joj |ooyas ul dojde| e pasn asey | g
|euEIp 51 1¥31 Ayl usYmM 2J0W puayaidwod | sy L
(BT 1P 51 1631 Y1 UIYM MOUY 1U0P | splom dn yoo) o1 Ay Jow we | g
1BWI0) BN 1P B U1 S| 1491 D11 UM SPI0M 311 MO||0) 01 |001 Jayloue Jo Jaduly Aw Jalulod asnow ayl asn Ajjensn g
wud Ul 10U 511481 Y1 Uaym AMO|S SJ0W pEI |
dojde| Al 350 | UBYM SSB|D Ul PI1IBIISIP WeE | 'E
doyde) AW asn | uaym aallonpodd alow we | °7
|jooyas Joy duipeas Aolua | T
‘Mmoo Aaains
1U2pn1s ayl WoJp sjuawalels |n4 (o) asuodsas anlledau e = saidesip Ajduoais,, 1o aaudesip, ‘|edinau, pue () asuodsal aanisod e = aa.8e Ajduolis, Jo  2aide,,
10 J9MSUE UEB 1EY] 05 PIBISaJ Jam sa|qelep "9a48e AjduoJis=5 pue aaJdes|p A|Fuolis=T aiaym 3|35 Julod § B U0 SUD15aNb 0] asuodsal 51UapNls Uo paseg—T

1 Laptop Programs

01 > d, SO > dyy T0° > d ypu
09g” aJualadxa soH 8
{uojydaniad-fias)

S9L LT spuayaidwod '/

80L° *«580° 6ER” Aipuoap sasp g

6LE 98¢" q96° ot w3y syIndy g

8y ww w0007 055 T8¢ €T Amojs spoay

88¢° v09” SE” EEC S6E 885" Pa1nIIsIp s g

ELS #2000 vLL 189" T S’ sl ananposd s) g

S96° LFE A= 15=18 ayE” S5 T4 #ELD” buippas shofug 'T

asuapadxa (uondaliad-Jjas) Apuonap 1%3] Ajmoys pa13043s1p ananpousd t3s035 duwo) lsajgeuep
o spuayasduwo) 5351 sy204) spoay 5| s/ upap anoqy

Enhancing Aptitudes Through 1

(sanjo/ a1onbs 1)) s3uspnis j00Y3s Juapuadapuy 3ppio 0T f0 s1s1aPIDY) Buippay payiauap|-f|as uaamiaq uoLIDIa U]
£ 319vL



35

1 Laptop Programs

Enhancing Aptitudes Through 1

Jejnajued vl sjuawugisse Suipeas yum (njdiay ag o3 Aep jooyas ayy Juunp dolde) e Buisn puiy| s

yJoMm|ooys yim niday aq o1 Aep ayl Buunp doide) e Buisn pul | 'y

s1nsand JWwapedle-uou 104 |elalew |edip Suipeas Aofua | ¢

sunsind ajwapeae-uou Jo} (eluatew pajuud Suipeas Aofua |z

|o0yas Jof 213|dwod | Suipeas pasinbad ayr Aolua | T
SO (|0} ASAans
U2 pN1s 8yl WoJy sjualualels ||n4 *(0) asuodsal anjedau e = aaldesip Ajduoals, Jo  aaidesip,, ‘|edinau, pue () asuodsal aalysod e = aaJde Ajduoals, Jo 2aide,
10 JBMSUE UE 1BEY] 05 p3|EJsal 2Jam sajgelen "aa48e Ajduouls=g pue aaJdesip AjduoJis=T aiaym a|e3s 1ulod g e uo suoilsanb ol asuodsal S1U3pNls UD paseg—T

ELEIR= MR =R TV =RINTVE: (- [2A3] TO 1B JUBIYIUBIS S1 4,

##LEE yomjooyds sof doido) Jo ssaunfasn v

++5TE - £80- aunsoayd sof (03B Buipoas Jo juawdofuy ¢

S Al #wSCE ansoayd sof jud Buiponas fo juawdolug g

++VOE «0ET” 810 60 Jooy3s ul sjuawubisso Buipoas fo Juawdoluz T

syuawubisso Buipoas yum yo0mjooyas sof aunsoayd sof jpubip aunspayd sof quud lsajqeuep
dojdoy fo ssaufnfasn dojdoy fo ssaunfasn Buipoas fo Juawiolug Buippas fo juawdoluz

(1ua121{{307 UOND|a1I07) 5,U051034) BUIPDaY PIDMO] 5[a1jag PUD S3PNYIY 012130 UIIMIIG SUOIINIAII0T)
£ 3719%L



36

1 Laptop Programs

Enhancing Aptitudes Through 1

dolde| Aw JO1|NsSaJ B SE SSE|D Ul PA1JEJISIP WE |/

doide| Al Jo 1 nsad e e Jal1aq 51 yJom|0ouyas Aw jo Aljenb ay) -9

doide| Aw asn | uaym anlonpodd aJow We | °g

dolde| Aw 35N | UBYM |00YIS5 Ul PAA|OAUL S0 WE | f

sdojde| JNo 350 am UIYM J12113G HI0M|00LYDIS PUBSIapUn | ¢

sdoide| Jno asn 01188 am 23uls Bunisadalu] SJ0W 51 HIOM|DOLYIS 7

doide| Aw asn 10U Jayled pinom | T
imo||o) Aanans
1U2PN1S 3yl Wodg stuawalels ||ng “(p) asuodsas aanedau e = aaudesip Ajfuoais, Jo 2aJ8esip,, |eanau, pue (1) asuodsas aniysod e = aaJde Ajduouls, Jo 2aude,
10 JAMSUE UB 1BYL 05 Pa|BIsa) 2am sajgerep “aaJ8e AjBuoJsis=g pue aaidesip AjBuolis=T aiaym ajeas 1uod § e uo suojisanb o1 asuodsal 51Uapnis uo paseg—rI

|2A3] 0" 18 JUEIIHIUEIS 51 [PA2] TO 1B JUEIYIUBIS S

880° SSO(I W) PA0ISIa L

«90¢" So0” 4331aq s ysom fo Ajyonp g
91T” 00T~ EEF jooyas ur anianposd 300 5

9LT TLT- el «98F° JOOYIS Ul PAnjOAUl 310 't

85T SPT - +E8F +L PG +SES 13133 00YIS PUDISIAPUT "€

STT 860° L TE +0EE +055" *97S Bugsasaqur asow 5| JJOMIooyIs g

Totr- 091~ +81¢- +S8T- +887- [AN TA dojdof asn jou 4340y [

24095 SS0§3 L) 123134 5 123139 s 123139 8§ 42112 51 BuiIsalajuy aJow lsa|geLEp

zinp jo10y Aupgia04sig Awjonp U0IINPOoIL wawanjonyy  Buipuolsiapun S yJ0mMjooyas

f1uaiaiffacy uonpjaliod s,.U0siDa4) abosr) dojdn] DUOSIad piDMO] Sfallag puo sapniiiy |o4auag Uaamiag suoiin(aiiol
¥ 319vL



37

1 Laptop Programs

Enhancing Aptitudes Through 1

wx(0V°T) (19L) wrwlELT)

7€ 80F OFTI 5T  OT'tv L¥TT LT ¥6'E LYOT ABojouyaa | Y 19037 340 Jwo Mo yaim sJUapms
(£o1) (stt) (ez'1)

08 /8E T6ET OF G6LE E9ET OF L6€ 0TV ABojouyra) yum janay jiofwod ybiy yiim sauapnis
(reT) (ovr) (£51)

80T 88'E% 7971 05 78E TOET 85 t6'E TETIT buippay piomoy apnuny anpbap yum sjuapnis
#4:(06°E) ++(€5°2) #x£(8C€)

¥Z  S6C 6991 1 b7 €€91 1 6L'E STLT Buippay p1omo) apmiiy aniisod Yim sjuapns
(612) (L11) (ore)

vL TP BTET GE SOt OFET 6 Ob'b ETET 2Iualiadx3 dojdny sinaj OM[ < Y1M SJUapnis
(z0Z’) (£L17) (€617)

Iy 0Tt 9¥ET 1T 9Lt TYET 0T 5% O0SET 2Iu2adx3 dojdo] siDaq oM] = 40 > YIim sJuapnis
(o6Z’) (FeT) (Fee)

‘85 9¢'v 0SET LT L0P TTET 1€ 6LV PRET S5/4D
(zot’) (6zT) (svg)

'S5 98'f SOET 8T tLE 0SED LT B6E 65T shog
(6657) (60€7) (9s57)

65 9L°€ €671 97  6bv POET 6 0S¥ TBTI jooyas ao1B3jj0) auuosnoy
{ort) (89s) (ge0)

18 Sttt (LSET OF LEE SBEI v Tt 6CEl [00Y25 uouund
{oo07) (gog’) (svE)

GET  SO'v TEET 99 € €SEl 69 STF OTET siuapnis Iy

sajgenen Juspuadag

u as w u as W u as W

sanoJg paulquio)

anolg duipeay |eydig

anolg duipeay ulld

(pauig o siuapnis || sA supaw Uy 3sualaffip) sasayluaiod i sa1035 1 Yy
(zinp wolsuayasdwo) Buppay uo1isany gz U0 aJupwliofiad uo pasog) Apnis ayl w sajgoupA fo 5211511015 anlduasag

9 31dvL



38

1 Laptop Programs

Enhancing Aptitudes Through 1

Jaydy 4o 955/ = Su0i3sanb Uo SIAMSUE 131100 J0) UBaW — 7 1apuad AJauapl-§|as 10U pIp SIUBPNIS BT — T

O >d 4 S0 >dyy T0 > dyps
(zr 1) (st1) (6€07)
12 1% vTET £€1  0S°E €911 8 055 SCET Buippay ajiym saanosay fo asn anjanold
(1£9) (8ve’) {9vs’)
81 96€ S6EIT L 95F 98€l IT  9.€ 0071 2ipjnBay-f1as pup JojuoiA 03 ANy
+++(26°G) +++(66°E) #+4(59°0)
1S 8¢ ¢691 vZ LT SL9T LT Sve LOLT o owIofu) az1say1uds pup azupwwing o3 AJqy
«69°T) +(88°1) (5957)
vr TET TSP 87  95°Ff 98I 9T V'S PEET Zabpajmouy Jolid fo uooaoy
+#+(55°5) +#+(VSE) +++(SY'Y)
87 967 BLLT 71 pEE 8541 91 w7 6Ll tsasuadaful ayojy 03 Augy
«xx(96°2) «81°7) «+6E°T)
08 19t peTl Ir OFE €8¥I 65 S8E SOSIT tuonoayddy Aongoaoa
0 asn Juosis—sajqelien uapuadapu)
u as W u as W u as W

sdnoJo pauiquioy

dnoJo Juipeay [ENEI0

dnoJg guipeay ulig

(s1uapnis o s supaw u) ajuadaffip) sa103s 1 yium

(zinD uoisuayaddwo) Bupnay uoisany g Uo aaupwliofiad vo pasog) Apnis ayl w sajqoupa Jo s1353015 andiuasag

panuiued g 31gv1



Enhancing Aptitudes Through 1:1 Laptop Programs

FIGURE 1: School Attendance and Performance
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FIGURE 2: Gender and Performance
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FIGURE 3: Differences in Means on Reading Comprehension Components
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Differences in the Mean of the Subscores on the Reading Comprehensive
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FIGURE 4: Self-monitoring
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FIGURE 5: Self-monitoring by media type
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FIGURE 6: Comfort with Technology
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FIGURE 7: Reading Comfort and Total Quiz Score
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APPENDIX B: Question Map
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APPENDIX C: Aspects of the Research Question and Corresponding Survey ltems

Research Question

Survey Questions

Reading Comprehension:
Do students activate prior knowledge, make inferences,
acquire vocabulary, and summarize and synthesize more

when reading in print than online?

Reading Comprehension

Quizzes 1 and 2 (all questions)

Reading Comprehension:
Do students monitor and self-regulate their own reading

more when reading in print than online?

Post-survey questions (Question 4,

all components)

To what extent do history, comfort, and enjoyment of
technology or reading effect reading comprehension when

reading in print or online?

History (pre-survey 2, 3, 12, 14),
Comfort (pre-survey 7, 11, 12, 13,
14, 15),

Enjoyment (pre-survey 3-6, post-
survey 15)
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