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Reading Across Mediums: Effects of Reading Digital and Print Texts
on Comprehension and Calibration

Lauren M. Singer and Patricia A. Alexander

University of Maryland, College Park, MD, USA

ABSTRACT
This study explored differences that might exist in comprehension when
students read digital and print texts. Ninety undergraduates read both digital
and print versions of newspaper articles and book excerpts on topics of
childhood ailments. Prior to reading texts in counterbalanced order, topic
knowledge was assessed and students were asked to state medium
preferences. After reading, students were asked to judge under which
medium they comprehended best. Results demonstrated a clear preference
for digital texts, and students typically predicted better comprehension when
reading digitally. However, performance was not consistent with students’
preferences and outcome predictions. While there were no differences across
mediums when students identified the main idea of the text, students
recalled key points linked to the main idea and other relevant information
better when engaged with print. No differences in reading outcomes or
calibration were found for newspaper or book excerpts.
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Reading across mediums: Effects of reading digital and print

Texts on comprehension and calibration

THE NATURE OF LITERACY is rapidly changing as new technologies enter people’s lives and their
learning environments (Coiro, Knobel, Lankshear, & Leu, 2008; diSessa, 2000; Dresang & McClelland,
1999; Spiro, DeSchryver, Hagerman, Morsink, & Thompson, 2015; Tyner, 2014). In the last 10 years, a
variety of novel text forms (e.g., multimedia books and tweets) and mediums for presenting such texts
(e.g., iPad and Kindle) have emerged, which may present new possibilities and new challenges for read-
ers (Alexander & Fox, 2004); that is, features of digital literacy, such as the ability to read and acquire
information from graphic representations (i.e., photovisual literacy; Eshet-Alkalai, 2004) and the ability
to navigate in the nonlinear medium of digital space successfully (i.e., branching literacy; Eshet-Alkalai
& Chajut, 2010) may afford new opportunities for text-based learning. Concomitantly, such digital
texts may place unique demands on readers’ skillful and strategic processing not typically associated
with the processing of printed text (Afflerbach & Cho, 2009; Hartman, Morsink, & Zheng, 2010; Kings-
ley, 2011; Kuiper, 2007; Spires & Estes, 2002).

Whatever the processing affordances and demands, digital texts are inevitabilities in the lives of stu-
dents being educated in postindustrial societies (Gray, Thomas, & Lewis, 2010; Purcell, Heaps,
Buchanan, & Friedrich, 2013). For instance, Zickuhr, Rainie, Purcell, Madden, and Brenner (2012)
claimed that 43% of Americans and 48% of those between the ages of 18 and 29 read lengthy texts,
such as newspapers or books, digitally, and these percentages are expected to increase exponentially
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(Stephens, 2014). Further, many international and national assessments of students’ literacy are not
only being delivered digitally but are also including affordances that are more specific to digital media,
such as websites or links (Coiro, 2009; Coiro & Dobler, 2007; Leu, Coiro, Castek, Hartman, Henry, &
Reinking, 2008). Thus, the effects on students’ comprehension of these digital texts, vis-�a-vis print text,
demand systematic exploration. This study sought to more clearly articulate differences that might
exist in reading comprehension when mature readers access differing text types in digital and print
forms. In addition, we endeavored to explore the efficacy judgments that students make regarding their
text processing, as well as the degree to which these students are able to judge their comprehension
facility accurately across mediums (i.e., digital and print) and text types (i.e., newspapers and books).

The view of reading comprehension that frames this study conveys the nature of comprehension as
an active, constructive, meaning-making process (Goldman, 2015; Graesser, 2007; Kintsch & Kintsch,
2005; McNamara, 2012) in which the reader, the text, and the activity play a central role (Alexander &
Jetton, 2002; Pearson, 2001). Moreover, consistent with Kintsch’s (1988) construction-integration
model of comprehension, readers are expected to form connections between their own prior knowl-
edge and the ideas expressed in or inferred by the text per se. Within this theoretical framework, there
is also an acknowledgment that the medium and type of text could well translate into differences in
text processing and comprehension performance.

The challenges and possibilities of reading digital and print texts

Our goals of understanding the effects of reading digital and print texts on students’ comprehension
and calibration were informed by prior research in this domain of inquiry (e.g., Noyes, Garland, &
Robbins, 2004; Sutherland-Smith, 2002; Zambarbieri & Carniglia, 2012). Within this literature, differ-
ences across mediums have been found in terms of speed of processing, text recall, and reading com-
prehension (e.g., Kerr & Symons, 2006; Mangen, Walgermo, & Brønnick, 2013). For instance, in a
study involving 72 Grade 10 students in Norway who read text digitally or in print, Mangen et al.
(2013) found that students who read print versions scored significantly higher in reading comprehen-
sion than those who read digitally. Similarly, Kerr and Symons tested the recall of 60 Grade 5 students
in Canada who each read two passages, one digitally and one in print. What the resulting data indi-
cated was that participants recalled more from the print text than from the digital text. Further, a sur-
vey by Rideout, Foehr, and Roberts (2010) suggested that those who read in print reported that they
were less likely to multitask than when reading digitally.

Also of some concern, researchers have reported that even competent readers often treat texts as
authorless, decontextualized constructions (e.g., Fox, Dinsmore, & Alexander, 2007; Maggioni & Fox,
2009) and seemingly accept the veracity or truthfulness of whatever is encountered in text (Gross-
nickle, List, & Alexander, 2012). Such concerns may well be exacerbated by digital contexts in which
information can be particularly elusive and where inaccurate or misleading content seems unavoidable
and often unchallenged (Lankshear & Knobel, 2006). Consequently, more effort may be required to
unearth relevant source data or to seek corroborating or confirming evidence within the vast universe
of digital information (Braasch, Bra

�
ten, Strømsø, Anmarkrud, & Ferguson, 2013).

Moreover, researchers have reported that repeated or intensive engagement in digital multitasking
may contribute to a more superficial processing of the text (Levine, Waite, & Bowman, 2007; Ophir,
Nass, & Wagner, 2009; Wallis, 2010). For instance, Liu et al. (2009) reported that when working on a
digital device, readers switched activities every 3 to 10 minutes. Therefore, these researchers argued
that it seemed improbable for these readers to engage in deep thought when they are switching so often
during the text processing. Even in those instances when readers are not switching activities, they may
be more apt to scan digital texts than to read them deeply (Rowlands et al., 2008; Wallis, 2010). It is
also conceivable that the very wealth of information that resides in the digital universe, combined with
the increasing speed and ease of access, may overwhelm intentions to process such digital content criti-
cally or analytically (Ophir et al., 2009; Wallis, 2010).

Alongside these aforementioned differences in readers’ processing of digital texts, there are visual
ergonomic characteristics of digital media that must also be entered into the comprehension calculus.
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Specifically, visual legibility of digital texts, basic to word processing and comprehension, is influenced
by several factors, including text size, screen resolution, backlighting, and luminance contrast (Dillon
& Emurian, 1995; Lee, Ko, Shen, & Chao, 2011). And such factors can result in physical and perceptual
differences for digital versus print reading. For example, LCD computer screens, the most common
method of reading digitally, are found on most desktop, laptop, and handheld tablets such as an iPad.
Researchers have found that these screens might contribute to visual fatigue as a result of the lighting
source (e.g., Benedetto, Drai-Zerbib, Pedrotti, Tissier, & Baccino, 2013; Mangen et al., 2013). Further,
Garland and Noyes (2004) determined that other features of a LCD screen, such as its refresh rate, con-
trast levels, and fluctuating light, can interfere with text recall.

Yet another perceptual factor that might play into processing differences between digital and
printed text has to do with sequential versus continuous reading—that is, whether a reader must scroll
frequently between portions of text or whether reading progresses in a more uninterrupted fashion
(Proaps & Bliss, 2014). From the available research, there is evidence that frequent scrolling increases
the cognitive demands on readers and, thus, may negatively affect recall (W€astlund, 2007; W€astlund,
Reinikka, Norlander, & Archer, 2005). The inclusion of hyperlinked materials can also increase cogni-
tive demands when individuals are processing digital texts (DeStefano & LeFevre, 2007). Moreover,
print texts allows readers to see and feel the spatial extension and physical dimensions of the text, and
the material of the paper provides physical, tactile, and spatiotemporally fixed cues to the length of the
passage (Mangen, 2006, 2010; Sellen & Harper, 2002). In light of the potential for such scrolling or the
inclusion of hyperlinks to further complicate the processing of digital texts, we elected to control for
those factors in this investigation by ensuring that relevant text was fully available to readers without
scrolling and that no hyperlinked materials were incorporated. However, for practical reasons, the digi-
tal texts for this study were presented on LCD computer screens.

The visual ergonomic differences between digital and print texts notwithstanding, the story regard-
ing media is not one sided. In fact, potential benefits for digital reading have been empirically docu-
mented (e.g., Arsham, 2002; Coiro et al., 2008; Loucky, 2005; Reeves, 2004). For one, strong
preferences for digital texts among individuals of varying ages have been reported (Prensky, 2013;
Reinking et al., 1998; Rideout et al., 2010). Such preferences stand as an indicator of the motivational
benefits that might be accrued from reading digitally. In support of this contention, Zickuhr et al.
(2012) found that people who owned e-readers read on average twice as many books as those who read
only in print. When surveyed on why they preferred e-readers, participants reported that digital texts
provided speedier access and greater portability than print. The benefits of accessibility and portability
have been noted in other studies across ages and settings for reading (Creel, 2008; Stephens, 2010;
Waycott & Kukulska-Hulme, 2003). Rideout et al. (2010) further documented that the amount of time
young people ages eight to 18 spend reading printed texts has decreased about 5 minutes between 1999
and 2009, suggesting a trend toward even more digital reading in the years to come.

Beyond self-reported preferences for digital texts, there is evidence that today’s students perceive of
themselves as digital natives armed with the necessary skills to manage the demands of digital reading
(Palfrey & Glasser, 2013; Prensky, 2013). Such self-efficacy judgments would also seem to bode well for
students’ engagement with and learning from digital texts, and there is some evidence to support stu-
dents’ self-judgments (Farah & Maybury, 2009; Housand & Housand, 2012; Koh, 2013). As a case in
point, Kerr and Symons (2006) determined that students in their study were able to navigate digital
passages more efficiently than print versions. Further, Salmer�on and Garc�ıa, (2012) found that when
students read digital text that included hypertext, they were able to better integrate the material than
when reading the same material in print. Yet, there are others who question whether students’ judg-
ments as to their online learning capabilities are as well developed as the notion of digital native sug-
gests (Fried, 2008; Kolikant, 2010).

Yet, another reason for more positive views of reading digitally pertains to the transfer of reading
processes, skills, and strategies that has been reported not just between digital and print media (Acker-
man & Goldsmith, 2011; Norman & Furnes, 2016; Noyes & Garland, 2008; Reinking, 1988) but also
between students’ reading and listening comprehension (Kendeou, Bohn-Gettler, White, & van den
Broek, 2008; Kendeou, van den Broek, White, & Lynch, 2007). For example, studies have concluded
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that comprehension skills are similar across different communication mediums (e.g., in print or audio-
visually; Kendeou et al., 2008). Further, adults’ ability to comprehend written language correlates
highly with their ability to comprehend spoken language (Gernsbacher, Varner, & Faust, 1990). Thus,
there is some expectation that the reading and comprehension processes of the college readers in this
investigation might well carry forward across digital and print mediums, especially given their familiar-
ity with reading digitally for academic purposes.

Lingering issues

In light of the burgeoning presence of digital reading and the growing literature that explores the proc-
essing of digital texts in comparison to their print counterparts, there are significant questions that
merit systematic examination. While Ackerman and Goldsmith (2011) found differences in memory,
comprehension, and calibration across mediums when reading expository texts by similar-aged read-
ers, many relevant questions remain unanswered. Although their work examined calibration when
reading in digital and print forms, it failed to address a critical variable, text type. Further, Ackerman
and Goldsmith’s (2011) study used multiple-choice questions assessing memory and understanding of
the text as their measure of comprehension. Our study design assesses comprehension through three
levels of short-construction questions, eliminating an individual’s ability to guess or memorize on com-
prehension assessment. Further, we crafted a more advanced study design that accounts for individual
prior knowledge of the passage being read. Our design also deliberately controlled for scrolling, a navi-
gation issue commonly associated with digital reading, by limiting the passage length. Not only is
scrolling controlled for in our study, but the texts were presented as a reader would see them outside of
the controlled setting (i.e., a newspaper passage in the exact layout they would see it on a news website),
whereas Ackerman and Goldsmith’s (2011) digital passages were presented in a word document.

For one, it is not apparent whether students’ expressed preferences for digital or print text would vary
as a consequence of the type of material to be processed. For instance, there are some whomight contend
that college students, the focus of this investigation, would voice a preference for the reading of newspa-
pers versus book excerpts in print rather than digitally (DeWaal, Sch€onbach, & Lauf, 2005). But the pat-
tern in voiced preferences by text type largely remains an open question within the literature.

What is also unresolved within this expanding literature is whether students’ judgments as to their
comprehension abilities under digital and print conditions (i.e., their efficacy judgments) would hold
up when compared to actual comprehension performance. This contrast between predicted and actual
performance is what has been called calibration (Alexander, 2013; Fischhoff, Slavic, & Lichtenstein,
1977; Glenberg, Sanocki, Epstein, & Morris, 1987). Overall, the calibration of children and youth for a
range of academic tasks and subject-matter domains has often been found wanting (Chen & Zimmer-
man, 2007; Hacker, Bol, & Bahbahani, 2008; Pajares & Miller, 1997), suggesting that students are not
particularly astute in critically judging their learning or level of performance.

While acknowledging that the past decades of metacomprehension research have not painted the
most flattering picture of calibration among learners (Dunlosky & Lipko, 2007), including college stu-
dents (Winne & Jamieson-Noel, 2002; Winne, Jamieson-Noel, & Muis, 2002), there remains the possi-
bility that the students in the current investigation will be better attuned to their ability to comprehend
under differing mediums than has typically been reported. As with prior research (Ackerman & Gold-
smith, 2011; Butler, 1998; Graham & Harris, 1989; Lin, Moore, & Zabrucky, 2001), we considered cali-
bration in relation to undergraduates’ posttask predictions as to the medium (i.e., digital versus print)
in which they had performed best and then compared those predictions to their actual performance.
What was different in this instance was that the students had the opportunity to gauge their compre-
hension under both medium conditions with comparable reading content before rendering judgments.
Further, participants had the opportunity to respond to comprehension questions that varied in speci-
ficity (e.g., main idea versus key points). Thus, we wanted to ascertain whether these task features
would translate into better calibration for these mature readers.

Another area that merits exploration is the role the text type plays in comprehension and calibration
abilities. Research suggests that different preferences for digital or print text arise as a consequence of

158 L. M. SINGER AND P. A. ALEXANDER



the type of material processed (e.g., Creel, 2008; Waycott & Kukulska-Hulme, 2003). Further, the read-
ing framework report from the National Assessment of Educational Progress (National Assessment
Governing Board, 2013) indicates that reading behaviors, such as making sense of sentences and para-
graphs and recognizing and using features of text, can vary in relation to text type. As a result, NAEP
includes two broad categories of text type in its reading assessment: literary texts (such as book
excerpts) and informational texts (such as newspaper articles). In addition, newspapers have been spe-
cifically referenced in the literature with regard to medium preferences, with some indication that indi-
viduals prefer to read the newspaper in print as opposed to digitally (De Waal et al., 2005). Book
excerpts, similar to segments of textbook chapters, were thus selected as the alternative text type in this
study due to their growing presence in college classrooms (Jenkins, Kelley, Clinton, McWilliams, &
Pitts-Wiley, 2013; Schoenbach, Greenleaf, & Murphy, 2012).

The reading comprehension task used in this study had participants respond to three short-con-
struction questions immediately after reading a passage. We elected to assess comprehension using
short-construction questions in light of positive evidence regarding the merits of this format, such as
its broader applicability and the richer information garnered from generated versus selected response
formats like multiple-choice items (Pearson & Hamm, 2005). Further, short-construction questions
eliminate random guessing as a response option (Burton, 2001). In addition, well-known national
assessments such as the National Assessment for Education Progress (NAEP; National Center for Edu-
cation Statistics, 2013) and the Stanford Achievement Tests (SAT-9; Traxler, 2000), as well as a number
of statewide reading tests, have long used short-construction questions to delve deeper into students’
reading comprehension (Sarroub & Pearson, 1998). Thus, given the aforementioned factors, as well as
the short length of the passages and the college level reading abilities of participants in this study, we
elected to employ short-construction questions in the current study.

In the exploration of the aforementioned issues, we also wanted to probe more deeply into whether
differences in the accuracy of self-judgments would emerge when the nature of comprehension being
assessed varied. Specifically, there is some research to suggest that the speed of processing associated
with digital reading may have more bearing on the recall of details within text than on the identifica-
tion of the main idea (Ackerman & Goldsmith, 2011; Williams & Rowlands, 2007). This collection of
lingering issues, therefore, led to the following research questions that guided this investigation:

1. What espoused preferences for reading digitally and in print do undergraduate students voice
and do those preferences vary as a consequence of text type?

2. After accounting for topic knowledge, to what extent do undergraduate students’ judgments as
to their ability to comprehend digital and print texts correspond to their actual comprehension
performance?

3. Is there any association between stated preferences or calibration accuracy when undergraduates
are called upon to identify the main idea, key points, and other relevant information?

Method

Participants

Participants for this study were 90 undergraduate students enrolled in human development and educa-
tional psychology courses at a large mid-Atlantic university. The sample was 68.3% female with a
mean age of 19.28 (SD D 1.24) years. The sample was majority White (57.4%), with 14.9% self-report-
ing as Asian and 14.9% self-reporting as African American, and represented a wide variety of majors,
primarily in the social (44.7%) and natural (29.8%) sciences.

Our decision to focus on undergraduate students enrolled in human development and educational
psychology courses was based on several considerations related to the existing literature, the nature of
the task, and the texts being read. For one, a recent review of the literature pertaining to digital and
print reading indicated that over 75% of the identified studies involved undergraduate readers (Singer,
2014). Therefore, in order to compare outcomes of the current investigation to the extant literature, we
felt that undergraduate readers would serve our goals best. In addition, individuals of this age level
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would fit the profile of digital natives (Prensky, 2001). As a result, we expected this population to be
particularly opinionated about reading in the digital, as compared to print, medium.

Moreover, as we will discuss later, we chose texts that pertained to childhood ailments—topics that
we regarded as pertinent to college students enrolled in human development or educational psychology
courses. Finally, because of our intention to investigate varied text types, specifically book excerpts and
newspaper articles, we wanted participants who would have had sufficient exposure to these textual
forms.

Experimental texts

Eight experimental texts about childhood ailments were used in this study. This topic area was chosen
for several reasons. First, childhood health topics would presumably be of interest to the sample,
undergraduate students in a human development or educational psychology course, because the pas-
sages pertain to topics relevant to human learning and development. Further, the topic of childhood
ailments was germane to the participants’ coursework without being a topic that would specifically be
covered in those courses.

The four book excerpts were from Healing the New Childhood Epidemics: Autism, ADHD, Asthma,
and Allergies—The Groundbreaking Program for the 4-A Disorders (Bock & Stauth, 2008). The four
newspaper articles were from the New York Times and dealt with one of the same four childhood
health topics (i.e., ADHD, allergies, asthma, and autism). All texts were of similar length (approxi-
mately 450 words) and readability (approximately 8.5 grade level; Fry Readability: Fry, 1968). Prior to
administration, the eight passages were modified to ensure that the frequencies of key points and other
relevant information were held constant across texts. As a result, each passage centered around a clear
main idea, which did not appear explicitly in any of the passages and, thus, had to be inferred by the
reader. Further, each passage contained four key points, which were text-based idea units or phrases
linked directly to the main idea. Lastly, in addition to the key points, each passage contained five addi-
tional text-based idea units or phrases that could be recalled.

For the study, each participant read four texts in total: two texts from each medium (i.e., digital and
print) and two texts from each text type (i.e., book excerpt and newspaper) presented in counterbal-
anced order. For example, one participant read in the following order: digital book excerpt, print news-
paper, print book excerpt, and digital newspaper. The next participant read print newspaper, print
book excerpt, digital newspaper, then digital book excerpt to negate any possible order effects.

Measures

Students first completed a demographic survey and then four additional measures: an assessment of
topic knowledge, a medium-preference survey, a medium-usage questionnaire, and a comprehension
assessment.

Topic knowledge
To ascertain students’ familiarity with the topics of the reading tasks, students were asked to rate their
level of knowledge of the four topics covered in the readings (i.e., childhood ADHD, allergies, asthma,
and autism). These ratings were made on a 100 mm scale that ranged from 0 (no knowledge) to 100
(expert). For example, respondents were asked to “Rate your knowledge on the subject of childhood
ADHD.” If students marked their knowledge of childhood ADHD at the 25 mm line, they received a
score of 25 on the topic knowledge measure for childhood ADHD. The students repeated this three
more times for the three remaining topics (childhood allergies, asthma, and autism).

Medium preference
Upon completing the topic knowledge measure, students were asked to complete a medium preference
survey. This survey consisted of seven task situations for which students were asked to judge whether
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they preferred to complete each task using a digital or print text. For example, students encountered
the following situation:

You want to read the Sunday newspaper.
a. Prefer to read digitally
b. Prefer to read in print
c. No preference
Participants medium preference score was calculated by tallying the frequency at which they indi-

cated digital, print, or no preference for the seven task situations.

Medium usage
Upon completing the medium preference task, students were asked questions about how frequently
they had used digital and print mediums in the past academic year. For example, as seen in the follow-
ing situation, they were asked how frequently they used digital texts for college coursework:

In the past academic year, have you used digital textbooks for your course work?
a. Yes, for all of my courses
b. Yes, for some of my courses
c. No

Reading comprehension task and scoring
We were interested in examining the effects of medium (i.e., digital and printed) and text type (i.e.,
book excerpt and newspaper) on students’ comprehension. Prior to reading, participants were told
they would read a passage and be asked questions about the main idea, key points, and other relevant
information after reading and would not be able to access the text when responding. To assess their
comprehension, students responded to three short-construction questions immediately after reading
each of the texts that corresponded to the instructions detailed prior to reading. The questions were
presented in the same medium in which they just read. For example, after reading about childhood
allergies digitally, participants were asked to answer the following questions online:

1. Explain the main idea of the passage.
2. List the key points of the passage.
3. Jot down any other relevant information you may remember.
Scoring rules were determined a priori for the reading comprehension measure. The main idea and

the key points within each passage had been identified and verified by the first author and two indepen-
dent readers, along with the scoring criteria for each of the three question types. Specifically, the main
idea question was scored on a 0–2 scale for each passage read, for a maximum score of 8. A score of 0
was earned if the student wrote nothing or a main idea that was unrelated to the passage. To earn one
point, the response had to be text relevant but not fully comprehensive of the main idea. For example,
if the main idea were “childhood asthma can be treated by knowing the antecedent triggers of inflam-
mation,” a score of 1 would be awarded if the answer given were simply “asthma.” To earn 2 points,
students had to record a main idea that was text related, generally accurate, and fully comprehensive.

The two remaining questions pertaining to key points and other relevant information were scored
on a 0–1 scale. This scale was applied to each piece of recorded data. To earn a point, responses listed
had to be text based and accurate. For the “key points” question, responses were scored against the pre-
identified list, allowing participants to earn one point for each key point listed. No points were sub-
tracted for missing or incorrect key points listed. Thus, participants could earn up to four points per
passage for key points, with a possible maximum key-point score of 16 points for all four texts.

Mirroring the question regarding key points, the final question asking for other relevant informa-
tion was scored under the same guidelines using a preidentified list of statements taken directly from
the passage or paraphrased that were not listed in the main idea or key-points questions. For the other
relevant information questions, students could earn up to five points for each text. Again, no points
were subtracted for missing or incorrect relevant-information points listed. This scoring method
resulted in a maximum score of 20 points for the two digital and two print texts.
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To illustrate better the nature of the comprehension questions and their scoring, the modified book
excerpt dealing with childhood asthma, along with the scoring guide, appears in the Appendix.

To establish interrater agreement, the first author and a second rater scored all responses indepen-
dently and their scores were compared. Prior to this independent scoring, however, the first author
developed a set of training text materials and simulated responses that paralleled those read in the
actual study. Once the second rater displayed an understanding of the scoring criteria and was profi-
cient at scoring above a 95% level, the actual data set was introduced. Interrater agreement for the full
data set, scored independently, was 98.5%. Any disagreements were resolved through discussion.

Medium performance
As a means of assessing students’ calibration, we asked them to judge their performance under digital
and print mediums. Specifically, the students answered the following question:

In which medium do you believe you performed best?
a. Digital
b. Print
c. No difference

Procedure

The study was conducted outside of class in a designated area. Students completed the demographics
survey, followed by the topic knowledge measure, and the medium preference survey digitally. Then,
they moved on to the reading comprehension portion of the study. Students were given their first text
passage (i.e., book excerpt or newspaper) in either print or digital form and instructed that they would
be required to answer questions about the passage from memory. When they indicated they had com-
pleted the reading, students were presented with the reading comprehension task in the same format
(i.e., digital or print). They then answered the reading comprehension questions in the same format as
their reading. They were allowed to record their responses using bullet points or connected discourse
and were given unlimited time to complete the task.

The reading passage and reading comprehension measure procedure described was repeated three times
with variation as to medium in accordance with the condition to which the student was initially randomly
assigned (e.g., print book, digital newspaper, digital book, and print newspaper). After all four readings and
associated comprehension questions were completed, students responded to the question concerning in
whichmedium they performed best. The average time for task completion was approximately 80minutes.

Equipment

Participants completed the digital portions of the study using a 15" LCD monitor at a resolution of
1280 £ 1024 pixels. The computers were familiar to the subjects as they are the computers the students
use throughout the university on a daily basis, which was confirmed prior to administration. The texts
presented digitally were presented as PDF files, read using Adobe Reader for Windows. The print texts
were read from the paperback book, where the modified passage was inserted to appear authentic. The
designated passage was bookmarked and only relevant sections are visible to the reader.

Results and discussion

Topic knowledge

Our first step in this analysis was to examine the potential effects of topic knowledge on students’ com-
prehension performance. We did so by determining whether topic knowledge was significantly related
to students’ performance on the comprehension measure. Given that differences in topic knowledge
across ailments was found to be statistically nonsignificant (F(3,86) D 1.19, p D .09), topic scores were
collapsed to produce a single topic knowledge score, which comprised the four self-reported scores (0–
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100) for each childhood ailment to total a final overall topic knowledge score from 0 to 400 (see
Table 1).

The overall performance of this measure reinforced our expectation that students generally would not be
well versed in these topics of childhood ailments (M D 145.26, SDD 93.23), although some students did in
fact, display higher levels of topic knowledge than others (range 0–360). The distribution of scores was posi-
tively skewed (see Figure 1), showing that as expected the majority of participants were not very knowledge-
able about the selected topics. Topic knowledge was determined to not be significantly related to reading
comprehension scores, rD .13, p< .01. Therefore, no adjustment in the comprehension scores was required.

Medium preference

Next, we sought to address whether there would be a marked preference among the undergraduate stu-
dents in our study for the use of digital or print medium when engaged in various reading tasks. For all
seven situations, the majority of students preferred to read digitally. However, some situations resulted
in more students selecting print or reporting no preference than others. For example, the situation,
“You want to read a tabloid magazine while on vacation,” had the lowest percentage of students favor-
ing the digital medium (46.7%), while many chose read in print (37.8%) and others chose no prefer-
ence (15.6%). The situation that stated, “You are reviewing a reading on World War I for an upcoming
history exam,” ended up being the situation with the most support for reading digitally (73.3%), while
21.1% preferred print and only 5.6% of students reported that they had no preference.

The situation stating, “You are reading the news for the top stories,” resulted in 56.7% of the stu-
dents selecting to read digitally, while 25.6% chose the print medium, leaving 17.8% selecting no prefer-
ence. Interestingly, a second situation involving newspapers, “You want to read the Sunday
newspaper,” had students leaning much more strongly toward reading digitally. For this situation,
74.4% chose the digital medium, while only 21.1% chose print and 4.4% reported having no preference.

Examining the participants individually, 7.8% stated that they preferred to read in the digital
medium no matter the situation presented. Only one participant indicated that s/he preferred to read
in print no matter the situation. None of the students who participated responded that he or she had
no medium preference for all seven situations. This outcome is perhaps not surprising given that these
students have been described as “digital natives” (Prensky, 2001).

Medium usage

`In order to ascertain the students’ experiences with digital texts, four questions regarding medium
usage were asked. The first question queried: “Do you own a tablet or e-reader device?” For that

Figure 1. The bar graph displays the participants’ self-reported topic knowledge. This figure illustrates that students generally rate
their knowledge of various childhood ailments as rather low.
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question, 87.8% of the sample responded affirmatively. Next, participants responded to how frequently
they accessed digital texts. Not surprisingly, 95.6% of the sample accessed text digitally at least once a
day. When asked about the frequency with which they access printed texts, 81.1% reported reading in
print at least once a day. However, 24.4% of respondents selected “as little as possible” to this question.
Within the classroom, 64.4% of students were currently using a digital textbook for one or more
courses.

Comprehension across mediums

For the question dealing with the main idea, the majority of participants (60%) were able to identify the
main idea, at least in partial form, while another 35% provided fully accurate and comprehensive
restatements of the designated main ideas. The remaining 5% of respondents either produced an
unclear response or failed to respond at all to the question. These patterns did not vary whether the
texts were processed in print or digitally. In order to ascertain whether there were differences in com-
prehension by medium or text type, a 2 (medium) £ 2 (type) ANOVA was run, revealing that there
were no main effects for the main idea question for medium or for text type (F(1) D 2.99, p > .05).
The descriptive statistics for the three comprehension questions by medium are displayed in Table 2.

For the comprehension question pertaining to key points, a 2 (medium) £ 2 (text type) ANOVA
was run and analysis revealed an interaction between medium and type (F(1) D 8.96, p < .05,
h2 D :05), as well as a main effect for medium (F(1) D 44.94, p < .001, h2 D .06). However, there was
no main effect for text type, (F(1) D 1.36 p > .05). As indicated in Figure 2, performance on the key-
points question was higher for both text types when reading in the print medium, but the disparity in
scores between mediums was exacerbated when reading a book excerpt.

When it came to the final comprehension question pertaining to other relevant information, a 2
(medium) £ 2 (text type) ANOVA was run, revealing a main effect for medium (F(1) D 44.64,
p <.001, h2 D .09Þ: However, there was no main effect for text type on outcome and no significant
interaction (Fs(1) D 2.11, ps > .05). Unlike the key-points comprehension question, the difference in
performance across mediums was consistent, no matter the text type. Thus, when reading a book
excerpt or newspaper article, students were better at recalling “other relevant information” when read-
ing in the print versus the digital medium.

Table 2. Comprehension performance by question type and by medium.

Medium Question type Mean score SD Maximum score

Print
Main idea 2.64 .38 4
Key points 5.61 3.83 8
Other information 7.13 2.91 10

Digital
Main idea 2.56 .23 4
Key points 5.19 4.31 8
Other information 6.42 3.18 10

Note. Scores and maximums are combined scores from both passages read in each medium type.

Table 1. Self-Reported topic knowledge.

Topic Mean score SD Maximum score

Overall 145.26 93.23 400
ADHD 35.90 23.87 100
Allergies 36.80 24.37 100
Asthma 36.94 23.95 100
Autism 35.62 24.96 100
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Performance judgments and calibration

When asked to judge the medium in which they performed the best, the majority of participants (69%) chose
the digital medium. By comparison, 18% of participants judged the medium in which they performed the best
to be the print medium, while the remaining 13% felt that their performance was equivalent across the two
mediums. The descriptive data of predicted performance and demonstrated performance by medium type are
shown in Table 3. A chi-square test of independence was used to determine whether there was a difference in
observed and expected judgments of performance. In spite of their marked preference, we found thatmore stu-
dents than expected demonstrated stronger comprehension in the print medium than in the digital medium,
X2 (1, N D 90) D 6.60, p < .01. Such outcomes indicate that the students in this investigation were generally
poorly calibrated with regard to the medium under which they comprehend better. Far more students than
would be expected by chance presumed that they would be better at performing in digital medium but, in real-
ity, comprehended better in the printmedium.

Conclusions and implications

This study was motivated by the pervasiveness of digital media in the lives of young people. With tech-
nologies ever-increasing presence inside and out of the classroom, today’s learners are presented with
more options for reading than ever before (Stephens, 2014). Consequently, there has been an increase
of research in the area of reading in the digital medium (e.g., Hartman, Morsink, & Zheng, 2010; Jabr,
2013; Ponce & Mayer, 2014). Trends in the literature show that readers, especially those who classify
themselves as digital natives (Prensky, 2013), prefer reading in the digital medium perhaps due to the

Figure 2. The graph displays the interaction between medium and text type on comprehensions of key points. As the figure illus-
trates, when reading a book excerpt, the medium in which the excerpt was read (i.e., digital or print) had a significant impact on key-
point comprehension performance.

Table 3. Results of chi-square test of calibration performance by medium type.

D
em

on
st
ra
te
d

pe
rf
or
m
an
ce

Predicted performance

Digital f (%) Print f (%)

Digital f (%) 60(66.7%) 13(14.5%)

Print f (%) 9(10%) 8(8.8%)
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ease and accessibility the Internet affords (Singer, 2014). Further, those who read via the digital
medium may be reading more than their peers reading in the print medium (Zickuhr et al., 2012).
However, research specifically examining reading comprehension has produced mixed results in terms
of which medium is best for understanding the text (e.g., Arsham, 2002; Coiro et al., 2008; Loucky,
2005; Reeves, 2004). While some studies have found passages can be read more quickly in the digital
medium (Kerr & Symons, 2006), other studies have found greater gains in reading comprehension
when reading the passage in print form (Mangen et al., 2013).

Despite the digital medium’s apparent ubiquitousness and noted favorability among digital natives,
we cannot operate on the assumption that its prevalence or even stated preference alone results in
equal or better comprehension than what has been demonstrated for print text. It would be irresponsi-
ble to simply assume that those who perceive themselves as digital natives are in fact well equipped to
understand what was read in a digital environment. Despite the noted preference for digital texts
(Prensky, 2013; Reinking et al., 1998; Rideout et al., 2010), no matter the task and the benefits the
medium offers (e.g., portability and speed), the literature is not clear as to whether the affordances of
reading digitally translate into consistent positive learning outcomes for the reader (Singer, 2014). Fur-
ther, it remains unclear how well aware digital natives are of the affordances of or disadvantages pres-
ent within the digital medium.

This study sought to address the aforementioned questions and concerns regarding perceptions and
learning outcomes. While the current study confirms some of the findings in the literature regarding
students’ preference for digital texts (Coiro, 2009; diSessa, 2000), it extends prior research in several
additional ways. First, it allowed for within-subject examination of performance on equivalent reading
tasks across mediums and across text types. As such, it provided a more detailed picture of undergrad-
uates’ espoused medium preferences vis-�a-vis their comprehension performance—that is, their calibra-
tion. The outcomes call into question even mature and digitally experienced readers’ efficacy
judgments. Moreover, the current study revealed potential differences in comprehension across
mediums, even taking into account students’ self-reported knowledge of the reading topics, which has
yet to be explored. Further, the current study served to more effectively locate those differences (e.g.,
main ideas versus key points or other relevant information). From these data, therefore, we found that
medium mattered little for these undergraduates when only the big idea or gist was required. The pic-
ture became more complete when more specific information was requested. In light of the nature and
scope of reading digitally in students’ lives, including the increasing presence of digital textbooks
(Gray, Thomas, & Lewis, 2010), this particular finding merits further exploration.

A future study should address the role of feedback on calibration judgments. It remains to be seen
whether students would be willing or able to adjust their expectations and their performance if they
were made aware of the discrepancy between the stated preferences and demonstrated performance
for similar-aged populations. Feedback has been shown to have powerful effects on students’ learning
and performance (Hattie & Timperley, 2007), so perhaps feedback would result in more-selective use
of text mediums by students and more accurate metacognitive performance judgments. Additionally,
feedback has been shown to be extremely effective for this study’s population—undergraduate students
(Koriat, Ma’ayan, Sheffer, & Bjork, 2006). On the other hand, the wealth of digital texts and the ease
and speed of access may prove too seductive for students, even if comprehension and recall suffer to
some extent.

Another area for future inquiry pertains to the age of the reader. While this study deliberately
sought to examine digital natives, one must question whether the patterns found would remain true
across different ages. For example, what would we find with much younger readers who have grown
up with digital reading? What about an older adult who did not learn to read in the digital age, who
may have differing views of the digital medium and more-attuned judgments of performance when
reading in print?

Future work should also attend to the nature and specificity of the calibration task itself. Specifically,
the post hoc judgment of the learning task used in this study could be refined. As recommended by
Dunlosky, Rawson, and Middleton (2005), matching grain size between the task and judgments of
learning may produce a more aligned metacomprehension judgment for the learner. Further, given
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that metacomprehension research has almost exclusively focused on global judgments of learning, it
would prove informative to gauge readers’ judgments of learning for each comprehension question
type asked (Dunlosky et al., 2005). Future work should address calibration at each question type to see
if results are consistent with those reported herein.

There are several possible explanations for why students’ in the present study performed better in
the comprehension questions when reading in the print condition. For one, the differences could be
related to the navigational issues within the document. A navigational issue to consider is the nature in
which the mediums determine one’s access to the texts in their entirety. Research has suggested that
readers often recall where in a text a certain piece of information appeared (e.g., toward the bottom of
the page; Rothkopf, 1971; Zechmeister & McKillip, 1972). While the current study controlled for the
navigation issue commonly associated with digital reading (i.e., scrolling), research suggests there are
other factors associated with reading digitally that restrict users’ ability to mentally reconstruct what
was read (Cataldo & Oakhill, 2000), and so, the interaction found between medium and text type on
key-point comprehension warrants further examination. When reading book excerpts, students per-
formed significantly better in print than they did digitally.

Perhaps this outcome reflects the navigational cues that print affords or the inherent challenges with
reading digitally, such as refresh rate, contrast levels, and fluctuating light (Garland & Noyes, 2004). A
suggestion for future research could be to replicate the findings of our study and have the subjects read
longer texts that require scrolling and page turning, as it might be assumed that challenges pertaining
to navigation may increase with this added demand. Although research has shown that the digital
medium comes with perceptual processing challenges (Baccino, 2004), it is impossible to determine
from the data of the current study whether visual fatigue contributed to poorer reading-comprehension
performance in the digital medium. Hence, we cannot ascertain whether the visual ergonomics of the
computer screens had any impact on the students’ performance. In future studies, it would be particu-
larly interesting to employ digital measures, such as eye tracking, alongside think-alouds. Conducting a
comparable study with the addition of eye tracking data and think-alouds obtained as readers are
engaged with the text would allow for richer data about a participant’s processing for both print and
digital mediums and for corroborating evidence regarding their calibration judgments.

These limitations notwithstanding, this study has several implications for educators. For one, educa-
tors need to be sensitive to the affordances and disadvantages offered by digital and print reading. Stu-
dents cite the ease of access and range of materials at hand to be alluring benefits of the digital
medium. And, in fact, they may be correct. It seems that the affordances offered by the digital medium
may sometimes be worth the potential costs. Sadly, for some students today, simply reading for a gen-
eral understanding may suffice, rendering the potential benefits of reading in print moot. The question
becomes, are students willing to give up detailed understanding of the text read in order to have the
ease offered by digital texts?

Clearly, the answers to the question of whether it is best to read digitally or in print is neither simple
nor straightforward. Evidently, there is still much to be learned about the nature of reading and com-
prehending when the medium is digital or print, not solely in terms of the cognitive processing that
transpires, but also with regard to any motivational, sociocultural, or visual-motor factors that are
implicated. Yet, in light of the pervasiveness of multiple mediums in the lives of mature readers, these
complexities must be more richly examined and better articulated if the goal of enhancing student
learning and academic development is to be fostered.

References

Ackerman, R., & Goldsmith, M. (2011). Metacognitive regulation of text learning: On screen versus paper. Journal of
Experimental Psychology: Applied, 17(1), 18–32.

Afflerbach, P., & Cho, B. Y. (2009). Identifying and describing constructively responsive comprehension strategies in new
and traditional forms of reading. In S. Israel & G. Duffy (Eds.), Handbook of reading comprehension research (pp. 69–
90). Mahwah, NJ: Lawrence Erlbaum.

Alexander, P. A. (2013). Calibration: What is it and why it matters? An introduction to the special issue on calibrating
calibration. Learning & Instruction, 24, 1–3.

THE JOURNAL OF EXPERIMENTAL EDUCATION 167



Alexander, P. A., & Fox, E. (2004). Historical perspectives on reading research and practice. In R. B. Ruddell & N. Unrau
(Eds.), Theoretical models and processes of reading (5th ed., pp. 33–59). Newark, DE: International Reading
Association.

Alexander, P. A., & Jetton, T. L. (2002). Learning from text: A multidimensional and developmental perspective. In M. L.
Kamil, P. B. Mosentha, P. D. Pearson & R. Barr (Eds.), Handbook of reading research, 3, 285–310. Mawah, NJ: Law-
rence Erlbaum Associates.

Alexander, P. A., & Disciplined Reading and Learning Research Laboratory. (2012). Reading into the future: Competence
for the 21st century. Educational Psychologist, 47(4), 259–280.

Arsham, H. (2002). Impact of the Internet learning and teaching. USDLA Journal, 16(3), Retrieved from http://www.
usdla.org/html/journal/MAR02.Issue/article01.html

Baccino, T. (2004). La lecture �electronique. Presses universitaires de Grenoble.
Benedetto, S., Drai-Zerbib, V., Pedrotti, M., Tissier, G., & Baccino, T. (2013). E-readers and visual fatigue. PloS One,

8(12), e83676. doi:10.1371/journal.pone.0083676
Bock, K., & Stauth, C. (2008). Healing the New Childhood Epidemics: Autism, ADHD, Asthma, and Allergies: The Ground-

breaking Program for the 4-A Disorders. New York, NY: Ballantine Books.
Braasch, J. L., Bra

�
ten, I., Strømsø, H. I., Anmarkrud, ; ., & Ferguson, L. E. (2013). Promoting secondary school student’s

evaluation of source features of multiple documents. Contemporary Educational Psychology, 38(3), 180–195.
Burton, R. F. (2001). Quantifying the effects of chance in multiple choice and true/false tests: Question selection and

guessing of answers. Assessment & Evaluation in Higher Education, 26(1), 41–50.
Butler, D. K., (1998). Metacognition and learning disabilities. In B. Y. L. Wong (Ed.), Learning about learning disabilities

(2nd ed., pp. 227–307). New York: Academic Press.
Cataldo, M. G., & Oakhill, J. (2000). Why are poor comprehenders inefficient searchers? An investigation into the effects

of text. Journal of Educational Psychology, 92(4), 791–799.
Chen, P., & Zimmerman, B. (2007). A cross-national comparison study on the accuracy of self-efficacy beliefs of middle-

school mathematics students. Journal of Experimental Education, 75(3), 221–244.
Coiro, J. (2009). Rethinking online reading assessment. Educational Leadership, 66(6), 59–63.
Coiro, J., & Dobler, E. (2007). Exploring the comprehension strategies used by sixth-grade skilled readers as they search

for and locate information on the Internet. Reading Research Quarterly, 42, 214–257.
Coiro, J., Knobel, M., Lankshear, C., & Leu, D. J. (Eds.). (2008). Handbook of research in new literacies. Mahwah, NJ: Law-

rence Erlbaum.
Creel, S. (2008). Young teens on reading and ereading: A survey. Youth Voice Advocates, 31(3), 201–207.
DeStefano, D., & LeFevre, J. A. (2007). Cognitive load in hypertext reading: A review. Computers in Human Behavior, 23

(3), 1616–1641.
De Waal, E., Sch€onbach, K., & Lauf, E. (2005). Online newspapers: A substitute or complement for print newspapers and

other information channels? Communications, 30, 55–72.
Dillon, T. W., & Emurian, H. H. (1995). Reports of visual fatigue resulting from use of a video display unit. Computers in

Human Behavior, 11(1), 77–84.
DiSessa, A. A. (2000). Changing minds: Computers, learning, and literacy. Cambridge, MA: MIT Press.
Dresang, E. T., & McClelland, K. (1999). Radical change: Digital age literature and learning. Theory Into Practice, 38(3),

160–167.
Dunlosky, J., & Lipko, A. R. (2007). Metacomprehension: A brief history and how to improve its accuracy. Current Direc-

tions in Psychological Science, 16(4), 228–232.
Dunlosky, J., Rawson, K. A., & Middleton, E. L. (2005). What constrains the accuracy of metacomprehension judgments?

Testing the transfer-appropriate-monitoring and accessibility hypotheses. Journal of Memory and Language, 52(4),
551–565.

Eshet-Alkalai, Y. (2004). Digital literacy: A conceptual framework for survival skills in the digital era. Journal of Educa-
tional Multimedia and Hypermedia, 13(1), 93–106.

Eshet-Alkalai, Y., & Chajut, E. (2010). You can teach old dogs new tricks: The factors that affect changes over time in dig-
ital literacy. Journal of Information Technology Education: Research, 9(1), 173–181.

Farah, C. S., & Maybury, T. (2009). Implementing digital technology to enhance student learning of pathology. European
Journal of Dental Education, 13(3), 172–178.

Fischhoff, B., Slovic, P., & Lichtenstein, S. (1977). Knowing with certainty: The appropriateness of extreme confidence.
Journal of Experimental Psychology: Human Perception and Performance, 3(4), 552–564.

Fox, E., Dinsmore, D. L., & Alexander, P. A. (2007, April). Situation success at reading challenging texts: Exposing the
fragile understanding of college students. In P. Alexander (Chair), Fragile understanding: When good ideas go bad.
Symposium presented at the annual meeting of the American Educational Research Association, Chicago, IL.

Fried, C. B. (2008). In-class laptop use and its effects on student learning. Computers & Education, 50(3), 906–914.
Fry, E. (1968). A readability formula that saves time. Journal of reading, 11(7), 513–578.
Garland, K. J., & Noyes, J. M. (2004). Computer experience: A poor predictor of computer attitudes. Computers in

Human Behavior, 20(6), 823–840.
Gernsbacher, M. A., Varner, K. R., & Faust, M. E. (1990). Investigating differences in general comprehension skill. Journal

of Experimental Psychology: Learning, Memory, and Cognition, 16(3), 430–445.

168 L. M. SINGER AND P. A. ALEXANDER

http://www.usdla.org/html/journal/MAR02.Issue/article01.html
http://www.usdla.org/html/journal/MAR02.Issue/article01.html


Glenberg, A. M., Sanocki, T., Epstein, W., & Morris, C. (1987). Enhancing calibration of comprehension. Journal of
Experimental Psychology: General, 116(2), 119.

Goldman, S. R. (2015). Reading and the Web: Broadening the need for complex comprehension. In R. J. Spiro, M.
DeSchryver, P. Morsink, M. S. Hagerman, & P. Thompson (Eds.), Reading at a crossroads? Disjuncture and continui-
ties in current conceptions and practices (pp. 89–103). New York, NY: Routledge.

Graesser, A. C. (2007). An introduction to strategic reading comprehension. In D. S. McNamara (Ed.), Reading compre-
hension strategies: Theories, interventions, and technologies (pp. 3–26). New York, NY: Lawrence Erlbaum Associates.

Graham, S., & Harris, K. R. (1989). Improving learning disabled students’ skills at composing essays: Self-instructional
strategy training. Exceptional Children, 56, 201–214.

Gray, L., Thomas, N., & Lewis, L. (2010). Teachers’ use of educational technology in U. S. Public Schools: 2009. Washing-
ton, DC: National Center for Education Statistics, Institute of Education Sciences, U. S. Department of Education.

Hacker, D. J., Bol, L., & Bahbahani, K. (2008). Explaining calibration accuracy in classroom contexts: The effects of incen-
tives, reflection, and explanatory style.Metacognition & Learning, 3(2), 101–121.

Hartman, D. K., Morsink, P. M., & Zheng, J. (2010). From print to pixels: The evolution of cognitive conceptions of read-
ing comprehension. In E. A. Baker (Ed.), The new literacies: Multiple perspectives on research and practice (pp. 131–
164). New York: Guilford.

Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational Research, 77(1), 81–112.
Housand, B. C., & Housand, A. M. (2012). The role of technology in gifted students’ motivation. Psychology in the

Schools, 49(7), 706–715.
Jabr, F. (2013). Why the brain prefers paper. Scientific American, 309(5), 48–53.
Jenkins, H., Kelley, W., Clinton, K., McWilliams, J., & Pitts-Wiley, R. (Eds.). (2013). Reading in a participatory culture:

Remixing Moby-Dick in the English classroom. New York, NY: Teachers College Press.
Kendeou, P., Bohn-Gettler, C., White, M. J., & van den Broek, P. (2008). Children’s inference generation across different

media. Journal of Research in Reading, 31(3), 259–272.
Kendeou, P., van den Broek, P., White, M. J., & Lynch, J. (2007). Preschool and early elementary comprehension: Skill

development and strategy interventions. In D. S. McNamara (Ed.) Reading comprehension strategies: Theories, inter-
ventions, and technologies (pp. 27–45). Mahwah, NJ: Erlbaum.

Kerr, M. A., & Symons, S. E. (2006). Computerized presentation of text: Effects on children’s reading of informational
material. Reading and Writing, 19(1), 1–19.

Kingsley, T. (2011). Integrating new literacy instruction to support online reading comprehension: An examination of online
literacy performance in 5th grade classrooms (Unpublished doctoral dissertation). Ball State University, Muncie, IN.

Kintsch, W. (1988). The use of knowledge in discourse processing: A construction-integration model. Psychological
Review, 95, 163–182.

Kintsch, W., & Kintsch, E. (2005). Comprehension. In S. G. Paris & S. A. Stahl (Eds.), Children’s reading: Comprehension
and assessment (pp. 71–92). Mahwah, NJ: Lawrence Erlbaum.

Kolikant, Y. B. D. (2010). Digital natives, better learners? Students’ beliefs about how the Internet influenced their ability
to learn. Computers in Human Behavior, 26, 1384–1391.

Koh, K. (2013). Adolescents’ information-creating behavior embedded in digital media practice using scratch. Journal for
the American Society for Information Science and Technology, 64(9), 1826–1841.

Koriat, A., Ma’ayan, H., Sheffer, L., & Bjork, R. A. (2006). Exploring a mnemonic debiasing account of the underconfi-
dence-with-practice effect. Journal of Experimental Psychology: Learning, Memory, and Cognition, 32(3), 595–608.

Kuiper, E. (2007). Teaching Web literacy in primary education. Enschede, Netherlands: Imskamp. Retrieved from http://
dare.ubvu.vu.nl/bitstream/1871/10836/1/7522.pdf

Lankshear, C., & Knobel, M. (2006). Blogging as participation: The active sociality of a new literacy. Paper presented at
the American Educational Research Association (pp. 3–13), San Francisco, CA.

Lee, D.-S., Ko, Y.-H., Shen, I.-H., & Chao, C.-Y. (2011). Effect of light source, ambient illumination, character size and
interline spacing on visual performance and visual fatigue with electronic paper displays. Displays, 32(1), 1–7.

Leu, D. J., Jr., Coiro, J., Castek, J., Hartman, D. K., Henry, L. A., & Reinking, D. (2008). Research on instruction and
assessment in the new literacies of online reading comprehension. Comprehension Instruction: Research-Based Best
Practices, 2, 321–346.

Levine, L. E., Waite, B. M. & Bowman, L. L. (2007). Electronic media use, reading, and academic distractibility in college
youth. CyberPsychology & Behavior, 10(4), 560–566.

Lin, L. M., Moore, D., & Zabrucky, K. M. (2001). An assessment of students’ calibration of comprehension and perfor-
mance using multiple measures. Reading Psychology, 22(2), 111–128.

Liu, A., Aamodt, S., Wolf, M., Gelernter, D., & Mark, G. (2009, October 14). Does the brain like e-books? New York
Times, p. 17.

Loucky, J. P. (2005). Combining the benefits of electronic and online dictionaries with CALL web sites to produce effec-
tive and enjoyable vocabulary and language learning lessons. Computer Assisted Language Learning, 18(5), 389–416.

Maggioni, L., & Fox, E. (2009, April). Adolescents’ reading of multiple history texts: An interdisciplinary investigation of
historical thinking, intertextual reading, and domain-specific epistemic beliefs. Paper presented at the annual meeting
of the American Educational Research Association, San Diego, CA.

THE JOURNAL OF EXPERIMENTAL EDUCATION 169

http://dare.ubvu.vu.nl/bitstream/1871/10836/1/7522.pdf
http://dare.ubvu.vu.nl/bitstream/1871/10836/1/7522.pdf


Mangen, A. (2006). New narrative pleasures? A cognitive-phenomenological study of the experience of reading digital nar-
rative fictions. Trondheim: Faculty of Arts, Department of Art and Media Studies, Norwegian University of Science
and Technology.

Mangen, A. (2010). Point and click: Theoretical and phenomenological reflections on the digitization of early childhood
education. Contemporary Issues in Early Childhood, 11(4), 415–431.

Mangen, A., Walgermo, B. R., & Brønnick, K. (2013). Reading linear texts on paper versus computer screen: Effects on
reading comprehension. International Journal of Educational Research, 58, 61–68.

McNamara, D. S. (Ed.). (2012). Reading comprehension strategies: Theories, interventions, and technologies. New York,
NY: Psychology Press.

National Assessment Governing Board (2013). Reading framework for the 2013 National Assessment of Educational
Progress. Washington, D.C.: U.S. Government Printing Office.

National Center for Education Statistics. (2013). The Nation’s Report Card: A first look—2013 mathematics and reading
(NCES 2014-451). Washington, DC: National Center for Education Statistics, Institute of Education Sciences, U.S.
Department of Education.

Norman, E., & Furnes, B. (2016). The relationship between metacognitive experiences and learning: Is there a difference
between digital and non-digital study media? Computers in Human Behavior, 54, 301–309.

Noyes, J. M., & Garland, K. J. (2008). Computer-vs. paper-based tasks: Are they equivalent?. Ergonomics, 51(9), 1352–
1375.

Noyes, J., Garland, K., & Robbins, L. (2004). Paper-based versus computer-based assessment: Is workload another test
mode effect? British Journal of Educational Technology, 35(1), 111–113.

Ophir, E., Nass, C., & Wagner, A. D. (2009). Cognitive control in media multitaskers. Proceedings of the National Acad-
emy of Sciences, 106(37), 15583–15587.

Palfrey, J., & Gasser, U. (2013). Born digital: Understanding the first generation of digital natives. New York, NY: Basic Books.
Pajares, F., & Miller, M. D. (1997). Mathematics self-efficacy and mathematical problem solving: Implications of using

different forms of assessment. Journal of Experimental Education, 65(3), 213–228.
Pearson, P. D. (2001). Learning to teach reading: The status of the knowledge base. In C. Roller (Ed.), Learning to teach

reading: Setting the research agenda (pp. 4–19). Newark, DE: International Reading Association.
Pearson, P. D., & Hamm, D. N. (2005). The assessment of reading comprehension: A review of practices—past, present

and future. In S.G. Paris & S. A. Stahl (Eds.), Children’s reading comprehension and assessment (pp. 13–69). Mahwah,
NJ: Erlbaum.

Ponce, H. R., & Mayer, R. E. (2014). Qualitatively different cognitive processing during online reading primed by different
study activities. Computers in Human Behavior, 30, 121–130.

Prensky, M. (2013). Digital natives, digital immigrants. In K. Blair, R. M. Murphy, & J. Almjeld (Eds.), Cross currents:
Cultures, communities, technologies (pp. 45–51). Boston, MA: Wadsworths.

Prensky, M. (2001). Digital natives, digital immigrants. Part 1. On the Horizon, 9(5), 1–6.
Proaps, A. B., & Bliss, J. P. (2014). The effects of text presentation format on reading comprehension and video game per-

formance. Computers in Human Behavior, 36, 41–47.
Purcell, K., Heaps, A., Buchanan, J., & Friedrich, L. (2013). How teachers are using technology at home and in their class-

rooms. Washington, DC: Pew Research Center’s Internet & American Life Project.
Reeves, B. (2004). The benefits of interactive online characters. Palo Alto, CA: Center for the Study of Language and Infor-

mation, Stanford University.
Reinking, D. (1988). Computer-mediated text and comprehension differences: The role of reading time, reader prefer-

ence, and estimation of learning. Reading Research Quarterly, 484–498.
Reinking, D., & McKenna, M. C., Labbo, L. D., & Kieffer, R. F. (Eds.). (1998). Handbook of literacy and technology: Trans-

formations in a post-typographic world. Mahwah, NJ: Lawrence Erlbaum.
Rideout, V. J., Foehr, U. G., & Roberts, D. F. (2010). Generation M2: Media in the lives of 8- to 18-Year-Olds. Oakland,

CA: Henry J. Kaiser Family Foundation.
Rothkopf, E. Z. (1971). Incidental memory for location of information in text. Journal of Verbal Learning and Verbal

Behavior, 10(6), 608–613.
Rowlands, I., Nicholas, D., Williams, P., Huntington, P., Fieldhouse, M., Gunter, B. … & Tenopir, C. (2008). The Google

generation: The information behavior of the researcher of the future. Aslib Proceedings, 60(4), 290–310.
Salmer�on, L., & Garc�ıa, V. (2012). Children’s reading of printed text and hypertext with navigation overviews: The role of

comprehension, sustained attention, and visuo-spatial abilities. Journal of Educational Computing Research, 47(1),
33–50.

Sarroub, L., & Pearson, P. D. (1998). Two steps forward, three steps back: The stormy history of reading comprehension
assessment. The Clearing House, 72(2), 97–105.

Schoenbach, R., Greenleaf, C., & Murphy, L. (2012). Reading for understanding: How reading apprenticeship improves dis-
ciplinary learning in secondary and college classrooms. San Francisco, CA: Jossey-Bass.

Sellen, A. J., & Harper, R. H. R. (2002). The myth of the paperless office. Cambridge, MA: MIT Press.
Singer, L. M. (2014, December). Reading across mediums. Presentation at a meeting at the Educational Psychology Collo-

quium, Department of Human Development and Quantitative Methodology, College Park, MD.

170 L. M. SINGER AND P. A. ALEXANDER



Spires, H., & Estes, T. H. (2002). Reading in web-based learning environments. In C. C. Block & M. Pressley (Eds.), Com-
prehension instruction: Research-based best practices (pp. 115–125). New York, NY: Guilford.

Spiro, R. J., DeSchryver, M. S., Morsink, P. M., & Thompson, P. (2015). Reading at a crossroads? Disjunctures and conti-
nuities in current conceptions and practices. New York, NY: Routledge.

Stephens, M. (2014). Beyond news: The future of journalism. New York, NY: Columbia University Press.
Stephens, W. S. (2010). Books are more than files: teens skeptical about ereading. VOYA, 124–125.
Sutherland-Smith, W. (2002). Weaving the literacy Web: Changes in reading from page to screen. The Reading Teacher,

55(7), 662–669.
Traxler, C. B. (2000). Stanford Achievement Test: National norming and performance standards for deaf and hard-of-

hearing students. Journal of deaf studies and deaf education, 5(4), 337–348.
Tyner, K. (2014). Literacy in a digital world: Teaching and learning in the age of information. New York, NY: Routledge.
Wallis, C. (2010). The impacts of media multitasking on children’s learning and development: Report from a research semi-

nar. New York, NY: Joan Ganz Cooney Center at Sesame Workshop.
W€astlund, E. (2007). Experimental studies of human-computer interaction: Working memory and mental workload in

complex cognition. G€otebord, Sweden: Department of Psychology, Gotenburg University.
W€astlund, E., Reinikka, H., Norlander, T., & Archer, T. (2005). Effects of VDT and paper presentation on consumption

and production of information: Psychological and physiological factors. Computers in Human Behavior, 21, 377–394.
Waycott, J., & Kukulska-Hulme, A. (2003). Students’ experiences with PDAs for reading course materials. Personal and

Ubiquitous Computing, 7(1), 30–43.
Williams, P. & Rowlands, I. (2007). Information behaviour of the researcher of the future. Work package II: The literature

on young people and their information behaviour. CIBER, UCL, London. Joint Information Systems Committee
(JISC). Retrieved from www.ucl.ac.uk/slais/research/ciber/downloads/GG%20Work%20Package%20II.pdf

Winne, P. H., & Jamieson-Noel, D. (2002). Exploring student’s calibration of self reports about study tactics and achieve-
ment. Contemporary Educational Psychology, 27(4), 551–572.

Winne, P. H., & Jamieson-Noel, D., & Muis, K. (2002). Methodological issues and advances in researching tactics, strate-
gies, and self-regulated learning. Advances in Motivation and Achievement: New Directions in Measures and Methods,
12, 121–155.

Zambarbieri, D., & Carniglia, E. (2012). Eye movement analysis of reading from computer displays, ereaders and printer
books. Ophthalmic and Physiological Optics, 32(5), 390–396.

Zechmeister, E. B., & McKillip, J. (1972). Recall of place on the page. Journal of Educational Psychology, 63(5), 446–453.
Zickuhr, K., Rainie, L., Purcell, K., Madden, M., & Brenner, J. (2012). Younger American’s reading and library habits.

Washington, DC: Pew Research Center.

THE JOURNAL OF EXPERIMENTAL EDUCATION 171

http://www.ucl.ac.uk/slais/research/ciber/downloads/GG%20Work%20Package%20II.pdf


Appendix

Excerpt from childhood asthma

Healing the New Childhood Epidemics: Autism, ADHD, Asthma, and Allergies—The Groundbreaking
Program for the 4-A Disorders (Bock & Stauth, 2008).

Determining the root cause of asthma was not an easy feat. However, other practitioners continued
to dig even more deeply into asthma’s root causes. Some of us who were treating asthma almost every
day came to believe that there was an even more basic root cause than that of the classic asthma trig-
gers. This more fundamental root cause appeared to be whatever was causing the inflammation.

In the last decade, the medical mainstream began to agree that whatever was causing the inflamma-
tion was also the root cause of asthma. Prior to this, the medical field could not come to a conclusion
regarding what caused asthma. Once it was agreed upon that whatever was causing the inflammation
was also the root cause of asthma, it could be treated better. As a result of this discovery, doctors added
a new treatment. In addition to the existing treatment of dilating bronchial tubes, doctors began also
putting patients on continuing courses of daily drugs to help prevent asthma episodes from being trig-
gered. Steroids are traditionally used to dilate the bronchial tubes, which treat and help to reduce
inflammation in a patient.

Even this approach, however, fails to reach the real root cause of asthma. The root cause of asthma
is: the original source of the inflammation.

Therefore, to defeat asthma we must dig all the way to the sources of inflammation. This can be
hard to do because one must figure out what is causing the inflammation to begin with. It’s much easier
to just give patients steroids to decrease their inflammation. One confusing factor in the quest to elimi-
nate the original sources of inflammation is that these sources can also be the direct triggers of asthma.
Fungus, for example, can cause infectious inflammation, and then later fungus can act as the direct irri-
tant that triggers an asthma episode. When this happens, patients sometimes remove themselves from
the mold that triggered the episode, but they still might have a low-grade fungal infection simmering
away

Scoring guide

Main idea
Childhood asthma can be treated by knowing the antecedent triggers of inflammation.

Key Points

& It wasn’t until the last decade that doctors discovered what causes asthma.
& The root cause of asthma is the original source of the inflammation.
& There are two standard approaches to treating asthma.
& It can be confusing to treat because you need to discover what is triggering it.

Other relevant information
& Fungus can be a trigger of inflammation.
& Steroids can be used to treat inflammation.
& It can be hard to figure out what the triggers are.
& Doctors can dilate bronchial tubes to help with asthma.
& Drugs can be given to use daily before an asthma episode arises.
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