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ABSTRACT

THE EFFECTS OF RESPONSIVE WEBSITE DESIGN AND SCREEN SIZE
OF TABLETS ON UNIVERSITY STUDENTS’ READING
COMPREHENSION, COGNITIVE LOAD, AND PREFERENCE OF
READING ON TABLETS

Aytekin, Merve
Master of Science, Computer Education and Instructional Technology
Supervisor: Prof. Dr. Soner Yıldırım
Co-Supervisor: Assist. Prof. Dr. Sacip Toker

February 2019, 89 pages

It is known that instructional design principles are used for providing better learning
in multimedia environments. E-reading can be thought as a part of multimedia learning
and it has become more popular in society with the help of digital technologies.
Nowadays, people mostly use handheld devices like tablets for reading and each of
them has their own screen resolution. Thereof, online web content should provide
ideal viewing for each screen size to support easy reading which is called responsive
website design (RWD). Therefore, the purpose of this study is to investigate the effects
of RWD and screen size on reading-comprehension, cognitive load, and preference of
reading on tablets. For this purpose, matched between-participants after-only true
experimental design was conducted. The input variables for used matching are gender
and working memory. In the implementation, different website designs
(responsive/non-responsive) and different screen sizes (small/large) are used as
independent variables. The dependent variables are reading-comprehension,
preference of reading on tablets and cognitive load of students. Quantitative data were
collected; and descriptive analysis and MANOVA were used to analyze the data.
According to the results of the analysis, none of the independent variables yielded
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significant results based on the results of the multivariate test. However, betweensubject analysis shows that website design has a significant effect on the preference
of reading on tablets, and there is a marginal interaction effect of website design and
screen size on cognitive load.

Keywords: Responsive Website Design, Screen Size, Reading Comprehension,
Cognitive Load, Preference of Reading on Tablets
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ÖZ

DUYARLI WEB SİTESİ TASARIMININ VE TABLETLERİN EKRAN
BOYUTUNUN ÜNİVERSİTE ÖĞRENCİLERİNİN TABLETLERDE
OKUDUĞUNU ANLAMA, BİLİŞSEL YÜKLENME VE OKUMA TERCİHİ
ÜZERİNDEKİ ETKİLERİ

Aytekin, Merve
Yüksek Lisans, Bilgisayar ve Öğretim Teknolojileri Eğitimi
Tez Danışmanı: Prof. Dr. Soner Yıldırım
Ortak Tez Danışmanı: Dr. Öğr. Üyesi Sacip Toker
Şubat 2019, 89 sayfa

Multimedya ortamlarında daha iyi bir öğrenme sağlamak için öğretim tasarım
ilkelerinin kullanıldığı bilinmektedir. E-okuma multimedya öğrenmenin bir parçası
olarak düşünülebilir ve dijital teknolojiler sayesinde toplumda daha popüler hale gelir.
Günümüzde insanlar dijital medyadaki okumaların çoğunu tabletler gibi elde tutulan
cihazlarla yapıyorlar ve her birinin kendi ekran çözünürlüğü, yönü ve düzeni var. Bu
nedenle, çevrimiçi web içeriği, duyarlı web tasarımı olarak adlandırılan ‘kolay
okumayı desteklemek için her ekran boyutu için ideal görüntüleme’ sağlamalıdır. Bu
nedenle, bu çalışmanın amacı, duyarlı web tasarımının tabletlerde okuduğunu anlama,
bilişsel yük ve tabletlerde okuma yapma tercihi üzerindeki etkisini araştırmaktır.
Ayrıca tabletlerin ekran boyutunun bu bağımlı değişkenler üzerinde etkisi olup
olmadığı da incelenmiştir. Bu amaçla, eşleştirilmiş çiftlerle yansız atama yapılarak
gerçek deneysel çalışma yapılmıştır. Kullanılan eşleştirme için girdi değişkenleri
cinsiyet ve çalışma hafızasıdır. Uygulamada, farklı web sitesi tasarımları
(duyarlı/duyarlı olmayan) ve farklı ekran boyutları (küçük/büyük) bağımsız
değişkenler olarak kullanılmıştır. Bağımlı değişkenler; öğrencilerin okuduğunu
anlama, tabletlerde okuma tercihi ve bilişsel yük durumudur. Nicel veriler toplanmış
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ve bu verilerin analizinde betimsel analiz ile MANOVA kullanılmıştır. Analiz
sonuçlarına göre, bağımsız değişkenlerin hiçbiri çok değişkenli test sonuçlarına
dayanarak anlamlı sonuç vermemiştir. Ancak yapılan gruplar arası analiz, web sitesi
tasarımının tabletlerde okuma yapma tercihi üzerinde önemli bir etkiye sahip
olduğunu ve web sitesi tasarımı ile ekran boyutunun bilişsel yük üzerinde marjinal bir
etkileşim etkisi olduğunu göstermektedir.

Anahtar Kelimeler: Duyarlı Web Sitesi Tasarımı, Ekran Boyutu, Okuduğunu Anlama,
Bilişsel Yük, Tabletlerde Okuma Tercihi
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CHAPTER 1

1.

INTRODUCTION

In this first chapter, the background of the problem is primarily explained by
investigating the related literature. Accordingly, the statement of the problem is clearly
indicated. Furthermore, to highlight the difference between other studies and show
how the results of this study can contribute to the relevant ones, the significance of the
study is clarified. In accordance, research questions and a sentence of purpose which
are suitable for this intention is explicitly declared. In addition, assumptions,
limitations and delimitations of the study are added in this section. Finally, the terms
used in this study are defined and a summary of the chapter is given at the end.

1.1. Background of the Problem
Questions about how affects cognitive skills of learners have been examined for the
past decades. There are lots of studies on multimedia learning and instruction based
on Cognitive Load Theory (Chandler & Sweller, 1991; Mayer, 2001; Mayer &
Moreno, 2003; Mayer, 2012; Rogers, 2002, Sweller, Van Merriënboer, & Paas, 1998).
With time, while developing instructional design principles according to the Cognitive
Load Theory (CLT), researches were done for the contribution to the CLT, and
instructional strategies were developed in order to decrease particular types of load
(Chandler & Sweller, 1991; Mayer, 2001; Sweller, 1999; Sweller, Van Merriënboer,
& Paas, 1998). Here, the important thing in multimedia learning is designing
instructional messages by considering how the human mind works (Mayer, 2012).
One research study conducted by Moreno (2006) shows how teaching and instruction
can provide effective learning which is pointed out by CLT. Van Merriënboer and
Sweller (2005) also presented that information structures, human cognition knowledge
and their interactions are used by the CLT for determining instructional design. Other
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studies indicate that learners should be prevented from being overloaded by providing
appropriate amount of cognitive processing via designed lessons considering learners’
processing capacity, throughout learners’ schooling process (Mayer, 2005; Mayer &
Moreno, 2003; Sweller, 1999, 2005). On the other hand, according to Mayer (2012),
multimedia instructional messages should be based on learner-centered approaches
because it focuses on the human cognitive system. In the light of all of this, in order
to provide effective learning, it is necessary that instruction must be designed by
regarding strong instructional design principles and multimedia design from cognitive
psychology (Rogers, 2002). As a result of these researches, thoughts emerged on the
basis that cognitive load is important for multimedia instruction among researchers
(Sweller, 1999; van Merriënboer, 1997). Moreover, consideration of evidence-based
principles for effective multimedia instruction were taken (Mayer & Moreno, 2003).
Digital reading continues to become more popular in all segments of society (Odabaş,
Odabaş, & Sevmez, 2018). With the help of digital technologies, reading activities
started to take place through screens and everything about reading started to
differentiate. Here, digital reading or e-reading is used for reading skills on screen
where text, sound, pictures, and videos are displayed (Maden, 2012). Therefore, ereading can be thought as a part of multimedia learning. The most distinctive feature
that distinguishes digital reading from traditional reading is that the action of reading
is performed on a screen (Odabaş, Odabaş, & Sevmez, 2018). In this process, the
digital content confuses individuals’ minds although it provides new text formats,
creates new goals for reading and presents new ways of interacting with these texts
for individuals who normally make sense of printed texts (Coiro, 2003). For example,
flipping over pages makes it difficult to figure out the structure of a text and for the
eye to follow up. It is also more difficult to combine and understand information in
sections that are seen on screens and in sections that are not visible (Güneş, 2010).
However, mobile devices such as e-readers, tablets and smart phones are getting more
popular each day (Tveit & Mangen, 2014). Some studies were conducted to examine
e-reading and its advantages, disadvantages or effects on comprehension. One of the

2

studies shows that the act of reading is complex, and what parts of the brain are
involved and how it works when we read (Wolf, 2007). According to Wolf (2009),
the brain must create a connection between circuits, designed with former visual,
auditory, linguistic, and cognitive operations in order to read. The other study shows
that the relationship between working memory and reading is very meaningful
(Ferreira, Valentin, & Ciasca, 2013). The studies of Van der Leij and Morfidi (2006)
indicate, that problems with reading comprehension involves low storage capacity of
information in the working memory. On the other hand, Hook and Jones (2004)
present in their study that fluency contains insight of what will come next in the text
and that it is especially important for comprehension. Education technology experts
are commonly researching on the effects of screen reading on the subjects of ‘reading
comprehension’ and ‘other motivational factors that affect reading’ (Başaran, 2014).
Actually, reading from the screen does not directly affect comprehension, but can
affect the variables that directly affect comprehension (Başaran, 2014).

Nowadays, people do most of their readings from digital media via internet. In the
latest years, hand held devices including smart phones, tablets, e-readers have become
widely used and each of them has their own screen resolutions, orientations, and
layouts. If it goes on like this, online web content should provide ideal viewing for
each screen size to support easy reading and easy use with minimum resizing and
scrolling (Natda, 2013). Responsive website design (RWD) is a solution for the
problem of the constant resolution change according to the size of a device and so this
new topic has drawn a lot of attention (Turan & Şahin, 2017a). This issue should be
taken into consideration as it can affect the variables that directly affect
comprehension. That is, since people do not need to zoom or orientate the screen to
scale the width, a responsive website provides easy use for people when compared to
non-responsive ones (Kim, 2013) and this can affect comprehension.
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1.2. Statement of the Problem
Adaptation of today’s design approaches to build efficient websites is very important
(Oi et al., 2015). There is a need for investigating this issue in terms of the fixation
provided by RWD (including core elements: 1- a flexible, grid-based layout, 2flexible images and media, and 3- media queries) which reduce task-irrelevant eye
movements. This approach can be used as a new instructional design principle for ereading processes, which is one of the types of multimedia learning environments
which are based on the CLT. Clearly, there is a need to determine whether the RWD
approach as a new instructional multimedia design on e-reading environments, which
is one of the multimedia environments, influences reading-comprehension, cognitive
load, and preference of reading on tablets. Also, screen size is needed to be
investigated in terms of whether it has an effect on these mentioned variables.

1.3. Purpose of the Study
The purpose of this study is to investigate the effects of RWD and size of screen on
reading comprehension, CL, and preference of reading on tablets.
This study seeks to answer the following research questions:
1) Is there a significant difference in reading comprehension level between
reading a text on a web page with an RWD and reading a text on a web page
with a non-RWD?
2) Is there a significant difference in terms of cognitive load between reading a
text on a web page with an RWD and reading a text on a web page with a nonRWD?
3) Is there a significant difference in terms of preference of reading on tablets
between reading a text on a web page with an RWD and reading a text on a
web page with a non-RWD?
4) Is there a significant difference in reading comprehension level between
reading a text on a tablet with large screen and reading a text on a tablet with
small screen?

4

5) Is there a significant difference in terms of cognitive load between reading a
text on a tablet with large screen and reading a text on a tablet with small
screen?
6) Is there a significant difference in terms of preference of reading on tablets
between reading a text on a tablet with large screen and reading a text on a
tablet with small screen?
7) Does the interaction of RWD and screen size affect the readingcomprehension, cognitive load, and preference of reading on tablet?

1.4. Significance of the Study
Cognitive load theory emerged in the 1980s and was widely studied by researchers in
the 1990s. Then, in the light of these studies, it was attempted to find out how it affects
learning. There have been many studies related to multimedia learning, based on CLT,
and instructional design strategies have been introduced in the light of these. Studies
on the use of instructional design strategies in changing learning environments have
been initiated. Nowadays, it is obvious that reading actions are influenced by
technology and evolves accordingly. If we think that there is a difference in behavior
while reading from a book compared to reading from a screen, instructional strategies
can be adapted according to people who read on-screens in online environments. The
most critical point to consider here is the screen sizes of devices that allow reading on
screen (e.g. tablets). It can be thought that online content is shaped according to screen
sizes, thus, facilitating the user experience and, thus, relaxing reading. Websites that
have a responsive design, have been developed as a result of the studies on this subject,
but the effects of this design on reading comprehension, cognitive load, and preference
of reading on tablets has not yet been investigated. Also, screen sizes can be a critical
point that influences these variables, and so, it was thought that it should be
investigated. This study will contribute to the limited literature about the effect of
RWD and screen size on variables related e-reading of students and will provide
educators and researchers with information on whether using RWD on tablets for
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readings impacts reading-comprehension, cognitive load, and preference of reading
on tablets or not.

1.5. Assumptions
In the scope of this research, the following assumptions are made:


The participants have responded accurately and honestly to all questionnaires,



All scales are reliable and valid indicators of the constructs to be studied,



In the pre-application process, the input variables have been measured
correctly and matched correctly.



The data have been accurately recorded and analyzed,



The processes and tools have a degree of applicability and generalizability to
the schools in similar circumstances.

1.6. Limitations
Only a few of the potentially confounding variables that may affect the outcomes of
this study can be listed as following.


This study is limited to participants who are the second, third and fourth year
students of Informatics Systems Engineering, Computer Engineering and
Software Engineering Departments at Atılım University.



The research is limited to the 2018-2019 academic year.



On the other hand, when considering the reliability of the instruments which
were used for the measurement of preference on tablets and readingcomprehension, the validity of this study is limited.



Moreover, the honesty of the subjects' responses to the instruments is another
limitation.



Also, the results of this research may be changed by the comparability of
results across different school settings.
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Another limitation is that the duration of the experiment may influence the
results. The experiment was conducted only one time and in only one week. If
an iterative measurement was performed by extending the duration of the
experiment (at least 1 month), the outcome could have turned out to be
different.



Number of reading pieces, length of content, number of questions were not
considered as the main points in this study but if it is taken into account as
important, it may be a contributory variable.



If an experiment consisting of longer reading pieces (about 1000 words) and
at least 10 parts and 10 questions for each piece were applied, the results could
have been different.



This study cannot be generalized to all schools, so, it is limited to be
generalized for university students studying within similar school settings.

1.7. Delimitations
The study confines itself to surveying the students from a private university in Ankara.
The study focuses on the reading comprehension, cognitive load and preference of
reading on tablets of university students. All the participants of this study are
undergraduate students. Translation to Turkish of the instrument items is another
delimitation of this study.

1.8. Definitions of Terms
Cognitive load: The assumptions, limited capacity of working memory (Miller, 1956),
knowledge mental representations - schema (Chi, Glaser, & Rees, 1982; Larkin,
McDermott, Simon, & Simon, 1980), and unlimited processing capacity of long-term
memory are regarded human cognitive architecture and they create a basis for CLT.
Cognitive overload defined by Mayer & Moreno (2012), is when intended cognitive
processing from learners do not match their cognitive capacity.
Multimedia learning is described as learning from words and pictures (Mayer, 2012).

7

Multimedia instruction is presenting these words and pictures to foster meaningful
learning (Mayer, 2012).
Instructional method can be defined as a way of presenting a lesson where the medium
and the content of the lesson does not change according to selected method (Mayer,
2001; 2009; 2012).
E-reading is described as the action of reading taking place on a screen which includes
the utilization of text, sound, pictures and videos (Maden, 2012). (The term e-reading
is used in the literature with different designations. While some researchers called it
as digital reading, some of them called it as screen reading. Actually, all similar words
refer to express the same meaning.)
Responsive website design (RWD) can be basically thought as like this: a website
working effectively on any size of screen like desktop computers, notebooks, tablets,
or mobile phones (Natda, 2013).

1.9. Summary
In Chapter One, the introduction, background of the problem, statement of the
problem, significance of the study, purpose of the study, assumptions, limitations,
delimitations, the definitions of terms and organization of the study were presented.
Chapter Two is a review of recent literature. Chapter Three presents the methodology
used in the study, including a description and rationale of a sample, the data collection
procedures, a description of instrument development, and the methods of how the data
were analyzed. Chapter Four is a presentation of the study results with visuals of
analysis outputs, and explanations of them. Chapter Five includes discussions and
suggestions for those interested.
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CHAPTER 2

2.

LITERATURE REVIEW

2.1. Introduction
In this second chapter, review of the literature is primarily given by investigating the
related literature. Here are the main topics to create a theoretical framework: Cognitive
Load Theory, Multimedia Learning and Instruction, Instructional Design Principles,
E-reading, and Responsive Website Design. Afterwards, in order to create foresight,
the studies in the literature are mentioned. Finally, a summary of the chapter is given
at the end.

2.2. Synthesis of the Literature
2.2.1. Cognitive Load Theory
Cognitive Load Theory (CLT), which emerged in the 1980s, went through a major
development by researchers across the globe in the 1990s, providing a framework for
research into cognitive processes and instructional designs (Paas, Renkl, & Sweller,
2003). For the past 30 years, cognitive load has been investigated by researchers
(Chandler & Sweller, 1991; Johnson-Laird & Wason, 1970; Sweller, 1999). During
this period of time, instructional design principles have been developed in accordance
with the CLT, moreover, researches have been done for the contribution to the
cognitive load, furthermore, instructional strategies have been improved in order to
decrease particular types of load (Chandler & Sweller, 1991; Mayer, 2001; Sweller,
Van Merriënboer, & Paas, 1998). It is explained by CLT how learning outcomes can
be designed by considering the powerful and constraining sides of the human
cognitive architecture (Paas et al., 2003). The assumptions, limited capacity of
working memory (Miller, 1956), knowledge mental representations - schema (Chi,
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Glaser & Rees, 1982; Larkin, McDermott, Simon, & Simon, 1980), and unlimited
processing capacity of long-term memory are regarded as the human cognitive
architecture and they create a basis for CLT. The fact that human memory is central
to human cognition and that memory systems are located in the center of the cognitive
systems is obvious (Norman, 1980).

CLT (Paas, Renkl, & Sweller, 2003; Sweller, 1988) is primarily concerned with
learners who are often suffocated by the number of information elements and their
interactions processed simultaneously which is called the learning of complex
cognitive tasks (as cited in Paas, Renkl, & Sweller, 2004). CLT is also concerned with
techniques for managing working memory load and it discriminates between three
types of cognitive loads which are intrinsic, extraneous, and germane (Paas et al.,
2004). This is called the triarchic model of cognitive load (Mayer, 2012). The structure
and complexity of the material specifies intrinsic cognitive load (the intension of the
cognitive processing of a learner is to the comprehension of materials). The working
memory requirements of the instructional activities and the format where information
is presented identifies extraneous cognitive load (no intention of the cognitive
processing of a learner to learning an objective). Learners’ efforts spent for processing
and figuring out the material, compose germane cognitive load (deep cognitive
processing of the learner is occurred for organizing the material and creating a
relationship with prior information) (Gerjets & Scheiter, 2003; Renkl & Atkinson,
2003).

Cognitive load consists of three aspects which are mental load, mental effort and
performance (Paas & van Marrienboer, 1994). They believe that mental effort
provides more important information about cognitive load rather than mental load and
performance measures. According to them, when instructional manipulations are
made, it can change the mental load only if people really spend mental effort. On the
other hand, cognitive load can be measured by three main different techniques which
are rating scale, psychophysiological, and secondary task techniques in the researches.
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Most of the studies (Kalyuga, Chandler, & Sweller, 2000; Kalyuga, Chandler,
Tuovinen, & Sweller, 2001; Mayer & Chandler, 2001) utilized the rating scale
technique (9-point or 7-point scale).

When different studies in the literature are examined, we can see a study was
conducted by Kılıç (2009) to investigate the effects of principles aiming to reduce
extraneous cognitive load in learning from goal-based scenario designed multimedia
learning environment for learners having different capacities of their working
memory. Two separate studies were conducted with 82 ninth grade students having
very close working memory capacities and 54 eleventh grade students having different
working memory capacities. The results of both studies presented that the cognitive
load principles can be benefited from to reduce the extraneous cognitive load.

The purpose of the study conducted by Takir (2011) with 7th grade students was to
investigate the effect of an instruction, designed by the Cognitive Load Theory (CLT)
principles on achievement in Algebra topics and cognitive load. According to the
results, there is a significant difference between all tests, which were in favor of
experimental groups. That is to say, the instruction designed by CLT principles is
effective for teaching Algebra considering the learners’ cognitive load.

In a study conducted by Çevik (2012) by 35 university students, it was examined how
manipulations in instructional strategies in online learning environments, and the
working memory capacities of individuals affect the performance of complex
cognitive tasks. According to the study results, complex task performance does not
vary according to different instructional strategies, but there is a significant difference
between individuals according to the working memory capacity. Moreover, as the
complexity of the environment increases, mental effort and task load perceptions
increase, while the mental load increases as the task load increases.
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Another study was conducted by Aydın (2017) in order to investigate the effects of
seductive details and topic interests on learning and cognitive load in hypertext
environments. In this study, data were collected from 109 undergraduate students via
a topic interest survey and a cognitive load questionnaire. The results of this study
showed that higher topic interest led to better transfer performance, however, learning
measures and the cognitive load were not affected by the hypertext structure. Actually,
none of the independent variables had any effect on the cognitive load according to
the results of this study.

It has long been thought that cognitive load is important for multimedia instruction
among researchers (Clark, 1999; Sweller, 1999). In other words, while instructional
designers design learning environments, the Cognitive Load Theory (CLT) started to
become a key point of the process (Sweller et al., 1998). It is necessary to understand
the concept of overloaded cognitive load and to eliminate this problem in order to
make efficient use of multimedia environments, which are widely used in teachinglearning processes (Kılıç Çakmak, 2007). How teaching and instruction can provide
effective learning is pointed out by CLT (Moreno, 2006). In this case, an
understanding of the architecture and limitations of working memory should be
considered. Also, information structures, human cognition knowledge and their
interactions are used by the Cognitive Load Theory (CLT) for determining
instructional design (Van Merriënboer & Sweller, 2005).

2.2.2. Multimedia Learning and Instruction
Multimedia technologies are widely used in learning-teaching processes (Kılıç
Çakmak, 2007). Multimedia consists of the combination of pictures, videos, sounds,
animations and simulations (Rogers, 2002). Mayer and Moreno (2003) defined
multimedia learning and multimedia instruction. According to them, learning from
words and pictures can be called as multimedia learning. On the other hand, presenting
these words and pictures to foster meaningful learning can be named as multimedia
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instruction. Mayer (2012) stated that an on-line multimedia encyclopedia, a “live”
presentation, a video on a TV, a PowerPoint presentation, a “chalk and talk”
presentation (can include an overhead projector), and a textbook can be defined as
forms of multimedia instruction by different people. Delivery media like computer
screens, presentation modes such as words and pictures, and auditory and visual
sensory modalities create the basis of multimedia messages. In the human cognitive
system, the sensory-modalities can be used to explain early processing and
presentation-modes can be used to explain later processing (Mayer, 2012).

In order to provide effective learning, it is necessary that the instruction must be
designed by regarding strong instructional design principles and multimedia design
from cognitive psychology (Rogers, 2002). According to Mayer (2012), multimedia
instructional messages should be based on learner-centered approaches because it
focuses on the human cognitive system. On the other hand, Information Process
Theory (IPT) clarifies people’s natural way of learning (Gagne, Briggs, & Wager,
1992). Multimedia and IPT are similar to each other in terms of their structures being
based on logic of dual coding, and this situation provides the success of multimedia
learning (Rogers, 2002). As the results of conducted studies, evidence-based
principles for effective multimedia instruction were built (Mayer & Moreno, 2003).

With the widespread use of multimedia, some problems have started to come up.
Dealing with multiple representations (visual, text, sound etc.) may be difficult for
learners in terms of creating a relationship between them (Van Someren, Reiman,
Boshuizen, & de Jong, 1998). Thus, one of the main problems is the cognitive
problems like cognitive overload (Kılıç Çakmak, 2007). The cognitive load challenge
is explained like this: Although the learner has a limited capacity for cognitive
processing, remarkable amount of cognitive processing is needed for meaningful
learning (Mayer & Moreno, 2003). In other words, the biggest challenge encountered
in multimedia instruction is cognitive overload where intended cognitive processing
from learners do not match their cognitive capacity (Mayer & Moreno, 2003). CLT
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argues that when the learning environments exceed the maximum cognitive capacity
of the learner, lack of learning happens because of the overload (Moreno, 2010). In
such environments, students with excessive cognitive load will have to undergo their
performance and spend more time and effort to reach the information they want
(McDonald & Stevenson, 1996). It has been proved by research that excessive
cognitive overload will prevent success (Mayer, Moreno, Boire, & Vagge, 1999).
Cognitive overload can lead to consequences such as affecting, decreasing and
preventing cognitive activity and mental resources of students (Kılıç Çakmak, 2007).
Therefore, the important thing in multimedia learning is designing instructional
messages by considering how the human mind works (Mayer, 2012). In information
processing cases, people are assumed to have limited working memory and unlimited
long-term memory (Miller, 1956). As a result of the development of mental structures
stored in the long-term memory, the load in the working memory decreases. Therefore,
the goal of learning-teaching processes should be to help students develop their mental
structures (Anglin, Vaez, & Cunningham, 2004).

The aims of instructional strategies are to reduce extraneous cognitive load and to
optimize germane cognitive load for learners (Sweller, 1999). In other words, when
different instructional strategies are used, different amounts of cognitive load can be
caused in the same instructional material due to diverging amounts of extraneous and
germane loads (Brunken, L. Plass, & Leutner, 2003). That is to say, at any time of the
learning, the learners should be prevented from being overloaded by providing the
appropriate amount of cognitive processing via designed lessons considering learners'
processing capacity (Mayer, 2001, 2005; Mayer & Moreno, 2003; Sweller, 1999,
2005). Different types of cognitive loads can be caused by different manipulations of
the instructional design (DeLeeuw & Mayer, 2008; Mayer, 2001; Sweller, 1999).

Instructional design of the learning material can manipulate both extraneous and
germane cognitive load but the intrinsic load of it cannot be manipulated. However,
whether different cognitive load measures meet the same goal or not, and how to

14

measure cognitive loads during learning are not in consensus among researchers
(Brunken, L. Plass, & Leutner, 2003; Paas, Tuovinen, Tabbers, & van Gerven, 2003).

It is argued that the cognitive theory of multimedia learning forms basis for three
assumptions which are dual channels, limited capacity, and active processing (Mayer,
2012). Namely, two separate systems which are verbal and non-verbal (imagery)
systems, are involved in cognition according to the Dual Coding Theory (DCT)
(Paivio, 1990). According to the separate stream hypothesis of Penney (1989),
auditory and visual processors in the working memory separately processes the
auditory and visually represented information. In accordance with the dual channel
assumption, working memory is divided into two channels as the visual channel of
working memory, and the auditory channel of working memory (Baddeley, 1992;
Mayer, 2012; Penney, 1989). On the other hand, limited capacity assumption means
that working memory has finite capability to hold on a limited number of information
(verbal or auditory) at a time (Baddeley, 1992; Mayer, 2012). The working memory
capacity is limited to only seven items (Miller, 1956). Baddeley (1992) characterizes
working memory as a structure to recall varied presented information like words,
pictures, spatial locations etc. and manage these data simultaneously. All said
"working memory" is used instead of short-term memory. Since short term memory
is the older concept, the concept of working memory is used nowadays (as cited in
Baddeley, 1992). According to the knowledge-construction view, learners are an
active sense-maker who makes sense of the presented material and joins them into
logical mental schemata (Mayer, 2012). Here, active processing includes five steps of
multimedia learning (1- choosing relevant words, 2- choosing relevant images, 3arranging the selected words, 4- arranging selected images, and 5- associating prior
knowledge and the visual and verbal representations).

Long story short, effective instructional design of learning materials is necessary to
eliminate cognitive overload problems in order to make efficient use of multimedia
environments which are broadly used in learning-instruction processes. For this
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purpose, multimedia learning can be supported by efficient instructional design of
multimedia environments.

2.2.3. Instructional Design Principles
Understanding and operating information in various presentation modes are included
in technology instructional medium, thus, multimedia learning examines and uses
CLT implications. Mayer (2001) introduced the generative theory of multimedia
learning that is based on CLT for the cognitive processes in multimedia learning
(Brunken et al., 2003). In the generative theory of multimedia learning of Mayer, two
assumptions which are the dual-coding assumption referring to the presentation mode
of the information and the dual-channel assumption referring to the sensory modality
of information perception are joined by building associative connections between
them (Mayer, 2001). According to Mayer (2012), the presentation mode (e.g., words
and pictures) and the sensory modalities (e.g., auditory and visual) can build basis for
multimedia messages which can be based on a technology-centered approach or on a
learner-centered approach. To process information in the full capacity of cognition is
the advantage of presenting material in words and pictures. According to qualitative
rationale which is supported by Mayer (2012), words and pictures feed each other to
create meaningful pictorial and verbal representations on learners' mental
comprehending.

An instructional method can be defined as a way of presenting a lesson where the
medium and the content of the lesson does not change according to a selected method
(Mayer, 2001; 2009; 2012). In other words, while instructional media does not
influence learning, instructional methods affect learning in the same way regardless
of the medium type (Clark, 1994). Mayer (2012) explains the twelve instructional
methods for supporting multimedia learning in his book. These instructional methods
can be listed as: coherence, signaling, redundancy, spatial contiguity, temporal
contiguity, segmenting, pre-training, modality, multimedia, personalization, voice,
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and image. These twelve principles of multimedia instructional design are organized
for decreasing extraneous processing, controlling essential processing, and
encouraging generative processing (Mayer, 2012).

Explanations of the instructional methods are given in the followings:


Coherence: It is about whether the extraneous material is included or not in
multimedia instruction. It is related to a seductive details hypothesis where
inconvenient prior information as the organizing schema for the lesson is
activated (Mayer, Heiser, & Lonn, 2001).



Signaling: It is about whether essential materials are highlighted or not during
multimedia instruction. The seductive details effect can be reduced by using
signaling like preview sentences and numbers (Harp & Mayer, 1998).



Redundancy: It is about using 'animation and narration' combination or
'animation, narration, and on-screen text' combination in multimedia
instruction. For example, adding on-screen text can cause learners’ visual
channels to be affected negatively because of using 2 sources,
images/animations and texts. This is related with the dual-channel theory of
multimedia learning (Mayer et al., 2001).



Spatial contiguity: It is about related graphics and printed text are localized
near each other or far from each other on the page or screen. Learners can learn
better when visual materials placed near to verbal materials. This is called
spatial-contiguity effect (Moreno & Mayer, 1999).



Temporal contiguity: It is about whether related graphics and spoken text are
offered simultaneously or not. Learners can learn better when visual and
spoken materials are presented temporally synchronized. This is called the
temporal-contiguity effect (Moreno & Mayer, 1999).



Segmenting: It is about creating a multimedia lesson with learner-paced
segments or with a continuous presentation. Learners can learn better when the
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material is presented in segments under learner control (Mayer & Chandler,
2001).


Pre-training: It is about whether providing pre-training in the names and
characteristics of key components to learners or not. Learners can learn better
when they know the main concepts’ characteristics and their names (Mayer,
2012).



Modality: It is about using 'graphics and narration' or 'graphics and printed text'
in multimedia instruction. People can learn more deeply when verbal input is
offered auditorily instead of visually. This is called the modality effect
(Moreno & Mayer, 1999).



Multimedia: It is about designing a lesson with 'words and pictures' or 'words
alone'. Learners can learn better from a multimedia message when a
multimedia explanation is offered in words and pictures rather than in words
alone. This is called the multimedia effect (Mayer, 2003).



Personalization: It is about using the words either in conversational style or in
formal style during a multimedia lesson. Learners can learn more deeply when
words (both spoken or printed) are presented in a conversational style instead
of a formal style. This is called the personalization effect (Mayer, 2003).



Voice: It is about using the words are spoken by a human voice or a machine
voice during a multimedia lesson. Interest of learners and transfer performance
results of learners in learning are better when a human voice is used rather than
a machine voice (Atkinson, Mayer, & Merrill, 2005).



Image: It is about whether the speaker’s image is on the screen in a multimedia
lesson or not. Adding speaker's image on the screen does not necessarily
provide deep learning from a multimedia message for learners (Mayer, 2012).

2.2.4. E-reading
Nowadays, e-reading is used for reading skills on screen in which there are text, sound,
pictures, and videos. The e-reading process, also called reading on screen, is not only

18

limited to understanding the alphabet or analyzing pictures and graphics, but also
includes making sense of what is being heard and being watched (Maden, 2012). The
term e-reading is used in the literature with different designations. While some
researchers called it as digital reading, some of them called it as screen reading.
Actually, all similar words refer to express the same meaning. Digital reading is the
act of reading data and / or information through digital means. The action being
performed on a screen is the most distinctive feature that distinguishes digital reading
from traditional reading (Odabaş, Odabaş, & Sevmez, 2018).

Information technology has an effect on reading as it affects many cases. With the
help of digital technologies, reading activities started to be made through screens and
everything about reading started to differentiate. Digital reading continues to spread
throughout all segments of society (Odabaş, Odabaş, & Sevmez, 2018). With the
usage of computers and the Internet, reading behavior of people has dramatically
changed and a new reading pattern which includes browsing and scanning has aroused
in today’s intense digital information era (Liu, 2012). The widespread use of
technologies that provide reading on a screen has a great effect on the changing of
usual behavioral patterns in the process of acquiring, sharing and using information
(Odabaş, Odabaş, & Sevmez, 2018). In this process, digital contents confuse
individuals' minds although it provides new text formats, creates new goals for reading
and presents new ways of interacting with these texts for individuals who make sense
of printed texts (Coiro, 2003).

News, information and visual sharing of people on social media, newspaper writers'
publications, instant, travel blogs which is fast and intense digital content increase the
diversity and volume of reading. This period, where everyone has influenced reading
processes and is also influenced by these processes, brings along new behavioral
patterns that are not experienced by previous generations. (H. Odabaş, Z. Odabaş, &
Sevmez, 2018). Since today's information-intensive environments are expanding and
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people spending time on reading electronic media is increasing, people's reading
behavior is being affected by this environment (Liu, 2012).

Reading on mobile reading devices such as e-readers, tablets and smart phones whose
number is increasing day by day, are being popular now (Tveit & Mangen, 2014).
Smartphones, tablets and electronic book readers lead especially young people living
with technology to reading from screens. As a means of providing information, digital
technologies which have screens, have led to the emergence of digital reading as a
phenomenon unique to this period. (H. Odabaş, Z. Odabaş, & Sevmez, 2018). Various
interfaces are presented by technical devices for reading like computers, e-books, and
smart phones (Mangen & Schilhab, 2012). With the changing of the reading action
via digital media, new reading environments have some advantages like interactivity,
providing hypertext media, combination of text, images, audio or video (Liu, 2012).
On the other hand, e-reading has some disadvantages. For example, moving pages
makes it difficult to figure out the structure of the text and for the eye to stay in focus.
It is also more difficult to combine and understand the information in the sections that
are seen on the screen and in the sections that are not visible (Güneş, 2010).

The act of reading is complex, and the goal of much research is to determine what
parts of the brain are involved and how it works when we are reading (Wolf, 2007).
The brain must create a relationship between circuits designed with former visual,
auditory, linguistic, and cognitive operations in order to read (Wolf et al., 2009). It is
emphasized that the connections among brain systems are important for reading which
is a cognitive function (Geschwind, 1974). Phonological processing including
memory and phonological awareness is related to cognitive processes required in
reading. The relationship between working memory and reading is very meaningful
(Ferreira, Valentin, & Ciasca, 2013). Problems with reading comprehension involves
the low storage capacity of information in the working memory (Van der Leij &
Morfidi, 2006). According to Wolf (2007), humankind got rid of the limitations of the
human memory by learning to read. It is characterized how to ensure legibility and
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how to present text in order to support fluent reading (Lonsdale, Dyson, & Reynolds,
2006). Fluency contains insight of what will come next in the text and this is especially
important for comprehension (Hook & Jones, 2004). In this point, reading
comprehension in electronic media is considered to be similar with reading
comprehension in printed media because of the lack of sufficient research in this area.
However, reading comprehension in electronic media differs from printed texts
(Esmer & Ulusoy, 2015). Education technology experts are commonly researching
about the effects of screen reading on 'reading comprehension' and 'other motivational
factors that affect reading' subjects (Başaran, 2014). Vertical scrolling text affects the
reader's eye movements, reducing the speed of reading and decreasing the level of
understanding of text on the screen (Güneş, 2010). Actually, reading from the screen
does not directly affect comprehension, but can affect the variables that directly affect
comprehension. For example, reading from the screen makes the mind more exhausted
and so reduces reading speed. Because only a part of the text pages appears on the
screen, this may prevent the reader from watching the title, subtitle, and side head
relationship in the text; it can make it difficult to catch the main idea of the text
(Başaran, 2014).

One of the studies in the literature investigated the impact of technology on reading
comprehension. This study was conducted by Margolin, Driscoll, Toland and Kegler
from State University of New York in 2013. In this study, 90 individuals took place
in three different groups (E-readers, Computer Screens, or Paper). In the scope of the
study, 10 reading passages (two types of texts: five expository texts and five narrative
texts) were read by the participants and 56 questions were answered accordingly.
According to the study results, there is a significant difference between narrative and
expository texts in terms of reading comprehension (expository passages had higher
comprehension mean scores than narrative passages). However, the results showed
that media presentations (e-readers, computer screens, or paper) and the interaction of
the two variables had no main effect on reading comprehension (Margolin, Driscoll,
Toland, & Kegler, 2013).
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Another study was conducted in the literature that was reviewed to examine the effect
of medium (tablet vs. paper) on reading performance. This study was conducted by
Dundar and Akcayır in 2011. The study consisted of 20 5th grade students, and their
reading comprehension and reading speed were compared by the quasi-experimental
study. Three reading passages and ten comprehension questions were used. According
to the study results, reading comprehension and reading speed did not differ according
to the type of medium (tablet vs. paper). Moreover, a question about the preference of
using tablets for reading was directed to the participants with conducted interviews.
According to the interview results, since books are difficult to carry, participants
preferred tablet PCs for reading.

2.2.5. Screen Size
As mobile devices have some constraints in terms of hardware and software, screen
size can be thought as a problem for using hand held devices for learning (Maniar,
Bennett, Hand, & Allan, 2008). Chen et al. (2003) stated that there may be two factors
which are visual perception and attention span that influence the relationship of screen
size to learning. Visual perception is affected by the ability to see small details on the
small screen. This is also a situation that affects the span of attention. While the user
is trying to make sense of all the visual information in his mind, he can try to see more
details by zooming the screen. The ability to do this is related to the attention span.

One study conducted by Knoche, McCarthy, and Sasse (2006) demonstrated that
experience quality of the viewer is affected by screen size. For the effective learning,
screen size is critical (Papanikolaou & Mavromoustakos, 2006). Some experimental
studies have shown that screen size may affect the general usability of a mobile device
(Jones, Marsden, Mohd-Nasir, Boone, & Buchanan, K., 1999; Sweeney & Crestani,
2006).
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Another study conducted by Kılınç at 2016 investigated that the differences between
mobile and web interface of ODTUCLASS which is a learning management system
in terms of the perceived aesthetics. According to the study results, students expressed
that the web interface better and simpler than the mobile interface. Also, the students
stated that aesthetics of a learning material can provide contribution to their learning,
or motivate them. This conducted study also demonstrated although both of interfaces
have the responsive design, same color and content, participants perceived them
differently in terms of aesthetics. This difference led us to the idea that the size of the
screen is due to the difference. However, there is no study that investigated the
interaction effect of screen size and RWD on e-reading comprehension, cognitive load
and preference of reading on tablets. The aim of this study is to investigate whether
screen size has an effect on reading comprehension, cognitive load and preference of
reading on tablets. Also, the interaction effect of screen size and RWD was examined
in the scope of this study.

2.2.6. Responsive Website Design
Responsive design can be basically thought like this: a website working effectively on
every size of screen like desktop computers, notebooks, tablets, or mobile phones
(Natda, 2013). When today's fast and useful technologies are considered, people
expect that different device types and platforms can use the same services with the
same comfort and speed on the web without any obstacle like screen size (Kim, 2013).
During the last couple of years, small screen devices like mobile phones or tablets
have become more widespread for web access. Especially, tablets become more
popular because of their mode of web access which has the advantages of both
“mobiles” and “desktops” (Marcotte, 2011). In the latest years, handheld devices
including smart phones, tablets, and e-readers have become widely used and each of
them has their own screen resolutions, orientations, and layouts. If it continues to go
on like that, online web content should provide ideal viewing for each screen size to
support easy reading and easy usage with a minimum need of resizing and scrolling
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(Natda, 2013). RWD is a solution of the problem that displays of websites change
according to size of the device and so this new topic has drawn a lot of attention (Turan
& Şahin, 2017a). Creating a web site that appears evenly well regardless of the screen
size of a device is the aim of RWD. However, building web designs providing suitable
pixels for screen sizes has become a problematical issue due to the number of mobile
devices that have a diversity of screen sizes. (Kim, 2013).
Marcotte (2011) provides three core ingredients for creating a responsive design:
1. A flexible, grid-based layout,
2. Flexible images and media, and
3. Media queries

For the fluid grid layout, percentages are preferred instead of pixels. In order to
prevent corruption of the design because of wide ranges of browsers, fluid grids are
very important for creating a responsive design (Natda, 2013). Second ingredient
includes using flexible responsive images with relative measurements instead of fixed
dimensions (Marcotte, 2011). A media query is one of the fundamental techniques in
which a media type is included and media features like width, height, orientation,
resolution etc. to limit the style sheets are used (Natda, 2013). In order to build a real
responsive design, the process should begin with a flexible layout and with media
queries basing on a non-fixed foundation (Marcotte, 2011). Here, HTML, CSS &
JavaScript are the three basic technologies used for responsive design (Natda, 2013).
Especially, using CSS3 is very suitable for RWD in terms of providing aesthetically
based features (Frain, 2015). With the help of these three core ingredients (flexible
and grid-based layout, flexible images and media, & media queries) and three basic
technologies (HTML, CSS & JavaScript), RWD supplies equal and stable user
experiences for various usage behavior of different devices and platforms (Turan &
Şahin, 2017b).

Moreover, there are two basic components which are 'the website itself which includes
the contents' and 'the contents which are inserted into this website'. Here, the resolution
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and dimensions of the screen of a used device is considered when building the
dimensions of the website by related software. Also, the dynamic content of the
website is taken into account for providing a similar appearance of the website to
provide similar user experiences (Turan & Şahin, 2017b). However, at the small
viewport width, the texts and visuals are adjusted in size, they become smaller.
Therefore, since the reading content are stacked in a narrow area, requiring the user to
scroll down the page to see following texts. At larger page widths, there is enough
space to show all reading texts on screen. Thus it can be summarized as follows:
Helping with RWD, a website can be optimally arrange according to the screen size
of device.

On the other hand, two approaches, which are 'mobile first' and 'desktop first'
methodologies for implementation of RWD can be used. In the former approach, a
layout is appropriate for smaller screens and then increases according to the resolution
of the device. In the latter methodology, desktop resolution is taken as a starting point
and then the design resolution decreases in accordance with the size of the device
(Mohorovicic, 2013).

RWD has been developed as an approach to solve hardware and software
compatibility problems. Since it is maintainable and easy to use, this approach is used
both by individuals and companies (Turan & Şahin, 2017b). There is a number of
advantages of RWD for webmasters, developers and end users (Mohorovicic, 2013).
One of them is that there is no need to sustain and update more than one group of
content. Another one is that, since websites automatically adjusts their layout to be
mobile-friendly, people do not have to use mobile websites separately developed for
specific sites. Moreover, all offerings like download links, commenting areas,
hypertexts, videos, pictures etc. provided by websites can be used effectively without
experiencing any difficulty. That is, since people do not need to zoom or orientate the
screen to scale the width, a responsive website provides easy use for people when
compared to non-responsive ones (Kim, 2013). Besides, since the RWD provides easy
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readability on hand held devices like smart phones or tablets, it increases the
preference of a website (Syawal & Rahim, 2014). However, according to Kim (2013),
when considered from a negative side, responsive websites are likely to take much
more time to load than a simplified separate mobile website, since the receiving and
processing request time for a mobile web is longer than a desktop web, loading a
website on a mobile device is slower.

Briefly, differences between RWD and non-RWD can be said like that in RWD
flexible content (texts and images) resizes proportionally by moving and scaling their
flexible container according to screen size, by creating multiple versions of content
for different resolution and by cropping images if necessary. In non-RWD, the user
sees the same content on the large and small screen as it is, so it cannot provide a
readable and usable screen especially for smaller screen.

A study conducted by Syawal and Rahim in 2014 investigated whether user cognitive
load on mobile websites can be reduced by responsive design. In this study, they
looked at the readability of RWD in the scope of the usability variable. The survey
results showed that 93% of the participants found that the readability of website text
is easy. Also, 93% of them identified the major heading clearly and thought that the
visuals stay consistent throughout the website. According to the results of this study,
whenever the user response towards the website interface, which is a responsive
website, is understandable, the website design can provide benefit for the users
(Syawal & Rahim, 2014).

Various researches propose that control operations of eye movements have an
important role in sustaining spatial information in working memory. It is shown that
in most studies, that task-unrelated eye movements handicap on spatial working
memory. Fixation as an eye movement is useful for maintaining spatial working
memory (Oi et al., 2015). On the other hand, RWD reduces the cognitive load by
preventing unnecessary extra effort for viewing the website on mobile devices
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(Syawal & Rahim, 2014). There is a need for investigating this issue in terms of the
fixation provided by RWD (including core elements: 1- a flexible, grid-based layout,
2- flexible images and media, and 3- media queries) which reduces task-irrelevant eye
movement and cognitive load. This approach can be used as a new instructional
multimedia design principle for the e-reading process which is one type of the
multimedia learning environments based on the Cognitive Load Theory.

2.2.7. Summary
In Chapter Two, review of literature and studies in the literature were presented.
Chapter Three presents the methodology used in the study, including a description and
rationale of the sample, the data collection procedures, a description of instrument
development, and the methods of analysis of the data. Chapter Four is a presentation
of study results with visuals of analysis outputs and explanations of them. Chapter
Five includes discussions and suggestions for those interested.
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CHAPTER 3

3.

METHODOLOGY

3.1. Introduction
In this Chapter, the research design of the study is primarily explained by specifying
the related information. After that, participants of the study are introduced. Then, in
order to be clearer about the experiment, data collection instruments (Reading Span
Test (RST), Cognitive Load Measurements, Preference of Reading on Tablets
Measurement, and Comprehension Tests) of the study have been clarified under
separate subheadings one by one. Here, the usage of the scale that was mentioned in
the literature previously was utilized, and the structure and content of the scales were
explained accordingly. Afterwards, the implementation process has been explained
step by step. This part is divided into two sub-sections as pre-treatment and actual
implementation and, thus, the steps are shown more clearly. Visualization of the
experiment process has also been presented. Moreover, the reading passages used in
the study and the software developed within the scope of the research are briefly
explained. Finally, a data analysis of the study has been clarified and a summary of
the chapter is given at the end.

3.2. Research Design
In this research, matched between-participants after-only true experimental design
was conducted. Population of the study was limited to participants who are the second,
third and fourth year students of Informatics Systems Engineering, Computer
Engineering and Software Engineering Departments at Atılım University. Based on
voluntary participations basis, participants were randomly selected from this
population. Then, the participants were randomly assigned into two equivalent groups.
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The assurance of equality between the groups was provided by assigning participants
to the groups randomly. Enough number of participants (over thirty participants for
each group) were included for randomization, so that extraneous variables could be
controlled. To avoid any doubt for equivalence between the groups and to provide
more sensibility for experiments, each participant was matched with another
participant according to input variables prior to the random assignment. The input
variables for used matching are gender and working memory. In the actual
implementation process, different website designs (responsive and non-responsive)
were used as independent variables. Also, different screen sizes (small and large) were
used other independent variables. The experimental group experienced reading on
tablets, supplying responsive website design (RWD) environment, while the control
group participated in the non-RWD environment, reading for approximately half an
hour. The dependent variables are reading comprehension competences and cognitive
load situations of the students. Besides, during the actual experiment, students’
preference of reading on tablets is measured as another variable. An application
developed for this study was used for reading on tablet sessions. Figure 3.1 shows the
steps of the research design process.

Figure 3.1. Visualization of the research design process

3.3. Participants
Since sample size is very important for reliability, a relatively large sample size was
used in this study. Another thing that should be considered is to select a sampling type.
Convenience sampling is a terminology used for nonprobability or nonrandom
sampling in which members have been selected from the target population that meet
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the purpose of the study with some criteria like accessibility to the researcher, presence
at a given time, geographical closeness or the willingness to join (Dörnyei, 2007; Ross,
1978). In this study, convenience sampling was used because the targeted group is
chosen from the convenience University which is easy to access in terms of official
permit conditions and the willingness of students to participate in studies. Participants
were invited to this study by their course instructor. Additional credit was given to the
participants by the instructor for their participations.
The sample consisted of 74 university students from Atılım University. 47 of the
participants were male and 28 were female. In fact, although a total of 75 people could
be reached, one participant was excluded from the sample during the pre-treatment by
learning that he has dyslexia. A 37-person (males 23, females 14) experiment and 37person (males 23, females 14) control groups were formed. Students were included in
the study based on their voluntary participation and they were signed a consent form
(see Appendix E) at the beginning of the treatment. Students with similar past
experiences (Information systems engineering, computer engineering, software
engineering etc.) joined the study.

3.4. Data Collection Instruments
In the scope of this study, quantitative data collection was used in order to measure
the quantity of data and to generalize results from a selected sample to population. As
data collection instruments, reading span test (RST), cognitive load measurement,
preference of reading on tablets measurement and comprehension tests (for three
different reading passages) were used during the study. While some of the data
collection instruments (comprehension tests for three different reading passages) were
developed by researchers in the scope of the study, some of them were already
available in the literature.
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Ethics committee approvals were obtained for the conduct of the research and the
ethics committee approval notification is presented in Appendix G. Information
Details about data collection instruments are explained respectively below.

3.4.1. Reading Span Test (RST)
Reading Span Test (RST) is used for measuring working memory. The capability to
keep and operate information in the mind for a short time can be defined as working
memory. It is a flexible mental workspace and requires attention. It is also an
extremely fragile system and its capacity is limited but this differs from person to
person (Gathercole & Alloway, 2004). Its interaction with other cognitive capacities
is important (Rouder, Morey, Morey, & Cowan, 2011). One of the tests for
investigating central executive in adults is RST (Gathercole, Pickering, Ambridge, &
Wearing, 2004). Therefore, RST was used to measure executive and complex working
memory of participants to be able to create homogenous groups by correct matchings
according to their RST scores. The Turkish version of Reading Span Test which was
created by Ünal (2008) was used in this study.

This test was applied in a computer environment. It consisted of 5 main sentence sets
between 2 and 6 sizes. Each sentence set had also 6 patterns of sentences. To explain
the process briefly, participants were supposed to read these sentences aloud and then
say “Yes” or “No” by judging the truthfulness of them. They were also expected to
remember underlined and red color words located in each sentence at the end of each
set of sentences. To be more understandable, a “2 sentence set” for the Turkish
Reading Span Test is given below as an example. (see Appendix A for the whole
stimuli list):
1. Bir insanda 46 çift kromozom bulunur.
2. Türk Hukuk Kurumu THK ile kısaltılır.
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The evaluation of the results can be done in two ways. One of them is that the
participants correctly complete the largest set size which can be taken as a score. On
the other hand, the total number of the target words correctly remembered by a
participant which can be taken as a score (Daneman & Carpenter, 1980). The first
scoring method was used in this study.

3.4.2. Cognitive Load Measurement
A 9-point Likert scale was used for measuring cognitive load in this study. This
instrument is based on the self-reporting technique where participants evaluate their
cognitive load by them according to how they perceive. It is suggested and
recommended by (Paas, 1992), and it is assumed that people can examine their own
thoughts and feelings in terms of their cognitive processes and notify the rate of mental
effort spent. This self-rating scale is an empirical method used for estimating the
mental performance. The empirical methods are used widely to measure mental effort
studies in literature (F. Paas, Tuovinen, Tabbers, & van Gerven, 2003). Why cognitive
load is measured by the rating scale is examined by Paas et al. (2003) and the reason
is explained like this: this measurement types are inexpensive, useful, sensitive,
reliable and valid (in terms of convergent, discriminate and construct). Moreover,
Kirschner, Ayres and Paul (2011) pointed out that the subjective rating scale measures
cognitive load as one concept instead of distinguishing cognitive load components
(intrinsic, extraneous, germane). The total cognitive load (intrinsic, extraneous, and
germane load) is measured as one concept in this study because in the studies, the
measurement techniques which can distinguish precisely between cognitive load
components do not exist in literature (different aspects of cognitive load can be
measured by different measurement instruments). In order to see the measurement
used in this study, look at Appendix B.
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3.4.3. Preference of Reading on Tablets Scale
In this study, a 5-point Likert scale was used for measuring preferences of participants
about reading on tablets. This measurement is developed by the researchers. For this
process, firstly, the Tablet PC Acceptance Scale (Güngören, Bektaş, Öztürk, &
Horzum, 2014) in the literature was reviewed. Then, the items that were appropriate
for this study were added to the pool of substances directly or by editing. The item
pool created by the researcher included 8 items. This 5-point Likert scale (ranging
from “strongly disagree” to “strongly agree”) is used to rate for all these items (see
Appendix C).

3.4.4. Comprehension Tests
Comprehension tests were prepared by the researchers according to reading passages.
Questions of comprehension tests are conducted according to related passages and
there are four questions for each reading passage. Actually, at the beginning, six
reading passages were chosen and 24 multiple choice questions where four options for
each were prepared. Then expert opinion was received for these reading passages and
questions. The person whose opinion was received by is a Turkish/literature teacher
in a state high school. During the experimental process, three of the six readings were
selected, considering the expert's advice about them. Also, the questions were revised
according to his opinions and suggestions. As a result, we ended up with twelve
multiple choice questions in total to measure the reading comprehension of
participants (see Appendix D). The final version of the questions and chosen readings
were embedded into a reading software tool.

3.5. Implementation Process
This study is a true experimental process. Two groups were established in order to
realize the experimental process and some steps of this process were followed while
these two groups were formed. Firstly, some input variables (working memory and
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gender) were used for classifying participants and these variables were measured by
conducting a pre-treatment. The details of one-to-one measurements made with the
invited participants were explained under the pre-treatment procedure title. Secondly,
according to the measurement results of these input variables, student characteristics
were determined, and matchings were made. The input variables for used matchings
were gender and working memory. After the matchings, all participants were
randomly assigned into two groups (experiment and control groups). The details of
the measurement of dependent variables (reading comprehension, cognitive load and
preference of reading on tablets) according to independent variables (RWD/non-RWD
and small/large screen sizes for reading on tablets) were explained under the actual
implementation procedure title.

3.5.1. Visualization of Treatment
The steps of experimental design are diagramed as follows:
O1 R X O2
O1 R

O2

Pre-treatment was applied, and two groups were formed by making the matching
accordingly before a random assignment. Input variables for pre-treatment; working
memory and gender. This diagram can be expanded upon as in the Table 3.1.
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Table 3.1. Visualization Diagram of Treatment

1st observation
(measurement) of
the dependent
variables
O1 = Pre-test

Scientific
Random
Assignment of
Subjects to:
Experimental
Group

Participants'
average score on
the input variables
(WM & Gender)

Exposure to the
Treatment (X)
(independent
variable)

X
(RWD & Screen
Size)

Control Group

(Non-RWD &
Screen Size)

2nd observation
(measurement) of
the dependent
variable
O2 = Post-test
Experimental
Group's average
score on the
dependent variables
(Reading
Comprehension, CL
& Preference of
reading on tablet)

Control Group's
average score on the
dependent variables
(Reading
Comprehension, CL
& Preference of
reading on tablet)

a. Dependent variables = Cognitive Load & Reading Comprehension & Preference of Reading on
Tablets, Independent variables = Responsive / Non-responsive Website Design & Small / Large Screen
Size, Input variables = Working Memory and Gender

3.5.2. Pre-treatment Procedure
During the pre-treatment procedure, participants were taken to a room one by one for
one-to-one measurements. Measurements were performed with a total of 75
participants and each participant session lasted 15 minutes on average. One of these
participants was informed that he had dyslexia and for that reason his results were
excluded from the study and was not included in the real practice. (However still he
was awarded by the extra credit.) When the participant was taken to the room, first
they were asked to write their information (name, surname, department, student
number, date, signature, and phone number) on a paper on the table. Then the
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participant was placed in front of a laptop screen and the instruction paper about the
experiment process was told to be read. If the participant who was going to firstly
participate in the reading span test application questions, they were answered, and a
trial set was applied. After the trial set, the actual reading span test was applied. This
test was based on presenting series of sentences one at a time and participants read
each sentence aloud and then said “Yes” or “No” by judging the truthfulness of them.
They also tried to remember underlined and red colored words located in each
sentence at the end of each set of sentences in the presented order. According to the
participant's speed of reading and answering the sentences, the on-screen sentences
were displayed one by one by the researchers. In order to prevent data loss during the
Reading Span Test (RST), the answers were noted on a paper by the researchers as
well as a voice recorded. The test was terminated when the participant made more than
2 mistakes in a set. When the RST was completed, the voice recording was closed and
recorded according to the participant's name. The participant who correctly completed
the largest set size was taken as a score.

When the pre-treatment session was completed, the participants were reminded not to
share detailed information about the application. The next participant who was waiting
outside was taken into the room and the same procedures were repeated one by one
with a total of 74 people. Steps of pre-treatment procedure are shown at Figure 3.2.

Figure 3.2. The steps of pre-treatment procedure
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3.5.3. The Actual Implementation Procedure
Before the actual implementation, a pilot test was conducted with 5 people to be able
to see if any mistakes about the software was overlooked. According to this pilot test,
the software was optimized, and real implementation process steps reviewed. After
that, the steps of the true experimental study were followed, and the matchings were
performed according to the working memory and gender distribution of the
participants. According to this, the actual implementation was performed with two
groups formed by random assignment. Participants were taken into the room in groups
of 5 or 6. In this way it was thought that it would be easier to observe and control the
process. They were seated in their places and a voluntary participation form was
distributed and asked to sign. Then the instruction explaining what to do during the
actual implementation process was read. If any participants asked any questions they
were answered. Each student was given one tablet and the students were asked to hold
the tablets in a vertical position at the beginning. On the tablet screen, the participants
were expected to write their name and student number and to select one of the "Group
1" or "Group 2" buttons. The correct group selection number of the students on the
tablet screens was provided by the researchers according to the groups determined in
the random assignment. After that, participants started reading from the tablet screen
while the time was being kept by a stopwatch. During the reading, the ‘Flip Display’
command was given to the participants every 60 seconds. Throughout the experiment,
the behaviors of the participants were monitored and observed by the researchers. If
there is a participant who did not flip the tablet screen suitable, intervene of the
researcher was occurred to flip the screen. The student who finished the reading was
not allowed to stand up and talk until the other friends finished the reading. When
everyone finished reading, the questionnaire including items about cognitive load and
reading on tablets preference was distributed to the participants to fill it on a paper.
For detailed information about the experiment, it was stated that the information form
will be distributed after the actual implementation process is completed with all
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participants. It was said that they can leave the room by thanking the participants. The
total spent time for the actual treatment was 30 minutes in average. Approximately 20
minutes was spent by the participants for reading passages (about 7 minutes for each).
Participants also spent 5-10 minutes to fill the questionnaire including self-rating
cognitive load scale and preference of reading on tablets scale. All of the process of
the actual implementation is shown in Figure 3.3.

Figure 3.3. The steps of the actual implementation procedure

3.5.3.1. Reading Materials
During the actual implementation process, three different reading materials were used.
These reading passages were selected from the technology pages on the internet. They
were about technology and they also included some pictures. The visuals in the content
explain the writing. The topics of the readings were: “Li-Fi Nedir, Yoksa Wi-Fi’ın
Yerini mi Alacak?” which is 690 words long, “9 Etkileyici Fotoğraf ile Teknolojinin
Evrimi” which is 440 words long, and “Dünya’nın Gerçek Şekli: Geoit” which is 406
words long. The third reading part contained more terminological expressions.
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3.5.3.2. Reading Software Tool
A reading software tool was developed for this study. This tool provided two different
website designs which are responsive and non-responsive. During the development of
the software process, steps of the RWD approach were followed and ready block codes
and a specific set of codes were used. Also, participants’ answers to the questions and
group information were kept in the background via this software. A breakdown of
these data is provided on a screen that can only be seen by the researchers. To be
clearer, the screenshots of RWD and non-RWD interfaces were given Figure 3.4 and
Figure 3.5.

The participants used this tool with different screen sizes (small or large) and on both
tablet position (vertical and horizontal). According to these conditions, design of the
interface was changing by adjusting texts and visuals in size (smaller or bigger view
of them). The difference between designs in terms of text and visual sizes can be seen
from Figure 3.4. and Figure 3.5.
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Figure 3.4. RWD interface
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Figure 3.5. Non-RWD interface

42

3.6. Data Analysis
In this study, there are several dependent variables which are reading-comprehension,
preference of reading on tablets, and cognitive load and also two independent variables
which are website design (responsive vs. non-responsive) and size of screen (small vs.
large). Because of the existence of several dependent variables, multivariate analysis
of variance (MANOVA) was used to analyze the data. That is, it was preferred to use
one MANOVA test instead of conducting several analysis of variance tests. According
to Field (2013), this decreases the chance of Type I error. MANOVA is used when we
are interested in several dependent variables’ circumstances (Field, 2013). MANOVA
can be used when there is only one or several independent variables and interactions
between independent variables which can be examined to compare them (Field, 2013).
Namely, the important point in here is that there are more than one dependent variables
to be examined. Moreover, Field (2013) states that MANOVA shows the relationship
between dependent variables by using them in the same analysis and this analysis
method has the power for detecting whether a combination of dimensions affects
groups. So, in this study, whether the interaction of website design and screen size has
an effect on dependent variables or not, was examined by this analysis method. In
short, for all these reasons, MANOVA was preferred to use in the data analysis.

3.7. Summary
In Chapter Three, the introduction, research design, participants, data collection
instruments, implementation process, data analysis and organization of the study were
presented. Chapter Four is a presentation of study results with visuals of analysis
outputs and explanations of them. Chapter Five includes discussions and suggestions
for those interested.
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CHAPTER 4

4.

RESULTS

4.1. Descriptive Analysis
As demonstrated in Table 4.1, the sample of the study consists of 74 undergraduate
students in total. These participants were divided into two groups (experimental group
and control group) by random assignment. The experimental group has the responsive
website design (n=37) and the control group has the non-responsive website design
(n=37). According to the matchings of the participants, they used tablets with small
screens (n=36) or with large screens (n=38). The descriptive table of these variables
is given at Table 4.1 and Table 4.2.

Table 4.1. Between-Subjects Factors

Website Design
Screen Size

1
2
1
2

Value Label
Responsive
Non-responsive
Small screen
Large screen
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N
37
37
36
38

Table 4.2. Descriptive Statistics

Reading
Comprehension

GroupNo
Responsive

Nonresponsive
Total

Preference of
reading on
tablets

Responsive

Nonresponsive
Total

Cognitive Load

Responsive

Nonresponsive
Total

TabletSize
Small screen
Large screen
Total
Small screen
Large screen
Total
Small screen
Large screen
Total
Small screen
Large screen
Total
Small screen
Large screen
Total
Small screen
Large screen
Total
Small screen
Large screen
Total
Small screen
Large screen
Total
Small screen
Large screen
Total

46

Mean
8,44
7,58
8,00
8,11
8,21
8,16
8,28
7,90
8,08
24,33
25,26
24,81
19,67
23,63
21,70
22,00
24,45
23,26
4,94
5,53
5,24
5,78
5,32
5,54
5,36
5,42
5,39

Std.
Deviation
2,26
2,22
2,25
2,45
1,62
2,04
2,33
1,94
2,13
7,20
5,88
6,48
5,95
6,95
6,70
6,93
6,40
6,73
1,31
1,22
1,28
1,35
,75
1,10
1,38
1,00
1,19

N
18
19
37
18
19
37
36
38
74
18
19
37
18
19
37
36
38
74
18
19
37
18
19
37
36
38
74

4.2. Multivariate Results of MANOVA
Equality of covariance matrices is one of the assumptions that should be provided
before a multivariate analysis. Therefore, Box’s test of equality of covariance matrices
was run and according to the results, [Box’s M=15.19, F (18, 17205.79) =.78, p=.73]
the assumption was not violated. After this assumption had been provided,
multivariate analysis was conducted to examine the effects of the two nominal
variables (website design and size of screen) on dependent variables (reading
comprehension, cognitive load and preference of reading on tablets). The multivariate
tests of these variables are given in Table 4.3.
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Table 4.3. Multivariate Tests

Effect
Intercept Pillai's
Trace
Wilks'
Lambda
Hotelling's
Trace
Roy's
Largest
Root
Website Pillai's
Design
Trace
Wilks'
Lambda
Hotelling's
Trace
Roy's
Largest
Root
Screen
Pillai's
Size
Trace
Wilks'
Lambda
Hotelling's
Trace
Roy's
Largest
Root
Website Pillai's
Design * Trace
Screen
Wilks'
Size
Lambda

Partial
Hypothesis Error
Eta
Observed
Value F
df
df
Sig. Squared Powerc
,98
956,06b 3,00
68,00 ,00 ,98
1,00
956,06b 3,00

68,00 ,00 ,98

1,00

42,18 956,06b 3,00

68,00 ,00 ,98

1,00

42,18 956,06b 3,00

68,00 ,00 ,98

1,00

,08

2,02b

3,00

68,00 ,12 ,08

,50

,92

2,02b

3,00

68,00 ,12 ,08

,50

,09

2,02b

3,00

68,00 ,12 ,08

,50

,09

2,02b

3,00

68,00 ,12 ,08

,50

,05

1,22b

3,00

68,00 ,31 ,05

,31

,95

1,22b

3,00

68,00 ,31 ,05

,31

,05

1,22b

3,00

68,00 ,31 ,05

,31

,05

1,22b

3,00

68,00 ,31 ,05

,31

,08

1,89b

3,00

68,00 ,14 ,077

,47

,92

1,89b

3,00

68,00 ,14 ,077

,47

,02
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Hotelling's ,08
1,89b 3,00
68,00 ,14 ,077
,47
Trace
Roy's
,08
1,89b 3,00
68,00 ,14 ,077
,47
Largest
Root
Based on the results of the multivariate test, none of the independent variables yielded
a significant result. For website design (responsive vs. non-responsive), Wilk’s λ=.92,
F (3,68) =2.02, p=.12, partial η2=.08 indicating %8 of variance. For screen size, Wilk’s
λ=.95, F (3,68) =1.22, p=.31, partial η2=.05 indicating %5 of variance. For interaction
effect of website design and size of screen, Wilk’s λ=.92, F (3,68) =1.89, p=.14, partial
η2=.08 indicating %8 of variance.

4.3. Between Subject Analysis Results of MANOVA
After multivariate analysis had been run, a subject analysis was conducted to see
details about each independent variable effect on each dependent variable. Here,
equality of error variances is one of the assumptions to be provided of this analysis
and Levene’s test was conducted for this reason. The results of Levene’s test are F
(3,70) =.68, p=.57 for reading comprehension, F (3,70) =.44, p=.73 for preference of
reading on tablets, and F (3,70) =1.59, p=.20 for cognitive load. The assumptions for
each dependent variable were not violated (see Table 4.4).
Table 4.4. Levene’s Test of Equality of Error Variances

F
,68

df1
3

df2
70

Sig.
,57

Preference of
Reading on
Tablets

,44

3

70

,73

Cognitive Load

1,59

3

70

,20

Reading
Comprehension

Tests the null hypothesis that the error variance of the dependent variable is
equal across groups.
a. Design: Intercept + GroupNo + TabletSize + GroupNo * TabletSize
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4.3.1. Website Design
According to the results, website design (responsive vs. non-responsive) has no
significant effect on reading comprehension F (1,70) =.09, p=.77, partial η2=.00 and
on cognitive load F (1,70) =1.30, p=.26, partial η2=.02. However, website design has
a significant effect on preference of reading on tablets F (1,70) =4.31, p<.05, partial
η2=.06. This means that using different website designs affects people’s preference of
reading on tablets by indicating %6 of variance. Figure 4.1 shows the effect of website
design on preference of reading on tablets.

Preference of Reading on Tablets
25.5
25

24.8

24.5

Mean Scores

24
23.5
23
22.5
22

21.65

21.5
21
20.5
20
RWD

Non-RWD

Figure 4.1. The effect of website design on preference of reading on tablets

As it can be seen in Figure 4.1, the participants who used RWD had higher mean
scores than the participants who used non-RWD in terms of preference of reading on
tablets.
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4.3.2. Screen Size
According to the results, screen size (small screen vs. large screen) has no significant
effect on reading comprehension F (1,70) =.59, p=.45, partial η2=.01, on preference
of reading on tablets F (1,70) =2.60, p=.11, partial η2=.04 and on cognitive load F
(1,70) =.05, p=.83, partial η2=.001.

4.3.3. Interaction of Website Design and Screen Size
The results of the test show that website design and screen size have no interaction
effect on reading comprehension F (1,70) =.93, p=.34, partial η2=.01 and preference
of reading on tablets F (1,70) =1.00, p=.32, partial η2=.01. However, there is a
marginal interaction effect on cognitive load F (1,70) =3.64, p=.06, partial η2=.05.
This means that interaction of website design and size of screen affects marginally
people’s cognitive load by indicating %5 of variance. The interaction effect on each
dependent variable was analyzed with the graphs presented separately as follows.

Reading Comprehension
8.6

8.44

8.4

Mean Scores

8.21

8.11

8.2
8
7.8
7.58

7.6
7.4
7.2
7
Small

Large

Small

RWD

Large
Non-RWD

Figure 4.2. The interaction effect of website design and screen size on reading comprehension
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Figure 4.2 demonstrates that the participants who used RWD had higher mean scores
than the participants who used non-RWD on small screen tablets in terms of reading
comprehension. Conversely, the participants who used RWD had lower mean scores
than the participants who used non-RWD on large screen tablets in terms of reading
comprehension. This shows that RWD has an advantage on small screen in terms of
reading comprehension. In other words, it can be said that RWD has an important role
on small screens when considered reading comprehension.

Preference of Reading on Tablets
30

Mean Scores

25

25.26

24.33

23.63

19.67

20
15
10
5
0
Small

Large

Small

RWD

Large
Non-RWD

Figure 4.3. The interaction effect of website design and screen size on preference of reading on
tablets

As it can be observed in Figure 4.3, it is clear that the participants who used responsive
website design obtained a higher mean of score than the participants who used the
non-responsive website design on both screen sizes in terms of preference of reading
on tablets. Here, while responsive website design has almost no difference according
to screen size in terms of the preference of reading on tablets, non-responsive design,
which was preferred, increased noticeably in direct proportion with the screen size.
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Cognitive Load
6.2

6

6

6

Mean Scores

5.8
5.6
5.4

5.2

5

5

5
4.8
4.6
4.4
Small

Large

Small

RWD

Large
Non-RWD

Figure 4.4. The interaction effect of website design and screen size on cognitive load

Figure 4.4 shows that the participants who used responsive website design got lower
mean scores than the participants who used non-responsive website design on small
screen size in terms of cognitive load. However, the former group acquired a little
higher score than the latter group on the larger screens in terms of cognitive load. Here,
the lower cognitive load when using the small screen in responsive website design
means that responsive website design is more effective on small screens by not
increasing the cognitive load. This is a result in the same direction with reading
comprehension.

4.4. Summary
In Chapter Four, the results of the data analysis were presented with tables and
graphics and explanations of them were given. Chapter Five includes discussions and
suggestions for those interested.
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CHAPTER 5

5.

DISCUSSION AND CONCLUSION

5.1. Cognitive Load
In this study, it is investigated whether responsive website design (RWD) and screen
size has an effect on cognitive load. There is much research in the literature about
cognitive load, but only a few of them used similar variables as our study. No other
study using exactly the same variables with this study could be found. In this regard,
the studies which are not the same but with similar variables in the literature are
examined and common and different points are explained.

In other studies, in the literature, some of them found that there is a significant effect
of used different independent variables (e.g. CL principles, goal-based scenario
designed

multimedia

learning,

instructional

strategies

in

online

learning

environments, the working memory capacities etc.) on the cognitive load. However,
one of the studies conducted by Aydın (2017) had achieved similar results in a very
similar context to this present study. The study investigated the effects of seductive
details and topic interest on learning and cognitive load in hypertext environments.
The results revealed that cognitive load was not affected by hypertext structure.
Actually, any of the independent variables does not have any effect on the cognitive
load according to the study results. Although reading in hypertext environments
requires more complex cognitive tasks, it has no effect on the cognitive load.
Consistent with this finding, in our study, reading on the website with responsive
design, requires some easy cognitive tasks but still there is no effect on the cognitive
load. In fact, this was conflicted with our expectation was that the responsive design
would decrease the cognitive load.
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If we examine the results of our study on this variable, the present study results
revealed that none of the independent variables have an effect on the cognitive load.
That is to say, website design (responsive vs. non-responsive), screen size (small vs.
large) and interaction of these two independent variables have no significant effect on
the cognitive load of participants. Even though there is no significant difference, the
participants who used RWD on small screens obtained lower mean scores than the
participants who used non-RWD on small screen in terms of cognitive load. This
means that RWD and small screens combined provide lower cognitive load, and this
situation indicates that a meaningful result can be reached by making some
arrangements in the study. For example, extending the duration of the experiment may
be one of the arrangements that need to be done.

When considered the reason of the results in more detail, it can be said that
intervention time, length of reading passages, and quality and quantity of
comprehension questions may affect the results. In other words, if the treatment was
conducted in a longer period of time or repeated more than once, the results could be
different from now. On the other hand, if the reading passages had more than
thousands of words and the comprehension questions were more than ten for each
passage, the analysis could show different results.

Cognitive load can be assessed by measuring mental load (the interaction between
task and subject characteristics), mental effort (the actual cognitive load), and the
performance of a learner (learner’s achievements) (Paas et al., 2003). We may not had
achieved the result we expected because we attempted to measure cognitive load in a
single dimension and measured mental effort at a self-rating level.

5.2. Reading Comprehension
This study investigated whether the RWD has an effect on reading comprehension and
whether the screen size of tablets affects reading comprehension. Moreover, whether
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the interaction of these two independent variables show a significant effect on this
dependent variable was examined. In the literature, there are lots of researches about
reading comprehension, however only a few of them used similar variables in our
study. No other study using the RWD as independent variable, and using the reading
comprehension as dependent variable could be found. Therefore, the studies which are
not the same but have similar variables were investigated, and common and different
points were clarified.

Previous researches demonstrate different results on this topic. Reading
comprehension was affected by media presentation type (paper or electronic) in early
studies (e.g., Bevan, 1981; Gould et al., 1987), however, recent research shows the
opposite results (smaller or less consistent differences) in text memorization and
reading comprehension (e.g., Green, Perera, Dance, & Meyers, 2010; Huang, 2006).
Our study results are consistent with these recent findings but this was not our
expected situation. It was thought that the decreasing difference between media types
over time in terms of comprehension could arise from design of digital media like
responsiveness. Nevertheless, in our study, the absence of a significant difference can
be attributed to the intervention time, length of reading passages, and quality and
quantity of comprehension questions. The other study in the literature had used three
reading passages and ten comprehension questions (similar to our study), and its
results showed that reading comprehension and reading speed did not differ according
to tablet or paper (Dundar & Akcayır, 2011). This result raises the possibility that the
shorter treatment of time might affect our results more instead of the length of reading
passages or number of questions.

One of the studies, showed that media presentations (e-readers, computer screens, or
paper) had no significant effect on reading comprehension (Margolin, Driscoll,
Toland, & Kegler, 2013). It was stated that comprehension differences may exist, but
were not found in the study, furthermore, if it were to exist, it is likely to be very small
or moderated by other factors. We thought that one of the factors can be design of the
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interface or content of the test. Even though we could not find any significant
difference, the experimental process can be modified in terms of 'intervention time' or
'passages’ content and length' to be able to reach significant results. This result shows
also that the necessity for using of the device did not significantly limit readers’
comprehension during reading. The underlying reason for this needs further research.

5.3. Preference of Reading on Tablets
This study investigated whether RWD affects the preference of participants for
reading on tablets, and whether the screen size of tablets has an effect on their
preference. Also, whether the interaction of these two independent variables has a
significant effect on this dependent variable was researched. In the literature, a number
of researches about tablet preference for reading or studying is present, however, only
a few of them considered similar variables to our study. No other study using the RWD
as an independent variable and the preference as a dependent variable was found.
Therefore, the studies which are not the same but have similar variables were
investigated to see similar and different results.

One study was conducted by Dundar and Akcayir in 2011 and an interview was
conducted with participants to specify preference of reading on tablets. According to
the interview results, since books are difficult to carry, participants preferred tablet
PCs for reading. In this study, tablets and paper were compared in terms of reading
comprehension and preference. However, in our study, we were focusing on material
design rather than device. That is, we intended to determine whether website designs
(responsive vs. non-responsive) and screen sizes (small screen vs. large screen) affect
the preference of reading or not. In our study results, while screen sizes had no
significant effect on reading comprehension and on preference of reading on tablets,
website design had a significant effect on preference of reading on tablets. The
participants who used RWD had higher mean scores than the participants who used
non-RWD in terms of preference of reading on tablets.

58

Another study conducted by Lombard, Amadieu, Bråten, and van de Leemput at 2018
aimed to investigate whether using two different applications affect comprehension in
a multiple document reading task. Also, the effect of strategic guidance on
performance and acceptance of tablets was tested in the scope of this study. The results
showed a performance-preference paradox. This means that although the strategy
group obtained a better comprehension mean scores than the scores of participants in
the control group freely used Adobe Reader, this group did not prefer tablets as a tool
for studying multiple documents. When we consider our study results, a similar
dilemma can be seen in our study. Namely, we obtained results which indicated that
reading comprehension levels are higher in responsive website designs when
compared to non-responsive website designs. In contrary, the preference of reading
on tablets which include a responsive design resulted in lower means of score than of
the non-responsive website design. This situation shows that while comprehension
level increases, preference decreases, and this is consistent with the reviewed
literature.

Another study was conducted by Huang, Chen, and Ho (2014), and its results showed
that tablet reading systems differ from other digital reading systems in terms of
behavior patterns and context of use. Also, the results demonstrated that tablet reading
systems need to be redesigned in terms of some aspects to improve reading situations.
Finally, this study stated that behavioral intention about tablet reading systems can be
developed when redesigned. We thought that one of the methods that could be utilized
to redesign the interface is the employment of responsive website design, which is a
different method from the method used by in this study. Our study intended that
preference of reading on tablets instead of behavioral intention can be developed when
redesigned via RWD. And as we predicted, this method (RWD) had a significant
effect on the preference.
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5.4. Implications
It is thought that this study may contribute to the improvement or renewal of screen
designs of electronic books according to the results of the study and thus increase the
use of electronic reading tools. It is also thought that the study will bring a different
dimension to electronic reading habits and support efficient electronic reading by
changing usage habits. Thus, in order to prevent cognitive overload by decreasing
extraneous cognitive load, these different usage habits for e-reading may be guiding
to develop multimedia design of this type of environments. Considering the
instructional design principles of multimedia learning, it is believed that responsive
website design can contribute to expanding the principles by bringing different
dimensions to multimedia teaching.

Although previous researches showed that instructional design principles make a
difference on multimedia learning, more research should be done on RWD as a new
instructional strategy on multimedia environments like e-reading devices. Researchers
should try to use various instructional methods to provide better learning. With this
information, a researcher should decide how to ease reading on tablets for developing
reading comprehension, decreasing cognitive load and ensuring the preference of
reading on tablets. Then, the researcher may choose the RWD approach to improve
usefulness of reading on tablets. Therefore, the students will be able to effectively
learn at the appropriate reading comprehension and cognitive load level and may
prefer reading on tablets. Information needs to be available for those who are
interested regarding how they can use RWD, and how they can implement it on their
websites if they cannot use technology effectively. Moreover, further research is
needed on university students in longer reading passages, more questions and a longterm experiment environment in order to assess their reading-comprehension,
cognitive load, preference of reading on tablets.
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5.5. Conclusion
It should be paid attention that this study has limitations. First of all, the participants
of this study were university students and they were familiar with technology (e.g.
they are required to do digital reading). If the study was conducted with participants
who are less familiar with technology like older individuals, the results may differ in
terms of reading comprehension, cognitive load or preference of reading on tablets.
Familiarity with technology and frequency of using hand held devices for reading
were not taken into account in this study. Secondly, if each participant had done
reading on both responsive and non-responsive website designs, and on both tablets
with small and larger screens, it would be more helpful to reach reasonable results on
one participant's comprehension scores. (But by applying all the steps of a true
experimental study, the results were quite comparable by measuring the specific input
variables of the participants, making the correct matches according to these variables
and assigning them to random groups.) Thirdly, the effort of the participants may not
be the same as a classroom setting, and for this reason the data might not have been
accurately collected to reach accurate results. Fourthly, the comprehension measure,
which is unidimensional including comprehension questions, may not be sufficient to
measure exact results. Also, the cognitive load measure is a type of self-reporting one
and it may not show the real mental effort because of it basis itself on the honesty of
participants. Finally, intervention time, length of reading passages and quality and
quantity of comprehension questions may affect the results.

Future research should investigate the effects of RWD on comprehension, preference
and cognitive load in a long-time setting. Longitudinal researches can be conducted
by allocating longer periods of time for collecting data, more reading passages (may
be different types like informational or narrative), longer reading passages (e.g. more
than thousands of words), and more comprehension questions (more than 6 for each).
That is, future studies can aim to improve e-reading environments by using a variety
of screen sizes and improving website design, thus, finding the optimal screen size
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and website design for screen reading. Finally, more detailed studies can be performed
to obtain meaningful results about the performance-preference paradox situation.
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