%

ANMHULANFANN WA NIATE AT AL AT AN NN 1A 11N 281U I A ULAAAUN T AN S

UNANIFRIFN gIUINT

31/1ﬂqﬁwuﬁﬁﬂumwﬁwmmiﬁﬂmmwa“ﬂzgmﬂ?zytyﬁmmmmmumﬁmeﬁm
a1 waTulagnienIn nalEaneAaninIenINaaLazmAlulagnian T
ATANNAERT QAN EN AT
Tnnsfinen 2554

s

AUANTVRIANIAINILINMINENRE

unfadeuazuiudoyaniuAuvesIninusdualmsanm 2554 #lvuimsluadalyanyma (CUIR)
luniudoyavesii@aswesinoiinus idaiumaiudainedo
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)
are the thesis authors' files submitted through the Graduate School.



DIFFERENCES IN VISUAL STRESS AND PREFERENCE IN READING
BETWEEN TABLET AND PAPER

Miss Tongta Yuwanakorn

A Thesis Submitted in Partial Fulfllment of the Requirements
for the Degree of Master of Science Program in Imaging Technology
Department of Imaging and Printing Technology
Faculty of Science
Chulalongkorn University
Academic Year 2011
Copyright of Chulalongkorn University



Thesis Title

By
Field of Study
Thesis Advisor

Thesis Co-advisor

DIFFERENCES IN VISUAL STRESS AND PREFERENCE

IN READING BETWEEN TABLET AND PAPER
Miss Tongta Yuwanakorn

Imaging Technology

Assistant Professor Suchitra Sueeprasan, Ph.D.

Professor Tetsuya Sato, Ph.D.

Accepted by the Faculty of Science, Chulalongkorn University in Partial

Fulfillment of the Requirements for the Master’s Degree

................................................. Dean of the Faculty of Science

(Professor Supot Hannongbua, Dr.rer.nat.)

THESIS COMMITTEE

................................................. Chairman

(Assistant Professor Chawan Koopipat, Ph.D.)

................................................. Thesis Advisor

(Assistant Professor Suchitra Sueeprasan, Ph.D.)

................................................. Thesis Co-Advisor

................................................. Examiner

(Associate Professor Pontawee Pungrassamee)

................................................. External Examiner

(Mr. Theera Piyakunakorn)



Egl/’ﬂ\‘iﬁﬂ qqmﬂi : m’mumnmﬂummLmﬂmﬁa ﬂ LL@VﬂQﬁNWGW@IﬂiuﬂWiﬂﬁu?v
WINNWALLARNUNTZANE. (DIFFERENCES IN VISUAL STRESS AND PREFERENCE IN
READING BETWEEN TABLET AND PAPER) 8. NL5n#13NeNTNUSUAN : LA.A9. Rloke

datlszans, .91 5w IneINKEdN ; Prof. Tetsuya Sato, Ph. D., 89 uiin.

o

JNAFLRANHIAINNLANFIANUANNLATHALTII N ALTZUINNITA U LA LLA AU
= v = o 4 ¥
N92ANT  TINDNANNNLANFNAIUANNAING LA LAZANNNAZAINALNE 11N13 M NN 1A BIARTI94 D
o Y Yo o dl a s ] 2 % =3
1N13NAAe IR ALNAN L ULARLAINNETLATIZUANNLANFANATBANNALAL  ANNINE1A

waTAMNAZAINAL8 11NN I EI LI RDLALLAALATAILANE ANNTUHAINABLLLANINLARAILIL

al

windauazuunszay Tnentlaniuiieaniiu 3 9ila As @19zA9 s 119 wariinow Wewusas
FaRfdanneuLAeaesiuinaty wATlmmensELEaT waziipuenawinu e

T P I I~ o wa o = - oo o o & A
WARZLIANNANRENANA 7 AN HANNAATIAUIAINA Lﬂcﬁi‘ﬁl'i_ILVlEl‘]_IL']@WVlshj AMUIUATNANNLINNNIT

a

ANUANNADNIEDY WATENIINITENL (ANWIBANRANINLAFBUIT) LINEALATITTUIAIHLANFAINAL

L

ANHLATEIALTR A ré FUNAYILLLAELNNNEINITAINIATEAITRTALIAIAINTIINNINAARS AN

o o o

NINARRINLAN AefisneiuiinanldiiauueltdureseinisanuaTeadanals1eiy Ingaziin

ANHLAFE AT AN NLNB BN WA NLALLAR LaZliavn A HAFAaN1TNAAINITAINNLAT AT

e |
ar =

Auunldunisifine1n1sANeIE AR ATguR ag U nuALIAR LR AN AWALTL

o

el £

62(7

=3 Y o

winde  JRanadaulugianuienelalunisgiuainnizasuninndinisgnuainuiuign
AnFAnazadnauelunsdeuLiLEAIeg uIRaNssa LY 9T AING uaTATN

Fanazaonaunglunislfaunszanmilasiuuaiieng wna1sm1aeInsuasiinegans

NPT ANYNANABINSDINEE AVIRDTOTNRM - oo

A11193%1 W AlulatinIanIN ANLNATD 2. NUFNEHINLNTINUSTUAN

TUn1sAnen 2554 ANeNaT 8. NUTNHIRNLNINLEI



# # 5372491023 : MAJOR IMAGING TECHNOLOGY
KEYWORDS : VISUAL STRESS/ TABLET/ PAPER/ MEDIA
TONGTA YUWANAKORN : DIFFERENCES IN VISUAL STRESS AND
PREFERENCE IN READING BETWEEN TABLET AND PAPER. ADVISOR : ASST.
PROF. SUCHITRA SUEEPRASAN, Ph.D., CO-ADVISER : PROF. TETSUYA
SATO, Ph.D., 89 pp.

This study investigated visual stress in reading from tablet in comparison with reading
from paper. The differences in preference and ease of use between the two media were also
investigated. In this experiments, observers were first given a questionnaire about their
familiarity with electronic media, preference for reading media and ease of use between tablet
and paper. Observers then conducted visual experiments, in which they read one document
on tablet and another one on paper. Three types of document were used. They were
information, news and tale. Observers read all three types on both tablet and paper but
different stories for each type were read by an observer on different media. All documents had
the same length and reading difficulty. Each contained 7 misspelling words. The observers
also answered a questionnaire about visual stress symptoms after completing the visual
experiments. The number of mistake words found and time used to complete the experiments
on each medium were analysed to determine the differences in visual stress between reading
from tablet and paper. It was found that media affected visual stress in reading, in which
tablet had a tendency to incur visual stress. The document types did not affect visual stress.
The observers who were inclined to have visual stress when reading from tablet were not
familiar with tablet. Most observers preferred reading on paper to tablet. When reading news
and informations, tablet was easier to use. On the other hand, when reading novel, journal and

magazine, observers chose paper for its ease of use.

Department :_Imaging and Student’s Signature

Field of study :_Imaging.Technology Advisor’s Signature

Academic Year : 2011 Co-advisor’s Signature



Vi

ACKNOWLEDGMENTS

| would like to express my sincere gratitude to my advisor, Assistant Professor
Dr. Suchitra Sueeprasan who provides me the opportunity to do research under her
supervision and for her invaluable advices. | would like to thank my co-advisor,
Professor Dr. Tetsuya Sato, who helps and guides me in the research. | would like to
thank Associate Professor Dr. Aran Hansuebsai, Assistant Professor Dr. Chawan
Koopipat, Associate Professor Pontawee Pungrassamee and Mr. Theera Piyakunakorn

for their invaluable comments as committee members.

Many thanks also go to all observers that dedicated their valuable time for
participating to complete my experiments. | am greatly indebted to them. This thesis

would not have existed without them.

Finally, | would like to affectionately give all gratitude to my family for their
encouragement, assistance and patient support in everything throughout my entire

study.



ABSTRACT (THAI) oottt [

CONTENTS

ABSTRACT (ENGLISH) .ottt

ACKNOWLEDGEMENTS ..ottt

CONTENTS

LIST OF TABLES ...t

LIST OF FIGURES ...ttt

CHAPTER I INTRODUGCTION. ...ttt ittt

1.1 ODJECHIVES v

LIVZSTolo] o1 Ty Y (= e LA SR

1.3 Expected OUICOMES....i.iiiiiiiiiiiec s,

1.4 CONENTS...... oo i ermre e N o e

CHAPTER Il THEORETICAL CONSIDERATIONS AND LITERATURE REVIEWS 5

2.1 Theoretical ConSIAEratioNS.......cvvee e,

2.1.1Visual SYSIEM ovviiiiiiiiiiic e
2.1.2 CIE Standard illuminantS........oveeeeo e
2. 1.3 ViSUAI SIIESS et

2.1.4 Visual Stress analysis .......ueeeeiiiiiiiiiiiiee e

2.2 LItErature FEVIBWS ... oo

PAGE

Vi

Vii

Xii



CHAPTER I METHODOLOGY ittt 24
T N o] o == (1 1 SRR 24

3.2 MENOA ..o 25

3.2.1 Experimental preparation.........ccccccceeeeiiiiiiiiiciiiiiiee 26

3.2.2 Visual EXperiments.......ccoceeeviiiiiiiiiicee e 31

3.2.3 Data analysis.......cooooiiiii e 35

CHAPTER IV RESULTS AND DISCUSSIONS ..., 37
4.1 Results from general qUestionNaire...........cccovvvvieeiiiiiiieeiii 37

4.2 Results visual eXperiments. ... 42

4.2.1 Comparisons between two media..........ccccveeeiiiiiinneennns 42

4.2.2 Comparisons between document types...............ceeeene 48

4.3 Observer Classification..........ciii e 51

4.3.1 Comparisons between two groups of observers............. 52

4.3.2 Comparisons between two media..........ccccevveeiiiiinneenns 55
4.4 Results from visual stress symptoms questionnaire.............cc......... 58

4.5 Results from general questionnaire:comparisons between

EWO GIOUD . et 61

CHAPTER V CONCLUSIONS ..ottt 65
5.1 CONCIUSIONS ...ttt 65

5.2 SUGQESTIONS ..ttt 67

REFERENGCES ..o 68

vii

PAGE



APPENDICES ... 71

APPENDIX A THE GENERAL QUESTIONNAIRE .....coooiiiiiiiiiieciiee 72

APPENDIX B THE VISUAL STRESS SYMPTOMS

QUESTIONNAIRE. ...ttt 7

APPENDIX C THE DOCUMENTS WITH THE MISSPELLING

PAGE



TABLE

3-1

4-1

4-2

4-3

4-4

4-5

4-6

4-7

4-10

4-12

LIST OF TABLES

Examples of MisSpelling WOrdS. .......oocvviiiieiiiiiiiee e

Percentages of observers for reasons to read news, novel,

journal, magazine, and information on tablet or paper .............ccccoe..... 40
Paired t-test between two media for information ...........cccccceevviineenne 44
Paired t-test between two media for NeWS .......ccccooviiiiii i 44
Paired t-test between two media for tale .........cccccceeeiiiiiiiiiiii 45
The luminance of tablet and PapPer ..o 47

Two-way ANOVA of the reading time between media

AN AOCUMENT IYES. .ttt 49

Two-way ANOVA of the number of misspelling words

found between media and document types...........ceeeeeviiiiiiiiiiiiiiineee, 49

Two-way ANOVA of the reading rate between media

aNd dOCUMENT LYDES ...ttt e e e e 49

The observers charaCteriStCS ....cou i 52

The independent t-test of the reading time between

WO groups Of ODSEIVEIS........cooiiiiiiii e 53

The independent t-test of the number of misspelling
words found between two groups of Observers........ccocvvvvevveveiieeeeeeeenn. 53
The independent t-test of the reading rate between

TWO groups Of ODSEIVETS. .. .uuuiiiiiiiiiiecee e

PAGE

28

54



Xi

TABLE PAGE

4-13  The independent t-test of the reading time between two media............ 56

4-14  The independent t-test of the number of misspelling

words found between tWo Media.......coooveiiiie e 56

4-15  The independent t-test of the reading rate between two media............ 57



FIGURE
2-1 Factors Of visual SYSIEM.......uviiii e
2-2 Light DENAVIOUT ..o
2-3 The structure of NUMaN EYe........oooviiiie i
2-4 The relative spectral sensitivity of L, M, and Scones .................cco..
2-5 The ViSiDIE SPECTIUM.....ueiiiiiiii e
2-6 The relative spectral power distribution of daylight............ccccooeies
2-7 Spectral power distributions of the CIE standard illuminants

A GNA Col e
2-8 Spectral power distributions of the CIE standard illuminants

D50, D55 @Nd DB5.....ueeoiiiiieeiie it
2-9 Spectral power distributions of the CIE standard illuminants E............
2-10  Spectral power distributions of the CIE standard illuminants

F2, F8 and F11.. ... i) et B e
2-11  Symptoms of ViSUal STreSS....ciiiiiiiiiii e
2-12  Coloured OVENIAYS......uuiiiiiiiie
2-13  Examples of (left) non-visually stressful and (right)

visually stressful search conditions..........cccoooviiiiiiiiiiie e
3-1 Overview of experimental preparation process.........ccccvvvvvvvvvvvieeeeennn.
3-2 Original text files, Cordia UPC 17 points shown on tablet (left)

and Cordia UPC 11.5 points shown on paper (right) ........ccccceeevenienn.
3-3 The appearance of text when shown on tablet (left) and paper

[(4Te] )8 T USROS SURRRRT
3-4 Reading ENVIFONMENT ...

LIST OF FIGURES

Xii



Xiii

FIGURE PAGE
3-5 A process of visual eXPeriments ... 33
3-6 The order of document contents read by an observer.............cccceeo.... 34
4-1 Percentages of observers regarding media preference in reading..... 38

4-2 Percentages of observers regarding ease of use

when reading news, novel, journal, magazine, and

information between tablet and Paper........cccoocceiee i 39
4-3 Percentages of observers regarding environmental friendly

between tablet and Paper.........oi i 41
4-4 Percentages of observers regarding the necessity of

tablet and buying Plan. ... 42
4-5 Percentages of observers in each group comparing

the visual stress symptoms between two media after reading............. 59
4-6 Percentages of observers familiar with electronic media

between high visual stress group (left) and low visual

Stress group (HGNt).....ei i 62
4-7 Percentage of observers that have their own tablet between high

visual stress group (left) and low visual stress group (right)................ 62
4-8 Percentages of observers with their commonly-used medium

in daily life between high visual stress group and low visual

SITESS GIOUD ettt 63



CHAPTER |

INTRODUCTION

Today, electronic media are prevalent. Due to their convenience of use, more
and more people replace the conventional media with the electronic ones. Tablet is one
of the electronic media that is becoming popular due to its lightweight, easy-to-carry
size and multi-purpose usage. Since tablet is a self-luminous medium, an observer sees
information presented on tablet by light from the tablet entering the eyes directly. On the
contrary, an observer sees information on paper by light from a light source reflecting on
the paper surface and entering the eyes. Due to differences in the nature of two different
types of media, it is possible that reading from paper and tablet yields different effects.
Many aspects of reading differences between self-luminous media and reflective media

have been studied [1-8].

The results of proofreading tasks on a CRT display in comparison with paper
showed that participants proofread from paper faster than from a CRT [1]. Based on the
same study, no change throughout the day in participants' proofreading performance
(speed and accuracy), feelings (about the comfort of their eyes, body, mind, and work),
or vision (acuity, contrast, and flicker sensitivity, phoria) could be attributed to using CRT
displays. However, many studies reported that reading from electronic visual displays
was slower, less accurate, more fatiguing, decreased comprehension and was rated
inferior by readers [2]. Skimming was also found to be slower from CRTs than paper [3].
Reading speed is by far the most common difference between screen and print, with

reading from screen being significantly slower than reading from print [4-5]. The length



of time it takes to read from a computer screen compared to paper has been reported
as being from 20% to 30% slower [6]. Research on memory effects of print versus a
screen presentation showed that differences arose largely in human, including
computer interaction, education and communication literatures [7]. Readers can

remember more information when reading on print than on screen [8].

Visual stress is the experience of unpleasant symptoms when reading, light
sensitivity and headaches from exposure to disturbing visual patterns, especially for
prolonged periods. Symptoms include illusions of shape, movement and colour in the
text, distortions of the print, loss of print clarity and general visual irritation. Visual stress
can also cause sore eyes, headaches, frequent loss of place when reading and impaired
comprehension. Signs of visual stress are moving closer or away from the page, using
finger as a marker, skipping words and lines, becoming restless and rubbing eyes or

blinking excessively.

The Wilkins rate of reading test (WTTR) [9] is one of methods of analysing visual
stress symptoms, in which the speed of reading with and without overlay is compared.
The questionnaire about visual stress symptoms is frequently used to identify children
who are susceptible to visual stress when reading and who may benefit from colour
overlays [10]. However, it is recognized that questioning children about suspicious
perceptual symptoms could result in misleading and subjective responses, and some
children may provide unreliable answers due to a lack of understanding the questions
[11]. Children who have always experienced visual stress symptoms when reading often

accept these as normal or only realise that they are abnormal once they have been



alleviated [12]. Another method of analysing visual stress symptoms is the visual stress
screener (VSS) [13], which is a computerized task that requires a child to locate a
randomly generated three-letter word on visually stressful and non-visually stressful

conditions.

The present study compared preference, ease of use, and visual stress in reading
between tablet and paper. To compare preference and ease of use, a questionnaire was
used. In this study, the speed of reading and performance of observers in identifying
mistake words presented in the text were taken as a means to determine visual stress.
Presumably, reading from a medium that is likely to yield higher visual stress would result
in longer reading time and/or lesser comprehension. In the experiments, observers read
a document with some misspelling words on tablet and paper. The number of words

found and time used to complete the experiments on each medium were compared.

1.1 Objectives

1. To compare difference in visual stress in reading between tablet and paper.

2. To compare difference in preference in reading between tablet and paper.

1.2 Scope

Fifty university students took part in the experiments. Apple iPad 2 was used as a

representative of tablet media. Text on paper media was printed with an inkjet printer.



Three types of document including information, news and tale were used. They were all
in the same length (610-620 words) and were in Thai language. Text size and spacing
were of the same appearance on both media. Visual stress was investigated using the
reading time and the number of misspelling words found on the documents. The

preference and ease of use were investigated using the questionnaire.

1.3 Expected Outcomes

1. The difference in visual stress in reading between tablet and paper.

2. The difference in preference in reading between tablet and paper.

1.4 Contents

Chapter 2 contains theoretical considerations and literature reviews, which
associate with this research. Chapter 3 gives the descriptions of apparatus and
methodology of documents preparation. Analysis of the results is also described in this
chapter. Chapter 4 gives an account of results from visual experiments and

questionnaires. Finally, Chapter 5 provides conclusions and suggestions for future work.



CHAPTER I

THEORETICAL CONSIDERATIONS AND LITERATURE REVIEWS

2.1 Theoretical Considerations

The purpose of this study was to compare visual stress, preference, and ease of
use in reading from tablet and paper. To this end, visual experiments where observers
read documents with a task to find misspelling words were conducted on both tablet
and paper under a controlled lighting condition. The speed of reading and number of
misspelling words found were compared between tablet and paper. This chapter
provides the theoretical considerations and literature reviews relating to the present
study. First, the important factors in the visual system are addressed (Section 2.1.1). The
characteristics of CIE standard illuminants, which play an important role in colour
perception, are described in Section 2.1.2. The description of visual stress and the way

to analyse it are given in Sections 2.1.3 and 2.1.4, respectively.

2.1.1 Visual system

The visual system can be described by both physical actions such as

producing a stimulus in the form of light and subjective results such as receiving and

interpreting this stimulus in the eye and the brain, as shown in Figure 2-1 [14].



Observer

Light source @

| Object |

Figure 2-1 Factors of visual system
2.1.1.1 An object

When light interacts with matter, it can do one of several things,
depending on its wavelength and what kind of matter it encounters: it can be
transmitted, reflected, refracted, diffracted, adsorbed or scattered, as shown in Figure

2-2 [15].

Transmission Refiection Refraction

= Voo
| N\

Diffraction Adsorption Scattering

L
ZIN

Figure 2-2 Light behaviour [16]

The simplest interaction with light is transmission, which occurs
when light passes through the object without interacting. Light coming through window

is a simple example of transmission.



Reflection occurs when the incoming light hits a very smooth

surface like a mirror and bounces off, like a mirror.

Refraction occurs when the incoming light travels through
another medium, from air to glass for example. When this happens, the light slows down
and changes direction. This change in direction is dependent on the light's wavelength,

so its spectrum of wavelengths are separated and spread out into a rainbow.

Diffraction occurs when light hits an object that is similar in size
to its wavelength. When light passes through a sufficiently-thin slit, it will diffract and

spread. If it's visible light, this will also create a rainbow.

Absorption occurs when the incoming light hits an object and
causes its atoms to vibrate, converting the energy into heat which is radiated. Anyone

with a dark-coloured car on a hot day will experience the effects of adsorption.

Scattering occurs when the incoming light bounces off an object
in many different directions. A good example of this is known as Rayleigh scattering,
where sunlight is scattered by the gasses in our atmosphere. This is what gives the sky

its blue colour [15].

The primary contrast among related colour areas is in relative
luminance; one colour appears brighter than the other. This perceived luminance
contrast between contiguous colour areas, or between an isolated colour area and its

background, is used by colour vision to distinguish surface colours from light sources.
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A self-luminous colour is perceived as radiating (emitting or
transmitting) light and therefore as having brightness. A surface colour is perceived as a
physical surface reflecting illumination and therefore as having lightness. Surfaces are
normally perceptually distinct from lights, but in some contrast situations a colour area

may appear ambiguously like a glowing surface or a disembodied light [17].

2.1.1.2 An observer

The light entering eyes is imaged onto the back of the eyeball,
the retina, where light receptors absorb a portion of the light and generate a signal
eventually interpreted by the brain. The capture of the eye is similar to the camera
capture [18]. There are two types of receptors, rods and cones, named according to
their shape. Figure 2-3 shows the structure of human eyes and character of rods and

cones.

Rod Cell

Vitreous
Humour

Cone Cell

Disks Containing

Visual Rhodopsin
Axis T
.Geometrical
Axis

Nucleus

Synaptic
Ending ——

Figure 2-3 The structure of human eye. [19]



Most colour vision happens in the fovea, where the three types of
cones outnumber the rods. The retina is a complex layer of nerves lining at the back of

the eye [15].

Rods see objects as shade of grey. As the amount of light

increases, rods become desensitized and cease sending signals to the brain. Rods cell

are inactive during the day or when bright light appears [18].

Cones are the second type of receptors. Cones have much lower
sensitivity to incident light than rods. When the amount of light increases, cones start
sending neural signals. Cones are colour receptors. Human sensations of colour are
caused by three types of cones responding differently to light in various wavelengths.
Stimuli that cause different colour have different cone signals [20]. In Figure 2-4 shows
the relative spectral sensitivity of L, M, and S cones. These spectral sensitivities are
based on measurements in front of the eye rather than of isolated photoreceptors. The
letters S, M, and L represent the three cones with their peak sensitivities in short, middle,
and long wavelength. Their spectral sensitivities overlap. If the receptors did not
overlap, colour visual would only perceive three hues in the spectrum because of the
uneven sampling of the wavelength. The spectral differences are rarely used to predict

visual differences [18].

In human eye, there are more rods than cones. There are about
120 million rods and about 6 million cones. In indentation in fovea, cones outnumber

rods, in which there are about 150,000 cones with a small number of rods [15].
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Relative sensitivity

| | | |
400 nm 500 nm 600 nm 700 nm

Figure 2-4 The relative spectral sensitivity of L, M, and S cones. [21]

2.1.1.3 A'light source

Light source emits large quantities of photons in the visible
spectrum. Light can be described by its wavelength for which the nanometer (nm) is a
convenient unit of length. The relative insensitivity of the eye limits the visible part of the
spectrum to a very narrow band of wavelength between 380 and 780 nm. Figure 2-5
shows the visible spectrum, in which blue lies below 480 nm, green between 480 and
560, yellow between 560 and 590, orange between 590 and 630, and red at wavelength
longer than 630 nm. Purple, which is produced by mixing red and blue light from the

extremes of the spectrum, is not found in the spectrum [18].

blue green yellow orange red
| | I |
400 nm 500 nm 600 nm 700 nm

Figure 2-5 The visible spectrum. [21]
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The light from source can be described in terms of the relative
power or amount of light emitted at each wavelength. Plotting this power as a function of
wavelength gives the spectral power distribution curve of light source. Standard sources
and illuminants are usually normalized to a value of 100 at 560 nm [18]. Figure 2-6

shows an example of the relative spectral power distribution for typical daylight.

Spaciral Power
2

1 I 1 1
400 450 500 800 850 700

530
Wavelength (nm)

Figure 2-6 The relative spectral power distribution of daylight [18].

The colour of light source is defned by a temperature of
blackbodies is so called colour temperature. Colour temperature is usually expressed in

kelvins (K) of a blackbody radiator [18].

A number of spectral power distributions have been defined by
the CIE (International Commission on lllumination), which based on a physical standard

such as the blackbody radiator.
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2.1.2 CIE Standard illuminants

In order to describe a colour of a non self-luminous source, it is
important to have detailed knowledge of the illuminant used. The International
Commission on lllumination CIE (Commission Internationale de I'Eclairage) have defined
a number of spectral power distributions, referred to as CIE standard illuminants, to
provide reference spectra for colorimetric issues. The illuminants are denoted by a letter
or a letter-number combination. Their spectral power distributions (SPD) are normalized

to a value of 100 at a wavelength of 560 nm [22].

2.1.2.1 CIE lluminants A, Band C

The first three standard illuminants were introduced in
1931. Illuminant A represents an incandescent tungsten flament lamp. CIE standard
illuminant A is intended to represent typical, domestic, tungsten-flament lighting. Its
relative spectral power distribution is that of a Planckian radiator at a temperature of
approximately 2856 K. CIE standard illuminant A should be used in all applications of
colorimetry involving the use of incandescent lighting, unless there are specific reasons

for using a different illuminant.

llluminants B and C represent direct and shady daylight,
respectively. They can be derived from illuminant A using liquid conversion filters with
high absorbance in the red part of the spectrum. Due to their deficiency at wavelengths
below 400 nm, that are important when working with fluorescent optical brighteners,
illuminants B and C are considered deprecated in favor of the CIE D-series of

illuminants. Practical realization of CIE illuminants A, B and C is possible since it is
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defined in the standard [22]. The spectral power distributions of the CIE standard

illuminants A and C are shown in Figure 2-7.

200 Y v g v
A
150
:
z 100 - C
3
501
r o
C
0 . : . .
400 450 500 550 600 650 700

Waveletigth \ {nm}

Figure 2-7 Spectral power distributions of the CIE standard illuminants A and C [22]

2.1.2.2 CIE llluminant Series D

CIE illuminant Series D was statistically defined in 1964
upon numerous measurements of real daylight. Despite mathematically described, they
can hardly be realized artificially. The correlated colour temperatures (CCT) of the
commonly used illuminants D50, D55 and D65 are slightly different from the values
suggested by their names. The spectral power distributions of the CIE standard
illuminants D50, D55 and D65 are shown in Figure 2-8. Due to the revision of an
estimate of one of the constant factors in Planck’s law after the standards were defined,
the correlated colour temperature was shifted a little. For example, the CCT of D50 is
5003 K and that of D65 is 6504 K. CIE standard illuminant D65 is intended to represent
average daylight and has a correlated colour temperature of approximately 6500 K. CIE
standard illuminant D65 should be used in all colorimetric calculations requiring

representative daylight, unless there are specific reasons for using a different illuminant.
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Variations in the relative spectral power distribution of daylight are known to occur,
particularly in the ultraviolet spectral region, as a function of season, time of day, and
geographic location. However, CIE standard illuminant D65 should be used pending the

availability of additional information on these variations [22].
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Figure 2-8 Spectral power distributions of the CIE standard illuminants

D50, D55 and D65 [22]

2.1.2.3 CIE Illuminant E

CIE illuminant E is a hypothetical reference radiator. All
wavelengths in CIE illuminant E are weighted equally with a relative spectral power of
100.0. Since it is not a Planckian radiator, no colour temperature is given; however, it
can be approximated by a CIE D illuminant with a correlated colour temperature of 5455
K. Canonical standard illuminant D55 is the closest to match its colour temperature [22].

The spectral power distribution of the CIE standard illuminant E is shown in Figure 2-9.
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Figure 2-9 Spectral power distribution of the CIE standard illuminant E [22]

2.1.2.4 CIE llluminant Series F

Twelve F illuminants represent typical relative SPDs for
different types of fluorescent light sources. llluminant F2, for instance, describes a cool-
white light with the CCT of 4230 K. F8 simulates daylight standard illuminant D50 at
5000K and F11 stands for a tri-band source with 4000 K. Such tri-band sources are
popular because of their colour rendition properties and their light efficiency [22]. The
spectral power distributions of the CIE standard illuminants F2, F8 and F11 are shown in

Figure 2-10.
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Figure 2-10 Spectral power distributions of the CIE standard illuminants

F2,F8 and F11 [22]

2.1.3 Visual stress

Visual stress (sometimes called 'Meares-Irlen Syndrome' or 'Scotopic
Sensitivity Syndrome') is the experience of unpleasant visual symptoms when reading,
especially for prolonged periods. Symptoms include illusions of shape (Figure 2-11),
movement and colour in the text, distortions of the print, loss of print clarity, and general
visual irritation. Visual stress can also cause sore eyes, headaches, frequent loss of

place when reading, and impaired comprehension [23].
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Figure 2-11 Symptoms of visual stress [23]

Visual stress can have an adverse effect on the development of reading
skills, especially reading fluency - i.e. the ability to recognise words quickly and to read
longer passages text of text in a smooth and efficient way so that good comprehension
is maintained. Visual stress makes reading an unpleasant and irritating activity that
children will tend to avoid as much as possible. Research has shown that 15 - 20% of
people suffer from visual stress to some extent, and they also tend to be hypersensitive

to fluorescent lighting and flicker on computer monitors [23].

2.1.3.1 Symptoms of visual stress

Visual stress refers to reading difficulties, light sensitivity and
headaches from exposure to disturbing visual patterns. It can be responsible for print
distortion and rapid fatigue when reading. The severity of these symptoms can vary from
person to person. The symptoms can occur despite normal vision. Approximately 5% of

the population are severely affected by visual stress and 20% to a lesser degree. The
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symptoms of visual stress are movement of print, blurring of print, letters changing
shape or size, letters fading or becoming darker, patterns appearing, sometimes
describes as “worms” or “rivers” running through print, illusions of colour — blobs of
colour on the page or colours surrounding letters or words, rapid tiring, and headache

or eyestrain [24].

2.1.3.2 Signs of visual stress

The sighs of visual stress are moving closer to or away from
page, becoming restless, using finger as a marker, skipping words and lines, rubbing

eyes and blinking excessively, and low self esteem [24].

2.1.3.3 Related diseases

Dyslexia is a term used to describe various specific learning
difficulties that affect the ability to learn to read and spell correctly. Visual stress is not
Dyslexia but can be particularly prevalent in Dyslexic individuals. If visual stress is
identified and colour is used to alleviative come of the symptoms, then other learning

difficulties such as Dyslexia are easier to cope with.

Many people with Dyslexia may also suffer from visual stress and

can therefore be helped by colour. Equally there are a large percentage of children and
indeed adults who are not identified as being Dyslexic but still suffer from these
symptoms. The appropriate coloured overlay or Precision Tinted Lenses can also help

this group of individuals [24].
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2.1.4 Visual stress analysis

2.1.4.1 Visual stress symptom questionnaire

The symptom questionnaire comprises questions relating
to the symptoms of visual stress, which can be subdivided into critical questions
concerning experience of perceptual distortions when reading and noncritical questions

that relate to other symptoms [25].

2.1.4.2 Wilkins rate of reading test (WRRT)

The Wilkins Rate of Reading Test (WRRT) was designed
to objectively measure the benefits obtained by individuals who suffer from visual stress
viewing text through Coloured Overlays (Figure 2-12). It is not a measure of cognitive
ability or intelligence but compares the effects of reading simple words with and without
the selected overlay. The patient is simply required to read words aloud while reading
times and errors are noted. The test uses simple words, familiar to young children. The
words appear in each line of a block of text but in a random order as the child’s
comprehension skills are not assessed but purely the reading speed is. Practitioners

find the test easy and quick to administer and the results reliable and repeatable [9].

Figure 2-12 Coloured Overlays [25]


http://www.ceriumoptical.com/vistech/visual-stress.aspx
http://www.ceriumoptical.com/vistech/visual-stress.aspx
http://www.ceriumoptical.com/vistech/overlays.aspx
http://www.ceriumoptical.com/vistech/overlays.aspx
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2.1.4.3 Visual stress screener (VSS)

Visual stress screener (VSS) is a computerised task that
requires a child to locate a randomly generated three-letter word in a matrix of
distractor. The size of the matrix is 18 X 15 letters for primary school children (total 90
words) and 21 X 16 letters (126 words) for secondary school students, and there are no
spaces between words. The location of the target is randomly generated. The target
word is signalled by the computer both visually (by appearing on screen above the
search matrix) and aurally (digitised speech). When the child has located the target
word s/he clicks on it with a mouse. Response time and accuracy are measured.
Inaccurate responses are recorded, but additional items are administered so that mean
response times are always based on the same number of items for which accurate
responses were made [13]. The background on which the matrix is superimposed is

either non-visually stressful, or visually stressful, as shown in Figure 2-13.
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Figure 2-13 Examples of (left) non-visually stressful and (right) visually stressful

search conditions [13]



21

The non-visually stressful matrix is in 10 point Arial normal
font and set on a grey background. The visually stressful matrix is in 10 point Arial bold
font and set on an alternated black/white horizontally striped background. The black
stripes being horizontally aligned with the adjacent lines of text. The stripes have an
equal duty cycle and fill the entire screen on which the matrix is superimposed. Two
non-visually stressful practice items precede 6 non-visually stressful test items, 15
visually stressful test items and finally 4 non-visually stressful test items. The task is
administered on a laptop computer; the screen is positioned 35 cm away from the edge
of the desk to exert control over the viewing distance. The same instructions were read

aloud to each participant [13].

2.2 Literature reviews

With the rise of the use of the Internet as a communication medium, the
advertising field is active to present the advertising on Internet. Jones et al. [8] studied
about the differences between on-line and off-line media effects constituting a growing
issue for the effectiveness of marketing communications. An experiment was used to
test memory for two forms of information: ad copy (persuasive) and consumer
information (nonpersuasive), presented in print and screen media. For both forms of
information, print outperformed screen on recall but not on recognition. The results
suggested that print information was easier to retrieve but also that screen information
was available in memory. Differences between print and screen media are persistent
and not readily explained by any of the obvious individual factors: comfort/familiarity,

preference, and reading time.
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Singleton and Henderson [13] studied about the visual stress symptoms when
reading between screen and paper. Visual stress is the experience of unpleasant visual
symptoms when engaged in reading and some other visual tasks. There is currently no
objective diagnostic test for this condition, which affects a substantial proportion of the
population and which can disrupt development of reading skills. The reliability of
subjective reports of symptoms has been questioned, especially where children are
concerned. Diagnosis by positive response to the preferred treatment method, either the
sustained voluntary use of a coloured overlay or immediate improvement in reading rate
when using an overlay, is usually regarded as the best option. Recent research has
reported that children who are significantly impaired by a visually stressful pattern
during reading like visual search are more likely to show significant improvement in

reading speed when using an overlay [27].

Singleton and Henderson's study was designed to evaluate a prototype
computerised visual stress screener that incorporated visual search. The results
confirmed that primary and secondary school children who were classified by the
screener as having high susceptibility to visual stress had larger percent increases in
reading rate with an overlay compared with those with low visual stress. The results also
indicated that subjective reports of symptoms may not always be diagnostically effective
with younger populations. It was concluded that screening for visual stress in reading

using a computerised visual search task is an educationally promising development.

Sakamoto et al. [28] studied near point distance as a metric of eye fatigue in the
reading task; the goal was to develop an objective scale for creating readable
Electronic Paper. Near point distance can be measured by moving a target mark toward

and away from subjects as they try to focus on it (Decrement method and Increment
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method). The correlation between the increase in the near point distance and subjective
answers was evaluated in 120-minute reading tasks by using the two methods of the
near point measurements. The measurement procedure based on near point decrement
showed superior correlation: it was regarded adequate as a quantitative index of eye
fatigue. The Decrement method was used to measure eye fatigue with 270-minute
reading tasks on three media: paper, electronic paper (book reader using
electrophoretic display), and conventional display (LCD). Only the display evidenced an
increase in near point distance. This suggests that the electronic paper used in this
study is superior to the conventional display with regard to avoiding fatigue in reading

tasks.



CHAPTER III

METHODOLOGY
3.1 Apparatus

3.1.1 Inkjet Printer
Model: Epson Stylus T13
Ink: T0731/73 N Black
Resolution: 300 dpi

3.1.2 Paper
Thickness: 106 mil
Basis weight: 80 gsm
Opacity: 94%,
ISO brightness: 103%

3.1.3 Viewing cabinet
Model: Q.C. lighting system:

Highlight 2000

Light source: D65

3.1.4 Tablet
Model: Apple iPad 2
Storage: 64 GB (WiFi+3G)
Display: 9.7 inch (diagonal)

LED-backlit glossy widescreen
Multi-touch display

Colour: White

Bit depth: 24-bits

Display resolution: 1024 X 768 pixels
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3.1.5 Software Application

Pages '09 Version 4.1 (923)
neu.Annotate PDF Version 1.39
Microsoft Excel for Mac 2011 Version 14.0.0 (100825)

Microsoft Excel for Windows 2008

3.2 Method

In this study, the differences between reading from tablet and paper were
investigated in terms of visual stress, observer’ preference and ease of use. Observers
were first given a questionnaire about ease of use and their preference for reading
media. In visual experiments, observers were given a document presented either on
tablet or paper to read with a task to find misspelling words on the document. Different
documents with the same difficulty were shown on different media. Each observer did
the experiments on both media. The number of words found and time used to complete
the experiments on each medium were recorded and analyzed to determine the

difference in visual stress between reading from tablet and paper.

The experimental process in this study was divided into three parts. The first part
was experimental preparation, including preparing reading documents and
questionnaires. The second part involved visual experiments whereby observers were
asked to read the documents and identify the misspelling words. The experimental raw
data were analysed in the final part. The details for each part are described in Sections

3.2.1, 3.2.2 and 3.2.3, respectively.
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Figure 3-1 Overview of experimental preparation process

3.2.1 Experimental preparation

26

The process of experimental preparation was divided into three parts, as

shown in Figure 3-1. The first part was questionnaire preparation, where two

questionnaires were prepared: a general questionnaire and a visual-stress-symptoms

questionnaire. The reading documents were prepared in the second part, where the

length and the level of reading difficulty were determined, including the misspelling

words. The appearance of the documents to be presented on different media was

handled in the third part.
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3.2.1.1 Questionnaires

Two questionnaires were used in this study. The general
questionnaire was given to the observers before each of them conducting the visual
experiments. The visual-stress-symptoms questionnaire was given after the observer

had finished the visual experiments.

The purpose of the general questionnaire was to learn about
observers’ life style with respect to reading media. The questionnaire was divided into
five parts. The first part was to determine observers’ familiarity with electronics media
and internet such as computer, mobile phone, and tablet. The second part was to learn
about their commonly-used medium in daily life, which was split into five types of
content, i.e. news, novel, journal, magazine and information. The third part was for
investigating observers’ preference, while the fourth part investigated observers’ opinion
towards the use of tablet. Finally, the fifth part explored the ease of use, separated by
content: news, novel, journal, magazine and information. The questionnaire was in Thai

language and can be found in Appendix A, along with its English version.

The visual-stress-symptoms questionnaire was used to
investigate the tendency of visual stress caused by reading on the media under study.
The symptoms of visual stress such as boredom, fatigue, sleepiness, etc., were asked in
the questionnaire, where observers answered from which medium (tablet or paper)
these symptoms occurred or tended to occur. The questionnaire was in Thai language

and can be found in Appendix B, along with its English version.
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3.2.1.2 Documents

The documents used in this study were categorised into three
types according to their content. They were information, news and tale. Each type of
content contained three documents. The first document was for training, to ensure that
observers understood a procedure of the experiments. The other two remaining were for
the actual experiments where observers read one on tablet and the other one on paper.
All of the documents were presented in Thai language with the same length (610 - 620
words). Every type of content had the same level of difficulty, which is the same type of
vocabulary and the similar content. The information about Thai herb and the benefits of
washing vegetable were used in the information type. As for news, politics news was
used, which was the story of suspicious of corruptions. The gratitude tale was used in
tale type. A total of seven words in each story were modified to misspell in the same
way, i.e. 4 words with misplaced letters, 2 words with missing tone marks and 1 word
with wrong consonants. An example of misspelling words for each type is given in Table
3-1. The documents with the misspelling words were in Thai language and can be found

in Appendix C.

Table 3-1 Examples of misspelling words

Type Wrong Correct
Misplaced letter AANHNNE ANNUNNE
Missing tone mark ALLAL V’gjumil

Wrong consonant ﬁ‘ﬂ\‘igm ﬁ@ﬂ;ﬂﬂ
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3.2.1.3 Visual text

The apparent text is the main contribution to visual stress. Since
this study did not investigate its effect, text size and line and character spacing were
controlled such that the text had the same appearance on both tablet and paper.
Because the size of tablet display and the size of A4 paper are different, different
original text fles were used to prepare documents on different media. For tablet, the text
was presented in 17 points, Cordia UPC. For paper, the text was set to 11.5 points,
Cordia UPC for printing. Figure 3-2 shows the original text fles when displayed at the
same ratio on computer screen and when they were viewed on the destined media, the

apparent texts were of the same size and spacing.

Figure 3-2 Original text files, Cordia UPC 17 points shown on tablet (left)

and Cordia UPC 11.5 points shown on paper (right)
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The original text files were in PDF format. For tablet, they were
opened with neu.Annotate PDF application. After opening, the tablet display was
double-tabbed for full size presentation. Note that this step was done by experimenter;
the observers were not allowed to resize the text. For paper, the original fles were
printed on A4 size paper. To ensure that the text appeared the same on both media, the
printed document was put on top of the tablet display to compare the size and spacing
of the text between two media. The text on paper covered the text on tablet completely,
showing that they were of the same visual size, character spacing and line spacing

(Figure 3-3).

Figure 3-3 The appearance of text when shown on tablet (left) and paper (right)

The physical size of text appeared on tablet and paper was
exactly the same (11.5 cm X 16.8 cm). The character size was in 1.5 mm X 1.8 mm size
with spacing between characters of 0.5 mm and line spacing of 3.8 mm. Image quality
(i.e. sharpness and clarity) was equivalent on both media. The visual character size was
approximately the same as what is generally used in newspaper. All documents were

presented on one page (no need to change the page by flipping —for paper, or tabbing
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—for tablet). When the document was shown on tablet, the size was also set to
standard, the observers were not allowed to zoom-in, zoom-out, or make any change on

the display when doing the experiments.

3.2.2 Visual Experiments

The present study compared visual stress in reading between tablet and paper.
In this study, the speed of reading and performance of observers in identifying
misspelling words presented in the text were taken as a means to determine visual
stress. The demographic information of observers and the details of experiment set-up

and procedure are described in the following sections.

3.2.2.1 Observers

Observers taking part in this study were 50 university students (25 males
and 25 females). Among them were 23 bachelor degree students in Imaging and
Printing Technology, 10 master degree students in Imaging Technology, 1 PhD degree
student in Imaging Technology, 12 master degree students in Metallurgical Engineering
and 4 master degree students in Banking and finance. All of the observers were from
Chulalongkorn University. The age of observers ranged from 19 to 36 years old with an

average of 24.1 years and a standard deviation of 3.7 years.
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3.2.2.2 Reading Environment

Observers read the documents in a viewing cabinet illuminated with D65
simulators. The experimental room was darkened to avoid glare from overhead light and
windows, as shown in Figure 3-4. The observers were instructed to wear glasses that
were usually worn when reading. After completing the experiment on one medium, they
were given at least 5 minutes to rest their eyes before carrying out the experiment on the
other medium. The reading distance was not fixed and each observer could adjust
according to their comfortable distance. The illuminance in the viewing cabinet as

measured at the bottom in the centre of the cabinet was 1018 lux.

Figure 3-4 Reading Environment

3.2.2.3 Experimental procedure

Figure 3-5 illustrates a process of the experiments. Each observer first
completed the general questionnaire. Before doing the visual experiments, they were
trained how to do the experiments on tablet. After completing the experiments on both

media, the observers did the visual-stress-symptoms questionnaire.
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Visual stress symptoms questionnaire

Figure 3-5 A process of visual experiments

Before the experiments, observers were informed about the purpose and
a procedure. They were first trained how to use tablet to serve the purpose of the
experiments. They were instructed not to resize the text or make any change to the
display, except to mark the misspelling words. Observers chose the type of media they
wanted to do the experiment first and after completing it, took a break for at lease five
minutes before carrying out the experiment on the other medium. The observers were
first given a piece of information to read; after finishing that on both media, they were

given news and tale to read, respectively (Figure 3-6).
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Figure 3-6 The order of document contents read by an observer

The observers read the documents with a task to find misspelling words.
They were asked to make a mark on the words they found. On paper, a pen was used to
make a mark on the words. On tablet, a finger was used as a pen to make a mark on the

words with neu.Annotate PDF application on tablet.

Note that observers were not told how many misspelling words there
were in one document. Each observer completed the experiments on both media
(observers were told to read through the whole story only one time). Twenty-five
observers read the same story on tablet and the other twenty-five read it on paper, so

that the effect of the story context was eliminated. The time spent on reading and finding
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the misspelling words and the number of mistake words found (including the misspelling
words intended in the documents and words that observers thought they were wrong for
some reasons, for example, misuse of word) were recorded for each type of documents,

for each observer, and for each medium.

3.2.3 Data analysis

1. From the general questionnaire, percentages of preference, ease of
use, and other information about the observers’ opinions were calculated from 50

observers.

2. The paired t-test was employed to determine significant differences
between the reading time, the number of misspelling words found, and the reading rate

from different media (tablet and paper).

3. Two-way analysis of variance (ANOVA) was employed to determine
significant differences between the reading time, the number of misspelling words
found, and the reading rate from different media (tablet and paper) and a document

content (information, news and tale).

4. The observers were put into either a group of high visual stress or a
group of low visual stress susceptibility based on the number of misspelling words
found and the reading rate. The independent t-test was employed to classify the

observers into two groups.
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5. Percentages of visual stress symptoms were investigated from the
high visual stress group and the low visual stress group using the visual stress

symptoms questionnaire.

6. Percentages of familiarity in electronic media (mobile phone, tablet,
and computer), commonly-used medium in daily life, preference, environmental
concerns, and ease of use were calculated for the high visual stress group and the low

visual stress group from the results obtained from the general questionnaire.



CHAPTER IV

RESULTS AND DISCUSSIONS

4.1 Results from general questionnaire

The general questionnaire was designed to learn about observer's frequency
usage of electronic media, preference, ease of use, and opinions towards using tablet.

The results were presented by percentages and investigated from 50 observers.

4 1.1 Preference

Figure 4-1 shows the percentages of observers’ preference for reading
on one medium over the other in a pie chart. The results showed that 60% of observers
preferred reading on paper, and 40% preferred tablet. The observers also gave a
reason why they preferred reading on the particular media. For tablet, 55% of observers
answered that it was easy to use, 25% said that because it looked modern and 20%
thought tablet reduced the environmental impact. In the case of paper, 57% of
observers felt that reading on paper had more emotional involved, 20% reasoned that
paper was inexpensive, 3% thought paper was easy to maintain and less maintenance

cost and 20% gave the reason that paper yielded more visual comfort than tablet.



38

maintanance 3%

ease of use 55%

inexpensive 20%

40%

others 20% | K Tablet
25%

Paper

60%

ronment 20%

emotional involved 57%

Figure 4-1 Percentages of observers regarding media preference in reading

4 1.2 Ease of use

In this part, observers were asked to select between tablet and
paper when they wanted to read the following types of document —news, novel,
journal, magazine and information— and provide the reason for choosing it. Figure 4-2
shows the results in terms of percentages of observers that selected the relevant media
for reading each type of document. Table 4-1 shows the percentages of observers
giving the particular reasons for choosing the relevant media to read each type of
document. It was found that most observers chose tablet when reading news and
information because it was convenient to use and easy to access interested information.
On the contrary, most observers chose to read novel, journal and magazine on paper.
They gave the reason that novel and magazine were more easy to read on paper. This

could be because these types of document require emotional involved when reading
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and observers thought that reading on paper had more advantage on this aspect, as
found in the results for preference (Section 4.1.1). In the case of journal, observers gave
the reason that they could note and highlight on the paper when reading. Since a journal
is a kind of academic document, observers often read to gain knowledge on a particular

subject. They were inclined to make a note and reading on paper was easy to do so.

News Novel
10%
Ba W Tablet W Tablet
Paper Paper
90%
Journal Magazine

* W Tablet K Tablet

Paper 56% Paper

82%
Information

24%

W Tablet
Paper

Figure 4-2 Percentages of observers regarding ease of use when reading news, novel,

journal, magazine, and information between tablet and paper
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Table 4-1 Percentages of observers for reasons to read news, novel, journal,
magazine, and information on tablet or paper
Tablet Paper
News 55% Convenience to use 68% Easy to read
39% Easy to access interested 32% Familiarity
information 0% Can note or highlight on the
6% Save money (free download) paper
Novel 40% Convenience to use 80% Easy to read
0% Easy to access interested 20% Familiarity
information 0% Can note or highlight on the
60% Save money (free download) paper
Journal 11% Convenience to use 27% Easy to read
89% Easy to access interested 2% Familiarity
information 71% Can note or highlight on the
0% Save money (free download) paper
Magazine 50% Convenience to use 54% Easy to read
14% Easy to access interested 46% Familiarity
information 0% Can note or highlight on the
36% Save money (free download) paper
Information 39% Convenience to use 42% Easy to read
58% Easy to access interested 58% Familiarity
information 0% Can note or highlight on the
3% Save money (free download) paper

4.1.3 Environmental concerns

In this part, the observers were asked to comment on environment
friendly issue , whether paper or tablet is more environmental friendly. 68% of observers
thought tablet was more environmental friendly than paper (Figure 4-3) with the reason

that the paper manufacturing process was destroying the nature while the tablet
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manufacturing process did not require trees. On the contrary, 32% of observers who
thought that paper was more environmental friendly than tablet gave the reason that the
tablet manufacturing process had carbon dioxide emissions than the paper

manufacturing process.

M Tablet

Paper

Figure 4-3 Percentages of observers regarding environmental friendly

between tablet and paper

4.1.4 Necessity and buying plan

In this part, the observers were asked about their opinions whether tablet
was necessary in their lives. They were also asked whether they had a plan to buy tablet
in the near future. These questions were asked in order to investigate the trend of tablet.
Figure 4-4 shows the results in pie charts. 60% of observers thought that tablet was
unnecessary in their lives. It is possible that these observers find the use of mobile
phone, computer and paper adequate in daily life. On the other hand, 40% of observers
thought that tablet was necessary. This is probably because they thought books would
be replaced by electronic books, and the publishers may release only electronic books

in the future, so they have to use tablet to read those electronic books. From the
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percentages for buying plan, 68% of observers planned to buy tablet in the near future.

This shows that the majority of observers are encouraged and eager to purchase tablet

in the near future although it is not necessary.

m Necessary M Buy

60% Unnecessary Not Buy

Figure 4-4 Percentages of observers regarding the necessity of tablet and buying plan

4.2 Results from visual experiments

In visual experiments, observers read a document with some misspelling words
on tablet and paper. The number of words found and time used to complete the
experiments on each medium were compared. The speed of reading and performance
of observers in identifying mistake words presented in the text are taken as a means to
determine visual stress. Presumably, reading from a medium that is likely to yield higher

visual stress would result in longer reading time and/or lesser comprehension.

4.2.1 Comparisons between two media

In order to analyse differences in visual stress between reading from
tablet and paper, the reading time, number of misspelling words found, and the reading

rate were averaged from 50 observers. Note that the number of misspelling words is the
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count of the misspelling words that observers found out of a total of 7 words. However,
some observers marked some other words that were not misspelled, but they thought
the words were wrong. In some cases, the observers did not know the correct spelling
and mistook the words as misspelled. There were also cases that observers marked the
words because of their misuse according to the story context. This finding contributed to
comprehension aspect, which is a useful indicator of visual stress. Hence, to investigate
the differences in visual stress between two media, the reading rate (the ratio of mistake
words found to the reading time) in which all of marked words were included was
calculated.

The paired t-test, which is a hypothesis test of the difference between
means of each pair, was employed to define significant differences between the results

from the two media. The hypotheses are as follows.

Ho: HU1=HU2

Hi o H=H2

The null hypothesis is that the visual stress is not significantly different
between two media for each observer. The alternative hypothesis is that the visual stress
is significantly different between two media. The level of significance in which the null
hypothesis is rejected in this study is 0.05. In other words, the null hypothesis is rejected
when t-value is greater than critical t-value with a 95% confidence interval. The results

are summarised in Tables 4-2, 4-3 and 4-4.



Table 4-2

Table 4-3

Paired t-test between two media for information
Paper Tablet t value Sig.
(df=49) (2-tail)
Time 2:45 2:54 -2.94 0.005*
(min:sec) +0:48 +0:51
Misspelling 0.88 0.385
words +1.6 +1.8
Reading rate 1.8 3.4 0.001*
(words/min) +0.9 +0.7
Note: mean + SD, t critical=2.0
*Significantly different
Paired t-test between two media for news
Paper Tablet t value Sig.
(df=49) (2-tail)
Time 2:34 2:50 -5.26 0.000*
(min:sec) +0:52 +0:57
Misspelling 5.1 1.19 0.240
words 15 +
Reading rate 2.1 1.7 1.82 0.075
(words/min) +0.6 +0.7

Note: mean + SD, t critical=2.0

*Significantly different

44
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Table 4-4 Paired t-test between two media for tale
Paper Tablet t value Sig.

(df=49) (2-tail)
Time 2:54 2:58 -1.07 0.288

(min:sec) +0:56 +0:59
Misspelling 55 4.4 6.84 0.000*

words +1.1 +14
Reading rate 2.2 1.7 5.96 0.000*

(words/min) +0.6 +0.6

Note: mean * SD, t critical=2.0

*Significantly different

It was found that observers tended to spend less time when reading on
paper than on tablet regardless of the content of documents. It could be that observers
were more familiar with reading on paper. Likewise, observers tended to find more
misspelling words on paper. Since skipping words and lines when reading is one of the
signs of visual stress symptoms, the fewer number of misspelling words found could be
interpreted that the chance to get visual stress when reading on tablet is higher than
when reading on paper. In the same way, observers tended to have higher reading rate
on paper. This could be because observers found it easier to read on paper and they

could comprehend the context of the story more easily.

The results from paired t-test indicated that the reading time was
significantly different at 95% confidence for information and news but not significantly

different at 95% confidence for tale. Although the results showed no significant
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differences between two media, the tendency of observers to spend less time on paper
was present. The standard deviation of the reading time on tablet tended to be larger,

indicating that observers’ responses were more varied on tablet.

The results from paired t-test indicated that the number of misspelling
words found was not significantly different at 95% confidence for information and news
but significantly different at 95% confidence for tale. Although the results showed no
significant differences between two media, the tendency of observers to find more
number of misspelling words on paper was present. The standard deviation of
misspelling words found on tablet tended to be larger, indicating that observers’
responses were more varied on tablet. This result could arise from the familiarity of
observers with tablet. While everyone is familiar with reading on paper, not everyone has

the same degree of experience with tablet.

The result from the paired t-test indicated that the reading rate on paper
was significantly different at 95% confidence for information and tale but not significantly
different at 95% confidence for news. The higher reading rate indicated that observers
found it easier to read on paper and they could comprehend the context of the story

more easily.

The symptoms signifying visual stress include skipping words and lines,
and frequent loss of place when reading. These symptoms lead to impaired
comprehension and reduce the speed of reading. In order to comprehend the story and

finding the mistake words, observers would spend more time if the media they are
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reading on are likely to incur visual stress. In other words, the media that cause more
visual stress would result in low reading rate. Since tablet is a self-luminous medium, an
observer sees information presented on tablet by light from the tablet entering the eyes
directly. On the contrary, an observer sees information on paper by light from a light
source reflecting on the paper surface and entering the eyes. Table 4-5 shows
luminances (Lv), along with x, y chromacity co-ordinates of the paper white and the
white background on which texts were shown on tablet. The measurements were made

under the same conditions as when the visual experiments were done.

Table 4-5 The luminance of tablet and paper.

X y Lv (cd/m?)
Tablet 0.3070 0.3263 273.7
Paper 0.3067 0.3157 188.0

From Table 4-5, it can be seen that the luminance of tablet was much
higher than that of paper. This means that when reading from tablet, more light entered
the observers’ eyes than when reading from paper. This is because when reading from
tablet under a well-lit condition, light that enters the eyes comes from the light from
tablet and the ambient light that is reflected off the tablet display. Under the same
condition, when reading from paper, the entering light comes from the ambient light that
is reflected off the paper only. The difference in luminance could be the reason why the

observers tended to have more visual stress when reading from tablet.
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4.2.2 Comparisons between document types

Two-way analysis of variance (ANOVA) was employed to determine
significant differences between the reading time, the number of misspelling words
found, and the reading rate from different media (tablet and paper) and documents

types (information, news and tale). The hypotheses are as follows.

1. Ho: The media are the same.

H4: The media are not the same.

2. Ho: The document types are the same.

H4: The document types are not the same.

3. Ho: There is no interaction between media and document types.

H4: There is interaction between media and document types.

The level of significance in which the null hypothesis is rejected in this
study is 0.05. In other words, the null hypothesis is rejected when F value is greater than
F-critical with a 95% confidence interval. The results are summarised in Tables 4-6, 4-7

and 4-8.



Table 4-6

Two-way ANOVA of the reading time between media and document

types
Source of Variation df F F critical P-value
Media 1 2.48 3.87 0.116
Document types 2 1.57 3.03 0.210
Interaction 2 0.29 3.03 0.745

Table 4-7

media and document types

Two-way ANOVA of the number of misspelling words found between

Source of Variation df F F critical P-value

Media 1 9.85 3.87 0.001*
Document types 2 0.05 3.03 0.955
Interaction 2 2.28 3.03 0.104

*Significantly different

Table 4-8 Two-way ANOVA of the reading rate between media and document
types
Source of Variation df F F critical P-value
Media 1 2411 3.87 0.000*
Document types 2 1.28 3.03 0.280
Interaction 2 1.94 3.03 0.145

*Significantly different
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The results from two-way ANOVA for document types indicated that the
reading time, the number of misspelling words found, and the reading rate were not
found significantly affected by different types of document at 95% confidence.
Observers spent about the same amount of time reading and finding the misspelling
words on information, news and tale. It is possible that since the level of difficulty and
length of the stories for all the document types in this study were equivalent, the different

content did not affect the reading time, and comprehension.

The results from two-way ANOVA for medium factor indicated that the
reading time was not found significantly affected by different media at 95% confidence.
But the number of misspelling words found and the reading rate were found significantly
affected by different media at 95% confidence. This shows that different media affect

the reading comprehension.

The results from two-way ANOVA for interaction indicated that no
interaction between media and document types at 95% confidence. This reveals that
media do not contribute to the reading time but do affect the reading comprehension, as
indicated by the number of words found and the reading rate. Moreover, the reading

time, and comprehension do not depend on document content.
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4.3 Observer classification

The results from the previous sections were based on all 50 observers. In this
section, the observers were classified into two groups: high visual stress and low visual
stress susceptibility. The high visual stress group consisted of observers who had
significant differences in the number of misspelling words found and the reading rate
between two media, based on the independent t-test at 95% confidence. This means
that the observers in this group had different level of reading comprehension for tablet
and paper. They were susceptible to the reading media. In contrast, the observers in
low visual stress susceptibility were those who were not affected by the reading media.

In other words, their results were not significantly different between tablet and paper.

The observers were classified into two groups to investigate the possible causes
of visual stress. The results from Section 4.2.2 showed that the type of media affected
the level of reading comprehension (the number of misspelling words found and the
reading rate). Thus this factor was used to classify observers. Table 4-9 shows the

demographic profile of the observers in low and high visual stress groups.
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Table 4-9 The observers characteristics
Demographic High visual stress group | Low visual stress group

Total 17 33
Male 11 14
Female 6 19
Education

BSc 6 17

Msc 11 15

PhD - 1
Age mean (SD) 24.9 (3.8) 23.8 (3.7)
Age range 20-36 19-35

4.3.1 Comparisons between two groups of observers

The independent t-test was employed to define significant differences

between two groups of observers. The hypothesis test determines the significant

differences of means of the reading time, the number of misspelling words, and the

reading rate between two groups of observers.

The null hypothesis is that the visual stress is not significantly different

between two groups of observers. The alternative hypothesis is that the visual stress is

significantly different between two groups. The level of significance in which the null
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hypothesis is rejected in this study is 0.05. In other words, the null hypothesis is rejected
when t-value is greater than critical t-value with a 95% confidence interval. The results

are summarised in Tables 4-10, 4-11 and 4-12.

Table 4-10 The independent t-test of the reading time between two groups of
observers
High visual Low visual t critical t value Sig.

stress stress (2-tail)
(n=17) (n=33)

Paper 2:32 2:51 2.01 -1.62 0.112
+0:24 +0:56

Tablet 2:48 2:57 2.01 -0.69 0.494
+0:28 +1:01

Note: mean + SD

Table 4-11 The independent t-test of the number of misspelling words found
between two groups of observers
High visual Low visual t critical t value Sig.
stress stress (2-tail)
(n=17) (n=33)
Paper 2.01 2.02 0.049*
+ +1.2
Tablet 4.3 2.01 -1.60 0.115
+1.1 +1.3

Note: mean * SD,

*Significantly different
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Table 4-12 The independent t-test of the reading rate between two groups of
observers
High visual Low visual t critical t value Sig.
stress stress (2-tail)
(n=17) (n=33)
Paper 2.1 2.01 1.84 0.071
+0.5 +0.6
Tablet 1.6 1.9 2.01 -1.60 0.115
+0.5 +0.6

Note: mean + SD

The results from the independent t-test indicated that the reading time
was not significantly different at 95% confidence between high visual stress group and

low visual stress group on both media.

The results from the independent t-test indicated that the number of
misspelling words found was significantly different at 95% confidence between high
visual stress group and low visual stress group on paper but not found significantly
different at 95% confidence between high visual stress group and low visual stress
group on tablet. It might be that the observers in high visual stress group had higher
efficiency to find the misspelling words on paper than low visual stress group, while the

observers in both groups had similar efficiency to find the misspelling words.

The results from the independent t-test indicated that the reading rate
was not significantly different at 95% confidence between high visual stress group and

low visual stress group on both media. Since the reading rate was calculated by the
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reading time and the number of the misspelling words found with some other words that
were not misspelled but the observers thought the words were wrong, the results
showed that observers in low visual stress found more words that were not misspelled
than the observers in high visual stress. It might be that the observers in low visual
stress group had more words they did not know the correct spelling than the observers
in high visual stress group. These results reveal that the difference between two
observers groups lies in observers’ ability to find misspelling words on paper, in which

the high visual stress observers performed significantly better.

4.3.2 Comparisons between two media

The independent t-test was employed to define significant differences
between the results between two media for two observer groups. The hypothesis test
determines the significant differences of means of the reading time, the number of

misspelling words, and the reading rate between two media.

The null hypothesis is that the visual stress is not significantly different
between two media. The alternative hypothesis is that the visual stress is significantly
different between two media. The level of significance in which the null hypothesis is
rejected in this study is 0.05. In other words, the null hypothesis is rejected when t-value
is greater than critical t-value with a 95% confidence interval. The results are

summarised in Tables 4-13, 4-14 and 4-15.



Table 4-13 The independent t-test of the reading time between two media

N Paper Tablet tvalue | tcritical Sig.
(2-tail)
high 17 2:32 2:48 -1.81 2.03 0.079
visual +0:24 +0:28
stress
low 33 2:51 2:57 -0.45 1.99 0.656
visual +0:56 +1:01
stress

Table 4-14 The independent t-test of the number of misspelling words found

between two media

N Paper Tablet t critical t value Sig.
(2-tail)
high 17 5.6 4.3 2.03 3.87 0.000*
visual +1.0 +1.1
stress
low 33 5.0 4.8 1.99 0.36 0.717
visual +1.2 +1.3
stress

Note: mean = SD, *Significantly different
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Table 4-15 The independent t-test of the reading rate between two media

N Paper Tablet t critical t value Sig.
(2-tail)
high 17 2.4 1.6 2.03 4.41 0.000*
visual +0.5 +0.5
stress
low 33 2.1 1.9 1.99 1.43 0.157
visual +0.6 +0.6
stress

Note: mean + SD, *Significantly different

The results from the independent t-test indicated that the reading time
between two media was not significantly different at 95% confidence for both high visual
stress group and low visual stress group. Although the results showed no significant
differences between two media, the tendency of two group to spend less time on paper
was present. The standard deviation of the reading time on tablet tended to be larger,

indicating that observers’ responses were more varied on tablet.

The results from independent t-test indicated that the number of
misspelling words found was significantly different at 95% confidence for high visual
stress group but not significantly different at 95% confidence for low visual stress group.
These results confrm with the way observers were assigned into groups, i.e. the
observers in high visual stress group were affected by the media type, but the

observers on the other group were not.
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The results from the independent t-test indicated that the reading rate
on paper was significantly different at 95% confidence for high visual stress group but
not significantly different at 95% confidence for low visual stress group. In this study, the
number of misspelling words found and the reading rate were assumed to be the
indicator of reading comprehension. The media that contribute to visual stress will cause
low level of reading comprehension. Hence, it can be assumed from the results that the
observers in high visual stress group had higher level of reading comprehension on

paper, and thus lower visual stress, than tablet.

4.4 Results from visual stress symptoms questionnaire

The visual-stress-symptoms questionnaire was designed to investigate the visual
stress symptoms in comparison between reading on tablet and paper. The visual-stress-
symptoms questionnaire asked the observers to choose the media that they felt that the
symptoms that signify visual stress occurred. These symptoms included boredom,
tiredness, sleepiness, interest, blurring of text, eyes tearing, the sense that the light
enters the eyes too much, difficult reading, emotional involved and loss of place when
reading. Figure 4-5 shows the percentages of observers in each group who answered
about the given symptoms whether they were occurring when reading on tablet, or

paper, or not occurring on either media.



59

Bordom Tiredness
94%
100% 88% 100%
0
80% % 80% ”%
60% M High vs 60% M High vs
o
40% 15% 18% Low VS 40% 18% 24% Low VS
20% 6% 6% 20% 0% -l 6%
- - - -
0% 0%
Tablet Paper None Tablet Paper None
Sleepiness The attention to read
100% 88% 100%
80% % 80%
52% 53%
60% M High vs 60% M High vs
40% 24% Low VS 40% 24% % 24%qq, Low VS
20% 6% 9% 6% 20% . rl
-
0% 0%
Tablet Paper None Tablet Paper None
A blur of text Sore eyes, tearing eyes
100% 100%
71%
80% 1% 80% 64%
53%
60% H High vs 60% 47% M igh vs
30% %
0y
40% 24% Low VS 40% Low VS
20% 6% 9% . 20% 0% 3%
.ﬂ —
0% 0%
Tablet Paper None Tablet Paper None
The sense that the light enters the eyes too Difficult reading
much
100%
0y
100% 88% % 80%
53% 52%
60% 41% B High vs
50% ® High vs 40% =
° 15% ° 15% Low VS
oy 12%15% Low VS 20% 6%
0% °
0% 0%
Tablet Paper None Tablet Paper None
Emotional involved Loss of place when reading
100%
%
100% 82% 100%
80% 80%
%
60% M High vs 60% M High vs
40% 21% 24% Low VS 40% Low VS
20% 6% P 20% 0% 8% 0% 3%
- | l , e
0% 0%
Tablet Paper None Tablet Paper None
Figure 4-5 Percentages of observers in each group comparing the visual stress

symptoms between two media after reading.
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From Figure 4-5, it was found that observers from both groups were not bored,
sleepy and losing place when reading, as the majority of them answered that both
media did not yielded these effects. It could be that the documents used in the
experiments were only one page long (610-620 words), resulting in the average reading
time of about 2-3 minutes. The reading time was too short to cause the feeling of
boredom and sleepiness. Moreover, the content of the documents was easy to follow.
Observers did not feel the symptom of loss of place when reading on either media. Both
groups showed the same tendencies for tiredness, a blur of text, the sense that the light
enters the eyes too much, difficult reading and emotional involved. As for sore eyes and
tearing eyes, 53% of observers in high visual stress group had this symptom when
reading on tablet, as opposed to 88% of observers feeling that too much light coming to
the eyes, which could be the cause of sore eyes and tearing eyes. This means that even
though the observers felt too much light entering the eyes, they did not have sore eyes.
It is possibly because the reading time in the experiments was too short to cause the
symptom. No one in high visual stress group felt the sense that light entered the eyes
too much on paper. This could explain why they had high performance when reading on
paper. The high visual stress group had attention to read on paper higher than tablet,

but the low visual stress group had attention to read on tablet higher than paper.

From the visual stress symptoms questionnaire, the observers were classified
into two groups: high visual stress and low visual stress susceptibility. The high visual
stress group consisted of observers who answered that they had at least 4 out of 7
symptoms (omitting boredom, sleepiness, and loss of place because the reading time

was too short to cause these symptoms) occurring when reading on the particular
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medium. There were 28 observers in high visual stress group and 22 in low visual stress

group.

In order to determine the predictive accuracy of observer classification, false
positives and false negatives were investigated. In this context, false positives are cases
where the observer classification as having high susceptibility to visual stress when they
actually have a low susceptibility to visual stress. False negatives are cases where the
observer classification as having low susceptibility to visual stress when they actually

have a high susceptibility to visual stress [13].

To investigate the accuracy of observer classification, the results from the visual-
stress-symptoms questionnaire and the observers classification were compared. Four
observers from 17 observers in the high visual stress group were found to be false
positive, i.e. they had fewer than 4 visual stress symptoms, meaning that they had no
visual stress on either media but their reading performance on paper was higher. In the
case of false negative, 15 observers from 33 observers in the low visual stress group
were found. These observers had at least 4 symptoms of the visual stress for tablet but
their reading performance on both media was the same. It might be that the observers
were uncertain about the symptoms that they felt, or they could not describe their real

feeling when reading on both media.

4.5 Results from general questionnaire: comparisons between two groups
The results from the general questionnaire for each group of observers were

compared to determine the possible causes of visual stress and/or why tablet had the
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tendency to cause lower reading time and reading comprehension. The results are

shown in Figures 4-6, 4-7 and 4-8.

Mobile phone Mobile phone
M never & never
" sometimes © sometimes
¥ everyday i everyday
Tablet

0%
M never & never
" sometimes ' sometimes
® everyday i everyday

48%
Computer Computer

0% 0%
M never W never
" sometimes © sometimes
¥ everyday i everyday

Figure 4-6

Percentages of observers familiar with electronic media between high

visual stress group (left) and low visual stress group (right)

0%

B Own tablet

" Don’t have

& Own tablet

© Don’t have

Figure 4-7

Percentage of observers that have their own tablet between high

visual stress group (left) and low visual stress group (right)
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Figure 4-8 Percentages of observers with their commonly-used medium in daily life

between high visual stress group and low visual stress group
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Most observers in both group were familiar with mobile phone and computer, but
not with tablet, especially the observers in high visual stress group. No one in high
visual stress group had their own tablet. This may be the reason why observers in high
visual stress were not familiar with reading on tablet. The percentages of the observers
with their commonly-used medium in daily life showed that no one in high visual stress
group used tablet in daily life to read news, novel, journal, magazine, and information.
This is why the observer in high visual stress were not familiar with reading on tablet.
Thus the observers in high visual stress group had the different results when reading on

different media.



CHAPTER YV

CONCLUSIONS

5.1 Conclusions

This study compared the differences in visual stress, preference, and ease of
use between tablet and paper. 50 observers read 3 stories on tablet and 3 stories on
paper. The 3 stories included information, news and tale. Each story contained
misspelling words and observers’ task was to find them. The reading time, the number of
misspelling words found and the reading rate were used to indicate the differences in

visual stress between media.

Most observers preferred reading on paper to tablet with the reasons that
reading on paper was easy to read, easy to maintain and less maintenance cost. The
observers thought tablet was easier to use than paper when reading news and
information because it was easier to access interested information. On the contrary, the
observers thought paper was easier to use than tablet when reading novel, journal and
magazine because they could note and highlight on paper and they felt more familiar
with reading on paper. Moreover, most observers thought that tablet was more
environmental friendly than paper because the paper manufacturing process was
destroying nature and the tablet manufacturing process did not required trees. Most
observers also thought that tablet was unnecessary in their lives but they still planned to

buy tablet in the near future.
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Due to the visual difference of self-luminous and reflective media, reading from
these media could incur the different degree of visual stress. The results showed that
the reading time on tablet was significantly lower than that on paper for information and
news. The number of misspelling words found on tablet was significantly fewer than that
on paper for tale. The reading rate on tablet was significantly lower than that on paper
for information and tale. The results showed no significant difference between document
types. When reading from tablet, light emitting from the tablet enters an observer’'s eyes
directly, while reading from paper light is reflected on the paper surface before entering
the eyes. Tablet thus tends to cause more visual irritation, which reduces the speed of
reading. The number of mistake words found on tablet tended to be lower, indicating the
lower degree of comprehension when reading from tablet than paper. This aspect also
signifies the visual stress symptoms. Reading from tablet thus tends to incur higher

visual stress than reading from paper.

The performance of observers in finding the misspelling words was used to
classify the observers into two groups. The high visual stress group was a group of
observers who performed significantly better when reading on paper, indicating that the
media type had an effect on their reading. The low visual stress group was a group of
observers who gave similar performance on both media, i.e. they were not affected by
the media type when reading. Comparing the results from two groups of observers, it
was found that the high visual stress group performed significantly better than the low
visual stress group when reading on paper. However, their performance was not

different when reading on tablet.
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The common symptom of visual stress that both observers groups found when
reading on tablet was the same that too much light entered the eyes. The majority of the
high visual stress observers also felt sore eyes and tearing eyes when reading on tablet.
Both observers groups found that reading on paper had the advantage on emotional

involved.

The observers in high visual stress group were not familiar with tablet because
most observers in this group never used tablet before. Everyone in this group did not
have their own tablet and did not use tablet in their daily life. The observers in high
visual stress group preferred reading on paper to tablet. These indicate that the
familiarity and the commonly-used medium in daily life affect the visual stress

symptoms.

5.2 Suggestions

The present study compares visual stress in reading between tablet and paper.
Text size and spacing were of the same appearance on both media. However, text size
and spacing are influential factors in visual stress. The future study could include these
factors as well as other factors such as lighting condition and contrast between text and

background.
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Questionnaire
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Name: Age: Gender: M/F
University (company): Year:
Date: Time:
Q1. Please select the answer that best fits you.
How often do you use internet on your mobile phone?
() Never ( )1 day per week ( )3-5daysperweek ( )everyday ( )others
How often do you use Tablet / e-book?
() Never ( )1 day per week ( )3-5daysperweek ( )everyday ( )others
How often do you use computer?
() Never ( )1 day per week ( )3-5daysperweek ( )everyday ( )others
Do you have your own Tablet / e-book?
( )Yes ( )No
Q2. In daily life, on what medium do you read ?
News ( ) Tablet / e-book () Paper () Others,
Novel ( ) Tablet / e-book () Paper () Others,
Journal () Tablet / e-book () Paper () Others,
Magazine () Tablet / e-book () Paper () Others,
Information () Tablet / e-book () Paper () Others,
Q3. On what medium do you like to read? Why?
() Tablet / e-book () Paper
Because ( ) looks modern Because( ) inexpensive
( ) easetouse ( ) easy to maintain and less
maintenance cost
() reduce environmental impact () more emotional attachment
when reading
() others, () others,

Q4. Please select the answer that matches your opinion.

In your opinion, which medium is more environmental friendly?
() Tablet / e-book () Paper
Because

In your opinion, is Tablet / e-book necessary in your life?
() Necessary () Unnecessary

In the near future, do you have a plan to buy Tablet / e-book ?
() Yes ( )No



Q5. What medium do you choose when you read? Why?

News
() Tablet / e-book
Because( ) convenience to use
() easy to access interested
information
() save money (free download)

() others,

Novel
() Tablet / e-book
Because( ) convenience to use
() easy to access interested
information
() save money (free download)

() others,

Journal
() Tablet / e-book
Because( ) convenience to use
() easy to access interested
information
() save money (free download)

() others,

Magazine
() Tablet / e-book
Because( ) convenience to use
() easy to access interested
information
() save money (free download)

() others,

Information
() Tablet / e-book
Because( ) convenience to use
() easy to access interested
information
() save money (free download)

() others,

() Paper
Because(
(
(

(

() Paper
Because(
(
(

(

() Paper
Because(
(
(

(

() Paper
Because(
(
(

(

() Paper
Because(
(
(

(

77

) easy to read
) familiarity

) can note or highlight on the
paper
) others,

) easy to read
) familiarity

) can note or highlight on the

paper
) others,

) easy to read
) familiarity

) can note or highlight on the
paper
) others,

) easy to read
) familiarity

) can note or highlight on the

paper
) others,

) easy to read
) familiarity

) can note or highlight on the

paper
) others,

Thank You
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Visual stress symptoms questionnaire

Name:

80

Gender: M/F

University (company):

Year:

Date: Time:

Please choose the medium that cause the following.

Symptoms

iPad

Paper

None

1. Boredom

2. Tiredness

3. Sleepiness

4. The attention to read

5. A blur of text

6. Sore eyes, tearing eyes

7. The sense that the light

enters to the eyes too much

8. Difficult reading

9. Emotional involved

10. Loss of place when reading

Thank you.
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