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Abstract

Numerous sets of web design guidelines for making websites more accessible for older
people have been suggested, but there is little empirical evidence from studies with
older people upon which to base their recommendations. In addition, the different web
design guidelines often provide different recommendations. Finally, most of the web
design guidelines are in English and relate to the use of the Latin alphabet. Currently,

there are no web design guidelines for the Thai language or for Thai older people.

The objective of this research is to investigate the recommendations from web design
guidelines for Thai and UK older people, especially the recommendations related to the
presentation of text for reading web pages. These are the variables investigated: line
spacing, text justification, font type, font size, text colour and background colour. The
recommendations were investigated with a series of empirical studies that asked both

younger and older people to read web pages presented in different ways.

The first study investigated the effect of line spacing and text justification. The results of
this experiment found that 1.5 or double line spacing were preferred by both younger
and older people in the UK and Thailand. For the UK web readers, both left justification
and left - right justification were preferred. For Thai web readers, left - right justification
was preferred. As interesting issues about the task emerged in the first experiment, the
second study explored the range and appropriateness of a variety of tasks for research
about reading web pages. The results of the experiment indicated the use of skimming

reading as an appropriate task in the further experiments.

The third study investigated the effect of font type and size on skim reading web pages.
The experiment found that UK web users preferred Arial font type in comparison to
Times New Roman, however Thai web users preferred a Thai conservative font type,
which is closely related to serif. On font size, 14 point or larger was preferred by both
the UK and Thai younger adults. For both the UK and Thai older adults, 16 point was
preferred. The fourth study investigated the effect of text and background colour on
skim reading web pages. Black text on white background and sepia text on off-white

were preferred by all participants.

Based on results of the experiment in this programme of research, an evidence-based
set of web design guidelines for the presentation of text for older people in both

Thailand and the UK was developed.
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Chapter 1

An introduction to the research

1.1 Introduction

An important issue for many societies at the moment is the ageing of the population,
with the number of older people (aged 60 years or over, see section 2.2 for a
discussion of the definition of older people) rapidly increasing. The United Nations (UN,
2002) reported that the total number of older people in the world was approximately
600 million people in 2000, a threefold increase from 1950. By 2012, there were 841
million older people worldwide (UN, 2013a). The United Nations estimates that by 2050
the proportion of older people will increase to 21 per cent of the total population or
more than 2 billion people (United Nations, 2002, 2013a). This will be a threefold
increase from 2000. If this prediction is born out, it will be the first time in history that
the proportion of the population aged 60 years and over will be larger than the

proportion of young people, being those aged under 15 (UN, 2002).

In the UK, the UN (2002) estimated that the proportion of older people was 15.5 per
cent of the population in 1950, rising to 20.6 per cent in 2000. By 2009 the figure had
risen to 22 per cent (13.8 million) (UN, 2009). In 2013, the proportion of older people
was 23.2 per cent, and the proportion of people aged 80 years and over was 4.8 per
cent. It is estimated that by 2050 the proportion of older people will increase to 30.7 per
cent and the proportion of people aged 80 and over will increase to 9.5 per cent (UN,
2013)

In Thailand, the UN (2002) estimated that older people was 5 per cent of the population
in 1950, rising to 8.1 per cent in 2000. By 2009, the proportion had risen to 11 per cent
(7.6 million). In 2013, the UN (2013) reported that the proportion of older people was
14.5 per cent, and the proportion of people aged 80 years and over was 1.9 per cent of
the population. By 2050, the proportion of older people will increase to 37.5 per cent,
while the proportion of people age 80 years and over will reach 10 per cent. Thailand
UNFPA (2006) noted that “Thailand is ageing faster than other [countries] in South-
East Asia” (p2).



The change in population demographics is also leading to an increase in the number of
older web users. In the UK, 69 per cent of adults aged between 65 - 74 and 36 per cent
of adults aged 75 and over have used the web (Office for National Statistics, 2014). In
Thailand, the current rate of web use by older adults is very low at 2 per cent. However,
the use of the web by older Thais is dramatically increasing, with a 33 per cent
increase from 2008 to 2010, and a 200 per cent increase from 2010 to 2012 (National
Statistical Office, 2013).

Nonetheless, older people face numerous barriers in using the web because of age-
related physical, sensory, and cognitive capabilities (Holt, 2000). In addition, the lack
of familiarity with the computer technologies and the web amongst the current cohorts
of older people is an issue. Therefore web usability, accessibility, and user experience

are important topics to empower and support older people in using websites.

According to ISO definition, 1ISO 9241-11 (1998), usability is defined as "the extent to
which a product [or website] can be used by specified users to archive specified goals
with effectiveness, efficiency, and satisfaction in specified context of use". While Petrie
and Kheir (2007) explained the difference and relationship between usability and
accessibility as overlapping sets which can be appeared within three types: the
problems which affect only non-disabled persons are called "pure usability”, the
problems which affect only disabled persons are called "pure accessibility”, and the
problems which affect both disabled and non-disabled persons are called "universal
usability”. In addition, Hassenzahl and Tractinsky (2006) defined user experience as "a
consequence of a user’s internal state, the characteristics of the designed system, and
the context within which the interaction occurs". Then the definition of "user
experience" is broader than usability and accessibility as it is "all aspects of the user’s
experience when interacting with the product, service, environment or facility" (ISO
9241-210).

Although the Web Content Accessibility Guidelines (WCAG, 2008) are well known, they
do not cover the needs of older people, only those of people with disabilities. However,

a large number of web design guidelines for older people have been proposed:

e SPRY Foundation guidelines (Holt and Komlos-Weimer, 1999)

e Holt guidelines (Holt, 2000)

e Zhao guidelines (Zhao, 2001)

e AgelLight guidelines (Agelight, 2001)

¢ National Institute of Ageing guidelines (Hudes and Linberg, 2002)



e A checklist for the assessment Web accessibility for older users
(Portuguese) (Sales and Cybis, 2003)

o AARP guidelines (Redish and Chisnell, 2004)

e SilverWeb guidelines (Kurniawan and Zaphiris, 2005; Zaphiris,
Kurniawan, and Ghiawadwala, 2007)

e Webcredible guidelines (Fidgeon, 2006)

Each of these sets of guideline claims that using their guidelines will improve web
accessibility and usability for older people. However, most of the web design guidelines
lack evidence-based research to support their recommendations. For example, the
SPRY Foundation guidelines (Holt and Komlos-Weimer, 1999) was an outcome of the
conference on "Older Adults, Health Care Information, and the World Wide Web", The
AgelLight guidelines (2001) were created from focus groups. The guidelines from the
National Institute of Ageing (Hudes and Linberg, 2002), the AARP (Redish and
Chisnell, 2004), and SilverWeb (Kurniawan and Zaphiris, 2005; Zaphiris, Kurniawan,
and Ghiawadwala, 2007) were derived from reviewing and analysing the previous
guidelines, in spite of the lack of empirical support for those guidelines. The
Webcredible guidelines (Fidgeon, 2006) were derived from a talk-aloud usability
session, while the Holt guidelines (Holt, 2000) and the Zhao guidelines (Zhao, 2001) do

not provide any information about how their guidelines were developed.

Furthermore, the different web design guidelines often provide different
recommendations on the same issue. For example, five sets of guidelines make
recommendations about line spacing: the SPRY Foundation guidelines (Holt and
Komlos-Weimer, 1999) suggest “increasing the white space between two lines of text
by even a small amount (1 or 2 points)”; the Holt guidelines (2000) suggest that “older
adults may have more trouble reading pages that are single-spaced rather than double-
spaced. An alternative is to format paragraphs at 1% spaces, or add a few extra points
of space between lines”; the Agelight guidelines (2001) suggest that line spacing
should be 2 points larger than the typeface; the SilverWeb guidelines (Kurniawan and
Zaphiris, 2005; Zaphiris, Kurniawan, and Ghiawadwala, 2007) do not give specific
detail, suggesting only that “there should be spacing between the lines” (p69); and the
National Institute of Ageing guidelines (Hudes and Linberg, 2002) specifically suggests

that line spacing must be double spaced.

In addition, most of existing web design guidelines are for English speakers reading
web pages presented in the Latin alphabet. Only one set of guidelines were found for

another language using the Latin alphabet, Portuguese (Sales and Cybis, 2003). No



guidelines could be found for languages which use other writing systems. Thus, it is
questioned whether web design guidelines developed for the Latin alphabet be applied
for other writing systems, such as that used by the Thai language? Currently, there are

no web design guidelines for the Thai writing system nor for older Thai people.

Lastly, these web design guidelines were developed during the period 1999 - 2007.
However, the web is a rapidly changing environment and the devices we use to access
the web are rapidly changing, so new evidence is needed to provide appropriate

guidelines on how to make the web accessible to older people in 2014.

1.2 Research aims and research questions

The objectives of this thesis are to investigate the recommendations from web design
guidelines for older people, especially the recommendations related to text for reading
web pages. In addition, the thesis investigated recommendations both for the Latin
alphabet, using English speaking participants and a non-Latin alphabet, using Thai
speaking participants. An empirical approach was taken, asking participants to read
web pages presented with different combinations of a number of relevant variables,

being:

¢ line spacing

e text justification
o fonttype

o fontsize

e text colour

e background colour
Both performance and preference measures were collected, being:

e Time spent per web page

e Percentage of correct answers

e Participants' rating on the visual and physical fatigue
e Users Reading Experience scores (URE)

e Participants’ ratings of their overall preference

Based on the results of this programme of research, an evidence-based web design
guidelines for the presentation of text for older people in English and Thai were

developed.



1.3 Thesis structure

This thesis consists of seven chapters. Chapter 2 presents a review of literature related
to the definitions and characteristics of older people, information about the
demographics of ageing, and web design guidelines for older people. The chapter also
presents previous research relevant to the recommendations on web design for older

people.

Chapter 3 presents the results of the first experiment which investigated the effect of
line spacing and text justification on reading web pages by younger and older people in
the UK and Thailand. At the end of this chapter, recommendations on line spacing and

text justification for English and Thai speaking web users are suggested.

Issues were raised in Chapter 3 about the appropriateness of the reading task used in
the first experiment. Therefore Chapter 4 reports the results of the second experiment
which explored the range and appropriateness of a variety of tasks for research about
reading web pages. Three types of reading (scanning, skimming, and detailed reading)
were investigated in the main study and searching for a link word was included in an
additional round of data collection. Based on the results, skim reading was chosen to

use in the two further experiments in this thesis.

Chapter 5 presents the results of the third experiment which investigated the effect of
font and font size on skim reading web pages by younger and older people in the UK
and Thailand. Based on the findings of this experiment, recommendations on font type

and font size for English and Thai speaking web users are made.

Chapter 6 presents the results of the fourth experiment which investigated the effect of
text colour and background colour on skim reading web pages by younger and older
people in the UK and Thailand. Based on the findings of this experiment,
recommendations on text and background colour for English and Thai speaking web

users are made.

Chapter 7 presents the overall discussion of the programme of research, including the
contributions of the thesis and the evidence-based web design guidelines for text
presentation for English and Thai speaking people. Recommendations for the future

research are also made.



Chapter 2

Literature review

2.1 Introduction

This chapter presents a review of the literature related to the characteristics of older
people and web design guidelines for older people. The chapter also presents research
which is relevant to the recommendations on web design for older people presented in
the guidelines, with particular emphasis on research related to the presentation of text

on web pages.

The structure of this chapter is as follows: Section 2.2 presents definitions of older
people, including those proposed by international organizations and in the research
literature. Section 2.3 presents information about the demographics of ageing. Section
2.4 presents the characteristics of older people and follows with details about cognitive
and physical capabilities in older people in Section 2.5. Section 2.6 presents the
various web design guidelines for older people and Section 2.7 presents specific
details about web design guidelines related to changing visual capabilities in old age.
Section 2.8 presents previous research on recommendations in the web design
guidelines related to the presentation of text on web pages, specifically line spacing,

text justification, font type, font size, and text and background colour.

2.2 Definitions of older people

There are different definitions of who “older people” are from different organizations
and research groups. This section reviews the definitions of older people used by the
World Health Organization (WHO), the United Nations (UN), and a range of research
studies. It also provides information on the demographics of the older population in
both Thailand and the UK.

The term “older people” has a number of different definitions. Many organizations make
different suggestions for the age at which people shift from being “adults” to “older
adults”. According to the World Health Organization (WHO, 2000), the United Nations



(UN) does not specify a minimum chronological age for older people. However,
Ferreira and Kowal (2006) noted that a minimum age of 60 years in used in most UN
publications. The WHO (2000) itself suggests that the minimum age of 65 years is
selected by most developed countries, as it is the typical age at which men retire (Arch,
2008). However, women have typically retired earlier in the UK and with the ageing
population, retirement ages across the developed world are now changing. The
minimum age used by the WHO is in fact varied: as Kowal and Peachey (2001) note, in
the 2000 Harare Minimum Data Set Workshop a minimum age of 60 years was used,
but during the 2001 Dar es Salaam Minimum Data Set Meeting this was changed to 50
years old because this age better represented a realistic definition of older people in
the developing countries. Other organizations also use 50 years as the minimum age,
even in the developed world, including the American Association of Retired Persons
(AARP, 2014). In summary, each organization defines older people as a person over a
different age. 50, 60, and 65 years are all used by international and national

organisations.

Table 2.1: Age ranges (in years) for young, middle  aged and older people in the

research literature (Nichols et al 2001)

Human Factors Journal Psychology and Aging

1998 — 2000 Journal 1995 — 1999
Young people 19.1 — 34.6 years 18.9-30.1
Middle aged people 39.7 - 58.7 40.9 -57.2
Older people 57.5-76.1 57.3-62.1

Older people are also variously defined in the research literature as presented in Table
2.1. Nichols et al (2001) found 131 articles in the Human Factors Journal published
between 1998 and 2000 that participants classified as “young people” had a mean age
range of between 19.1 and 34.6 years, “middle aged people” had a mean age range of
between 39.7 and 58.7 years, and “older people” had a mean age range of between
57.5 and 76.1 years. There is no place for people who are aged 34.7 and 39.6 years,
and there is also some overlap between ranges used for middle aged and older people.
On the other hand, Nichols et al (2001) found 202 articles in the Psychology and Aging
Journal published between 1995 and 1999 that participants classified as "young

people" as those who had a mean age range of between 18.9 and 30.1 years, "middle




aged" had a mean age range of between 40.9 and 57.2 years, and "older people" had
a mean age range of between 62.2 and 82.3 years. This set of groupings also has the
gap between each group, with no place for those aged 30.2 to 40.8 years and 57.3 to
62.1 years old. Bailey (2004) suggested that researchers in the field of ageing should
adopt a consistent age classification. Bailey proposed that the most appropriate
categories for age groups are: “young” 18 to 39 years; “middle-aged” 40 to 59 years;
“older” 60 to 74 years. In addition, Bailey suggested the “old — old” for people aged 75

years and over.

Other researchers in the field of ageing also break the older group of people into finer
grained categories. For example, Garfein and Herzog (1995) and Chi and Chou (2002)
divided older people into three groups: “young-old” - 60 to 69 years; “old-old” - 70 to 79
years; and “oldest-old”, 80 years and over. Spirduso, Francis, and MacRae (2005)
separated older adults to four categories: “young-old” - 65 to 74 years, “old” - 75 to 84

years, “old-old” - 85 to 99 years, and the “oldest-old”, 100 years and over.

After reviewing the research about how older people use Information and
Communication Technologies (ICTs) and the web that was published between 2000
and 2004, Redish and Chrisnell (2004), concluded that researchers used many
different definitions of older people. The lowest minimum age of older people in

research was 50 years, while the highest minimum age was 70 years.

Table 2.2, below, shows the minimum age of participants in 45 ICT related studies of
older people conducted between 1985 and 2009 which the current author sampled at
random. The analysis presented in the table agrees with that given by Redish and
Chrisnell (2004) that the definition of older people varies widely between studies. For
my analysis, the lowest minimum age for older people was 44 years, while the highest
minimum age was 70 years. Researchers most frequently identified “older people” as
people were aged over 65 years (10 papers), over 60 years (7 papers), over 55 years

(5 papers), or over 50 years (5 papers).



Table 2.2 The lowest age of participants in 45 ICT  studies about older people

reviewed by the current author

The minimum age Number of
(in years) of older research References
participants papers

44 1 Gao et al. (2007)

50 5 Maguire and Pearce (2001)
Wright and Belt (2001)
Chisnell, Lee and Redish (2004)
Moore and Matthews (2004)
Ryu et al. (2009)

51 1 Turns and Wagner (2004)

52 1 Wolters et al (2009)

53 2 Aula (2005)
Kim et al. (2005)

54 1 Jacko et al. (2002)

55 5 Lines and Elliman (2007)
Chawick-Dias, McNutty and Tullis (2003)
Chadwick-Dias, McNutty and Tullis (2004)
Wang et al. (2007)
Moffatt and McGrenere (2007)"

56 1 Aula and Kaki (2005)

57 2 Moscicki et al. (1985)
Lin (2003)

59 1 Marquie et al. (2002)

59 1 Dror et al. (1998)

60 7 Czaja and Sharit (1998)

Smith et al. (1999)

Morrell, Mayhorn, and Bennett (2000) *
Czaja et al. (2001)

Hawthorn (2003)

Pfeil et al. (2009)

Struve and Wandke (2009)
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The minimum age
(in years) of older
participants

(continued)

Number of
research

papers

(continued)

References

(continued)

61

1

Wright, Belt and John (2004)

62

2

Bernard, Lio and Mills (2001)
Fukuda and Bubb (2003)

64

Groff et al. (1999)

65

10

Huey et al. (1996)

Chaparro et al. (1999)

Smith et al. (1999)

Coyne and Nielsen (2002)
Nielsen (2002)

Kantner and Rosenbaum (2003)
Keates et al (2004)

Fidgeon (2006)

Sayago et al. (2009)

Struve and Wandke (2009)

66

Moffatt and McGrenere (2009)

70

Koyani et al. (2002)
Keates and Trewin (2005)
Moffatt and McGrenere (2007)*

75

1

Morrell, Mayhorn, and Bennett (2000) *

1. There were two studies with different minimum age of participants in this paper.

However, some research which has investigated older people in more than one country

has used different minimum ages for older participants in each country. For example,

Malik (2011) conducted a study about older people, mobile technology, and culture.

The participants in the research were older people in the UK and Malaysia. An

interesting point in this study was the method Malik used to calculate the appropriate

minimum age for the older participants in the two countries. Malik noted that each

country has different retirement age and life expectancy. These differences mean that

people spend different proportions of their lifes in retirement. For example, 65 years is

currently the typical retirement age in the UK for men and the average life expectancy

of UK men is 80 years. This means that UK men on average spend 19% of their lives
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in retirement. Whereas, for Malaysian men the average retirement age is 58 and their
life expectancy is 78 years. So they spend 26% of their lives in retirement. Malik set
the average proportion of life in retirement for UK men as a benchmark and then
calculated the age at which Malaysia people should retire from work in order to spend

the same proportion of life in retirement as UK men.

Table 2.3: Method for calculating minimum age fori  n different countries used by
Malik (2011)
Retirement Life Retirement | Adjusted Retirement
Age (RA) Expectancy | Proportion Age (ARA)
UK (men) 65 80 19% 65
Malaysia (men) 58 78 26% 59.5

Malik’s calculations are shown in Table 2.3., The minimum age of older participants in
the UK is 65 years and the minimum age of older participants in Malaysia is 59.5 years.
However, this method used retirement age of UK men only as a benchmark, but there
are different retirement ages for men and women in the UK. In addition, retirement
ages in each country are currently changing, as noted above, with the UK and many
countries now delaying retirement age for both men and women. However, this general

method is useful for comparing the minimum age for older people in different countries.

In summary, this section has shown that there is evidence that the definition of older
people varies considerably between and even within international and national
organizations. The suggestions about age minima from different researchers also vary,
and there is no final agreement. However, after reviewing the research about older
people and ICT, it was found that the most commonly used minimum age for older
people is 65 years, while 60, 55, and 50 years are also commonly used. In addition,
some research which had participants in more than one country defined the minimum
age of older participants at different ages for each country, supported by appropriate

calculations.

For this research programme, the definition of younger people proposed by Bailey
(2004) of 18 to 39 years old, was adopted for use both in Thailand and the UK as it was
suggested from reviewing many research papers. Bailey’s categorization also provided
a full set of age ranges, with no gap or overlap between each age. While the minimum

age for older people in the UK adopted was 65 years as it is typical age of research
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about older people and ICTs. In addition, 65 years old is also one of breakpoints
between categories of older people used by many researchers including Chi and Chou
(2002), Garfein and Herzog (1995), and Spirduso, Francis, and MacRae (2005).
However, the minimum age for older participants in the research in Thailand was 58
years, because at this age older participants in Thailand have the same average
proportion of life in retirement as older participants in the UK (see section 2.3
Demographics of Ageing).

2.3 Demographics of Ageing

An important issue for many societies at the moment is the ageing of the population,
with the number of older people rapidly increasing. The United Nations (UN, 2002)
reported that the total number of people over the age of 60 in the world was
approximately 600 million people in 2000, a threefold increase from 1950. In 2012,
there were 841 million older people worldwide and it is estimated that the number of
older people will increase to 2 billion by 2050 (UN, 2002, 2013a). Again, this will be a
threefold increase from 2000. Figure 2.1 shows the world population pyramids for the
years 1950, 2000, and 2050.

Population pyramids
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Figure 2.1: World population pyramids for 1950, 200 0 and 2050
(Source: United Nations, 2002)

Not only is the number of older people increasing, but perhaps more importantly, the
proportion of older people in the population is also increasing. The proportion of older
people was only 8 per cent in 1950, rising to 10 per cent in 2000, 12 per cent in 2013
and it is forecast to be 21 per cent by the year 2050 (UN, 2002, 2013), as shown in
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Figure 2.2. This situation is unprecedented in the history of humankind. In parallel to
the increase of the proportion of older people in the population is a corresponding
decrease in the proportion of young people. By 2050, it is estimated that it will be the
first time in history the proportion of people aged over 60 years will be larger than the

proportion of young people aged under 15 years (UN, 2002).

Proportion of population 60 years or older: world, 1950-2050
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Figure 2.2: Proportion of world population 60 years or older for 1950, 2000 and
2050 (Source: United Nations, 2002)

Figure 2.3 shows the population pyramids of less and more developed regions. The
less developed regions comprise all regions of Asia (excluding Japan), Africa, Latin
America and the Caribbean, and Oceania (excluding Australia and New Zealand). The
more developed regions comprise all other regions of the world and the three countries
excluded from the less developed regions. In recent statistics, UN (2013b) reported
that the number of older people in less developed countries is growing faster than in
developed countries. In less developed countries, there were 554 million older people
in 2013, five times higher than in 1950. It is predicted that it will increase three fold by
2050, to reach 1.6 billion. The growth in the number of older people in developed
countries is slower than in less developed countries, however, it is still a very important
change. The number of older people in developed countries was 94 million in 1950,
increasing threefold to 287 million people in 2013, and it is predicted that it will reach
417 million people by 2050.
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In the UK, the UN (2002) estimated that the proportion of older people was 15.5 per
cent of the population in 1950, rising to 20.6 per cent in 2000, and that it will increase to
34 per cent by 2050. Figure 2.4 illustrates the relevant population pyramids of the UK.
In 2013, the proportion of people aged over 60 was 23.2 per cent, and aged 80 years
and over was 4.8 per cent (UN, 2013a).

Population pyramids
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Figure 2.4: Population pyramids of United Kingdom o f Great Britain and Northern
Ireland (Source: United Nations, 2002)

In Thailand, the UN (2002) estimated that people aged 60 years and over was 5 per
cent of the population in 1950, rising to 8.1 per cent in 2000, and 27.1 per cent in 2050.
Figure 2.5 illustrates the relevant population pyramids of Thailand. In 2013, the UN
(2013) reported that people aged 60 years and over was 14.5 per cent, and people
aged 80 years and over was 1.9 per cent of the population. UNFPA Thailand (2006)
noted that “Thailand is ageing faster than other [countries] in South-East Asia” (p2).

The population pyramids of Thailand are greatly changing.
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Figure 2.5: Population pyramids of Thailand (Source: United Nations, 2002)



16

Another important indicator about the ageing population is the population dependency
ratio. The population dependency ratio is the proportion of younger people (up to 14
years old) and older people (65 years old and over) to the number of people of working
age (15 to 64 years old) (Barcelona Field Studies Centre, 2011). This is important as it
shows the proportion of the population generating income and wealth and caring for

both older people and children in relation to the proportion needing care.

Table 2.4: Old age dependency ratio for the world,
United Kingdom and Thailand

(Source: United Nations, 2002)

Country Old age dependency ratio

1950 2000 2050

World 8.6 10.9 24.7
United Kingdom 16 24.1 47.3
Thailand 5.9 7.7 34.1

The population dependency ratio can be divided into the youth dependency ratio and
the old age dependency ratio, reflecting the ratio of young people to people of working
age and older people to people of working age respectively. As summarised in Table
2.4, globally the old age dependency ratio was 8.6 in 1950, rising to 10.9 in 2000, with
a further gradual rise to 24.7 predicted by 2050. The old age dependency ratio in the
UK was 16.0 in 1950, 24.1 in 2000, and is predicted to double to 47.3 by 2050. In
Thailand the old age dependency ratio was 5.9 in 1950, rising to 7.7 in 2000, and
predicted significantly increase to 34.1 by 2050 (UN, 2002).
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Table 2.5: Life expectancy for the world, United Ki  ngdom, and Thailand

(Sources: United Nations, 2002, 2013a)

Country Life expectancy

1950 1975 2000 | 2010 | 2025 | 2045

1955 1980 2005 | 2015* | 2030 | 2050

World 46.5 59.8 66.0 70.0 | 724 76
United Kingdom 69.2 72.8 78.2 80.4 | 814 83.0
Thailand 52.0 61.4 70.8 743 | 76.8 79.1

There are two important indicators which relate to the ageing population; life
expectancy and healthy life expectancy. Life expectancy is defined as the average age
that a person may expect to live (WHO, 2006). Healthy life expectancy is defined as
the average age that a person may expect to live with full health (WHO, 2006).

Table 2.5 shows that the average life expectancy of the world population increased by
20 years during the period from 1950 to 2000, from 46.5 years to 66 years, and is
expected to increase by a further 10 years between 2000 and 2050, from 66 years to
76 years. In Thailand, the life expectancy has increased at nearly the same rate as the
overall world figures. It increased approximately 20 years between 1950 to 2000, and
will increase by approximately 10 years between 2000 to 2050. In the UK, life
expectancy increased only 10 years from 1950 to 2000 and a further five years from
2000 to 2050. Thus, the gap in life expectancy in developed countries such as the UK

and developing countries such as Thailand will decrease in the near future.

Table 2.6: Healthy Life expectancy in the United Ki  ngdom and Thailand

(Source: Global AgeWatch, 2013)

Country Healthy life expectancy
United Kingdom 71
Thailand 60

Table 2.6 shows the healthy life expectancy for the UK and Thailand. It shows that

people in developed countries such as the UK can live with full health longer than
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people in developing country such as Thailand. People in the UK and Thailand, were

expected to live with full health until they are aged 71 and 60 years, respectively.

For conducting research with older people in two different countries, the UK and
Thailand, the current researcher was concerned about how to select an appropriate
minimum age for older participants. As shown in Table 2.4 and Table 2.5, the UK has
higher ages for both life expectancy and healthy life expectancy than Thailand. These
mean that older people in the UK are expected to live longer than older people in
Thailand. Not only do they live longer, but older people in the UK also have full health
for longer. If the same age of older participants in the two countries were to be used in
this research programme, such as 65 years, it would mean that it would be comparing
results between older people who were have their full health (i.e. those in the UK) with

older people who are no longer in full health (i.e. those in Thailand).

This literature review suggested that healthy life expectancy should be considered as a
factor for deciding the minimum age of older participants in each country. To calculate
appropriate minimum ages for older participants in the current programme of research,
the minimum age of participants in the first country (the UK) was set and then the
minimum age of participants in the second country (Thailand) was calculated as that
yielding the same proportion healthy life expectancy. The minimum age of older
participants in the UK, was set at 65, as this has been the typical retirement age in
western countries for some time (although it is now changing) and this is the most
frequently used minimum age for older people in research relating to ICTs (see section
2.2). The appropriate minimum age for the second country, Thailand, was calculated

the following formula:

HLE1—RA1
Appropriate minimum age for the second country = HLEL1 - ((F ) * HLE2)

RAL: Participants' minimum age for first country (the UK)
HLEL: Healthy Life Expectancy in the first country

HLEZ2: Healthy Life Expectancy in the second country
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Table 2.7: Figures for calculating minimum age for the UK and Thailand older

participants for this research programme

Healthy Life Appropriate minimum
Expectancy (HLE) ages for older
participants
United Kingdom 71 65 (set)
Thailand 60 54.9 (calculated)

Table 2.7 shows the figures for calculating minimum age for older participants for the
UK and Thailand. From the calculation, participants in Thailand age at 55 years had the
same proportion of their remaining life as healthy as participants in the UK at 65 years.
This age, 55 years, is also one of the frequently used minimum age for older people in
the research literature. Thus, in this programme of research, the older participants in
the UK were people aged 65 years and over while older people in Thailand were
people aged 55 years old and over. With these two different minimum ages for older

participants, the results from the two countries can be compared more equitably.

In summary, the proportion of older people who aged 60 years old or over is
dramatically increasing and will continue to increase in the future. There will be 2 billion
older people in the world by 2050. In addition, it will be the first time in human history
that the proportion of older people aged 60 years old or over will greater than the
proportion of younger people aged less than 15 years old. Moreover, the old age
dependency ratio has already risen dramatically since 1950 and will continue to
increase in many countries. All these factors mean that older people are more
important to study than the past. In this section, ages of older participants for the
empirical studies in this programme of research were set. The older participants in the
UK are aged 65 years and over while the older participants in Thailand are aged 55

years and over.

2.4 Characteristics of older people

After reviewing much research on older people, Redish and Chrisnell (2004) warned
that stereotyping older people as a single group by age would mean that researchers
miss important design features that would benefit older people because older people

are so varied in their characteristics.
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Gregor, Newell, and Zajicek (2002) divided older people into three groups depending
on their physical and cognitive abilities. These are: fit older people, frail older people,
and disabled people who grow older. Fit older people are older people who do not have
any disabilities and believe themselves not to have any disabilities. However, older
people in this group are usually weaker than when they were younger. Frail older
people are older people who have one or more disabilities, limitations, or decline in
their sensory abilities. Disabled people who grow older are older people who have a

long term disability or disabilities which may be further affected by ageing.

Apart from chronological age, some researchers are concerned about other
characteristics of older people and noted some important characteristics of older
people in their research, such as computer expertise and experience and web
expertise and experience (Redish and Chrisnell, 2004; Gregor, Newell, and Zajicek,
2002),

Redish and Chrisnell (2004) introduced a new approach with four dimensions for
categorising older people. There were age, ability, aptitude, and attitude. Age is defined
by them as both chronological and experiential, including maturity level, which they
defined as life events and experiences. Ability they defined as levels of physical and
cognitive limitations. Aptitude they defined as levels of expertise with computers and
the Web. Attitude they defined as confidence levels and emotional state of mind. In
order to understand about these four attributes, Redish and Chrisnell asked web
designers to read personas about older people and then decide where to put each
persona in the levels for each attribute. Redish and Chrisnell argued that these four
attributes are useful to judge the levels of support and training particular older people
might need and the levels of complex features in computing systems that they can deal
with.

These four attributes are interesting in terms of a novel method to classify older people.
However, there have some difficulties in using them, for example, how many levels of
differentiation are appropriate for each attribute? In addition, chronological age is
easier to measure, but any measure of ability, aptitude or attitude is much more
complex. Moreover, ability, as defined by Redish and Chrisnell, included both physical
and cognitive ability, which are different concepts and both complicated to measure.

Finally aptitude and attitude are also challenging multi-dimensional attributes.

There have been numerous scales to measure computer anxiety and attitudes
(Davis,1989,1993; Heinssen, Glass and Knight, 1987; Loyd and Gressard, 1984;

Nickell and Pinto, 1986). However, those measurements tend to measure specifically
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anxiety and attitudes toward computers and now quite dated. Burn (2003) developed a
scale to measure attitudes toward technologies in a general standardized manner and
used factor analysis to extract the different factors underlying the attitudes. Burn’s
scale comprises 18 questions grouped into three factors: Confidence, Performance,
and Fashion. The Confidence Factor contains nine questions that relate to how easy it
is to learn and to remember to use the technology, and one's own confidence and
difficulty in using the technology. The Performance Factor contains six questions that
relate to the performance of the technology: its efficiency, effectiveness, and reliability,
and its perceived value for money. The Fashion Factor contains three questions about
the effect of using the technology in terms of being a fashionable person, whether the
technology is positive to the person's image, and usage by peers. Thus, the attitudes of
older people toward technologies such as the web can be measured in a more detailed
manner than simply using a single question as suggested by Redish and Chrisnell
(2004).

2.5 Physical and cognitive changes in older people

The WHO (2012) notes that as people are living longer in our ageing society, more
people are likely to have to deal with disabilities when they get older. Goodman-Deane,
Keith, and Whitney (2009) also noted that “age on its own is not a disability, but older
people are more likely to experience disabilities of various kinds” (p1). Moreover, Monk
(2009) supported the notion that aging is a cause of changes in human abilities. The
reason is older people experience losses in their physical and mental abilities due to
the normal aging process (Blaschke, Freddolino, and Mullen, 2009). Arch (2008)
concluded that the limitations according to age, which have an impact on access to

technology use are changes in vision, hearing, motor and cognitive abilities.

The next sections will review the changes that people experience as they age in each

of these areas and the consequences of these changes for web use.

2.5.1 Changes in vision due to ageing

The aspects of change in visual processing that cause older people problems are near
object focusing ability, changes in colour perception and sensitivity, changes in contrast
sensitivity, and reduction in visual field (Agelight, 2001; Salvi, Akhtar and Currie, 2006).
The Royal National Institute for Blind People (RNIB) (2014a) notes that diseases such
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age-related macular degeneration (AMD), cataract, diabetic retinopathy, glaucoma are

leading causes of sight loss.

The RNIB (2014b) reported statistics about people with sight loss in the UK, noting that
there are nearly two million people facing with sight loss, about one in 30 persons.
People with all ages are affected by sight loss, but older people are much more
frequently affected, with 80 percent of those with vision loss being over the age of 60
years. The percentage increases as people get older, with 20 per cent of people aged
75 years and older having substantial vision loss, and 50 per cent of people aged 90
years and over having substantial vision loss. It is predicted that the number of people
with sight loss in the UK will increase to more than 2.25 million people by 2020. The

population with sight loss will continue to increase to nearly 4 million by 2050.

There was no specific research showed the results how changing in vision due to aging
affected using the web. However, changing in vision due to aging seem to have great
impact on using the web as the results h from the Disability Rights Commission (DRC)
research. Although, the participants in DRC research were not older people, they were
disabled persons. However, the disabilities has related to some other age related
declines in older people. In that research, the DRC (2004) conducted a series of
studies about web accessibility. The participants in the main user testing study were 51
people with a variety of disabilities, including blindness, partially sightedness, dyslexia,
profound deafness, and physical impairment. Each participant was asked to evaluate
10 web sites and undertake two tasks on each website. The results shown that the
average task completion rate of participants with all types of disabilities was 76 per
cent. However, blind participants were the least successful in completing tasks with
only a 53 per cent success rate, participants with partially sighted were more
successful at 76 per cent, while the other groups of disabilities had success rates over
80 per cent. In addition, participants were asked to rate how easy it was to complete
the tasks. The blind participants and participants with partially sight rated the tasks
more difficult than others. It might be implied that older people with vision loss will face

more difficulties in accessing the web than people with other age related declines.

Dickinson et al. (2005) concluded that older people’s vision loss is the reason for many
of their difficulties in the use of technology such as reading text labels, buttons, and
problems of screen contrast. AgeLight (2001) also argued that of the changes due to

ageing, the greatest impact is those in vision.
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2.5.2 Changes in hearing due to ageing

Hearing loss is one of the physical changes that affect people as they age. It causes
many difficulties in communication. According to the Royal National Institute for Deaf
People (RNID, 2011), there are four different levels of hearing loss: mild hearing loss,
moderate hearing loss, severe hearing loss, and profound Schwartz (2012) explains
that there are tiny hair cells within inner ears, which pick up sound wave and change to
nerve signals then the brain acknowledges that sound. Age-related hearing loss
typically occurs when these hair cells die or are damaged. Other reasons for age-
related are that the three tiny bones inside the ear can no longer conduct sound

properly or that other structures in the ears are damaged (Vorvick, 2012).

Older people with hearing loss usually experience difficulty in hearing other people with
higher-pitched voices, problems hearing in noisy environments, more frustration
because of not being to hear than when they were younger, and ringing sounds in the
ears (Schwartz, 2012, Vorvick, 2012).

The RNID (2011) reported that more than 10 million people in the UK had some form of
hearing loss. Most of these people, approximately 6.4 million, are older people aged 65
years and over, in comparison to only 3.7 million people aged 16 to 64 years. In
addition, the statistics showed that approximately 40 per cent of people aged 50 years
and over and 70 per cent of older people aged 70 years and over have some degree of
hearing loss (RNID, 2011). In addition, Mehta (2014) noted that approximately 90 per
cent of people aged 80 years and over have some form of hearing loss. [I| would omit
this sentence, you have established this very clearly already and this does not look like
an academic reference, and there is not reference: Hearing Link (RNID, 2011) noted
that increasing of hearing loss is significantly related to increasing age. It is predicted
that the number of people with hearing loss in the UK will increase to approximately
14.5 million people by 2031.

In terms of the effect of hearing loss has on using the web for older people, it is
currently not considered a particular barrier due to the largely visual nature of the web
(DRC, 2004; Hanson, 2001). However, as the web becomes more multimedia with

videos and audio information, this could change.
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2.5.3 Changes in motor skills due to ageing

Changes in motor skills due to ageing include slower response times, loss of flexibility,
disturbances in coordination, decreasing ability to balance during continuous
movements, and less accurate and more variable movement (Czaja and Moen, 2004;
Seidler et al., 2010). The main diseases of ageing that lead to changes in motor skills

are arthritis and Parkinson’s Disease (Arch, 2008; llyas, 2012).

Problems related to computer use for older people with problems with motors skills
include controlling a mouse and other input devices. Bohan and Scarlett (2003)
conducted a study about the effect of expanding targets on the object selection
performance of older adults. 8 younger and 8 older participants were asked to
complete target acquisition tasks in five conditions: small static, large static, 10%
expansion, 50% expansion, and 90% expansion. The results showed that the older
participants spent significantly longer time to acquire the target than younger
participants across all conditions. In addition, there was a significant main effect of
target condition that suggested that expanding targets were a technique which can

improve older persons' performance on target selection.

Keates and Trewin (2005) conducted a study about cursor positioning using a mouse.
There were 31 participants, including young adults (20 to 30 years), middle-aged adults
(35 to 65 years), older adults (70 years and older), and adults with Parkinson's disease
(48 to 63 years). They found that older people and adults with Parkinson's took longer
time to complete the experimental task. In addition, they found that the average
number of pauses per movement increased with increasing age, while the average
number of pauses per movement of adults with Parkinson's was between the averages

for adults and older adults.

In addition, Dickinson et al. (2005) also mentioned that changes in motor skills in older
people have substantial effects on mouse use and mouse control, particularly in

locating small targets.

2.5.4 Changes in cognition due to ageing

Age-related changes in cognition include diminished capacity of working memory;
reduction in the ability to learn and remember new information; reduced cognitive
processing speed; decline in spatial and visual information processing; decreased

ability in dividing attention between two or more tasks, and a greater chance of
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experiencing interference in long-term memory (Kurniawan et al., 2006; Czaja and
Moen, 2004). Arch (2008) noted that dementia, including Alzheimer’s disease, and Mild

Cognitive Impairment are common causes of cognitive impairment in older people.

In 2012, there were 800,000 people with dementia in the UK (Alzheimer's Society,
2012a). About five to 20 per cent of older people have some symptoms of mild
cognitive impairment and about 10 to 15 per cent of people with mild cognitive

impairment went on to develop dementia (Alzheimer's Society, 2012b).

Meyer et al. (1997) conducted a study about age differences in web navigation. There
were 20 participants: 13 older and 7 younger adults. The author did not provide
participants' specific details. The participants were asked to search a complex web site
to find a specific piece of information. The results showed that older participants took
significantly more steps for finding the answer than younger participants.. Older
participants also tended to return to the homepage more often to complete the task.
Finally, older participants returned to web pages which they had visited more often than
younger participants. The researchers inferred that the older participants could not
remember which web pages they had visited and also could not remember the

information on those web pages as well as younger participants.

Thus, not only changes in physical abilities have an effect on older people using the

web, but changes in cognition due to aging also has an important effect.

Therefore web accessibility and usability is an important topic for empowering and
supporting older people to be able to use websites. Many researchers and
organisations suggest the guidelines for making website easier to use for older people.
The section 2.6, below, provides more specific details on web design guidelines for

older people.

2.6 Web design guidelines for older people

As discussed in Section 2.5, above, people experience changes in their physical and
cognitive abilities as they age. Web design guidelines are one important solution to
help web developers create websites that will be easy for older people to use to
overcome these changes. Web accessibility guidelines can be divided to two types:

general web accessibility guidelines and web accessibility guidelines for older users.

The main set of general web accessibility guidelines, the Web Content Accessibility

Guidelines, is currently in its second version (WCAG 2.0). WCAG was developed by
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the Web Accessibility Initiative (WAI) of the World Wide Web Consortium (W3C).
WCAG 1.0 was published in 1999 in order to explain to web content developers how to
create web sites usable by people with disabilities. This original set of guidelines has
14 guidelines which break down into 65 checkpoints. Each checkpoint has a priority
level: Priority 1 means that this checkpoint must be satisfied by web content, otherwise
according to WAI, one or more groups of disabled users will find it impossible to access
information in the document. Satisfying this checkpoint is a basic requirement for some
groups to be able to use Web documents. Priority 2 means that web content should be
satisfy this checkpoint. Otherwise, according to WAI, one or more groups of disabled
users will find it difficult to access information in the document. Satisfying this
checkpoint will remove significant barriers to accessing Web documents. Finally Priority
3 means this checkpoint may be satisfied by web content. Otherwise, one or more
groups of disabled users will find it somewhat difficult to access information in the
document. Satisfying this checkpoint will improve access to Web documents. There are
three levels of conformance: level A (Priority 1 checkpoints are satisfied), AA (Priority 1
and 2 checkpoints are satisfied), and AAA (Priority 1, 2, and 3 checkpoints are
satisfied), (Chisholm et al., 1999).

WCAG 2.0 was published in 2008. This revision of the web accessibility guidelines
updated and expanded WCAG 1.0 and attempted to be less technology specific and
more “future proof”. In WCAG 2.0, there are 4 four principles: web content should be
perceivable, operable, understandable, and robust. There are 12 guidelines nested
under these 4 four principles. As with WCAG 1.0, each guideline has a success
criterion: level A (lowest), AA, and AAA (highest). WCAG 2.0 still aims to increase
accessibility of the web to people with different type of disabilities: blindness, deafness
and hearing loss, learning disabilities, cognitive limitations, limited movement, speech

disabilities, photosensitivity and combinations of disabilities (Caldwell et al., 2008).

However, this programme of research is particularly interested in web accessibility
guidelines for older users. A number of sets of web accessibility guidelines for older

people have been found, as follows:
SPRY Foundation guidelines (1999)
Holt guidelines (2000)
Zhao guidelines (2001)

AgeLight guidelines (2001)
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National Institute of Aging guidelines (2002)
AARP guidelines (2004)

SilverWeb guidelines (2005)

Webcredible guidelines (2006)

The following sub-sections will provide an overview of each of these sets of guidelines.

2.6.1 SPRY Foundation guidelines (1999)

Holt and Komlos-Weimer (1999) published guidelines through the SPRY foundation
entitled "Older adults and the web: a guide for web site creators". The guidelines were
developed as an outcome of a conference on "Older Adults, Health Care Information,
and the World Wide Web" held in March 25-26, 1999. The authors stated that the
guidelines were developed by combining research with practical experience from
experts. However, no research evidence was provided in the publication. There was
also no evidence to show which recommendations were supported by research or
which recommendations were suggested by experts. Many recommendations are very
similar to the WCAG 1.0 checkpoints. Later web design guidelines for older people

seem to be based on the SPRY Foundation guidelines, especially Holt (2000).

2.6.2 Holt (2000) guidelines

Holt (2000) presented the guidelines "Create Senior-Friendly Web sites" in the journal
of the Centre for Medicare Education. No information was provided about how these
guidelines were derived. However, when considered in detail, it was appears that these
guidelines are very similar to the SPRY Foundation guidelines (1999) and there are
many places in these guidelines with the same wording. However, in these guidelines
there are some different recommendations. For example 14 point size text is
recommended instead of 12 to 14 point. It seems that the SPRY guidelines were

updated by Holt (2000), but no specific evidence for such updates were provided.

2.6.3 Zhao (2001) guidelines

The guidelines proposed by Zhao (2001) were named "Universal Usability Web Design

Guidelines for the Elderly (Age 65 and Older)". No information was provided about
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how these guidelines were derived, but it seems that the guidelines were developed

from reviewing the guidelines from many sources and merging them.

Zhao (2001) stated that the recommendations in the guidelines relate to hardware,
software and input devices can be provided to enhance accessibility. However, the
guidelines suggested by Zhao (2001) were quite similar to previous guidelines, such as
WCAG 1.0, and the Agelight guidelines (see below) which were released at nearly

same time.

2.6.4 Agelight (2001) guidelines

AgeLight (2001) published the “Interface design guidelines for users of all ages” in
2001. It is claimed that this set of guidelines was created from “dozens of focus groups,
feedback from users, cooperation with people in the fields of usability, human factors,
and aging as individuals and organizations”. However, no specific evidence from these
different sources is provided, nor information about how they contributed to the

development of the guidelines.

Although AgeLight's guidelines (2001) stated to be concerned with accessibility
specifically for older people, some of the guidelines are general accessibility guidelines,
such as providing a text version of a web site which would apparently be suitable for
blind readers, but would certainly not be used by older people. In addition, the AgeLight
guidelines are concerned with vision loss more than other impairments, on this issue

they provide a lot of information, examples, and guidelines.

2.6.5 National Institute of Aging / National Librar y of Medicine (2002) guidelines

Hudes and Linberg (2002) developed guidelines under the auspices of the National
Institute of Aging and National Library of Medicine (NIA/NLM), integrating other
guidelines with many research results. The aim of the guidelines was to make “senior
friendly” web sites. Hudes and Linberg (2002) did not provide information that how the
guidelines were derived. However, Morrell (2005) explained that these guidelines were
developed from reviewing the research in the fields of cognition and ageing, perception
and ageing, human factors and ageing. Book chapters, book, journals and
presentations in conferences also included. However, | have found that some of the

guidelines are taken from research about text presentation on print media.
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The NIA/NLM guidelines are divided into three groups: recommendations relating to
aged-related declines in vision, recommendations relating to aged-related declines in
cognition, and other issues that are important to take into account in the design of web

sites for older people.

2.6.6 American Association of Retired Persons (AARP ) (2004) guidelines

Redish and Chisnell (2004) reviewed documents about web site design for older
people which were published between January 2000 and September 2004 and used
this information to create guidelines for web site design for older people under the

name of American Association of Retired Persons (AARP).

Most of the guidelines in this set of guidelines repeat the recommendations from
previous sets. However, the guidelines were not sufficiently clear and conflict within
their guidelines. For example, the guideline about links in website has two different
recommendations. One recommends having multiple links which lead to same content
as this will increase opportunities for older people in reaching target information.
However another recommends that older people read slower on pages which have a
high number of distractors. A large number of links lead to a high number of distractors,

so these recommendations are in conflict with the another.

In addition, AARP does not suggest the appropriate number of the links, so it is not

clear and difficult to apply.

2.6.7 SilverWeb guidelines (2005, 2007)

Kurniawan and Zaphiris (2005) and Zaphiris, Kurniawan, and Ghiawadwala (2007)
reviewed more than 100 research papers about HCI and ageing to derive guidelines
about web design for older people. From this review, they created a set of 52
guidelines. They used card sorting by 40 postgraduate students and a focus group of
five HCI experts to classify these guidelines into ones related to: vision (changes in
static acuity, dynamic acuity, contrast sensitivity, colour sensitivity, sensitivity to glare,
decrease in visual field, and decrease in processing visual information), psychomotor
abilities, attention (changes in selective and divided attention), memory and learning,
intelligence and expertise. Each guideline was backed up with at least one published

piece of literature or study. They named their guidelines the “SilverWeb Guidelines”.

These guidelines have a focus on older people. However, rather than trying to establish

whether the guidelines have a good empirical evidence basis in terms of their effects
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on the performance and preferences of older people when using the web, the
researchers used younger people to categorise the guidelines and had them checked
by HCI experts. They also asked 16 older people to rate the usefulness of each
guideline in relation to an evaluation of two websites. These older people were not
asked to do tasks on the websites, so it is not clear on what basis they were rating

usefulness or how these ratings provide any appropriate validation of the guidelines.

2.6.8 Webcredible guidelines (2006)

The web usability consultancy company Webcredible created a set of guidelines for
older adults (Fidgeon, 2006) by conducting 40 minute talk-aloud usability test sessions,
8 with older participants (over the age of 65) and 8 with young participants (under the
age of 40). Participants were asked to find information from a range of government web
sites. This is a very small sample on which to base guidelines, being from only 8 older

people and based on one particular kind of website.
2.6.9 Comparison of the eight sets of web design gu  idelines for older people

The eight sets of web design guidelines for older people as mentioned in Section 2.6.8
provide recommendations by using the difference names or categories, then it is hard
to understand and compare each recommendation in details. This section tries to
organise the recommendations from different web design guidelines to be a set of

recommendation.

Morrell (2005) in reviewing research relevant to web design guidelines for older people
divided the problem areas into three groups: vision, cognitive abilities and other
problem areas for older people, as shown in Table 2.7. | have used this classification
to group all the recommendations in the eight sets of web design guidelines reviewed
above. Entries in Table 2.7 with an asterisk are those from Morrell (2005) and those
without are additional entries that | have added to cover recommendations not
reviewed by Morrell. The figures in brackets are the number of sets of guidelines which

provided the recommendation.

From table 2.7, the first group of the guidelines called ‘guidelines related to abilities in
vision'. There are 11 guidelines in this group. Most of the guidelines are related to text
presentation on the web. Another group called 'guidelines related with abilities in
cognition' has 11 guidelines. Most of the guidelines in this group related to
recommendations about how to make information on the web easy to understand. The

last group called 'other issues in web design guidelines for older people'. There are 16
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guidelines in this group. Most of them are related to structure, navigation, and other

dimensions for creating web pages.

For my research programme | decided to concentrate on those guidelines related to
vision loss. This is because for older people, vision loss has the greatest impact on
their use of the web (AgeLight, 2001) and is the reason for many difficulties in their use
of technology (Dickinson et al, 2005). Moreover, as can be seen from Table 2.8, all the
guidelines related to vision loss provide recommendations on the presentation of text.
Although the web has now become much more multimedia, and visual presentation
needs to cover other aspects such as images, video and animation, text is the most

basic visual presentation on the web, and we need to make sure older users can

access it easily.

Table 2.8: Web design guidelines related to changes

other issues in older people (adapted from Morrell,

in vision, cognition, and
2005) with number of

mentions across the 8 sets of guidelines discussed

Guidelines related to

abilities in vision

Guidelines related
with abilities in

cognition

Other issues in web design

guidelines for older people

- Line spacing (5)

- Text justification* (6)
- Font type* (7)

- Font size* (7)

- Type weight* (4)

- Capital and lowercase
letters*(4)

- Kerning (3)

- Backgrounds* (8)

- Colour* (7)

- White space (3)

- Length of line (1)

- style of writing* (4)

- Phrasing* (2)

- Simplicity* (5)

- lllustrations and
photographs* (5)

- Animation, audio and
video* (7)

- Text alternatives* (6)
- other issues to
consider organization
and repetition* (3)

- avoid technical term
4)

- break content to short
section (2)

- provide fewer choices

- Navigation and page location* (7)
- use of mouse* (4)

- Forward and backward
navigation* (2)

- Consistent layouts* (6)

- Style and size of icons and
buttons* (8)

- Pull-down menus* (5)

- Site maps* (4)

- Scrolling* (5)

- Length of page (3)

- Opening new browser (3)

- Hypertext links (7)

- Search engine and search
capability (3)

- Online help tutorial, instruction,
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to user (1) About us and feedback (8)
- Provide ample time to | - Support user control and freedom
read content (1) 2)

- Table and frame (2)

- Usability testing (6)

- others (Design for Internet
appliances (1), Provide content in
HTML as much possible (1),
provide date stamping (1), archive
old article (1), design for slow
modem (1), design for visual

impairment software (1))

N.B. Entries with asterisks indicate those taken from Morrell (2005).

In the next section, | will present the specific details about the various
recommendations of web design guidelines for older people in relation to vision loss

and text presentation.

2.7 Specific recommendations in web design guidelin es for older people related

to presentation of text on web pages

Table 2.9: Recommendations on line spacing from the eight sets of guidelines on

web design for older people

Web design guidelines Recommendation on line spacin g

SPRY Foundation (1999) | Even average or default leading may not be sufficient for
those with this problem [blocks of text appear crowed],
which occurs frequently in older adults. This is easily
remedied, however, by increasing the leading by even a

small amount (1 or 2 points).

Holt (2000) Older adults may have more trouble reading pages that
are single-spaced rather than double-spaced. In particular,
if bold type is used, it is better to add the extra space to
improve both the ease and the speed of reading. An

alternative is to format your paragraphs at 1% spaces, or

add a few extra points of space between lines; this “airs
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out” your text without using as much screen space.

Zhao (2001) Not mentioned

AgeLight (2001) The space between each line of text is required. Typically,
the leading specified is 2 points larger than the typeface.
Tight leading may cause legibility problems.
Loose leading may bring benefits by creating breathing

room and improve readability.

NIA/NLM (2002) Double space all body text.

AARP (2004) Not mentioned

Silverweb (2005, 2007) There should be spacing between the lines.

Webcredible (2006) Not mentioned

Table 2.9 shows that five of the sets of guidelines reviewed make recommendations
about line spacing: SPRY Foundation (Holt and Komlos-Weimer, 1999), Holt (2000),
Agelight (2001) and NIA/NLM (2002) provide quite specific recommendations, whereas
SilverWeb (2005, 2007) provide very general recommendations. The other guidelines
reviewed, Zhao (2001), AARP (2004) and WebCredible (2006), do not mention line
spacing at all. Even the specific recommendations are diverse, with one
recommending 1.5 spacing and another double spacing. Thus, there is no consensus
amongst the recommendations about line spacing across the various web design

guidelines for older adults.

Table 2.10 shows that six of the sets of web design guidelines provide
recommendations on text justification. In this case, six of the eight sets of guidelines
make the same recommendation, for left-justified text. The final two sets of guidelines,
AARP (2004) and WebCredible (2006), do not mention text justification.

Table 2.10: Recommendations on text justification f ~ rom the eight sets of

guidelines on web design for older people

Web design guidelines Recommendation on text justif ication

SPRY Foundation (1999) | Most older adults prefer left justified text, where the text

lines up along the left margin, and find it easiest to read.

Holt (2000) Justification refers to how words are placed within the

page margins. Type that is centered is fine for headings
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but can be difficult to read in paragraph form. Full
justification (spread evenly between the margins) adds
extra spaces or reduces spaces between letters and
words. On shorter width text where there is less to

change, full justification can make reading uncomfortable.

Zhao (2001)

Left-hand justification offers the highest level of
readability. Center justification other than for a title, should

be avoided.

AgeLight (2001)

Left-hand alignment offers a high level of readability as

compared to justification.

NIA/NLM (2002)

Left justified text is optimal for older adults.

AARP (2004)

Not mentioned

SilverWeb (2005, 2007)

Text should be left justified.

Webcredible (2006)

Not mentioned

Table 2.11 shows that there are seven sets of web design guidelines which provide

recommendations about font type. Four sets recommend using a Sans Serif font (Holt,
2000; NIA/NLM, 2002; AARP, 2004; SilverWeb, 2005, 2007) and another two make a

more general recommendation about using a font for familiarity and legibility (Agelight,

2001; Zhao, 2001), a somewhat circular recommendation. Finally, two sets of

guidelines either make no recommendation about font (WebCredible, 2006) or sit on
the fence between Serif and Sans Serif fonts (SPRY Foundation, 1999). Thus, the

recommendation for using a sans serif font is the most frequently made, but is only

recommended by half the sets of guidelines.

Table 2.11: Recommendations on font type from the e  ight sets of guidelines on

web design for older people

Web design guidelines

Recommendation on font type

SPRY Foundation (1999)

Traditional design wisdom holds that Serif fonts in a mix of
upper and lowercase letters (known as sentence case) are
the most readable for a block of text. However, there is
some evidence that Sans Serif fonts such as Helvetica are

the most readable for older adults.

Holt (2000)

For publication on the Web, Sans Serif faces (those
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without extra strokes in the letters) are generally
considered easier to read. (Note: this differs from printed
materials where Serif fonts are considered to be easier to

read.)

Zhao (2001) For print applications, Serif typefaces are more legible
because the Serif adds differentiation between letter
forms, yet on lower resolution and small monitors, this
may not always be true. Choose fonts based on their
legibility, and avoid using several types of fonts mixed

together or very narrow or decorative fonts.

AgeLight (2001) Choose typefaces based on their familiarity and legibility.

NIA/NLM (2002) Use a Sans Serif typeface, such as Helvetica, that is not
condensed. Avoid the use of serif, novelty, and display
typefaces.

AARP (2004) San Serif is recommended. Bernard et al. (2001)

recommended Serif for speed and San Serif for

preference.

SilverWeb (2005, 2007) Use San Serif type font i.e., Helvetica, Arial. Avoid other
fancy font types.

Webcredible (2006) Not mentioned

Table 2.12 shows the recommendations on font size for seven sets of design
guidelines; six sets of guidelines make recommendations for between 12 and 14 point
size, with somewhat different wordings. One set of guidelines merely warns that the
smaller the font, the more important it is to make each letter or line distinguishable.

Thus, the recommendations on font size is generally between 12 and 14 point.

Table 2.12: Recommendation on font size from the ei  ght sets of guidelines on

web design for older people

Web design guidelines Recommendations on font size

SPRY Foundation (1999) | Most older adults prefer a font size somewhere between
12 point and 14 point for blocks of text, depending on the
typeface involved. Headings should be enough larger than

the body text to be distinguishable as well as readable. An
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18pt heading would be a good choice to accompany a
14pt block of text.

Holt (2000) The smaller the type size, the more critical it becomes to
have each letter or line distinguishable from the ones

around it.

Zhao (2001) For most seniors, 12 to 14 point fonts are recommended
for body [text] while headlines and titles are typically two
points larger. Those with partial sight may require a 16

point font or above

AgeLight (2001) 12 - 14 point are recommended font sizes for copy while
headlines and titles are typically two points larger.

NIA/NLM (2002) Use 12 point or 14 point type size for body text.

AARP (2004) Use at least 12 point, Some suggest 14 point for body text

and heading should be 18 and 24 point. Bernard et al.
(2001) said older people read 14 point faster than 12

point.
SilverWeb (2005) (2007) | Use 12 -14 point size.
Webcredible (2006) Not mentioned

Table 2.13 shows recommendations on type weight from four sets of web design
guidelines. These recommendations cover two aspects of type weight — that for the
main text and the use of bold text. Two sets of guidelines cover the main text aspect
and both recommend medium weight (Agelight, 2001; Zhao, 2001). The other two sets
of guidelines cover the use of bold and both recommend using bold only for emphasis
(NIA/NLM, 2002; SPRY, 1999). .

Table 2.13: Recommendations on type weight from the eight sets of guidelines

on web design for older people

Web design guidelines Recommendation on type weight

SPRY Foundation (1999) | Type needs to be intense enough to be clearly read, but
not so bold as to be hard to distinguish. Medium weight

types frequently provide a good contrast with the

background without becoming too intense.
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Holt (2000)

Not mentioned

Zhao (2001)

Many typefaces are available in light, narrow, bold, or
extra bold. While boldfaced text may appear larger, its
readability is decreased. Use bold only to emphasize a

title or a key word.

AgeLight (2001)

Boldfaced text appears larger, readability may decrease.
Limiting the use of bold to emphasize a title or a key word

is recommended.

NIA/NLM (2002)

Use medium or bold face type.

AARP (2004)

Not mentioned

SilverWeb (2005) (2007)

Not mentioned

Webcredible (2006)

Not mentioned

Table 2.14 shows recommendations on the use of capital and lowercase letters from

four sets of web design guidelines. All four recommend avoiding text in all capitals, or
restricting it to keywords and titles (Agelight, 2001; Zhao, 2001; NIA/NLM, 2002;
SilverWeb, 2005, 2007). In addition, two sets of guidelines recommend using a capital
letter for the first letter of a heading or title (Zhao, 2001; NIA/NLM, 2002).

Table 2.14: Recommendations on capital and lowercas

e letters from the eight

sets of guidelines on web design for older people

Web design guidelines

Recommendation on use of capi tal and lowercase

letters

SPRY Foundation (1999)

Not mentioned

Holt (2000)

Not mentioned

Zhao (2001)

Using all capital letters decreases readability. While
sometimes used for design purposes, it tends to lead to
higher levels of eyestrain and eye fatigue because there is
too little differentiation between the letters, and the eye
does not get a visual breather. At best, only use capital

letters for key words or titles. Capitalize the first letter of
each word in a heading instead of all of it, although bold

type is recommended as a more effective alternative.
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AgeLight (2001)

The use of all caps tends to lead to higher levels of eye
fatigue because of little differentiation between the letters.
As an alternative, consider using bold or capitalize the first
letter of each word in a heading. This provides contrast

from the body copy, will increased readability.

NIA/NLM (2002)

Present body text in upper and lowercase letters. Use all

capital letters and italics in headlines only.

AARP (2004)

Not mentioned

SilverWeb (2005) (2007)

Main body of the text should be in sentence case and not

all capital letters.

Webcredible (2006)

Not mentioned

Table 2.15 shows recommendations on kerning® from three sets of web design

guidelines. Kerning is the process of adjusting the spacing between characters in a

proportional font, usually to achieve a visually pleasing result

The recommendations on kerning are not specific; two sets of guidelines recommend

avoiding kerning or too much kerning. without specifying what “too much” is (SPRY,
1999; Holt, 2000). One set of guidelines (Agelight, 2001) mentions kerning without

making a recommendation about it.

Table 2.15: Recommendations on kerning from the eig  ht sets of guidelines on

web design for older people

Web design guidelines

Recommendation on kerning

SPRY Foundation (1999)

Designers should avoid condensed typefaces and
reducing the kerning (space between letters), as this can

also make text harder to read.

Holt (2000)

Using condensed type squeezes the letters together and
makes them harder to read. While effective for squeezing
more copy onto a page, too much of it together can

appear blurry and cluttered.

Zhao (2001)

Not mentioned

! http://en.wikipedia.org/wiki/Kerning.
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AgeLight (2001)

A designer can specify tight, regular or loose letter
spacing to be applied throughout a design or style sheet.
Specific adjustments can be made between letters to
enhance legibility. For example, the space between a
capital A and lower case letters often needs to be kerned

to make the space smaller.

NIA/NLM (2002)

Not mentioned

AARP (2004)

Not mentioned

SilverWeb (2005, 2007)

Not mentioned

Webcredible (2006)

Not mentioned

Table 2.16 shows recommendations on text and background colour contrast from the

eight sets of web design guidelines. Six sets of guidelines recommend using dark text
on a light background (SPRY, 1999; Holt, 2000; Zhao, 2001; Agelight, 2001; NIA/NLM,
2002; Webcredible, 2006). Two sets of guidelines also mention that “reverse contrast”
can be used, a light text on a dark background (Holt, 2000; NIA/NLM, 2002). Two sets
of guidelines mentions only that strong contrast between text and background should
be used (AARP, 2004; SilverWeb, 2005, 2007). Two sets of guidelines also mention
that off-white rather than pure white is a better background (SilverWeb, 2005, 2007;

Webcredible, 2006). So the consensus across the guidelines is for dark text on a light

background, but possibly off-white rather than pure white.

Table 2.16: Recommendations on contrast between tex t and background from

the eight sets of guidelines on web design for olde r people

Web design guidelines

Recommendation on text and ba  ckground colour

SPRY Foundation (1999)

A good background ... should contrast with the content of
a web site in all three areas. Traditional designs typically
feature dark text on a light background, but there is some
evidence that older adults find a light text on a dark
background to be very readable. As long as the contrast is

strong, either is acceptable.

Holt (2000)

Contrast between background and text is important.
Usually this means having dark type or graphics against a

light background (though sometimes the opposite can
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work fine with sufficient contrast).

Zhao (2001)

To maximize contrast, always use dark types on light or
white backgrounds, exaggerate lightness differences
between foreground and background colors, and avoid
using colors of similar lightness adjacent to one another,
even if they differ in saturation or hue. It is a good practice
to choose dark colors with hues from the bottom half of
the color wheel against light colors from the top half of the
circle. Avoid contrasting light colors from the bottom half
against dark colors from the top half. Also, be aware that
people with color deficits will see less contrast between
colors. So it helps to even lighten light colors and darken

dark colors.

AgeLight (2001)

Contrast between foreground and background colours. As

a rule use dark type on light or white backgrounds.

NIA/NLM (2002)

Use dark type or graphics against a light background, or

white lettering on a black or dark-coloured background.

AARP (2004)

When contrast between type and background is low, users
can also suffer “disability glare,” causing them to “lose”
letters in text passages. High contrast also makes it easier
for older adults to remember what they’'ve seen and read

and to make inferences from text.

SilverWeb (2005, 2007)

Background screens should not be pure white or change
rapidly in brightness between screens. Also, a high
contrast between the foreground and background should
exist, for example, coloured text on coloured backgrounds

should be avoided.

Webcredible (2006)

Always use high contrast to display text e.g. black text on
an off-white background (N.B. using an off-white
background is preferable to white because it reduces the

chances of eyestrain for people who are slow readers).

Table 2.17 shows recommendations on use of colour in websites in general and

website “wallpaper” or patterned backgrounds in particular from six sets of web design

guidelines. Five sets of guidelines recommend avoiding colour combinations in the

blue/yellow, blue/green or blue/yellow/green colour space (SPRY, 1999; Holt, 2000;
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Agelight, 2001; NIA/NLM, 2002; SilverWeb, 2005, 2007). Three sets of guidelines
recommend avoiding colour combinations in the red/green colour space (SPRY, 1999;
Holt, 2000; Agelight, 2001). Two sets of guidelines recommend avoiding bight, neon
colours (Holt, 2000; Zhao, 2001). Two sets of guidelines make a positive
recommendation, to use complementary colours from opposite sides of the colour
wheel (Agelight, 2001; Zhao, 2001). And finally three sets of guidelines recommend
avoiding patterned backgrounds that compete with the text (SPRY, 1999; Agelight,
2001; NIA/NLM, 2002), although light backgrounds may be useful.

Thus the range of recommendations given by the guidelines on colour combinations to
avoid is rather extensive, and web developers may feel quite limited by them.
However, at least some of the sets of guidelines offer the positive recommendation of

using complementary colours.

Table 2.17: Recommendations on general use of colou r from the eight sets of

guidelines on web design for older people

Web design guidelines Recommendations on colour

SPRY Foundation (1999) | A good background or wallpaper can enhance the content
of a page and draw the user's attention to a particular
segment or graphic; a bad background can upstage the
content and make it impossible to understand. Contrast, to
be most effective, needs to occur in three different areas:
hue, saturation and lightness. Red is demised by its

complimentary color being mixed in (green).

Holt (2000) Your choice of color matters a great deal. Decreased
sensitivity to color can make distinguishing between
certain colors difficult for seniors, particularly red/green
and blue/yellow combinations. Bright neon colors may

also become annoying.

Zhao (2001) Choose complementary colors: The color wheel is a tool
that arranges the colors of the spectrum by hue. It is
recommended to choose colors from opposite sides of the
color wheel, e.g. when choosing a primary color such as
blue, its complementary color would be orange.

Avoid some colors: Colors that are exceptionally bright,
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fluorescent, or vibrant can have edges that appear to blur
and create after-images, which tire the eyes. For example,
yellow text is very difficult to read. Alight type color on a
dark background can cause the type to appear to "close in

itself". Avoid short wavelength and blue-green regions.

AgeLight (2001)

Use colours which opposite side of colour wheel. Avoid
combinations of blue and yellow or red and green as many
users have some degree of colour deficiency or colour
blindness in these areas.

Using any background patterns including watermarks or
embossed logos generally are distracting and interfere
with readability. As an alternative, a light complementary

background colour can be applied.

NIA/NLM (2002)

Avoid yellow and blue and green in close proximity. These
colours and juxtapositions are difficult for some older
adults to discriminate. Ensure that text and graphics are
understandable when viewed on a black and white
monitor.

Avoid patterned backgrounds.

AARP (2004)

Not mentioned

SilverWeb (2005, 2007)

Colours should be used conservatively. Blue and green
tones should be avoided. Content should not all be in
colour alone (colour here is denoted by all colours other

than black and white).

Webcredible (2006)

Not mentioned

Table 2.18 shows that there is only one set of guidelines reviewed above which make

recommendations about line length: SilverWeb (2005, 2007) state that line length

should be should be short, but there is no information about what short actually means.
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Table 2.18: Recommendations on line length from the eight sets of guidelines on

web design for older people

Web design guidelines Recommendation on length of | ine
SPRY Foundation (1999) | Not mentioned
Holt (2000) Not mentioned
Zhao (2001) Not mentioned
AgelLight (2001) Not mentioned
NIA/NLM (2002) Not mentioned
AARP (2004) Not mentioned
SilverwWeb (2005, 2007) Text line should be short in length
Webcredible (2006) Not mentioned

Table 2.19 shows recommendations on white space from the eight sets of web design
guidelines. Two sets of guidelines recommend that small blocks of text on large areas
of white space increase readability (Agelight, 2001; Zhao, 2001). Another set of
guidelines points out the important of white space (AARP, 2004). However, no set of
web design guidelines provide information about the appropriate proportion of white

space to text.

Table 2.19: Recommendations on white space from the eight sets of guidelines

on web design for older people

Web design guidelines Recommendation on white space
SPRY Foundation (1999) | Not mentioned
Holt (2000) Not mentioned
Zhao (2001) Large areas of white space and small blocks of text

increase readability, making pages cleaner looking and
easier to navigate. If possible, use short text or lists to
paragraphs of text. However, larger blank space causes

larger pages that mean more scrolling.

AgeLight (2001) Large areas of white space and small blocks of text

increase readability.
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NIA/NLM (2002) Not mentioned

AARP (2004) White space is also important within the main sections of
the page. Incorporating appropriate white space and line

spacing facilitates clicking links, icons, and other small

targets.
SilverWeb (2005, 2007) Not mentioned
Webcredible (2006) Not mentioned

As a result of this analysis, some of the recommendations from the sets of web design
guidelines related to vision loss were selected to empirically investigate their effects
with older people. Firstly, the recommendations related to text presentation are the
main interest of the current programme of research. A further reason for making this
choice is most of the content on the web presenting as text, then the large number of
web design guidelines make recommendations in this area. In addition, the areas in
which different sets of guidelines make different recommendations have been selected,
as it is particularly important to establish which is the most appropriate
recommendation with empirical research with older people. Finally, recommendations
which cannot apply to both the Thai and Latin alphabets were not selected, as in my
programme of research | wished to compare older people’s use in both the Thai and
Latin alphabets. Thus, line spacing, text justification, font type, font size, text and
background colour were selected to investigate in the experiments which are presented
in Chapter 3 to 6.

The next section presents previous research on the recommendations that | selected

for investigation.

2.8 Previous research relevant to specific recommen  dations made by web design

guidelines for older adults

The following sections will review previous research relevant to the five areas of web
design for older adults chosen for investigation in this programme of research: line
spacing, text justification, font type, font size and colour of text and background. The
review will be restricted to research which has investigated reading from screens, and
will not cover earlier research that investigated reading from paper or comparing paper
to screens. However, it will cover research about younger readers as well as older

readers, as there is so little research about older readers and research on younger
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readers provides a useful baseline from which to work. This research helped formulate

not only my research questions, but also the methodology to be used.

2.8.1 Research on the effects of line spacing inre  ading from screens

The earliest study found on the effects of line spacing on reading from a computer
screen was by Kolers, Duchnicky and Ferguson (1981). They studied readability from
Cathode Ray Tube (CRT) displays using an eye tracking methodology. They
investigated single and double line spacing. There were 20 participants, most of them
female university students (no age information was given). Each participant was asked
to read 20 texts with 20 conditions in random order. Each text was 300 words long. The
dependent variables were total number of fixations, number of fixations per line,
number of words per fixations, fixation rate, fixation duration, and total reading time.
For line spacing there were significant effects for total number of fixations, number of
fixations per line, number of words per fixations, and total time. Double line spacing
reduced the total number of fixations by about 3%, the number of fixations per line also
by 3%, but it increased the number of words per fixation by about 4% and most
importantly the total reading time by 2%. The authors concluded that such small

differences, while statistically significant, were of little practical importance.

This study only studied two levels of line spacing, single and double spacing. It also
used CRT displays which are now a completely outdated technology. In addition, the
participants were only younger female adults who were university students. Thus the
results may not be relevant to the performance of older adults with modern screen
technologies. However, this study is the earliest study found about reading text from a

screen.

Kruk and Muter (1984) conducted a series of three experiments about reading
continuous text from a a 30.5 cm (diagonal) green monochrome video monitor (Amdek
100G). Their third experiment is relevant here, as the independent variables included
two levels of line spacing: single and double spacing. The dependent variables were
reading speed and comprehension scores. The participants were 12 university
students (no ages were given). Participants were asked to read four sets of materials
for 5 minutes each. There was a significant main effect for line spacing: reading text
with single line spacing was 10.9% slower than with double line spacing. There were

no significant interactions with other variables in the study. Again, this study was with a
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now outdated display technology and with young readers, so may not be relevant to

older people with current screen technologies.

Chan and Lee (2005) investigated the effect of text presentation factors on reading
from a 15 inches colour cathode ray tube (CRT) screen in Chinese. The independent
variables included two levels of line spacing (single and double spacing). The
dependent variables were reading time, comprehension scores, and preference
ratings. 72 university students participated in the study, aged from 19 to 24 years. Line
spacing had a significant effect on reading speed: participants read faster with double
line spacing over single line spacing. However, line spacing had no effect on
comprehension scores. To elicit preference measures, participants were asked to rate
four attributes: reading comfort, reading ease, reading fatigue, and overall preference
on 9 point Likert items. Double line spacing was rated significantly more comfortable,

more easy, less fatiguing and overall more preferred than single line spacing.

This study showed a significant effect of line spacing both performance and preference
for Chinese text. However, the study investigated only two levels of line spacing: single
and double line spacing. In addition, the participants were university students so only

represent very young adults.

Ling and Schaik (2007) investigated the influence of line spacing, amongst other
variables, using a visual search task on web pages running on personal computers
(Intel Pentium, 333 MHz, 64Mb RAM, Microsoft NT4 operating system, 14 inch
monitors). They investigated spacing single, 1.5 and double line spacing. The
dependent variables were accuracy, speed, and aesthetic appeal, as measured by four
items from the scale developed by Tractinsky, Katz and Ikar (2000). Participants were
undergraduate students, a majority (77%) were 25 or under; the rest were aged
between 26 and 50. The participants searched for a target hypertext link amongst five
hypertext links in a screen of text. The participants completed the tasks as quickly but
as accurately as possible. After completing the search tasks, they were presented with
all three possible pairs of line spacing. Participants then were asked to choose which
of the pair they preferred. The same procedure was used with text justification pairs.
Participants performed significantly more accurately and with faster reaction times o
with increasingly wider line spacing. In addition, measures of aesthetics and

preference also increased significantly with wider line spacings.

This study used a modern display to present the text materials, three levels of line

spacing and the participants were not all very young. However, they were still all under
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50 years of age, and 75% were under 26 years of age, so it is not clear that these

interesting results would generalize to older adults.

Chan, Tsang, and Ng (2014) investigated the effects of line spacing and other text
presentation variables on reading in Chinese on 17" liquid crystal display monitor, .
Three levels of line spacing were used: single, 1.5, and double line spacing. 39
undergraduate students participated in the study, aged from 21 to 26 years. The
dependent variables were proofreading time, typographic error detection rate, and
amount of scrolling. There was a significant effect of line spacing on proofreading time:
proofreading time increased significantly with wider line spacing. Line spacing also had
significant effect on typographic error detection rate: 1.5 and double line spacing
produced significantly higher detection rate than single line spacing but there was no
difference between 1.5 and double line spacing. However, line spacing did not affect

the amount of scrolling.

This study investigated effect of line spacing with three levels of line spacing (single,
1.5, double line spacing) and produced interesting results for Chinese. However, this

study used only younger adults.

Only one paper could be found which studied the effects of line spacing on reading
from screens with older people with normally aging sight and this was on mobile
phones rather than computer screens. Wang, Sato, Rau, Fujimura, Gao and Asano
(2009) investigated the effects of line spacing, amongst other variables, on reading in
Chinese from mobile phone screens. They used NEC N6305 mobile phones with a
screen size of 30 x 38 mm. The resolution was 176 x 220 pixels. One independent
variable was four levels of line spacing: 2, 4, 6 and 8 pixels. Tasks were reading and
visual search. Dependent variables were reading performance (time and errors), text
readability, visual fatigue, and preferences. There were no significant differences in the
performance measures, however there were significant differences in the preference

measures. Perception of readability increased with increasing line spacing.

In summary, although there is a small body of research on the effects of line spacing
on both participants’ reading performance and preferences when reading from screens,
this is hardly comprehensive, and there is very little research that investigates the

these effects for older readers.
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2.8.2 Previous research on the effects of text just  ification in reading from

screens

Only one paper could be found which investigated the effects on text justification in
reading from screens, Ling and van Schaik (2007), already discussed in relation to line
spacing (see section 2.8.1). They found an interesting effect in that participants
performed better with Left-aligned text, but preferred justified text. No studies could be
found which investigated the effects of text justification in reading from screens with

older adults.

2.8.3 Previous research on the effects of font type in reading from screens

Tullis, Boynton and Hersh (1995) investigated the readability of font types for Microsoft
Windows applications on a NEC 5FG 15" monitor running in 1024 x 768 (Small Fonts)
resolution. The independent variables included four levels of Font Type: Arial, MS Sans
Serif, MS Serif and Small Font. The dependent variables were reading time, accuracy,
and preferences. There were 15 volunteer participants aged between 27 and 45 years.
The authors did not provide more details about participants. The participants were
asked to read 48 combinations of text and find typographical errors within each text.
Unfortunately the researchers did not analyse their data with Font Type as a separate
variable in the analysis of variance, which they could have, but used an independent
variable of Font Type/Size. Thus one cannot extract the effects of Font Type
separately. There were significant differences between font/size combination in reading
time, accuracy, and preference. The researchers concluded that most of the fonts from
size 8.25 point to 9.75 point produced acceptable reading time and accuracy, except
MS Serif 8.25 point. The most preferred font/size combinations were Arial 9.75 point
and MS Sans Serif 9.75 point. Another suggestion was avoid to use Arial 7.5 point,

Small Font 6.0 point, and Small Font 6.75 point.

Boyarski, Neuwirth, Forlizzi and Regli (1998) conducted three studies to investigate the
effects of font type on reading. The second study is relevant here as it compared
reading from a 17” Sony Trinitron multiscan 17sell monitor with Georgia (a serif font)
and Verdana (a san serif font). The dependent variables were comprehension scores,
reading time, effective reading speed (score/time), and reader preferences. There were
16 participants, students and university staff, aged 20 — 53 years. There was no
significant difference in reading time and effective reading speed. In terms of

preference, participants significantly preferred Verdana over Georgia in relation to ease
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of reading but there was no significant difference in relation to most pleasing to read

and most sharp.

Bernard, Mills, Peterson and Storrer (2001) investigated the effect of 12 popular online
fonts presented on a Pentium Il based PC computer with a 60 Hz, 96dpi 17 inch
monitor. The fonts comprised five Sans Serif fonts: Agency, Arial, Comic, Tahoma,
and Verdana,; five Serif fonts: Courier, Georgia, Goudy, Century Schoolbook, and
Times New Roman; and two ornate fonts: Bradley, and Monotype Corsiva. All the fonts
were used in 12 point except for Agency which was 14 point in order to have the same
physical size as the other fonts. The dependent variables were reading efficiency (the
percentage of accurately detected substituted words in the passages, divided by the
time taken to read the passages), reading time, and participants' perceptions of the
fonts on six dimensions (legibility, personality, elegance, youth and fun, business-like,
and general preference). There were 22 participants aged 20 to 44 years, mean age 25
years. However, the researchers did not provide other information about participants.
Each participant was asked to read 12 passages and find substituted words (words
which had been altered in the text, substituted with a grammatically incorrect but similar
looking word, for example “fake” for “cake”). There was no significant effect of Font
Type on reading efficiency. However, there was significant on reading time, Tahoma
font was read significantly faster than only the Corsiva font. There was no other
significant different on reading time. On perception of font legibility, Courier, Comic,
Georgia, Verdana, and Times New Roman were perceived as being significantly more
legible than Agency, Bradley, Goudy, and Corsiva font types. On the perception of
personality of the font, Bradley was significantly higher in rating of personality than
Courier, Tahoma, Goudy, Schoolbook, or Times New Roman while Times New Roman
font received significantly lower perceptions of personality than Bradley, Comic, and
Corsiva. On perception of elegance, Bradley was pereceived as significantly more
elegant than Agency and Courier while Corsiva was significantly more elegant than all
other font types except Bradley. On the perception of youthful and fun, Comic was
perceived as significantly more Youthful and Fun than Arial, Agency, Courier,
Schoolbook, Goudy, and Times New Roman, while Times was perceived as being
significantly less Youthful & Fun than Georgia, Verdana, and Comic. On perception of
business-like, Times New Roman and Courier were significantly perceived as being
more business-like than all font types except Tahoma, Verdana, Georgia, and
Schoolbook. On general preference, Arial, Comic, Tahoma, Verdana, Courier, Georgia,
and Schoolbook were significantly preferred over the other font types, with Verdana the

first, and Arial and Comic the second preference choices.
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Bernard, Liao, and Mills (2001a, 2001b) conducted a study which investigated the
effect of four popular font types: Time New Roman, Georgia, Arial and Verdana,
presented on a Pentium Il based PC computer with a 60 Hz, 96dpi 15 inch monitor.
The independent variables were organized into two levels of font type (serif fonts and
san serif fonts). Two levels of Font size were included as another independent variable,
but the results related to font size are presented in Section 2.8.4, below. There were 27
older participants, age range 62 to 83 years, who had experienced with reading on
screen. The participants were asked to find substituted words (see discussion of
previous paper by Bernard et al 2001) in the texts. The dependent variables were
reading efficiency (the percentage of accurately detected substituted words in the
passages, divided by the time taken to read the passages), reading time, and rating of
preference. Font type was no effect on both reading efficiency and reading time.
However, the two most preferred combinations were all Sans Serif fonts. The authors
concluded that the selection of font type for older computer users based on user

preference was san serif font types.

Bernard, Lida, Roley, Hackler and Janzen (2002) conducted a study which included
eight popular online fonts (Century Schoolbook, Courier New, Georgia, Times New
Roman, Arial, Comic Sans MS, Tahoma, and Verdana) presented on a Pentium II
based PC computer with a 60 Hz, 96dpi 17 inch monitor. The dependent variables
were reading efficiency (as described in summary of research from Bernard, Liao, and
Mills (2001a, 2001b), above), reading time, perception of font legibility, font
attractiveness, and general preference. There were 60 participants aged 18 to 55
years, with a mean of age of 24 years. Participants were again asked to find
substituted words. There was no significant of font type on reading efficiency. However,
there were significant effects on reading time. Courier New, Century Schoolbook, and
Georgia were read significantly more slowly than Times New Roman and Arial. On
perceived legibility, Arial and Courier were considered the most legible fonts, whereas
Comic was perceived as the least legible font. On perceived attractiveness, Georgia
was perceived as being significantly more attractive than Arial, Courier, and Comic,
while Times New Roman was perceived as significantly more attractive than Courier.
On font preference, Times New Roman was significantly less preferred to all fonts
except Schoolbook. Schoolbook was significantly less preferred in comparison to
Verdana. Overall, Verdana was the most preferred font, while Times was the least

preferred font.

Bernard, Chaparro, Mills and Halcomb (2003, a preliminary version of this study was

presented in Bernard and Mills, 2000) investigated the effect of two popular font types
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Times New Roman and Arial, amongst other variables, presented on a Pentium Il
based PC computer with a 60 Hz, 96dpi 17 inch monitor. 35 participants, aged 17 to 47
with a mean age of 25 years took part. Participants were asked to find substituted
words in texts. The dependent variables were percentage of detected substitution
words (accuracy), reading speed, adjusted accuracy (accuracy/reading speed), and
preference measures (perception of text legibility, perceived of text sharpness,
perception of difficulty in reading, and general preference). There was no significant
effect of font type on accuracy, reading speed or adjusted accuracy. On the preference
measures, there were no significant effects of font type on text legibility and perceived
text sharpness. There was an effect on perception of difficulty in reading and general
preference, Times New Roman was perceived as more difficult to read than Arial. On
general preference, at the same font size and text style, Arial was more preferred than

Time New Roman.

Ling and Van Schaik (2006) conducted two experiments to the effect of font type and
other variables on visual search and information retrieval respectively. The
independent variables included two levels of font types Arial (10 point) and Times New
Roman (12 point) (the difference in point size in order to have the same physical size of
text) presented on a Intel Pentium, 333 MHz, 64MbRAM, Microsoft NT4 operating
system, 14 inch monitors. In the first experiment, there were 72 participants, a majority
(61%) aged 25 years and under and the remainder aged 26 to 50 years. The
participants were asked to find a target hypertext link from five hypertext links on the
content area of the web page. The participants were asked to undertake the task as
quickly and as accurately as possible. There was no significant effect of font type on
the performance measures. However, there was a significant effect on the preference

measure: participants preferred Arial significantly more than Times New Roman.

In the second experiment, participants were asked to browse web sites in order to find
the answer to a question. Each web site had a hierarchy of three levels. The correct
answer for each web site was found from one or two links away from its homepage.
There were 99 participants, with a mean age of 24 years. Again, font type had no
significant effect on the performance measures. On the preference measure there was

a trend (0.10 > p > 0.05) for participants to prefer Arial over Times .

Beymer, Russell, and Orton (2008) used eye tracking to investigate the effect of font
type on reading behavior and comprehension from a screen. They compared a Sans
Serif font (Helvetica) with a Serif font (Georgia). Strangely, they provide no information

about the screen used to present reading material to the participants, although they
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mention that they were single page stories. The dependent variables were first pass
reading speed ((defined as 1* pass gaze duration / characters read), regression rate,
time in return sweeps, fraction of the material re-read, saccade length, and fixation
duration. There were 82 participants, Most were younger adults, precise details of age
are also not provided. The participants were asked to read a passage for
comprehension and to answer multiple choice questions afterwards. There was a trend
(0.10 > p > 0.05) that Georgia was read faster than Helvetica but it did not reach

significance. There was also no other significant effects of font type.

2.8.4 Previous research on effects of font size in reading from screens

Bernard, Liao, and Mills (2001a, 2001b) conducted a study which investigated the
effect of font size (12 and 14 point) presented on a Pentium Il based PC computer with
a 60 Hz, 96dpi 15 inch monitor. An another independent variable was two levels of font
type: serif fonts (Time New Roman and Georgia) and san serif fonts (Arial and
Verdana). 27 older participants, age range 62 to 83 years, were asked to find
substituted words (see discussion of previous paper by Bernard et al 2001) in the texts.
The dependent variables were reading efficiency (the percentage of accurately
detected substituted words in the passages, divided by the time taken to read the
passages), reading time, and participants' preference. Font size had significant effect
on reading efficiency, 14 point size had higher reading efficiency than 12 point size. On
reading time, there was a significant interaction effect, 12-point serif fonts were
significantly slower to read than the 14-point serif fonts or the 14-point sans serif fonts.
On participants' preference, in the same font type, 14-point was significantly preferred

than 12-point.

Chadwick-Dias, McNulty and Tullis (2003) conducted two studies comparing the
reading behavior of younger (under 55 years) and older adults (aged 55 years and
over) that included font size as a variable. The first study included three levels of font
size : smallest, medium, and largest (These were three from five text sizes according to
function on Internet Explorer 6.0). There were 27 participants in the study, the
researchers did not provide specific number of younger and older people but only said
that participants were recruited and balanced by age and computer and web
experience. In addition, the researchers did not provide specific information about the
display screen used, but mentioned that texts were displayed in 800 x 600 resolution
on a 17-inch monitor, using Microsoft Internet Explorer version 6.0. Each participant

was asked to complete 15 tasks, 5 tasks in each font size condition. The font size was
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controlled by the web browser. Older participants took significant longer time to
complete the tasks than younger participants. Older participants also had a lower task
success rate than younger participants. An overall performance score was calculated
from time used and task success. On this measure there was a significant correlation
with age. As age increased, the overall performance score decreased. In addition,
there was no significant effect of text size on performance for both younger and older
participants. The interesting results were that text size did not show a significant effect
on participants’ performance for either younger or older adults. However, on preference
measure, older participants significantly preferred the larger text sizes in comparison to

younger participants.

2.8.5 Previous research on effects of text and back  ground colour in reading

from screens

Snyder, Decker, Lloyd and Dye (1990) conducted three experiments on the effects of
positive and negative contrast on visual search and reading tasks when using a
Tektronix GMA201 high resolution monochrome CRT with a 48-cm diagonal screen.
The first experiment investigated the effects of positive and negative contrast on visual
search task. Positive contrast is light text on a dark background while negative contrast
is dark text on a light background. There were 10 participants, although not all the
participants took part in the first experiment and it is not clear what the number of
participants was or what their characteristics were. The results showed that negative
contrast created better performance, ranging from 2 percent to 31.6 percent

improvements.

Hill and Scharff (1997) studied the effect of text and background colours on reading
from a Macintosh Power PC 7200/120 computer. The independent variables included
six levels of text and background colours (yellow on blue, white on blue, red on green,
black on grey, black on white, and green on yellow). There were 43 participants in the
study, no information is provided about their ages or characteristics. Participants
searched for target words in texts ranging in length from 130 to 150 words. There was
a significant main effect of text and background colour. Green on yellow provided
fastest reading time while red on green provided slowest reading time. In addition,
there was a significant interaction between text and background colour and font type.
Courier New with green on yellow and Times New Roman with green on yellow created
the fastest reading times while Arial with green on yellow, and Courier New with red on

green created the slowest reading times.
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There was also a significant interaction between text and background colour, font type,
and word style (italic or not italic). The researchers concluded in this interaction that
there were certain font types that work well with certain word style and background

colours.

A further experiment reported by Hill and Scharff (1997) compared black text on
different levels of grey background, being black on white, black on light grey, black on
medium grey (Netscape default colour), black on dark grey, black on very dark grey,
presented on a Macintosh Power PC 7200/120 computers. There were 21 participants,
precise details of age are also not provided. The procedure was the same as the
experiment discussed in the previous paragraph. Black text on white background was
read significantly slower than black on medium grey or black on dark grey. In addition,
there was a significant interaction between text and background colour, and font type.
Times New Roman black text on medium grey background was read fastest while
Times New Roman on very dark grey was read slowest. In addition, there was a
significant interaction between text and background colour, and word styles. Italic text
on very dark grey background was read slowest while non-italic text on medium grey

and italic text on dark grey were read fastest.

Hall and Hanna (2004) investigated four combinations of text and background colour:
black on white, white on black, light blue on dark blue and cyan on black. The
dependent variables for the academic website were: readability, retention and
aesthetics while for the commercial website were: readability, retention, aesthetics and
behavioral intention. Results showed significant effects for readability for both types of
website, cyan on black produced lower score than other colour combinations. There
was no significant different for retention. There was marginally significant effect of
aesthetics on the academic web site: light blue on dark blue was given a higher

aesthetic score than black on white. There were no other significant differences.

The researchers suggested that for academic websites, on which readability is more of
a concern, black on white should be used as it provided a high contrast ratio and
participants were more familiar with black on white. For commercial websites, on which
aesthetics and intention are more of a concern, coloured text and background

combination should be used. Light blue on dark blue was more recommended.

This study provided interesting results about colour for academic and commercial web
site. However, a limitation of the study was a small number of combinations of text and

background colours investigated and the use of only student participants.
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Ling and Van Schaik (2002) investigated the effect of text and background colour on
visual search task with personal computers (Intel Pentium, 333 MHz, Microsoft NT4
operating system, 14 in. monitors). Colour combinations investigated were black on
white, blue on white, blue on yellow, yellow on blue, red on green, and green on red.
The dependent variables were accuracy (number of hits, number of correct rejections),
speed (reaction time for hits, reaction time for rejections), and two subjective
measures. For the first measure, 15 possible pairs of combinations of text and
background colours were presented. Participants were asked to choose which colour
combination they preferred. For the second subjective measure, participants judged
each combinations of text and background colour on a 9 point rating item. There were
29 participants who were students, mean age of 24 years. The participants searched
for a target hypertext link from 10 hypertext links in navigation frames, completing the

tasks as quickly and as accurately as possible, but within 5 seconds.

There was significant effect of combination of text and background colour on number of
hits (correct response when a target word was presented). Blue on white was less
accurate than green on red, blue on yellow, and yellow on blue. There was also a
significant effect of combination of text and background colour on reaction time for hits
Green on red was slower than other combinations of colour. Yellow on blue was faster

than red on green and blue on yellow.

In terms of the number of correct rejections, there was a significant effect of
combination of text and background colour, participants performed less accurately with

blue on white than other combinations.

On the subjective measures, there were significant differences in preferences.
Participants significantly preferred blue on white compared to other combinations of
colours, except for black on white. Black on white and black on yellow were more
preferred than the other combinations. Green on red was more prefer than red on
green. In addition, there was a significant effect of combination of text and background
colour on perceived display quality. Blue on white was perceived better display quality
than other combinations, except black on white. Black on white and black on yellow

were perceived better display quality than the other combinations.

Gradisar, Humar, and Turk (2007) investigated the legibility of text and background
colour combinations when reading from a 21" Dell CRT display with screen resolution
of 1280 x 1024 pixels. The independent variables were 56 combinations of text and
background colours from white, yellow, red, magenta, blue, cyan, green, and black.

The results from 468 participants, who were university student, were analysed. The
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Participants were divided to six groups and asked to indentified characters from each
of six particular groups of combination of colour which sorted by decreasing luminance
contrast. Each participant spoke aloud characters which were displayed on screen. The
size of characters decreased from 3.8 mm in the first row to 1.4 mm in the last row. The
line spacing between rows were varied from 5.8 mm to 3.9 mm. There was one blank

space between each character.

The best results were from the combinations of yellow on black, cyan on black, white
on blue, black on yellow, white on black, and green on black. The worst results were
from combinations of black on blue, red on magenta, green on cyan, and yellow on
white. There was a significant effect of colour combinations and effect of polarity in
mean score. Overall, there was a significant difference between combinations from the
first three groups, which had more luminance contrast, with combinations from the last
three groups, which had less contrast. A darker text on lighter background resulted in
higher mean numbers of correctly indentified characters than a lighter text on a darker
background. When doing an analysis by divided combination of colours to two group:
positive polarity (dark text on bright background), and negative polarity (bright text on
dark background), the results showed that in the first two groups with had more
contrast; the negative polarity significantly had better numbers of correctly indentified
characters than the positive polarity. However, in the four groups which had lower
contrast, the positive polarity significantly had better numbers of correctly indentified

characters than the negative polarity.

When doing an analysis with non-chromatic colour (black or white), Firstly, an analysis
only color combinations with either black or white color for the background and one of
the remaining seven colors for the text showed that combinations with black
background had a significant better numbers of correctly indentified characters than
combinations with white background. However, when doing an analysis with the color
combinations with either black or white color for the text and one of the remaining
seven colors for the background, the results showed that the combinations with black
text had a significant better numbers of correctly indentified characters than

combinations with white text.

Greco, Stucchi, Azvagno and Marino (2008) conducted three experiments on the effect
of text and background colour combinations on legibility, and pleasantness. The first
experiment investigated legibility on an Acer Travelmate 803 LCi. The 27 colours in the
Microsoft PowerPoint palette were used, 13 colours were assigned to the “dark”

category and 14 colours were assigned to the “light” category. Words in Japanese were
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used as stimuli to avoid any automatic activation of reading processes. There were 30
participants aged between 18 and 56 years. Participants gave ratings of legibility on a 3
point rating scale (1 = unsatisfactory, 2 = passable, and 3 = excellent). There were 702
stimuli. The mean legibility score was correlated with luminance contrast between text
and background, light text on a dark background and dark text on light background had
average legibility ratings significantly higher than light text on light background and dark
text on dark background. In addition, dark text on light background had the best rating.
A further analysis of the dark text on light background found that black and blue were
rated the most legible text colours while violet was rated as the least legible text colour.
In addition, another analysis of light text on dark backgrounds found that brown, green,
blue, and black were rated as providing the most legible background colours while red

and violet were rated as the least legible background colours.

The second experiment aimed to investigate participants' rating of pleasantness using
the same colour combinations as in the first experiment. However, the authors divided
combination of colour to four groups of polarity: dark on dark, light on dark, light on
light, dark on light. There were 30 participants aged between 18 - 55 years.
Participants rated the stimulus according to their pleasantness on a 3 point rating scale
(1 = ugly, 2 = passable, and 3 = very fine). There were significant effects of polarity. All
groups of polarity were significantly different from each other. Dark text on a light
background and light text on dark background got the best pleasantness rating scores,
respectively. A further analysis of dark text on light background found the effect of text
colour and the interaction between text colour and background colour. Black and blue
were rated as the most pleasant text colours, light red was rated as the most pleasant
background colour, while any text colour combination with yellow background was
rated as not as pleasant. Another analysis of light text on dark background found an
effect of background colour and the interaction between text colour and background

colour. Black and blue were the most pleasant background colours.

From these two experiments, Greco et al (2008) showed that the greater contrast
between text and background colours, the higher legibility score. Dark texts on light
backgrounds provided better legibility. On the pleasantness aspect, the authors found
that dark texts on light backgrounds were more pleasant than light texts on dark

backgrounds.

This study provides interesting results as they investigated both on legibility and beauty
(the author called pleasantness but it was beauty aspects). The participants in the

research were a wide range of ages (18 to 55 years (Mean=37.4 SD=11.2), and 18 to
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56 years (Mean=29.4 SD=13.5), respectively). However, the age range only just
reaches the minimum age for older people in some definitions (people who aged 50

years or 55 years and over).
2.8.6 Conclusions

This review of research on text presentation variables on computer screens and their
effects on reading behavior and preferences has shown that while there is a
considerable amount of research, it is very thinly spread over the large number of
variables, screen types and dependent variables. Much more research is needed with
modern computer screens to create a robust corpus of evidence. In particular, very
little research has been conducted with older people who may be more affected by

variations in presentation variables than younger people.

2.9 Effects of different text presentation variable s on reading from screen in

other languages and writing systems

As presented in Section 2.6, web design guidelines for older people have been
suggested for the English language which is written in the Latin alphabet. In addition,
most of the research reported in Section 2.8 above, on the effects of a range of text
presentation variables on reading from a screen, has been done on the English
language and therefore the Latin alphabet. It is not completely clear whether these
results can be generalised to other languages which also use the Latin alphabet,
although this does seem a reasonable generalisation. However, there is no research
could be found on the effects of these variables on reading from the screen in other
languages that use the Latin alphabet. It may be some research exists, but that it is
presented in the relevant languages, and that my searches in English did not

undercover this research.

However, there is also the situation of case of languages which use writing systems
other then the Latin alphabet. There the case for generalization is much less clear.
There are some studies which have investigated reading text in Chinese, see Section
2.8.1 for details. For example, Chan and Lee (2005) included two levels of line spacing
(single and double spacing) and found that participants read text on a 15" CRT display
significantly faster with double line spacing than single line spacing. Chan, Tsang, and
Ng (2014) used three levels of line spacing (single, 1.5, and double spacing) and found
that proofreading time on a 17" LCD display increased significantly with wider line
spacing. Wang, Sato, Rau, Fujimura, Gao and Asano (2009) investigated the effects of

line spacing on reading from mobile phone screens and found that there was no
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significant differences in times for reading and visual search tasks. Interestingly,
although this is only a small number of studies, with varying tasks and text presentation
variables, the results are in line with results from English. Nonetheless, it is important
to conduct research with a wider range of variables and tasks, and on other languages
with different writing systems. | have also mentioned that Chinese was the ONLY
writing system for which | have found research other than English. However, there are

lots of other writing systems, including Thai.

Therefore, in addition to further research on reading from the screen in English , we
also need research on the effect of text presentation variables on reading form the
screen in other languages and writing systems. The Thai language will be investigated
in this programme of research as a language written in a different writing system from
the Latin alphabet. As discussed in section 2.x, Thailand has an increasing population
of web users, and a rapidly increasing number of older people, many of whom will be
older web users in the near future. Currently there are no web design guidelines which

have been developed for the Thai language or for older Thai web users.
2.10 Conclusions

The literature review reported in this chapter presented the characteristics and
demographic of older people, and the different definitions of older people in ICT
research. Then the definition of older adults to be used in the current programme of
research was developed, based on the method for calculating minimum age for older
adults for the UK and Thailand. This chapter also presented the wide range of web
design guidelines for older people. After considering and organising the
recommendations from current web design guidelines for older people, the
recommendations related to the presentation of text on web pages were selected to
investigate in a series of empirical studies. These recommendations are also related to
the changing visual capabilities in old age, the factor which probably has the greatest

impact on how older people use of the web.

Recommendations related to the presentation of text on web pages, specifically line
spacing, text justification, font type, font size, and text and background colour, from
different web design guidelines were reviewed in specific details. The review found that
each web design guidelines usually provides different recommendations. Previous
research on each recommendation was also reviewed. There has been little research
with older people, in spite of the fact that they are a growing proportion of both the

population in general and computer users in particular.



Chapter 3

Effects of line spacing and text
justification on reading webpages by
younger and older people
In Thailand and the UK

3.1 Introduction

This chapter presents the results of the first study in my programme of research, which
investigated the effect of line spacing and text justification on reading webpages by

younger and older adults both in Thailand and the UK.

Line spacing and text justification were chosen to investigate as independent variables
in the first study because both of these aspects of text presentation are mentioned in
multiple sets of guidelines, as discussed in the literature review in Chapter 2 (see
section 2.7 in particular). However, the recommendations in these guidelines are
unclear as to why particular presentations would be better for older adults and very little
evidence is available from older adults reading from modern computer screens to

support the recommendations.

Line spacing is one of the aspects of text presentation which many web design
guidelines usually mention but the recommendations they make about this aspect are
varied. There are five sets of guidelines which make recommendations about line

spacing:

1) SPRY Foundation (Holt and Komlos-Weimer, 1999) suggests “increasing
the white space between two lines of text by even a small amount (1 or 2

points)”

2) Holt (2000) suggests that “older adults may have more trouble reading

pages that are single-spaced rather than double-spaced. An alternative is to
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format paragraphs at 1% spaces, or add a few extra points of space

between lines”

3) Agelight (2001) suggests that line spacing should be 2 points larger than the

typeface

4) The SilverWeb guideline does not give any specific detail, suggesting only
that “there should be spacing between the lines” (Zaphiris, Kurniawan and

Ghiawadwala, 2007, p. 69; see also Kurniawan and Zaphiris, 2005)

5) The National Institute on Aging/National Library of Medicine (NIA/NLM)

(2002) specifically suggests that the line spacing must be double spaced.

Unlike the recommendations on line spacing, the recommendations on text justification
are all point in the same direction. Left-justified text is recommended by six sets of
guidelines (Agelight, 2001; Holt and Komlos-Weimer, 1999; Kurniawan and Zaphiris,
2005; NIA/NLM, 2002; Zaphiris, Kurniawan and Ghiawadwala, 2007; Zhao, 2001). The
other sets of web design guidelines do not mention text justification. In spite of this
agreement between sets of guidelines, text justification was selected as an aspect to
investigate in the first study because there appears to be no evidence to support this
recommendation. Moreover, text justification has usually been investigated together
with line spacing in research about reading text on screen (Kolers, Duchnicky, and
Ferguson, 1981; Kruk and Muter, 1984). Ling and van Schaik (2007) investigated text
justification in relation to reading text on the web, but this study did not include any

older participants.

The current study used a range of combinations of line spacing settings and text
justifications to present content on a website. The participants were both older and
younger people in both the UK and Thailand. The UK participants participated using an
English website while the Thai participants participated using the same website, but
translated into Thai. This range of participants allowed me to investigate which of the
tested combinations is most appropriate for older web users in both Thailand and the
UK.

The study also was the first evidence-based research for constructing web design
guidelines for Thai language web sites, as currently there are no web design guidelines

for Thai websites, whether for younger or older users.

The following research questions were addressed by this study:
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1. Does line spacing have an effect on reading performance and preferences of

younger and older people when reading webpages?

2. Does text justification have an effect on the reading performance and

preferences of younger and older people when reading webpages?

3. Does age group have an effect on reading performance and preferences

when reading webpages?

4. Does participants' nationality and their language have an effect on reading

performance and preferences when reading webpages?

5. Do attitudes toward the web have an effect on their reading performance

when reading webpages?

3.2 Method

3.2.1 Design

A four way mixed design was used in this experiment. Age Group and Nationality were

the between participant independent variables, and Line Spacing and Text Justification

were the within participant independent variables.

The independent variables had the following levels:

Age Group - participants were either Older Adults (55 years and over for
participants in Thailand and 65 years and over for participants in the UK, see
Section 2.3 for calculation of appropriate minimum age for older adults in
Thailand and the UK) or Younger Adults (18 to 39 years in both Thailand and
the UK)

Participants nationality, language and writing system (Nationality for short) -
participants were either British people in the UK who were native speakers of

English or Thai people in Thailand who were native speakers of Thai

Line Spacing — single Line Spacing (1S), 1.5 Line Spacing (1.5S), or double
Line Spacing (2S)

Text Justification — left-only justified (L) or left-right justified (LR)
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Each participant undertook six tasks on a website about the Olympic Games, one task
with each of the six combinations of Line Spacing and Text Justification. Tasks were to
find particular items of information about the Olympic Games, such as names of
successful athletes, sport rules, and records. The order of presentation of the six
combinations was counterbalanced between participants to compensate for practice

and fatigue effects.
Three dependent variables related to performance were measured:

e Time spent per webpage — this was a measure of the reading speed of users on

a website.
e Number of webpages visited - this was a measure of the efficiency

e Percentage of correct answers — this was a measure of the percentage of

participants who could complete the task correctly.

Time spent per webpage was a primary dependent variable as the main investigating in
this study. The Number of webpages visited and Percentage of correct answers were
dependent variables which also measured in order to check for speed-accuracy

tradeoffs in the way the participants undertook the tasks.
Four dependent variables related to participants’ preferences were measured:

o Participants' attitude towards the web were measured using the Attitudes
toward the Web Scale (Burn, 2003) which has three factors: Confidence,
Performance, and Fashion (see section 3.2.4.1, below for more detailed

information)

e Participants’ ratings of each Line Spacing condition on three dimensions: Ease

of Reading; Pleasantness of Reading; and Speed of reading

e Participants’ ratings of each Text Justification condition on three dimensions:

Ease of Reading; Pleasantness of Reading; and Speed of Reading

o Participants’ ratings of their overall preference for each of combination of Line

Spacing and Text Justification

The preference dependent variables were all measured on five point Likert items.
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3.2.2 Participants

60 people participated in this experiment. 24 participants in the UK and 36 participants
in Thailand. One Older participant in the UK dropped out of the experiment halfway

through the study, so another participant was recruited to replace him.

The UK participants comprised 12 Younger and 12 Older Adults. The UK Younger
Adults comprised 9 males and 3 females, aged between 24 and 31 years (Mean =
26.42 years, SD = 2.39). Nine were Ph.D. students and three were employed. The UK
Older Adults comprised 8 males and 4 females, aged between 65 and 78 years (Mean
=72.17 years, SD = 4.02). All the UK Older participants were retired.

The Thai participants comprised 18 Younger and 18 Older Adults. The Thai Younger
Adults comprised 6 males and 12 females, aged between 20 and 38 years (Mean =
28.22 years, SD = 4.81). Two were undergraduate students, 7 were Masters students,
six were Ph.D. students and three were employed. The Thai Older Adults comprised 6
males and 12 females, aged between 60 and 76 years (Mean = 63.67 years, SD =

3.91). Two were employed and the other 16 were retired.

The Younger Adult participants were offered a gift voucher valued at £10. The Older
Adult participants were offered a gift voucher valued at £15, as the sessions for the

Older Adults took considerably longer than those for Younger Adults.

The UK Younger Adult participants were recruited by sending emails to students in
Department of Computer Science at the University of York. | also asked friends who
were studying at the University of Manchester to invite their British friends to participate
in the study. The UK Older Adult participants were recruited from the list of older
people who had participated with previous studies for the Human - Computer
Interaction Research Group in the Department of Computer Science at the University
of York.

The Thai Younger Adult participants were recruited from the members of the Thai
Society at the University of York and students at Suranaree University of Technology in
Thailand. The Thai Older Adult participants were recruited from the Association of

Retired Staff of Nakhon Ratchasima Rajabhat University in Thailand.
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In both the UK and Thailand, once the Older Adult participants had taken part in the
study, they were asked to invite their friends if they would like to participate in the

study.

3.2.3 Equipment

The study was conducted on a personal computer (Acer Aspire 4741, Intel (R) Core
(TM) i5) running Windows 7 Home Premium and Internet Explorer 9 with a standard
keyboard and 2-button mouse with a scroll-wheel. The screen size was 1366 x 768

pixels. Morae® software was used to record and analyse the sessions.
3.2.4 Materials

3.2.4.1 Pre-study questionnaires

There were two pre-study questionnaires. The first pre-study questionnaire was
adapted from the Attitudes toward the Web Scale (Burn, 2003), a set of 18 statements
about respondents' attitudes towards the web, which are answered on five point Likert
items (1 = strongly disagree, 5 = strongly agree). This scale has three Factors:
Confidence, Performance, and Fashion, see Chapter 2, Section 2.4 for more details.
The full set of questions and scoring of the scales can be found in Appendix 10. The
data collected from this questionnaire provided participants' attitude towards the web,

which was one of the preference dependent variables.

The second pre-study questionnaire consisted of a set of questions about the use of
the web and demographic information. Questions included information about age,
gender, occupation, experience with the web, and use of the web. The questions also
asked participants to rate their level of computer experience (on a 7 point Likert items:
1 = none at all, 7= extensive) and their expertise in using the web (on a 7 point Likert
items: 1 = none at all, 7=expert). The full set of questions can be found in Appendices 3

and 4, for the English and Thai versions respectively.

3.2.4.2 Post-study questionnaire

A post-study questionnaire measured participants’ ratings about Line Spacing, Text

Justification and the combinations they had experienced in the study. Participants were

! http://www.techsmith.com/morae.html
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asked to rate how easy, pleasant, and fast it is to read text with the three different Line
Spacing levels and the two different Text Justification levels. Participants were also
asked to rate the six combinations of Line Spacing and Text Justification to establish
which they preferred the most and explain their reasons in an open-ended question.
The ratings were all on five point Likert items (1 = least preferred / strongly disagree, 5

= most preferred / strongly agree).

The post-study questionnaire, Appendices 5 and 6, for the English and Thai versions
respectively, provided three preference dependent variables: participants’ ratings of
each Line Spacing on three dimensions, participants’ ratings of each Text Justification
on three dimensions, and participants’ ratings of their overall preference of each of

combination of Line Spacing and Text Justification.

3.2.4.3 Olympic Games website

The website content that participants would read in the study needed to be interesting
to both younger and older people in the UK and Thailand. However, the content also
needed to be sufficiently unfamiliar so that participants could not answer questions

based on their prior knowledge. .

Content about the Olympic Games was selected for the website because the Olympic
Games is one of the most important international sport competitions involving many
events and people from over 200 countries; the study was also planned during the run
up to the 2012 Olympic Games in London, so it was very topical at the time. The
Olympic Games is divided into two main events: the Summer and Winter Olympic
Games. However, most people, especially Thai people, are familiar with the Summer
Olympic Games rather than the Winter Olympic Games. In the end, only contents

about the Summer Olympic Games were needed for the website.

To create the website, which was named the “North Yorkshire Olympic Initiative”, the
first source of information was the official website of the Olympic Movement®. The
second source was a Wikipedia article on the Olympics®. After reviewing this source of
information about the Olympic Games, a structure of the website was created. The
content, approximately 40 A4 pages, was separated into four main sections: About the
Games, History of the Games, Olympic Sports, and Previous Olympic Games, as

shown in Figure 3.1.

2 http://www.olympic.org
® http://en.wikipedia.org/wiki/Olympic_Games
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Once the content of the website was finalized for the UK study, six versions of the
website were created by using Drupal, an open source web development software. A
separate version of the website was created for each combination of Line Spacing and
Text Justification. Figure 3.1. shows an example of a webpage from the website with
Single Line Spacing and Left only Justified text. The six versions were all available via
the Web. However, the Thai versions of the website were created using Adobe
Dreamweaver and were only available on the computer used to run the study, as
Internet coverage in Thailand is not extensive. Thus, using offline websites was more

suitable for collecting data in Thailand.

In the study, participants read the content on a webpage and selected an appropriate
hypertext link for going to the next webpage until they found the answer to the question
posed. If each webpage had only one link, participants would know which hypertext link
to choose without having to actually read any content on the page. In order to make
sure that participants were really reading the text on each webpage and not just looking
for a single link, distractor links, links that were not related to the answer and that did
not lead to a webpage with the answer, were added. Figure 3.2. shows an example of
a correct link (blue rectangle) and distractor links (red rectangle) on a webpage from
the website. The websites, both the English and Thai versions, can be found in

Appendix 7.

* http://drupal.org
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North Yorkshire Olympic Initiative

Home About The Games History of the Games Olympic Sports Previous Olympic Games

Home >
Welcome to the home of the North Yorkshire Olympic Initiative
We at the North Yorkshire Olympic Initiative have a deep appreciation for the men and women who compete every

2 years, either in the heat of summer or in the cold of winter. They work tl‘relessIY te win gold for their home
nations, providing an opportunity for national and international pride and competition.

The Olympic Games are a major international event featuring summer and winter sgorts, in which thousands of
athletes participate in a varlet% of competitions. The Olympic Games have come to be regarded as the world’s
foremost sports competition where more than 200 nations participate. The Games are currently held even“two
years, with Summer and Winter Olympic Games alternating, although they occur every four years within their
respective seasonal games. Orig[i, ally, the ancient Olympic Games were held in Olympia, Greece, from the 8th
century BC to the 4th century AD. Baron Pierre de Coubertin founded the International Olympic Committee (I0C) in
1894. The I0C has since become the governing body of the Olympic Movement, its structure and actions are
defined by the Olympic Charter.

On this website, you will find a selection of resources about the ancient and modern Olympic Games. You can
lex ]lo_ae tPe anc(ient history of the games, look at statistics for previous Olympic Games, or learn more about the
individual events.

We hope you enjoy our website.

For those who are visiting this website by chance- the NYOI is not a real organization. You have reached a test site
for evaluations taking place in the Human Computer Interaction Research Gruur of University of York. The
pages on this site are part of our inclusive design research programme, and are not intended for public
consumption. We are aware of usability and accessibility problems in this site,

Figure 3.1: Example page from the experimental webs ite (Condition: Single Line

Spacing and Left only Justified text)

L Il & nitou yorkhciorg olympicl 2= rode/55
¥ About The Games | Morth Y., %

North Yorkshire Olympic Initiative

Home History of the Games Olympic Sports Previous Olympic Games

Home >
About The Games

The Olympic Games are a major international event featuring summer and winter sports, in which thousands of
athletes participate in a variety of competitions. The Olympic Games have come to be regarded as the world’s
oremost sports competition where more than 200 nations participate. The Games are currently held every two
years, with Summer and Winter Olympic Games alternating, although they occur every four years within their
respective seasonal games.

b erR-gamas-hegan in 1894 with Baron Pierre de Coubertin founding thelInternational Olympic
.JThe 10C has since become the governing body of the Olyntp ov ~fts—stroctate and
Tt drefimeeby the Olympic Charter. The Olympic Movement consists of International Sports Federations
(IFs), National Olympic Cemmittees (NOCs), and organizing committees for each specific Olympic Games. As the
decision-making body, the 10C is responsible for choosing the host city for each OI\‘_Impic Games. The host ci
responsible for organizing and funding a celebration of the Games consistent with the Olympic Charter. The Olympic
programme, consisting of the sports to be contested at the Games, is also determined by the IOC. The celebration
of the Games encompasses many rituals and symbols, such as the Olympic flag and torch, as well as the opening
and closing ceremonies. Over 13,000 athletes compete at the Summer and Winter Olympics in 33 different sports
and in nearly 400 events. The first, second, and third placed competitors in each event receive Olympic medals:
gold, silver, and bronze, respectively.

The evolution of the Olymfic Movement during the 20th and 21st centuries has resulted in several changes to the
Olympic Games. Some of these adjustments include the creation of the Winter Games for ice and winter sports, the
Paralympic Games for athletes with a physical dlsabilltr, and the Youth Olympic Games for teenage athletes. The
10C has had to adapt to the varying economic, political, and technological realities of the 20th century. As a result,
the Olymﬁ_i}g:s shifted away from pure amateurism, as envisioned by Coubertin, to allow participation of professional
athletes. The growing importance of the mass media, the issue of corporate sponsorship and the commercialization
of the Games have all changed the nature of the Games. World Wars led to the cancellation of the 1916, 1940, and
1944 Games. Large boycotts during the Cold War limited participation in the 1980 and 1984 Games.

he celebration of ti a 1 itions)such aI; the Olympic mmlu“llm Olympicl
w- well as theJopening ceremonies Ind closing ceremonies,
]

Figure 3.2: Example of a correct hypertext link (bl ue rectangle) and distractor

links (red rectangles) on a webpage from the experi  mental website

Figure 3.3 shows that the “About the Games” page had 6 links. These lead to pages
about the International Olympic Committee (IOC), Olympic traditions, the Olympic
motto, the Olympic rings, Opening ceremonies, and Closing ceremonies. One task
asked a question about the Olympic flame for which the answer can be found on the
webpage about “The Torches”. The link to the webpage about “The Torches” was on
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the webpage about “Olympic traditions”. The other tasks are described in an

Appendices 8 and 9, for the English and Thai versions respectively.

Task 1: How many times has the Olympic flame been carried across the water?
Answer : Twice

Optimal Path : Home > About the Games > Olympic Traditions > Torches

About The Games

International
Olympic
Committee (10C)

Olympic
Traditions

Opening Closing

Olympic Motto Olympic Rings Ceremonies Ceremonies

I— The Torches

Figure 3.3: Webpages in the section “About the Games”  showing the webpage

where the answer to Task 1 could be found

3.2.4.4 Experimental tasks

The tasks asked participants to read and find the answers to questions about the

Olympic Games. These tasks were divided between the four main sections of the

website:
About the Games 1 task
History of the Games 1 task
Previous Olympic Games 2 tasks
Olympic Sports 2 tasks

The section on Previous Olympic Games and Olympic Sports had more tasks because
these contained more content which could be separated to more webpages such as
Olympic host countries and sport names. The optimal path to the answer for each task
was via three or four webpages (excluding the homepage from which each task

started).
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3.2.4.5 Translation of materials into Thai

All materials were available in two versions: an English language version for

participants in the UK and a Thai language version for participants in Thailand.

For control quality of the translation from English to Thai, the materials were separated
into two groups. The first group was data collection materials; for these materials it was
critical that the translation was as close to perfect as possible. This was to ensure that
data collected in the experiment were comparable between the two groups of
participants. In this group were the consent form, the two pre-study questionnaires, the

post-study questionnaire, and the texts for the tasks in the study.

The second group was the content on the website. While it was important that the
content was translated to a high level of quality, if there were slight differences between

the two versions it would be less critical.

| decided to use different techniques for the quality control of the translations. Materials
in the first group used back translation for checking the quality of translation. Back
translation is usually used for important research documents directly related to data

collection such as consent forms, questionnaires, and manuals (Andriesen, 2008).

However, back translation involves a high cost and a considerable amount of time
(Andriesen, 2008). Therefore, for materials in the second group | used another method

adapted from Mullis, Kelly, and Haley (1996); the committee approach for translation.

Full details of the translation processes and quality controls involved can be found in

Appendix 21.
3.3 Procedure

The study was conducted at a number of locations, all quiet rooms at the institutions

where the participants studied or where they came to take part in the study.

Before starting the study, participants were briefed about its nature, and their rights.
Any questions that participants had about the study were answered. When they were
happy about participation in the study, they were asked to sign the consent form
section A (see Appendices 1 and 2, for the English and Thai versions respectively).
After signing the consent form, participants were asked to complete the pre-study

questionnaire (see Appendices 3 and 4, for the English and Thai versions respectively).
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Participants were invited to themselves familiar with the computer, monitor, mouse, and
the Internet Explorer web browser to be used in the study. When patrticipants were
comfortable and ready to start, the researcher provided the first task. After the
participant understood the question in the first task, the researcher opened the website
with the appropriate combination of Line Spacing and Text Justification and the
participant undertook the task. This process was repeated for each task until the
participant had completed all six tasks. All tasks were recorded using Morae for later

analysis.

The order of presentation of the websites with the six combinations of Line Spacing

and Text Justification was counterbalanced between participants.

After completing all the tasks, participants were asked to rate their preference for each
combination of Line Spacing and Text Justification using the post-study questionnaire
(see Appendices 5 and 6, for the English and Thai versions respectively). As a

reminder, examples of all six combinations were provided to participants.

Participants were then debriefed and the purpose of the study was fully explained to
them and any questions they had were answered. Participants were then asked to

sign Section B of the consent form to show they were happy with their experience.

Each session took approximately 30 minutes to complete for Younger Adult

participants, and approximately 45 minutes to complete for Older Adult participants.

3.4 Results

Analysis of Variance (ANOVA) was used to investigate the effects of the independent
variables of Line Spacing and Text Justification and the appropriate post-hoc analyses
were conducted when there were any significant effects from the overall ANOVA
analysis. In addition, for participants’ preference ratings, t-tests were used to
investigate whether preference ratings were significantly above or below the mid-point

of the rating scale.
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3.4.1 Time spent per webpage

When conducting the analysis of Time Spent per Webpage, the time which participants
spent on the homepage on its initial presentation was not included in the calculation.
This was because some participants, especially the Older Adult participants, often
spent time for reading the content on the website homepage after they got the tasks,
whereas other participants read the content on the homepage only when they got the
first task and did not spent much time on homepage after they got the later tasks. Time

Spent per Webpage was measured to the closest second.

Firstly, | did the histograms from the data of each combination of Line Spacing and
Text Justification. Each histogram showed the distribution of data and provided Mean
and Standard Deviation (SD). If the histogram was not a normal distribution, it was
necessary to normalise before doing the analysis. For each combination of Line
Spacing and Text Justification, any times which were longer than the mean plus two
standard deviations (mean+2SD) or shorter than the mean minus two standard
deviations (mean-2SD) were adjusted to mean plus/minus two standard deviations
respectively. 19 data points out of a total of 360 data points (5.28%) were adjusted in

this manner, these were spread evenly across the different combinations.

An four way Analysis of Variance (ANOVA) found that Line Spacing, Text Justification,
and Nationality had no significant effect on the Time Spent per Webpage (Line
Spacing: F(2,112)=1.43, n.s.; Text Justification: F(1, 56)=0.07, n.s.; Nationality: F(1,
56)=2.50, n.s.). However, there was a significant effect of Age Group (F(1, 56)=39.94,
p<.001, npz =.42). There were no significant interactions between any of the
independent variables. Older Adults spent significantly longer reading per webpage
than the Younger Adults (Mean Younger Adults=14.74 sec. SD=9.04; Mean Older
Adults=23.02 sec. SD=7.23). The Younger Adults performed 56.2 per cent faster than
the Older Adults.

3.4.2 Number of Webpages Visited

Data on Number of Webpages Visited by each participant in each combination of Line
Spacing and Text Justification was normalised by using the same method as described
Section 3.4.1, above. 23 data points out of a total of 360 data points on Number of

Webpages Visited were adjusted.



73

For Number of Webpages Visited, there was a significant main effect for Nationality,
(F(1,56)=7.11, p<.05 npz =.11), but no significant main effects for Line Spacing, Text
Justification or Age Group (Line Spacing: F(2,112)=0.34, n.s.; Text Justification:
F(1,56)=1.87, n.s.; Age Group: F(1,56)=2.47, n.s.). There were no significant
interactions between any of the independent variables. UK participants visited fewer
number of webpages than Thai participants (Mean UK participants=5.90 webpages,
SD=2.77; Mean Thai participants=6.63 webpages, SD=3.16).

3.4.3 Percentage of correct answers

For Percentage of correct answers, there were no significant main effects for any of the
independent variables (Line Spacing: F(2,112)=0.91, n.s.; Text Justification:
F(1,56)=2.50, n.s.; Age Group: F(1,56)=2.88, n.s.; Nationality: F(1,56)=4.03, n.s.).

There was a significant interaction between Text Justification and Line Spacing
(F(2,112)=4.07, p<.05, np2 =.07), and between Text Justification, Line Spacing, and
Nationality, (F(2,112)=4.07, p<.05, n,f =.07). There were no other significant interaction

effects.

Scheffé post hoc analyses were used to test the specific differences in the interactions.
Table 3.1 shows the pattern of observed t-values for the two way interaction of Line
Spacing and Text Justification combination for Percentage of correct answers. No
observed t-value between any combination was greater than the critical t-Scheffe value
(95% confidence level: 3.92). So the post-hoc analysis failed to reveal any significant
differences in the interaction between Text Justification and Line Spacing, suggesting it

was a marginal interaction.

Table 3.1 Observed t - values between all pairs of  Text justification and Line

Spacing combination for Percentage of correct answe rs

1S-L 1.55-L 2S-L 1S-LR 1.56-LR 2S-LR
1S-L - 1.00 a 1.43 a 1.76
1.55-L - -1.00 0.57 -1.00 1.00
25-L - 1.43 a 1.76
1S-LR - -1.43 0.57
1.5S5-LR - 1.76
25-LR -

a. The t cannot be computed because the standard error of the difference is 0.




Table 3.2 Observed t - values between all pairs of

Text justification, Line

Spacing, Nationality combination for Percentage of

correct answers
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UK TH
1S- | 1.5S-| 2S- | 1S- | 1.5S- | 2S- | 1S- | 15S-| 2S- | 1S- | 1.55- | 2S-
L L L LR LR LR L L L LR LR LR

1S-L - 1.00 a 1.00 a 1.81 a a a a a a
1.5S- - 1.00 | 0.00 | 1.00 |1.00 |1.00| 1.00 |1.00|1.00 | 1.00 |1.00
L

UK | 2S-L - 1.00 a 1.81 a a a a a a
1S- - 1.00 {145 100 | 1.00 |1.00|1.00| 1.00 | 1.00
LR
1.5S- - 1.81 a a a a a a
LR
2S- - 1.81| 181 (181|181 | 1.81 | 1.81
LR
1S-L - a a 1.00 a a
1.5S- - a 1.00 a a
L

TH | 2S-L - 1.00 a a
1S- - 1.00 | 1.00
LR
1.5S- - a
LR
2S- -
LR

a. The t cannot be computed because the standard error of the difference is 0.

Table 3.2 shows the pattern of observed t-values for the Scheffé post hoc analysis of

the three way interaction between Text Justification, Line Spacing, and Nationality

Percentage of correct answers. No observed t-values between combinations were

significant (95% confidence level: 6.08). So again the post-hoc analysis failed to reveal

any significant difference in the interaction between Text Justification, Line Spacing

and Nationality, suggesting it was a marginal interaction.

To investigate whether there was a speed-accuracy trade-off in the way the

participants undertook the tasks, the Time Spent per Webpage and the Percentage of

Correct Answers were correlated. However, this correlation for both Younger and
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Older Adults were not significant (Younger Adults: r (30) = .16, n.s., Older Adults: r (30)
=-0.20, n.s.).

3.4.4 Preference measures

The preference measures were participants' ratings of Ease, Pleasantness, and Speed
of Reading for each condition of Line Spacing and Text Justification, and their Overall
rating of preference of each combination of Line Spacing and Text Justification.

Correlations between the participants' rating on these three dimensions were
calculated to investigate whether the ratings were measuring different dimensions of
the participants’ experience.

Table 3.3 and Table 3.4 show a strong pattern of correlations between all three
measures for both the Line Spacing and Text Justification variables. These results
meant that participants had only one underlying experience dimension on which to rate

the reading tasks.

Therefore a combined User Reading Experience (URE) scores was calculated for each
participant for each of the three Line Spacing levels and the two Text Justification
levels. This URE scores was the mean of the three ratings for each condition. An
added benefit of using this combined score is that scores made up from a number of
individual measures are more robust than individual items from participants (Kline,
2000).

Table 3.3 Correlations between ratings of Ease of reading, Pleasantness of

Reading, and Speed of Reading for the three levels of Line Spacing

Correlation/Line Spacing 1S 1.58 2S
Ease-Pleasantness 0.63** 0.67* 0.66**
Ease-Speed 0.68** 0.50** 0.60**
Pleasantness-Speed 0.59* 0.39* 0.54**

** p<.01



76

Table 3.4 Correlations between ratings of Ease of r eading, Pleasantness of

Reading, and Speed of Reading for the two Text Just ification levels

Correlation/Text L L-R

Justification

Ease-Pleasantness 0.34* 0.66**
Ease-Speed 0.46™* 0.46**
Pleasantness-Speed 0.36** 0.50**
** p<.01

3.4.4.1 Analysis of User Reading Experience scores  (UREs) for Line Spacing,
Age Group, and Nationality

A three way ANOVA on the URE scores for Line Spacing, Age and Nationality found
that both Line Spacing and Age group had a significant effect on the URE scores (Line
Spacing: F(2,112)=92.37, p<.001, n,”=.62; Age Group: F(1,56)=7.38, p<.01, n,* =.12).
However there was no significant effect for Nationality, (F(1,56) =1.18, n.s.). There

were no significant interactions between any of the independent variables.

A Scheffé post hoc analysis was also used to investigate the specific differences
between each level of Line Spacing which is illustrated in Figure 3.4. The mean URE
scores for single Line Spacing (Mean=2.28 SD=0.72) was significantly lower than the
mean URE scores for both 1.5 Line Spacing (Mean=3.84 SD=0.62) (Observed t-
value=-14.85, p<.01, critical t at 95% confidence level: 2.48, at 99%: 3.10) and double
Line Spacing (Mean=3.97 SD=0.79) (Observed t-value=-10.85, p<.01) while 1.5 Line
Spacing and double Line Spacing were not significantly different from each other
(Observed t value=-0.99, n.s.).

One sample t-tests against the neutral mid-point score of 3 showed that the mean URE
scores for single Line Spacing was significantly lower than neutral (t(59=7.67, p<.001),
but the mean URE scores for 1.5 Line Spacing and Double Line Spacing were both
significantly higher than neutral (1.5 Line Spacing: t(59)=10.41, p<.001; double Line
Spacing: t(59)=9.50, p<.001).
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Figure 3.4: Mean URE scores for the three levels of  Line Spacing

Overall, Older Adults were significantly more positive in their URE scores than the
Younger Adults, (p<.01). The mean URE scores for Older Adults was 3.49 (SD=1.01)
and the mean URE scores of Younger Adults was 3.24 (SD=1.07).

One sample t-tests against the neutral mid-point rating of 3 showed that the mean URE
scores for Younger Adults and Older Adults were both significantly higher than neutral
(Younger Adults: t(89)=2.10, p<.05; Older Adults: t(89)=4.61, p<.001).

3.4.4.2 Analysis of User Reading Experience scores  (URES) for Text
Justification, Age Group, and Nationality

A three way ANOVA on the URE scores for Text Justification, Age and Nationality
found that there were no significant differences for Age Group or Nationality (Age
Group: F(1,56)=0.18, n.s.; Nationality: F(1,56)=0.52, n.s.). However, Text Justification
had a significant main effect, (F(1,56= 6.22, p<.05, n,° =.10). There was also a
significant interaction between Text Justification and Nationality, (F(1,56)=13.96,

p<.001, np2=.20). There were no other significant interactions between variables.

Left Justification (Mean Left Justification=3.47, SD=0.57) was significantly lower in
URE scores than Left-Right Justification (p<.05) (Mean Left-Right Justification=3.79,
SD=0.68). One sample t-tests against the neutral mid-point rating of 3 showed that the
mean URE scores for Left and Left-Right Justification were both significantly higher
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than neutral (Left Justification: t1(59)=6.38, p<.001; Left-Right Justification: t(59)=8.99,
p<.001).

A Scheffé post hoc analysis was also used to investigate the specific differences in the
interaction between Text Justification and Nationality. Table 3.5 shows the observed t-
values between each pair of combinations of Text Justification and Nationality. For the
Thai participants, URE scores for Left-Right Justification were significantly higher than
Left Justification (Mean Left Justification=3.35, SD=0.57; Mean Left-Right Justification
=3.98, SD=0.64) (critical t at 95%: 3.47). In addition, Thai participants' URE scores for
Left-Right Justification) were significantly higher than the UK participants' URE for Left
Justification (Thai mean Left-Right Justification=3.98, SD=0.64; UK mean Left
Justification=3.64, SD=0.53). This interaction is shown in Figure 3.5.

Table 3.5: Observed t-values between all pairs of ~ Text Justification and

Nationality combination for User Reading Experience scores

UK Thai
L LR L LR
UK |L - 0.98 1.96 -3.55*
LR - 0.70 -2.74
Thai | L - - - -4.56*
LR - - - -

* p<05
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Figure 3.5: Mean URE scores for Text Justification  for the UK and Thai
participants

One sample t-tests of the URE scores against the neutral mid-point rating of 3 showed
that all the mean URE scores were significantly higher than neutral (URE scores on
Left Justification for UK participants: t(23)=5.92, p<.001; URE scores on Left-Right
Justification for UK participants: t(23)=3.81, p<.005); URE scores on Left Justification
for Thai participants: t(35)=3.72, p<.005; URE scores on Left-Right Justification for Thai
participants: t(35)=9.16, p<.001).

3.4.4.3 Participants' overall preference ratings of ~ combinations of Line Spacing
and Text Justification

A four way ANOVA on overall preference ratings on the combination of Line Spacing
and Text Justification found that Line Spacing, Text Justification, and Age Group all
had significant main effects (Line Spacing: F(2,112)=119.95, p<.001, n,” =.68; Text
Justification: F(1,56)=10.82, p<.01, n,*=.16; Age Group: F(1,56)=7.42, p<.01, n,°=.12)
while Nationality did not have a significant effect, (F(1,56)=0.59, n.s.). There was a
significant interaction between Line Spacing and Nationality, (F(2,112)=3.10, p<.05).
There were no other significant interaction effects.

A Scheffé post hoc analysis showed that overall preference ratings for single Line
Spacing (Mean rating=1.99, SD=0.94) were significantly lower than both 1.5 Line
Spacing (Mean rating=3.79 SD=0.92) (Observed t value=-15.00, p<.01, critical t at
95%: 2.48, at 99%: 3.10) and double Line Spacing (Mean rating=3.80, SD=0.93)
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(Observed t =-11.92, p<.01) while 1.5 Line Spacing and double Line Spacing were not
significantly different from each other (Observed t =-0.59, n.s.), This interaction is

shown in Figure 3.6.

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
rating for single Line Spacing was significantly lower than neutral (t(119)=11.76, p<
.001), but the mean ratings for 1.5 Line Spacing and double Line Spacing were both
significantly higher than neutral (1.5 Line Spacing: t(119)=9.47, p<.001; double Line
Spacing: t(119)=9.41, p<.001).

w
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Figure 3.6: Mean Rating of overall preference fort  hree levels of Line Spacing

The main effect for Text Justification was that overall ratings for Left-Right Justification
was significantly higher than for Left Justification (Left-Right justification: Mean=3.42,
SD=1.25; Left justification: Mean=2.98, SD=1.23).

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
rating for Left-Right justification was significantly higher than neutral (t(179)=4.34,
p<.001) but the mean rating for Left justification was not significantly higher or lower
than neutral (t(179)=0.18, n.s.).

The main effect for Age Group was that Older Adults were significantly more positive in
their overall ratings of preference than the Younger Adults (Older Adults: Mean=3.33
SD=1.21; Younger Adults: mean=3.06 SD=1.30).

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
rating for Older Adults was significantly higher than neutral (t(179)=3.64, p<.001) but
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the mean rating for Younger Adults was not significantly higher or lower than neutral
(t(179)=0.63, n.s.).

A Scheffé post hoc analysis was also used to test the specific differences in the
interaction between Line Spacing and Nationality. Table 3.6 shows the observed t-
value for each combination of Line Spacing and Nationality. For UK participants, single
Line Spacing (Mean rating=1.88, SD=1.00) was rated significantly lower than both 1.5
Line Spacing (Mean=4.04, SD=0.94) (Observed t - value=-13.00, p<.01, critical t at
95%: 4.30, at 99%: 5.37), and double Line Spacing (Mean=3.71, SD=0.82) (Observed t
- value= -10.22, p<.01) while 1.5 Line Spacing and double Line Spacing were not
significantly different from each other (Observed t - value=1.88, n.s.). For Thai
participants, single Line Spacing (Mean=2.07, SD=0.89) was significantly lower than
both 1.5 Line Spacing (Mean=3.63, SD=0.86) (Observed t - value=-14.63, p<.01), and
double Line Spacing (Mean=3.86, SD=1.00) (Observed t - value=-11.51, p<.01), while
1.5 Line Spacing and double Line Spacing were not significantly different from each

other (Observed t - value=-1.73, n.s.). This interaction is shown in Figure 3.7.

Table 3.6: Observed t-value between all pairs of o f Line Spacing and Nationality
combination for User Reading Experience scores

UK Thai
1S 1.5S 2S 1S 1.5 2S

1S - -13.00%* | -10.22* | -1.11 | -8.40* | -10.41*

UK | 15s - 1.88 10.68** | 2.50 1.57
2S - 9.18* 1.85 -0.88
1S - -14.63* | -11.51*

Thai | 155 - -1.73
2S -

* p<.05 ** p<.01
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Figure 3.7: Mean Ratings of overall preference for  different Line Spacings for UK
and Thai participants

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
overall preference ratings for single Line Spacing for both UK and Thai participants
were both significantly lower than neutral (UK participants: t(47)=7.44, p<.001; Thai
participants: t(71)=8.84, p<.001), but the mean ratings for 1.5 Line Spacing and double
Line Spacing for both UK and Thai participants were both significantly higher than
neutral (1.5 Line Spacing for UK participants: t(47=7.64, p <.001; 1.5 Line Spacing for
Thai participants: t(71)=6.15, p<.001; double Line Spacing for UK participants: t(47)=
9.41, p<.001; double Line Spacing for Thai participants: t(71)=7.33, p<.001).

3.4.5 Predicting reading performance from Attitude s to the Web Scale (ATWS)

Some researchers warned that stereotyping people, especially older people, to be a
group by age missed the fact that people are so varied in their characteristics (Redish
and Chrisnell, 2004). In addition, many researchers suggested a number of interesting
dimensions on which older people vary, as discussed in Chapter 2 (Section 2.4). One

of these dimensions is attitude towards using the web.

| investigated predicting participants' performance for Line Spacing and Text
Justification from their attitudes towards the web. It may be that people who are more
positive about the web will perform better in reading from webpages as they think this

is a useful and sensible thing to do.
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Linear Regression was used to predict participants' reading performance as measured
by Time spent per webpage from the three Factors of the Attitudes to the Web Scale
(ATWS), Age Group, and Nationality. The Linear Regression used the following

formula:

Time per Webpage = aConfidence + bPerformance + cFashion + dAge Group

+ eNationality

The linear regression produced an overall significant prediction (F(5, 59)=9.05, p< .01,
Adjusted R?=0.41). Confidence Factor and Age Group were significant individual
predictors (Confidence Factor: t=-2.46, p<.05) (Age Group: t=4.41, p<.01). However,
Performance Factor, Fashion Factor, and Nationality were not significant predictors.

The results are summarized in Table 3.7.

Table 3.7 The B-values, t-values, and significance levels for the linear regression

predicting time per webpage from the ATWS factors, Age Group, and Nationality

B t Sig.
Confidence Factor -3.07 -2.46 .017
Performance Factor 1.71 1.19 24
Fashion Factor -0.52 -0.55 .59
Age Group 6.63 4.41 .00
Nationality -1.73 -1.11 27

Figure 3.8 shows a scatterplot of the correlation between Confidence Factor and
Reading time per webpage. The higher rating on Confidence Factor, the less Reading

time per webpage.
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Figure 3.8: A scatterplot of the correlation betwee  n Confidence Factor and

Reading time per webpage

For the Age Group predictor, Older participants spent longer Reading time per web
page than the Younger participants (Mean Older Adults=23.02 sec. SD=7.23; Mean
Younger Adults=14.74 sec. SD=9.04). This difference is in line with the findings. .

3.5 Discussion

This study investigated the effect of Line Spacing and Text Justification on
performance and preference measures in reading webpages for Younger and Older
Adults in the UK and Thailand. The results indicate that there were no effect or a little
effect of Line Spacing on the users' performance, but there were differences in
preferences. For both URESs, and rating of overall preference, all group of participants
preferred 1.5 and double Line Spacing in comparison to single Line spacing, but there
was no different between 1.5 and double Line Spacing. In addition, the mean of both
UREs and rating of overall preference for single Line Spacing was significantly lower
than neutral, while for 1.5 and double Line Spacing were both significantly higher than

neutral.

When comparing with previous research about Line Spacing, only one study,

conducted by Wang et. al. (2008), investigated effect of line spacing on reading
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Chinese text on mobile phone for Chinese older adults. These authors found quite
similar findings to the current study, finding no difference on performance measures but
significant preference for larger line spacing. However, the authors investigated only

two levels of Line Spacing, single and double Line Spacing.

For text justification, there is also no effect of Text Justification in performance
measures. On preference measures, for both Thai and the UK participants, Left-Right
Justification was significantly preferred in comparison to Left Justification, with Left-
Right Justification was rated over neutral but Left Justification was around neutral.
However, on URESs, Thai participants significantly preferred Left-Right Justification over
Left Justification but there was no difference among UK participants. Moreover, all
UREs for both Text Justification for both Thai and the UK participants were higher than

neutral.

The reason might be because left - right justification is more familiar to Thai people.
Left - right justification not only appears in newspaper, print media and some websites
but also when doing electronics or online documents, Thai participants usually organise
the text with left-right justification as it is perceived as orderly by them. However, the

selection of text justification phenomenon is not distinctly different in the UK.

In terms of generalisability, the participants for the English language website were all
English native speakers living in the UK. Whether these results can legitimately be
generalised to the presentation of text on websites in languages which use the Latin

alphabet other than English is unclear

Turning to the interesting issues about the task in the experiment, firstly, as the
researcher who observed participants during the experiment, | noticed that many
participants often used a mix of different reading techniques when finding information.
Most participants scanned through the links on each webpage and selected a link
which they thought would take them to the webpage which had appropriate information
to answer the question. In addition, participants would often read quickly through pages
that they thought were relevant, skim reading the material. Finally, when participants
thought that they had reached the webpage that had the answer for which they were
searching, they usually read the text on webpage in a very detailed way. These
observations were supported by the data on time spent on task and webpage where
users interacted, with some pages being read for very lengthy periods of time whereas
some pages were read very quickly, for example, a participant read a webpage 135.96

second but read another webpage only 4.14 second.
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These differences in types of reading, and the fact that there were considerable
variations in the ways they were used by participants, undoubtedly led to variations in
the times spent per page and may have obscured differences due to the independent
variables of line spacing and text justification. Essentially the participants were doing a
combination of three different tasks, scanning, skim reading and detailed reading, not

one of simply “reading” the page.

Secondly, there were issues with some of the questions used in the study. While the
tasks were typical for such an informational website, there were multiple places where
information might reasonably be found within the small set of webpages. As a result,
participants may have spent time on webpages without the answer with the expectation
they would find something, thus extending the time they spent there. An example of
this phenomenon was a task that asked participants: "How many times has the
Olympic flame been carried across the water?". Some participants predicted that the
answer should appear on the webpage about "the Olympic torch", which is reasonable,

but it was actually on the webpage about "the Olympic flame".

Thirdly during the study | noticed that some participants, particularly older participants,
seemed upset when they could not find the appropriate information and took much time
for each question. Some participants, particularly older participants, felt lost because
they visited many webpages but they could not find the answer or re-visited the same
webpage many times. Some participants visited more than 15 webpages in each task
while the optimal path was only three or four pages long. These number of webpages
were normalized then these data were adjusted. A few participants could not find the
webpage which had the answer. They then put the guessed answers which were
wrong answers and defeated the purpose of the study. Some older participants gave

up in trying to complete the task and dropped out of the experiment.

Finally, some participants said that if they have to find information from a webpage,
they do not read all the text on a website but they use the web browser functions such
as "find on this page (Ctrl+F)" to look for a specific piece of information. Some
participants said they usually use Google in real life for undertaking such tasks.
Comments such as these indicate that the tasks used were too artificial for the

participants, and likely affected the way participants approached them.

Thus, the next study, Chapter 4, tries to find an appropriate reading task for conducting

research into reading on webpages, particularly when working with older participants.
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Conclusion: the recommendation on Line Spacing and Text Justification for

evidence-based research web design guidelines

Table 3.8 and Table 3.9 show the five criteria which considered for making the
recommendation on Line Spacing and Text Justification, respectively. From these two
tables, the implications for design of web based text content for web readers in the UK

and Thailand are presented below.

Table 3.8: The five criteria which considered form  aking the recommendation on

Line Spacing for Younger and Older Adults in the UK and Thailand

Criteria\Nationality and UK Thai
Age Group Younger Older Younger Older
Adults Adults Adults Adults
Time spent per webpage no significant difference
URE 15,2>1
Testing URE against the
mid-point on the 5 point 11,151,271
rating scale
Overall Preference 152>1 15,2>1

Testing Overall Preference
against the mid-point on 10,151, 27 11,151,271
the 5 point rating scale

A > B means A significantly better than B, = means no significant difference
- means rating is not significantly different from mid-point, 1 means rating is significantly above mid-point, |
means rating is significantly lower than mid-point

* the bold text means it was recommended in that criteria

Table 3.8 shows that all criteria which related to preference measures recommended

both 1.5 and double line spacing for Younger and Older Adults in the UK and Thailand.
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Table 3.9: The five criteria which considered for m  aking the recommendation on

Text Justification for Younger and Older Adults in the UK and Thailand

Criteria\Nationality and UK Thai
Age Group Younger Older Younger Older
Adults Adults Adults Adults

Time spent per webpage no significant difference
URE Left = Left - Right Left - Right > Left
Testing URE against the _ _
midpoint on the 5 point Left 1, Left - Right 1 Left 1, Left - Right 1
rating scale
Overall Preference Left - Right > Left

Testing Overall Preference _
against the midpoint on the Left =, Left - Right 1
5 point rating scale

A > B means A significantly better than B, = means no significant difference

- means rating is not significantly different from mid-point, 1 means rating is significantly above mid-point, |
means rating is significantly lower than mid-point

* the bold text means it was recommended in that criteria

Table 3.9 shows that all four criteria which related to preference measures
recommended left - right justification for Thai Younger and Older Adults where as only
two criteria recommended left justification. For UK Younger and Older Adults, four
criteria recommend left-right justification while three criteria recommended left
justification. Thus, recommendation on text justification for UK Younger and Older

Adults was both left and lift-right justification.

Proposing 1.5 or double line spacing as a web design guideline did not support some
of the previous guidelines as they did not provide specific details (SilverWeb, 2005,
2007) or they recommend other line spacing (SPRY Foundation, 1999; Agelight, 2001,
NIA/NLM, 2002). However, this proposing supports the alternative recommendation of

Holt (2000) which recommended 1.5 line spacing.

Proposals of left only justification for older adults (Agelight, 2001; Holt and Komlos-
Weimer, 1999; Kurniawan and Zaphiris, 2005; NIA/NLM, 2002; Zaphiris, Kurniawan
and Ghiawadwala, 2007; Zhao, 2001) are not supported by this study. For all UK web

users, both left and left - right justification is recommended.

For all Thai web users, the recommendation on Text Justification is left - right

justification, as shown in Table 3.10.




Table 3.10: The recommendation on line spacing and text justification for

evidence-based research web design guidelines fory  ounger and older adults in
the UK and Thailand
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Age group and

Nationality

Recommendations

on line spacing

Recommendations on text

justification

UK younger adults

1.5 or double line
spacing

Left and Left - right justification

UK older adults

1.5 or double line
spacing

Left and Left - right justification

Thai younger adults

1.5 or double line
spacing

Left - right justification

Thai older adults

1.5 or double line
spacing

Left - right justification

The results from this study might support the most interesting conclusion that

recommendations on line spacing depend on neither the different nationalities and

languages nor age group of participants. Furthermore, the recommendation on text

justification for UK participants does not play an important role as both text justifications

are good for participants. However, the recommendation on text justification is

necessary for Thai participants. Left-right justification should be recommended for both

Thai younger and older adults.




Chapter 4

Exploring the range and
appropriateness of tasks for

research about reading webpages

4.1 Introduction

This chapter presents the second study in my programme of research, which
investigated the range and appropriateness of tasks for research about reading

webpages.

In the first study, the participants undertook a reading task that asked them to find
specific information on the Olympic Games website to answer questions. The example
of the task "How many times has the Olympic flame been carried across the water?".
The answer of the question was "twice", it was found on the webpage about "the
Olympic flame". This reading task provided interesting results which were presented in

Chapter 3. However, there were some problematic issues about this reading task.

As a researcher who observed participants during the experiment, | found that
participants used mix of different reading techniques when finding a piece of
information. The participants were doing a combination of three different tasks,
scanning, skim reading and detailed reading, not one of simply “reading” the webpage.
Moreover, there were issues with some of the questions used in the study. There were
multiple places where information could be found within the small set of webpages. As
a result, participants may have spent time on webpages without the answer with the
expectation they would find something, thus extending the time they spent there. In
addition, the issues with some questions meant some participants, particularly the older
participants, were unhappy and upset during the task. An older participant gave up and
dropped out of the experiment. Finally, some participants mentioned that the task did

not reflect the way they would usually find the information from the web.
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| therefore decided to investigate the various reading tasks of scanning, skimming and
detailed reading in more detail. As an initial exercise, a more detailed literature review
was undertaken about types of reading on the web. This would help me identify more

appropriate tasks to use in the further studies in my programme of research.

4.2 Research on different types of reading onthew  eb

This supplementary literature review focussed on empirical studies about how people
read on the web in order to identify the range of tasks that participants undertake in
these studies as well as the measures that are typically taken to measure reading

behaviour on the web.

4.2.1 Visual search as a reading task

Ling and van Schaik (2002, 2004, 2007), van Schaik and Ling (2001), Pearson and van
Schaik (2003), all use a visual search task in which participants search for target link
words amongst other links in navigation area (Ling and van Schaik, 2002; van Schaik
and Ling, 2001; Pearson and van Schaik, 2003) or amongst texts on webpage (Ling
and van Schaik, 2004, 2007), and respond by pressing an appropriate key as quickly
as possible to indicate that target link word is present or absent from the navigation
area or the text on webpages. This task measured on both objective measures (speed
and accuracy) and subjective measures (e.g. participants' preference, rating on

aesthetic, and quality of screen layout).

Dillon et. al. (2006) also defined their operational task as visual search but their visual
search task differed from that used by van Schaik and colleagues. In this study,
participants were given questions (e.g. "How many books are acceptable for an age 4-
7 reading level and cost $21.00") and asked to scan through a set of spreadsheets on
the web for counting the number of time which the target information appeared. Thus,
there were the two main differences from van Schaik and collegues research: there
were more than a single target information on a webpage, and the target information
were presented on spreadsheet on a webpage. This task measured on both objective

measures (speed and accuracy), and subjective measures (participants' fatigue).

Another type of visual search as a reading task was searching information from a
website (van Schaik and Ling, 2003; Ling and van Schaik, 2006; van Schaik and Ling,
2006). In this task, participants were given the questions and asked to visit a website

for finding the specific information. Thus, participants visited many webpages in a
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website before answering each question. Thus, the current task differs from visual
serch task which participants visited only a webpage. This task measured on both
objective measures (speed, accuracy, and numbers of links visited), and subjective

measures (rating on display quality, aesthetic value, and participants' fatigue).

4.2.2 Skim reading

In some studies (e.g. Muter and Maurutto, 1991), participants were asked to read the
text at faster than normal speed in order to get a sense of the content or main ideas of
the text. After this task of skim reading the text, participants answered multiple choice

questions or fill in the blank questions.

In general, skim reading means reading at a much faster than normal speed but there
are different operational definitions of skim reading. Muter and Maurutto (1991) defined
skim reading as reading at a rate three to four times faster than normal speed. Muter
and Maurutto controlled the speed of reading by asking participants to read an
instruction sheet while their time was monitored. The participants were then asked to
skim the same sheet in one-quarter of the time orginal reading time. After this
procedure, the researchers indicated that participants understand the task However,
Dyson and Haselgrove (2000) defined skim reading as read at only twice the normal
reading speed. Dyson and Haselgrove asked participants to read an initial document at
their normal speed while their time was recorded. The participants were then asked to
read the next document at twice of the normal speed. If they can speed up their
reading, they asked to continue to complete the study. If not, they were asked to read
another document with twice of their normal speed. The task measured on only

objective measures (speed, level of comphrehension, effective rate (words/min)).

4.2.3 Detailed reading

A detailed reading task was used by Shaikh (2005, see also Shaikh and Chaparro,
2005), which they called reading for comprehension. In these two studies, participants
were asked to read the passage as quickly and accurately as possible for
comprehension. Boyarski et al (1998) explained that participants read at their usual
reading speed this task. After reading, participants then answered multiple choice
gquestions after reading. This task measured on both objective measures (speed,
accuracy, and effective reading (score/time)) and subjective measures (participants'

preference, participants' rating on ease of reading, sharpness, and ligibility).
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Wilkinson and Robinshaw (1987) asked participant to undertake a proofreading task, to
identify a particular kind of error in the text by speaking into microphone. The errors
were missing or additional spaces (e.g. 'tomorrowthey', 'tomor row'), double or triple
reversions (e.g. 'tomrorow', 'toromrow') one missing or one additional letter (e.g.
‘tomrrow’, 'tomorroww'), misfits (e.g. 'tom #rrow', 't*ey"), or an inappropriate or missing
capital, (e.g. 'tOmorrow', 'london’). This task measured on objective measures (speed,

and percentage of error missed).

Gujar, Harrison, and Fishkin (1998) modified the proofreading task by asking
participants to detect substitution words in the text which varied grammatically but
rhymed with the original word, (e.g. "cake" could be replaced with "fake"). The task of
detecting substitution words was also adopted for use by many researchers (e.g.
Bernard, Liao, and Mill, 2001; Bernard, Fernandez, and Hull, 2002; Bernard et al.,
2003). This task measured on objective measures (speed, reading distance, and error

rate) and subjective measures (participants' rating on ease of reading)

Dillon, Richardson and McKnight (1990) and O’'Hara and Sellen (1997) used text
summarisation tasks. Participants were asked to read the text with no time constraints.
Participant could re-read the text as often they wished until they were satisfied that they
had understood the text. They were then asked to summarise the main points of the
text. This task measured on objective measures (reading time and comprehension
socres) and subjective measures (participants' opinions on issue such as the range of

facilities offerred, improvement they would like, problems they encountered)

4.2.4 Taxonomy of Reading Tasks

In each of the studies reviewed above, the researchers generally used one or at most
two different reading tasks. Surprisingly, very little has been written or investiaged
about these different types of reading task and how they relate to each other and what
underlying concepts they relate to. Dillon (2004) reviewed empirical research on
reading from screen in comparison to reading from paper and found that the most of
research reflected two implicit views of the typical reader. The first view was of a reader
who scanned short texts, searching for typographical errors or other mistakes. The
second view was of a reader who was an explorer who searched for a target from
information which presented on the screen or on paper. However, Dillon (2004) argued
that these two views alone were not sufficient to explain the reality and totality of

reading situation.
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From the research reviewed, a taxonomy of reading types emerges that captures the
different types of tasks that have been used. In doing this literature review, | found that
each researcher had used different reading types in their study and claimed that their
selected reading type was appropriate to use in conducting studies about reading text
on screen. However, | found that the types of reading used in research about reading

text from screen can be broadly categorised into the following types of reading:

Within the literature, a variety of studies used tasks that can be categorised as
scanning. Scanning is where the reader is searching the text for a particular piece of
information without reading the whole text. This type of reading does not necessarily
require readers to understand any information in the text in relation to the target
information or to answer questions about the information found. The studies on visual

search and searching for information are examples of scaning.

Skim reading involves the reader reading at a higher rate of speed than normal. The
distinguishing feature of this type of reading from scanning is that the individual is not
only trying to find a piece of information, but also understand something of the text, the
context and general overview of how the information relates to the rest of the text.
Readers who are skim reading are often asked comprehension questions regarding the

contents, something that is not done in scanning tasks.

In detailed reading, readers read all of the content by being given a variety of detail
oriented tasks. These tasks require full understanding the text at the word or sentence
level in order to undertake some kind of editing, comprehension or summarisation
tasks. Reading for comprehension, proofreading, detecting substitution words, and text

summarisation are all examples of detailed reading tasks.

Taking this taxonomy of reading types, the study presented in this chapter will explore
the range and appropriateness of a range of reading tasks for use in research about
reading on webpages. The key outcome of this study will be to identify which tasks best
capture the overall reading experience of participants, and the relationship between the
tasks, and then use that information to design tasks for use in future experiments in this

programme of research.

4.3 Aims

The study presented in this chapter aims to explore the range and appropriateness of a
range of reading tasks for research about reading on webpages which will be used in
further research about web design guidelines for older people. Three reading types,

scanning, skimming, and detailed reading, will be investigated as a within participant
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variable. While line spacing is investigated as a between participant variable. Line
spacing is selected beacuse it is one of the aspects of text presentation which many
web design guidelines usually mention but the recommendations they make about this
aspect are varied, see Section 3.1 for details. Line spacing is a veriable which found
the significant effect on participant's performence in previous research (Ling and van
Schaik, 2007)

4.4 Method

4.4.1 Experimental Design

The study had a three way mixed design. Line Spacing was the between participants
independent variable. Reading Type and Tasks were within participant independent

variable. The independent variables had the following levels:

e Line Spacing - Single Line Spacing, 1.5 Line Spacing, or Double Line Spacing
¢ Reading Type - Scanning, Skimming, or Detailed Reading

e Text-textl ortext?2

Each participant undertook six tasks, two tasks with each reading type. Order of
reading type and the text were counterbalanced between participants to avoid fatigue

and practice effects.
Three dependent variables related to reading performance were measured:

e Time spent per webpage — this is a measure of the reading speed of users on

a website.

e Percentage of correct answers — this is calculated as a measure of the
percentage of participants found the correct target word in Scanning and
answer the multiple choice questions correctly in Skimming and Detailed
Reading. As there was different number of correct answers for each task, the

number of correct answers were calcuated to percentage of correct answers.
One dependent variable related to participants' fatigue was measured:

¢ Participants' ratings of visual and physical fatigue - adapted from Tyrrell and
Leibowitz (1990) and Dillion, Kleinman, Ok Choi, and Bias (2006). This

dependent variable was considered as the current study aims to find the range
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and appropriateness reading task for further studie which included both

younger and older people.

¢ Participants’ perceptions of their use of the reading types

4.4.2 Participants

There were 46 participants, 35 males and 11 females. The mean of age was 24.02
years (SD = 4.8, range 18 - 38 years). 20 participants were undergraduate students, 8

were Masters students, 8 were Ph.D. students and 10 were from outside the university.

For the between participant Line Spacing variable, 16 participants participated in the
Single Line Spacing condition, 15 participated in 1.5 Line Spacing condition, and

another 15 participated in Double Line Spacing condition.

The participants were offered a gift voucher valued at £10 for their participation.

4.4.3 Equipment and Materials
4.4.3.1 Equipment

Each participant undertook the experiment on a personal computer running Windows
XP and Internet Explorer 9 with 21.5 inch LCD Monitor, a standard keyboard, and 2-
button mouse with a scroll-wheel. The experiment sessions were recorded by

TechSmith’s Morae software for later viewing and analysis.
4.4.3.2 Materials
4.4.3.2.1 Website, questions, and target words

A website with three pages was developed to provide a practice task for participants
and a further six pages for the main experiment tasks. Each page had 275 words of
text about the Olympic Games, separated into four paragraphs. Each text had a target
word for the scanning task and a set of four multiple choice questions for the skimming
and detail reading tasks. The webpages, target words, and questions can be found in

Appendix 11.

! http://www.techsmith.com/morae.html
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The texts had approximately the same ease of reading, the mean Flesch-Kincaid
Reading Ease Score? was 43.7 (SD=2.7, range 40.4-47.7) and the mean Gunning-Fog
Score® was 13.72 (SD=1.1, range 12.3-14.9).

All the multiple choice questions was tested for accuracy and difficulty by asking three
native English speakers to read the text and answer the questions while referring back
to the related text. They also rated each question for difficulty on a 9 point Likert items
(adopted from Dyson and Haselgrove, 2000). The results from accuracy and difficulty
test show that all testers answered all questions correctly. This showed that every
question could be correctly answered by the information in the text. The mean difficulty
of question was 2.64 (SD=0.5, range 1.67-3.67) while the mean of difficulty of each set
of questions was 2.64 (SD=0.2, range 2.25-2.92).

All target words were nouns which were approximatly the same length in number of
characters. The mean number of characters was 9.2 (SD=1.1, range 8-10). The target
word appeared once in the text on the webpage on either the left or right of the

paragraph in either the third or fourth paragraph of the text.

Three versions of the website were created, one for each of the three levels of Line
Spacing: one with Single Line Spacing, one with 1.5 Line Spacing, and one with

Double line spacing.

4.4.3.2.2 Visual and physical fatigue questionnaire

The visual and physical fatigue questionnaire was adapted from Tyrrell and Leibowitz
(1990) and Dillion, Kleinman, Ok Choi, and Bias (2006). The participants were asked to
rate their visual and physical fatigue in five dimensions (question 1-5) and the last
question (question 6) asked about overall fatigue. The questions in visual and physical

fatigue questionaire are presented in Appendix 13.
The rating were all on a 7 point Likert items (1=strongly disagree; 7=strongly agree).
4.4.3.2.3 Participants’ perceptions of their use of the reading types questionnaire

Participants’ perceptions of their use of the reading types questionnaire had two short

questions. The first question was about the frequency which they perceive that they

% In education, Flesch-Kincaid Reading Ease Score designed to indicate how difficult a reading passage in English is to
understand

% In linguistics, the Gunning fog score measures the readability of English writing. The index estimates the year of formal
education needed to understand the text on the first reading
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use each reading task type (scanning, skimming, and detailed reading) . Another
guestion was about the percentage of time which they perceive that they spend using
each reading task type when reading on the web. The total percentage for each

question was 100 per cent, See Appendix 20.

4.4.4 Procedure

Before commencing the experiment, participants were briefed about the study and the
procedures. They were asked to complete an informed consent form, (see Appendices
1 and 2, for the English and Thai versions respectively), and a demographic

guestionnaire (see Appendices 3 and 4, for the English and Thai versions respectively).

They were then asked to make themselves familiar with the computer, monitor, mouse,
and web browser. The participants were then given a practice task. In the practice task,
participants were asked to read the text on webpage by using the three different

reading types; scanning, skimming, and detailed reading.

For the scanning practice task participants were given a target word and they were
then asked to scan through the text on the webpage. When the participants found the
target word, they were asked to press the space bar, say the target word aloud and

indicate where the target word was on the page..

For the skimming practice task participants were asked to read the text as quickly and
accurately as possible in order to understand the main ideas of the text. They were
asked to press the space bar to indicate that they had finished skim reading the text.

The participants were then asked to complete four multiple choice questions.

For the detailed reading practice tasks participants were asked to read carefully
through the text in order to completely understand the text. They were asked to press
the space bar to indicate that they had finished detailed reading. The participants were
then asked to complete four multiple choice questions and then write 3 - 4 sentences

about the text.

After completing the practice tasks participants were asked to describe the difference
between scanning, skimming, and detailed reading, in order to confirm that they

understood the difference as | anticipated between these three reading tasks.

Then, participants were asked to do the test series of tasks of scanning, skimming and

detailed reading. Each participant experienced only one line spacing condition, with all
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tasks being undertaken with the same line spacing. Each participant undertook six
tasks, two tasks per each of reading type. After completing each of these pairs
participants were asked to rate their fatigue on visual and physical fatigue
gquestionnaires (see Appendix 13). The order of reading type and text was

counterbalanced to avoid practice and fatigue effects between the participant groups.

When the participants had completed all tasks, they were asked to complete a
participants’ perceptions of their use of the reading types questionnaire (see

Appendices 20).
Each experimental session took approximately 45 - 60 minutes to complete.
4.4.5 Data preparation

Firstly, | did the histograms from the Data on Time spent per webpage in each of
Reading type. Each histogram showed the distribution of data and provided Mean and
Standard Deviation (SD). If the histogram was not a normal distribution, it was
necessary to normalise before doing the analysis by using the method outlined in

Section 3.4.1. In this process, 8 of the total of 346 data points (2.31%) were adjusted.

4.5 Results

The effects of Reading Type and Line Spacing on the Time Spent per Webpage, the
Percentage of Correct Answers, and participants' ratings of their Visual and Physical
Fatigue were investigated. Analyses of Variance (ANOVA) were used to investigate
these effects and Scheffé post-hoc analyses were conducted when there were any
significant effects in the omnibus ANOVA analysis which needed further investigation.
In addition, for participants' ratings of Visual and Physical Fatigue, t-tests were used to
investigate whether these ratings were significantly above or below the mid-point of the

rating scale.

4.5.1 Time spent per webpage

An Analysis of Variance (ANOVA) found that the main effects for Line Spacing and
Text were not significant (Line Spacing: (F(2,43)=0.35, n.s.; Text: F(1,43)=1.99, n.s).
However, there was a significant main effect for Reading Type, (F(2,86)=181.63, p

<0.001, np2: 0.81). There were no significant interactions between variables.
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A Scheffé post hoc analysis was used to investigate the specific differences between
Reading Types. A Scheffé post hoc found that each Reading Type was significantly
different from each other (critical t at 95% confidence=2.49; at 99% confidence= 3.12).
Participants significantly spent shorter reading time in Scanning (Mean=22.76
SD=12.14) than both Skimming (Mean=48.43 S.D.=16.23, Observedt=-11.44, p<.01)
and Detailed Reading (Mean=84.30 SD=27.09, Observed t=-15.05, p<.01). Participants
significantly spent shorter reading time in Skimming (Mean=48.43 SD=16.23) than
Detailed Reading (Mean=84.30 SD=27.09, Observed t=-12.06, p<.01). Figure 4.1
shows the mean times spent per webpage (seconds) for Scanning, Skimming, and
Detailed Reading.

100
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Mean Time per web page (Sec)

Scanning Skimming Detailed Reading
Reading Type

Figure 4.1: Mean Reading Time per webpage (seconds)  for Scanning, Skimming,
and Detailed reading

4.5.2 Percentage of correct answers

An ANOVA found that the main effect for Line Spacing and Text on percentage of
correct answers were not significant (Line Spacing: F(2,43)=0.11, n.s.; Text:
F(1,43)=0.35, n.s). However, there was a significant main effect for Reading Type,
(F(2,86)=106.33, p<.001, np2 =.71). There was no significant interaction between the

variables.

A Scheffé post hoc found that the Reading Types were significantly different from each
other. Participants had significantly higher accuracy on Scanning (Mean =100 S.D.= 0)
than both Skimming (Mean=49.18 SD=26.33, Observed t=16.97, p<.01) and Detailed
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Reading (Mean=68.21 S.D.=25.17, Observed t=10.25, p<.01). While participants had
significantly lower accuracy on Skimming (Mean=49.18 SD=26.33) than Detailed
Reading (Mean=68.21 S.D.= 25.17, Observed t=-4.49, p<.01). Figure 4.2 shows the

mean percentage of correct answers for Scanning, Skimming, and Detailed reading.
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Figure 4.2: Mean Percentage of correct answers for ~ Scanning, Skimming, and

Detailed reading

4.5.3 Visual and physical fatigue

Visual and Physical Fatigue were measured the levels of visual and physical fatigue in
five aspects (Questions 1 - 5) and the last question for the overall fatigue on a 7 point
Likert items. Correlation analyses between the participants' rating on these five
aspects (Questions 1 - 5) and overall fatigue (Question 6) were assessed to investigate
whether the participants were reacting to different things.
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Table 4.1 Correlation between participants' rating on five aspects of Visual and

Physical Fatigue and Overall Fatigue for Scanning, Skimming, and Detailed
reading
Correlation/Reading task Scanning Skimming Detailed reading
Question 1/Question 6 56** B1** .66**
Question 2/Question 6 70** T4** 69**
Question 3/Question 6 .66** 70** .66**
Question 4/Question 6 .83** .88** .84**
Question 5/Question 6 A3 .83** 78**

* p<.05, ** p<.01

This strong pattern of correlations shown in Table 4.1 suggests that participants’
ratings of visual and physical fatigue in the five specific questions were not different
from ratings of overall fatigue as measured by Question 6. Therefore the overall fatigue

ratings were used in further analyses.

An ANOVA on the Overall Fatigue ratings found that the main effect for Line Spacing
was not significant (F(2,43)=0.27, n.s.). There was a significant main effect for Reading
Type (F(3,86)=20.90, p<.001, an =.33). There was no significant interaction between

variables.

A Scheffé post hoc found that Overall Fatigue ratings for each Reading Type were
significantly different from each other. Detailed reading (Mean=4.33 S.D.=1.55)
significantly produced a higher Overall Fatigue rating than either Skimming
(Mean=3.46 S.D.=1.70, Observed t=-4.05, p<.01) and Scanning (Mean=3.07
S.D.=1.50, Observed t=-6.38, p<.01). There was no significant difference between
Scanning and Skimming (Mean Scanning=3.07 S.D.=1.50; Observed t =-1.91, n.s.).
Figure 4.3 shows the Overall Fatigue ratings for Scanning, Skimming, and Detailed

reading.

One sample t-tests against the neutral mid-point rating of 4 showed that the mean
Overall Fatigue ratings for Scanning and Skimming were significantly lower than
neutral (Scanning: t 45) =-4.24, p<.001; Skimming: t(45)=-2.17, p<.05). While the mean

rating for Detailed reading was not significantly different neutral (t (45)=1.43, n.s.).
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Figure 4.3: Mean Overall Fatigue ratings for Scanni  ng, Skimming, and Detailed

reading

4.5.4 Participants’ perceptions of their use of the reading types

For the Participants’ perceptions of their use of each reading type, one participant
completed the questionnaire incorrectly, so their data were omitted from the following
analysis. An ANOVA found that the main effect for Reading Type was significant
(F(2,88)=8.19, p<.01, np2 =.16). A Scheffé post hoc found that participants used
Skimming (Mean=43.69 S.D.=17.28) with significantly higher frequency than both
Scanning (Mean=25.51 S.D.=18.12) (Observed t=-4.02, p<.01) and Detailed reading
(Mean=31.02 S.D.=18.14) (Observed t=2.78, p<.05). There was no significant
difference in frequency of Scanning and Detailed reading (Observed t=-1.16, n.s.).
Figure 4.4 shows the mean frequency (in percentage of time) for Scanning, Skimming

and Detailed reading.
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Figure 4.4: Mean frequency for Scanning, Skimming a  nd Detailed reading

For the percentage of time which participants believe the spend using each reading
type, an ANOVA found that the main effect for Reading Type was significant, (F(2,88) =
13.38, p<.01, an =.23). A Scheffé post hoc found that participants estimated that they
spent significantly more time Scanning (Mean=20.22 S.D.=17.93) than both Skimming
(Mean=36.00 S.D.=15.87, Observed t =-3.86, p<.01) or Detailed reading (Mean=43.78
S.D.=19.89, Observed t =-4.60, p<.01). There was no significant difference between
Skimming and Detailed reading (Observed t =-1.17, n.s.). Figure 4.5 shows the mean
percentage of time which participants estimated they spent using Scanning, Skimming
and Detailed reading.



105

100.00

80.00

60.00 T

40.00 T

Mean time (%)

20.00 -

0.00 -

Scanning Skimming Detailed Reading

Reading Types

Figure 4.5: Mean time (percentage) spent using Scan  ning, Skimming and

Detailed reading

4.6 Discussion

The results of this study provide evidence that the type of reading plays a part in both
the accuracy of answers to questions and time taken to do the reading. While
scanning accuracy relates to the ability to find a word, both skimming and detailed
reading relate to the comprehension of the text. In these cases, while skimming is
much faster than detailed reading this comes at a trade-off of lower accuracy. In
addition, the results show that skimming provides a similar advantage as that of
scanning in comparison to detailed reading, in that it produces lower fatigue both
physically and visually.

However, there is an interesting issue with the results of this study in that line spacing
did not seem to have any effect on the objective performance measures. This is odd,
as Ling and van Schaik (2007) who did the research with the same line spacing
condition as the current study found that visual search, a scanning task, did produce a

substantil difference in performance for different line spacings.

In trying to understand the failure to replicate Ling and van Schaik’s results, | realized
that the task used in my study was not exactly the same as the visual search task used
in Ling and van Schaik (2007). In particular, the my study asked participants to find a
target word in the text of the webpage, whereas Ling and van Schaik (2007) asked
participants to find a hypertext link word.
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In order to see if this difference in the task played a role in the lack of a significant
difference in the objective measures, further data was collected with the same
participants (as many of those who were available to participate in a further session)
with a task that more accurately replicated the Ling and van Shaik (2007) one, in order
to identify if this was in fact the reason for the difference in results. The new task will

referred to as Searching for Link Word.

4.7 Additional data collection

4.7.1 Experimental Design

The additional data collection had a two way mixed design. Line Spacing was the
between participants independent variable. Reading Type was within participant

independent variable. The independent variables had the following levels:

e Line Spacing - Single Line Spacing, 1.5 Line Spacing, or Double Line Spacing
¢ Reading Type - Seaching for link word (target present), or Searching for link

word (target absent)

Each participant undertook six tasks, three tasks with each reading type. Order of
reading type and the text were counterbalanced between participants to avoid fatigue
and practice effects. The dependent variables were Time spent per webpage,
Percentage of correct answers, Participants' ratings of visual and physical fatigue, and
Participants’ perceptions of their use of the reading types questionnaire which all

mentioned in Section 4.4.1.

The data from the additional data collection were added to the data already collected.
As there are two tasks for each of Reading Type in the main study and three tasks for
each of additional data collection. Therefore the average time and percentage of

correct answers in each Reading Type condition was calculated for further analysis.

4.7.2 Method

4.7.2.1 Participants

There were 15 participants, 11 males and 4 females, from the first round of data

collected who re-participated. The mean of age was 27.1 years (SD=4.3, range 19 - 34
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years). Two participants were undergraduate students, 8 were Ph.D. students and 3

were employed.

5 participants re-participated in the Single Line Spacing condition, 4 re-participated in
the 1.5 Line Spacing condition, and 6 re-participated in the Double Line Spacing

condition.

4.7.2.2 Equipment and materials

Equipment and materials in the additional data collection were the same as in the main

experiment, with the following changes.

A new website with three pages for a practice task and six pages for the experimental
tasks was created for this additional data collection. Each page had 275 words of text
about the Olympic Games, separated into four paragraphs. For each text, seven
nouns of approximately the same length to one another, distributed throughout the text,
were marked up as hypertext links. The mean number of characters for the link words
was 8.88 (SD=1.56, range: 7-12 characters). In the "present" condition, the target links
were presented in the upper-left, middle-right, or bottom-centre of the webpage an
equal number of times. In the "absent" condition, no target link word appeared on the
webpage. In three practice trials, the target link word was present twice and absent
once. In six pages for experimental, the target link word was present four times and

absent two times.

All texts and hypertext links on webpages were Arial 12 point with 1.5 line spacing and
left only justified. The texts on the webpages were always black text (#000000) on
white background (#FFFFFF) while hypertext links were presented in blue text
(#0000FF) and underlined. As before, three versions of the website were created

corresponding to the three levels of Line Spacing; Single, 1.5, Double Line Spacing.

4.7.3 Procedure
The procedure was similar to the first data collection, with the following differences.

Participants were given onscreen instructions explaining that they were going to
perform a Searching for link word task, specifically that they were to try to find a
hyperlink word on a webpage as quickly and as accurately as possible. If the link was
present on the page, they had to press the ‘P’ key, and if it was absent they had to

press ‘A’



108

After reading the instructions, participants pressed the ‘S’ key on the keyboard to start
the trials. For each trial the following sequence of screens were presented: a blank
white screen for two seconds, then a target hypertext link word in Arial 48 point font at
the centre of a white background for one second, two seconds of blank white screen,
and finally an text on a webpage. The participant’s response automatically initiated the
next trial. If a participant had not responded after seven seconds then the next trial

automatically started.

After participants completed the practice trails, they were asked to do the six Searching
for Link Word task with the same Line Spacing which they had experienced in the
previous session. Once the participants completed all the tasks, they were asked to
complete the visual fatigue questionnaire and participants’ perceptions of their use of

the reading types questionnaire.
4.7.4 Data preparation

The data which collected from the additional data collection were added to the data
already collected. As before, | did the histograms from the data on Time spent per
webpage in each of Reading type. The histogram was not a normal distribution then it
was necessary to nhormalise before doing the analysis by using the method outlined in

Section 3.4.1. In this process, 3 from 75 data (4%) were adjusted.
4.7.5 Results

There was a different number of task in each Reading Type: three tasks in each
Searching for link word condition (target present and absent conditions) and two tasks
each in Scanning, Skimming, and Detailed reading. Therefore the average time and
average percentage of correct answers in each Reading Type condition was calculated

for further analysis. All times were measured in seconds.

4.7.5.1 Time spent per webpage

An Analysis of Variance (ANOVA) found that the main effect for Line Spacing was not
significant (F(2,12)=0.39, n.s.). There was a significant main effect for Reading Type
(F(4,48)=64.72, p<.001, an =.84).There was no significant interaction between the

variables.

A Scheffé post hoc analysis was used to investigate the specific differences between

Reading Type.
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Table 4.2: Observed t - values between all pairs o  f Reading Type for Time spent

per webpage

Searching Searching Scanning Skimming Detailed
for link for link Reading
word word
(target (target
present) absent)
Searching - 3.88 -9.27** -10.52** -8.80**
for link word
(target
present)
Searching - - -8.62** -10.33** -8.69**
for link word
(target
absent)
Scanning - - - -5.75% -6.75%*
Skimming - - - - -7.84*
Detailed - - - - -
Reading

*p<0.05 *p<0.01

A Scheffé post hoc found that each reading type was different from each other, except
Searching for link word (target present) (Mean=2.15 seconds, SD=1.04) which was not
different from Searching for link word (target absent) (Mean= 3.09 SD=0.75, Observed
t=-3.88, n.s.).

Searching for link word (target present) (Mean=2.15, SD=1.04) took a significantly
shorter time than Scanning (Mean=19.43, SD = 7.45, Observed t = -9.27, p<.01),
Skimming (Mean=41.96, SD=14.71, Observed t=-10.52, p<.01), and Detailed Reading
(Mean=75.27, SD=32.50, Observed =-8.80, p<.01).

In addition, Searching for link word (target absent) (Mean=3.09, SD=0.75) took a
significantly shorter time than Scanning (Mean=19.43, SD=7.45) (Observed t =-8.62,
p<.01), Skimming (Mean=41.96, SD=14.71) (Observed t=-10.33, p<.01), and Detailed
Reading (Mean=75.27, SD=32.50) (Observed t =-8.69, p<.01).

Finally, Scanning (Mean=19.43, SD=7.45) took a significantly shorter time than
Skimming (Mean=41.96, SD=14.71) (Observed t=-5.75, p<.01), and Detailed Reading
(Mean=75.27, SD=32.50) (Observed t =-6.57, p<.01). Skimming (Mean=41.96,
SD=14.71) took a significantly shorter time than Detailed Reading (Mean=75.27,
SD=32.50, Observed t =-4.84, p <.05).
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Figure 4.6 shows the mean time per webpage (sec) for Searching for link Word (target
present), Searching for link Word (target absent), Scanning, Skimming, and Detailed

reading.
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Figure 4.6: Mean Time per Webpage (sec) for Searchi ng for link word (target

present and absent), Scanning, Skimming, and Detail  ed reading

4.7.5.2 Percentage of correct answers

An ANOVA found that the main effect for Line Spacing on percentage of correct
answers was not significant (F(2,12)=0.15, n.s.). There was a significant main effect for
Reading Type, (F(4,48)=20.87, p<.001, n,f =.64). There was no significant interaction

between the two variables.

A Scheffé post hoc found that Skimming (Mean 42.50 S.D.=19.93) produced a
significantly lower percentage of correct answers than Searching for link word (target
present) (Mean=86.67 S.D=30.34, Observed t=5.61, p<.01), Searching for link word
(target absent) (Mean=84.44 S.D.=30.52, Observed t= 5.42, p<.01), Scanning
(Mean=100 S.D.=0, Observed t=11.17, p<.01), and Detailed Reading (Mean=71.67
S.D.=22.39, Observed t=-4.85, p<.05). Finally, Detailed reading (Mean=71.67

S.D.=22.39) produced a significantly lower percentage of correct answers than
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Scanning (Mean=100 S.D.=0, Observed t=4.94, p<.05). There were no other significant
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Figure 4.7: Mean Percentage of correct answers for  Searching for link word

(target present and absent) Scanning, Skimming, and Detailed reading

Figure 4.7 shows the mean percentage of correct answers for Searching for link Word
(target present and absent), Scanning, Skimming, and Detailed reading.

4.7.5.3 Visual and physical fatigue

The Visual and Physical Fatigue were measured the levels of visual and physical
fatigue in five aspects (5 questions) and the last question for the overall fatigue on a 7
point Likert items. Correlation analyses between the participants' rating on these five
aspects (question 1-5) and overall fatigue (question 6) were assessed to investigate
whether the participants were measuring the different things.

This strong pattern of correlations, see Appendix 19, suggests that the overall fatigue in
question 6 represented the other 5 questions of visual and physical fatigue. The overall
fatigue for each participant for each of the reading typre was used for the further

analysis.
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An ANOVA found that the main effect for Line Spacing on the Overall Fatigue ratings
was not significant (F(2,12)=0.02, n.s.). There was a significant main effect for Reading
Type (F(3,36)= 8.33, p<.001, an =.41). There was no significant interaction between
the variables.

A Scheffé post hoc found that Detailed reading (Mean=3.73 S.D.=1.28) was rated
significantly higher in overall fatigue than both Searching for link word (Mean=2.40
S.D.=1.30, Observed t=-4.39, p<.05), and Skimming (Mean=2.67 S.D.=1.40, Observed

t=-4.30, p<.05). There were no other significant differences.

Figure 4.8 shows the mean Overall Fatigue for Searching for link Word (both target

present and absent), Scanning, Skimming, and Detail reading.
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Figure 4.8: Mean Overall Fatigue ratings for Search  ing for link word (both target

present and absent) Scanning, Skimming, and Detaile  d reading

One sample t-tests against the neutral mid-point rating of 4 showed that the mean
ratings for Searching for link word, Scanning and Skimming were significantly lower
than neutral (Searching for link word: t(14)=-4.77, p<.001; Scanning: t(14)=-3.26,
p<.01; Skimming: t(14)=-3.70, p<.01). While the mean rating for Detailed reading was
not significant different from neutral (Detailed reading: t(14)=-0.81, n.s.).

4.8. Discussion and Conclusions

In spite of collecting and analysing add additional data using the Ling and van Shaik

(2007) methodology, line spacing was not shown to have a significant effect on
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performance on the Searching for Link Word task. The results differ from Ling and van
Shaik (2007) who used the Searching for Link word task and found a significant effect
of line spacing on accuracy and reaction times. However, for current study, line spacing
had no effect on participants' performance on any reading task types used: Searching

for Link Word, Scanning, Skimming, and Detailed Reading.

O'Hara (1996) noted that web users use different types of reading for different
purposes. Information on the web may be skim read, scanned for a piece of
information, or read for comprehension. Using such a range of reading types in an
experiment would be good as it reflects the real range of reading activities of web
users. However, it would create a very complex and time consuming study for
participants and mean that fewer variables could be investigated at any one time.
These issues are of particular concern when doing research with older participants. It

would preferable to use a single type of reading task to overcome these issues.

When considering appropriate reading tasks to be used in the subsequent experiments
about reading text on webpages in this programme of research, it is important to select
a reading task which is ecologically valid (O'Hara and Sellen, 1997; Pearson and van
Schaik, 2003). In order to select a single reading type for the subsequent studies, there
are five dimensions to be taken into consideration in making a decision: how time
consuming a task is; how much overall fatigue it puts on participants, particularly
relevant for older participants; the ability of the task to generate different reading
speeds and thus allow discrimination in reading performance; participants' feelings in
doing the task, as it is unethical to subject participants to unnecessary upset; and

finally the ecological validity of the task in relation to web users’ actual behaviour.

In terms of the time consuming nature of the task, detailed reading required a
signficantly longer time on each webpage over the other reading types. Searching for
link word and scanning took much shorter times while skimming took a moderate time.
For this dimension therefore, the tasks with the shorter times, searching for link word,

scanning, and skimming, are recommended.

In terms of overall fatigue, detailed reading produced the highest level of overall
fatigue, significantly higher than skim reading searching for a link word and scanning,
which were not significantly different from each other. Therefore, for this dimension,

searching for link word, scanning, or skim reading, are recommended.

In term of producing a high percentage of correct answers, participants made some

erroneous answers on every reading type, except scanning. In the scanning task, all
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participants produced the same completely successful rate (100%) regardless of line
spacing condition. Thus, if using the scanning task in further studies, the independent
variables may produce a similar ceiling effect, and there will be no variation in the
percentage of correct answers. For the other reading types participants had different
percentages of correct answers, so the independent variables have the possibility to
produce significant effects. For this dimension, searching for link word, skimming, and

detailed reading are recommended.

In term of participants' feeling, many participants gave feedback after completing the
four different reading tasks that they were nervous and stressed while doing the
searching for link word and scanning tasks. In the searching for link word task,
participants had only seven seconds for complete each trial. If they did not respond
within seven seconds then the next trial automatically started, which made some
participants felt nervous and stressed. For the scanning task, there was no time limit for
completing each trial, but the nature of the task is quite similar to searching for a link
word. Some participants were also stressed during the scanning task as they felt that
they had to complete each trial very quickly. Sometimes when the participants
completed the trails slower than they had expected, they felt nervous. However,
participants did not feel particularly nervous when undertaking the skim reading and
detailed reading tasks. Thus, for this dimension, skimming and detailed reading are

recommended.

In terms of being ecologically valid, as mentioned above, all the reading types are
ecologically valid but which reading task reflects web users’ most typical behaviour?
Skim reading is the reading type that web users reported that they used more
frequently when they read text on webpages. In addition, participants reported using
skim reading and detailed reading for the same percentage of time. Thus for this
dimension, skim reading is recommended due to the results on both estimated

frequency of use and estimated amount of time used.

In terms of the limitations of the study, the participants in this current study were all
younger adults. Older participants were not recruited as the study was complex and
time-consuming, including a number of different reading tasks. Participants needed to
switch between the different reading types which it was not particular hard for younger
adults but might have been stressful for older adults. So, if the older adults participated
in the study, the results might longer time or higher overall fatigue than the current

results.
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Conclusion: an appropriate task for research about reading webpages

The discussion on the five dimensions above shows that skim reading is not time
consuming and participants did not become nervous when doing it because of any time
limit in completing the task. In addition, skim reading produced less overall fatigue but
showed a variations in the percentage of correct answers. Finally, skim reading
reflected how web users estimate their use of read tasks on the web both in terms of
frequency and percentage of time used. Thus, | chose the skim reading task as the

reading task for use in the subsequent experiments in this programme of research.



Chapter 5

Effects of font type and font size on
skim reading webpages

by younger and older people
In the UK and Thailand

5.1 Introduction

This chapter presents the results of the third experiment in this programme of research
which investigated the effect of font type and font size on skim reading webpages by

younger and older adults both in Thailand and the UK.

Font type and font size were chosen to investigate as independent variables in the third
experiment because both of these aspects of text presentation are mentioned in
multiple sets of guidelines on web accessibility for older adults, as discussed in the
literature review in Chapter 2. However, the recommendations in these guidelines
usually not supported by evidence and are unclear as to why particular presentations

would be better for older adults.

Font type is one of aspects of text presentation which many web design guidelines
mention but the recommendations they make about this feature are varied. In seven
sets of guidelines which mention font type, recommendations about font type are: Zhao
(2001) recommends choosing font type based on “legibility” without explaining what
that means; Agelight (2001) similarly suggests choosing font type based on “familiarity
and legibility”; the SPRY Foundation (Holt and Komlos-Weimer, 1999), Holt (2000),
SilverWeb (Kurniawan and Zaphiris, 2005; Zaphiris, Kurniawan and Ghiawadwala,
2007), the National Institute on Aging/National Library of Medicine (NIA/NLM, 2002),
and ARRP (2004) all recommend using a sans serif font type; SilverWeb (2005, 2007)

warns against the use of fancy font types; and NIA/NLM (2002) warns against the use
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of serif, novelty, and display font types; ARRP (2004) refers to the fact that some

research suggested serif fonts for speed but that readers prefer sans serif fonts.

The recommendations about font size provided by the guidelines are also varied.
WebCredible (Fidgeon, 2006) suggests that less than 12 point is too small to read but
do not recommend a specific font size; Holt (2000) also does not provide specific font
size. Zhao (2001) recommends at least 12 point; Agelight (2001), the SPRY
Foundation (Holt and Komlos-Weimer, 1999) and SilverWeb (Kurniawan and Zaphiris,
2005; Zaphiris, Kurniawan and Ghiawadwala, 2007) recommend 12 to 14 point; while
NIA/NLM (2002) recommends 12 or 14 point.

Currently, there is no specific recommendations, nor evidence regarding user
performance or preference, on font type and font size for Thai language web sites in

any web design guidelines.

This experiment tested a range of combinations of font type and font size with younger

and older participants from both the UK and Thailand.
The following research questions were addressed by this study:

1. Does font type have an effect on reading performance and preferences of

younger and older people when reading web pages?

2. Does font size have an effect on the reading performance and preferences of

younger and older people when reading web pages?

3. Does age group have an effect on reading performance and preferences

when reading web pages?

4. Does nationality have an effect on reading performance and preferences

when reading web pages?

5. Do attitudes toward the web have an effect on reading performance when

reading web pages?

5.2 Font Types in Latin and Thai alphabets

To investigate font type in English and Thai texts, decisions needed to be made not
only about the font types to use for the English texts, but also for the Thai texts. This
section explains fonts in the Thai alphabet and their equivalent to fonts in the Latin

alphabet. The Thai Conservative font type includes an extra circle at the beginning of
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most of consonants and vowels (Figure 5.1 and Figure 5.2), while the Modern font type
does not (Figure 5.3 and 5.4). Thus, the Thai Conservative font type corresponds most
closely to a serif font in the Latin alphabet and the Thai Modern font type correspond

most closely to a sans serif font.

A TaduilailuouwdeiiuAvissduununéase
AduiiasauranioiiigesauuasAivnaguun
HinAvIvaraWuaulnINTunswAvIUANINAIN
vaglszian  Taduianudleasunisaanduindu
NuuviuAiiasidduianuaslan

Figure 5.1 : An example of text written in the Thai Conservati  ve font.

Serif &92fel

Figure 5.2 : An example of a Latin alphabet serif fontanda T  hai alphabet
conservative font. The red circled areas show extra annotation on the

characters.

AuhToauTNITUNUIRLBUALNS:AULNUINAAS]
énﬁcurinsaunauﬁJmﬂ1r‘|Q§QU||a:mmqqr1 U9
DUnAuhHaewuAuRNSoUiumMsIRiIUALHaIN
Hawouszinn  JeauUninuélasumseousuinu
NUIRIIY umﬂm§Jé1ﬁcurie}nuaJTan

Figure 5. 3: An example of a text written in Thai Modern font.
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sans Serif dsy¢

Figure 5.4: An example of a Latin alphabet sans se rif font and a Thai alphabet

modern font. The red circled areas show areas abse  nt of extra annotation.

5.3 Method

5.3.1 Design

A four way mixed design was used in this experiment. Age Group and Nationality were
the between participant independent variables, and font size and font type were the

within participant independent variables.
The independent variables had the following levels:

e Age Group - participants were either Older Adults (55 years and over for
participants in Thailand and 65 years and over for participants in the UK, see
Section 2.3 for calculation of appropriate minimum age for older adults in
Thailand and the UK) or Younger Adults (18 to 39 years in both Thailand and
the UK)

o Participants nationality, language and writing system (Nationality for short) -
participants were either British people in the UK who were native speakers of

English or Thai people in Thailand who were native speakers of Thai
e Font Size — either 12, 14, or 16 point

o Font Type — either serif: Times New Roman and Thai Conservative font type or

sans serif: Arial and Thai modern font type

Each participant undertook six tasks on web pages, one task with each of the six
combinations of Font Type and Font Size. Tasks were to skim read the text and answer
four multiple choice questions. The order of presentation of the six combinations was

counterbalanced between participants to compensate for practice and fatigue effects.
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Two dependent variables related to performance were measured:

e Time spent per web page — this was a measure of the reading speed of

participants on a web page.

e Number of correct answers — this was measure of the efficiency. The number of
correct answers were calculated and converted to the percentage of correct

answer before analyses were undertaken
Five dependent variables related to participants' preferences were measured:

o Participants' attitude towards the web were measured using the Attitudes
toward the Web Scale (Burn, 2003) which has three factors: Confidence,
Performance, and Fashion (see Chapter 2, section 2.4, for more detailed

information)

e Participants' rating of visual and physical fatigue (adapted from Tyrrell and
Leibowitz, 1990)

e Participants’ ratings of each Font Type condition on three dimensions: Ease of

Reading; Pleasantness of Reading; and Speed of Reading

e Participants’ ratings of each Font Size condition on three dimensions: Ease of

Reading; Pleasantness of Reading; and Speed of reading

e Participants’ ratings of their overall preference of each of combination of Font

Type and Font Size

Participants' ratings on the visual and physical fatigue was measured at the end of
each task while the other ratings were measured when the participants had completed
all the tasks. All the preference dependent variables were all measured on five point
Likert items, except the visual and physical fatigue questionnaire which was measured
on a seven point Likert items. The seven point Likert scale of visual and physical

fatigue was adopted from Dillion, Kleinman, Ok Choi, and Bias (2006).

5.3.2 Participants
72 people participated in this experiment. 30 participants in the UK and 42 in Thailand.
The UK participants comprised 18 Younger and 12 Older Adults. The UK Younger

Adults comprised 12 males and 6 females, aged between 18 and 33 years (Mean =

20.56 years, SD = 3.88). There were 16 undergraduate students, one Masters degree
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student, and one Ph.D. student. All the Younger Adults had no experience with the
previous experiments in this programme of research. The UK Older Adults comprised 6
males and 6 females, aged between 65 and 87 years (Mean = 73.75 years, SD = 7.15).
All the UK Older participants were retired.

The Thai participants comprised 21 Younger and 21 Older Adults. The Thai Younger
Adults comprised 8 males and 13 females, aged between 21 and 39 years (Mean =
27.71 years, SD = 4.92). Four were undergraduate students, four were Masters
students, five were Ph.D. students and eight were employed. The Thai Older Adults
comprised 11 males and 10 females, aged between 60 and 76 years (Mean = 61.67

years, SD = 3.32). 16 were employed and the other five were retired.

The Younger Adult participants were offered a gift voucher valued at £10. The Older
Adult participants were offered a gift voucher valued at £15, as the sessions for the

Older Adults took considerably longer than those for Younger Adults.

The UK Younger Adult participants were recruited by sending an email to students in
Department of Computer Science, the University of York, and a message was also

posted on the Uiversity of York Graduate Student Association web site.

The UK Older Adult participants were recruited from panel list of older people who had
participated with previous studies for the Human-Computer Interaction Research Group

in the Department of Computer Science and the York Older People’s Assembly.

The Thai Younger participants were recruited from students, staff, and alumni of
Suranaree University of Technology in Thailand. The Older participants were recruited

from lecturers and staff of Suranaree University of Technology inThailand.

In both the UK and Thailand, a snowball recruiting strategy was also used with the
Older Adult participants, once someone had taken part in the study, they were asked to

ask their friends if they would like to participate in the study.

5.3.3 Equipment

The study was conducted on a personal computer (Acer Aspire 4741, Intel (R) Core
(TM) i5) running Windows 7 Home Premium and Internet Explorer 9 with a standard

keyboard, 2-button mouse with a scroll-wheel, video camera, and 21.5 inch LED
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Monitor. The screen resolution was 1920 x 1080 pixels. Morae* software was used to

record and analyse the sessions.

5.3.4 Materials

5.3.4.1 Pre-study questionnaires

There were two pre-study questionnaires. The first pre-study questionnaire was
adapted from the Attitudes toward the Web Scale (Burn, 2003), a set of 18 statements
about respondents' attitudes towards the web, which are rated on five point Likert items
(1 = strongly disagree, 5 = strongly agree). This scale has three Factors: Confidence,
Performance, and Fashion, see Chapter 2, Section 2.4 for more details. The full set of
guestions and scoring of the scales can be found in Appendix 10. The data collected
from this questionnaire provided participants' attitude towards the web, which was one

of the preference dependent variables.

The second pre-study questionnaire consisted of a set of questions about the
participants’ use of the web and demographic information. Questions included
information about age, gender, occupation, experience with the web, and use of the
web. The questions also asked participants to rate their level of computer experience
(on a 7 point Likert item: 1 = none at all, 7= extensive) and their expertise in using the
web (on a 7 point Likert item: 1 = none at all, 7=expert). The full set of questions can be

found in Appendices 3 and 4, for the English and Thai versions respectively.

5.3.4.2 Post-study questionnaire

A post-study questionnaire measured participants' ratings of Ease, Pleasantness, and
Speed of Reading for each condition of Font Type and Font Size, and their Overall
rating of Preference of each combination of Font Type and Font Size on a 5 point Likert
items (1 = least preferred / strongly disagree, 5 = most preferred / strongly agree). The
gquestionnaire was adapted from the first and the second experiments. The
guestionnaire was similar to the questionnaire in Appendix 5 and 6, for the English and

Thai versions respectively.

! http://www.techsmith.com/morae.html
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The post-study questionnaire provided three preference dependent variables:
participants’ ratings of each Font Type on three dimensions, participants’ ratings of
each Font Size on three dimensions, and participants’ ratings of their overall

preference of each of the combination of Font Type and Font Size.

5.3.4.3 Visual and physical fatigue questionnaire

The visual and physical fatigue questionnaire was adapted from Tyrrell and Leibowitz
(1990) while the 7 point Likert items (1 = strongly disagree; 7 = strongly agree) adopted
from Dillion, Kleinman, Ok Choi, and Bias (2006). This questionnaire was the same as
used in the second experiment, see Appendix 13 and 14, for the English and Thai

versions respectively.

The visual and physical fatigue questionnaire provided the data for one of the

dependent variable in this study.

5.3.4.4 Experimental web site

Two multi-page websites were created for this study, one in English and one in Thai.
The English website was adapted from the materials discussed in the experiment
detailed in Chapter 3. The Thai website was adapted from the experiment detailed in
Chapter 3 and was checked for quality of translation as per the protocol given in
Appendix 19. Each website had a page for practice task and six pages for the

experimental tasks.

On the English website, each page had 275 words of text about the Olympic Games,
separated into four paragraphs. The texts were approximately the same ease of
reading. On the Thai website each page had 354 words of text, separated into four
paragraphs. This number of words was approximatly the same length of text as 275
words in English. However, when the text, both English and Thai version, were
separated into four paragraphs, there were some different lengths in paragraphs, as
shown in Figure 5.5 and Figure 5.6. The content on web page in the study were similar

to those found in Appendices 11 and 12, for the English and Thai versions respectively.

In line with the results of the first experiment, the content was organised to left - right

justified with 1.5 line spacing.
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File Edit View Favorites Tools Help

Information about Olympics

As mandated by the Olympic Charter, various elements frame the opening ceremony of the Olympic Games. Most of these
rituals were established at the 1920 Summer Olympics in Antwerp. The ceremony typically starts with the hoisting of the host
country's flag and a performance of its national anthem. The host nation then presents artistic displays of music, singing,
dance, and theatre representative of its culture.

After the artistic portion of the ceremony, the athletes parade into the stadium grouped by nation. Greece is traditionally the first
nation to enter in order to honour the origins of the Olympics. Nations then enter the stadium alphabetically according to the
host country's language, with the host country's athletes being the last to enter. Opening speeches are given, formally opening
the Games. Finally, the Olympic torch is brought into the stadium and passed on until it reaches the final torch carrier - often a
well-known and successful Olympic athlete from the host nation - who lights the Olympic flame in the stadium's cauldron

The closing ceremony of the Olympic Games takes place after all sporting events have finished. Flag-bearers from each
participating country enter the stadium, followed by the athletes who enter together, without any national distinction. Three
national flags are hoisted while the corresponding national anthems are played: the flag of Greece, to honour the birthplace of
the Olympic Games; the flag of the current host country; and the flag of the country hosting the next Olympic Games

The president of the organizing committee and the president of the International Olympic Committee (I0C) make their closing
speeches and the Olympic flame is extinguished, officially closing the Olympic Games.

- - - Press the space bar when you have finished skimming - - -

Figure 5.5: Example page from the experimental web  site (English version)
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Figure 5.6: Example page from the experimental web  site (Thai version)

5.3.4.5 Experimental tasks and multiple choice ques  tions

The tasks asked participants to skim read the text on a web page as quickly and
accurately as possible in order to understand the main ideas of the text. [The
participants were informed to press the space bar to indicate that they had finished
skim reading a text. Then, participants were asked to complete four multiple choice

guestions.



125

After each task there was a set of four multiple choice questions. All multiple choice
questions could be answered from content found in the text and had the approximatly
the same level of difficulty. The last choice of each multiple choice question was "I'm
not sure" for avoiding participants answering the questions correctly by guessing. All
multiple choice questions were printed on paper to avoid visual fatigue during
completing the questions. Because the task is reading, which was done from the
screen. The full set of multiple choices questions were found in Appendices 11 and 12,

for the English and Thai versions respectively.
5.4 Procedure

The study was conducted at a number of locations, all quiet rooms at the institutions

where the participants studied or where they came to take part in the study.

Before starting the study, participants were briefed about its nature, and their rights.
Any questions that participants had about the study were answered. When they were
happy about participation in the study, they were asked to sign the consent form
section A (see Appendices 1 and 2, for the English and Thai versions respectively).
After signing the consent form, participants were asked to complete the pre-study

gquestionnaire (see Appendices 3 and 4, for the English and Thai versions respectively).

Participants were asked to sit approximatly 57 cm. from the monitor that is the average
distance which most people feel comfortable (College of Optometrists, 2013). They
were then asked to use the web browser to explore the web to make themselves
familiar with the computer, monitor, mouse, and the Internet Explorer web browser.
When participants were comfortable and ready to start, the participants were given a

practice task to familiarise themselves with the task required in the study.

For each experimental task, participants skim read the text on a web page with the
appropriate combination of font type and size as quickly and accurately as possible in
order to understand the main ideas of the text. The participants were asked to press
the space bar to indicate that they had finished skim reading on the text. Then,
participants were asked to complete the four multiple choice questions about the text
and the visual and physical fatigue questionnaire. The multiple choice questions and
the guestionnaire were presented on paper to avoid further visual fatigue. Once the
participants completed these items, they were asked to continue to the next task by
clicking the "Next" button when they were ready. On clicking "Next" a new text with a

different combination of Font Type and Font Size was shown to the participants. This
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process was repeated for each of the six tasks. All task sections of the experiment

were recorded using Morae for later analysis.

The order of presentation of the web pages with the six combinations of Font Type and

Font Size was counterbalanced between participants.

After completing all the tasks, participants were asked to rate the Ease, Pleasantness,
and Speed of Reading for each condition of Font Type and Font Size, and their overall
rating of preference of each of combination of Font Type and Font Size using the post-
study questionnaire (similar to Appendix 5 and 6). As a reminder, examples of Font

Type, Font Size, and six combinations were provided to participants.

Participants were then debriefed and the purpose of the study was fully explained to
them and any questions they had were answered. Participants were then asked to sign

the Section B of consent form to show they were happy with their experience.

Each session took approximately 20 minutes to complete for Younger Adult

participants, and approximately 40 minutes to complete for Older Adult participants.

5.5 Data preparation

Firstly, | did the histograms from the Data on Time spent per webpage in each
combinations of Font Type and Font Size. The histogram was not a normal distribution,
it was necessary to normalise before doing the analysis by using the method outlined in
Section 3.4.1. In this process, 16 data points out of a total of 432 data points (3.70%)

were adjusted.

5.6 Results

Analysis of Variance (ANOVA) was used to investigate the effects of the independent
variables of Font Type and Font Size and the appropriate post-hoc analyses were
conducted when there were any significant effects from the overall ANOVA analysis. In
addition, for participants' preference ratings, t-tests were used to investigate whether

preference ratings were significantly above or below the mid-point of the rating scale.
5.6.1 Time spent per web page

A four way Analysis of Variance (ANOVA) found that Font Type, Age Group and

Nationality all had significant effects on the time spent per web page (Font Type: F
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(1,68) = 6.26, p < 0.05, n,” = 0.08; Age Group: F(1,68)=5.25, p<.05, n,’ =.07;
Nationality: F (1,68)=22.76, p<.001, npz =.25). However, there was no significant effect
of Font Size (F(2,136)=.47, n.s.). In addition, There were significant interactions
between Font Type and Nationality (F(1,68)=7.19, p<.01, an =.10), and between Age
Group and Nationality (F(1,68)=9.52, p<.01, np2 =.12). There were no other significant

interactions between any of the independent variables.

The Serif fonts produced a significantly shorter skim reading times per web page than
the sans serif fonts (Mean serif=69.77 sec. SD=25.97; Mean sans serif=73.35 sec.
SD=30.24).

Older Adults spent significantly longer time skim reading per web page than Younger
Adults (Mean Younger Adults=66.34 SD=29.86; Mean Older Adults=77.73 SD=24.81).

The UK participants spent significantly shorter time per web page than Thai
participants (Mean UK participants=55.78 SD=18.93; Mean Thai participants=82.82
SD=28.37).

A Scheffé post hoc analysis was used to test the specific differences in the interaction
between Font Type and Nationality. Table 5.1 shows the pattern of observed t-values
for the two way interaction of Font Type and Nationality. For the UK participants, there
was no significant difference on reading time between serif and sans serif (Mean
serif=55.77 sec. SD=19.44; Mean sans serif=55.79 sec. SD=18.52) (Observed t = -.16,
n.s. , critical t at 95% confidence level: 3.46, at 99%: 4.59). For Thai participants, serif
was marginally read faster than sans serif font type. (Mean serif=79.76 sec.
SD=25.47; Mean sans serif=85.89 sec. SD=30.79) (Observed t =-3.37, n.s.).

However, there were significant differences between the UK participants and the Thai
participants reading time for both font types. The UK participants read serif text (Mean
serif for UK participants=55.77 sec. SD=19.44) significantly faster than both Thai
participants reading serif text (Mean serif for Thai participants=79.76 sec. SD=25.47)
(Observed t=-7.51, p<.01), and Thai participants reading san serif text (Mean sans serif
for Thai participants=85.89 sec. SD=30.79, Observed t=-8.16, p <.01). The UK
participants also read sans serif text (Mean sans serif for UK participants=55.79 sec.
SD=18.52) significantly faster than both Thai participants reading serif text (Mean serif
for Thai participants=79.76 sec. SD=25.47, Observed t=-8.24, p<.01), and Thai
participants reading sans serif text (Mean sans serif for Thai participants=85.89 sec.
SD=30.79, Observed t=-8.24, p<.01). This interaction is shown in Figure 5.7.
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f Font Type and Nationality

combination for Time spent per web page

UK Thai
Serif Sans serif Serif Sans serif
UK Serif - -0.16 -7.51** -8.16**
Sans - -8.24** -8.24**
serif
Thai | Serif - - -3.37
Sans - -
serif
* p<.05, * p <.01 critical t at 95% confidence level: 3.46, at 99%: 4.59
120.00
@ 100.00 I
[J]
oo
S 80.00
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Figure 5.7: Mean Reading Time per web page (seconds ) for serif and sans serif

for the UK and Thai participants

A Scheffé post hoc analysis was used to test the specific differences in the interaction
between For the interaction between Age Group and Nationality. Table 5.2 shows the
observed t-values between each pair of combinations of Age Group and Nationality.

UK Younger Adults (Mean UK Younger Adults=44.80 sec. SD=8.42) read significantly
faster than UK Older Adults, Thai Younger Adults, and Thai Older Adults (Mean UK
Older Adults=72.25 sec. SD=18.40; Mean Thai Younger Adults=84.79 sec. SD=29.28;
Mean Thai Older Adults=78.74 sec. SD=27.40; Observed t UK Younger Adults vs UK
Older Adults=-11.38, p<.01; Observed t UK Younger Adults vs Thai Younger Adults=-
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14.43, p<.01; Observed t UK Younger Adults vs Thai Older Adults=-12.56, p<.01)
(critical t at 95% confidence level: 3.46, at 99%: 4.59). There were no significant

difference between other combinations of variables. This interaction is shown in Figure

5.8.

Table 5.2: Observed t-values for all pairs of Age

combination for Time spent per web page

Group and Nationality

UK Thai
Younger Older Younger Older
UK | Younger - -11.38** -14.43** -12.56*
Older - -2.60 -1.48
Thai | Younger - - 1.21
Older - -

* p<.05, * p <.01 critical t at 95% confidence level: 3.46, at 99%: 4.59

120.00

100.00

80.00 -

60.00 -
m UK

40.00 - H Thai

20.00 A

Mean Time per web page (sec)

0.00 -
Older Adults

Younger Adults

Age Group

Figure 5.8: Mean Reading Time per web page (seconds ) for Younger and Older

Adults for the UK and Thai participants
5.6.2 Percentage of Correct Answers

For Percentage of correct answers, an four way Analysis of Variance (ANOVA) found
that Font Type, Font Size and Age Group had no significant effects (Font Type:
F(1,68)=.46, n.s.; Font Size: F(2,136)=2.64, n.s.; Age Group: F(1,68)=3.70, n.s.).
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However, there was a significant effect of Nationality (F(1,68)= 7.41, p<.01, np2 =0.10).

There were no significant interactions between any of the independent variables.

The UK participants were significantly more accurate at answering the questions than
Thai Participants (Mean UK participants=53.19 SD=26.09; Mean Thai
participants=44.84 SD=26.03).

To investigate whether there was a speed-accuracy trade-off in the way the
participants undertook the tasks, the Time Spent per Web Page and the Percentage of
Correct Answers were correlated. However, correlation were not significant for either
Younger and Older Adults (Younger Adults: r(39)= -.13, n.s., Older Adults: r(33)=.19,

n.s.).

5.6.3 Visual and Physical Fatigue

Visual and Physical Fatigue was measured with five questions and an additional
guestion for overall fatigue on 7 point Likert scales. Correlation analyses between the
participants' rating on these five questions and overall fatigue were assessed to

investigate whether the participants were measuring different things.

This strong pattern of correlations (see Appendix 15), suggests that the overall fatigue
in question 6 represented the other 5 questions of visual and physical fatigue.
Therefore, the overall fatigue for each participant for each of the two Font Type levels

and the three Font size levels was used for the further analysis.

A four way Analysis of Variance (ANOVA) found that Font Type, Age Group, and
Nationality had no significant effect on the overall fatigue ratings (Font Type:
F(1,68)=2.31, n.s.; Age Group: F(1,68)=2.53, n.s.; Nationality: F(1,68)=.10, n.s.).
However, there was a significant effect of Font Size (F(2,136)=6.61, p<.01, np2 =.09).

There were no significant interactions between any of the independent variables.

A Scheffé post hoc analysis was used to investigate the specific differences between
Font Size which is illustrated in Figure 5.9. Overall fatigue for 12 point text was
significantly higher than overall fatigue for 16 point (Mean overall fatigue for 12
point=2.47 SD=1.56; Mean overall fatigue for 16 point=2.13 SD=1.33), Observed t-
=3.65, p<.01, critical t at 95% confidence level: 2.47, at 99%: 3.09). There was no
difference between Mean overall fatigue for 12 point and overall fatigue for 14 point
(Mean overall fatigue for 12 point=2.47 SD=1.56; Mean overall fatigue for 14
point=2.28 SD=1.40), and between overall fatigue for 14 point and 16 point (Mean
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overall fatigue for 14 point=2.28 SD=1.40; Mean overall fatigue for 16 point=2.13
SD=1.33, Observed t-values=2.03, n.s.).

I

Mean Overall Fatigue
w

N
1

12 pt 14 pt 16 pt

Font Size

Figure 5.9: Mean overall fatigue for different Font Sizes

One sample t-tests of the overall fagitue ratings against the neutral mid-point rating of 4
showed that the mean ratings for the 12 point, 14 point, and 16 point were significantly
lower than neutral (12 point: t(143)=-11.79, p<.001; 14 point: t(143)=-14.68, p<.001; 16
point: t(143)=-16.96, p<.001).

5.6.4 Preference measures

The preference measures were participants' ratings of Ease, Pleasantness, and Speed
of Reading for each condition of Font Type, Font Size and their overall ratings of
preference of each combination of Font Type and Font Size.

Participants were asked to rate three dimensions on 5 point Likert scales: Ease of
reading, Pleasantness of Reading, and Speed of Reading. Correlation analyses
between the participants' rating on these three dimensions were assessed to
investigate whether the participants were measuring different constructs with these
three ratings.

The strong pattern of correlations (see Appendix 16), suggests that participants had
only one underlying experience dimension on which to rate the reading tasks.
Therefore a combined User Reading Experience score (URE) was calculated for each
participant for each of the two Font Type levels and the three Font Size levels and; this
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URE scores was the mean of the three ratings for each condition. An added benefit of
using this combined score is that scores made up from a number of individual

measures are more robust than individual items from participants (Kline, 2000).

5.6.4.1 Analysis of User Reading Experience scores  (URESs) for Font Type, Age

Group, and Nationality

An three way ANOVA on the URE scores for the effects of Font Type, Age Group and
Nationality found that there was no significant difference due to Age Group
(F(1,68)=.10, n.s.). However, Font Type and Nationality both had significant main
effects (Font Type: F(1,68)=7.05, p<.01, n,* =.09; Nationality: F(1,68)=4.38, p<.05, n,°
=.06). There was significant interaction between Font Type and Nationality
(F(1,68)=102.15, p<.001, an =.60). There were no other interactions between

variables.

The main effect for Font Type was that Sans serif font (Mean sans serif=3.33,
SD=1.00) were significantly lower in URE scores than serif fonts (Mean serif=3.86,
SD=0.81). One sample t-tests against the neutral mid-point rating of 3 showed that the
mean URE scores for serif and san serif were both significantly higher than neutral
(serif: t(71)=9.04, p<.001; sans serif: t(71)=2.79, p<.01).

The main effect for Age Group was that the UK participants (Mean=3.74, SD=0.79) had
URE scores significantly higher than Thai participants (Mean=3.49, SD=1.03). One
sample t-tests against the neutral mid-point rating of 3 showed that the mean URE
scores for the UK and Thai participants were both significantly higher than neutral (UK
participants: t(59)=7.15, p<.001; Thai participants: t(83)=4.38, p<.001).

A Scheffé post hoc analyses was used to test the specific differences in the interaction
between Font Type and Nationality. Table 5.3 shows the pattern of the observed t -

values for this interaction.
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Table 5.3: Observed t - values for all pairs of Fo  nt Type and Nationality

combination for User Reading Experience scores

UK Thai
Serif Sans serif Serif Sans serif
UK | Serif - -5.37** -6.13** -2.70
Sans - -5.54%* 8.69**
serif
Thai | Serif - _ 9.47**
Sans - -
serif
**p<.01 critical t at 95% confidence level: 3.46, at 99%: 4.59
5
4 -

m UK
M Thai

Mean URE scores
w

N
1

serif sans serif

Font Type

Figure 5.10: Mean URE scores for Font Type for the UK and Thai participants

For UK participants, URE scores for the serif font were significantly lower than the sans
serif font (Mean serif=3.30, SD=0.72; Mean sans serif=4.18, SD=0.61, Observed t=-
5.37, p<.01, critical t at 95% confidence level: 3.46, at 99%: 4.59). But for Thai
participants, URE scores for serif were significantly higher than sans serif (Mean
serif=4.26, SD=0.61; Mean sans serif=2.72, SD=0.75, Observed t =9.47, p<.01), This

interaction is shown in Figure 5.10.

In addition, the UK participants’ URE scores for serif were significantly lower than Thai
participants URE for serif (Mean serif for UK participants=3.30, SD=0.72; Mean serif for
Thai participants=4.26, SD=0.61, Observed t =-6.13, p<.01), and the UK participants
URE scores for sans serif were significantly higher than Thai participants URE for serif

(Mean sans serif for UK participants=4.18, SD=0.61; Mean serif for Thai
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participants=4.26, SD=0.61, Observed t=-5.54, p<.01), and the UK participants URE
scores for sans serif were significantly higher than Thai participants URE for sans serif
(Mean sans serif for UK participants=4.18, SD=0.61; Mean sans serif for Thai
participants=2.72, SD=0.75, Observed t =8.69, p<.01).

One sample t-tests against the neutral mid-point rating of 3 showed that, for UK
participants, the mean ratings for serif and sans serif were both significantly higher
than neutral (serif: t(29)=2.27, p<.05; sans serif: t(29)=10.45, p<.001). For Thai
participants, the mean ratings for serif was significantly higher than neutral,
(t(41)=13.51, p<.001) while the mean ratings for sans serif was significantly lower than
neutral, t(41)=-2.38, p<.05).

5.6.4.2 Analysis of User Reading Experience Scores (UREs) for Font Size, Age
Group, and Nationality

A three way ANOVA of the effects of Font Size, Age Group and Nationality on User
Reding Experience Scores (URESs) found that Font Size and Nationality had significant
effects (Font Size: F(2,136)=200.25, p<.001, np2=.75; Nationality: F(1,68)=7.41, p< .01,
an =.15). However there was no significant effect for Age Group ( (1,68)=.47, n.s.).
There were significant interactions between Font Size and Age Group (F(2,136)=6.32,
p<.01, an =.09), and between Font Size, Age Group, and Nationality (F(2,136)=4.20,

p<.05, npz =.06). There were no other interaction effects.

A Scheffé post hoc analysis on the specific Font Size differences showed that the
mean URE score for 12 point (Mean=2.61 SD=0.69) was significantly lower than the
mean URE score for 14 point (Mean=3.81 SD=0.64, Observed ts=-15.25, p<.01, critical
t at 95%: 2.47, at 99%: 3.09) or the mean URE score for 16 point (Mean=4.32
SD=0.57, Observed t =-15.63, p<.01), while the mean URE score for 14 point
(Mean=3.81 SD=0.64) was significantly lower than the mean URE score for 16 point
(Mean=4.32 SD=0.57, Observed t =-5.67, p<.01), This interaction is shown in Figure
5.11.

One sample t-tests against the neutral mid-point rating of 3 showed that the mean URE
for 12 point was significantly lower than neutral (t(71)=-4.77, p<.001), but the mean
URE for 14 point and 16 point were both significantly higher than neutral (14 point:
t(71)=10.76, p<.001; 16 point: t(71)=19.79, p<.001).
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Figure 5.11: Mean URE scores for the different Font  Sizes

The main effect for Natioality was that Thai participants were significantly more positive
in their URE scores than the UK patrticipants (Mean Thai participants=3.72 SD=0.84;
Mean UK participants=3.39 SD=1.08). One sample t-tests against the neutral mid-point
rating of 3 showed that the mean URE scores for the UK and Thai participants were
both significantly higher than neutral (UK participants: t (89) =3.40, p < .01; Thai
participants: t (125) = 9.65, p < .001).

A Scheffé post hoc analysis was used to test the specific differences in the interaction
between Font Size and Age Group, and the interaction between Font Size, Age Group
and Nationality. Table 5.4 shows the pattern of observed t-values for the Scheffé post
hoc analysis of the two way interaction between Font Size and Age Group. For
Younger Adults, 12 point (Mean 12 point=2.66 SD=0.74) scored significantly lower
than 14 (Mean 14 point=3.95 SD=0.61) (Observed t=-10.86, p<.01, critical t at 95%:
3.91, at 99%: 4.88) or 16 point (Mean 16 point=4.18 SD=0.61) (Observed t= -8.83,
p<.01). But there was no difference in rating between 14 and 16 point. For Older
Adults, 12 point (Mean 12 point=2.56 SD=0.64) scored significantly lower than 14 point
(Mean 14 point=3.66 SD=0.65) (Observed t=-11.13, p<.01) or 16 point (Mean 16 point=
4.49 SD=0.46) (Observed t=-16.65, p<.01) while 14 point scored significantly lower
than 16 point (Observed t=-8.70, p<.01). This interaction is shown in Figure 5.12.

In addition there were significant differences in URE scores between Younger Adults
12 point and Older Adults 14 point, between Younger Adults 12 point and Older Adults
16 point, between Younger Adults 14 point and Older Adults 12 point, between



136

Younger Adults 14 point and Older Adults 16 point, and between Younger Adults 16
point and Older Adults 12 point

One sample t-tests against the neutral mid-point rating of 3 showed that the mean URE
scores for the 12 point size for both the Younger and Older Adults were significantly
lower than neutral (12 point Younger Adults: t(38)=-2.89, p<.01; 12 point Older Adults:
t(32)=-4.00, p<.001). While all the other mean URE scores were significantly higher
than neutral (14 point Younger Adults: t(38)=-9.64, p<.01; 14 point Older Adults:
t(32)=5.82, p<.001; 16 point Younger Adults: t(38)=-12.06, p<.01; 16 point Older
Adults: t(32)=18.45, p<.001).

Table 5.4: Observed t-values between all pairs of  Font Size and Age Group

combination for User Reading Experience scores

Younger Adults Older Adults
12 pt 14 pt 16 pt 12 pt 14 pt 16 pt

Younger | 12 pt - -10.86** | -8.83** 0.62 -5.34** | -11.87**
Adults

14 pt - -1.78 8.35** 1.96 -4.24*

16 pt - 10.27** 3.43 -2.48
Older 12 pt - -11.13** | -16.65**
Adults

14 pt - -8.70**

16 pt -

* p<.05, * p <.01

critical t at 95% confidence level: 3.91, at 99%: 4.88
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Figure 5.12: Mean URE scores for different Font Siz  es for Younger and Older
Adults

A Scheffé post hoc analysis was used to investigate the specific differences in the
interaction between Font Size, Age Group, and Nationality. This interaction is shown in
Figure 5.13. Table 5.5 shows the pattern of observed t-values for the Scheffé post hoc
analysis of the two way interaction between Font Size and Age Group for the UK
participants. For UK Younger Adults, 12 point scored significantly lower than 14 point
(Mean 14 point=3.93 SD=0.77) (Observed t-values=-13.25, p<.01, critical t at 95%:
5.80, at 99%: 7.24) and 16 point (Mean 16 point=4.17 SD=0.64) (Observed t-values=-
7.36, p<.01). But there was no difference in rating between 14 and 16 point. For UK
Older Adults, 16 point (Mean 16 point=4.28 SD=0.45) was scored significantly higher
than 12 point (Mean 12 point=2.33 SD=0.72) (Observed t-values=-8.15, p<.01) and 14
point (Mean 14 point=3.33 SD=0.59) (Observed t-values=-7.34, p<.01). But there was

no significant difference between 12 and 14 point.

In addition, URE scores for 12 point for UK Younger participants were significantly
lower than 16 point for UK Older participants. URE scores for 16 point for UK Younger
participants were significantly higher than URE scores for 12 point for UK Older

participants.



Table 5.5: Observed t-values between all pairs of

combination for User Reading Experience scores for
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Font Size, Age Group

the UK participants

Younger Adults Older Adults
12 pt 14 pt 16 pt 12 pt 14 pt 16 pt

Younger | 12 pt - -13.25* | -7.36* -0.47 -4.35 -8.50**
Adults

14 pt - -1.03 5.67 2.26 -1.42

16 pt - 7.30** 3.61 -0.52
Older 12 pt - -5.45 -8.15%*
Adults

14 pt - -7.34**

16 pt -

* p<.05, * p <.01 critical t at 95% confidence level: 5.80, at 99%: 7.24

Table 5.6 show the pattern of observed t-values for the Scheffé post hoc analysis of the
two way interaction between Font Size and Age Group for the Thai participants. For
Adults, 12 point (Mean 12 point=3.05 SD=0.45) scored significantly
lower than 14 point (Mean 14 point=3.97 SD=0.46) (Observed t=-6.11, p<.05, critical t
at 95%: 5.80, at 99%: 7.24) and 16 point (Mean 16 point=4.19 SD=0.60) (Observed t=-
5.91, p<.05). But there was no significant difference in rating between 14 and 16 point.
For Thai Older Adults, 12 point (Mean 12 point=2.68 SD=0.56) scored significantly
lower than 14 point (Mean 14 point=3.84 SD=0.62) (Observed t=-9.95, p<.01) and 16
point. (Mean 16 point=4.62 SD=0.62) (Observed t =-15.21, p<.01). In addition, 14 point
scored significantly lower than 16 point (Observed t=-5.86, p<.05).

Thai Younger

In addition, URE scores for 12 point for Thai Younger participants werer significantly
lower than for 16 point for Thai Older participants. URE scores for 12 point for Thai
Older participants were significantly than for both 14 point for Thai Younger participants

and URE scores for 16 point for Thai Younger participants.
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Font Size, Age Group
Thai participants

Younger Adults Older Adults
12 pt 14 pt 16 pt 12 pt 14 pt 16 pt

Younger | 12 pt - -6.11* -5.91* 2.32 2.32 -11.45**
Adults

14 pt - -1.60 8.12** 0.76 -4.70

16 pt - 8.39** 1.85 -2.64
Older 12 pt - -9.95* | -15.21**
Adults

14 pt - -5.86*

16 pt -

* p<.05, * p <.01

Figure 5.13: Mean URE scores for different Font Siz

critical t at 95% confidence level: 5.80, at 99%: 7.24
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For UK participants, one sample t-tests against the neutral mid-point rating of 3 showed

that the mean URE scores for the 12 point size for both the Younger and Older Adults

were significantly lower than neutral (12 point Younger Adults: t(17)=-4.45, p<.001; 12

point Older Adults: t(11)=-3.18, p<.01). While all the other mean scores were

significantly higher than neutral (14 point Younger Adults: t(17)=-5.09, p<.001; 16 point
Younger Adults: t(17)=7.75, p<.001; 16 point Older Adults: t(11)= 9.90, p<.001), except
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14 point for Older Adults which was rated not significantly different from the neutral
mid-point (t(32)=5.82, n.s.).

For Thai participants, one sample t-tests against the neutral mid-point rating of 3
showed that the mean URE scores for the 12 point size for the Younger not
significantly different from the neutral mid-point (t(20)=0.48, n.s.). The mean URE
scores for 12 point size for Older Adults were significantly lower than neutral (t(20)=-
2.59, p<.05). While all the other mean URE scores were significantly higher than
neutral (14 point Younger Adults: t(20)=-9.69, p<.001; 16 point Younger Adults:
t(20)=9.06, p<.001; 14 point Older Adults: t(20)=6.21, p<.001; 16 point Older Adults:
t(20)=16.92, p<.001).

5.6.4.3 Participants' overall preference ratings on combinations of Font Type and

Font Size

A four way ANOVA on overall preference ratings on combination of Font Type and Font
Size found that Font Type, Font Size, and Nationality all had significant main effects
(Font Type: F(1,68)=7.20, p<.01, n,> =.10; Font Size: F(2,136)=133.98, p<.001, n,’
=.66; Nationality: F(1, 86)=4.26, p<.05, np2 =.06) while Age Group did not have a
significant effect (F(1,68)=0.15, n.s.). There were significant interactions between Font
Type and Nationality (F(1,68)=158.98, p<.001, np2 =.70), between Font Size and Age
Group (F(2,136)=8.25, p<.001, np2 =.11), and between Font Type, Font Size, Age
Group, and Nationality (F(2,136)=5.42, p<.01, np2=.07).

The main effect for Font Type was that overall rating for serif (Mean serif=3.29,

SD=1.26) was significantly higher than for sans serif (Mean sans serif=2.80, SD=1.34).

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
ratings for serif was significantly higher than neutral (t(215)=3.40, p<.01) but sans serif
was significantly lower than neutral (t(215)=-2.18, p<.05).

A Scheffé post hoc analysis found that overall preference ratings for 12 point (Mean 12
point= 20.9, SD = 1.15) were significantly lower than 14 point (Mean 14 point=3.30
SD=1.13) (Observed t=-15.18, p<.01, critical t at 95%: 2.47, at 99%: 3.09) and 16
point (Mean 16 point=3.75, SD=1.10) (Observed t=-13.15, p<.01) while overall
preference ratings for 14 point (Mean 14 point=3.30 SD=1.13) were significantly lower
than 16 point (Mean 16 point=3.75, SD=1.10) (Observed t=-3.65, p<.01), This

interaction is shown in Figure 5.14.
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One sample t-tests against the neutral mid-point rating of 3 showed that the mean
rating for 12 point was significantly lower than neutral (t(143)=9.53, p<.001), but the
mean ratings for 14 point and 16 point were both significantly higher than neutral (14
point: t(143)=3.18, p<.01; 14 point: t(143)=8.18, p<.001).

Mean Rating of overall preference
w

12 pt 14 pt 16 pt

Font size

Figure 5.14: Mean Rating of overall preference for  different Font Sizes

The main effect for Nationality was that the UK participants were significantly more
positive in their overall ratings of preference than the Thai participants, (F(1,68)=4.26,
p<.05) (UK participants: Mean=3.15 SD=1.32; Thai participants: Mean=2.97 SD=1.32).

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
rating for both the UK participants and Thai participants were not significantly different
from neutral (UK participants: t(179)=1.52, n.s.; Thai participants: t(251)=-3.33, n.s.).

A Scheffé post hoc analysis was used to test the specific differences in the two way
interaction between Font Type and Nationality. Table 5.7 shows the observed t-values
for each combination of Font Type and Nationality. For UK patrticipants, serif was rated
significantly lower in overall preference than sans serif (Mean serif=2.66, SD=1.23;
Mean sans serif=3.54, SD=1.24, Observed t=-8.40, p<.01, critical t at 95%: 3.46, at
99%: 4.59). But for Thai participants, serif was rated significantly higher in preference
than sans serif (Mean serif=3.75, SD=1.08; Mean sans serif=2.20, SD=1.07, Observed
t=13.63, p<.01). This interaction is shown in Figure 5.15.

In addition, the mean rating of UK participants for serif (Mean UK participants for
serif=2.66, SD=1.23) was significantly lower than Thai participants for serif (Mean Thai
participants for serif=3.75, SD=1.08, Observed t=-6.91, p<.01), and UK participants

rating for sans serif (Mean UK participants for sans serif=3.54, SD=1.24) was
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significantly higher than Thai participants ratings (Mean UK participants for sans
serif=2.20, SD=1.07, Observed t=9.22, p<.01). There were no other significant

differences.

One sample t-tests against the neutral mid-point rating of 3 showed that, for UK
participants, the mean rating for serif was significantly lower than neutral (serif: t(89)=-
2.66, p<.001) while the mean ratings for sans serif was significantly higher than neutral
(sans serif: 1(89)=4.97, p<.001). For Thai participants, the mean ratings for serif was
significantly higher than neutral, (t(125)=7.75, p<.001) while the mean ratings for sans
serif was significantly lower than neutral, t(125)=-8.44, p<.001).

Table 5.7: Observed t-values between all pairs of  Font Type and Nationality

combination for Participants' overall preference

UK Thai
Serif Sans serif Serif Sans serif
UK | Serif - -8.40** -6.91** 3.01
Sans - -0.13 9.22**
serif
Thai | Serif - - - 13.63**
Sans - - - -
serif
* p<.05, * p <.01 critical t at 95% confidence level: 3.46, at 99%: 4.59
5

Mean Rating of overall preference
w

serif

sans serif

B UK
MW Thai

Font Type

Figure 5.15: Mean Rating of overall preference for  serif and sans serif for UK and

Thai participants
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A Scheffé post hoc analysis was used to test the specific differences in the two way
interaction between, Table 5.8 shows that the observed t-values for each combination
of Font Size and Age Group. For Younger Adults, 12 point (Mean 12 point=2.19,
SD=1.28) was rated significantly lower than 14 point (Mean 14 point=3.47, SD=1.14)
(Observed t-values=-10.37, p<.01, critical t at 95%: 3.91, at 99%: 4.88) or 16 point
(Mean 16 point=3.58, SD=1.05) (Observed t-values=-7.50, p<.01) while 14 point and

16 point were not significantly different from each other.

For Older Adults, 12 point (Mean 12 point=1.97, SD=0.96) was rated significantly lower
than both 14 point (Mean 14 point=3.09, SD=1.09) (Observed t-values=-12.78, p<
0.01) and 16 point (Mean 16 point=3.95, SD=1.13) (Observed t-values=-16.93, p<.01)
while 14 point was rated significantly lower than 16 point (Observed t-values=-6.59,

p<.01). This interaction is shown in Figure 5.16.

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
ratings for the 12 point size for both the Younger and Older Adults were significantly
lower than neutral (12 point Younger Adults: t(77)=-5.57, p<.001; 12 point Older Adults:
t (65)=-8.72, p<.001). While the other ratings were significantly higher than neutral (14
point Younger Adults: t(77)=-3.69, p<.001; 16 point Younger Adults: t(77)=4.85,
p<.001; 16 point Older Adults: t(65)=6.87, p<.001), except 14 point for Older Adults

which was not significant different from neutral, (t(65)=0.68, n.s.).

Table 5.8: Observed t-values between all pairs of  Font Size and Age Group

combination for Participants' overall preference

Younger Adults Older Adults
12 pt 14 pt 16 pt 12 pt 14 pt 16 pt

Younger | 12 pt - -10.37** | -7.50** 1.16 -4.49** -8.69**
Adults ot - 066 | 849~ | 205 2.36

16 pt - 9.51** 2.72 -2.07
Older 12 pt - -12.78* | -16.93**
Adults 14 pt . 6,59+

16 pt -

* p<.05, * p <.01

critical t at 95% confidence level: 3.91

, at 99%: 4.88
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M Younger Adults
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Mean Rating of overall preference
w

12 pt 14 pt 16 pt

Font Size

Figure 5.16: Mean Rating of overall preference for  different Font Size for Younger
and Older Adults

A Scheffé post hoc analysis was used to test the specific differences in the four way
interaction between Font Size, Font Type, Age Group and Nationality. In order to
provide information for recommendation on Font Type and Font Size for both the UK
and Thai and for both the Younger and Older Adults, the analysis was separated to
look at the interaction between Font Type and Font Size for each of four groups of
participants: UK Younger Adults, UK Older Adults, Thai Younger Adults, and Thai
Older Adults. In these cases, the critical t — Scheffe value was 3.91 for the 95 per cent

confidence interval, and 4.88 for the 99 per cent confidence interval.

Table 5.9 shows that the observed t-values between each combination of Font Type
and Font Size for the UK Younger Adults. Serif 12 point (Mean=1.44, SD=0.86) was
rated significantly lower than both serif 14 point (Mean=3.11 SD=0.83) (Observed t=-
7.29, p<.01, critical t at 95%: 3.91, at 99%: 4.88) and serif 16 point (Mean =3.39,
SD=0.85) (Observed t=-7.10, p<.01), while serif 14 point and serif 16 point were not
significantly different from each other (Observed t=-1.10, n.s.). In addition, sans serif 12
point was rated significantly lower than sans serif 14 point (mean=4.11 SD=0.90)
(Observed t=-7.16, p<.01). Sans serif 12 point and 16 point and sans serif 14 point
and16 point were not significantly different from each other. This interaction is shown in
Figure 5.17.

In addition, serif 12 point was rated significantly lower than both sans serif 14 point and 16

point.
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One sample t-tests against the neutral mid-point rating of 3 showed that the mean
ratings for the serif 12 point was significantly lower than neutral, (t(17)=-7.71, p<.001).
While sans serif 14 point, and 16 point were significantly higher than neutral (sans serif
14 point: t(17)=5.24, p<.001; sans serif 16 point: t(17)=4.03, p<.01). In addition, serif 14
point, serif 16 point, and sans serif 12 point were not significantly different from neutral
(serif 14 point: t(17)=0.57, p>0.05; serif 16 point: t(17) =1.94, p>.005, sans serif 12
point: t(17)=-1.64, p>.05).

Table 5.9: Observed t-values between all pairs of  Font Types and Font Sizes

combination for Participants' overall preference fo r the UK Younger Adults

Serif Sans serif
12 pt 14 pt 16 pt 12 pt 14 pt 16 pt
serif 12 pt - -7.29* | -7.10** -3.83 -8.00** -6.20**
14 pt - -1.10 1.49 -3.09 -2.41
16 pt - 2.01 -1.91 -2.61
Sans 12 pt - -7.16** -3.17
serif 14 pt - 015
16 pt -

* p<.05, * p <.01 critical t at 95% confidence level: 3.91, at 99%: 4.88

(%2}

IS

W serif

M sans serif

N

Mean Rating of overall preference
w
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I

12 pt 14 pt

Font Size

16 pt

Figure 5.17: Mean Rating of overall preference for  serif and sans serif font for

different Font Sizes for the UK Younger Adults
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Table 5.10 shows that the observed t-values between each combination of Font Type
and Font Size for the UK Older Adults. Serif 12 point (Mean=1.50, SD=0.67) was rated
significantly lower than both serif 14 point (Mean=2.67 SD=0.89) (Observed t=-7.00,
p<.01, critical t at 95%: 3.91, at 99%: 4.88) and 16 point (Mean=3.83, SD=1.03)
(Observed t=-10.38, p<.01). Serif 14 point (Mean=2.67 SD=0.89) was
significantly lower than 16 point (Mean=3.83, SD=1.03) (Observed t=-4.31, p<.05).

rated

In addition, sans serif 12 point (Mean=2.75, SD=0.75) was rated significantly lower
than both 14 point (Mean=3.58 SD=1.08) (Observed t=-4.02, p<.05) and 16 point
(Mean=4.92, SD=0.29) (Observed t=-8.99, p<.01). However, between sans serif 14

point and 16 point were not significantly different from each other.

Finally, serif 12 point was rated significantly lower than sans serif 12 point, sans serif
14 point, and sans serif 16 point. In addition, serif 14 point was rated significantly lower

than sans serif 16 point. This interaction is shown in Figure 5.18.

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
ratings for the serif 12 point was significantly lower than neutral, (t(11)=-7.71, p<.001).
Serif 16 point and sans serif 16 point were significantly higher than neutral (serif 16
point: t(11)=2.80, p<.05; sans serif 16 point: t(11)=23.00, p<.001). In addition, serif 14
point, sans serif 12 and 14 point were not significantly difference from neutral (serif 14
point: t(11)=-1.30, n.s.; sans serif 12 point: t(11)=1.15, n.s., sans serif 14 point: t(11)=-
1.86, n.s.).

Table 5.10: Observed t-values between all pairs o f Font Types and Font Sizes

combination for Participants' overall preference fo r the UK Older Adults

Serif Sans serif
12 pt 14 pt 16 pt 12 pt 14 pt 16 pt

serif 12 pt - -7.00** | -10.38** | -5.00** -6.60** | -17.70**

14 pt - -4.31* -0.36 -3.19 -9.00**

16 pt - 3.23 0.39 -3.77
Sans 12 pt - -4.02* -8.99**
serif 14 pt . 375

16 pt -

* p<.05, * p <.01

critical t at 95% confidence level: 3.91

, at 99%: 4.88
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Figure 5.18: Mean Rating of overall preference for  serif and sans serif font for
different Font Size for the UK Older Adults

Table 5.11 shows that the observed t-values between each combination of Font Type
and Font Size for Thai Younger Adults. Serif 12 point (Mean=3.48, SD=0.98) serif 14
point (Mean=4.14 SD=0.85) serif 16 point (Mean=3.81, SD=1.08) were not significantly
difference from each others (Observed t between serif 12 point and serif 14 point=-
2.87, n.s.; Observed t between serif 12 point and serif 16 point=-0.87, n.s.; Observed t
between serif 14 point and serif 16 point=-0.98, n.s., critical t at 95%: 3.91, at 99%:
4.88).

In addition, sans serif 12 point (Mean=1.24, SD=0.54) was rated significantly lower
than both sans serif 14 point (Mean=2.57 SD=1.08) (Observed t=-5.29, p<.01), and 16
point (Mean=3.10, SD=0.94) (Observed t=-8.83, p<.01). However, between sans serif

14 point and 16 point were not significantly different from each other.

Finally, sans serif 12 point was rated significantly lower than any serif size. In addition,
sans serif 14 point was rated significantly lower than serif 14 point This interaction is

shown in Figure 5.19.

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
ratings for sans serif 12 point was significantly lower than neutral, (t(20)=-14.98,
p<.001). While all serif sizes were significantly higher than neutral (serif 12 point:
t(20)=2.23, p<.05; serif 14 point: t(20)=6.14, p<.001; serif 16 point: t(20)=3.44, p<.05).
In addition, sans serif 14 point and 16 point were not significantly different from neutral
(sans serif 14 point: t(20)=-1.83, n.s.; sans serif 16 point: t(20)=0.46, n.s.).



Table 5.11: Observed t-values between all pairs o

combination for Participants' overall preference fo
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f Font Types and Font Sizes

r Thai Younger Adults

Serif Sans serif
12 pt 14 pt 16 pt 12 pt 14 pt 16 pt

serif 12 pt - -2.87 -0.87 8.70** 2.80 1.09

14 pt - 0.98 12.75% 4.59* 3.13

16 pt - 11.46** 3.46 2.37
Sans 12 pt - -5.29** -8.83**
serif

14 pt - -2.33

16 pt -

* p<.05, * p <.01

Figure 5.19: Mean Rating of overall preference for

critical t at 95% confidence level: 3.91, at 99%: 4.8

»

Mean Rating of overall preference
w

12 pt

14 pt
Font Size

16 pt

W serif

M san serif

serif and sans serif font for

different Font Size for Thai Younger Adults

Table 5.12 shows that the observed t-values between each combination of Font Type
and Font Size for Thai Older Adults. Serif 12 point (Mean=2.57, SD=0.87) was rated
significantly lower than both serif 14 and point (Mean=3.86 SD=0.79) (Observed t=-
8.22, p<.01, critical t at 95%: 3.91, at 99%: 4.88), and serif 16 point (Mean=4.62,
SD=0.74) (Observed t=-7.54, p<.01) while serif 14 point and serif 16 point were not

significantly different from each other.

In addition, sans serif 12 point (Mean=1.19, SD=0.40) was rated significantly lower
than both sans serif 14 point (Mean=2.29 SD=0.78) (Observed t= -6.53, p<.01), and
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sans serif 16 point (Mean=2.81 SD=0.75) (Observed t =-11.09, p<.01). Sans serif 14
and16 point were not significantly different from each other. This interaction is shown in
Figure 5.20.

Finally, sans serif 12 point was rated significantly lower than all serif sizes. In addition,
sans serif 14 point was rated significantly lower than serif 14 or 16 point. Sans serif 16

point was rated significantly lower than serif 14 point and 16 point.

Table 5.12: Observed t-values between all pairs o f Font Types and Font Sizes

combination for Participants' overall preference fo r Thai Older Adults

Serif Sans serif
12 14 16 12 14 16

serif 12 pt - -8.22** -7.54** 7.32** 1.55 -1.16

14 pt - -3.07 15.36** 7.36** 5.55**

16 pt - 21.05** 8.64** 7.11**
Sans 12 pt - -6.53** | -11.09**
serif

14 pt - -2.75

16 pt -

* p<.05, * p <.01 critical t at 95% confidence level: 3.91, at 99%: 4.88

W serif

M san serif

Mean Rating of overall preference
w

12 pt 14 pt 16 pt
Font Size

Figure 5.20: Mean Rating of overall preference for  serif and sans serif font for

different Font Size for Thai Older Adults
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One sample t-tests against the neutral mid-point rating of 3 showed that the mean
ratings for the sans serif 12 and 14 point, and serif 12 point was significantly lower than
neutral, (sans serif 12 point: t(20)=-20.61, p<.001; sans serif 14 point: t(20)=-4.18,
p<.001; serif 12 point: t(20)=-2.26, p<.05). Serif 14 and 16 point were significantly
higher than neutral (serif 14 point: t(20)=4.95, p<.001; serif 16 point: t(20)=10.03,
p<.001). Finally, sans serif 16 point was not significantly different from neutral (sans
serif 16 point: t(20)=-1.16, n.s.).

5.6.5 Predicting reading performance from Attitude s to the Web Scale (ATWS)

Linear Regression was computed to predict participants' reading performance as
measured by Time spent per web page from the three Factors of the Attitudes to the
Web Scale (ATWS) , Age Group, and Nationality.

The linear regression produced a significant overall proportion of the variance predicted
(F(5,71)=7.60, p<.01, Adjusted R*=0.32). The Confidence Factor of the ATWS and
Nationality were significant individual predictors (Confidence Factor: t=-2.49, p<.05;
Nationality: t=4.21, p<.001). However, the Performance Factor, Fashion Factor, and

Age Group were not significant predictors. The results are summarized in Table 5.13.

Table 5.13 The B-values, t-values, and significance levels for the linear

regression predicting time per web page from the AT WS factors, Age Group, and

Nationality

B t Sig.
Confidence Factor -14.01 -2.49 .02
Performance Factor 14.30 1.93 .06
Fashion Factor -4.96 -1.08 .28
Age Group 1.99 0.33 74
Nationality 24.80 421 .00

Figure 5.21 shows a scatterplot of the correlation between Confidence Factor and
Reading time per web page. The higher rating on Confidence Factor, the less Reading

time per web page.
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Figure 5.21: A scatterplot of the correlation betwe  en Confidence Factor and

Reading time per web page .

For the Nationality predictor, Thai participants spent longer Reading time per web page
than the UK participants (Mean Thai participants=82.82 sec SD=28.37, Mean UK
participants=55.78 sec SD=18.93). This difference is in line with the findings .

5.7 Discussion

This study investigated the effect of Font Type and Font Size on performance and
preference measures of skim reading text from a computer screen for Younger and
Older Adults in the UK and Thailand.

On the performance measures, the first thing to consider is whether participants were
changing their skim reading behaviour using a speed-accuracy trade-off. To
investigate this, | asked participants four multiple choice questions about each page

they skim read. There were no significant differences in the accuracy of their answers
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due to Font Type or Size or Age Group, although there was a small effect size?
significant effect of Nationality. UK participants were more accurate than Thai
Participants. This may have been because UK participants would have been more
familiar with material about the Olympic Games than the Thai participants and found it
easier to understand and assimilate new material. Most importantly, there was no
correlation between the time spent per page and the percentage of correct answers, so
there was no tendency for participants to spend longer and be more accurate. Thus it

is reasonable to conclude that there was not speed-accuracy trade-off.

Turning to the results on each of the independent variables, for Font Type, on the
performance measures, had a medium size and significant overall effect, with
participants spending less time skim reading serif fonts than sans serif fonts. There
was also a significant interaction between Font Type and Nationality, but the
differences within each national group in the skim reading time for Serif versus Sans

Serif were not significant in post hoc tests.

On the preference measures, Font Type had a small but significant effect on URE
scores, with Serif fonts preferred to Sans Serif fonts. A similar result was obtained from
the overall preference rating, with a small sized effect in favour of Serif fonts. This is in
line with the performance measures, in that Serif fonts produced shorter times on
webpage. However, the URE scores for both Serif and Sans Serif fonts were
significantly above the midpoint of the rating scale, showing that either type of font is

acceptable to participants.

However, the main effect and the small significant effect of Nationality on URE scores,
obscure an interesting medium interaction effect between Font Type and Nationality.
UK participants preferred the Latin Sans Serif font significantly more than the Thai
participants preferred the Thai equivalent font, whereas Thai participants preferred the
Thai Serif font equivalent significantly more than the UK participants. Moreover, UK
participants preferred Latin San Serif significantly more than Latin Serif but the URE
scores for both font types were significantly above the midpoint of the rating scale. Thai
participants preferred Thai Serif font equivalent significantly more than Thai San Serif
font equivalent. The URE scores for Thai Serif font equivalent was significantly above
the midpoint but for Thai San Serif font equivalent was significantly lower than

midpoint.

> A small effect is one that captures about 1 percent of the variance. In term of standardised difference, a small effect
has value approximate 0.25. A medium effect captures about 6 percent of the variability, value is approximate 0.5. A
large effect captures at least 15 percent of variability, value is approximate 0.8 (Keppel, 2004).
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On overall preference rating, there were medium interaction effect between Font Type
and Nationality. Again, UK participants preferred the Latin Sans Serif font significantly
more than the Thai participants preferred the Thai equivalent font, whereas Thai
participants preferred the Thai Serif font equivalent significantly more than the UK
participants. UK participants significantly preferred Latin San Serif more than Latin
Serif. The URE scores for Latin San Serif was significantly above the midpoint of the
rating scale but the URE scores for Latin Serif was significantly lower than midpoint.
Thai participants preferred Thai Serif font equivalent significantly more than Thai San
Serif font equivalent. The URE scores for Thai Serif font equivalent was significantly
above the midpoint but for Thai San Serif font equivalent was significantly lower than

midpoint.

Comparing with previous research, Bernard, Liao and Mills (2001a, 2001b) did a similar
study using a detailed reading task. In their work, there was no significant effect on
mean time to read reported regarding Font Type (Serif vs. Sans Serif). In current study,

Serif fonts was read significantly faster than Sans Serif fonts.

The results of the current study indicate that there are substantial differences between
the UK and Thailand in regards to what type of text is best for reading on the web. The
current study found that the UK participants preferred the San Serif font while the Thai
participants preferred Thai conservative font type which closely related to the Serif font
type in Latin alphabet. This might because Thai people are more familiar with Thai
conservative font type more than Thai modern font type (closely related to San Serif).
The Thai conservative font is usually used in book, newspaper, other print media, and
the web content. While Thai modern font type is usually used in advertising (print
media, television, online), and some magazines which have younger adults as target
audiences. For mobile devices, the good example was the font type which is used in
the Apple iOS. Apple used Thai modern font type at the starting of introducing iOS7 but
they have changed to Thai conservative font type a few months later. For now, the Thai

conservative font type is using for iOS8.

Turning to consider the results for Font Size, font size had no significant effect on skim
reading time, and the accuracy of participants answers. However, there are interesting
results on overall fatigue and preference measures, URE scores, and overall
preference. On the overall fatigue, Font Size had small significant main effect. On URE
scores, participants rated overall fatigue for 12 point significantly over than 16 point but
there were no different between 12 point and 14 point, and between 14 point and 16

point. Moreover, Font size had a large main effect on URE score. participants least
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preferred 12 point but preferred 16 point the most. The URE scores for both 14 point
and 16 point were significantly above the midpoint of the rating scale while 12 point

was significantly lower than midpoint,

On URE scores, there were small sized interaction effect between Font Size and Age
Group, and between Font Size, Age Group, and Nationality. On the interaction between
Font Size and Age Group, there was no different on URE scores for each Font Size
between Younger and Older Adults. 14 point and 16 point were rated above the
midpoint but 12 point was rated lower than midpoint. On the interaction between Font
Size, Age Group, and Nationality, UK and Thai Younger Adults preferred 14 point and
16 point over 12 point. Whereas UK Older Adults significantly preferred 16 point over
14 point and 12 point. In addition, Thai Older Adults preferred 16 point the most and
preferred 12 point the least. Once comparing the URE scores with the midpoint of the
rating scale, 14 point and 16 point were rated above the midpoint by all group of
participants while 12 point was rated lower than the mid point by all group of
participants, except Thai Younger Adults who rated 12 point around the midpoint of the

rating scale.

On overall preference, there was a medium sized main effect of Font Size. 12 point
was least preferred while 16 point was the most preferred. 12 point was rated lower
than the midpoint but 14 point and 16 point was rated above the midpoint of the rating
scale. Moreover, there were small sized interaction effect between Font Size and Age
Group. For Younger Adults, 12 point was significantly less preferred than 14 point and
16 point, with no different between 14 point and 16 point. For older Adults, participants
least preferred 12 point but preferred 16 point the most. In addition, for both Younger
and Older Adults, 12 point was rated lower than midpoint while 14 point and 16 point

was rated above the mid point.

Moreover, on overall preference, there were small sized interaction effects between
Font Type, Font Size, Age Group, and Nationality. In order to provide information for
recommendation on Font Type and Font Size for both the UK and Thai and for both the
Younger and Older Adults, the results in this interactions were presented for each of
the four groups of participants: Younger UK, Older UK, Younger Thai and Older Thai.
For UK Younger Adults, they significantly preferred Serif 14 point and 16 point over
Serif 12 point whereas they significantly preferred Sans Serif 14 point over than Sans
Serif 12 point but no other significant differences. For UK Older Adults, for both Serif
and Sans Serif font, they significantly preferred 14 point and 16 point over 12 point.

Serif 12 point was rated below the midpoint of the rating scale, Serif 14 point and Sans
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Serif 12 point was around the midpoint, while Serif 16 point, Sans Serif 14 and 16 point
were rated above the midpoint. These results supported to use 14 point size and larger
for UK Younger Adults and use 16 point for UK Older Adults.

For Thai Younger Adults, Sans Serif 12 point was significantly less preferred than Sans
Serif 14 and 16 point. Whereas no difference on overall preference for all Font Size in
Serif Font Type. Again, all Font Sizes in Serif Font Type were rate above the midpoint
of the rating scale while Sans Serif 12 point was below the midpoint and Sans Serif 14
and 16 point were around the midpoint of the rating scale. For Thai Older Adults, for
both Serif and Sans Serif, 12 point was significantly less preferred than 14 and 16
point. Serif 12 point was rated below the midpoint but Serif 14 and 16 point were rated
above the midpoint of the rating scale. Whereas, for San Serif Font Type, all Font Sizes
were lower than the midpoint, at least 16 point just reach around the midpoint. The
results in line with UK participants, support to use 14 and 16 point for Thai Younger
Adults, and use 16 point size for Thai Older Adults.

The current results supported the previous research conducted by Chadwick-Dias,
McNulty and Tullis (2003). They also found that Older Adults preferred larger Font
sizes when compared with Younger Adults. Based on these results, it can be
concluded that when using a skimming task, which is representative of the type of
reading that is done on the web a lot of the time, 16 point is better for older adults in the
UK. Although Font size had no main effect or interaction effect on performance
measures, the results on participants' preference were supported by Bernard, Liao, and
Mills (2001a, 2001b) who found that, on Older Adults participants' preference, a larger

font size was more preferred than a small one.

Perhaps the most interesting aspect of these results is that there is no detectable
difference between 14 and 16 point by younger adults. Younger adults rated 14 and 16
point almost identically on all aspects and suffered no ill effects in performance on
speed that could be detected. From a universal design point of view choosing 16 point
as a minimum would have no effect on younger adults and would greatly benefit the

aging population in the UK.

The study has a number of small limitations which need to be taken into account.
Firstly, more of the Thai Older Adult participants, although in the right age range, were
in work and therefore perhaps more likely to have experience with computer
technology than the UK participants. Secondly, as noted above, although | attempted to
create reading texts that would be unfamiliar but interesting to participants in both

countries, the UK patrticipants were more accurate in reading the texts. This may have
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been because the topic of the texts, the Olympic Games, are more familiar to UK
participants, particularly as the Olympic Games were held in London in 2012. Thus the

reading materials may not have been as cultural neutral as | had hoped.

Finally, in terms of generalisability, the participants for the English language website
were all English native speakers living in the UK. Whether these results can
legitimately be generalised to the presentation of text on websites in languages which

use the Latin alphabet other than English is unclear.

Conclusions: the recommendation on font type and fo nt size for evidence-based

research web design guidelines for older adults

Table 5.14 and Table 5.15 present the six criteria which were considered when
developing the recommendations on Font Type and Font Size, respectively, for web
design guidelines for older adults. From these two tables, the implications for the
design of web based text content for older web users in the UK and Thailand are

presented in detail, below.

Table 5.14: The six criteria which considered for m  aking recommendation for

web design guidelines on Font Type for Younger and Older Adults in the UK and

Thailand
UK Thai
Criteria\Nationality - and Younger Older Younger Older
Age Group Adults Adults Adults Adults

Time spent per webpage Serif > San serif
Overall fatigue Serif = San serif
URE Sans Serif > Serif Serif > Sans Serif
gr?isgsapi)gsi;ttrr‘ztméd;%:ilgt Serif 1, San serif 1 San serif |, Serif 1
Overall preference Sans serif > Serif Serif > Sans serif
Overall preference against
the mid-point on the 5 point Serif |, San serif 1 San serif |, Serif 1
rating scale

A > B means A significantly better than B , = means no significant difference
- means rating is not significantly different from mid-point, 1 means rating is significantly above mid-point, |
means rating is significantly lower than mid-point

* the bold text means it was recommended in that criteria
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Table 5.14 shows that most of criteria recommend San Serif Font Type for UK Younger
and Older Adults. On the other hand, all criteria recommended Serif for Thai Younger
and Older Adults.

The recommendations on Font Type for the UK older people from the current study
support to use the use of Sans Serif fonts. This recommendation is same as
recommendations of SPRY Foundation (Holt and Komlos-Weimer, 1999), Holt (2000),
The National Institute on Aging/National Library of Medicine (NIA/NLM) (2002), ARRP
(2004) and the SilverWeb guideline (Kurniawan and Zaphiris, 2005; Zaphiris,
Kurniawan and Ghiawadwala, 2007). In addition, Sans Serif is also recommended for
UK Younger Adults, so this is not a recommendation particularly for older web users,

but for all the UK web users.

Table 5.15 shows that most of the criteria recommended 14 or 16 point for the UK and
Thai Younger Adults whereas 16 point was recommended for the UK and Thai Older
Adults.

This study has shown that 12 point does not provide an optimal user experience for
either UK Younger and Older Adults in any way. For creation of web text content, a
minimum of 14 point should be recommended for UK younger adults and 16 point for
UK older adults. Indeed, the argument can be made that 16 point font has no negative
impacts on younger adults and therefore could be used as a minimum font size in any
future guidelines for older adults. Thus, the current study does not support any

previous recommendations.



Table 5.15: The six criteria which considered for
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making recommendation on

Font Size for Younger and Older Adults in the UK an  d Thailand
Criteria\Nationality UK Thai
and Age Group Younger Older Younger Older
Adults Adults Adults Adults
Time spent per no significant difference
webpage
Overall fatigue 12>16, 12 = 14, 14=16
URE 14,16 > 12 14,16 > 12 14,16 > 12 14,16 > 12
URE against the
mid-point on the 5 12|, 141, 167 | 12|, 14 -, 161 | 12-, 141, 167 12,141,167
point rating scale
Overall Serif
14,16 >12 14, 16 >12 12=14=16 14, 16 >12

preference

Sans

: 14> 12,

Serif 12=16, 14=16 14, 16 >12 14,16 >12 14,16 >12
Overall Serif
preference i 121,14 1, 16
against the 12|, 141, 167 | 12 |,14 -, 167 R 12,141,167
mid-point
on the 5 Sans
PO IANG. | ger | 12-, 147,161 | 27 1T4 1160 95 114 16- | 12),14 |, 16-

A > B means A significantly better than B, = means no significant difference

- means rating is not significantly different from mid-point, 1 means rating is significantly above mid-point, |

means rating is significantly lower than mid-point

* the bold text means it was recommended in that criteria

Moreover, the current study suggests the first recommendations for Font Type for Thai

Younger and Older Adults which are totally different from the recommendation for UK

Younger and Older adults. Thai conservative Font Type, which corresponds most

closely to a serif font in the Latin alphabet, is recommended. For Font size, 16 point is

recommended for Thai older web users. However, text with 14 point is still

recommended for Thai younger web users, see Table 5.16.




Table 5.16: The recommendation on font type and fon
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t size for evidence-based

research web design guidelines

Age group and

Recommendations

Recommendations on font size

Nationality on font type
UK younger adults san serif 14 point or larger
UK older adults san serif 16 point

Thai younger adults

Thai conservative
(serif)

14 point or larger

Thai older adults

Thai conservative
(serif)

16 point

Perhaps the most important conclusion that can be drawn from this study is that that a

single set of guidelines on font type cannot apply across multiple languages, and in

particular those with a different alphabet. Either due to differences in the fonts or due

to differences in the participants in the different nations, the results are very different for

Latin and non-Latin fonts.




Chapter 6

Effects of text colour and
background colour on skim reading
web pages by younger and older

people in the UK and Thailand

6.1 Introduction

This chapter presents the fourth study in my programme of research, which
investigated the effect of text colour and background colour on skim reading webpages

by younger and older adults both in Thailand and the UK.

Text colour and background colour were chosen to investigate as independent
variables in this study because most of the web design guidelines provide
recommendations about text colour and background, as dicussed in the literature
review in Chapter 2 (see section 2.7 in particular). However, the recommendations they
make about this aspect are varied and very little empirical evidence is provided to
support them. Thus it is unclear which particular text colour and background colour

combinations would be better for older adults.

There are eight sets of guidelines which make recommendations text colour and
background colour: SPRY (1999), Holt (2000), Zhao (2001), Agelight (2001), NIA/NLM
(2002), AARP (2004), SilverWeb (2005, 2007), and Webcredible (2006). Six of these
sets of guidelines recommend using dark text on a light background (SPRY, 1999; Holt,
2000; Zhao, 2001; Agelight, 2001; NIA/NLM, 2002; Webcredible, 2006). Two sets of
guidelines also mention that “reverse contrast” can be used, a light text on a dark
background (Holt, 2000; NIA/NLM, 2002). Two set of guidelines mention only that
strong contrast between text and background should be used (ARRP, 2004; SilverWeb,
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2005, 2007). Two sets of guidelines also mention that off-white rather than pure white
is a better background (SilverWeb, 2005, 2007; Webcredible, 2006).

Currently, there is no specific recommendation on text colour and background colour
for the Thai language web site or any web design guidelines for Thai younger or older

people.

This current study used a range of combinations of text colour and background colour
to present content on a web site. The participants were both older and younger people
in both the UK and Thailand. The UK participants participated using an website in
English while the Thai participants participated using the same website, but translated
into Thai. This range of participants allowed me to investigate which of the tested

combinations is most appropriate for older web users in both Thailand and the UK.
The following research questions were addressed by this study:

1. Does text colour and background colour have an effect on reading
performance and preferences of younger and older people when reading web

pages?

2. Does age group have an effect on reading performance and preferences

when reading web pages?

3. Does nationality have an effect on reading performance and preferences

when reading web pages?

4. Do attitudes toward the web have an effect on reading performance when

reading web pages?

6.2 Method

6.2.1 Design

A four way mixed design was used in this experiment. Age Group and Nationality were
the between participant independent variables, and Text Colour and Background
Colour Combinations (Text/Background Colour) and Task (each participant did two
tasks with each text/background colour combination) were the within participant

independent variables.
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The independent variables had the following levels:

e Age Group - participants were either Older Adults (55 years and over for
participants in Thailand and 65 years and over for participants in the UK, see
Section 2.3 for calculation of appropriate minimum age for older adults in
Thailand and the UK) or Younger Adults (18 to 39 years in both Thailand and
the UK)

e Participants nationality, language and writing system (Nationality for short) -
participants were either British people in the UK who were native speakers of

English or Thai people in Thailand who were native speakers of Thai

e Text Colour and Background Colour Combinations (Text/Background Colour) -
either Black text on White Background (Black/White), White text on Black
Background (White/Black), or Sepia Text on Off-White Background (Sepia/Off-
white)

e Task -task 1 and task 2

Black text on white background was selected as most of computer systems present
text in this combination of colours and it is the same as used very frequently in print
media. White text on black background was selected as it is recommended by a
number of sets of web design guidelines for older people (Holt, 2000; NIA/NLM, 2002).
Sepia text on off-white background was selected as it is a colour combination which is
provided to use for reading in some computer systems such as e-readers (iBook,
readMe, eBookMobile, NeoBook, and eReader). Figures 6.1 - 6.3 show examples of

combinations of text and background colours which were used in the current study.
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Athletic contests in running, walking, jumping and throwing are among the oldest of all sports and their
roots are prehistoric. Athletics events were depicted on ancient Egyptian tombs, with illustrations of
running and high jumping appearing from as early as 2250 BC. Similarly, the Tailteann Games were an
ancient Celtic festival in Ireland which has been dated to have occurred around 1800 BC. This thirty-day

meeting included running and stone-throwing among its sporting events.

The original and only athletics event at the first Olympics in 776 BC was a stadium-length running event
known as the stadion. This was later expanded to be the ancient pentathlon which included throwing and
jumping events. Athletics competitions also took place at other Panhellenic Games which were founded
later, in around 500 BC

The Cotswold Olimpick Games, a sports festival which emerged in 17th century England. also featured
athletics in the form of a sledgehammer throwing contest. Similarly. an annual event called L'Olympiade
de la République was held in revolutionary France from 1796 to 1798. This event was an early
forerunner to the modern summer Olympic Games. The premier event of this competition was a running
event, but various ancient Greek disciplines were also on display. The 1796 Olympiade marks the

introduction of the metric system into sport.

The Modern Era of Athletics is attributed to have started at The Royal Military College, Sandhurst. This
is claimed to be the first to hold athletics meetings in 1812 and 1825: but, there is no formal supporting
evidence of this claim. The first modern-style indoor athletics meetings were recorded shortly after in the
1860s. including a meet at Ashburnham Hall in London.
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The symbol of the Olympic Games is composed of five interlocking rings coloured blue, yellow, black,
green, and red on a white field. This was originally designed in 1912 by Baron Pierre de Coubertin, the
founder of the modern Olympic Games.

The symbol in the design is intended to represent the five inhabited continents of the world united by the
Olympic spirit and committed to healthy competition. A selection of the six colours, blue, yellow, black,
green, red and the white background, were present on the flags of nations that were competing in the

Olympic Games at the time of the introduction of the symbol.

In his article published in the "Olympic Revue" the official magazine of the International Olympic
Committee, in November 1992, the American historian Robert Barney explains that the idea of the
interlaced rings came to Pierre de Coubertin when he was in charge of the French sports association
USFSA. That association was originally founded by the union of two French sports associations whose
emblem was two interlaced rings and that association was responsible for representing the International
Olympic Committee in France until 1925. This original two ring design was the idea of Swis

psychiatrist Carl Jung. For Jung, the ring meant continuity and the human beir

The symbol was originally adopted in 1914, but the Olympic Games were suspended due to the outbreak
of World War I. The symbol was officially adopted when the games resumed after the war. They debuted
at the Games of the 7th Olympiad in Antwerp, Belgium in 1920. The symbol's popularity and

‘widespread use began during the lead-up to the 1936 Summer Olympics held in Berlin.

und Combination Condition
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Figure 6.3: E xample s of Sepia Text on Off- white Background Combi

Athletic contests in running, walking, jumping and throwing are among the oldest of all sports and their
roots are prehistoric. Athletics events were depicted on ancient Egyptian tombs, with illustrations of
running and high jumping appearing from as early as 2250 BC. Similarly. the Taillcann Games were an
ancient Celtic festival in Ireland which has been dated to have occurred around 1800 BC. This thirty-day

meeting included running and stone-throwing among its sporting events.

The original and only athletics event at the first Olympics in 776 BC was a stadium-length running event
known as the stadion. This was later expanded to be the ancient pentathlon which included throwing and
jumping events. Athletics competitions also took place at other Panhellenic Games which were founded
later, in around 500 BC.

The Cotswold Olimpick Games, a sports festival which emerged in 17th century England, also featured
athletics in the form of a sledgehammer throwing contest. Similarly. an annual event called L'Olympiade
de la République was held in revolutionary France from 1796 to 1798. This event was an early
forerunner to the modern summer Olympic Games. The premier event of this competition was a running
cvent, but various ancient Greek disciplines were also on display. The 1796 Olympiade marks the
introduction of the metric system into sport.

The Modern Era of Athletics is attributed to have started at The Royal Military College, Sandhurst. This
is claimed to be the first to hold athletics meetings in 1812 and 1825: but. there is no formal supporting
evidence of this claim. The first modern-style indoor athletics meetings were recorded shortly after in the
1860s, including a mect at Ashburnham Hall in London.

- - - Press the space bar when you have finished skimming - - -

Condition

nation

Each participant undertook six tasks on web pages, two tasks with each of the three

combinations of Text/Background Colour. Tasks were to skim read the text and answer

four multiple choice questions, the same task as used successfully in the previous

experiment. The order of presentation of the six tasks was counterbalanced between

participants to compensate for practice and fatigue effects.

Two dependent variables related to participants’ performance were measured:

participants on the web page.

answer before analyses were undertaken

Four dependent variables related to participants' preferences were measured:

detalils).

Time spent per web page — this was a measure of the reading speed of

Number of correct answers — this was measure of the efficiency. The number of

correct answers were calculated and converted to the percentage of correct

Participants' attitude towards the web were measured using the Attitudes
toward the Web Scale (ATWS) (Burn, 2003) which has three factors:

Confidence, Performance, and Fashion, (see Chapter 2, Section 2.4 for more
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o Participants' rating of visual and physical fatigue (adapted from Tyrrell and
Leibowitz, 1990)

e Participants’ ratings of each Text/Background Colour combination condition on
three dimensions: Ease of Reading; Pleasantness of Reading; and Speed of

reading

e Participants’ ratings of their overall preference of each of combination of

Text/Background Colour

The dependent variables above are those usually measured in research about reading
text (see Dillon, 1992, 2004). All the preference dependent variables were measured
on five point Likert items, except the participants' rating on the visual and physical
fatigue which was measured on seven point Likert items. The seven point Likert item

was adopted from Dillion, Kleinman, Ok Choi, and Bias (2006).

6.2.2 Participants

63 people participated in this current study. This included 27 participants in the UK and
36 participants in Thailand. All participants had not participanted in the second or third

studies this programme of research.

The UK participants comprised 18 Younger and 9 Older Adults. The UK Younger
Adults comprised 12 males and 6 females, aged between 18 and 36 years
(Mean=23.72 years, SD=5.52). There were 11 undergraduate students, one Masters
degree student, five Ph.D. students, and one person who was employed. The UK Older
Adults comprised 4 males and 5 females, aged between 66 and 79 years (Mean=73.56

years, SD=4.19). All the UK Older participants were retired.

The Thai participants comprised 18 Younger and 18 Older Adults. The Thai Younger
Adults comprised 7 males and 11 females, aged between 19 and 29 years
(Mean=23.72 years, SD=3.06). There were 11 undergraduate students, one Masters
student, three Ph.D. students and three employed persons. The Thai Older Adults
comprised 3 males and 15 females, aged between 59 and 70 years (Mean=61.33

years, SD=3.07). 12 were employed and the other six were retired.

The Younger Adults participants were offered a gift voucher valued at £10. The Older
Adults participants were offered a gift voucher valued at £15, as the sessions for the

Older Adults took considerably longer than those for Younger Adults.
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The UK Younger Adult participants were recruited through announcements on the
University of York Graduate Student Association web site, and print advertisements

posted at university bus stops.

The UK Older Adult participants were recruited through the York Older People’s
Assembly and the panel of older people who had participated in previous studies for
the Human Computer Interaction Research Group in the Department of Computer

Science at the University of York.

The Thai Younger Adult participants were recruited from students, staffs, and alumni of
Suranaree University of Technology. The Older participants were recruited from
lecturers from Nakhon Ratchasima Vocational College and Rajamangala University of

Technology Isan.

In both the UK and Thailand, a snowball recruiting strategy was also used with the
Older Adult participants, once someone had taken part in the study, they were asked to

ask their friends if they would like to participate in the study.

6.2.3 Equipment and materials

Equipment and materials in this study were the same as used in the third study
presented in Chapter 5. In line with the results of the first and the third studies, the
content was presented as 16 point with 1.5 line spacing and left - right justification. The
text in English was Time New Roman font type while the text in Thai was Conservative

font type, both were serif.

The text and background colours in this study were black (#000000), white (#FFFFFF),
sepia (#5E2612), and off-white (#F5EFDC). The brightness difference, the colour
difference, and the contrast ratio between Black / White were 255, 765, and 21,
respectively. The brightness difference, the colour difference, and the contrast ratio
between White / Black were 255, 765 and 21, respectively. The brightness difference,
the colour difference, and the contrast ratio between Sepia / Off-white were 186.16,

554, and 10.37, respectively.
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6.3 Procedure

The study was conducted at a number of locations, all quiet rooms at the institutions

where the participants studied or where they came to take part in the study.
The procedure in this study was the same as the experiment in Chapter 5.

Each session took approximately 20 minutes to complete for Younger Adult

participants, and approximate 40 minutes to complete for Older Adult participants.

6.4 Data preparation

Firstly, | did the histograms from the Data on Time spent per webpage in each
combinations of combination of Text/Background Colour. The histogram was not a
normal distribution, it was necessary to normalise before doing the analysis by using
the method outlined in Section 3.4.1. In this process, 17 data points out of a total of 396

data points (4.29%) were adjusted.

6.5 Results

Analysis of Variance (ANOVA) was used to investigate the effects of the independent
variables of combinations of Text/Background Colour, Age Group and Nationality on
both performance and preference measures and the appropriate post-hoc analyses
were conducted when there were any significant effects from the overall ANOVA
analysis. In addition, for participants' preference ratings, t-tests were used to
investigate whether preference ratings were significantly above or below the mid-point

of the rating scale.

6.5.1 Time spent per web page

A four way Analysis of Variance (ANOVA) of Text/Background Colour by Age Group by
Nationality by Task on the time spent per webpage found that Age Group and
Nationality had significant effects (Age Group: F(1,62)=6.02, p<.05, npz =0.09;
Nationality: F(1,62)=10.44, p<.01, np2 =.14). However, there were no significant effects
of Text/Background Colour combinations (F(2,124)=2.12, n.s.) or Tasks (F(1,62)=2.14,
n.s.). In addition, there was a significant interaction between Age Group and Nationality

F(1,62)=4.05, p<.05, np2 =.06). There were no other significant interactions effects.
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Older Adults spent significantly longer time per web page than Younger Adults (Mean
Younger Adults=62.87 sec SD=26.62; Mean Older Adults=76.93 sec SD=24.45).

The UK participants spent significantly shorter time per web page than the Thai
participants (Mean UK participants=58.30 SD=22.49; Mean Thai participants=78.39
SD=26.19).

A Scheffé post hoc analysis was used to test the specific differences in the interaction
between Age Group and Nationality. Table 6.1 shows the pattern of observed t-values
for the interaction. The UK Younger Adults (Mean=48.55 SD=13.62) spent significantly
less time per page than the UK Older Adults (Mean=72.93 SD=25.33) (Observed t=-
3.75, p <.05, critical t at 95% confidence level: 3.46, at 99%: 4.60), Thai Younger
Adults (Mean=77.18. SD=28.72) (Observed t=-3.96, p <.05), and Thai Older Adults
(Mean= 79.59 sec. SD=23.59) (Observed t=-5.27, p<.01). There were no other

significant differences. This interaction is shown in Figure 6.4.

Table 6.1: Observed t-values between all pairs of  Age Group and Nationality

combination for Time spent per web page

UK Thai
Younger Older Younger Older
UK | Younger - -3.75* -3.96* -5.27**
Older - -0.44 -0.81
Thai | Younger - - -0.29
Older - -

* p<.05,

**p<.01

critical t at 95% confidence level: 3.46, at 99%: 4.59
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Figure 6.4: Mean Time per Web Page (seconds) for Yo unger and Older Adults for
the UK and Thai participants

6.5.2 Percentage of correct answers

For Percentage of correct answers, an four way Analysis of Variance (ANOVA) of
Text/Backgournd Colour combinations by Age Group by Nationality by Task found that
Text/Background Colour combinations and Task had no significant effect on the
Percentage of correct answers (Text/Background: F(2,124)=1.66, n.s.; Task:
F(1,62)=3.34, n.s.). However, there were significant effects of Age Group
(F(1,62)=7.34, p<.01, n,°=.11) and Nationality (F(1,62)=6.60, p<.05, n,” =.10). There

were no significant interactions between any of the independent variables.

The Older Adults were significantly more accurate at answering the questions than
Younger Adults (Mean Older Adults=49.17 SD=26.54; Mean Younger Adults=41.09
SD=25.94).

The UK participants were significantly more accurate at answering the questions than
Thai Participants (Mean UK participants=48.89 SD=26.14; Mean Thai
participants=41.32 SD=26.36).

To investigate whether there was a speed-accuracy trade-off in the way the
participants undertook the tasks, the Time Spent per Web Page and the Percentage of
Correct Answers were correlated. This correlation for Younger Adults was nhot
significant (Younger Adults: r (30) = 0.03, n.s.) but it was for Older Adults (Older Adults:
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r(30)=.46, p<.05). For older people, the participants who took longer times per web

page had higher percentages of correct answers.

6.5.3 Visual and Physical Fatigue

Correlation analyses between the participants' rating on these five aspects (question
1-5) and overall fatigue (question 6) were assessed to investigate whether the

participants were measuring the different things.

A strong pattern of correlations, (shown in see Appendix 17), suggests that rating on
visual and physical fatigue in 5 question were not different from rating on overall fatigue
in question 6. Then the overall fatigue in question 6 represented the 5 aspects of visual
and physical fatigue. The overall fatigue for each participant for each of the three

Text/Background Colour levels was used for the further analysis.

A three way Analysis of Variance (ANOVA) of Text/Background Colour by Age Group
by Nationality on the overall fatigue rating found that Age Group and Nationality had no
significant effects on overall fatigue (Age Group: F(1,62)=1.50, n.s.; Nationality:
F(1,62)=.02, n.s.). However, there was a significant effect of Text/Background Colour
combinations (F(2,124)=9.12, p<.01, np2=.13). There was a significant interaction
between Text/Background Colour combinations and Age Group (F(2,124)=3.61, p<.05,

np2=.06). There were no other significant interactions.

A Scheffé post hoc analysis was used to investigate the specific differences in the
interaction between Text/Background Colour combinations which is illustrated in Figure
6.5. Overall fatigue for White/Black ((Mean=3.06 SD=1.58) was significantly higher
than overall fatigue for Black/White (Mean=2.42 SD=1.55) (Observed t=-3.58, p<.01,
critical t at 95% confidence level: 2.48, at 99%: 3.09), or for Sepia/Off-white
(Mean=2.35 SD=1.46) (Observed t=3.74, p<.01). There were no other significant

differences.
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Figure 6.5: Mean overall fatigue for different Text  /Background Colour

combinations

One sample t-tests against the neutral mid-point rating of 4 showed that the mean
overall fatigue ratings for Black/White, White/Black, and Sepia/Off-white were all
significantly lower than neutral (Black/White: t(62)=-8.26, p<.001; White/Black: t(62)=-
4.84, p<.001; Sepia/Off-white: t(62)=-9.18, p<.001).

A Scheffé post hoc analysis was used to investigate the specific differences in the
interaction between Text/Background Colour combinations and Age Group. Table 6.2
shows the pattern of the observed t-values for the interaction. No observed t-value
between any combination was greater than the critical t-Scheffe value. So the post-hoc
analysis failed to reveal any significant differences in the interaction between
Text/Background Colour combinations and Age Group, suggesting it was a marginal

interaction. This interaction is shown in Figure 6.6.



Table 6.2: Observed t-values between all pairs of
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Text/Background Colour

combinations and Age Group combination for Overall fatigue
Younger Adults Older Adults
Black/ White / Sepia Black/ White / Sepia
White Black White Black
Younger | Black/ - -2.84 1.36 1.24 0.10 0.69
Adults White
White / - 3.84 3.32 2.23 2.71
Black
Sepia - 0.48 -0.78 -0.09
Older Black/ - -2.28 -1.06
Adults White
White / - 1.13
Black
Sepia -

* p<.05, * p <.01

Figure 6.6: Mean overall fatigue for different Text

critical t at 95% confidence level: 3.92

(3}

w

I

w

Mean Overall Fatigue

N
|

Black / White

White / Black Sepia / Off - white
Text/ Background Colour

B Younger Adults
B Older Adults

/Background Colour

combinations for Younger and Older Adults
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6.5.4 Preference measures

The preference measures were participants' ratings of Ease, Pleasantness, and Speed
of Reading for each Text/Background Colour combination and their overall rating of

preference of each combination.

Correlations between the participants' rating on the three specific preference measures
were calculated to investigate whether the ratings were measuring different dimensions

of the participants’ experience.

A strong pattern of correlations between all three measures for the Text/Background
Colour combinations variables (see Appendix 18), meant that participants had only one

underlying experience dimension on which to rate the reading tasks.

Therefore a combined User Reading Experience (URE) scores was calculated for each
participant for each of the three Text/Background Colour combinations levels. This
URE scores was the mean of the three ratings for each condition. An added benefit of
using this combined score is that scores made up from a number of individual

measures are more robust than individual items from participants (Kline, 2000).

6.5.4.1 Analysis of User Reading Experience scores  (UREs) for Text/Background

Colour combinations, Age Group, and Nationality

A three way ANOVA of Text/Background Colour by Age Group by Nationality on URE
Scores found that Text/Background Colour combinations had a significant effect on the
URE scores (Text/Background: F(2,124)=22.78, p<.001, np2:.27). However there was
no significant effect for Age Group, (F(1,62)=0.73, n.s.), or Nationality (Nationality:
F(1,62)=2.36, n.s.). There was a significant interaction between Text/Background
Colour and Age Group (F(2,124)=6.04, p<.01, np2:.09). There were no other interaction

effects.

A Scheffé post hoc analysis was used to test the specific differences between
Text/Background Colour. The analysis found that the mean URE scores for
White/Black (Mean=2.83 SD=1.04) were significantly lower than both the mean URE
scores for Black/White (Mean=3.95 SD=0.70) (Observed t=7.00, p<.01, critical t at
95%: 2.48, at 99%: 3.09), and for Sepia/Off-white (Mean=3.39 SD=0.85) (Observed t
=-3.16, p<.01). Mean URE scores for Sepia/Off-white (Mean=3.39 SD=0.85) were
significantly lower than the mean URE scores for Black/White (Mean=3.95 SD=0.70)
(Observed t=3.62, p<.01). This interaction is shown in Figure 6.7.
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One sample t-tests against the neutral mid-point rating of 3 showed that the mean
rating for Black / White and Sepia/Off-white were significantly higher than neutral
(Black / White: t(65)=11.10, p<.001; Sepia/Off-white: t(65)=3.70, p<.001), but the mean
ratings for White/Black were not different from mid-point (White/Black : t(65)=-1.30,

n.s.).
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Black / White White / Black Sepia / Off-white
Text / Background Colour

Figure 6.7: Mean URE scores for the different Text/  Background Colour

combinations

A Scheffé post hoc analysis was used to test the specific differences in the interaction
between Text/Background Colour combinations and Age Group. Table 6.3 shows the

pattern of observed t-values for this analysis.

For Younger Adults, White/Black (Mean=2.77 SD=1.15) scored significantly lower than
Black/White (Mean=3.81 SD=0.61) (Observed t=4.86, p<.01, critical t at 95%
confidence level: 3.92, at 99%: 4.89). White/Black (Mean=2.77 SD=1.15) scored
marginally significantly lower than Sepia/Off-white (Mean=3.72 SD=0.72) (Observed t=-
3.82, n.s.). But there was no difference in URE scores between Black/White and
Sepia/Off-white  (Mean Black/White=3.81 SD=0.61; Mean Sepia/Off-white=3.72
SD=0.72) (Observed t-values=0.52, n.s.).

For Older Adults, Black/White (Mean=4.12 SD=0.77) scored significantly higher than
both White/Black (Mean=2.91 SD=0.92) (Observed t=5.00, p<.01) and Sepia/Off-white
(Mean=2.99 SD=0.83) (Observed t=4.91, p<.01). But there was no difference in URE
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scores between White/Black and Sepia/Off-white. This interaction is shown in Figure
6.8.

In addition, URE Scores for Black/White for Younger Adults (Mean=3.81 SD=0.61)
were significantly higher than both URE scores for White/Black for Older Adults
(Mean=2.91 SD=0.92) (Observed t=4.77, p<.05) and URE scores for Sepia/Off-white
for Older adults (Mean=2.99 SD=0.83) (Observed t=4.63, p<.05). URE scores for
Sepia/Off-white for Younger Adults (Mean=3.72 SD=0.72) were significantly higher
than for White/Black for Older Adults (Mean=2.91 SD=0.92) (Observed t =4.02, p<.05).

One sample t-tests against the neutral mid-point rating of 3 showed that the mean URE
scores for Black/White for both the Younger and Older Adults, and Sepia/Off-White for
Younger Adults were significantly higher than neutral (Black/White Younger Adults:
t(35)=7.96, p<.001; Black/White Older Adults: t(29)=8.03, p<.001; Sepia/Off-white
Younger Adults: t(35)=5.98, p<.001). While the other combinations were not
significantly different from neutral (White/Black Younger Adults: t(35)=-1.21, n.s.;
White/Black Older Adults: t(29)=-0.54, n.s.; Sepia/Off-white Older Adults: t(29)=-0.08,

n.s.)

Table 6.3: Observed t-values between all pairs of  Text/Background Colour

combinations and Age Group combination for User Rea ding Experience scores

Younger Adults Older Adults
Black/ White / Sepia Black/ White / Sepia
White Black White Black
Younger | Black/ - 4.86** 0.52 -1.81 4.77* 4.63*
Adults White
White / - -3.82 -5.51** -0.55 -0.86
Black
Sepia - -2.18 4.02* 3.83
Older Black/ - 5.00** 4.91**
Adults White
White / - -0.36
Black
Sepia -

* p<.05, * p <.01 critical t at 95% confidence level: 3.92, at 99%: 4.89
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Figure 6.8: Mean URE scores for different Text/Back  ground Colour combinations
for Younger and Older Adults

6.5.4.2 Participants' overall preference ratings of ~ combinations of
Text/Background Colour

A three way ANOVA of the Text/Background Colour by Age Group by Nationality on
the participants' overall preference ratings found that Text/Background Colour
combinations had a significant main effect (F(2,124)=24.70, p<.001, np2=.29) while Age
Group and Nationality did not have significant effects (Age Group: F(1,62)=1.57, n.s.;
Nationality: F(1,62)=1.02, n.s.). There was a significant interaction between
Text/Background Colour combinations and Age Group (F(2,118)=14.19, p<.001,

np2=.18). There were no other significant interactions.

A Scheffé post hoc analysis found that overall preference ratings for Black/White
(Mean=4.03, SD=0.96) were significantly higher than both White/Black (Mean=2.39
SD=1.36) (Observed t=7.48, p<.01, critical t at 95%: 2.48, at 99%: 3.09) and
Sepia/Off-White (Mean=3.55, SD=1.34) (Observed t=-4.34, p<.01). Overall preference
ratings for White/Black was not significantly different from Sepia/Off-White. This
interaction is shown in Figure 6.9.

One sample t-tests against the neutral mid-point rating of 3 showed that the mean
rating for White/Black was significantly lower than neutral (t(65)=-3.63, p<.01), but the
mean ratings for Black/White and Sepia/Off-white were both significantly higher than
neutral (Black/White: t(65)=8.72, p<.001; Sepia/Off-white: t(65)=3.31, p<.01).
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Figure 6.9: Mean Rating of Overall Preference for T  ext/Background Colour

A Scheffé post hoc analysis was used to test the specific differences in the two way
interaction between Text/Background Colour combinations and Age Group. Table 6.4
shows the observed t-values for each combination of Text/Background Colour
combinations and Age Group. For Younger Adults, White/Black (Mean=2.17, SD=1.36)
was rated significantly lower than both Black/White (Mean=3.81, SD=0.82) (Observed t
=6.12, p<.01, critical t at 95%: 3.92, at 99%: 4.89) and Sepia/Off-white (Mean=4.19,
SD=1.06) (Observed t=-6.11, p<.01) while Black/White and Sepia/Off-white were not
significantly different from each other.

For Older Adults, Black/White (Mean=4.30, SD=1.05) was rated significantly higher
than both White/Black (Mean=2.67, SD=1.32) (Observed t=4.49, p<.05) and Sepia/Off-
white (Mean=2.76, SD=1.22) (Observed t=4.58, p<.05) while White/Black and
Sepia/Off-white were not significantly different from each other. This interaction is
shown in Figure 6.10.

In addition, ratings of overall preference for Black/White for Younger Adults
(Mean=3.81, SD=0.82) were rated significantly higher than both White/Black for Older
Adults (Mean=2.67, SD=1.32) (Observed t=4.28, p<.05), and Sepia/Off-white for Older
Adults (Mean=2.76, SD=1.22) (Observed t=4.11, p<.05). Ratings of overall preference
for White/Black for Younger Adults (Mean=2.17, SD=1.36) were rated significantly
lower than Black/White for Older Adults (Mean=4.30, SD=1.05) (Observed t=-6.99,
p<.01). Ratings of overall preference for Sepia/Off-White for Younger Adults
(Mean=4.19, SD=1.06) were significantly higher than both White/Black for Older Adults
(Mean=2.67, SD=1.32) (Observed t=5.20, p<.01), and Sepia/Off-white for Older Adults
(Mean=2.76, SD=1.22) (Observed t=5.07, p<.01).
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One sample t-tests against the neutral mid-point rating of 3 showed that the mean
rating for the White/Black for Younger Adults was significantly lower than neutral
(White/Black Younger Adults: t(35)=-3.67, p<.01). While Black/White and Sepia/Off-
white for Younger Adults were significantly higher than neutral (Black/white Younger
Adults: t(35) =-5.88, p<.001; Sepia/Off-white Younger Adults: t(35)=6.73, p<.001). For
Older Adults, Black/White was significantly higher than neutral (Black/White Older
Adults: 1(29)=6.75, p<.001). While White/Black and Sepia/Off-white were not
significantly different from neutral, (White/Black: t(29)=-1.38, n.s.; Sepia/Off-white:
t(29)=-1.05, n.s.).

Table 6.4: Observed t-values between all pairs of  Text/Background Colour and

Age Group combination for Participants' overall pre ference
Younger Adults Older Adults
Black/ White / Sepia Black/ White / Sepia
White Black White Black
Younger | Black/ - 6.12** -1.39 -2.14 4.28* 4.11*
Adults White
White / - -6.11** -6.99%* -1.51 -1.86
Black
Sepia - -0.40 5.20** 5.07**
Older Black/ - 4.49* 4.58*
Adults White
White / - -0.29
Black
Sepia -

*p<.05, * p <.01

critical t at 95% confidence level: 3.92, at 99%: 4.89
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Figure 6.10: Mean Rating of Overall Preference for  different Text/Background
Colour combinations for Younger and Older Adults

6.5.5 Predicting reading performance from Attitude s to the Web Scale (ATWS)

A linear regression was computed to predict participants' reading performance as
measured by time spent per web page from the three Factors of the ATWS, Age
Group, and Nationality. The linear regression followed the formula discussed in section
3.4.5.

The linear regression produced an overall significant predication (R?=0.31 Adjusted
R?=0.25, F(5,65)=5.29, p<.001). The Performance Factor of the ATWS was the only
significant individual predictor variable (Performance Factor: t=-2.05, p<.05), as shown
in Table 6.5.

Table 6.5 The B-values, t-values, and significance levels for the linear regression

predicting time per web page from the ATWS factors, Age Group, and Nationality

B t Sig.
Confidence Factor -4.42 -0.67 51
Performance Factor -14.62 -2.05 .045
Fashion Factor 6.35 1.58 A2
Age Group 10.72 1.63 11
Nationality 13.81 1.89 .06
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Figure 6.11 shows a scatterplot of the correlation between Performance Factor and
Reading time per web page. The higher rating on Performance Factor, the less

Reading time per web page.
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Figure 6.11: A scatterplot of the correlation betwe  en Performance Factor and

Reading time per web page

6.6 Discussion

This study investigated the effect of Text/Background Colour on performance and
preference measures of skim reading webpages for Younger and Older Adults in the
UK and Thailand.

On the performance measures, the first thing to consider is whether participants were
changing their skim reading behaviour using a speed-accuracy trade-off. To
investigate this, | asked participants four multiple choice questions about each page

they skim read. There were no significant differences in the accuracy of their answers
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due to Text/Background Colour or Task, although there was a small effect size'
significant effect of Age Group and Nationality on both accuracy and skim reading time.
UK participants spent shorter time but had more accurate than Thai Participants.
Younger Adults read faster than Older Adults but were less accurate than Older Adults.
The reason that UK participants read faster but were more accurate may have been
because UK participants would have been more familiar with material about the
Olympic Games than the Thai participants and found it easier to understand and
assimilate new material. While the reason that Older Adults were more accurate than
Younger Adults, may have been a speed-accuracy trade-off, as there was correlation
between the time spent per page and the percentage of correct answers for Older
Adults. Older participants who spent longer on pages were more accurate, but there
was no such correction for Younger Adults. In addition, there was small significant
interaction between Age Group and Nationality on Time spent per page. UK Younger

Adults read faster than other groups of participants.

On the preference measures, Text/Background Colour had a small but significant effect
on Overall fatigue, with White/Black having significantly higher Overall fatigue scores
than both Black/White and Sepia/Off-white. On URE scores, Text/Background Colour
had a small significant effect with Black/White the most preferred while White/Black
was the least preferred. URE scores Black/White and Sepia/off-white were significantly
above the midpoint of the rating scale and thus acceptable to participants, whereas
White/Black was neutral. There was also a significant interaction between
Text/Background Colour and Age Group. Younger Adults preferred Black/White over
White/Black. White/Black also scored lower than midpoint of the rating scale but
Black/White and Sepia/Off-white scored above the midpoint. Older Adults preferred
Black/White over both White/Black and Sepia/Off-white with only Black/white scored
above the midpoint, whereas White/Black and Sepia/Off-white were around the neutral.
There were no different between Younger and Older Adults on their rating on each

Text/Background Colour combination.

On Overall preference, the results were in line with the URE scores, Text/Background
Colour a small but significant effect. There was a small significant interaction between
Text/Background Colour and Age Group. Black/White was more preferred than

White/Black and Sepia/Off-white. Rating on Overall preference for Black/White and

! A small effect is one that captures about 1 percent of the variance. In term of standardised difference, a small effect
has value approximate 0.25. A medium effect captures about 6 percent of the variability, value is approximate 0.5. A
large effect captures at least 15 percent of variability, value is approximate 0.8 (Keppel, 2004).
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Sepia/off-white were significantly above the midpoint of the rating scale, but the rating
for White/Black was lower than the midpoint. Younger Adults preferred Black/White and
Sepia/Off-white over White/Black. Again, White/Black scored lower than midpoint of the
rating scale but Black/White and Sepia/Off-white scored above the midpoint. Older
Adults preferred Black/White over both White/Black and Sepia/Off-white with only
Black/white scored above the midpoint, whereas White/Black and Sepia/Off-white were
around the neutral. Younger participants preferred Sepia/off-white significantly more

than Older participants while no different on Black/White and White/Black.

Thus, Older Adult participants preferred on Black/White but Younger Adult participants
preferred Black/White and Sepia/Off-white. Older Adults participants gave some
feedback after complete the study that the contrast of Sepia/Off-white was not making
text clear enough for them. However, for Younger Adult participants, they said that
Sepia/Off-white is good for reading for a long time. In this case, many Thai Younger
Adult participants said that they are not familiar with Sepia/Off-white but the results

show that they still prefer this colour combination.

From the results of the current study, White/Black is not recommended even
White/Black and Black/White have the same contrast ratio but the participants felt that
White/Black is too strong contrast. This makes participants more fatigued, it is shown in

Overall fatigue that White/Black scored higher than other combinations of colours.

Finally, in terms of generalisability, the participants for the English language website
were all English native speakers living in the UK. Whether these results can
legitimately be generalised to the presentation of text on websites in languages which

use the Latin alphabet other than English is unclear.

Conclusions: recommendation on text colour and back ground colour for
evidence-based research web design guidelines for o Ider adults in the UK and
Thailand

Table 6.6 shows the six criteria which were considered for making the
recommendations on Text/Background Colour combinations. From the table, the
implications for design of web based text content for web readers in the UK and

Thailand are presented in topic below.
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Table 6.6: The six criteria which considered for ma  king recommendations on

Text colour and Background colour for Younger and O Ider Adults in the UK and

Thailand
Criteria\Nationality and Younger Adults Older Adults
Age Group UK Thai UK Thai
Time spent per webpage no significant difference
Overall fatigue White/Black > Black/White, Sepia
URE Black/White > White/Black Black/White >
Black/White = Sepia White/Black, Sepia
URE against the mid-point White/Black -, White/Black -,
on the 5 point rating scale Black/White 1 Black/White 1
Sepia 1 Sepia -
Overall preference Black/White, Sepia > Black/White >
White/Black White/Black, Sepia
Overall preference against White/Black |, White/Black -,
the mid-point on the 5 point Black/White 1 Black/White 1
rating scale
Sepia 1 Sepia -

A > B means A significantly better than B , = means no significant difference
- means rating is not significantly different from mid-point, 1 means rating is significantly above mid-point, |
means rating is significantly lower than mid-point

* the bold text means it was recommended in that criteria

Table 6.6 shows that all criteria which related to preference measures recommended
both Black/White and Sepia/Off-white for both the UK and Thai Younger Adults. While,
all criteria which related to preference measures recommended only Black/White for
both the UK and Thai Older Adults.

Thus, the recommendations in the current research for the UK and Thai older web
reader is black text on white background. This recommendation support SPRY
Foundation (Holt and Komlos-Weimer, 1999), Holt (2000), Zhao (2001), Agelight
(2001), and National Institute on Aging/National Library of Medicine (NIA/NLM) (2002)
which recommended dark text on light or white background for older people. The
current results do not support SPRY Foundation (Holt and Komlos-Weimer, 1999) and
The National Institute on Aging/National Library of Medicine (NIA/NLM) (2002) which
suggested light or white text on black or dark background for presenting text on

webpages for older people.




184

Moreover, the current research suggests back text on white background and sepia text

on off-white background for both the UK and Thai younger adults, see table 6.7.

Table 6.7: Recommendations on text colour and backg  round colour for evidence-
based research web design guidelines for younger an d older adults in the UK
and Thailand

Age group and Recommendations on text colour and background colou r

Nationality

UK younger adults | Black text on white background or

sepia text on off-white background

UK older adults Black text on white background

Thai younger adults | Black text on white background or

sepia text on off-white background

Thai older adults Black text on white background

For recommendations on text colour and background colour, this study has shown that
there are different recommendations for different age groups. The differences of
languages and writing systems seem to have no effect. Although, sepia text on off-
white background is good for younger web readers, black text on white background is

good for web readers of all ages.



Chapter 7

Overall Discussion and Conclusions

7.1 Overview of the programme of research

The number of older people across the world is increasing. It is predicted that by 2050,
it will be the first time in history that the proportion of the population aged 60 years and
over will be larger than the proportion of people aged under 15. The situation in both
the UK and Thailand is the same as in other countries across the world. This is one of
the reasons that is leading to a increasing number of older web users. However, age-
related physical, sensory, and cognitive capabilities of older people are potentially
barriers to the use of the web by older people. In addition, some older people are less
familiar than younger people are with Information and Communication Technologies,
especially the web. Hence, web accessibility and usability are important issues as they
will empower and support older people to be able to use and take the advantage of the

web.

After reviewing the current web design guidelines for older people, | found that there
are at least nine sets of web design guidelines. Most of the guidelines provide the
recommendations in the English language, except one that is in Portuguese. From the
review of the web design guidelines for older people there are four major issues that
emerge. Firstly, what is the evidence which supports each recommendation in the web
design guidelines? It was found that most web design guidelines lack evidence-based
research to support their recommendations. Secondly, which recommendations in
which web design guidelines are the most appropriate to apply to the design of the web
for older people? This is a major issue because | have found that different web design
guidelines often provide different recommendations. Thirdly, as mentioned, most of the
web design guidelines are in English, it is unclear whether the recommendations in
these web design guidelines for older people are appropriate only for English, only for
languages using the Latin alphabet or whether web design guidelines for the Latin
Alphabet can be applied for other languages, such as Thai. Lastly, the web design

guidelines were suggested during the period 1999 - 2007 and the 2007 set of
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guidelines contains the same guidelines which were published in 2005. So all the
guidelines are at leas 10 years old. However, the web is a rapidly changing
environment and the devices we use to access the web are also rapidly changing, so

new evidence is needed to support guidelines.

The main goal of this research programme was to investigate a selection the
recommendations from web design guidelines for older people, taking an empirical
approach with older participants in Thailand and the UK. In particular, the
recommendations related to text for reading web pages (line spacing, text justification,
font type, font size, text colour and background colour) were investigated, using both
performance and preference measures in order to create new evidence-based web

design guidelines for older adults in the UK and Thailand.

In order to fulfill these goals, | have conducted four studies. The first study investigated
the effect of line spacing and text justification on reading web pages by younger and
older people in the UK and Thailand. As interesting issues about the task emerged in
the first study (see Chapter 3 for details), the second study explored the range and
appropriateness of dependent variables in reading on the web. From the second study,
the skimming task was chosen as a tool to use in further research (see Chapter 4 for
details). The third study investigated the effect of font type and font size on skim
reading web pages by younger and older people in the UK and Thailand (see Chapter
5 for details). The last study investigated effect of text colour and background colour on
skim reading web pages by younger and older people in the UK and Thailand (see
Chapter 6 for details).

7.2 Implications and contributions of this thesis

7.2.1 Evidence-based research web design guidelines for design of web based

text content for web readers in the UK

The first contribution of this thesis is providing a body of evidence-based research web
design guidelines for design of web based text content for web readers, especially
older adults, in the UK. There are a large number of web design guidelines for older
people. The first set of guidelines was proposed in 1999 and the latest set of guidelines
was proposed in 2007. Eight sets of web design guidelines for older people are
proposed for languages written in the Latin alphabet. Most of the guidelines lack
evidence-based research to support their recommendations and have been produced

by reviewing previous guidelines. Some guidelines have taken the recommendations
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for reading text on paper and suggested their use for the web, which may not b

appropriate.

Based on three studies in this research programme, the current evidence-based web
design guidelines recommend san serif text with 1.5 or double line spacing with either
left only or left-right justification for both the UK younger and older adults. For the
creation of web text content, a minimum of 14 point should be used for UK younger
adults while 16 point is recommended for UK older adults. Indeed, the argument can be
made that 16 point font has no negative impacts on younger adults and therefore could
be used as a minimum font size in any future guidelines for both younger and older

adults.

Table 7.1: The evidence-based research web design guidelines for design of web

based text content for web readers in the UK

UK younger adults UK older adults
Line spacing 1.5 or double line spacing
Text justification Left or Left-Right Justification
Font type San serif
Font size 14 point or larger 16 point
Text colour and Black text on white background or Black text on white
background colour | sepia text on off-white background background

All the participants for the English language websites were native British English
speakers, so this potentially means that the results cannot be generalised across all
English speaking countries. However, there is no reason to expect that these results do
apply to all English speaking countries in the developed world where language training,
experience and exposure to the web are similar to those in the UK. Whether these
results can be generalized to other languages written in the Latin alphabet is less clear

and some research to confirm this is required.

7.2.2 The evidence-based research web design guidelines for design of web

based text content for web readers in Thailand

As there are no web design guidelines for both younger and older people in Thailand,

the second contribution of this thesis is providing both evidence-based research for
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web design guidelines for the design of web based text content for web readers,
especially older adults, in Thailand. Furthermore, it provides the first set of experiments
related to text presentation on screen in the Thai language which measure both

performance and preference measures.

The current evidence-based web design guidelines recommend Thai conservative text
with 1.5 or double line spacing with left-right justification for both younger and older
web users in Thailand. For the creation of web text content, a minimum of 14 point
should be used for Thai younger web users and 16 point for Thai older web users.
Indeed, the argument can be made that text with 16 point could be used in future web

design guidelines for both younger and older Thai adults.

Table 7.2: The evidence-based research web design guidelines for design of web

based text content for web readers in Thailand

Thai younger adults Thai older adults
Line spacing 1.5 or double line spacing
Text justification Left - right justification
Font type Thai conservative (serif)
Font size 14 point or larger 16 point
Text colour and Black text on white background Black text on white
background colour or sepia text on off-white background

background

7.2.3 Analysis of the extent to which recommendations can be generalised

across different nationalities and languages

For the third contribution of this thesis, | argue that aspects of web design guidelines
might involve the same recommendations for people of same age group but with
different nationalities and languages. For example, the recommendation about text
colour and background colours for younger adults in the both UK and Thailand is black
on white and sepia on off-white, while the recommendation for both UK and Thai older

people is black on white.

It is also important to investigate which aspects of web design guidelines might be the
same in recommendations for people of different age groups (but of the same

nationality). Thus my research has shown that for example, the recommendations on
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text justification and font type show that both the UK younger and older web users have
the same requirements. Turning to Thai younger and older adults, the same
recommendations on text justification and font type also appear. The most interesting
recommendation on text presentation is the recommendation on line spacing. The
results in this thesis show that both younger and older adults in both the UK and

Thailand prefer 1.5 or double line spacing.

All these interesting issues cannot be definitely decided upon simply from the results of
the one set of experiments conducted in this programme of research. Further research
should be undertaken, both with the same variables used in this thesis to confirm the
effects, and also with participants reading in other languages, both those using the
Latin alphabet and those reading in other writing systems. Such research will show the
appropriate level of generalization that can be made from experiments conducted in

English.

7.2.4 Proposal of skim reading task as an appropriate task for conducting further

research on reading from the web

The fourth contribution of this thesis is the proposal of skim reading as an appropriate
task for carrying out research about reading text on webpages. The proposal was
made based on considerations on four dimensions (see Chapter 4 for details): how
time consuming a task is; how much fatigue, both visually and physically, it puts on the
participant; the ability of the task to generate different reading rates and thus allow
discrimination in reading performance; and finally how ecologically valid the task is in
relation to web users’ actual behaviour. The skim reading task satisfied all these four

dimensions.

Experiment 3 (Chapter 5) and 4 (Chapter 6) used the skim reading task and the task
lead to interesting results. | have noted that the skim reading task is an appropriate
task for doing research about reading text on web pages. If the content in different
languages are equivalent, the skimming task is also appropriate to conduct studies with

people in different countries and languages.

7.2.5 Confidence and Performance Factors of the Attitudes to the Web Scale for

predicting reading performance

The results from three different experiments show that the Confidence Factor and
Factors of the Attitudes to the Web Scale (Burn, 2003) are useful for predicting reading

time per web page. However, not surprisingly the Fashion Factor of the Attitudes to the
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Web Scale does not play an significant role in predicting reading behaviour, (see Table
7.3).

Thus, the Attitudes to the Web Scale is suggested to use in the further research about

reading on the web.

Table 7.3: The level of significant difference (p value) of the correlation between
reading time per web page with Confidence Factor, Performance Factor, Fashion

Factor, Age Group, and Nationality

level of significant difference (p value)
Experiment 1 Experiment 3 Experiment 4
Line Spacing and Font Type and Text Colour and
Text Justification Font Size background
Colour
Confidence Factor 0.02 0.02 -
Performance Factor - 0.06 0.05
Fashion Factor - - -
Age Group 0.00 - -
Nationality - 0.00 0.06

7.3 Future work

Investigating the possibilities of interaction between text presentation variables

The experiments in the current research programme have each investigated the effects
of one or two text presentation variables. For example, the first experiment investigated
the effects of line spacing and text justification. The results of each experiment were
then used in subsequent experiments to create optimal presentation of the text. For
example, when | conducted the experiment on font type and font size, the texts were all
presented using the line spacing and text justification results from the first experiment.
However, there could be interactions between variables that were investigated in
separate experiments in this research programme. Future research should investigate
the possibilities of further interaction between text presentation variables which were

not combined in the current programme of research.
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Investigating more levels of each text presentation variable

Although the current research programme has made recommendations about a
number of text presentation variables, it was only possible to investigate a limited
number of levels for each of these variables.. For example, the study of font size in this
thesis has investigated three levels: 12 point, 14 point, and 16 point. For older adults,
the recommendation is that 14 point is good and 16 point provides a better user
experience. As many previous studies investigated text with 10, 12, 14, and 16 point,
there is an important question over the effect of 15 point. Does it create better user
performance and do users prefer it in comparison with 14 and 16 point? Furthermore, it
may be asked, does text larger than 16 point provide better performance and
preference for older adults? These questions should be investigated in relation to all
the text presentation variables investigated in this thesis: line spacing, font types, font

size, and text/background colour combinations.

Extending the research to other aspects of web design

While the experiments in this thesis have analysed line spacing, text justification, font
type, font size, and text colour and background colour combination, there are many
other aspects of web design that should be studied to find empirical evidence for best
practice for both younger and older users. Both evidence about user performance and
preference measures are important to support recommendations and web design
guidelines. Some important examples are line length, and the use of illustrations and
animation on webpages. SilverWeb (2005, 2007) is the only set of guidelines to provide
a recommendation on line length, but many participants comments on this variable.
And the recommendation from SilverWeb is not clear as it suggests only that "text line

should be short in length”.

The different set of guidelines make different recommendations for illustrations and
animation. For example, to provide realistic illustration or text-relevant images only
(NIA/NLM, 2002; Silverweb, 2005, 2007; Zhao, 2001), to provide animation (SPRY
Foundation, 1999; Holt, 2000), use short segments to avoid download time (NIA/NLM,
2002), provide animation but allow users to allow users to pause or stop (Zhao, 2001),
animation can be distracting users (SPRY Foundation, 1999; Holt, 2000, Agelight,
2001), animation should be avoid (SilverWeb, 2005, 2007).
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Extending the study of web design guidelines in other languages and writing

systems

Some recommendations from the current study for the UK participants are totally
different from the recommendations for Thai participants, such as proposing sans serif
for the UK participants and proposing serif for Thai participants. Some
recommendations seem to depend on age group such as recommending black on
white for older adults while recommending both black on white and sepia on off-white
for younger adults. Finally, some recommendations are appropriate for all the user
groups investigated, for example 1.5 or double line spacing are good for all groups of
participants in the study. Thus, conducting further research on web design guidelines
with participants using other languages and other writing systems will help in predicting
which guidelines are age group specific, which recommendations might cover more

than one language, and which ones cover more than one writing system.

Extending the research to reading the web on other devices

| found that older participants both in the UK and Thailand now have experience with
reading the web with devices other than computer screens. Increasingly, older people
are using tablet computers and smartphones to read webpages and other materials. In
this thesis | was only able to conduct experiments about reading on a PC monitor, the
results may well not generalize to reading from other devices. To establish guidelines
for different devices, further research is necessary to inform the development of device-
specific guidelines and to help older people reduce the numerous barriers in using the

web because of age-related physical, sensory, and cognitive capabilities.

Extending the web design guidelines for Thai

While the current research programme has proposed the first web design guidelines
relating to text presentation for the Thai alphabet for both younger and older adults, in
future work | will investigate other guidelines for Thai older web users. However, it is
also important to provide web accessibility and usability to Thai people with disabilities,
because the web is an important medium which can provide opportunities and quality
of life for people with disabilities. Therefore, further research is needed on guidelines

about web accessibility for people with disabilities in the Thai language.
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Appendix 1: Informed Consent Form (English)

Informed Consent Form

Thank you for participating in this study. This study is investigating the experience that people
have when surfing the web with different types of line and page formatting. At the beginning of
the session you will be asked to complete a short questionnaire with demographic information.
You will then be asked to undertake a series of short tasks to find information on a website.
Finally, when all of the tasks are complete, you will be asked to complete another short
questionnaire and will be given an opportunity to ask any questions you would like about this

research study.

All information received during this study will be treated confidentially, and any results will be
published in way that protects the anonymity of our participants. If you have any questions
during the session please feel free to ask. Further, you may withdraw from the study at any
time.

Section A

l, , voluntarily consent to participate in this

study on user experience of websites. | have been briefed about the basic nature and purpose

of the project and feel that | understand it.

| understand that all data gathered will be treated confidentially. | understand that my data will
only be available in its original form to Sorachai Kamollimsakul, Prof. Helen Petrie and Dr
Christopher Power. | understand that | will not be identified when the data is shared, described

or interpreted.

| also understand that | may withdraw at any point during the study.

Signature of research participant Date

Signature of researcher Date

Researcher contact details: Sorachai Kamollimsakul, sk750@york.ac.uk, +44 (0) 7886314499

Section B

I have been adequately debriefed. | was not forced to complete the study. All my questions have

been answered. | have been compensated for my participation as agreed.

Your signature:
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Appendix 2: Informed Consent Form (Thai)
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°uamauqmvi’mﬁmj"'\i’;uluﬂﬁﬁﬂuﬁﬁi”mf: mﬁ%’aﬁxjaéwmﬂnanmmﬁaa;&"lxﬁmwﬁu aldwSuid
ﬂif:mwuaamiﬁ@LLazgﬂLLuumiaT@ﬂﬁ"]ﬁLmn@iwﬁ'u Walsudunniisy ruazgnaalinian
Lmuaaumué}zue]Lﬁmﬁ'uﬁ'ﬂﬂmzmaﬂszmmmam’ mnifwhngﬂmalﬁmﬁmaumaa"q@ﬁwmu lag
fasumldandayafiunngluivled uasilavhumasuvssganaudmuiadaiv iuezgnuels
mauuuuaaummsw]ﬁﬂm%ﬁa MniuuEInseu N TEandsafirinudasniaiisaiunis

a

Anw3909

ﬁagaﬁuﬁ'dm@ﬁvlﬁ%'mzm'mﬂﬁﬁnmﬁa?ﬂﬁﬁaLﬂumm&?u iaga%gmwmeiLﬂuwamﬁﬁ?ﬂﬂ IPREY
Imﬂleiiza_qlﬁ'sqﬂﬂau,@iazhﬂ@ PINTNWIFIDINTERININNTIVL AV UENNITOREU DY LA ARAALIRT LASYIN%

fINIINNOUAINNNNTIVY LI ARALIA

@ 1

PIWLIN YDLFAIIAUIT U BN DLIRNATHIIUNT

vhiwnsdnsdduienudszaunisalvasglinddecivlad Trwdldsunnuuazidnlanoazidoa

Lﬁaaﬁuua:fmqﬂs:aaﬁmmmﬁfﬁ'ﬂﬁ

T Tunudindeyaninuasziduainusy TIWLT1 1A TN D9 UIURITY NUAANENA
FEATIANTELTLAW LWNT (Prof. Helen Petrie) Waz a3.a58lawwas w1atias (Dr. Christopher Power)
Lﬁﬂﬁfuﬁa:vﬁﬁﬁﬁagaﬁwaﬁwmaﬁ”nﬂﬁmnmﬁﬁ'ﬂ °1°ﬁwL'«i’ﬁummdﬂumimULLwiﬂTaga atuY

ﬁmwm}zvlsjﬁmﬁsqm”’; AUVOITINLIN

TAWLIITUNIILINTINIIRINTDDBUAIINNNNTIVE LA ARDALIAN

Modadaridniunmie I haw I

aelaTanniap TnLhand

B UANIANADRNITE: 73T NUARNANA Ba: sk750@york.ac.uk InIFWYi: 09 - 5776 - 2595

i 2
£Z v a 1 a 1 v @ o Y o = a o an o
TwidgnaeumNTeadoaaiuisInaRNNzaY LLavauvlﬂgﬂmﬂulﬁmmiﬂnmww, dnunn

ﬁﬂmwaaiﬂwﬁﬂﬁgﬂmau LRTNL tETUMIRaL BN IRMTINTINM AN B anuNanad LY

A A
NLUDTD:




195

Appendix 3: Pre-questionnaire

Initial Questions

This study is being conducted by Sorachai Kamollimsakul, a PhD student in the Human
Computer Interaction Research Group, Department of Computer Science, University of York.

The aim of the study is to investigate people’s experience when using the web.

These initial questionnaires consist of 3 parts:

Part 1 Questions on your attitudes towards the Web

Part 2 Questions about yourself

Part 3 Questions on your use of the Web

Please answer all the questions, it should only take about 15 minutes to complete.

Researcher contact details:  Sorachai Kamollimsakul, sk750@york.ac.uk, +44 (0) 7886314499
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Part 1 Attitudes towards the Web

For each of the following statements, please choose the response on the rating scale which
best indicates how much you agree or disagree with that statement. Please respond to

every statement in terms of your own experience of using the Web.

If you are not completely sure which response to choose, put the response which you feel is

most appropriate. Do not spend too long on each statement.

Strongly Disagree  Neither  Agree  Strongly

disagree agree agree

nor

disagree
1. The Web is efficient O O J ) O
2. The Web makes me nervous O O J J O
3. The Web has many useful features OJ ) U ) )
4. Fashionable people use the Web ) O O O O
5. | have difficulty remembering how to Q O OJ OJ UJ
use the Web
6. The Web is reliable ) O O O O
7. | feel anxious when using the Web OJ ) O O )
8. The Web helps me to do a task OJ dJ UJ UJ UJ
effectively
9. | can confidently operate the Web ) O O O O
10. Learning to use the Web is easy OJ ) O O )
11. Using the Web is good for my image OJ ) O O )
12. | often need to refer to a manual for ) dJ OJ ) UJ
help
13. The Web is rather difficult to use OJ ) ) ) )

14. The Web is the best option for the job OJ ) O ) O
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15. When | use the Web, | am afraid O O O O
I will break/crash it

16. The Web is value for money ) ) ) )
17. The Web does not make life easier J ] ) O
18. | use the Web because lots of other J ] ) )

people use it

Part 2 Personal data

Finally, please answer the following general questions about yourself (this information is

confidential and remember, we do not want your name)

1. Whatisyourage? Years
2. Areyou? Male () Female (1)
3. Areyou?

(J An undergraduate student

() A Masters student

(J A Ph.D. student

(J Employed

(J Retired

() Other (please specify)........cocceiiiiieeeiiiieiininis
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Part 3 Use of the Web
The following questions are about your use of the Web.
1. For approximately how long have you been usingt  he Web?
(J Less than 6 months () 6-12 months (] 1-3 years
(J 4-6 years (J 7 years or more
2. How did you learn to use the Web (tick all that  applies)?

(J Self-taught (J Family and Relatives (J friends / co-workers

() Courses (J Work () Sale person

3. How often do you use the Web per week?

() Never (1) 1-5 hours () 6-10 hours
(1) 11-20 hours (J more than 20 hours

4. What is your level of computer experience (tick one)?
1. None at all
2.

Ugo0o0ooao

3
4.
5.
6
7. Extensive

5. How expert do you feel about using the Web (tickon  €)?

1. None at all
2.

gobooado

3
4.
5.
6
7. Expert

Thank you for taking the time to complete these que  stions
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Appendix 4: Pre-questionnaire (Thai)
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Appendix 5: Post-questionnaire (English)

Post-study questions
1. Inthe website you experienced three line spacings.

1(a) For each line spacing, please rate how easy it was to read the text with that line spacing.
[use the sheet provided to remind yourself of the spacings]

Very Quite easy Neither easy | Quite difficult | Very difficult

easy or hard

Single spacing

1.5 spacing

Double spacing

1(b) For each line spacing, please rate how pleasant it was to read the text with that line
spacing. [use the sheet provided to remind yourself of the spacings]

Very Quite Neutral Quite Very

unpleasant | unpleasant pleasant pleasant

Single spacing

1.5 spacing

Double spacing

1(c) For each line spacing, please rate how fast it was to read the text with that line spacing.
[use the sheet provided to remind yourself of the spacings]

Very slow Quite slow Average Quite fast Very fast

Single spacing

1.5 spacing

Double spacing
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2. Inthe website you experienced two justifications.

2 (a) For each line justification, please rate how easy it was to read the text with that line

justification. [use the sheet provided to remind yourself of the justifications]

Very easy Quite easy Neither Quite difficult Very
easy or difficult
hard
Left justified
Left - right
justified

2 (b) For each line justification, please rate how pleasant it was to read the text with that line

justification. [use the sheet provided to remind yourself of the justifications]

Very Quite Neutral Quite Very
unpleasant unpleasant pleasant pleasant
Left justified
Left — right
justified

2 (c) For each line justification, please rate how fast it was to read the text with that line

justification. [use the sheet provided to remind yourself of the justifications]

Very slow Quite slow Average Quite fast Very fast

Left justified

Left - right

justified
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3.  Which overall combination of line-spacing and line justification did you prefer most? [use
the sheet provided to remind yourself of the combinations]

Least Less prefer Neutral Quite prefer Most

prefer prefer

Single line spacing
with left justified

1.5 line spacing
with left justified

double lines spacing
with left justified

Single line spacing
with left-right justified

1.5 lines spacing
with  left-right justified

Double lines spacing
with left-right justified

Could you explain why you most prefer that combination?

4. Are there other aspects of the presentation of text on websites that particularly irritate you —
for example, font size, line length, font type etc.

Thank you for taking the time to complete these que  stions
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Appendix 6: Post-questionnaire (Thai)
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Appendix 7: Olympic Games web site (English and Thai version)

The Olympic Game web site in English version:

- Single line spacing with left justification condi tion:;
http://yorkhci.org/olympic1/?g=node/131

- 1.5 line spacing with left justification conditio n:
http://yorkhci.org/olympic2/?q=node/131

- Double line spacing with left justification condi tion;
http://yorkhci.org/olympic3/?q=node/131

- Single line spacing with left- right justificatio n condition:
http://yorkhci.org/olympic4/?g=node/131

- 1.5 line spacing with left- right justification c ondition:
http://yorkhci.org/olympic5/?g=node/131

- Double line spacing with left- right justificatio n condition:

http://yorkhci.org/olympic6/?g=node/131

The Olympic Game web site in Thai version:

- Single line spacing with left justification condi tion:

https://dl.dropboxusercontent.com/u/23143888/Web_Thai_Final/olympic_t1/index.html

- 1.5 line spacing with left justification conditio n:

https://dl.dropboxusercontent.com/u/23143888/Web_Thai_Final/olympic_t2/index.html

- Double line spacing with left justification cond ition:

https://dl.dropboxusercontent.com/u/23143888/Web_Thai_Final/olympic_t3/index.html

- Single line spacing with left- right justificati on condition;

https://dl.dropboxusercontent.com/u/23143888/Web_Thai_Final/olympic_t4/index.html

- 1.5 line spacing with left- right justification ¢ ondition:

https://dl.dropboxusercontent.com/u/23143888/Web_Thai_Final/olympic_t5/index.html

- Double line spacing with left- right justificatio n condition:

https://dl.dropboxusercontent.com/u/23143888/Web_Thai_Final/olympic_t6/index.html
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Appendix 8: Tasks in experiment 1 (English version)

1. How many times has the Olympic flame been carried across the water?
AANS. e e

2. In the first modern Olympic games of 1896, who was considered to be the most
successful athlete of those games?

A 1 T TR

3. At Beijing in 2008, how many years was it since the UK had won a gold medal in
swimming?

A 1 TP TRPPRPPTN

4. Who was the first woman from Thailand to earn a gold medal in the 2004
Athens Olympic Games?

A 1 TP TRPPRPPTN

5. What are the common reasons for a substitution of a player during a football
match?

A 1 1T
6. What is the maximum width of baselines in tennis court?

A 1 1T

Thank you for taking the time to complete these tasks
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These six tasks were divided between the four main web pages as shown in below;

About the games 1 task
History of the games 1 task
Previous Olympic Games 2 tasks
Olympic Sports 2 tasks

Figure 1 shows that “About the games” was categorised into 6 pages; International Olympic
Committee (I0OC), Olympic traditions, Olympic motto, Olympic rings, Opening ceremonies, and
Closing ceremonies. One task asked a question about the Olympic flame which the answer can

be found in “The Torches” under “Olympic traditions”.
Task 1: How many times has the Olympic flame been carried across the water?
Answer : 2 times

Optimal Path : Home > About the Games > Olympic Traditions > Torches

About The Games

International
Olympic
Committee (10C)

Olympic
Traditions

Opening Closing

Olympic Motto Olympic Rings Ceremonies Ceremonies

I— The Torches

Figure 1: Web pages under the content about “About the Games” with a we b page where

taskl's answer was placed



212

Figure 2, shows that “History of the games” was separated into 2 pages; ancient Olympic
Games, and modern Olympic Games. Ancient Olympic Games was separated into 4 sub-pages;
About history, Methodology, The athlete, and The sport events. Modern Olympic Games was
separated into 4 pages; Forerunners, Revival, 1896 games, and Expanded, changed, and

adapted. The answer of the task in this part is in “1896 Games”.

Task 2: In the first modern Olympic games of 1896, who was considered to be the most

successful athlete of those games?
Answer : Carl Schumann

Optimal Path : Home > History of the Games > Modern Olympics > 1896 Games

History of the
Games

Ancient Olympic Modern Olympic
Games Games
- History = Forerunners

Mythology - Revival

The althlete = 1896 Games

Expanded,
The Sport events (&=  changed and
adapted.

Figure 2: Web pages under the content about “History of the Games” with a web page

where task2's answer was placed
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In previous Olympic Games, there were information about Olympics events in the past since the
first modern Olympic Games, Athens 1896 to Beijing 2008. However, there were only 2 pages
which had hypertext links lead to information about two Olympic Games events; Beijing 2008
and Athens 2004. One task asked about information related to the UK, which an answer
appeared in “interesting facts”, in Beijing 2008. Another task asked about a Thai athlete. An

answer in this task was on “interesting facts", in Athens 2004 as shown in Figure 3.

Task 3: At Beijing in 2008, how many years was it since the UK had won a gold medal

in swimming?
Answer : Almost 50 years (48 years)

Optimal Path : Home > Previous Olympic Games > Beijing 2008 > Beijing 2008 in detail »

Interesting Facts

Task 4: Who was the first woman from Thailand to earn a gold medal in the 2004

Athens Olympic Games?
Answer : Pawina Thongsuk

Optimal Path : Home > Past Olympic Games > Athens 2004 > Athens 2004 in detail »

Interesting Facts

Previous Olympic
Games

Beijing 2008 Athens 2004
1 I__l
| | | | 1
. quick reference . Athens 2004
Dancing Beijing BeljlrllagetZ;OS in sheet for Beijing Athegztzati)lm n Quick Reference
2008 sheet

o The Panathinaiko

= The Bird's Nest Stadium

= |nteresting Facts = |nteresting Facts
Olympics 2008 Olympics 2004

bl \edals Count Top bt VIedals Count Top
Ten Countries Ten Countries

Figure 3: Web pages under the content about “Previo  us Olympic Games” with a web

page where task3 and task4’s answers were placed
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In Olympic sports, there is information about 7 sports in 7 pages. There are Football, Aquatics,

Athletics, Badminton, Tennis, Basketball, and Gymnastics. Two tasks are in Olympic sports; one

task asks about players and officials in Football and another task asks about the field of play in

Tennis as shown in Figure 4.

Task 5: What are the common reasons for a substitution of a player during a football

match?
Answer : injury, tiredness, ineffectiveness, a tactical switch, or time wasting

Optimal Path : Home > Olympic Sports > Football > Rules and gameplay > Players and
Officials

Task 6: What is the maximum width of baselines in tennis court?
Answer : The baseline can be up to 4 inches (100 mm) wide if so desired.

Optimal Path : Home > Olympic Sports > Tennis > Manner of Play > Field of Play

Olympic Sports
|
1 1 1 1 | 1 1
Football Aquatics Athletics Badminton Tennis Basketball Gymnastics
| 1
1 | | | | 1 | | | |
history of rules and Tennis is The comeback
Bill Mallon football at the amepla dropped from of Tennis to the Manner of Play
Olympics g play the Games Games
UK participation I_
in football at Plgﬁ:j:d Field of Play
London 2012
. An infringement . i
Figure 4: Web pages of the rules under the content about “Olympic Sports” with a

web page where task5 and task6’s answers were place d
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Appendix 9: Tasks in experiment 1 (Thai version)

1. Tunswdstdulefudamnud IWlafudagnindwinmswuanais?

. @ a o . & o & 4 @ { o &
2. lumswdsiwledndnaasluintsusnisaduiod a.¢.1896 lashanniwNyszauanudisa

UINNga?

3. lumsuastuimloduda Unis 2008 asngulamisgnesaniniigidnass nasaniiae

v ldidanduuga?

mamauqmﬁ"mﬁaaznaﬂum‘manﬁmw
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Actual Strongly Disagree  Neither Agree Strongly
Factors  disagree agree agree
nor
disagree

1. The Web is efficient P 1 2 3 4 5
2. The Web makes me nervous C 5 4 3 2 1
3. The Web has many useful features P 1 2 3 4 5
4. Fashionable people use the Web F 1 2 3 4 5
5. | have difficulty remembering how to C 5 4 3 2 1
use the Web
6. The Web is reliable P 1 2 3 4 5
7. | feel anxious when using the Web C 5 4 3 2 1
8. The Web helps me to do a task P 1 2 3 4 5
effectively
9. | can confidently operate the Web C 1 2 3 4 5
10. Learning to use the Web is easy C 1 2 3 4 5
11. Using the Web is good for my F 1 2 3 4 5
image
12. | often need to refer to a manual C 5 4 3 2 1
for help
13. The Web is rather difficult to use C 5 4 3 2 1
14. The Web is the best option for the C 1 2 3 4 5

job
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15. When | use the Web, | am afraid | C 5 4 3 2 1

will break/crash it

16. The Web is value for money P 1 2 3 4 5
17. The Web does not make life easier P 5 4 3 2 1
18. | use the Web because lots of F 1 2 3 4 5

other people use it

(P = Performance; C= Confidence; F = Fashion) (Burn, 2003 pp. 178, 344-345)
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Appendix 11: Content, target words, and multiple choices questions for experiment
2-4
1. (For practice trial in scanning task)

In 1968 — ironically the year in which tennis faced up to the facts of commercial life by accepting
the concept of 'open' rather than strictly amateur events — tennis was included in the Olympic

Games in Mexico, although only as a exhibition/demonstration sport.

Tennis staged a 21 & under demonstration event at Los Angeles 1984, although by then the
long, determined campaign to have tennis welcomed back as a full medal sport was well into its

stride.

The champion of the cause was David Gray, then General Secretary of the International Tennis
Federation (ITF), who sadly died before all his work had come to fruition. His belief in the merits
of tennis returning to the Olympic fold was unshakeable, and he had equally enthusiastic and
determined support in this belief from the ITF President, Philippe Chatrier of France, and the

Vice President, Pablo Llorens of Spain.

The Olympic Tennis Event in Los Angeles attracted capacity 6,000 crowds each day. Its
success, as well as the growing awareness both within and beyond the IOC that Olympic
membership_ assists with the grass roots development of any sport, made the decision to
readmit tennis into the Olympics seem appropriate. It was ultimately decided that the world's
finest tennis players should once again be allowed to compete for gold medals, along with their

leading counterparts in other sports at this greatest of all sports gatherings

The respective singles winners in 1984, Steffi Graf led the way again as top seeds in Seoul.
Graf went on to complete what has become known as her "Golden Slam" (she had already won

all four Grand Slam tournaments that year).

Target word for scanning task:  membership
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2. For practice trial in skimming task

The Olympic Games are a major international event featuring summer and winter sports, in
which thousands of athletes participate in a variety of competitions. The Olympic Games have
come to be regarded as the world’s foremost sports competition where more than 200 nations
participate. The Games are currently held every four years within their respective seasonal

games.

The modern games began in 1894 with Baron Pierre de Coubertin founding the International
Olympic Committee (IOC). The I0C has since become the governing body of the Olympic
Movement, its structure and actions are defined by the Olympic Charter. The Olympic
Movement consists of International Sports Federations (IFs), National Olympic Committees
(NOCs), and organizing committees for each specific Olympic Games. As the decision-making
body, the IOC is responsible for choosing the host city for each Olympic Games. The host city is
responsible for organizing and funding a celebration of the Games consistent with the Olympic
Charter. The Olympic programme, consisting of the sports to be contested at the Games, is also
determined by the IOC.

The celebration of the Games encompasses many rituals and symbols, such as the Olympic
flag and torch, as well as the opening and closing ceremonies. Over 13,000 athletes compete at
the Summer and Winter Olympics in 33 different sports and in nearly 400 events. The first,
second, and third placed competitors in each event receive Olympic medals: gold, silver, and

bronze, respectively.

The evolution of the Olympic Movement during the 20th and 21st centuries has resulted in
several changes to the Olympic Games. Some of these adjustments include the creation of the

Winter Games, the Paralympic Games, and the Youth Olympic Games.
Question for skimming task

1. Which of the following titles best fit the text?
(a) Olympic Games
(b) Summer Olympics Games
(c) Olympic movement
(d) I'm not sure
2. Approximately how many countries participate in the Olympic Games
(a) More than 100 nations
(b) More than 150 nations
(c) More than 200 nations
(d) I'm not sure
3. Who is Baron Pierre de Coubertin?
(a) Founder of the International Olympic Committee (10C)
(b) Founder of the International Sports Federations (IFs)
(c) Founder of the National Olympic Committees (NOCs)
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(d) I'm not sure
4. Which does the evolution of the Olympic movement during the 20th and 21st
centuries?
(a) Winter Games
(b) Winter Game and Paralympic Games
(c) Winter Games, Paralympic Game, and Youth Olympic Games
(d) I'm not sure

3. For practice trial in detailed reading task

The Federation of International Gymnastics (FIG) was founded in Liege in 1881. By the end of
the nineteenth century, men's gymnastics competition was popular enough to be included in the
first modern Olympic Games in 1896. Until the early 1950s, both national and international
competitions involved a changing variety of exercises gathered under the rubric of gymnastics
that would seem strange to today's audiences. These included synchronized team floor
calisthenics, rope climbing, high jumping, running, and horizontal ladder. During the 1920s,
women organized and participated in gymnastics events. The first women's Olympic competition
was primitive, as it involved only synchronized calisthenics. It was held at the 1928 Games, in

Amsterdam.

By 1954, apparatus and events for gymnastics at the Olympics Games had been standardized
in their modern format for both men and women, and uniform grading structures (including a
point system from 1 to 15) had been agreed upon. At this time, Soviet gymnasts astounded the

world with highly disciplined and difficult performances, setting a precedent that continues.

The new medium of television helped publicize and initiate a modern age of gymnastics. Both
men's and women's gymnastics now attract considerable international interest, and excellent
gymnasts can be found on every continent. Nadia Comaneci received the first perfect score, at
the 1976 Summer Olympics held in Montreal, Canada. She was coached in Romania by Béla
Karolyi, a Romanian coach of Hungarian origin. Comaneci scored four of her perfect tens on the
uneven bars, two on the balance beam and one in the floor exercise. Even with Nadia's perfect
scores, the Romanians lost the gold medal to the Soviet Union. Nevertheless, Comaneci

became an Olympic icon.
Question for detailed reading task

1. Which of the following titles best fit the text?
(a) History of Gymnastics
(b) The most successful gymnasts
(c) Effect of Television in modern age of Gymnastics
(d) I'm not sure
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2. When does women organized and participated in gymnastics events?
(a) 1986
(b) 1920s
(c) 1950s
(d) I'm not sure
3. By 1954, which country astounded the world with highly disciplined and difficult
performances?
(a) United States
(b) Soviet Union
(c) Romania
(d) I'm not sure
4. Who was the gymnastic Olympic icon at the Olympic Games in 1976 ?
(a) Nadia Comaneci
(b) Béla Karolyi
(c) Soviet gymnasts
(d) I'm not sure
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Text 1

Athletic contests in running, walking, jumping and throwing are among the oldest of all sports
and their roots are prehistoric. Athletics events were depicted on ancient Egyptian tombs, with
illustrations of running and high jumping appearing from as early as 2250 BC. Similarly, the
Tailteann Games were an ancient Celtic festival in Ireland which has been dated to have
occurred around 1800 BC. This thirty-day meeting included running and stone-throwing among

its sporting events.

The original and only athletics event at the first Olympics in 776 BC was a stadium-length
running event known as the stadion. This was later expanded to be the ancient pentathlon
which included throwing and jumping events. Athletics competitions also took place at other

Panhellenic Games which were founded later, in around 500 BC.

The Cotswold Olimpick Games, a sports festival which emerged in 17th century England, also
featured athletics in the form of a sledgehammer throwing contest. Similarly, an annual event
called L'Olympiade de la République was held in revolutionary France from 1796 to 1798. This
event was an early forerunner to the modern summer Olympic Games. The premier event of
this competition was a running event, but various ancient Greek disciplines were also on

display. The 1796 Olympiade marks the introduction of the metric system into sport.

The Modern Era of Athletics is attributed to have started at The Royal Military College,
Sandhurst. This is claimed to be the first to hold athletics meetings in 1812 and 1825; but, there
is no formal supporting evidence of this claim. The first modern-style indoor athletics meetings

were recorded shortly after in the 1860s, including a meet at Ashburnham Hall in London.
Target word for scanning task:  evidence
Question for skimming and detailed reading tasks

1. Where is the oldest historical record we have of athletics events?
(a) Greece
(b) France
(c) Egypt
(d) I'm not sure

2. What was the original and only athletics event at the first Olympics?
(a) stadium-length running
(b) high jumping
(c) throwing
(d) I'm not sure

3. When was the metric system introduced into sport?
(a) 500 BC in Greece
(b) 1796 in France
(c) 1812 in England
(d) I'm not sure
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4. When was the first recorded indoor athletics meeting?
(@) Inthe 1700s
(b) Inthe 1790s
(c) Inthe 1860s
(d) I'm not sure

Text 2

The symbol of the Olympic Games is composed of five interlocking rings, coloured blue, yellow,
black, green, and red on a white field. This was originally designed in 1912 by Baron Pierre de
Coubertin, the founder of the modern Olympic Games. Upon its initial introduction, de Coubertin

stated the following in the August, 1912 edition of Olympique:

The emblem chosen to illustrate and represent the World Congress of 1914...: five intertwined
rings in different colours - blue, yellow, black, green, and red - are placed on the white field of
the paper. These five rings represent the five parts of the world which now are won over to

Olympism and willing to accept healthy competition.

In his article published in the "Olympic Revue" the official magazine of the International Olympic
Committee in November 1992, the American historian Robert Barney explains that the idea of
the interlaced rings came to Pierre de Coubertin when he was in charge of the USFSA, an
association founded by the union of two French sports associations and until 1925, responsible
for representing the International Olympic Committee in France. The emblem of the union was
two interlaced rings and was originally the idea of Swiss psychiatrist Carl Jung. For Jung the

ring meant continuity and the human being.

According to De Coubertin, the ring colours with the white background stand for those colours

that appeared on all the national flags of the world at that time.

The 1914 Congress had to be suspended because of the outbreak of World War 1, but the
symbol and flag were later adopted. They would first officially debut at the Games of the VII

Olympiad in Antwerp, Belgium in 1920.
Target word for scanning task:  continuity
Question for skimming and detailed reading tasks

1. Who was the designer of the modern Olympic symbol of 5 coloured rings on a white
background?
(a) Baron Pierre de Coubertin
(b) Robert Barney
(c) CarlJung
(d) I'm not sure

2. What is the name of the official magazine of the International Olympic Committee?
(&) 10C Magazine
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(b) Olympic Magazine
(c) Olympic Revue
(d) I'm not sure

3. For Swiss psychiatrist Carl Jung, what was the meaning of the Olympic rings?
(@) Continuity and Human being
(b) Olympic spirit and human being
(c) Continuity and Olympic spirit
(d) I'm not sure

4. When was the official debut of the Olympic rings?
(a) 1912
(b) 1914
(c) 1920
(d) I'm not sure

Text 3

Football was not on the programme at the first modern Olympic Games in 1896, as international
soccer was in its infancy at the time. However, some sources claim that an unofficial football
tournament was organized during the first competition, in which an Athens Xl lost to a team
representing Smyrna (lzmir), then part of the Ottoman Empire. Smyrna went on to be
undefeated (15-0) by a team from Denmark. However, it is in fact unclear whether any
competition took place at all; the Olympic historian Bill Mallon has written: "Supposedly a match
between a Greek club and a Danish club took place. No such 1896 source supports this and we

think this is an error which has been perpetuated in multiple texts. No such match occurred".

Tournaments were played at the 1900 and 1904 games and the Intercalated Games of 1906,
but these were contested by various clubs and scratch teams. Although the IOC considers the
1900 and 1904 tournaments to be official Olympic events, they are not recognized by the
International Federation of Association Football (FIFA); neither recognizes the Intercalated
Games today. In 1906, teams from Great Britain, Germany, Austria, the Netherlands and
France were withdrawn from an unofficial competition and left Denmark, Smyrna, Athens and

Thessaloniki Music Club to compete. Denmark won the final against Athens 9-0.

After the initial tournament played in 1908 at the London Games, football became an important
piece of the Olympic Games. The competition became increasingly important throughout the
1920s, although that decade witnessed a bad day in the history of the Olympic movement

when, during the 1920 final, Czechoslovakia walked from the field of play.

Target word for scanning task:  movement
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Question for skimming and detailed reading tasks

1. Why was football not an official sport programme at Olympic Games in 1896?
(a) International soccer was in its infancy
(b) There was confusion about whether country or city teams could enter
(c) Not enough countries played football at the time
(d) I'm not sure

2. Which association or associations acknowledge the tournaments held in 1900 and 1904
as being part of the official Olympic Games?
(@) The International Olympic Committee (I0C)
(b) The International Federation of Association Football (FIFA)
(c) Both the International Olympic Committee (IOC) and the International Federation of
Association Football (FIFA)
(d) I'm not sure

3. Inthe 1906 games, what team did Denmark defeat in the final?
(a) Great Britain
(b) Athens
(c) France
(d) I'm not sure

4. When did the Czechoslovakian team walk from the field of play in the football gold
medal match?
(a) 1904
(b) 1908
(c) 1920
(d) I'm not sure

Text 4

As mandated by the Olympic Charter, various elements frame the opening ceremony of the
Olympic Games. Most of these rituals were established at the 1920 Summer Olympics in
Antwerp.  The ceremony typically starts with the hoisting of the host country's flag and a
performance of its national anthem. The host nation then presents artistic displays of music,

singing, dance, and theatre representative of its culture.

After the artistic portion of the ceremony, the athletes parade into the stadium grouped by
nation. Greece is traditionally the first nation to enter in order to honour the origins of the
Olympics. Nations then enter the stadium alphabetically according to the host country's chosen
language, with the host country's athletes being the last to enter. Speeches are given, formally
opening the Games. Finally, the Olympic torch is brought into the stadium and passed on until it
reaches the final torch carrier - often a well-known and successful Olympic athlete from the host

nation - who lights the Olympic flame in the stadium's cauldron.

The closing ceremony of the Olympic Games takes place after all sporting events have

concluded. Flag-bearers from each participating country enter the stadium, followed by the
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athletes who enter together, without any national distinction. Three national flags are hoisted
while the corresponding national anthems are played: the flag of Greece, to honour the
birthplace of the Olympic Games; the flag of the current host country; and the flag of the

country hosting the next Olympic Games.

The president of the organizing committee and the IOC president make their closing speeches,

the Games are officially closed, and the Olympic flame is extinguished.
Target word for scanning task:  birthplace
Question for skimming and detailed reading tasks

1. When were the rituals of the opening ceremony established?
(a) 1896
(b) 1912
(c) 1920
(d) I'm not sure

2. When are the Olympic Games officially open?
(a) After opening speeches are given
(b) After the Olympic flame is lit in the stadium cauldron.
(c) After the hoisting of the Olympic flag
(d) I'm not sure

3.  Which three flags are hoisted while the corresponding national anthems are played in
the closing ceremony?
(a) The Greek flag, the flag of current host country, the Olympic flag
(b) The Olympic flag, the flag of current host country, the flag of the next host country
(c) The Greek flag, the flag of current host country, the flag of the next host country
(d) I'm not sure

4. When are the Olympic Games officially closed?
(a) After the I0C president makes his closing speech
(b) After the Olympic flame is extinguished
(c) After the medals are given for the final event
(d) I'm not sure

Text b

In 1989, the International Basketball Federation (FIBA) approved the rule allowing players in the
professional National Basketball Association (NBA) teams to compete in international
tournaments, including the Olympics. In the 1992 Olympics the US "Dream Team" won the gold
medal with average winning margin of 44 points and without calling a time out. By this time,
Soviet Union and Yugoslavia no longer existed, but their successors continued to be among the
leading forces. Two newly-independent counties, Croatia and Lithuania, won the silver and

bronze medals respectively.
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The Americans repeated their victory in 1996 and 2000, but they were not as impressive as in
1992. The Olympics in 1996 was notable as Atlanta was the first Olympic host city to have its
own NBA team, the Atlanta Hawks since the approval of competition by professional players. In
the 1996 Olympics Yugoslavia won the silver medal with Lithuania winning the bronze. At the

Sydney Olympic Games in 2000, France won the silver with Lithuania taking the bronze.

The dominance of the United States was interrupted in 2004 when the Americans suffered their
third defeat in Olympic history to Argentina in the semifinals . The Argentineans went on to beat
Italy in the final and become the fourth team to win the Olympic basketball title. However, the

United States regained the gold medal in 2008.

The United States is by far the most successful nation in Olympic basketball. American men's
teams have won 13 out of 16 tournaments they have participated in, including seven successive
titles from 1936 to 1968. American women's teams have won six titles out of eight, including
four in a row from 1996 to 2008.

Target word for scanning task:  semifinals
Question for skimming and detailed reading tasks

1. When did the FIBA allow professional National Basketball Association (NBA) players to
compete in international tournaments, including the Olympics?
(&) 1989
(b) 1992
(c) 1996
(d) I'm not sure

2.  Which country won the bronze medal in Olympic basketball in the 2000 Games?
(&) Yugoslavia
(b) Lithuania
(c) Soviet Union
(d) I'm not sure

3.  Which was the fourth country to win the gold medal in the Olympic basketball title?
(a) Croatia
(b) France
(c) Argentina
(d) I'm not sure

4. How many times did the American women's basketball team win in the Olympic
Games?
(a) 6times
(b) 8times
(c) 13times
(d) I'm not sure
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Text 6

According to historical records, the first ancient Olympic Games can be traced back to 776 B.C.
They were dedicated to the Olympian gods and were staged on the ancient plains of Olympia.
They continued for nearly 12 centuries, until Emperor Theodosius decreed in 393 A.D. that all

such "pagan cults" be banned.

Olympia, the site of the ancient Olympic Games, is in the western part of the Peloponnese
which, according to Greek mythology, is the island of "Pelops"”, the founder of the Olympic
Games. Imposing temples, votive buildings, elaborate shrines and ancient sporting facilities
were combined in a site of unique natural and mystical beauty. Olympia functioned as a meeting
place for worship and other religious and political practices as early as the 10th century B.C.
The central part of Olympia was dominated by the majestic temple of Zeus, with the temple of

Hera parallel to it.

The Olympic Games were closely linked to the religious festivals of the cult of Zeus, but were
not an integral part of a rite. Indeed, they had a secular character and aimed to show the
physical qualities and evolution of the performances accomplished by young people, as well as
encouraging good relations between the cities of Greece. According to specialists, the Olympic

Games owed their purity and importance to religion.

The Olympic victor received his first awards immediately after the competition. Following the
announcement of the winner's name by the herald, a Hellanodikis (Greek judge) would place a
palm branch in his hands, while the spectators cheered and threw flowers to him. Red ribbons

were tied on his head and hands as a mark of victory.
Target word for scanning task:  spectators
Question for skimming and detailed reading tasks

1. According to historical records, to when can the first ancient Olympic Games be traced
back?
(@) 512 BC
(b) 776 BC
(c) 393 AD
(d) I'm not sure

2. Where is Olympia?
(a) the northern part of the Peloponnese
(b) the eastern part of the Peloponnese
(c) the western part of the Peloponnese
(d) I'm not sure

3. The religious festival of which god were the Olympic Games closely linked to, although
not part of?
(a) Zeus
(b) Hera
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(c) Athena
(d) I'm not sure

4. What mark of victory was tied on the head and hands of an Olympic victor?
(@) An olive branch
(b) Flowers
(¢) Red ribbons
(d) I'm not sure
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Appendix 12: Content, target words, and multiple choices questions for experiment 3
and experiment 4 (Thai version)

For practice trail
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Appendix 13: Physical and visual fatigue questionnaire (English version)

Please indicate where on the scale between 'Strongl y Agree' and 'Strongly Disagree'

most reflects your visual fatigue.

1. After doing ............ tasks on a recent text, my back and/or neck hurt from sitting in one

position for so long.

1 2 3 4 5 6 7
Strongly Disagree Strongly Agree
2. Doing ............ tasks on a recent text gives me a headache.
1 2 3 4 5 6 7
Strongly Disagree Strongly Agree
3. After doing ............ tasks on a recent text, my vision seems blurry when | look at distant
objects.
1 2 3 4 5 6 7
Strongly Disagree Strongly Agree
4. | feel mentally fatigued after doing ............ tasks on a recent text.
1 2 3 4 5 6 7
Strongly Disagree Strongly Agree
5. After doing ............ tasks on a recent text, my eyes feel strained.
1 2 3 4 5 6 7
Strongly Disagree Strongly Agree
6. Overall, doing ............ tasks on a recent text makes me feel fatigued.
1 2 3 4 5 6 7

Strongly Disagree Strongly Agree
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Appendix 14: Physical and visual fatigue questionnaire (Thai version)
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Appendix 15: Correlation between questions in Visual and Physical Fatigue for each

Font Type and Font Size (N = 72)

Correlation/Font Type Serif Serif Serif Sans Sans Sans
and Font Size 12 point | 14 point | 16 point serif serif serif
12point 14point 16point
Question 1/Question 6 57 T4x* 4% 59** A8 .60**
Question 2/Question 6 .81** 87** 87** .85%* .80** .82**
Question 3/Question 6 79** 71 78** .80** .83** 76%*
Question 4/Question 6 .81** .92%* .89** .90** .92%* .92%*
Question 5/Question 6 79** 75%* 79** .82** .84** .83**

* p<.05, ** p<.01
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Appendix 16: Correlation in Ease of reading, Pleasantness of Reading, and Speed of

Reading for each Font Type and Font Size

Correlation in Ease of reading, Pleasantness of Rea  ding, and Speed of Reading for each
Font Type (N = 72)

Correlation/Font Type Serif San serif
Ease-Pleasantness A9 .80**
Ease-Speed .65%* T4%*
Pleasantness-Speed .66™* T2%*

* p<.05, ** p<.01

Correlation in Ease of reading, Pleasantness of Rea  ding, and Speed of Reading for each
Font Size (N =72)

Correlation/Font Size 12 14 16

Ease-Pleasantness o4** .56** 52
Ease-Speed H53** AT S51*r*
Pleasantness-Speed D2** S4** A48+

* p<.05, ** p<.01
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Appendix 17: Correlation between questions in Visual and Physical Fatigue for each

Text Colour and Background Colour combination (N = 66)

Correlation/Colour Black / White White / black Sepia / off -white
Question 1/Question 6 .64** .62** .65**
Question 2/Question 6 76%* .86** .82**
Question 3/Question 6 78** 76%* 79**
Question 4/Question 6 .83** .88** .89**
Question 5/Question 6 .86** .84** .80**

* p<.05, ** p<.01
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Appendix 18: Correlation in Ease of reading, Pleasantness of Reading, and Speed of

Reading for each Text Colour and Background Colour combination (N = 66)

Correlation/Colour Black / White White / black Sepia / off -white
Ease-Pleasantness .66** 5% 58**
Ease-Speed 39%* 71 A3
Pleasantness-Speed 53** 63** 59**

* p<.05, ** p<.01
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Appendix 19: Correlation between questions in Visual and Physical Fatigue for each

Reading task

Correlation between questions in Visual and Physical Fatigue for Searching for link

word, Scanning, Skimming, and Detailed reading (N = 15) (Additional data collection)

Correlation/Reading Searching Scanning Skimming Detailed reading
task

Question 1/Question 6 75** .54* 70** 48*
Question 2/Question 6 78** 1 B7** 54*
Question 3/Question 6 .80** .62* 87** 61*
Question 4/Question 6 T9** 81** 87** .92%*
Question 5/Question 6 .90** 5% 87** 76%*

* p<.05, ** p<.01
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Appendix 20: Participants’ perceptions of their use of the reading types questionnaire

Please put the proportion of frequency which you us e for scanning, skimming, and detailed

readings on web pages

SCaNNING .ovvvv vt e %
SKIMMING ..o %
Detailed reading ....................... %

Please put the proportion of time which you spent f or scanning, skimming, and detailed

reading on web pages
SCaNNING «ovvvvviie e e %
SKIMMING ..o %

Detailed reading ....................... %
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Appendix 21: Methodologies for translation quality control

Translation quality control is important to cross-cultural research because the goal of cross-
cultural translation is to achieve equivalence between two different languages (Lee et. al.,
2009). Andriesen (2008) said that if all languages materials are not translated the exact same
way and reflect the original, there is the risk that all answers according to these materials
cannot be combined. In addition, data which collected from research materials with high quality
of translation provide comparable data across countries and cultures (Mullis, Kelly, and Haley,
1996).

This section provides detail about quality control for preparation of the material in research.
1.1 Translation quality control methods

Mullis, Kelly, and Haley (1996) suggested that the translators and evaluators’ work included the

following:

- Identifying and minimizing cultural differences

- Finding equivalent words and phrases

- Making sure the reading level was the same in original as in target version
- Making sure the essential meaning of the items did not change

- Making sure the difficulty of the achievement items did not change

- Being aware of changes in layout due to translation.

Many researchers suggested techniques for control quality of translation (Brislin, 1970; Weeks,
Swerissen, and Belfrage, 2007). The key translation techniques aim to maximize equivalence

and minimize translation errors are:

- One-way translations

- Back translations
- Bilingual techniques
- Committee approach

- Pre-test procedures

1.1.1 One-way translation

Single bilingual person translates the sources language version into the target language. (de la
Puente, Pan, and Rose, 2003). One — way translation technique is the most frequently used in
public health cross-culture studies because this technique is simplicity, time efficiency, and low
expense. However, one-way translated instrument is often result in low levels of validity and
reliability (Week, Swerissen, and Belfrage, 2007).
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1.1.2 Black translation

Translators who are target language native speakers translated content from the original
language to target language. After that, the translated content is translated back into original
language by independent translator or translators. Then the back translation is evaluated by
comparing with original language (Andriesen, 2008; Weidmer, 1994). Back translation requires

a few bilingual people but it requires high cost and amount of time (Andriesen, 2008).

1.1.3 Bilingual technique

Bilingual person completes a test in original language and target languages. Discrepancies in
responses identify specific items which have not similarity. (Brislin, 1970; Smit et. al., 2006).
Prince and Momnour (1967) explained that there were 3 methods in bilingual technique: (1)
same bilingual participants completed first language materials then after one or two months in
other languages. This method requires time (2) Bilingual participants were random into two
groups to complete research materials; source and target language. The frequencies of
response to the items could be compared. This method requires very large number of
participants. (3) Bilingual participants were random to two groups. First group could be asked
first half of questionnaires in source language and another could be asked the second half of
questionnaires in target language. This method requires fewer participants than the second

method. However, Prince and Momnour (1967) used 80 bilingual persons for their testing.

1.1.4 Committee approach

Committee approaches are used for translation and for translation assessment. For translation,
group of bilingual people independently translates same materials from the source to the target
language. The mistakes of one member can be caught by others on the committee. The next
step, translators and a translation co-ordinator compare the independent translations, reconcile
disparities and make a final version by select the best of the independent translations or follow
other alternative comment in meeting (Brislin 1970; Harkness and Schoua-Glusberg, 1998; Smit
et. al., 2006; Week, Swerissen, and Belfrage, 2007). For translation assessment, the committee
members should proficiency in source and target languages and various related skills require

for survey work (Guillemin et al., 1993).

1.2 Pre-test procedures

After a translation is completed, it is field-tested to ensure that future subjects will comprehend
questions. Week, Swerissen, and Belfrage (2007) said that there are two methods. First is
random-probe technique, interviewer selects a random item on questionnaires and as probing

about that items (e.g., what do you mean?). When the researcher gets many responses, the
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researcher knows about quality of the questionnaires. The second method is rating of

questionnaires, interviewer ask samples to rate about how clear the question was to them.

However, some researchers used alternative technique in their research. Mullis, Kelly, and
Haley (1996) suggested another technique which they used in translation of “Third International
Mathematics and Science Study”. In translation process, two Mathematics and two science
specialists with excellent in English and target language independently translated the test items
then there were two independent translations of each subject’s test items. The next step, these
two versions were compared by third person. If there were differences between two
independent translations, the best version was selected. After that the translated content was
sent to review by professional translator, first-language experience in target language, excellent
knowledge of English, experience living and working in an English-language environment, and
familiarity with the culture associated with the target language. The professional translator
compared original version with translated version. If there were different, the professional
translator gave a code for type of deviation and a code for severity of deviation and reported

these in the translation verification report.
Type codes

The type codes, listed below, indicate what kind of change was made in the translation from the
international version to the target language. Codes A through J refer to deviations in the text of

an item; K through N refer to deviations in the graphics or layout of an item.

The type codes are:

A Spelling

B Grammar

C Vocabulary

D Incorrect number or value

E Error in equation or numeric notation
F Missing or additional text

G Change in meaning

H Change in level of reading difficulty

I Tabs, alignment, or text layout
J Other problem with the text

K Labels are missing
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L Wrong picture or picture is missing
M Picture has been modified
N Labels have been modified.

Severity codes
The severity codes ranged from 1 (serious error) to 4 (acceptable adaptation).

1. Major Change or Error: This could affect the results and need to make corrections. Examples

include an incorrect translation of text such that the answer is indicated by the question.

2. Minor Change or Error: This was to be corrected if possible, but would not affect the results.
Examples include spelling errors that do not affect comprehension; misalignment of margins or

tabs; incorrect font.

3. Suggestions for Alternative: The translation may have been adequate, but the verifier

suggested a different wording for the item.

4. Acceptable Changes: The verifier identified acceptable changes and appropriate adaptations.
An example is where a reference to winter was changed from January to July for the Southern

Hemisphere.

After that the translation verification report was sent to review all major errors (severity code 1).

and the process with progress until there is no major errors.

In conclusion, information in this section is used for control the quality of translation content and
research materials in the studies in chapter 3, 5 - 6. As most of the studies in this thesis
conducted with participants in two different countries and languages; Thailand and the UK. The
reliable translation quality control ensure that data collected in the experiments were

comparable between the two groups of participants.

For the current research, there were three procedures while three translators and three

evaluators participated in translation quality control.

Procedures
Procedure 1: this procedure was used for controlling translation quality of material in the

first group. There were 3 persons in the procedure; translator 1, translator 2, and evaluator 1.

Procedure 2: this procedure was used for checking translation quality of material in the

second group. There were 3 persons in the procedure; translator 1, translator 3, and evaluator 2
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Procedure 3: this procedure was used for evaluation of the equivalence between the
English language web site and Thai language web site. This procedure was evaluated by

evaluator 3.

Translators
Translator 1: a bilingual researcher who forward translated materials in both groups

from English into Thai.

Translator 2: a bilingual Ph.D. student in TESOL/Applied Linguistics with first-language
experience in Thai, familiarity with Thai culture, excellent knowledge of English and experience
of translation and back translation who has lived and studied in UK for more than two years.
Translator 2 translated the materials in the first group, Thai version, which were translated by

Translator 1 back into English.

Translator 3: a bilingual Ph.D. student in the Department of English and Related
Literature with first-language experience in Thai, familiarity with Thai culture, excellent
knowledge of English, basic knowledge about Olympics and sports, and experience with
translation who has lived and studied in the UK for more than two years. Translator 3 translated

content in the second group from English into Thai.

Evaluators
Evaluator 1: a native English speaker, excellent in English and research, who has
experienced living and working in the UK for at least 10 years. Evaluator 1 compared English

language materials in the first group with the back translation version.

Evaluator 2: a bilingual Ph.D. student in the Department of Language and Linguistic
Science with first-language experience in Thai, familiarity with Thai culture, excellent knowledge
of English, basic knowledge about Olympics and sports, and experience with translation who
has lived and studied in the UK for approximately two years. Evaluator 2 compared translated
materials in the second group which were translated by translator 1 with another version which

was translated by translator 2.

Evaluator 3: a bilingual person with first-language experience in Thai, familiarity with
Thai culture, basic knowledge about creating web sites, and experience with the Internet for
more than 10 years. Evaluator 3 compared the English language web site with the Thai

language web site.

Procedure 1: Translation quality control procedure for materials in the first group

Translator 1 translated materials in the first group: informed-consent forms, pre-questionnaires,
post-questionnaires, and tasks in the experiment from English into Thai language. The

translated materials were provided to Translator 2, the back translator, for translation of the
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materials in Thai back into English. Translator 2 was informed about the nature of the

experiment and translation goal. The materials were listed below:

- Informed-consent form
- Pre-questionnaire
- Post-questionnaire

- Tasks in the experiment

Once back translation was completed the back translated materials and original English
materials were passed to evaluator 1 for approval of the equivalence. The materials were listed

below:

- Original informed-consent form

- Original pre-questionnaire

- Original post-questionnaire

- Original tasks in the experiment

- Back translated informed-consent form

- Back translated pre-questionnaire

- Back translated post-questionnaire

- Back translated tasks in the experiment

- Type codes and severity codes of Mullis, Kelly, and Haley (1996)

Evaluator 1 evaluated by comparing back translated materials with original English materials.
When there were any different meanings between back translated and original English
materials, Evaluator 1 assigned type codes and severity codes to each difference. The
differences were checked by Translator 1. Translator 1 made the updated translation. Translator
2 was asked to back translate again and Evaluator 1 was asked to evaluate. The process ran
until there was no difference. This meant that the materials in the first group in both languages
were equivalent. The data collected by using both of these language materials can be pooled

and the results compared.

Procedure 2: Translation quality control procedure for materials in the second

group

The experiment web site contained a large amount of content and web pages which entailed
that the translation quality control was separated into two steps. In the first step, translator 1 and
translator 3 independently forwarded selected translated content on the experiment web site
from English into Thai. The selected content was from 100 per cent of web pages which had the
answers of the tasks and 50 per cent of other web pages. In the next step, if the similarity of
translated content which was translated by translator 1 and translator 3 was more than 80 per
cent, the remainder content was translated by translator 1. If the similarity was less than 80%,

the remainder content required 2 forward translators.
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Translators were informed about the nature of the experiment and translation goals before

starting independent translation. The materials are listed below:

- Translator’s works suggested by Mullis, Kelly, and Haley (1996)
- Selected content from web sites (100 per cent of web pages which had an answer and

50 per cent of related pages)

When translator 1 and translator 2 completed their independent translation, two versions of
forward translation and related materials were passed to evaluator 2 for checking the similarity

of the meaning of the content. The materials are listed below:

- Translator’s works suggested by Mullis, Kelly, and Haley (1996)
- Translated content on web site (translated by translator 1)
- Translated content on web site (translated by translator 3)

- Translated tasks in the experiment and the answers

Evaluator 2 evaluated that the percentage of similarity of these two versions was 90% with no
major differences between both versions, and therefore translation quality in this procedure was
acceptable. Two independent translations were reconciled to be one version by agreement of
translator 1 and translator 2 as a committee. The translator 1 translated the remainder content

of the experiment web site.

Procedure 3: Web sites similarity control

The similarity of original web sites in English and the translated web site in Thai should be close
to perfect. This was due to the need to ensure that data collected in the experiment were

comparable between the UK and Thai participants.

After completion of the translation quality control in Procedure 2, the researcher used translated
content for creating the translated web site. Both versions of the web site were checked for
similarity by Evaluator 3 who was experienced with the Internet and had basic knowledge about
creating web sites. Evaluator 3 checked the original web site and the translated web site for the

similarity of each web page in terms of the following aspects:

- Presentation structure (e.g. top banner, top navigation bar, central content area)
- Number of hypertext links in each web page

- Equivalence label of the links

- Colours on web site

- Number of menu items and menu item order

- Number of pictures and position

- Number of paragraphs of content in each page

- Text size and text layout
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While checking similarity, Evaluator 3 also read all content on the web sites. Evaluator 3
reported the similarity and differences of each web page and spelling errors. The differences
and spelling errors on the web page were immediately fixed by the researcher until Evaluator 3
reported no difference. Then Evaluator 3 checked the next web page. The process was

repeated until the original web site and the translated web site were equivalent.
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Appendix 22: Recommendations on presenting illustration and animation

Table 2.8: Recommendations on illustration and anim  ation from the 8 sets of guidelines
on web design for older people

Web design

guidelines

Recommendation on line spacing

SPRY
Foundation
(1999)

The more realistic the illustration, the easier it is for a user to understand
and follow. Animated illustrations provide an even greater means of
retaining information. Any animated graphics, however, should always be
accompanied by text or a text only option should be

provided for those whose equipment cannot handle animations.

Visual problems and older technology can also interfere with a user
appreciation of animations on a web page. Slower modems, browsers and
processors may not be able to access these files. The biggest problem,
however, is that blinking text or repetitive motion can be so distracting to
someone with visual or concentration issues that the pages content may

not be located or understood.

Holt (2000)

For older adults, the more realistic the illustration, the clearer it will be to
understand. Animated instructions provide an even greater means of
retaining information; however, they should always be accompanied by text

for those users unable to view graphic images.

Animation is another fun piece of technology, but it can also make it harder
for an older person to use your page. Both visual problems and older
technology interfere with seeing many of the files. In addition, repetitive

motion can be so distracting that users may miss your real content.

Zhao (2001)

Only necessary information should be presented on the screen and
important information should be highlighted. Use only simple, highly

relevant graphics.

Animation, or any quickly flashing or blinking elements, are highly
distracting to peripheral vision. They distract people's attention from
focusing on the main information, as well as causing short-term memory
loss, slower reading speed, and compromise reading comprehension. With
the increased use of multiple advertising banners on Web pages, this can
be a significant problem. One possible way to alleviate this problem is to

allow users to pause or stop animation, flashing or blinking elements
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Agelight (2001)

Flashing or blinking graphics are highly distracting. For both new users and
those with diminished peripheral vision, such as glaucoma or cataracts,
such animation can be the difference between viewing a site and not.
Excessive pop-up windows and ads banners have this same impact,

distracting the reader and drawing attention to everything else.

NIA/NLM (2002)

Use text-relevant images only.

Use short segments of animation, video, or audio to reduce download time

on older computers.

AARP (2004)

Not mentioned

SilverWeb (2005,
2007)

Graphics should be relevant and not for decoration.

No animation should be present. Avoid moving text

Webcredible
(2006)

Not mentioned
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