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Abstract
In recent years, desktop screens have become bigger both in terms of physical size and screen
resolution. Still, many of today’s websites do not scale well when viewed on large screens.
On the one hand, the additional space available on such screens is usually not used, which
leads to an increasing amount of unused screen real estate. On the other hand, text properties
such as font size are usually optimised for a fixed width only, leading to readability issues
on large screens. We therefore investigate possible forms of adaptations in order to optimise
website layouts for large screens. The proposed solutions include the use of multiple columns
as well as flexible font size adaptation based on the user’s screen size. Moreover, means to
handle fixed-size media resources such as images or videos are presented. The solutions are
mostly based on the upcoming HTML5 and CSS3 standards, which offer a wide range of
new features to website developers. Where the new standards do not provide a convenient
solution, we fall back on JavaScript-based solutions. Our approach can therefore be applied
to existing websites in a simple way.
Based on the proposed adaptations, we designed a flexible layout template for an existing
website capable of adapting to various screen contexts. The quality of this template was
confirmed by a user study. All but one participant preferred the adaptive layout to the original
layout. Users particularly appreciated the better usage of the available space, as more content
was presented in the first screen and therefore less scrolling was necessary.
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Introduction

Over the past few years, the range of devices used for accessing websites has become much
more heterogeneous. On the one hand, mobile devices such as smartphones or tablet PCs are
more popular than ever. These devices usually come with small screens. On the other hand,
desktop monitors tend to get bigger both in physical size and screen resolution. Moreover, the
trend is towards 16:9 widescreen formats. In order to ensure a high-quality user experience
in this diversity of screen contexts, website developers need to think about new forms of
adaptations.
The popularity of smartphones has prompted website developers to design special, accessible
websites for these devices. However, little is being done on the other end of the spectrum.
Recent work showed that, as a consequence, many of today’s websites do not scale well
when viewed on large screens [5]. The additional space which becomes available on these
screens is usually filled with background content, as many websites are optimised for a fixed
width only. This imposes unnecessary scrolling on the user as the website becomes longer
than necessary. Moreover, text characteristics such as column width or font size are often
optimised for a standard screen resolution of 1024x768. In the context of large screens this
leads to readability problems due to long lines of text or small font sizes.
To some degree, the issues described above can be attributed to the lack of adequate countermeasures provided by existing web technologies. However, the upcoming versions of the
Hypertext Markup Language (HTML) and Cascading Style Sheets (CSS) standards introduce
a variety of features which offer new prospects for the creation of website layouts, e.g. the
possibility to deliver specific layouts depending on the screen size or the possibility to break
text into multiple columns. Furthermore, an increasing number of JavaScript frameworks are
becoming available, some of which directly address the issues mentioned above. In fact, the
trend in website development is going back to the use of native web technologies. Browser
vendors are adding more and more features to their browsers while still trying to comply with
the standards. In this research project, we therefore focus on solutions based on native web
technologies.

1
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1.1. GOALS OF THE THESIS

1.1

Goals of the Thesis

The goal of this thesis is to explore how flexible, adaptive screen layouts for web pages can
be achieved without sacrificing structure and design simplicity for the web developer and
reading comfort and efficiency for the viewer.
The main steps of this research project are as follows:
• Review of native web technologies and frameworks. Native web technologies and frameworks should be carefully reviewed to identify features potentially of benefit to the
project goals. A special emphasis should be put on upcoming versions of the HTML5
and CSS3 standards and on existing frameworks such as jQuery Masonry1 and the Text
Zooming JavaScript2 libraries.
• Adaptive layout template. Based on the findings of the first step, a flexible layout template for an existing website will need to be developed using native web technologies.
The template should support the adaptation to varying viewing sizes and in particular
to widescreen formats.
• Evaluation. The evaluation of the adaptive layout template will need to be carried out
in two steps:
– The quality of the implemented screen layout will need to be assessed in terms
of the metrics defined in [5]. In comparison with the original website, the key
factors to be considered are how much screen real estate is effectively saved by
the produced template and how much scrolling is imposed on the user in different
widescreen contexts.
– A user experiment will need to be designed and carried out to assess the reading
comfort and efficiency for the viewer as well as the overall look-and-feel of the
adaptive website in comparison with the original version.

1.2

Structure of the Thesis

We start in chapter 2 with a discussion of background information and work related to this
research project. In chapter 3, we analyse the features of the upcoming HTML5 and CSS3
standards and present those relevant for creating an adaptive layout. A special focus will be
set on the level of support currently provided by the browsers. Additionally, existing JavaScript frameworks, which may be of use for creating adaptive layouts, are presented. Chapter
4 presents the design steps which we took in this research project in order to develop an
adaptive layout template. We discuss the layout policies used by many of today’s websites
and show how these can be optimised for large screens. Further, issues arising when using
multiple columns are discussed and adequate solutions are proposed. Chapter 5 demonstrates
how we implemented an adaptive layout template for the guardian.co.uk website. The implemented layout template is then evaluated in chapter 6. First, we conduct a user study in
order to assess the users perceptions on the proposed adaptations. Second, we evaluate the
layout in terms of metrics defined in previous work. Chapter 7 gives concluding remarks and
1
2

http://desandro.com/resources/jquery-masonry/
http://tinnedfruit.com/sandbox/text-zoom/textzoom.html
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3

provides starting points for future work. Finally, the appendix presents various scripts we
implemented in order to facilitate the design of adaptive layouts.

4

1.2. STRUCTURE OF THE THESIS

2

Background

This chapter gives an overview over background and previous work related to this thesis.
We then summarise existing approaches to designing adaptive layouts. Finally, we present
metrics from previous work to measure the quality of such layouts in different screen contexts.

2.1

Effects of the Physical text layout

Much research has been done on how the physical text layout affects the way users read from
computer screens. Dyson [1] gives a good overview over the various research projects done
in this field. A subject which has been researched in particular is the effect of line length.
It has been stated that the physical width of a line does not have an effect on reading speed.
However, most studies agree that a higher number of characters per line, e.g. 100, results in
a faster reading speed while a smaller number, e.g. 55 characters per line, leads to a better
reading accuracy. Dyson et al. [3] partially attribute the faster reading speed to the lower
amount of scrolling necessary when using a higher number of characters per line. The users’
perception of an optimal line length is best for medium line lengths and is found out to be
not related to the reading speed. The definition of an optimal line length is therefore not easy.
However, based on a literature review by Nanavati et al. [2], studies suggest that the line
length should not exceed 70 characters per line.
Another factor which has been researched is the effect of multiple columns. Dyson et al. [3]
found that younger readers (18-24 years old) are faster when reading a single column with a
width of 80 characters per line than reading multiple columns with a width of 25 characters
per line. For older users however, no significant difference was observed. The result was
explained with the familiarity of younger users with the vertical, single-column layout as this
is the default layout when reading a website. A similar study was conducted by Baker [4],
taking into account the justification of text. Results showed that when using full justification,
users were fastest when using a two column layout. However, when using left justification,
faster result were achieved using a single column layout.

5
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2.2. ADAPTIVE LAYOUT TECHNIQUES

2.2

Adaptive layout techniques

The quality of a website layout is further influenced by its ability to adapt to different screen
contexts. Considerable research has been done for optimising layouts for small screens. For
example Chen et al. [6] proposed algorithms to automatically convert web pages into a twolevel hierarchical organisation by segmenting the page based on its structure. A thumbnail
page is put at the top-level and presents a global view as well as an index to a set of sub-pages
at the bottom level for a detailed view. The approach was refined by Hattori et al. [7] who
developed a more robust approach for the segmentation by taking into account layout information of the web page. An approach for a wider range of screen contexts was proposed by
Jacobs et al. [8] who researched the creation of adaptive grid-based document layouts. Their
approach included a set of templates for different window sizes. The optimal template was
then selected as a function of the given content and a specific window context. Schrier et al.
[9] refined this approach by placing layout decisions on individual elements of a page, rather
than on the page in its entirety. This allowed them to apply their templates on content not
known at design time, for example aggregated news articles. Their work inspired the TimesReader1 , a commercial desktop reader for newspaper articles. However, these approaches are
based on desktop or server-side rendering and are therefore not applicable for websites.
Many of the ideas used for creating adaptive layouts are based on traditional newspaper design rules, e.g. the use of multiple columns. Braganza et al. [10] investigated the scrolling
behaviour of users when reading with multiple columns in comparison with single-column
reading. They suggested the horizontal layout model - where the height of the layout is fixed
and the user scrolls horizontally - as the natural model for multi-column layouts. However,
this would require users to change their browsing habits, as for example they could not use
the mouse wheel any more.

2.3

Quality of website adaptation to different screen contexts

In recent work, Nebeling et al. [5] conducted a study on how the visual area of the browser
window is currently utilised by information-centric websites with respect to different screen
sizes. The study showed that many of today’s websites do not scale well when viewed on
larger screens. Two major issues were identified:
• Overall use of the screen. Many websites are designed for a fixed width only. As a
result, additional space available on larger screen is wasted as it gets filled mostly with
background content.
• Readability of larger amounts of text. Text and font characteristics such as font size
or column widths are often optimised for a fixed screen resolution. As a consequence,
text flow and style do not scale well on larger screens which leads to readability issues.
In order to quantify the issues described above, several metrics for measuring the quality of
website adaptation have been proposed. Table 2.1 gives an overview. To calculate the metrics
several values are computed for a given web page. The window area is equal to the size of
the browser viewport. The web area is the space that all foreground and background content
1

https://timesreader.nytimes.com
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elements would require to be viewed at the same time whereas the content area refers to the
space required for the foreground content only.
The metrics are implemented as a jQuery plugin and can be included in existing websites2 . In
order to distinguish foreground content from background content, the foreground content has
to be marked prior to computing the metrics. This is achieved by selecting the appropriate
container elements with the mouse. In this thesis, we used these metrics as a guideline during
the process of developing an adaptive layout template.

2

http://dev.globis.ethz.ch/jqmetrics/
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2.3. QUALITY OF WEBSITE ADAPTATION TO DIFFERENT SCREEN CONTEXTS

Metric
Document-window
ratio =
Web area
Window area

Content-window ratio =
Content area
Window area

Wide text ratio =
Wide text area
Total text area

Small text ratio =
Small text area
Total text area

Visible text ratio =
Visible text area
Total text area

Visible links ratio =
Visible links
Total links

Media-content ratio =
Visible media area
Visible content area

Description
Determines how many viewports are required to fit the whole
document. This ratio can be divided into vertical and horizontal scroll factors determined by height and width ratios, respectively. Web sites at larger viewing sizes should approach a
value closer to 1. A value less than or equal to 1 means that no
horizontal and/or vertical scrolling is required, but very low
values mean that most of the available space is not used.
Determines how many viewports are required to fit the foreground or actual content only. Significantly different values between the document-window and content-window ratios for larger viewing environments hint at potentially ‘wasted’ screen real estate, as the space that becomes available
would primarily be consumed by background content.
Determines how much of the total text area contains lines longer than the aforementioned 70 characters per line. While static layouts tend to waste much screen space at larger viewing
sizes, more flexible layouts often produce excessively long
lines that detract from readability. Particularly text-intensive
sites should keep the wide text area at a minimum to allow for
efficient reading of longer text in widescreen contexts.
Determines how much of the total text area is likely to appear
too small on high-resolution displays. There is no such general
guideline for what constitutes potentially too small a font on
devices with wide-format aspect ratios. Many screen designs
have been optimised for a particular resolution, but the small
text area should be kept minimal and not substantially increase
with higher resolutions.
Determines how much of the total text area is visible in the
viewport. Larger displays should potentially show more text,
but too much text at once can overstrain the user. Particularly
on the first screen, it is most important to balance out text and
media in order to keep the user interested in reading even if
continuing requires scrolling.
Determines how many of the total navigation options are visible in the viewport. Web sites generally attempt to place as
many controls and navigation options as possible in the top
navigation area. Larger viewing environments potentially display more links at once and are likely to cause an overload on
navigation options.
Determines how much of the visible content area is filled with
media. Larger viewing sizes should not only fit more text, but
scale embedded media accordingly to keep the reading experience interesting. In the case of ads, it may be to the frustration of the user if larger viewports only fill with more ads and
to the disadvantage of the advertiser if their ads do not scale
with the page’s remaining content.

Table 2.1: Metrics to measure the quality of web layouts. Source: Nebeling et al. - Informing
the Design of Information-centric Web Sites for Large-screen Devices.

3

Review of native web technologies
and frameworks
Many of today’s websites are based on a set of native web technologies, namely HTML for
defining the content and structure of a web page, CSS to address presentational issues and
JavaScript for client-side scripting. These technologies have in common that they are based
on well-defined and broadly used standards which are maintained by international standards
organisations. Therefore, web pages created using these technologies can be viewed with
all standard browsers and on various platforms. On the other hand there exist a number of
proprietary technologies such as Adobe Flash1 or Microsoft Silverlight2 . While these technologies often offer richer features than native web technologies, they also impose restrictions
to both the website developer and the user, e.g. proprietary authoring tools or browser plugins. How limiting the latter is was recently demonstrated with the introduction of the iPhone
and Apple’s decision not to support Adobe Flash.
The trend in website development goes away from proprietary plugins towards the usage of
native web technologies. Besides the issues mentioned above, there are other factors which
foster this trend. On the one hand, the World Wide Web Consortium (W3C) is working on
new versions of the HTML and CSS standards, namely HTML5 and CSS3. The upcoming
versions of the standards will include a variety of new features, e.g. the possibility to lay
out content in multiple columns. On the other hand, JavaScript frameworks like jQuery3 are
becoming more and more popular. These frameworks facilitate the development of enhanced
user interfaces and, to a certain extent, level out the browser-specific differences in the implementation of JavaScript and the Document Object Model (DOM). Moreover, the extensible
architecture of these frameworks promotes the development of additional plugins based on
1

http://www.adobe.com/products/flash/
http://www.microsoft.com/silverlight/
3
http://www.jquery.com
2
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3.1. HTML5

top of them, e.g. jQuery UI4 and jQuery Masonry5 .
In this chapter we explore the features of these technologies and identify those with a potential
benefit for the creation of adaptive layout templates. One has to note that HTML5 and CSS3
are still under development and changes to the specifications are likely to occur. The browser
support for the new features is currently not optimal as not all features are fully implemented
yet. Moreover, some features are implemented inconsistently over the different browsers. We
will point out the browser support for a given feature (at the time of writing) if appropriate.

3.1

HTML5

First work on HTML5 was started by the Web Hypertext Application Technology Working
Group (WHATWG) under the name Web Applications 1.0. In 2007, the W3C adopted the
work as a starting point for their work on the HTML5 standard [11]. The standard is currently in the Working Draft state and is expected to reach Candidate recommendation in
20126 . Nonetheless, many parts of the specification are considered as stable and are already
implemented in web browsers.
On the syntactical level, HTML5 introduces two kinds of new elements. On the one hand,
elements like <nav> for a navigation block or <header> aim at replacing the generic block
elements (<div>, <span>) with semantically more relevant ones. On the other hand, elements such as the <video> or the <svg> tag provide a standardized way to embed multimedia elements directly in a website. Additionally, HTML5 emphasises the separation of presentation and content by removing purely presentational elements like <font> or <center>.
These elements were already considered as deprecated in the preceding HTML 4.01 standard.
In addition, the HTML5 standard includes a number of application programming interfaces
(APIs), such as the canvas API for 2D drawing. A canvas can be embedded in a website with
the <canvas> element. The content of the canvas can then be created using JavaScript and
the canvas API.
Examination of the features of HTML5 showed that most notably the <video> tag maybe
useful when creating adaptive layouts. Due to the new tag, videos can be embedded as regular DOM elements and can therefore be styled with CSS and manipulated with JavaScript.
For instance, as we will show in the following section, the dimensions of a video could be
changed when viewed on a large screen. Additionally, a video could be replaced with a highdefinition version. Another useful addition is the possibility to include media in the Scalable
Vector Graphics (SVG) format. Such media is scalable per definition and can therefore easily
be adapted to different target dimensions. Hypothetically, the canvas API could be used to
develop a custom rendering engine, that is optimized for displaying adaptive layouts. The
potential of the canvas API is enormous, as demonstrated by numerous examples7 . However this would contradict the project goal of maintaining design simplicity as such a solution
would be rather complex.
4

http://www.jqueryui.com
http://desandro.com/resources/jquery-masonry/
6
http://blogs.techrepublic.com.com/programming-and-development/?p=718
7
http://www.hongkiat.com/blog/48-excellent-html5-demos/
5
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CSS3

The development of CSS3 is modularised and consists of various separate recommendations
which are developed independently. The new standard is developed incrementally based on
the existing CSS2.1 standard. This means that CSS3 is fully backwards-compatible as it
comprises all existing features of the preceding standard. The following sections present the
modules which are most relevant for creating adaptive screen layouts. For a complete list of
modules and their current state we refer to the CSS3 road map8 .

3.2.1

Length units

Length units are a very important aspect when creating a layout. They are used to specify the
dimensions of all visual elements and are therefore omnipresent. Length units are part of the
CSS3 Values and Units module [12], which is currently in the Working Draft state.
The following table shows the most relevant length units.
Length unit
Name
Description
Length units introduced prior to CSS3
px
Pixel
Refers to a pixel on the viewing device
%
Percentage
Refers to the width of the parent element
em
Refers to the font size of the current element
pt
Point
One point is defined as 1/72 of an inch
Length units introduced by CSS3
rem
Refers to the font size of the root element
vw
Refers to the width of the browser viewport
vh
Refers to the height of the browser viewport
vm
Refers to the width or the height of the browser viewport, whichever is smaller of the two
Table 3.1: List of the relevant length units in CSS3.
The default CSS unit is the pixel. However, the pixel unit is not optimal for creating adaptive
layouts as it does not scale. Another commonly used unit is the percentage, which by definition scales with resolution. With vh, vw and vm, CSS3 adds three new values with a related
purpose. However they are not the same as percentages, which always refer to the dimensions
of the parent element and that may differ from those of the viewport, e.g. when elements are
nested. Unfortunately, vh, vm and vm are currently supported only by the Internet Explorer
9 beta browser.
A very useful unit for creating adaptive layouts is em. Em refers to the font size of the current
element. Therefore, if the dimensions of an element are specified in em, the element keeps its
proportions to the text, even if the font size is changed. This is desirable if users are allowed
to change the font size of a layout. CSS3 introduces the rem unit which always refers to the
font size of the root element. This is useful if the font size is changed throughout the container
hierarchy.
Additionally, CSS3 includes several so-called absolute length units, e.g. point, millimeter or
inch. However, to match these units to the corresponding physical unit, the browser would
8

http://www.w3.org/Style/CSS/current-work
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need to know the pixel density of the monitor in order to convert them. Unfortunately this
is not possible as all browsers work with the system dpi value (96dpi on Windows system)
which usually differs from the actual monitor dpi value. As a consequence, absolute length
units are not suitable in the screen context.
The CSS3 Values and Units module also introduces a so-called calc() function. This function
can be used in style sheets wherever length units are expected and can be used to calculate a
value using arithmetic expressions. The main advantage of the calc() function is that it enables
the usage of different unit types. For example, percentage units and pixel units can be mixed.
The calc() function is currently supported only by the Firefox 4 and Internet Explorer 9 beta
browsers.

3.2.2

Media Queries

Since CSS2, the scope of a style sheet can be limited with so-called media types. For instance,
different layouts can be specified for on-screen reading and printing. CSS3 expands this
concept by providing access not only to the media type but also to media-specific features.
By querying those properties, the scope of a style sheet can be further limited. Table 3.2 lists
some of the available media features with short descriptions. The list is not complete as there
are some other media features which are not relevant for adaptive layouts. For a complete
list of media features we refer to the CSS3 Media Queries Specification [13]. The Media
Queries module is currently in the Candidate Recommendation stage. All major browsers in
their newest versions support at least parts of the specification.
Media feature
width
height
device-width
device-height
orientation

aspect-ratio
device-aspect-ratio
resolution

Description
The width of the browser viewport, including the width
of the vertical scrollbar (if displayed).
The height of the browser viewport, including the height
of the horizontal scrollbar (if displayed).
The total width of the output device, i.e. the width of
the screen.
The total height of the output device, i.e. the height of
the screen.
Evaluates to ’portrait’ if the width of the viewport is
greater than or equal to its height. Otherwise it evaluates
to ’landscape’.
Ratio of the value of the width media feature to the value
of the height media feature.
Ratio of the value of the device-width media feature to
the value of the device-height media feature.
The resolution of the output device, i.e. the density of
the pixels in dots per inch (dpi).

Table 3.2: List of the relevant media features and their description. The description refers to
the behaviour in a screen context. On paged media, the behaviour is slightly different.
Media features can then be queried directly inside a style sheet, optionally with min or max
prefixes. The following statement shows an example.
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#sidebar {
width: 200px;
}
@media screen and (min-width: 1280px) {
#sidebar {
width: 400px;
}
}

Listing 3.1: Example of a style sheet including a Media Query.
In this simple example, the width of a sidebar container is increased when viewed on a larger
screen. This demonstrates a possible application of Media Queries. The layout of a website
can be adapted according to the size of the browser viewport. Media Queries are re-evaluated
if a relevant variable is changed (in this case the size of the browser viewport) which means
that they react to client-side events. Media queries can also be used to query device-specific
properties, e.g. the screen resolution. However, the resolution media feature, which refers
to the pixel density of the monitor, is not suitable in the screen context. This is for the
same reason as described for the absolute length units in the preceding section, i.e. the nonavailability of a real screen dpi value.
Problems with the em unit
Unfortunately, Media Queries do not produce correct results in connection with the em unit.
The following statement demonstrates the problem:
@media screen and (max-width: 60em){
font-size: 14px; // possibly leads to a width > 60em
}
@media screen and (min-width: 60em){
font-size: 12px; // possibly leads to a width < 60em
}

Listing 3.2: A media query using an em unit. This does not evaluate correctly.
The problem is that em refers to the current font size. However the font size can be changed in
CSS. In particular, the font size could be changed inside the scope of a Media Query referring
to em, as it is the case in the example above. As a consequence, the Media Queries would
need to be re-evaluated and possibly the font size would be changed again in the scope of
another Media Query. This leads to an endless loop as the Media Queries would need to be
re-evaluated over and over again. The specification does not foresee means to address this
problem. Current browser implementations solve the problem by using the default font size
setting of the browser for computing em values in Media Queries. However, this value is
usually not relevant and may differ from the actual font size of the website.

3.2.3

Multiple columns

The CSS Multi-column Layout Module [14] introduces the possibility to lay out the content
of an element in multiple columns. Thereby content can flow from one column to another in
a flexible way, as the width and the number of columns can vary depending on the size of the
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browser viewport. Multi-column layouts can be specified in two ways: either the number of
columns is fixed or the width of the columns is fixed. The following listing shows an example
of the latter:
#someContainer {
column-width: 200px;
column-gap: 20px;
column-rule: 1px solid black;
}

Listing 3.3: Usage of the CSS3 Multi Column Layout Module.
If the number of columns is specified, then the column width is computed out of the available
width. If the width of the columns is specified then the number of columns is calculated.
Thereby, an additional column is inserted as soon as there is enough space available. For
instance, if the column-width is set to 200 pixels and the available width is 399 pixels only
one column is displayed. The space between the columns is filled by a column gap. The
width of this gap can be controlled with the column-gap property. Additionally, the columnrule property can be used to draw a border between the columns.

Figure 3.1: A container laid out in multiple columns.
The content inside a multi-column container can be laid out the same way as content in
regular containers, i.e. the CSS layout mechanisms such as floats behave similarly to regular
containers. Large content elements, for instance large images, are clipped at the centre of the
column gap. The specification also provides means to control the column-breaking behaviour,
i.e elements can be forced to remain together as one in the same column. For instance, this is
useful to avoid the separation of an image and its caption into subsequent columns. However,
this mechanism is not implemented yet in any browser.
The Multi-column Layout module turns out to be very helpful for creating adaptive layouts.
It can be used to solve the problem of long lines of text which arises when a layout uses
the entire width on a large screen. However, important features are not implemented yet in
the browsers which makes it difficult to test the module. Moreover, the handling of margins
and paddings within the columns is implemented inconsistently over different browsers. For
instance, in Firefox browsers, the bottom margin of a container is discarded at the end of a
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column. In WebKit browsers on the other hand, the margin is added to the next column.

3.2.4

Resizing elements

The CSS3 Basic User Interface Module [15] introduces a resize property. An element which
has the resize property set can be resized freely by the website user. The property can be
applied to all container elements with an overflow other than visible. The website developer
can specify whether an element can be resized along the horizontal, the vertical or both axes.
Additionally, minimum and maximum dimensions can be specified. The resize property is
currently only supported by WebKit browsers.

3.2.5

Flexible Box Layout Module

The Flexible Box Layout Module [16] adds a new kind of layout system to CSS. To activate
the system, a container element has to have the property display: box;. The children of such
a container are now laid out either on the horizontal or the vertical axis (depending on the
value of the box-orient property). If the child elements of a container do not use all of the
space available in the specified axis direction, the remaining space can be allocated either to
a particular child element or be distributed among different child elements. This is done by
setting the box-flex property for the children. Additionally, the order in which the children
elements are displayed can be changed. For instance, the children elements can be displayed
in reverse order.
The Flexible Box Layout Module aims at facilitating the design of layouts. It does not add
new possibilities to CSS as all effects could be achieved using existing means. However,
using this module a developer can build layouts in an easier way, as for example there is no
more need for using floats to create the layout.

3.3

JavaScript Frameworks

Recently the number and the popularity of JavaScript frameworks like jQuery or the Dojo
Toolkit increased. Such frameworks facilitate the development of browser-independent JavaScripts and offer a wide range of features for creating enhanced user interfaces. Based on
these frameworks, a variety of useful scripts have been developed, whereof we present the
most relevant ones for creating adaptive layout templates in this section.

3.3.1

Modernizr

Modernizr9 is a framework to detect browser functionality. It can be used to check whether
certain features of the HTML5 and CSS3 standards are available on the client browser or not.
If the features are not available, adequate counter measures can be taken. For example, a
website can check if multiple columns are supported in the browser. If yes, the width of the
layout is increased and the website is presented in multiple columns. If not, the width is not
increased and the website stays single-columned.
Modernizr is implemented as a jQuery plugin and has a very simple usage. The script simply
has to be included into an existing website. The Modernizr library then adds classes to the
9

http://www.modernizr.com/
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<html> tag, indicating whether a given feature is supported or not. For example, if multiple
columns are supported, Modernizr adds a class .csscolumns. If multiple columns are not
supported, a class .no-csscolumns is added. Based on those classes, the features can

then be queried in a style sheet. Additionally, Modernizr creates a global JavaScript object,
allowing a developer to query the features from within JavaScript.

3.3.2

jQuery Masonry

jQuery Masonry10 is a jQuery plugin which describes itself as the flip side of floats. By using
floats, elements are arranged first horizontally, then vertically. This leads to vertical gaps
if the elements differ in height. jQuery Masonry on the other hand arranges elements first
vertically then horizontally, which results in a more compact display of the layout. However,
jQuery Masonry places the content elements in an arbitrary order, depending on where an
element fits in best. Therefore the order of content elements is not fixed any more. While this
may be good for so-called microblogs, this may not be desirable for other website types.

3.3.3

Text Zooming

The Text Zooming JavaScript 11 automatically adapts the font size of a website to the width
of the browser window. With a larger viewport, the text is displayed bigger and with a smaller
viewport the text is displayed smaller. This approach has two advantages. On the one hand
the readability of the text is increased as the font size will get bigger on larger screens. On
the other hand the problem of long lines of text is minimised as the line length stays constant
if the viewport size is increased. However, using this approach the additional space on a
large screen is not used to display additional information. Instead the same information is
presented at a larger size.

10
11

http://desandro.com/resources/jquery-masonry/
http://tinnedfruit.com/sandbox/text-zoom/textzoom.html

4

Design of an adaptive layout
template
In this chapter we present the design steps taken in this research project in order to create an
adaptive layout template for a website with optimisations for large screens.

4.1

Overall layout policy

One of the main goals of the layout template is the optimal usage of the greater amount of
space which becomes available on large screens. As shown by Nebeling et al. [5], many
websites waste considerable amounts of space at larger viewing sizes and therefore impose
unnecessary scrolling on users. To understand the reasons for this, one first has to analyse
how the layout of a website is built up.

4.1.1

Fixed versus fluid layouts

Today’s websites’ layouts can roughly be categorised into two layout types, namely fixed
layouts and fluid layouts.
The main characteristic of fixed layouts is that the entire website content is embedded in a
wrapper with a fixed width. Figure 4.1 shows the sketch of a typical website using a fixed
layout. The website comprises a header, two sidebars and a main content area. The total
width of the website is 960 pixels, which has become the standard in website development as
it is displayed optimally with a 1024x768 screen resolution.
This layout type is what most of today’s websites use. The main advantage of a fixed layout is
that it is simple to design. The website developer knows exactly how the website will appear
to the website visitors and therefore can optimise the layout. However, this layout has several
drawbacks. No matter what screen resolution a website visitor uses, the website will always
be displayed at the same size. As a consequence, much space is wasted on large screens. The
fact that many websites put the wrapper at the centre of the browser viewport is only a minor
17
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Figure 4.1: Sketch of a typical website using a fixed layout.
improvement.
Fluid layouts on the other hand do not have a fixed size wrapper. Instead, the width of the
wrapper is specified using a percentage value and therefore adapts to the browser viewport
size. Figure 4.2 shows the sketch of a typical website using a fluid layout. In this example,
the width of the wrapper is set to 90 percent.
The main advantage of a fluid layout is that it adapts to the size of the browser viewport.
Therefore, it reduces the amount of unused space on larger screens. However, the design of
a fluid layout is more demanding as the developer has less control over how the layout will
look on the user’s screen. Additionally, fluid layouts impose some challenges. On the one
hand, the layout gets very wide when viewed on large screens, which may lead to long lines
of text. On the other hand, fixed-sized elements like images or videos lead to problems as it is
not straightforward to keep such elements aligned with the rest of the layout. Because of that,
websites using a fluid layout often constrain the width of the wrapper by setting a maximum
width.

4.1.2

Adaptive layouts

Both fixed and fluid layouts can be used for creating adaptive layouts. When using a fixed
layout, the website developer has to create different layout templates and then, based on the
current size of the browser viewport, let the browser select the appropriate one. Various
solutions based on JavaScript have been developed for this purpose, for example Switchy
McLayout1 . The idea of these solutions is to measure the width of the browser viewport with
JavaScript and to add appropriate classes to container elements, e.g. to the <body> element.
Based on these classes, different groups of rules are then activated in the corresponding style
1

http://www.alistapart.com/articles/switchymclayout/
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Figure 4.2: Sketch of a typical website using a fluid layout.
sheet. The following listing shows an example of such a style sheet.
#wrapper {
width: 960px;
}
.screen_wide #wrapper{
width: 1200px;
}

Listing 4.1: Style sheet for an adaptive layout using JavaScript and class attributes.
With the introduction of Media Queries, CSS3 provides a way to achieve this directly in
CSS. The following style sheet would lead to the same result, although without requiring a
JavaScript to set any classes.
#wrapper {
width: 960px;
}
@media screen and (min-width: 1280px){
#wrapper{
width: 1200px;
}
}

Listing 4.2: Style sheet for an adaptive layout using Media Queries.
Fluid layouts on the other hand are adaptive per definition as their width is defined relative
to the size of the browser viewport. The advantage of these layouts is that there is no need
for different templates. However, some small changes are necessary to optimise fluid layouts
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for large screens. In contrast to the classical fluid layout, the width of the sidebars should
not be specified in percentage values, as the sidebars would grow too wide when viewed on
a large screen. Instead a stable width is desired. In order to keep the width of the sidebars
aligned with the font size, em is the most suitable unit. The remainder of the available space
is assigned to the content area. One has to note that a mix of percentage and em values is
necessary to calculate the width of the content area. This was not possible prior to CSS3.
However, by using either the calc() function or the Flexible Box Layout Module presented
in chapter 3.2 this has now become feasible. Figure 4.3 shows a sketch of the modified fluid
layout.

Figure 4.3: Sketch of the modified fluid layout.

4.2

Maintaining the readability of text

Large screens usually come with a higher dpi value when compared to smaller screens, i.e.
the physical size of a pixel becomes smaller on such screens. The problem is that many
websites use fixed pixel values to specify the font size. For example, a 15 inch screen running
on a 1024x768 resolution has a dpi value of 85. Text displayed at a font size of 12 pixels has
therefore a physical height of 3.59 millimetres on that screen. On the other hand, a 30 inch
screen running on a 2560x1600 resolution has a dpi value of 101. Text displayed at the same
font size has a physical height of 3.02 millimetres, which is considerably smaller. In order to
be displayed at the same physical height, the font size on the large screen would need to be
increased to 14 pixels. To address this problem, many of today’s websites include a function
which allows users to change the font size. However, the problem with this is that it requires
user interaction.
Ideally, font sizes should be specified using physical units. Upon doing so, a reasonable font
size would be guaranteed in different screen contexts. However, as mentioned in chapter
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3.2.1, the absolute units in CSS do not match their physical counterparts as the browsers
usually do not know the real dpi value of the screen. Therefore, another approach has to be
taken.
A possible solution would be to rely on the browser’s default font size. Users are able to
change this value in the browser settings. Font sizes can then be specified relative to this
value by using percentage or em units. However, this approach still requires user interaction,
albeit only once. Another approach is to adapt the font size relative to the screen width. This
can be achieved using CSS and Media Queries. The following listing shows an example style
sheet.
body {
font-size: 12px;
}
@media all and (min-device-width: 1280px){
body {
font-size: 13px;
}
}
@media all and (min-device-width: 1680px){
body {
font-size: 14px;
}
}
@media all and (min-device-width: 1920px){
body {
font-size: 15px;
}
}
@media all and (min-device-width: 2560px){
body {
font-size: 16px;
}
}

Listing 4.3: Font size adaptation based on the screen width.
The idea behind this approach is that a higher screen resolution usually also means a higher
dpi value. However, while in general this assumption is true, there might also be some border
cases where this assumption is wrong.

4.3

Avoiding long lines of text

Using adaptive layouts which make use of the available space on large screens may lead to
long lines of text. However, this problem can be solved by using the Multi-column Layout
Module introduced by CSS3. Multiple columns allow for short line lengths while still displaying a large amount of text per screen. Yet, the usage of multiple columns raises some
new challenges which we will describe in the following sections.
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4.3.1

Optimal column width

As mentioned in section 2.1 there is no single optimal value for the line length, but suggested
line lengths range from approximately 40 to 80 characters per line. When designing a layout
with multiple columns, one needs therefore to ensure that the width of the columns leads to
such a line length. Unfortunately, there is no way to specify the width of the columns in
characters per line. One has therefore to find an adequate approximation.
A possible way to do so is by using em values for specifying the column width. The idea
behind this approach is that the width of a character is related to the font height, which em
refers to. We investigated this by measuring the width of an example text (basically a lowercase alphabet, but taking into account the frequency of letters) in different font sizes and
from this calculated the average width of a single character. We then compared the average
character width with the given font size and found out that the ratio between font size and
character width is nearly stable for different font sizes. Table 4.1 shows the results of our
investigation for the Arial font.
Font size
10px
12px
14px
16px
18px
20px
30px

Average character width
5.01
5.89
6.72
7.35
8.48
9.22
14.08

Ratio font size to character width
2.00
2.04
2.08
2.18
2.12
2.17
2.13

Table 4.1: Relation of the font size to the average width of a character for the Arial font.
One can see that the ratio is close to two for all font sizes. Therefore, by setting the column
width to 30em, the line length will average around 60 characters per line. One has to note that
the ratio depends on the selected font type. For example, a monospace font type like Courier
New has a ratio of approximately 1.67. Therefore, if such a font is used, the column width
would need to be increased.

4.3.2

Problems with tall columns

Using multiple columns for content that fits the browser viewport works fine. Problems arise
if the height of the columns exceeds the height of the browser viewport. This may happen
if larger amounts of content are presented or if the browser viewport is very small. In such
cases, this is not an optimal solution, as the user has to scroll up and down constantly when
reading, in order to jump from the end of one column to the beginning of the next one.
Braganza et al. [10] analysed this problem and attributed it to the vertical scroll model, which
is used as default scroll model in web browsers. In such a scroll model, the width of a website
is constrained by the width of the browser viewport and the document is laid out in the vertical
direction in order to fit all content. Scrolling is then done by moving the browser viewport up
and down. As this model is not suitable for multiple columns, two other models are proposed.
The first one is the paged scroll model, which is the standard model in print media. In this
model, the content is laid out in fixed-sized pages which are displayed one below each other
or side-by-side. The second model is the horizontal scroll model. In this model, the height
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of the website is constrained to the height of the browser viewport and additional content
is added in the horizontal direction, i.e. to the right. Scrolling is then done by moving the
viewport to the right and to the left. Figure 4.4 illustrates the different scrolling models.

(a) Vertical scroll model

(b) Paged scroll model

(c) Horizontal scroll model

Figure 4.4: Comparison of the different scroll models.
Both, the paged and the horizontal scroll model are suited for multiple columns as they ensure
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that the height of the columns is smaller than the height of the browser viewport. However,
we think that the horizontal scroll layout is very uncommon and unfamiliar to website users as
they have become used to vertical scrolling. Moreover, scrolling with mouse wheels would
not be natural in a horizontal scroll layout, as a standard mouse only has a vertical scroll
wheel. Therefore we propose the usage of the paged scroll model.

4.3.3

Breaking content into multiple pages

In order to apply the paged scroll model, the content of a website has to be split up into
multiple smaller content units which fit into one viewport. We refer to these units as pages.
The requirements for the pages are as follows: the height of each page has to be smaller than
the height of the browser viewport and the pages should be displayed beneath each other.
Moreover, as the concept of multiple columns and pages is uncommon in website design,
it is important to clearly visualise the page breaks. For example, subsequent pages should
be separated by borders and ”read on” links should be present in order to guide the reading
flow of the user. Special measures need to be taken for the first page. As a website usually
contains header elements, the first page does not start at the very top of a web page but rather
at a certain offset. By setting the height of the first page to the viewport height, the user would
not see an entire page when opening up the website. Therefore, the computation of the height
for the first page should consider the offset of the first page.
The process of splitting the content into multiple pages is more difficult. CSS does not provide any means to achieve this. If the height of a multi-column container is constrained, i.e.
to the height of the browser viewport, the content, which as a consequence does not fit into the
container any more, is added in the horizontal direction. There is no possibility to add it in the
vertical direction or to place the overflowing content in another container. Another approach
would be to create the pages either at design time or through a server-side solution. However,
this approach is not optimal as the dimensions of the browser viewport are not known at design time and are subject to change, i.e. if the user resizes the browser window. A potential
solution must therefore be based on client-side scripting. As currently no existing JavaScript
framework addresses this problem, we implemented a solution of our own. Section 5.4 discusses the implementation in detail. The script fulfils all the aforementioned requirements.
In particular, it is possible to adapt the pages to the size of the viewport by running the script
each time the user resizes the browser window. However, the solution is still not optimal as
it requires multiple browser repaints in order to create the pages. This slows down the script
and may lead to flickering on slow machines. Moreover, it is not possible to split up single
content elements, e.g. long paragraphs. Instead content elements can only be moved as single
entities from one page to another.

4.4

Handling of media resources

When using an adaptive layout, the content of a website needs to be scaled in order to fill up
the additional space available. Scaling of text is relatively easy as it can adapt to the available
space by changing the line length. However, media resources are usually available as raster
graphics only and are therefore hard to scale. Still, it is desirable to adapt the size of the
media resources for two reasons. On the one hand, media resources should be kept aligned
with the layout in order to ensure a visually appealing website look. For example, images
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should adapt their size to the varying column width. On the other hand, the size of media
resources should be increased in order to maintain their proportions on the screen compared
to text. This is particularly important for advertisements which should still draw the user’s
attention when viewed on large screens.
Modern browsers provide support for media scaling. If a media resource is embedded in a
web page with different dimensions from the original ones, the browser automatically scales
the media. The dimensions of a media resource can either be specified directly in the corresponding HTML element using the width and height attributes or they can be specified in
CSS. When using a fixed layout, the dimensions may be specified in terms of pixels. Media
Queries could then be used to change the dimensions of the media resource. However, when
using an adaptive layout it is more convenient to use a relative unit, e.g. percentage or em, as
these units scale automatically. For instance, by setting the width to 100 percent it is guaranteed that a media resource always uses all available space. When scaling media resources, it
is important to maintain the aspect ratio. This can be achieved by specifying only one dimension and setting the other dimension to ’auto’. Modern browsers will then compute the value
for the other dimension automatically.
However, scaling of media resources leads to a loss of quality, unless the media is available
in a vector graphics format, e.g. SVG. Therefore, it would be desirable to replace media
resources with high-definition versions as soon as the scaling factor gets too large. A possible
approach to achieving this would be to add multiple versions of a media resource to a web
page. Media Queries could then be used to display only the suitable version and hide the other
versions. The following listings show an example HTML structure and the corresponding
style sheet required for this approach when embedding an image in two versions.
<div>
<img src="large_image.png" class="large" />
<img src="small_image.png" class="small" />
</div>

Listing 4.4: Example HTML code including two versions of an image.
img.small{
display: block;
}
img.large{
display: none;
}
@media screen and (min-width: 1280px){
img.small{
display: none;
}
img.large{
display: block;
}
}

Listing 4.5: Example CSS code used for displaying different versions of an image at different
viewport sizes.
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However, this approach is not optimal, as all versions of the media resource need to be loaded
by the client browser and high-definition versions of media resources may be rather large.
Another possible approach is to add the images as background images to a container element.
Again, Media Queries could be used to switch between the different versions. The following
listing shows the stylesheet necessary to implement such a solution.
div.imageContainer{
background: url(’small_image.png’);
}
@media screen and (min-width: 1200px){
div.imageContainer{
background: url(’large_image.png’);
}
}

Listing 4.6: Switching between different images versions using the CSS background property
and Media Queries.
However, this solution has drawbacks as well. For example, the image is rendered as background image only and therefore can not be accessed by the user directly, e.g. to download
the image. A third solution is to manipulate the source property of an image element in the
DOM tree using JavaScript, but this requires several if-then-else statements that only add to
the complexity of the website implementation.

5

Implementation
We implemented an adaptive layout template for the guardian.co.uk website1 by building on
the web technologies described in chapter 3 and the adaptations proposed in chapter 4. We
chose this website as it is a typical example for today’s websites design. However, we did not
implement an adaptive layout for the entire website. Instead, we focused on the layout which
is used to display the main content, i.e. the news articles. Figure 5.1 shows a screenshot of
the website’s original article layout viewed on a 30 inch screen.

Figure 5.1: Screenshot of the guardian.co.uk website viewed on a 30 inch screen.
1

http://www.guardian.co.uk/
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5.1. STRUCTURE OF THE ORIGINAL LAYOUT

Structure of the original layout

The original layout comprises the typical elements of an information-centric website. The top
part is filled with a header containing the main navigation bar and a slot for advertisements.
The main part is presented in three columns. The leftmost column is the largest one and
contains the main content, i.e. the article. The article basically consists of a header, an image
and the article text. A smaller column in the middle of the layout provides various functions to
the user and gives links to related information. The far right column contains a combination
of advertisements, related informations and various services. Below the columns, additional content elements are displayed beneath each other, namely textual advertisements, user
comments and additional related information. At the very bottom follows a footer.
The website uses a fixed layout. It is contained in a wrapper with a width of 940 pixels.
The wrapper is placed in the middle of the browser viewport, leaving a considerable amount
of unused space on both sides when viewed on a large screen. The default font size of the
website is 14 pixels. A function to change the font size is available. However, due to the fixed
layout, the column widths do not adopt if the font size is changed. This leads to a rather short
line length if the font size is changed.

5.2

Implemented overall layout

The first step for adapting the layout is to change the overall layout of the website. We decided
to use a fluid layout as this layout type adapts best to the browser viewport size. The width of
the wrapper is set to 95 percent, leaving just enough margin at both sides of the wrapper. In
order to keep the line lengths proportional to the font size, the width of all three columns is
specified in em units. The overall layout structure is specified using the Flexible Box Layout
module. Setting the box-flex property to 0 for the two sidebars makes sure they do not grow
when the browser viewport is enlarged. The main content area on the other hand has the
box-flex property set to 1 which causes it to fill up all additional space that becomes available
in the horizontal direction. To ensure that the website does not get too narrow, a minimum
width of 76 em has been specified. Listing 5.1 shows the relevant style sheet rules used for
defining the overall layout.
#wrapper{
width: 95%;
min-width: 76em;
display: box;
box-orient: vertical;
}
#main_content{
width: 40em;
box-flex: 1;
}
#sidebar1{
width: 12em;
box-flex: 0;
}
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#sidebar2{
width: 20em;
box-flex: 0;
}

Listing 5.1: Style sheet rules used for the overall layout.
Figure 5.2 shows a sketch of the implemented overall layout.

Figure 5.2: Sketch of the implemented overall layout.

5.3

Multiple columns

As the main content area now uses the additional space available, it may grow very wide
on large screens. In order to maintain a reasonable line length we therefore use CSS3 multi
columns. Additionally, we use multiple columns for the second sidebar. The number of
columns varies depending on the size of the browser viewport. Table 5.1 shows the number
of columns at different browser viewport sizes.
Width of the browser viewport
< 96em
96em - 130em
> 130em

Number of content columns
1
2
2

Number of sidebar columns
1
1
2

Table 5.1: Number of columns for the different browser viewport sizes.
The resulting line lengths are between 30 and 59 em. As discussed in section 4.3.1 this
roughly corresponds to a line length of 60 to 118 characters per line. This value is rather high
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when compared to the suggested values for an optimal line length in section 2.1. There are
two reasons for this. On the one hand, there is a big difference between the minimum and
the maximum line lengths. This becomes clear when considering how the line length grows
when the viewport is enlarged. In the moment just before there is enough space to fit the
second column, the line length is almost doubled when compared to the moment just after
there is enough space for the second column. By ensuring a smaller maximum line length,
the minimum line length may become rather small in turn. On the other hand, we did not
want to add more than two content columns in order not to produce a too fragmented website
look.
To enable multiple columns, the column-count property has to be set according to the browser
viewport size and the thresholds defined above. Using Media Queries would be the most
convenient way to achieve this. Unfortunately, as explained in section 3.2.2, Media Queries
do not work correctly in combination with the em unit. As we used the em unit as default
unit for specifying the widths of the containers, we have to fall back on a JavaScript solution
instead. We implemented a script based on the idea discussed in section 4.1.2. According
to the width of the browser viewport, appropriate classes are added to the <body> element.
However, instead of measuring the width in pixels, we measure the size in em by dividing
the pixel width of the browser viewport by the font size of the body element. The script is
implemented as a jQuery plugin. The complete source can be found in section A.1 in the
appendix. By calling it when the web page loads initially as well as each time the user resizes
the browser window, the number of columns can be controlled using the following style sheet.
.layout_wide #main_content{
column-count: 2;
column-gap: 2em;
}
.layout_ultra_wide #sidebar2{
width: 42em;
column-count: 2;
column-gap: 2em;
}

Listing 5.2: Style sheet used to specify the number of columns.
Figure 5.3 shows a sketch of the implemented layout when viewed at a browser viewport
width larger than 130 em. In such a case, the main content area as well as the second sidebar
are displayed with two columns.

5.4

Multiple Pages

As discussed in section 4.3.3, neither CSS nor existing JavaScript frameworks provide means
to split content into multiple pages. We therefore implemented an algorithm of our own. The
goal of the algorithm is to split the content of a given container into multiple smaller content
units that have a height smaller than a specified value. Optionally, the script further ensures a
specified minimum page height. Finally, special measures can be taken for the first page, as
it is desirable that the user sees an entire page when opening the website.
The main steps of the algorithm are as follows:
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Figure 5.3: Sketch of the implemented layout when viewed at a browser width larger than
130 em.
1. If the height of the container is smaller than the maximum height or there is only one
column in the container, nothing is done.
2. The width of one column is determined. This is done by temporarily appending an
element to the container and then measuring its width. The column width cannot be
determined by accessing the value of the column-width property, as this evaluates to
’auto’ if the columns are specified using the column-count property.
3. Copies of the content elements of the original container are added to a temporary
container whose width is set to the column width determined in the preceding step. The
use of copies of the content elements is necessary in order to avoid browser repaints
after moving each element to the temporary container. This approach only requires one
browser repaint.
4. The height of each copied element is measured. As the width of the temporary container is equal to the width of a single column, the height can be determined accurately.
In particular, the problem of content elements spanning multiple columns and therefore
having an incorrect height does not arise.
5. New pages are created. Each page is filled up with the copied content elements as long
as there is enough space available, i.e. the accumulated height of the elements added
so far is smaller than the maximum page height.
6. Only for the first page: the maximum height of the current page is reduced by the offset
of the original container element. If the resulting maximum height is smaller than the
minimum height, the maximum height is set to the minimum height.
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7. The pages are added to the web page and the original container is hidden.
After running this algorithm, the original container including all of its content elements is still
available as an object in the DOM tree. Therefore, the algorithm can be run multiple times
without changing the initial container. This is necessary to be able to recompute the pages
when the user changes the size of the browser window.
We implemented this algorithm as a jQuery plugin. The complete source can be found in
section A.2 in the appendix. In order to visually separate the different pages, the scripts
appends additional container elements between subsequent pages. On the one hand, this
element can be styled using CSS, as all of these elements have a particular CSS class. For
instance, a border can be drawn between the pages. On the other hand, the elements contain
a link to scroll to the next page. We will discuss this in the next section. Figure 5.4 shows
how we visualised the page breaks in our implementation.

Figure 5.4: Visualisation of a page break.

5.5

Page by page scrolling

In order to guide the reading flow of the user, we implemented a mechanism to scroll directly
from one page to another with one single action. The mechanism was inspired by a similar
function available in Adobe Reader2 and various other products. We refer to this mechanism
as consecutive page by page scrolling. Using page by page scrolling, the vertical offset of
the browser viewport moves directly to the beginning of the next or of the previous page.
In order to maintain reading flow, the scrolling is done with a smooth animation rather than
with a sudden jump. We made page by page scrolling available to the user in three ways.
First, it is used when the user clicks the ”read on” link situated between the different pages.
Second, page by page scrolling is applied when the user presses the Page Up or Page Down
key. Finally, we added support for mouse wheel page by page scrolling.
We implemented page by page scrolling as a jQuery plugin. The complete source can be
found in section A.3 in the appendix. In order to react to mousewheel events we rely on the
jQuery mousewheel plugin3 .
2
3

http://www.adobe.com/de/products/reader.html
http://brandonaaron.net/code/mousewheel/docs
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Adjustment and scaling of media resources

As discussed in section 4.4, media resources can be scaled by using relative units. The aspect
ratio is maintained by only specifying one of the dimensions and leaving the other to ’auto’.
We therefore set the width of the article image to 100%. By doing so, the image is kept
aligned with the two sides of the column of the main container. The images and the advertisements in the right sidebar are specified using em units, as the sidebar itself uses em units.
In order to maintain the appeal of the advertisement, it is enlarged and made to span both
columns, as soon as the sidebar on the right is displayed using two columns. Furthermore,
the advertisement at the very top of the website is enlarged as well. Figure 5.5 shows the
advertisement in the right sidebar after increasing its size and spanning it over two columns.

Figure 5.5: The advertisement in the right slot is enlarged and spanned over both columns.
In order to replace media with high-definition versions, we implemented a solution based on
JavaScript. The script calculates the ratio between the current display width of the image and
its original width. If the ratio is larger than a specified ratio, the image is replaced with the
high-definition version. The script assumes that the file name of the small version contains the
string ’small’ and that the filename of the high-definition version contains the string ’large’.
Switching between the images is then performed by replacing the string ’small’ with ’large’
and vice versa in the source attribute.
The script is implemented as a jQuery plugin. The complete source can be found in section
A.4 in the appendix. The script can be called at page-loading time and each time the size of
the browser window changes.

5.7

Font size adaptation

The adaptation of the font size is implemented using the Media Query proposed in section
4.2.
body {
font-size: 12px;
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}
@media all and (min-device-width: 1280px){
body {
font-size: 13px;
}
}
@media all and (min-device-width: 1680px){
body {
font-size: 14px;
}
}
@media all and (min-device-width: 1920px){
body {
font-size: 15px;
}
}
@media all and (min-device-width: 2560px){
body {
font-size: 16px;
}
}

Listing 5.3: Font size adaptation using a Media Query.

6

Evaluation
6.1

User study

To assess the quality of the proposed adaptations in terms of reading comfort and efficiency
for the viewer as well as the overall look-and-feel of the adaptive website in comparison
with the original version, we conducted a user study. The goal was to find out which of the
adaptations are appreciated and may improve the overall user experience.

6.1.1

Method

Participants were asked to read three different news articles on a 30 inch desktop screen
running at a 2560x1600 resolution. The articles were presented in three different layouts, one
without adaptations and two with different levels of adaptations. The order of the articles and
the layouts were chosen at random, whereby we ensured that all articles and layouts were read
the same number of times. After reading, the participants were asked simple comprehension
question whereby they were allowed to refer back to the article, if needed, to find the answers.
Furthermore, participants were asked to fill in a post-task questionnaire after each article,
where they rated reading comfort. At the end, participants were asked to compare the three
articles in terms of the layout.
Participants
The study was conducted with a total of twelve participants, whereof six were graduate or
undergraduate students of ETH Zurich and six were external. Due to time constraints we
could not examine further participants. However, we do not think that repeating the study
with additional participants would have changed the outcome of the study significantly. All
participants were volunteers with normal or corrected vision and proficient readers of English. Five participants were female and seven were male. Most of the participants were at
the age of 20-29 and only two were at the age of 30-39. Additional data were collected on
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the participant’s experience with browsing the Internet in general and their experience with
reading online newspapers in particular. The participants were mostly very experienced Internet users as more than half of the participants reported using the Internet more than 20 hours
per week. Only two reported using it less than 10 hours per week. Regarding the experience
with online newspapers, most participants (eight) reported reading online news 5-10 hours
per week. Other participants reported reading either more (three participants) or less (one
participant). When asked which media and devices they regularly use for reading news, ten
participants each reported using printed news papers and desktop screens and five participants
reported using smartphones.
Materials and design
Three news articles of various lengths from the guardian.co.uk website were chosen: Wimbledon 2010: Ruthless Andy Murray gives Sam Querrey no quarter 1 (905 words), Chilean
miners: A typical day in the life of a subterranean miner 2 (1835 words) and High-speed
rail link gets £800m more in state funding 3 (939 words). The articles cover different topics
and participants took between 4 and 16 minutes to read. The articles were presented in three
different layouts:
• Original. The first layout was identical to the original layout of the guardian.co.uk
website. The article text was presented in one column at a default font size of 14
pixels. The layout did not adapt to the browser window. The content was presented at
the centre of the viewport with a total width of 940 pixels, of which the content column
took up 460 pixels. The scrolling behaviour was not changed. Figure 6.1 shows a
screenshot of this layout.
• Adaptive 1. This layout included most of the adaptations described in chapter 5, i.e.
multiple columns and pages, page-by-page scrolling when using the Page Up and Page
Down keys or the ”read on” link and automatic font size adaptation (which evaluated
to 16 pixels in this case). Adaptations not available in this layout were page-by-page
scrolling using the mouse wheel and the alignment and replacement of images. Figure
6.2 shows a screenshot of this layout.
• Adaptive 2. The last layout includes all of the adaptations described in chapter 5, i.e.
multiple columns and pages and the page-by-page scrolling (also by using the mouse
wheel), image scaling and replacement and automatic font size adaptation. Figure 6.3
shows a screenshot of this layout.
The reason for creating two versions of the adaptive layout was that we wanted to test various
degrees of adaptations. As we did not want the sessions to last too long, we decided to test
only two versions. In all three layouts, a function to change the font size was present at the
top navigation and in the sidebar. The function had the same behaviour as on the original
guardian.co.uk website.
Questionnaires filled in by the participants included a background questionnaire, post-task
questionnaires and an end questionnaire. The background questionnaire asked questions
1

http://www.guardian.co.uk/sport/2010/jun/28/wimbledon-2010-andy-murray
http://www.guardian.co.uk/world/2010/sep/09/chilean-miners-typical-day
3
http://www.guardian.co.uk/uk/2010/oct/03/high-speed-rail-network-transport
2
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Figure 6.1: Screenshot of the original layout

Figure 6.2: Screenshot of the Adaptive 1 layout

Figure 6.3: Screenshot of the Adaptive 2 layout
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about the experience of the participants with the Internet, text-intensive applications and online news. Additionally, participants were asked which media or devices they use regularly
for reading news and whether they experienced any problems with them.
After reading the text, participants were asked comprehension questions. The questions were
designed to require detailed knowledge of the text and it was expected that participants needed
to review parts of the text in order to answer. Example questions are ”What is the average air
temperature in the mine?” or ”What is the name of the transport secretary?”.
The post-task questionnaire consisted of seven questions mostly to be answered on a five
point Likert scale. The questions were the following:
1. How uncomfortable or comfortable was it for you to read the article on this webpage?
(very uncomfortable - very comfortable)
2. How much did you like the positioning of the elements (e.g. article text, sidebars, etc.)
on this webpage? (not at all - very much)
3. How much did you like the image alignment on this webpage? (not at all - very much)
4. How did you experience the initial font size on this webpage? (too small - too large)
5. How much did you like the scrolling behaviour on this webpage? (not at all - very
much)
6. What products were advertised on this webpage? (open question)
7. Did you experience any problems when reading this webpage? (open question)
Since we expected participants to pay more attention to the advertisements after being asked
a question about them, we replaced this question with ”How obtrusive or unobtrusive were
the advertisements on this webpage?” for the second and third articles.
With the end questionnaire, participants were asked to compare the three articles they had
read. The questions asked were:
1. Which webpage were you most comfortable with when reading the article? (Andy
Murray / Chilean Miners / High speed rail link)
2. Why do you think your preferred webpage is better than the other ones? (open question)
3. What in your opinion could be changed to improve the less preferred web pages? (open
question)
4. Which scrolling behaviour did you like most? (standard scrolling behaviour / adapted
Page Up and Page Down keys / ”Read on” link / adapted mouse wheel scrolling
5. How much did breaking the text into multiple columns support your reading comfort?
(not at all - very much)
6. How much did breaking the text into multiple pages support your reading comfort?
(not at all - very much)
7. Do you have any further comments?
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The study was conducted in a quiet environment and in the same conditions for all participants. The lab consisted of a simple office desk and a chair. Both mouse and keyboard were
available as input devices. A WebKit nightly build4 was used as browser. Participants were
allowed to use all browser functionality except the reader mode, page zoom and the search
functionality.
Procedure
At the beginning of each session, participants were asked to fill in the background questionnaire. Afterwards, participants were asked to make themselves comfortable, i.e. adjust the
chair and position mouse, keyboard and monitor to their liking. Participants were told that
they had to read three news articles and they would be asked comprehension questions after reading. They were informed that there was no time constraints and that they were able
to go back to the text to answer the questions. After clarifying eventual questions from the
participants, the procedure for reading the three articles was as follows:
1. The next article was opened in the browser. The adaptive features of the web page and
the scrolling behaviour were explained to the participant when applicable. Then the
browser window was positioned at the centre of the screen with a size of approximately
1300 x 1100 pixels. The participants were encouraged to change the window and the
font sizes in such a way that they were able to read comfortably and efficiently.
2. Participants then read the article and were asked to indicate when they were finished.
For logging purposes, a key combination was pressed to indicate the end of the reading
phase.
3. Participants were given five comprehension questions. They were asked to answer the
questions orally or by pointing to the relevant text passage on the screen.
4. After answering the comprehension questions, the browser window was closed and the
participants were asked to fill in the post-task questionnaire.
During the reading and the answering phases, all user interaction with the browser was logged. The following data was recorded:
• browser resize actions (including the new browser window size)
• scrolling actions
• font size adjustments (including the new font size)
• mouse moves
Scrolling actions and mouse moves occurring within the same two seconds were aggregated
to one single action. Additionally, the time spent for both reading the article and answering
the comprehension questions was measured. After completing all three tasks, the participants
were asked to fill in the end questionnaire.
4

http://nightly.webkit.org/
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Results

A preliminary data analysis showed that the reading and answering times as well as the number of scrolling actions and mouse moves correlate with the choice of the article. This is
explained by the fact that the articles had different lengths. Since we ensured that all articles
and layouts were counterbalanced, we can still make a valid data analysis. Additionally, we
calculated the reading speed in terms of words read per minute. These values were balanced
over all three articles.
Browser window size
Examination of the log files showed that the choice of the browser window size correlates
with the selected layout. Table 6.1 gives an overview over the selected browser window
sizes. Based on the results from the log files, we categorised the browser window size into
four categories. The first category represents a text-only setting which can be achieved by
resizing the browser window in such a way that only the article text is visible and all other
elements are hidden. The second category represents the situation where the browser is sized
to a medium width between 1000 and 1679 pixels. The adaptive layout was presented with
only one text column in this case. The third category represents the situation where the
browser window is still windowed, but with a width larger than 1690 pixels. The adaptive
layout was presented with two text columns in this case, given that the initial font size was
not changed. The last category represents the situation where the browser is maximized to
full screen or nearly full screen.
Text only setting (width <1000 pixels)
One column setting (width 1000 - 1679 pixels)
Two column setting (width 1680 - 2300 pixels)
Full-screen setting (width >2300 pixels)

Original
1
7
2
2

Adaptive 1
1
4
3
4

Adaptive 2
0
2
4
6

Table 6.1: Participants choice of browser window size
One can see that a considerably higher number of participants chose to use a full screen or
two column setting when reading with one of the adaptive layouts. Some participants stated
that the screen was too big and that a full screen setting would require them to move the head
in order to read the whole page. We also observed that participants familiar with large screens
tended to use a windowed setting more often. One of these users stated that he is used to place
the browser on the right side of the screen to reserve the remainder of the screen for other
applications, e.g. an e-mail client.
Layout preferences
When asked which layout they were most comfortable with when reading the articles, more
than half of the participants (seven people) preferred the Adaptive 2 layout, four preferred
the Adaptive 1 layout and only one participant preferred the original layout. This result is
confirmed by the results of the post-task questionnaire presented in figure 6.4. Users rated
the reading comfort as average (3.0) when reading with the original layout. The adaptive
layouts were rated considerably higher (3.83 each).
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Figure 6.4: Evaluation of the post-task questionnaires. Questions were answered on a fivepoint Likert scale.
Participants stated a number of reasons for their preference of the adaptive layouts:
Usage of available width: A major factor for choosing one of the adaptive layouts was the
better usage of the available space in the browser window and the fact that more content was
visible. More than half of the participants stated this as a reason. For instance, one participant
wrote ”Lots of text is visible but [the article] is still easy to read” or ”More content is visible
on the screen, I can anticipate the time required for reading the article”’. This factor is
strengthened by the post-task questionnaire, where participants were asked how they liked
the positioning of the elements on the website. The mean values for the adaptive layouts are
both higher (4.0 for Adaptive 1 and 3.83 for Adaptive 2) than for the original layout (2.5).
Multiple columns and pages: The majority of the participants appreciated the concept of
multiple pages and columns. For instance, one participant explained his preference for one of
the adaptive layouts with ”Readability (two columns). Page adapts to [the] browser window,
clear subdivision of [the] page”. This is also reflected by the questions in the post-task questionnaire. Three out of four participants stated that breaking the text into multiple columns
supported their reading comfort much or very much, even more (9 people) stated the same
for multiple pages.
However, there were also participants who disliked the concept of multiple columns and
pages. For instance, the participant which chose the original layout as the most comfortable
layout wrote ”Text is displayed continuously in one column.”. Others, while reading with
one of the adaptive layouts, resized the browser window in a way that only one column was
displayed.
During the sessions we also observed that participants were not familiar with multiple columns and pages on websites. Some participants asked questions about the reading direction,
i.e. whether they first have to read all to the bottom of the web page or if they should continue in the next column. This indicates that it is important to make an even stronger visual
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separation of the pages.
Font size: The probably strongest factor for preferring the adaptive layouts was the initial
font size. When reading with the original layout, almost all participants (ten) perceived it
as too small while only two participants perceived it as respectively optimal or too large.
As a consequence, more than half of the users increased the font size when reading with
the original layout. Five participants increased the font size to 16 pixels and two participant
chose an even higher value. With the adaptive layouts, the initial font size was changed less
often. Only one person decreased the font size to 14 pixels and two persons increased it to
18 pixels when reading with the Adaptive 2 layout. Table 6.2 gives an overview over the font
size adjustments done by the participants. The initial font size of the adaptive layouts was
perceived as optimal by the majority of the participants. Two persons perceived it as too large
when reading with the Adaptive 1 layout and 4 persons stated the same when reading with
the Adaptive 2 layout.
These results indicate that the initial font size of the original layout (twelve pixels) is too
small for such a screen. On the other hand, the font-size suggested by the adaptive layout (16
pixels) seems to be optimal for the majority of the participants.

Initial font size
Change to 14 pixels
Change to 16 pixels
Change to 18 pixels
Change to 20 pixels
No change

Original
12 pixels
0
5
1
1
5

Adaptive 1
16 pixels
1
0
0
0
11

Adaptive 2
16 pixels
1
0
2
0
9

Table 6.2: Participants font size adjustments.
Fixed column width of the original layout: When reading with the original layout, four
participants criticised that the width of the text column was not increased after increasing the
font size. As a consequence the number of characters per line dropped from 75 with the initial
font size to 45 for a text height of 16 pixels. For instance, one participant noted that ”The
second article [original layout] was too small (column [width]), especially after increasing
the font size.”. Considering that more than half of the participants changed the font size, this
makes a strong argument against the original layout.
Scrolling behaviour: When asked which scrolling behaviour they liked most, three out of
four participants chose standard scrolling behaviour and the remaining three participants
chose the page-by-page mouse wheel scrolling. As shown in Table 6.3, these two were also
the only scrolling behaviours used regularly by the participants. The other scrolling behaviour links were used rarely or, as in the case of the ”read on” link, never. Two participants
did not like the page-by-page scrolling and used the arrow keys for scrolling instead. Another
participant used the arrow keys throughout all layouts. Only one participant used the adapted
Page Up / Page Down keys for scrolling.
Participants who preferred the page-by-page scrolling emphasised the speed of this scrolling
mechanism. This is confirmed by an examination of the log files. As shown by table 6.4, the
average number of scrolling actions is considerably lower for the Adaptive 2 layout, where
page-by-page mouse wheel scrolling was available, than for the other two layouts. Examination of the log files also showed that more scrolling actions were required with the original
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Standard mouse wheel scrolling
Standard up / down arrow keys
Page-by-page mouse wheel scrolling
Page-by-page PgUp / PgDn keys

Original
12
1
0
0

Adaptive 1
11
2
0
0

Adaptive 2
0
3
11
1

Table 6.3: Scrolling behaviours used during the reading phase.
layout than with the Adaptive 1 layout, although the same scrolling behaviours were adopted
for these layouts. This is explained by the reduced page height of the adaptive layouts which
results from the usage of the entire viewport width.

Average scrolling actions
Standard Deviation

Original
24.50
14.32

Adaptive 1
16.17
17.61

Adaptive 2
12.08
7.49

Table 6.4: Average scrolling actions during the reading phase.
Participants who did not like the page-by-page scrolling criticised the sudden loss of context
when the browser viewport jumps to the next page. For instance, one participant wrote ”Scrolling should give feedback if it was successful (e.g. show part of last page)”, another participant suggested to scroll only by half a page in order not to loose the context. We tried to
counteract this problem when designing the page-by-page scrolling, by smoothing the scrolling with an animation on the one hand and by not making the pages take up the whole
viewport height on the other hand. However, the result indicates that further measures are
necessary.
Another factor for preferring the standard scrolling behaviour is attributable to the reading
behaviour of some participants. We observed that these participants preferred to read on a
fixed spot on the screen, whereby they performed continuous scrolling actions to move the
web page on this spot. The same behaviour was observed by Braganza et al. [10]. Pageby-page scrolling is inappropriate for this reading behaviour. The same problem applied to
multiple columns, where the participants had to relocate their reading spot to the right in
order to read the second column. However, participants stated that relocating the spot in the
horizontal direction is less tedious than moving it in the vertical direction.
Image alignment and scaling: Image alignment was rated best when using the Adaptive 2
layout (3.75). However, the rating for Adaptive 2 is only slightly better than the rating for
Adaptive 1 (3.67), where the image was not aligned with the layout and no high-resolution
version of the image was displayed. The rating for the original layout was considerably
lower (3.17). A possible explanation for this result is the fact that users in general do not
pay much attention to images. We could also observe this during our study. For instance,
one of the comprehension questions asked during the post-task questioning session could
have been easily answered by looking at the sub header, which was placed directly above the
article picture. However, users hardly ever scrolled above the image, as they usually turned
back scrolling down when seeing an image. In the original layout, the image was therefore
almost never visible to the user. In the adaptive layouts however, the user sees the image
when reading the beginning of the second column, as the image is placed directly next to this
column. This may explain the better results for the adaptive layouts.
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Reading efficiency
As presented in Table 6.5, we could not identify a considerable difference between the different layouts considering the reading speed.

Average words per minute
Standard Deviation

Original
162
44

Adaptive 1
165
35

Adaptive 2
169
35

Table 6.5: Reading speed measured in words read per minute.
However, as shown in table 6.6, the average times for answering the comprehension questions
were considerably better for both the adaptive layouts. A possible reason for this is that more
text was visible to the participants while scanning for the answers, allowing them to identify
relevant text passages faster. We also observed that participants had a better orientation in the
text due to the concept of columns and pages. Users often remembered the region where they
read a particular information and especially the pages helped them to find it again. Additionally, a larger font size facilitated the process of recognizing text passages further. One could
also argue that the adaptive layouts helped the user better memorise the text. But this would
need to be confirmed in a separate study, where the users are not allowed to check back the
text for answering the comprehension questions.

Average answering time
Standard Deviation

Original
3:14
2:27

Adaptive 1
2:36
1:28

Adaptive 2
2:03
1:37

Table 6.6: Average question answering time in minutes.

Recognition and obtrusion of the advertisements
As shown in table 6.7, advertisements were generally conceived as very unobtrusive. Participants’ comments suggested that they ignore advertisements in general. For instance, one
participant noted that he has some kind of mental ad-blocker which makes him overlook all
advertisements. This metaphor reflects the behaviour of the majority of the participants. As
a consequence, only one participant noticed which products were advertised on the website.
This was during reading with the Adaptive 2 layout.
The advertisements were considered less obtrusive when reading the longest article. A possible reason for this is that the advertisements are placed only in the top part of the web page.
When reading a longer article the user scrolls down more, whereby the advertisements are not
visible any more. This indicates that advertisements should also be placed in lower regions
of the web page, which is what many other websites do.
Discussion
The results of the user study indicate a considerably higher subjective reading comfort for
the adaptive templates when compared to the original layout. The most stated reasons for the
preference of the adaptive layouts were the better usage of screen real estate which leads to
more content being displayed as well as the automatic adaptation of the font size. Although
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Standard deviation
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Original
4.50
0.53

Adaptive 1
4.44
0.73

Adaptive 2
4.29
1.50

Table 6.7: Participants rating for the obtrusiveness of the advertisements. The scale went
from 1 (very obtrusive) to 5 (very unobtrusive).
reading in multiple columns on a screen is rather uncommon nowadays, the users in general
appreciated this concept. Most notable criticism was made in connection with the mousewheel page by page scrolling mechanism, as this prevented users from reading on a fixed
spot on the screen. Observation of the users also indicated that it is necessary to make an
even stronger visualisation of the page breaks in order to guide the reading flow. While no
difference in reading speed could be observed between the original and the adaptive layout,
the greater amount of text visible helped users to answer questions faster when using one of
the adaptive layouts.

6.2

Metrics study

As described in chapter 2.3, Nebeling et al. [5] introduced several metrics for measuring the
quality of screen layouts with respect to the screen size. Based on these metrics, we conducted
a study to compare the adaptive layout template of the guardian.co.uk website described in
chapter 5 with the original layout. There were two main goals for this study. On the one
hand we wanted to assess how much screen real estate was saved by the adaptive layout in
comparison with the original layout and if the constraining factors of the metrics were still
satisfied. On the other hand, we wanted to find out whether there was a correlation between
the results from the metrics and the results from the qualitative user study.

6.2.1

Method

We captured the metrics for the article Chilean miners: A typical day in the life of a subterranean miner 5 from the guardian.co.uk website. The same layouts as in the user study were
used. The study was conducted using a 30 inch monitor running at a 2560 x 1600 resolution. As we learned from the user study, user preferences for the browser window size on
this screen can roughly be categorised into three categories: a full screen setting, a windowed
setting at 1800 x 1300 pixels and a smaller windowed setting at 1500 x 1000 pixels. We therefore conducted the study with these three settings. The smallest setting causes the adaptive
layout to be presented in one column, while in the other two settings it is presented in two
columns. We did not change the initial font size, the original layout was therefore presented
with a font size of 14 pixels while the adaptive layout came with a font size of 16 pixels. As
browser, we used a WebKit nightly build6 .
The metrics were added to the web pages through a bookmarklet. As content area, we marked
the entire page except the top navigation area and the footer bar. We scrolled to the very top of
the page to capture the values. Additionally, to measure the maximum visible amount of text,
5
6

http://www.guardian.co.uk/world/2010/sep/09/chilean-miners-typical-day
http://nightly.webkit.org/
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we scrolled down the page using the arrow down key. At each scrolling position we checked
whether the visible text ratio had increased and thereby captured the maximum value.

6.2.2

Results

As presented in figure 6.5(a), the adaptive layout produces a higher document-window ratio
for the smallest window setting. The higher value for the adaptive layout is explained by
the larger font size it uses. As em is used as the default length unit, this requires not only
more space for the text but also for other elements, e.g. images. Examining the larger window settings showed that the document-window ratio is lower and decreases more steeply
for the adaptive layout. The original layout does not benefit from the additional width which
becomes available in these settings. Instead, the decreasing document-window ratio is explained solely by the additional height of the browser viewport. The adaptive layout in contrary
benefits from both the additional width and height.
The results for the content-window ratio are shown in figure 6.5(b). The small difference
between the document-window ratio and the content-window ratio for the adaptive layout
indicates that most of the available space is used for content. On the contrary, the difference
is high for the original layout, indicating that much space is left unused. Again, the considerably higher values for the content-window ratio of the adaptive layout are explained by the
increased font size and the usage of em as length unit.

(a)

(b)

Figure 6.5: Document-window ratio (a) and content-window ratio (b).
As none of the layouts need horizontal scrolling in any of the window settings, the horizontal
scroll factor is irrelevant as it is always equal to one. As a consequence, the vertical scroll
factor is equal to the document-window ratio in all cases. The amount of scrolling necessary
is therefore higher for the adaptive layout when displayed at the smallest window setting but
gets smaller on the larger window settings. The reasons for this are the same as stated above.
As shown in figure 6.6(a), the amount of visible text on the first page is considerably smaller
for the adaptive layout than for the original layout when using the smallest window setting.
The reason for this is that large portions of the screen are covered by the article image. This is
also reflected in the media-content ratio shown in figure 6.2.2. In the larger window settings
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however, the adaptive layout displays a higher amount of text. As shown in figure 6.6(b), the
same applies to the maximum amount of text visible. At the smallest window setting, the
amount of text displayed is equal for both layouts. At the larger window settings however,
the adaptive layout displays considerably more text than the original layout.

(a)

(b) Maximum visible text ratio

Figure 6.6: Visible text ratio on top of the page (a) and during scrolling down (b).

Figure 6.7: Media-content ratio
The original layout, has a wide text ratio of 0 for all window settings. The adaptive layout as
well produces only a marginally wide text ratio, namely 0.01 at the smallest window setting
and 0.02 at the larger window settings. The only element which is considered as wide text is
the heading of the Google Ads container. at the very bottom of the page.
However, the original layout does produce a small text ratio (0.12 for all window settings).
The text considered too small is located solely in the sidebar, where a slightly smaller font
size of 12 pixels is used. The main article text is not considered too small. The adaptive
layout has a small text ratio of 0 for all window settings.

48

6.2. METRICS STUDY

Discussion
The small difference between the document-window ratio and the content-window ratio for
the adaptive layout indicates that it makes optimal use of the available screen real estate and
in particular no space is wasted for background content. At larger window settings, this
leads to a considerably smaller amount of scrolling imposed on the user. Moreover, up to 50
percent more text is visible in the adaptive layout when compared to the original layout. At
smaller settings however, the original layout produces better values for the document-window
ratio and for the amount of text visible on the first screen. Still, we think that the adaptive
layout has its advantages even at these window settings, as it provides a reasonable font size.
Moreover, the user study showed that a number of users would increase the font size when
reading with the original layout. This would eliminate the differences between the adaptive
and the original layout then.
Comparison of the results of both the user study and the metrics study shows a correlation
between the ratios measured by the metrics and the perception of the users. In particular, the
better usage of the screen real estate measured by the metrics was mentioned by more than
half of the participants. Further, the greater amount of visible text which was measured by the
metrics was appreciated by the users as well as it decreased the time users required to answer
the comprehension questions.

7

Conclusions

In this research project, we created an adaptive website layout which specifically adapts to
large screens. The layout was implemented using native web technologies, and in particular
the new features of the upcoming HTML5 and CSS3 standards. The design steps taken were
carefully documented in this report and should thus be applicable to other websites as well.
The quality of the developed layout was confirmed by a user study, whereby all but one
participant preferred the adaptive layout over an existing fixed layout. The results indicated
that the layout helps to ensure a high quality user experience on large screens.
Future work will need to follow the progress of the HTML5 and CSS3 standards. Both
standards are still under active development and new features may be added or existing ones
removed. Likewise, the status of the browser implementations must be followed carefully.
Many features are currently only specified, but not sufficiently implemented in the browsers
yet. A CSS3 module which should be followed with special interest is the Multi Column
Layout Module, as it was a very important part of the implementation of our layout. Still,
there are many cross-browser compatibility issues due to considerable differences in browser
implementations. In particular the features to control the column breaks could be of real
benefit for the layout, once they are fully implemented. Furthermore, the implementation of
the pagination script could be improved. On the one hand, the performance of the underlying
algorithm can still be optimised. On the other hand, the script currently lacks support for
controlling the page breaks. As this concept is similar to the concept of controlling the column
breaks, existing ideas for the latter could be used as a starting point. Finally, current work in
the GlobIS research group involves the Extensible Context-aware Markup Language (XCML)
[17], a domain-specific language for creating context-adaptive web applications. It will be
interesting to re-implement some of the adaptive features proposed in this thesis using XCML
in order to be able to compare the two approaches in terms of structure and design simplicity
for the web developer.
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A

JavaScripts

To achieve an adaptive layout template, we implemented several JavaScripts. The scripts are
implemented as jQuery plugins and therefore require jQuery to be included in a web page
first.

A.1

Layout switch

We implemented a script in order to be able to switch between different layout templates
based on the viewport width measured in em. This script was necessary as Media Queries do
not work correctly in combination with the em unit. The script can be called in the following
way:
$(document).ready(function(){
$("body").layoutswitch(96, "em", "layout-wide");
$("body").layoutswitch(130, "em", "layout-ultrawide");
});

Listing A.1: Calling the layout switch script.
The script adds or removes the declared class name to the selected container, based on the
width of the container. The width can be measured in em or in pixels.
jQuery.fn.layoutswitch = function (threshold, cssunit, cssClass) {
var layoutswitch = {
toggleClass: function (container, threshold, cssunit, cssClass) {
// calculate real threshold
var realThreshold;
if (cssunit == "em") {
var em = container.css(’font-size’);
em = em.substring(0, em.length - 2);
realThreshold = threshold * em;
51
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} else if (cssunit == "px") {
realThreshold == threshold;
} else {
return;
}
var w = container.width();
if (container.width() > realThreshold) {
container.addClass(cssClass);
} else {
container.removeClass(cssClass);
}
}
};
return this.each(function () {
var container = $(this);
layoutswitch.toggleClass(container, threshold, cssunit, cssClass);
$(window).resize(function () {
layoutswitch.toggleClass(container, threshold, cssunit, cssClass);
});
});
};

Listing A.2: Implementation of the layout switch script.

A.2

Pagination script

The pagination JavaScript splits up the content of a container in multiple smaller content units
referred to as pages. The pages are guaranteed to be smaller than maxHeight but still larger
than minHeight. A special handling can be applied for the first page, where the offset of the
initial container can be considered. The script can be called in the following way.
$(window).load(function(){
$(’#someContainer’).pagination($(window).height() - 150, 300, true);
});

Listing A.3: Calling the pagination script.
After running the script, the original container is still available in the DOM tree, as it is only
set to display:none. The script can therefore be called multiple times, e.g. after each change
of the browser window size.
jQuery.fn.pagination = function (maxHeight,
minHeight,
handleFirstPage) {
var pagination = {
columnWidthProperties: [’-moz-column-width’,
’-webkit-column-width’,
’column-width’],
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columnCountProperties: [’-moz-column-count’,
’-webkit-column-count’,
’column-count’],
cleanup: function (container) {
var expr = ’.’ + $(container).attr(’id’) + ’.pagination-page’;
$(expr).remove();
expr = ’.’ + $(container).attr(’id’) + ’.pagination-readon’;
$(expr).remove();
$(container).css(’display’, ’block’);
},
arrange: function (container,
maxHeight,
minHeight,
handleFirstPage) {
var firstPage = false;
if (handleFirstPage) {
// special handling for the first page, consider the
// offset of the container
firstPage = true;
var tempMaxHeight = maxHeight;
maxHeight = maxHeight - $(container).offset().top;
if (maxHeight < minHeight) {
maxHeight = minHeight;
}
}
// go back if content fits on one page
if ($(container).height() < maxHeight) {
return;
}
// go back if no column-width or column-count is specified
var columnWidth;
var propIndex;
for (propIndex in pagination.columnWidthProperties) {
columnWidth = $(container).css(
pagination.columnWidthProperties[propIndex]);
if (columnWidth != null) {
break;
}
}
var columnCount;
for (propIndex in pagination.columnCountProperties) {
columnCount =
$(container).css(
pagination.columnCountProperties[propIndex]);
if (columnCount != null) {
break;
}
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}
if ((columnWidth == ’auto’ || columnWidth == null)
&& (columnCount == ’auto’ || columnCount == null)) {
return;
}
// find out the real column width
var widthTester = $(’<p>.</p>’);
$(container).prepend(widthTester);
columnWidth = widthTester.width();
widthTester.remove();
// finc out column count
var columnCount = Math.floor($(container).width() / columnWidth);
// do nothing if column-count = 1
if (columnCount <= 1) {
return;
}
// create an empty clone of the container and set its width to
// the width of one column
var clone = $(container).clone().empty();
clone.css(pagination.columnWidthProperties[propIndex], ’auto’);
clone.css(pagination.columnCountProperties[propIndex], ’auto’);
clone.css(’width’, columnWidth + ’px’);
// add the cloned children
$(container).children().each(function () {
clone.append($(this).clone());
});
// paint clone - this is necessary to get the
// height values of the children
$(container).after(clone);
// get the heights and the margins of the children
var heights = new Array();
var margins = new Array();
var i = 0;
var first = true;
var lastBottom = clone.offset().top;
clone.children().each(function () {
if (first) {
first = false;
} else {
margins[i++] = $(this).offset().top - lastBottom;
lastBottom = $(this).offset().top;
}
heights[i] = $(this).outerHeight();
lastBottom += heights[i];
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});
margins[i++] = 0;
clone.remove();
// prepare a prototype for the pages
var prototype = $(container).clone().empty();
prototype.attr(’id’, ’’);
prototype.addClass($(container).attr(’id’));
prototype.addClass(’pagination-page’);
prototype.addClass(’pagination-page-copy’);
prototype.removeClass(’pagination-page-last’);
var pages = new Array();
var pageNo = 0;
// copy to pages - fill the containers until the
// acuumulated height is > maxHeight * columnCount
var maxPageHeight = maxHeight * columnCount;
var maxPageHeight = Math.max(maxPageHeight, minHeight * columnCount);
var accumulatedHeight = 0;
var currentPage = prototype.clone();
currentPage.addClass(’pagination-page-first’);
pages[pageNo++] = currentPage;
i = 0;
clone.children().each(function () {
var currentHeight = heights[i];
if (accumulatedHeight + currentHeight <= maxPageHeight) {
// append to current page
currentPage.append(this);
accumulatedHeight += currentHeight;
accumulatedHeight += margins[i];
} else {
// add read on div
pages[pageNo++] =
$(’<div class="pagination-readon ’ + $(container).attr(’id’)
+ ’"><a class="pagination-readon-text" href="#">Read on..</a>’
+ ’<img src="img/arr_down.jpg" /></div>’);
// start a new page
currentPage = prototype.clone();
pages[pageNo++] = currentPage;
// append current element
currentPage.append(this);
accumulatedHeight = currentHeight;
accumulatedHeight += margins[i];
// reset max height if first page
if (firstPage) {
maxPageHeight = tempMaxHeight * columnCount;
}
}
i++;
});
currentPage.addClass(’pagination-page-last’);
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// make sure more than 1 page is displayed
if (pageNo <= 1) {
return;
}
// display pages
for (i = pages.length - 1; i >= 0; i--) {
$(container).after(pages[i]);
}
// hide original container
$(container).css(’display’, ’none’);
// add page scrolling
$(’.pagination-readon’).click(function (e) {
e.preventDefault();
$.fn.scrollPagesPgKeys(true, "pagination-page-copy", 700);
return false;
});
}
};
return this.each(function () {
var container = this;
pagination.cleanup(container);
pagination.arrange(container,
maxHeight,
minHeight,
handleFirstPage);
});
};

Listing A.4: Implementation of the pagination script.

A.3

Page by page scrolling

In order to provide a smooth scrolling between the different pages, we implemented a script
which automatically scrolls to the next or to the previous page. We used the script in three
scenarios, namely when a user clicked on the ”read on” link displayed beneath the pages,
when a user used the Page Up or Page Down key and finally when a user used the scroll
wheel of the mouse. The following listing demonstrates the usage of the script in these cases.
// read on link
$(’.pagination-readon’).click(function (e) {
e.preventDefault();
$.fn.scrollPagesPgKeys(true, "pagination-page-copy", 700);
return false;
});
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// pgUp / pgDn keys
$(window).keydown(function (e) {
if (e.which == 33 || e.which == 34) {
if ($.fn.scrollPagesPgKeys(e.which == 34, "pagination-page-copy", 700)) {
e.preventDefault();
}
}
});
// mousewheel
$(window).mousewheel(function (e, delta) {
if ($.fn.scrollPagesPgKeys(delta < 0, "pagination-page-copy", 100)) {
e.preventDefault();
}
});

In order to use the mousewheel function, the jQuery mousewheel plugin1 needs to be loaded
first.
jQuery.fn.scrollPagesPgKeys = function (down, className, duration) {
if ($(’.’ + className).length == 0) {
return false;
}
if (duration === undefined) {
duration = 700;
}
var newScroll = -1;

if (down) {
// page down
$(’.’ + className).each(function () {
var pageMax = $(this).height() + $(this).offset().top;
var windowMax = $(window).scrollTop() + $(window).height();
if (windowMax < pageMax) {
var offset = $(this).offset().top;
var winHeight = $(window).height();
var pageHeight = $(this).outerHeight();
newScroll = $(this).offset().top - $(window).height() + $(this).outerHeight()
return false;
}
});
} else {
// page up
$($(’.’ + className).get().reverse()).each(function () {
var pageMin = $(this).offset().top;
var windowMin = $(window).scrollTop();
if (windowMin > pageMin) {
newScroll = $(this).offset().top - 60;
return false;
}
1

http://brandonaaron.net/code/mousewheel/docs
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});
}
if (newScroll >= 0) {
$(’html,body’).animate({
scrollTop: newScroll
}, duration);
return true;
}
return false;
};

Listing A.5: Implementation of the page by page scrolling script.

A.4

Image replacement

Scaling of images can be done directly by the browser. However, scaling does reduce the
image quality. If the scaling factor becomes too large, it would be desirable to replace an
image with a high-definition version. We therefore implemented a jQuery plugin which
achieves this task. The script can be called in the following way.
$(window).load(function(){
$(’img.image-switch’).imageswitch(1.4);
});
$(window).resize(function(){
$(’img.image-switch’).imageswitch(1.4);
});

Listing A.6: Calling the image replacement script.
As soon as the ratio of an images actual display width to its original width is larger than
the specified threshold, the image is replaced. The script is based on the assuption that the
image name of the small version contains the string ’small’ and the image name of the highdefinition version contains the string ’large’. Switching of the image is then done by replacing
the string ’small’ with ’large’ or vice versa in the source attribute.
jQuery.fn.imageswitch = function (threshold) {
return this.each(function () {
if (!this.src) {
//no image
return;
}
var img = new Image();
img.src = this.src.replace(’large’, ’small’);
var originalWidth = img.width;
var displayWidth = $(this).width();
if (originalWidth == 0 || displayWidth == 0) {
// image not loaded yet
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return;
}
var ratio = displayWidth / originalWidth;
if (ratio > threshold) {
// display larger image
this.src = this.src.replace(’small’, ’large’);
} else {
// display smaller image
this.src = this.src.replace(’large’, ’small’);
}
});
};

Listing A.7: Implementation of the image replacement script.
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