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Abstract—Personalization of pages on the basis of each specific
users’ need is a key factor in navigating the Web, in particular
for those users who browse under specific conditions. This
paper proposes to track user’s behavior and to gain his/her
effective needs by means of machine learning concepts. Our
goal is to provide a system which improves Web legibility and
readability, customizing typographic characteristics of pages.
The system lets users adapt Web pages and learns how to
apply automatic personalization. This can be of great benefit
both for users with reading-related disabilities and for users
accessing with non-conventional devices.
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l. INTRODUCTION

Personalization is a key feature in providing services and
content which are effective for users. Self-adaptation of Web
pages is strongly overworked by Web 2.0 applications.
Nevertheless, this issue is not usually exploited so as to meet
specific user’s needs, making the Web pages personalization
(both in terms of content and shape) an interesting and
unsolved challenge [8, 14, 16].

In this field, a more user-centered approach is necessary
to customize Web page elements, adapting their shape with
the aim of meeting each single user’s needs. Such kind of
approach can have a strong impact, in particular for those
users with some reading-related disabilities (i.e., aging
people, people with dyslexia, people with low vision, users
with color blindness, etc.). Moreover, this approach can
make the Web content more accessible even for those users
who are equipped with devices with different capabilities
(i.e., different screen sizes, different interactions systems),
such as tablets, smartphones, smart TVs, etc. In these
contexts, both readability and legibility are affected by Web
pages characteristics [5, 12], users’ abilities [4, 9] and device
capabilities.

In order to make Web pages (or just some parts of them,
such as paragraphs, headings, links, tables, etc.) more legible
and readable to users with disabilities and to users who
exploit different devices, transcoding and adaptation
activities can be performed. Transcoding and adaptation
have been strongly exploited in research field and they are
usually driven by categorizing device capabilities and users’
needs [1]. In this paper, we propose an innovative Web
pages adaptation system based on the concept of experience-
based transcoding, called “experiential transcoding” [2].
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Comparing with more traditional forms of content
transcoding and adaptation, the main advantage of
experiential transcoding is that it is strongly user-centered.
Furthermore, it applies techniques and mechanisms which
adapt content on the basis of users’ experience, by
understanding and predicting it [13].

The main aim of this work is to improve Web pages
legibility and readability by adapting some characteristics
(such as font size, font face, luminance contrasts, and so on)
according to users’ preferences and needs. To reach this goal
we have designed a system which lets users adapt Web
documents, tracking users’ behavior (on the basis of the
device in use), so as to learn and model their preferences and
to automatically provide the best adaptation, tailored for each
user, predicting his/her needs.

In order to understand user’s experience and to learn
user’s preferences, we have used a machine learning
mechanism, the Reinforcement Learning [15] one, based on
the idea of reward/punishment. Thanks to this, we can build
and feed a user’s profile which models his/her preferences in
terms of Web page characteristics affecting his/her reading
ability (both in positive and in negative ways). Thus, the
Web content adaptation will be more user oriented, meeting
each single user’s need.

In this paper, we present the system we have designed
and a prototype we have developed which can adapt HTML
pages. The main advantage of our system is the deep and
detailed user’s profile we can gain: the system tracks the
user’s behavior and continuously updates his/her profile, (the
more the user exploits it and the more the profile will be
accurate). This lets the system take into account users’
preferences and needs, even when they change. Moreover,
this means that users are not categorized according their
disabilities, but the system can provide Web content
personalization for each single user. Without such
adaptations a user’s need can conflict with general best
practice, or can conflict with another user’s need. For
instance, many people with dyslexia and other reading
impairments need low contrast between text color and
background color [9], while many people with low vision
and many people with declining eyesight due to ageing need
high contrast. On the contrary of other similar works, in
which the entire content is customized according to user’s
preferences and needs [7, 8, 9, 11, 16], our system adapts
only those elements in the Web page which present some
characteristics that can affect the user’s reading, without
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distorting the whole page and its layout. Currently the
prototype is under a testing phase by simulating users with
low vision and dyslexia. An evaluation campaign with real
users will be conducted next months: this will report users’
appreciation, the ease of use of the prototype, and the
validity of our approach.

The remainder of the paper is organized as follows.
Section 2 presents the system structure and it describes in
details each system modules: the users profiling, the users’
preferences learning and the adaptation ones. Section 3
shows the prototype we have developed. Finally, Section 4
concludes the paper presenting further work.

Il.  SYSTEM STRUCTURE

In this section, we are going to describe our system
structure, which includes: the users profiling module, the
users’ preferences learning module and the adaptation
module, as depicted in Figure 1. Each module is described in
details in the following subsections.

Learning Module

Profiling Module
—————— ON

Requested

Adaptation

Adaptation Module

Figure 1. The whole system.

A. Users Profiling Module

Profiling users is an activity which can be useful in
several contexts and applications, such as user interfaces and
Web applications (i.e., recommendation system in
e-commerce Web sites, personal data in social networks or in
search engines filters, and so on). Data gathered in users’
profiles can range from personal data to contextual
conditions, from user’s skills to his/her personal preferences
[10]. Such data can be collected in different ways, for
instance the user can explicitly declare them or they can be
learnt by the system as the user exploits it.

In our system, the user profile is a collections of
typographic characteristics gathered by the system (as
described in the following Subsection 2.B), on the basis of
adaptations (see Subsection 2.C) the user has requested in so
as to improve Web content legibility and readability. Such a
profile is shared among all the devices the user exploits and
it takes into account different user’s needs according to
capabilities of the device in use (i.e., different display size,
etc.).

When the user exploits the system and asks for
adaptations, our system computes automatic adaptations and
related reward/punishment values, tracking the user’s
behavior. Periodically, the system updates the user’s profile,
adding new characteristics, updating reward/punishment
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values for the already existing ones or adding new

characteristic values as requested by the user.

The system provides adaptations as state changes: from
the original one (let us call it A) to the adapted one (let us
call it B), according to each user’s request. Let us use the
following formalism to indicate the state change from the
original state A to the adapted state B: A—B.

Characteristics of state A (which are substituted by
characteristics of state B) are the ones the user has discarded,
while characteristics of state B are the ones the user has
chosen. Hence, the system learns all the Web page
characteristics which affect user’s reading ability (both in
positive and in negative ways). Obviously, the user’s profile
will be the more accurate the more the user asks for
adaptations. As described in the following subsection, the
system punishes discarded characteristics, while it rewards
characteristics the user has chosen through the requested
adaptations.

We have designed an xml-based profile which is
structured in different parts, according to the devices the user
exploits. In each of these parts, the system stores typographic
characteristics (as tags) the user has preferred or the user has
discarded, the related value (as the “v” attribute) and a
number (as the “w” attribute). Such a number states the
reward/punishment related to the adaptations asked by the
user.

In fact, the “w” value varies according to user’s
behaviors and in particular:

o if “w” is < 0: the user has discarded the characteristic
with the related “v”” value;

o if “w” is > 0: the user has asked for the characteristic
with the related “v” value;

e if “w” is = 0: the characteristic with that “v” value has
obtained the same quantity of rewards and punishments.
The absence of a characteristic or of a specific “v”

value in the user’s profile, means that the user has never

asked for such characteristic adaptation or he/she has never
discarded or chosen such a “v” value.

Hence, the profile is composed by a set of Web page
characteristics the user has adapted and by the related values
he/she has asked and discarded, grouped by the devices the
user exploits. For each device, the profile stores the type, an
id value, the display width and the display height (in terms
of pixel). The device in use is deduced by the HTTP request
and its capabilities are collected from repositories [17].

The Web page characteristics our system takes into
account are related to text and to content features which can
affect both legibility and readability [5, 12]. Typographic
characteristics are related to fonts (i.e., face, size, style),
spaces (i.e., word and letter spacing, margins, line height,
alignment) and colors (i.e., background, foreground and
luminance ratio) [4], while content characteristics are
related to acronyms, abbreviations and foreign words or
sentences.

Figure 2 shows a fragment of a user’s profile, as an
example. Web page characteristics are grouped by a tablet
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device. In such an example, the user has asked (among all
the adaptations): Arial as font face, 18 as font size, and 1.5
as line height. In the same example, the user has discarded:
Times new roman as font face, 9 as font size and 1 as line
height, while he/she has used the tablet.

[Kdevice type="tablet” id="2" display_ width=""
display height="">

<font_face family="sanserif” w="5"
v="arial” />

<font_face family="serif” w="-2" v="times

new roman”/>

<font face family="monospace” w="-5"

v="courier new”/>

<font_size w="8" v="18"/>
<font_size w="-5" v="9"/>

<line_height w="5" v="1.5"/>
<line height w="-2" v="1"/>

I</device>

Figure 2. A fragment of a user’s profile.

B. Users’ Preferences Learning Module

In order to learn users’ preferences, our system has been
modeled by using the Reinforcement Learning concept. The
learning algorithm adopted is the Q-learning algorithm [15].
Q-learning is a popular Reinforcement Learning algorithm
which works by estimating the values of state-action pairs.
The value Q(s, a) is defined to be the expected discounted
sum of future payoffs obtained by taking action a from state
s and following an optimal policy thereafter. Once these
values have been learned, the optimal action from any state
is the one with the highest Q-value. Q-learning works by
successively improving its evaluations of the quality of
particular actions at particular states. The system learns the
Q-values as the user exploits it. Then the system uses the
learnt Q-value for making better decision about possible
adaptations when the user requests a Web page. Q-values
can thus provide estimation of how successful that action
might be. The Q-learning algorithm has been already used
in several works, where systems have been design to
provide customizations according to learnt users’
preferences [11].

Our work focuses on directly interacting with the user to
learn his/her preferences. In fact, the user contributes by
helping the system which tracks the user’s behavior to
adaptations. In particular, the system obtains some
feedbacks from the user, in the form of reward or penalty.

This problem has to be formulated as a Reinforcement
Learning problem. In order to do this, we have to set up
states, actions and rewards. States represents sets of Web
page characteristics (font face, font size, word spacing, line
height, acronyms expansion, and so on). Actions are the
adaptations explicitly requested by users, the adaptations
proposed by the system and the adaptations the system
automatically performs. Rewards are related to user’s
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behavior: if the user explicitly applies an adaptation or if the
user accepts an adaptation the system proposes, then the
reward for the chosen characteristics is +1. If the user
rejects an adaptation the system automatically performs then
the rewards is -1. A -1 reward is assigned also to those
discarded Web page characteristics as well.

Hence the whole system works in the following way:

1. when the user opens up a Web page, the system parses
its characteristics, taking into account the user’s profile.

2. If there are some characteristics the user has discarded
(with a negative “w” value, state A), then the system
computes if automatically adapting such characteristics,
substituting the original values with the ones the user
prefers (with the highest “w” value, state B) or just
proposing such adaptations, changing the state from A
to B (A—B).

3. Then the user exploits the Web page with a specific set
of characteristics (state B): font size and face, spacing,
alignment, background and foreground colors,
acronyms, and so on.

4. The system computes reward/penalty values tracking
user’s behavior, according to his/her feedbacks:

e If the user ignores the adaptations the system has
automatically performed (hence the user implicitly
accepts state B characteristics), then the reward is
+1. Else, if the user rejects such adaptations then
the reward is -1.

e If the user explicitly accepts the adaptations the
system has proposed (characteristics in state B)
then the reward is +1. Else, the reward is -1.

e If the user applies a certain adaptation to a certain
set of Web page characteristics, changing from
original A state to the adapted B one (A—B) then
the system assigns +1, as a reward, to the requested
characteristics (in state B) and -1 to the discarded
ones (in state A).

e Unchanged characteristics in state A and in state B
receive no reward.

5. Updated rewards and/or Web page characteristics
adapted for the first time are stored into the user’s
profile.

As an example, let us take into account a user who
exploits his/her PC and asks for a paragraph font size
increase in a Web page, from 10 to 18 pixel. The system
assigns +1 as reward to font size 18 (B state) and -1 as
reward to font size 8 (A state).

After updating the user’s profile, when the user opens
up another page, the system parses the characteristics and
finds a paragraph with font size 10. Such a characteristic is
stored in the profile with a negative “w” value (let us
consider the user’s profile depicted in Figure 2). In this
example, we can have the following system behavior:

e if t < w < 0: the system proposes to adapt such a
characteristic by substituting it with the “v” value with
the highest “w” (font size 18, with “w=7") only on the
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mousehover event. The user can accept such a proposal,

then the system assigns a +1 reward to font size 18 (the

new “w” value will be 8) and a -1 reward to font size 10

(its new “w” value will be -5), else the system assigns a

-1 reward to font size 18 (its new “w” value will be 6);

o if w < t: the system automatically adapts such a
characteristic by substituting it with the characteristics
with the highest “w” value (again font size 18, with
“w="7"). If the user rejects such an adaptation, then the
system assigns a -1 reward to font size 18 (the new “w”
value will be 6), else the system assigns a +1 reward to
font size 18 (the new “w” value will be 8) and a -1
reward to font size 10 (its new “w” value will be -5);

where t is a specific threshold. Such a threshold is a

negative integer value which can be differently set for each

characteristic. At the moment, we are conducting a testing
phase to define such thresholds for the most common
characteristics.

In this example, the system proposes the same
adaptation even when paragraphs with smaller font size are
found in the Web page. For instance, the system can
propose adaptation to font size 18 even for paragraphs with
font size 8. More generally, the same consideration is taken
into account also for those characteristics with numeric
values, such as luminance ratio, color contrasts, word and
letter spacing, line height, etc. Hence, if the user has
discarded a characteristic with a specific numeric value, the
system learns to adapt such characteristic with worse values.

C. Adaptation Module

Content adaptation is the action of transcoding or
transforming content so as to meet users’ preferences and
needs, even according to the device he/she is using.

In our system, we provide content adaptations with the
aim of improving Web pages readability and legibility. In
our system, the adaptation process is in charge locally, on
the client side. The system can locally decide and employ
the most appropriate adaptations, according to user’s profile,
which is fed on the basis of the user’s behavior.

The aim of the whole work is to adapt any kind of
markup document, such as LaTeX, PDF, RTF documents,
etc. But currently the system works on explicit and
descriptive markup documents, in particular HTML pages.
Our system performs adaptations by changing tags,
attributes and related values: the system injects new tags or
attributes and/or it substitutes original tags or attributes
value with the customized ones, changing markups.

When a user opens up a Web page, then the system
parses the DOM and the related style rules, by considering
those characteristics with a negative “w” value in the user’s
profile. If such characteristics are found in the page, then the
system decides if automatically adapting them (if the “w”
value is less than a threshold “t”) or if just proposing to the
user such an adaptation (if the “w” value is greater than

“t”). The discarded characteristics are substituted by the
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“v” values with the highest “w”: since the user has chosen

them the most (to improve his/her reading ability), so we

can assume these are his/her preferences in terms of such
characteristics.

For instance, let us consider the user’s profile depicted
in Figure 2. If the user opens up a Web page and the system
finds a paragraph written in Times New Roman (with “w”
equal to -7), then the system proposes an adaptation from
Times New Roman to Arial as font face. The system
chooses Arial instead of Verdana, because Arial “w” value
is higher than Verdana one.

A list of adaptations the system can employ is the
following one:

e Zooming font size: the system can increase font size by
a specific percentage or unit.

e Changing font face: the system can substitute the
original font face with another one.

e Changing font style: the system can set a specific style
(i.e., italic, underline or normal) to the text.

e Changing spacing: the system can change spacing-
related attributes (i.e., letter spacing, word spacing,
line-height, margins, paddings, etc.).

e Changing text alignment: the system can set users’
favorite text alignment (left, right, center or justify).

e Enhancing luminance ratio: the system can increase the
luminance ratio. The system keeps the same
background color and computes a new foreground
color, so as to enhance the luminance contrast ratio.

e Changing background and/or foreground colors: the
system can set different background and/or foreground
colors, according to users’ choice.

e Language translation: the system can substitute original
words and/or sentences in translated ones.

e Acronyms expansion: the system can
acronyms with their related expansions.

substitute

I1l. PROTOTYPE

We have designed and developed a prototype of our
system which adapts HTML documents. Such a prototype
has been implemented as a Firefox extension. Users can
activate a contextual menu to set the preferred adaptations
on an HTML page. Then the system performs such
adaptations by suitably changing the HTML and/or the CSS
code of the page, on the client-side. In the meanwhile, the
system tracks users’ behaviors with the aim of learning their
preferences and then automatically applying or proposing
suitable adaptations.

This prototype has been implemented as a Firefox add-on
by means of Mozilla SDK [6]. Scripts have been created so
as to:

e provide an ad-hoc contextual menu, letting users choose
among a sub-set of available adaptations (as shown in
the screenshot depicted in Figure 3): changing font face
changing font size, and changing background and
foreground colors.
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e Adequately modify the DOM of the HTML page,
injecting new attributes or changing values for the
already existing ones. In particular, the prototype can
add “styi1e” attributes with CSS rules to the element
tag or can change the existing CSS rules values,
according to the adaptations the user has requested.
This way, thanks to CSS cascading feature, customized
values of inline rules override the same ones eventually
declared in external or internal CSSs.

e Add scripts to create and activate pop-ups: when an
adaptation is just proposed to users, this is triggered on
the mousehover event, by means of AJAX scripts.

Currently, the prototype has been tested on laptops

(equipped with different operating systems) and on

Samsung Galaxy Tab 2 devices, equipped with Firefox

browser. More browsers extensions are needed and are

under development (i.e., for Chrome, Internet Explorer,
etc.), so as to provide a wider and more complete system.

Figure 3 shows a screenshot of a Web page with the
contextual menu of the prototype we have developed: after
activating such a menu, it is possible to zoom in, to zoom
out, to change the font family, to change the background
and foreground colors of the specific element the user has
chosen (which is highlighted by means of a colored border).

Figure 4 depicts a screenshot (of the same Web page in
Figure 3), when an adaptation is proposed to the user: a pop-
up is activated only on the mousehover event on the element
the system proposes to adapt. The user can accept or reject
the proposed adaptation, providing a feedback and letting
the system learn about his/her preferences.

Figure 5 shows a screenshot (of the same Web page in
Figures 3 and 4), when the chosen adaptation is
automatically performed. In particular, the text in the chosen
element has been increased from 16px to 24px, by means of
zoom in adaptation. Screenshots in Figure 3, 4 and 5 have
been taken from a PC equipped with Ubuntu 13.04 and
Firefox 21.0.

A synchronization mechanism is  still  under
development: synchronization among different devices used
by the same user is needed so as to let the user enjoy
customized Web pages on the basis of his/her preferences
and of different device capabilities. Figure 6 shows the
whole system architecture. Currently, each user stores
his/her profile, structured in device-related profile sections
(as reported in subsection 2.A), on each device he/she is
using. Updates to the user’s profile are locally stored (on the
device in use) and a synchronization mechanism is needed
to spread such updates on the other copies of the profile.
The different copies of the profile have to be periodically
synchronized. All the profiles will be stored on the server
side. The copy of the profile stored on the server will be
used in case of new devices associated to the same user:
when a new device joins the system, the user’s profile will
be downloaded from the server and a new profile section
will be added to all the copies of the profile, via the
synchronization mechanism.
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IV. CONCLUSION AND FUTURE WORK

Our work on improving Web pages legibility and
readability by means of experiential transcoding (learning
user’s profile by tracking his/her behavior) is still under
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development, however we have presented in this paper the
system we have designed and a prototype we have
developed. The goal of our system is to adapt Web page
characteristics (such as font size, font family, colors,
luminance contrasts and so on) according to users’
preferences and needs. The system we have presented lets
users adapt such characteristics and tracks users’ behavior
with the aim of learning their preferences, so as to
automatically provide the best adaptations, tailored for each
single user, even on the basis of the exploited devices (PC,
tablet, smartphone, smart TV, etc.).

Further work is needed to develop extensions and/or
adds-on for the most commonly-used browsers (i.e.,
Chrome, Internet Explorer, etc.) and for other kinds of
documents viewers and readers, letting the system adapt not
only HTML pages, but also other markup documents (i.e.,
LaTeX ones). Moreover, further investigation is needed so
as to adapt also PDF documents: some researches have been
conducted studies on how to customize text characteristics
on tagged PDF documents [3]. In order to provide a wider
range of adaptable documents, these findings will be taken
into account in our future work.

A system testing phase is ongoing. This is important to
define suitable thresholds t for each document
characteristic (in order to support the system in deciding
when automatically adapt or just propose a specific
adaptation). Finally, a user testing phase is needed and it
would involve several users with different preferences and
specific needs (i.e., aging people, users with low vision,
users with dyslexia, users with color blindness, etc.)
equipped with different devices.
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