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Abstract. Elderly population will become the largest age group of our society
in the next twenty years. Consequently, we need to be able to accommodate
technologies to the needs of this population. AdaptNow is a web-based applica-
tion that allows users to adapt existing webpages and turn them more accessible
and user friendly. Users can do so directly from any web browser thanks to
AdaptNow's user personalization and automatic adaptation artificial intelligence
algorithms. In this paper we present the design and implementation of Adapt-
Now, a solution that improves navigation on the web for elderly users.
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1 Introduction

A recent study predicts that elderly population will become the largest age group of
our society in the next twenty years [1]. Consequently, we need to be able to accom-
modate technologies to the needs of this population. Policy makers are already work-
ing in accessibility and inclusive design methods in an attempt to provide a barrier
free society with initiatives like [2,3]. Universal design aggregates a wide group of
ideas that have the objective of producing buildings, products and environments that
are built to be usable to the greatest extent possible by everyone, regardless of their
age, ability, or status in life [4]. The difficulty in using computer systems by people
with impairments is a well know problem. Despite the current efforts in accessibility,
computer interfaces are still an accessibility barrier for elderly users. Interfaces are
typically designed with the assumptions that 1) they are going to be used by able-
bodied individuals; 2) using an typical set of input/output devices and; 3) that users
will be in a static environment [5]. Further, elderly users are generally associated with
impairment due to the loss of motor and visual capabilities due to the ageing process
[6]. Hence, complex and multi-functional systems may present substantial cognitive
challenges for elderly. In an attempt to make the usage of technology more comforta-
ble some applications have been developed to aid in the interaction with technology
[7]. These are divided in two groups, hardware and software. For the first there are
devices such as special computer mice that increase the user’s control, and
larger screen monitors that ease the reading. As for software, there exist client-side
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applications that enhance the font size, colour and font family of the operation system
[8]. Unfortunately, many of these approaches have been discontinued either by lack of
funds, their complexity, expensive maintenance, or because the target audience is a
minority with low resources [9].

One particular case in point is that of web pages. Web 2.0 technologies are quickly
gaining popularity due to their power in terms of design, flexibility but also because
of their tremendous reach. Unfortunately, there is still a poor adherence to accessibili-
ty standards. Consequently, people with disabilities meet barriers of all types while
navigating the web that make it hard for them to understand what they should do [10].
These barriers come in form of confused webpages, abundance of misleading ads,
unnecessary videos, moving information, etc. Moreover, the abilities of elderly users
can fluctuate throughout the day due to several factors (fatigue or medication), or
evolve across days or months following longer-terms age related changes [5]. This
makes it hard to create general purpose interfaces that can be a best fit to everyone.
Hence, the ideal solution needs to be adapted according to the environment and the
specific needs of the user.

With all this in mind, the goal of AdaptNow is to provide a web enhancement na-
vigation tool that simplifies and eases web experience. AdaptNow is a web platform
that dynamically enhances the original webpages through an artificial intelligence
(AI) system trained with elderly user data. By using AdaptNow to enhance navigation
and remove all undesired noise around the desired action we want to provide a simple
and adaptable solution for web navigation. AdaptNow provides users with a simple
way to configure enhancement settings. Further, AdapNow improves its Al by track-
ing user behaviour and extrapolating settings from similarly designed websites.

2 Methods

AdaptNow is a web based enhancement system for elderly and impaired users.
AdaptNow was designed after several field studies and development iterations in an
attempt to understand how to improve web experience and minimize the effect of age
related conditions and/or the lack of web experience.

2.1 Web Enhancements and Artificial Intelligence (AI) Modelling

To understand what elderly would do to enhance usability of webpages we performed
a first experiment with a system that was able to modify several features of web pag-
es, such as 1) highlighting (box/underline) clickable objects with user defined colours;
change the mouse pointer 2) size and 3) visual aspect; modify 4) zoom as well as 5)
font sizes; and 6) page scrolling mode (Fig. 1). We interviewed and evaluated the
prototype with 12 users with ages between 51 and 63 years old to understand how
elderly users would adapt the above mentioned features in web pages to improve na-
vigation. For that purpose we tested 10 different web page examples in several
domains such as social, news, travel, mail and search engines.
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Fig. 1. Some of the features present during the first user experiment. a) Mouse cursor sizes; b)
Mouse cursor over links; ¢) Available cursor colours; d) Link enhancement colours; e¢) Link
enhanced with box/underline; f) Webpage with high zoom and low font size; g) Page with low
zoom and high font size.
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Next, we used the data to quantify and model the relationship between webpage
characteristics (website dimensions; number of images, buttons, heading tags, divi-
sions, scripts, and links; flash content; image sizes; and screen resolution) and the
corresponding adaptations made by users. We used a multi linear modelling approach,
using step-wise regression, to create a model of users preferences based on web page
characteristics. Using each user’s enhancement choices the model will provide an
adaptive yet personalized set of enhancements. Based on this procedure, we obtained
equation 1, which is used to provide the values for the automatic enhancements.

Enhancement = Coefficient, + Coefficient; * Characteristic; +...
+ Coefficient, = Characteristic, (1)

2.2  Enhanced History and Bookmark Visualization and Navigation

To build a revamped history view and a dynamic bookmark navigation we inter-
viewed 17 additional people of two age groups (>40 (A) and <40 (B) years old). The
average age was 47.8 and 22.6 years old for A and B respectively. We also considered
the younger group (B) because of their large web experience. Information provided by
B could bring in interesting insights and can acts as a control group for A. We asked
users about what information they value more in a history view (time spent on a web
page, number of visits, type of content), how to highlight pages they visit the most (icon
size, colour, contrast, total visits counter), and how to present the information (all pages
at once, showing the order of navigation, grouping pages of the same domain).

2.3  Implementation

The system is a fully web based application in order to make it accessible from eve-
rywhere, designed to work on any modern browser and from any device without the
need of any installation. AdaptNow uses a combination of 1) html and css technology
to define webpage enhancements; 2) a server-side php and SQL database to imple-
ment AdaptNow’s Al, create user profiles, store user settings, and history; 3) a client-
side Javascript/JQuery to modify the original webpages in real-time by injecting the
html/css enhancements in order to make navigation smother and more intuitive to the
user; and 4) a server-side transformation proxy that allows a web page to appear to
come from a local server to overcome cross-site scripting restrictions using the open
source WebAnywhere framework [10]. AdaptNow records all the enhancements ap-
plied by the user to visited webpages and creates both a personal and global website
adaptation models to best fit the learnt preferences.

3 Results

The first experiment allowed us to define the core Al that models each web enhance-
ment (zoom factor, font size, mouse cursor, etc) as a multivariate linear regression of
the variables that define the web page characteristics (resolution, page height, number
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of words, etc). Interestingly, our modelling approach allows us to identify and quanti-
fy to what extent web site features do determine the enhancement choices made by
elderly (Table 1). From these results we were able to fully model zoom and text en-
hancements with an average error of 6-7% (Table 2). The border and button
enhancements could also be satisfactorily modelled using the multivariate approach.
Some of the enhancements could not be satisfactorily modelled with a linear approach
due to their underlying bimodal nature.

All statistically significant enhancement models were implemented in AdaptNow
to enable the system to learn from the data collected from the user and automatically
build adaptation model for each user, making the automatic adaptations system a best
fit for each one (Fig. 2).

Table 1. Web page characteristics and their corresponding web enhancement Al model. The
used web page characteristics are a) Screen Width, b) Page Height, c) Number of words, d)
Biggest image Width, e) Average image width, f) Number of scripts, g) Number of H1 tags, h)
Number of H2 tags, i) number of divisions.

Propriety a) b) c) d) e) f) g) h) i)
Zoom (0-100) 0,0001 - - - 0,0088 - 0,0005 | 0,0237
Text Size (0-100) - 0,0001 | 0,0008 - - - 0,0001 - 0,0001
Box ) )
(0-1)
Underline
Link (0-1) ) ) )
Enhance-
Colour - - - - - - 0,0108
ment
Border
Size - 0,0001 - - - - - - 0,0001
(0-100)
Enhanced . .
(0-1)
Button Colour - - - - - 0,0003
Border - - | 00003
Size

From the second inquiry, the feature that was chosen as the most important for au-
tomatically adding a bookmark to a webpage was the number of visits. Group B, the
more experienced group, classified the amount of time spent on a page also as very
important. Therefore, both time spent on the webpage and number of visits is used for
dynamically adding a page to the “most visited” section. To avoid a history of visited
pages that current web browsers use containing long lists of redundant information
that are very difficult to search we asked users about how they would prefer informa-
tion to be presented. Interestingly, users preferred grouping all pages of the same
domain, what is the opposite of what current browsers do. Users also reported the
importance of showing the navigation order of the visited pages. Finally, we pre-
sented users with three models of possible history views and asked them about what
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they would do in order to identify the most visited ones. The most consensual answer
was showing the number of visits to each website, following the icon size and the

contrast of the displayed icon (Fig. 3).

Table 2. Web page characteristics and their corresponding model significance and error.
* p<0.05, ** p<0.01, and *** p<0.001.

Propriety P-VAL Model significance. Mean Error
Zoom (0-100) 2,61E-10 ok 5,5739%
Text Size (0-100) 3,06E-18 e 6,6132%
Box
(0-1) 0,4264 - 42,07%
U“‘(i)erllme 04264 - 42,07%
Link Enhancement ©D
Colour 0,1851 - 70,08%
Border Size sese
(0-100) 0,0034 7,8799%
Enhanced s
0-1) 3,60E-173 0,23%
Button Colour 0,0356 * 58,33%
Border Size .
(0-100) 1,38E-09 * 5,5729%
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Fig. 2. AdaptNow interface visualization of an enhanced webpage

After 2 field studies, we implemented the beta version of AdaptNow. AdaptNow is
currently composed of 3 main visual components: navigation, adaptation, and web-
page. The first component presents the user with: 1) an address bar to choose where to
navigate, and a back, forward and refresh buttons; 2) A login button/functionality is
also available where the user can access and modify his/her settings and default in-
formation; and 3) a button to the history view. The second component shows the
complete list of feeds (RSS) that a specific website is broadcasting to visualize the
feeds in AdaptNow’s own web enhanced RSS reader. In addition, direct buttons to
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web page enhancement options such as zoom and text alterations can be used at any
time. The third and most important component is a large frame containing the en-
hanced web pages and where all the adaptations take place (both web page and mouse
cursor and scrolling enhancements) (Fig. 2). With this design we want to achieve a
layout similar to a regular web browser window in an attempt to reduce the amount of
changes from what is expected by users.
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Fig. 3. AdaptNow visualization of the history visits of a webpage

4 Conclusion

We believe that AdaptNow provides useful insights as how simple alterations on reg-
ular web pages can make the web more accessible to elderly. Further, the AdaptNow
tool is web based, making it worldwide accessible though all computer platforms that
support a modern web browser. AdaptNow is developed after 2 field studies that in-
formed us on how enhancements are used depending on the characteristics of each
web page, and how we can improve history visualization and bookmark navigation
with contextual information. An interesting feature of the system is that the more we
use the system the more data we collect, consequently making our Al more accurate
and personalized to each user to deliver more accurate enhancement.

A similar web enhancement was done by [11] where they proposed an adaptation
of the a particular web page by decomposing it in its different divisions and reorder-
ing them to create a new navigation experience. Our approach differs from previews
because AdaptNow is completely web-based and does not require any installation and
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the user profile and data is available everywhere. Another aspect that differs is our
automatic enhancement system that changes the web page based on the learnt prefe-
rences and web page characteristic. Something similar can be achieved in more gener-
ic terms for a larger group of webpages if the new tag system from HTMLS is used.
With this in mind we think that a deeper study of HTMLS and CSS3 functionalities is
necessary to determine what can be achieved once most web pages start using these
standards. These types of enhancements work well in responsive webpages because
these pages adapt the content to the view and reorganize themselves automatically.

As we continue the development of AdaptNow we hope to achieve a full integra-
tion with WebAnywhere allowing us to use speech technologies to provide additional
information through speech that could be relevant to users. AdaptNow currently does
not support pages like Facebook that explicitly prevent their pages to be rebuilt local-
ly. Local rebuilding needs to be done in order to overcome cross domain restrictions,
so a new approach needs to be explored to solve this issue.
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