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Abstract—As the use of the Internet grows every year, e-
commerce’s usage does as well. There is a tough competition
between companies to be able to attract customers to use their
services.The design of a website is crucial to retain a customer,
and a retained client is more valuable over time, so understanding
what attracts the attention of a potential client on a website is
really important.

This work proposes a novel web platform for understand-
ing the most important features of a website for the user,
based on biometric information provided by eye-trackers and
electroencephalogram. Akori platform offers three services for
understanding the most important part of a web page to the user.
The first is the visual attention map, which highlights in different
colors the most attractive zones for the user. The second service
is a visual attention map too, but it uses a grey-scale gradient
instead of colors. The third service, uses the salience map to
identify the Website Key Objects on a web page and highlight
the objects that are predicted as such.

Our platform is useful to the telecommunication and advertising
industries, as interviews with companies managers reveal. Thus,
AKori promises to be a fundamental part for planning website
design.

Index Terms—Web Preferences, Web Usage Mining, Website
Key Objects

I. INTRODUCTION

The number of people using Internet has grown over the last
years. In March 2017, Internet users were over 3 billion [1],
up from 1.8 billion in 2009 [2]. In Chile, Internet penetration
is about 80%, being one of the highest on the region [3].
Alongside Internet penetration, e-commerce has grown as well,
only increasing year by year since 2000 up to US$25.4 billion
in 2015, according to the Santiago Chamber of Commerce [4].

Consequently, companies increasingly need to have a better
on-line presence, in order to take position in the market.
Websites are the communication channel with customers, since
they are the visible face of many companies. Companies
websites must be attractive to potential customers. That is,
they should be able to capture the attention of users. This
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same situation occurs with marketing campaigns [5]. That
implies that websites must be well structured and designed
for accomplish a good relation with the customer.

Advertising campaigns commonly used market research
techniques, such as focus groups or surveys. In addition to
those traditional tools, generic technological tools, like Google
Analitycs, are used with the aim of obtain basic statistics of
user behavior on a website. Both techniques for measuring
customers have some disadvantages. Regarding to traditional
techniques like surveys, they lack in accuracy and they are
expensive. The second techniques, such as Google Analytics,
they only measure the number of clicks when sites are already
operational, so it a ex-post solution.

So, the importance of design is crucial to retain customers
of a web site, and a retained customer is more valuable over
time [6]. Thus, as e-commerce is more relevant every year, it
is more important to identify the characteristics that capture
web user attention, in order to construct web sites interesting
for them.

With the aim of helping to the development of better
web sites design, we present a web platform based on web
intelligence and visual attention modeling for improving visual
exploration of the structure and content of sites web. This is the
Advanced Kernel for Ocular Research and Web Intelligence
(Akori) platform. In this website, the customer can type its
company web site, and the platform compute three different
maps; two of them highlights salience zones from the website
and the last one highlights website key objects from the site.

Akori platform introduces a novel approach for identifying
the most relevant characteristics of a website. It is based
in the information provided by biometric tools, in specific
eye-tracking tools. Eye-tracking tools take the data of eye
movements and pupil dilatation, for identifying the objects that
capture human eye attention. That way, Akori is an accurate
tool for specifying important website objects.

The rest of this document is structured as it follows. Section
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2 contains a brief survey of the subjects that this paper
cover and different applications that exist. Section 3 explains
the functionality offered by our system and the algorithms
involved. Section 4 describe the logical architecture of the
system and the technologies used for it. Section 5 show some
test that we run with our system. Finally, section 6 presents our
conclusions and ideas to improve the platform on the future.

II. RELATED WORK

A. Biometric Information Fusion for Web User Navigation
and Preferences

Understanding web user preferences and navigation habits
has been a research topic over the past years. This field of
investigation is usually encompassed on Web Usage Mining
[7], that is defined as "the application of machine learning
techniques over Web data for automatic extraction of be-
havioural patterns from Web users” [8]. In the beginning, this
research field focused on different techniques to model behav-
ior and preferences of web users. Techniques for accomplish
those objectives include: the use of sources as the web log
from a site, the number of sites linked to another site, the
use of cookies for tracking the user navigation, the use of
embedded scripts on the website, among others. In a way to
obtain more objective and accurate information about web site
preferences, a different approach on the last years has been
surged, which includes the use of biometric features and tools,
as Eye Trackers (ET) or Electroencephalograms (EEG). That
way, biometric tools has been used to generate new models
about the preferences from a web user, and their behavior on
the navigation on a web page [9].

B. Visual Attention Modelling

In the past years, visual attention modeling has been a very
active research area, in which there have been diverse types of
approaches. Visual attention is a general concept, that cover
all factor that influence on the attention on an image, whether
they are scene-driven bottom-up (BU) or expectation-driven
top-down (TD). BU is focused on the information given on the
same image, like contrast, saturation, objects among others. By
the other side, TD focus on the information that the person
has, like the task that wants to accomplish or their educational
background [10].

Applications of visual attention models are diverse, since
there are many perspectives from different approaches, which
use different assumptions to generate visual attention models.
Despite the evolution years of research on this field, there
is not a general consensus to identify which visual attention
model is better than other [11]. This could be a consequence
that there is not a defined language to described some topics,
or that models are designed for a specific kind of problem
[12]. Other causes for the lack of agreement in visual attention
modeling, lies in the definitions of TD and BU approach. TD
approach is subjective itself, and consequently, there is fewer
investigation on that approach [10].

Regarding to BU approach, the models often uses the term
saliency to describe some parts of an scene that seem to
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pull ahead over their neighboring parts. That way, saliency
is a scene-driven factor that does not depend on the person
and only on the image itself [13], [14]. Usually, BU models
results reflects on saliency maps. In other words, saliency
maps are simply heat maps, where the hottest areas are the
more attractive ones for the observer, and the coldest ones are
the areas that do not stand out among the others. Nowadays,
research in saliency maps is taking flight, since there is an
active ranking from MIT [15] that compares different models
of visual attention with eight types of criteria. The ranking
gives to researches the opportunity to choice the kind of model
that could be useful.

C. Website Key Objects

In web-intelligence, according to Velasquez [16] the concept
of Web Object is defined as “a structured group of words or
a multimedia file present within a web page that has metadata
for describing its content”, meanwhile a Website Key Objects
are "WebObjects or groups of WebObjects that attract the
Web users attention”. Thus, Website Key Objects represent
any content from a webpage that are interesting for an user.

The identification of Website Key Object has been a long
road. A first approach for identifying the elements from a web
page, consisted in the application of text mining techniques, in
order to obtain web site keywords. The identification of web
site keywords allows the recognition of relevant content from
a web page for a web user [17]. Later, a generalization of this
approach was created to obtain Website Key Objects [16]. This
second approach took in account not only the information that
was extracted with the text, but it also considered the estimated
time that one web user expended on a Web Object. On the past
years, research on this topic incorporated biometric factors,
like eye-trackers and electroencephalogram technologies, for
identifying Website Key Objects [18]-[21] and for improving
other research, like web click intention [22].

D. Web Page Visitor Visualization Systems

As the design of a web page matters for a returning visitor
[6] and the use of Internet has been expanded over time [1],
there has been different tools to improve the design of a site,
in order to capture user attention. As far as we know, there
are not recent surveys on this kind of tools; we provide some
examples.

« Eyequant': The service of this platform gives to the user
a heatmap that predicts, with artificial intelligence, the
fixations of the eye. This predictions are supervised by
Itti and Koch, and they claim that the service predicts
with about 85% of precision based on the AUC curve.
The service provides an easy way to make A/B tests to
check the different saliency among webpages.

Crazyegg’: The service of this platform is be able to
know where the visitor is clicking on a web page and how
the site is being scrolled. With a code that the client insert

Uhttp://www.eyequant.com/
Zhttps://www.crazyegg.com/



on their pages, Crazyegg recollect the info and produces
some heatmaps with the services that they offer.

« SentiaLabs’: This Chilean company offers personal test-
ing on a website with different services. All their services
are personalized and testing with persons, like usability
test and eye tracking service. As their data is being made
on every task, they offer more accurate but non instant
information.

« Clicktale*: This company offers mouse centered services,
that is scroll heat map, mouse track path, click intention,
among other. Like Crazyegg, the service needs to install
a code on every page that it wants to be tracked, and
analyze the mouse usage from the visitors.

III. PROPOSED SYSTEM

Akori platform uses a bottom-up saliency to predict what
attracts the attention of a web user on a page. With this
approach, the service compute three different maps that allows
evaluate a web page. Each map is described as follows.

A. Visual Attention Map

This method is based on an architecture which combines
features extracted at different levels of a Convolutional Neural
Network (CNN), as opposed to previous works that perform
a non-linear combination of features extracted from the last
convolutional layer to predict saliency maps [23]-[25]. This
model is composed of three main blocks: a feature extraction
CNN, a feature encoding network, that weights low and high
level feature maps, and a prior learning network.

This model outperforms other visual attention models with
a implementation in Pyhton, and using a bottom-up approach.
Though it is difficult to compare and evaluate different visual
attentions models, in order to know which one is the best [12],
we compare the results from the methods in the MIT Saliency
Benchmark [15], where we prioritize the algorithms with a
implementation on Python. The model with the higher AUC
output was the Multi Level Network for saliency prediction
by Cornia et al [26]°.

This map is the input for the next two maps.

B. Visual Focus Map

The Visual Focus Map is created from a matrix of 0 and 1,
where each point is 1 if that pixel is salient for the user or 0
otherwise. To create the matrix, this map receive as input the
values for the saliency that is calculated based on [26], and a
threshold is defined where the value of the matrix is 1 if the
same pixel of the saliency matrix is greater than the threshold,
or 0 otherwise. With this matrix a new map is generated where
the zones that attracts the attentions are visible without the
degradation of the heat map.

3http://www.sentialabs.com/
“https://www.clicktale.com/
3Code is available at: https://github.com/marcellacornia/mlnet
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C. Website Key Objects Map

One of the most important contributions in Identifying
Website Key Objects One over the last years, is the inclusion
of eye tracking and pupil dilation analysis [19]. This inclusion
is helpful to determinate what segment from a web page is
interesting for the user. As explained before, saliency maps
are based on what capture more attraction from an image,
thus, we combine the results of the saliency map and the
identification of objects from a webpage to determinate where
are the website key Objects [27].

As shown on the follow algorithm:

Require: url: url to parse
Require: X,,;: saliency matrix
1: elements «— tags € url
2: Xpo ¢— m X n zero matrix
3: for all element € elements do

4:  xy <— element position x
5. xg <— x1 + element width
6: Yy <— element position y
7. Yo <— x1 + element height
8: if x1 Vo & [0,m] then

9: continue

10:  end if

11: if Y1 VY2 g [0,71] then

12: continue

13:  end if

14: SmeatriI < Xsal [.Tl I2,Y1 Y 2]
15:  if Suby,airizsize = 0 then
16: a<+—0

17:  else )

18: o ¢ G D ubmatris
19:  end if

20: end for

the url and the matrix of saliency are inputs. First, the
algorithm takes all the elements from a webpage inside the
body tag. Then, for every element it takes their position on
the page, if the position is outside the boundaries of m x n
it discard that element. If the position is on the page, it takes
that element and merges the object with certain opacity on a
new matrix based on how many saliency that element capture
form the saliency matrix.

After every element has passed, the algorithm merges the
new matrix with the original image resulting on a Website
Key Object Map. This map assumes that every element is
rectangular, and an image on the webpage is a WebObject by
itself, independent if the image has different objects on it.

IV. ARCHITECTURE

The service is implemented on the Python Web Framework
Django®. As shown on the figure 1, this framework separates
the logic of the site on three components: templates, views
and models. The template is the design of the pages which the
users interacts, in our service that is the index and the page
results. The views are the logic layer that handle the request

Shttps://www.djangoproject.com/



Front-End Back-End

/index <«
Template

/results «

Fig. 1. A simple layout of the architecture of the service

salma
/ P View

Model

/focusmap

/wskomap

Proyecto AKORI Quibacemos  Ejemplos  Equipo  Contacto

Proyecto AKORI

Te ayudamos a mejorar tu sitio

Escribe la URL de tu sitio

pie -

Fig. 2. Index of the service

that the user do, in this case index, results, salmap, focusmap
and wskomap have views to handle different request. The last
three, on their views, ask to the framework to process some
models and are on the component with the same name. Finally,
the model is the algorithm for identifying visual attention.

When an user makes a query for a website, the service ask
for the saliency map with Ajax. The view uses selenium as
a headless browser, and then it visits the site. Once in the
website, it takes a screen-shot for the complete site and saves
it on a global variable, that represents the driver used with
selenium, and the path of the screenshot.

Then, salmap, ask for the model of the saliency map and
generate the matrix with the data of the screenshot.

After a successful call of salmap, the site makes another
request with Ajax for focusmap. This request uses the matrix
obtained on salmap, and creates a image for enhance the
interest zone from a web user.

Once the wskomap is requested, it takes the driver saved
by selenium and ask for every html tag that is inside the body
tag. Next, wskomap use the matrix obtained on salmap and
heighten the web objects that fits with the saliency map. In that
way, we obtain a map for the Website Key Objects. Finally,
wskomap, creates four maps with different colors (blue, red,
orange and green) for the user to choose.

V. EVALUATION

For the evaluation of the service, we made interviews with
seven managers from different Chilean companies grouped on
two categories:
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e Group 1: Companies that have a commercial web site,
that is highly informative about their products and ser-
vices, and the main focus is the auto service by the user,
like telecoms companies.

Group 2: Companies with a focus on e-commerce, which
is the only sales channel of their products.

Group 3: Advertising agencies that make online and
offline marketing.

The interview was conducted by one person, whom explained
the goals of the services to the managers and shows on a tablet
the index of the service as on figure 2. Next, the interviewers
used the services with a website of their preference, and after
about 90 seconds the results was shown as on figure 3. We let
the managers to use the site and talk about their thoughts and
appreciations. A compilation of the results are shown on table
I. The Visual Attention map and the Focus map features were
the most appreciated services; meanwhile the Website Key
Objects map, was lacking of the tags of the objects highlighted.
On other comments, the general consensus was that an AB
Testing feature is needed on this type of service, as a manager
would want to know the difference of different layout on a
web site.

Interesting, advertising agencies, even without websites as
their core, lead on visual attention maps. The information
that the first map gives to an agency, has appealing for their
potential use on marketing campaigns to know what zones
attracts the attention for a viewer. To use the platform in that
way, it is necessary to be able to receive as input images and
not only an url.

In Chile, is common to segment the customer on age,
sex and socioeconomic status, as they are differentiated on
each other and companies focus on some segments of the
population. For that reason, a select option on how a segment
visualize a website was a regular comment on the interviews.
Other suggestions were to score the cluttering on a web page,
to be able to identify the differences between some words (like
”buy”, ”add to cart”, “promotion”), to be able to identify types
of website as each site has a different goal, to have a online
folder where you could save the analysis, among others.

VI. CONCLUSIONS AND FUTURE WORK

This work proposes a web platform that offers three services
to be able to understand what part of a web page is important
to a web user. The user handles the URL of the website to
be analysed, then the platform gets a screenshot of the web
page and performs the analysis of the image. The first analysis
is the visual attention map. This service is able to show the
saliency map of the web page, a map that highlights what
attracts most of the users attention. The second service is a
modification of the first one. In this map, we use a threshold
to highlight the zone that stands out on the image, but using a
greyscale gradient instead of colors. The last service, uses the
saliency map to identify the Website Key Objects [28] on a
web page and highlight the objects that are predicted as such.

The added value that this platform gives to its potential
users is evaluated and confirmed with the different surveys



TABLE I

EVALUATION OF THE SERVICE

Group Comments on the service Comments on further services

Group 1 | The Visual Attention map was appreciated and marked | There will be appreciated if the services had a dedicated
as useful with the focus map. As the WSKO map, there | segment to do AB Testing and a segmentation of the
was a sense of not giving new information. visual prediction.

Group 2 | The Visual Attention Map and the Focus Map was | There will be appreciated if the services had a dedicated
useful for the managers and the WSKO map would be | segment to do AB Testing and a selection input to
more useful if could give the associated html tags for | choose what segment of people would you test.
that Website Key Object.

Group 3 | As they focus more on marketing campaigns, visual | Some way to save the analysis is very important to have,
attention maps was very useful but a way to use an | as well an AB testing to compare different campaigns.
image as input is needed.

Proyecto AKOR[ iPruébalode nuevol  Contacto

Reporte de http://bni.cl

CONTRATOS TECNOLOGICOS

» >

Mapa De Atencién Visual
iSe demoro 101.86 segundos!

Mapa De Foco Visual

iSe demor6 102.26 segundos!

o

Mapa De Objetos Claves
iSe demord 126.06 segundos!

Rojo | | Azul || Verde | Naranjo

Fig. 3. Results of the service

that were carried out. Knowing what attracts the attention of
a web user on a web page could be a key factor of the design
of web sites or advertising campaigns. However, the proposed
platform lacks some features that are needed to launch the
service to the market. In the near future, it is imperative that
an A/B testing comparison tool is available for customers to
use and to take advantage of the full potential of a tool that
delivers results in minutes; saving the xpath of a Web Object
is necessary for a tool that identifies Website Key Objects;
and last but not least, with further research on TD approach
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for saliency maps, different map outcomes could be achieved
considering the gender or age of the user. Those features
would be key to determine possible customers, as they are
commonly used to define the design of a website and that
kind of segmentation is widely used on marketing in Chile.
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