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Abstract—Finding hotels that are suited to one’s needs can be
a time-consuming task. In this process, people usually rely on
customer reviews from travel websites. These websites typically
contain many reviews shown in a textual format and a chart that
summarizes the overall opinion about a given hotel. In order to
compare a number of hotels, users will need to read many reviews
and navigate through many web pages. With the goal of aiding
users in this process, in this paper, we propose a visual tool for
hotel comparison. The tools focuses on the most important aspects
that can be extracted from hotel reviews (location, cleanliness,
rooms, etc.) and it allows ordering the hotels by one or more
of these aspects. We display aspect information using stacked
bar charts alongside their ranking, which becomes very useful
for comparing hotels. Additionally, we provide a scatterplot
matrix combining aspects to aid in situations in which the users
wish to make pairwise comparison of aspects. We developed a
web-browser demo of our proposed tool using real data from
TripAdvisor and demonstrate how it can be used to perform
hotel comparisons in 67 different locations.

I. INTRODUCTION

Every year, about 150 million hotel bookings are made
online!. Before committing to a hotel, users typically rely on
previous experiences of other users which are expressed in
the form of textual reviews. There are some popular websites
that contain hotel reviews such as Booking.com, TripAdvisor,
Hotel.com, etc. While these websites do a great job in putting
together millions of reviews, they still lack user friendly
interfaces to enable the comparisons of a number of hotels.
For each hotel, they typically show a histogram that allocates
the reviews according to their overall rating in a five point
scale, and the text of the reviews. If a user wants to compare
a number of hotels to make a choice, it is necessary to navigate
through several web pages and read many reviews.

The analysis of reviews has gained significant interest in
recent years in the areas of sentiment analysis or opinion
mining [?], [2]-[4], [15]. In its simplest form, the goal is to
identify the polarity of the review, i.e., whether it expresses a
positive or a negative opinion. A polarity can be attributed to
the entire review, to a sentence, or to each aspect mentioned
in the review. An aspect is an attribute or component of
the entity being reviewed. In the hotel domain, for example,
the aspects are location, service, rooms, cleanliness, etc. Re-
search on aspect-based opinion mining [?] aims at extracting,
grouping, and determining the sentiment polarities of the
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aspects mentioned in reviews. Aspects are important in this
work as different people may favor a different aspect when
choosing a hotel. While some may consider location as the
most important factor, others may be more concerned with
the services provided by the hotel, or even a combination of
these two aspects. Clustering of reviews is described in [7], [8]
to find reviews that share similar ideas and how they evolve
throughout time. Visualization and interaction techniques are
being used to offer insights in the text collection analysis [3]—
[5], [9], [10] and can be useful to analyse hotel reviews. Work
related to this paper [1], [6] have offered a summarized way
to evaluate customer opinions.

In this work, we describe a new approach using visualization
techniques to compare hotel reviews. Figure 1 illustrates the
main components of the prototype we developed so far. First,
the user can select the location using a map or through a
pull-down menu. The data for all hotels of a given location
are shown using stacked-bar charts to display the information
regarding each different aspect, which allows the user to
compare hotel results. Also, the visualization allows ordering
the data using different aspects, which results in multiple
rankings of hotels that are also useful to compare hotels.
Finally, a refinement of the hotels selected over a scatterplot
matrix of pairwise aspects allows the user to narrow down the
analysis into hotels that satisfy a given search criteria.

II. DATA REPRESENTATION AND VISUALIZATION GOALS

A. Data

We worked with 235,793 hotel reviews about 12,773 hotels
from TripAdvisor?. The reviews are further separated in 67
different locations, which in this dataset comprises of different
cities across the world. This dataset was selected because it
already has the ratings given to the aspects extracted from
the reviews — since aspect extraction is outside the scope
of this work. Metadata about the hotels include ratings in
a scale from O to 5 of the following aspects: overall (i.e.,
the overall opinion about the hotel), value, rooms, location,
cleanliness, check in/front desk, service, sleep quality, and
business service. Whenever a specific aspect is missing from
a given review, the rating is set to -1. There are additional
attributes that can be used as part of the visual interaction with
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the user, such as the geographic location of the cities and the
number of opinions that a particular hotel has received.

B. Visualization Goals

The design of our tool was guided by the following of goals,
which aim at aiding the user in comparing a number of hotels.

e Ranking: it should be possible to rank the hotels accord-
ing to each aspect and any combination of aspects.

e Filters: Users should be able to apply different types of
filters. Initially, the user should be able to choose the
destination city. Later, scatterplot allows filtering hotels.

o Interactivity: The tool should be intuitive and user
friendly.

III. USER INTERFACE AND VISUALIZATION TECHNIQUES

In this Section we describe the user interface and visualiza-
tion techniques employed to analyze the TripAdvisor data.

A. Location selection

The first level of interaction in the interface is the selection
of the location. We provide two ways to perform this selection.
The first one uses a Google maps interface to display a world
map with red circles indicating locations with data. The user
can pan and zoom into the map, and click over the red circle to
select the location. Alternatively, we have a pull-down menu
that lists all available locations. This last selection is viable
since the number of locations is rather small and can be
scrolled quickly. For the purposes of the current dataset, these
selection alternatives were adequate. We deferred to implement
a textual search for locations for larger datasets.

B. Display of Ratings Associated with Aspects

The dataset comprises 67 different locations, with a varying
number of reviews for 9 different aspects. Each review has a
sentiment score from O to 5. We use a normalized stacked chart
to display the information of each different aspect. The area of
each of the 5 bars in this chart is normalized by the percentage
of reviews in each sentiment class over the total number of
reviews. We display each chart with a divergent color scale of
5 different values, ranging from red (most negative), passing

Scatterplot Matrix

Main components of the visualization interface: local selection, aspect charts and multiple rankings, and scatterplot matriz.
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Fig. 2. Location selection. The user can select locations by clicking over red
circles in a map, or by scrolling through the list of locations.

through yellow (neutral), to blue (most positive). We display
horizontally the charts for the different aspects of a given hotel.
Figure 3 illustrates the normalized stacked bar charts we obtain
using four different aspects (columns) and 17 hotels (row).

C. Display and Sorting of Multiple Rankings

One important aspect of the analysis of hotel reviews is the
ability to compare hotels based in the results of a given aspect.
For example, customers often explore hotels based on price.
Therefore, our interface must provide a mechanism to allow
the user to sort hotels based on a given aspect. We support
this sorting for a single aspect or multiple aspects (selected
in a checkbox over each aspect). The ordering using multiple
aspects computes the average results of the selected aspects.
Currently, we do not support weighted averages, which would
allow giving more weight to a given aspect, but such a change
could be trivially incorporated in our code. The result is
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a ranking of hotels based on the chosen criteria. Figure 4
illustrates the top 10 hotels in Miami-Florida sorted by price,
from the most to the least expensive.

The sorting of hotels has an impact on the other aspects
which is useful in the comparative analysis. For example, the
order of a hotel in the ranking by price is not necessarily the
same order in the location aspect. In fact, each aspect has its
own individual ranking. The problem of displaying multiple
rankings is well studied in the visualization community [12]—
[14], but there are still challenges on how to display rankings
for more intricate data. In our visualization, we display along-
side the charts for each aspect, a number that corresponds
the ordering of the hotel in the individual aspect ranking.
We return to Figure 4 to illustrate the multiple rankings for
5 different aspects. For example, consider the first row of
charts in each of the different aspects. They all correspond
to the most expensive hotel in Miami, costing $724 dollars.
Following the individual rankings alongside each aspect, we
observe that this hotel is also the first in the ranking for the
aspects room, cleanliness, and overall, but 17" in location and
7t" in value. This multiple ranking view offers an intuitive way
for the user to compare the results of each hotel, and consider
compromises while choosing a hotel. Looking at the figure,
we observe that the 9*" most expensive hotel is much cheaper
($302 dollars) than the most expensive hotel, while being
second in the ranking for cleanliness, location, and overall
aspects, and 6" in room and value aspects.

D. Selection using the ScatterPlot Matrix

The comparison of multiple rankings in some situations
might display more information that the user needs to make
the analysis. This is specially important when the location has
a large number of hotels. For example, if the user is concerned
with the location and overall aspects, it would be interesting
if the analysis could be constrained by hotels that have, for
example, the top scores in both of these aspects. To support
this additional selection, and make it general to consider
multiple aspects, we display the data using a scatterplot matrix,
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Fig. 4. Multiple rankings and sorting. In this example we show the top 10
hotels in Miami-Florida sorted by price. The individual ranking in each aspect
is shown to the right of the chart. Observe that the most expensive hotel is
also the first in the ranking for the aspects overall, room, and cleanliness, but
it is the 7t" in the aspect value and 17t in the aspect location.
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Fig. 5. Two entries in the scatterplot matrix (overall X location and overall
X cleanliness). Observe how the overall aspect has a linearly correspondence
with the cleanliness aspect.

a construction often used in the visualization community to
create pairwise scatterplots of multi-dimensional data.

We display the scatterplot matrix for all aspects of our data,
or for a subset of aspects based on user selection. Each entry
in this matrix displays a scatterplot for a pair of aspects. The
values associated with each aspect correspond to the average
of each aspect. The user can directly interact in each cell of the
scatterplot matrix by defining a rectangular region of interest.
The hotels contained within the selection area are updated in
the multiple-ranking visualization.

Figure 5 displays two entries in the scatterplot matrix.
While the relation of the overall and location aspects is more
distributed, there is a cleat linear correlation between the
overall and cleanliness aspects.

IV. RESULTS

We developed a web-based prototype using D3 [?] to
validate the concepts proposed in this work. Some examples
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Fig. 6. Selection of hotels in Amsterdam. The list comprises 141 hotels, and can be too long for a user to process (a). One alternative to reduce this list
is to focus on specific aspects of interest, such as overall and location. The user selects these aspects and inspect the scatterplot matrix (b). By selecting a

rectangular region in the scatterplot (c), the user constrains the list to hotels

within the selected region (in this case, the hotels with the highest scores in

both aspects). The resulting list has 20 hotels (d), and a new ranking is created using the selected hotels. We observe that the list of hotels has a great price
variability while having similar evaluations in the aspects shown, which allows the user to consider several compromises while choosing a hotel.

on how our tool can be useful were shown in the previous
section while explaining the interface.

Figure 6 illustrates one possibility of using the system. In
this example, we are inspecting for hotel reviews in the city
of Amsterdam. The total hotels in this list is 141, which
becomes long to establish comparisons among the different
aspects and hotels. One way to reduce this list is to apply
the selection offered by the interaction with the scatterplot
matrix. We configure the creation of the scatterplot matrix in
such a way that the user can select the aspects of interest.
In this example, we select the location and overall aspects,
and inspect the resulting scatterplot. The selection is defined
over the scatterplot using a rectangular region, in this case
corresponding to the upper-right corner of the scatterplot
(hotels with higher scores in the selected aspects). The result
of this selection is a list of 20 hotels. It is interesting to observe
that some hotels have very different prices but similar stacked
bar charts, which means that the user could find a similar
service at a lower cost. We believe this process is useful in
refining the search to the hotels that satisfy the interests of
users.

We include a video in the accompanying material to illus-
trate the system in action. Other aspects of the interface can
be better inspected in the video, such as the many possible
orderings using the different aspects, and selection using the
scatterplot matrix. We plan to make the prototype publicly
available soon in the internet.

V. CONCLUSION AND FUTURE WORK

In this paper, we presented a tool that includes several visu-
alization methods to compare, analyze, and select hotels using
the TripAdvisor data as test case. Our goal was to demonstrate
how the user interface composed of the visualization using
different ranking strategies and selection using the scatterplot
matrix of aspects allow comparing hotels.

We plan to continue expanding this work in many different
ways. First, we want to conduct an evaluation study with
users of different backgrounds to gather feedback on the
prototype. It would be very interesting if we could perform
this study with an even larger dataset, which would stress test
some of the visualizations and selections we implemented.
Also, in the current version, we do not show the text of
the individual reviews. We want to display reviews when the
user selects a specific hotel, but we also consider displaying
reviews for multiple hotels. There are many challenges on how
to accomplish this, and therefore we deferred this possibility
for future work. Another desired feature in our system is to
incorporate the time-varying aspect of reviews. This property
has a great impact in all the visualizations we considered,
since reviews change over time, and therefore all data being
displayed is subject to changes throughout time.
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