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Metro-Wordle: An Interactive Visualization for Urban Text Distributions Based on Wordle
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ARTICLE INFO ABSTRACT

Article history: With the development of cities and the explosion of information, vast amounts of geo-tagged
Received 11 December 2017 textural data about Points of Interests (POIs) have been generated. Extracting useful information
Received in final form 23 February 2018 and discovering text spatial distributions from the data are challenging and meaningful. Also,
Accepted 12 March 2018 the huge numbers of POIs in modern cities make it important to have efficient approaches to

retrieve and choose a destination. This paper provides a visual design combing metro map and
wordles to meet the needs. In this visualization, metro lines serve as the divider lines splitting
the city into several subareas and the boundaries to constrain wordles within each subarea. The
wordles are generated from keywords extracted from the text about POIs (including reviews,
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cloud descriptions, etc.) and embedded into the subareas based on their geographical locations. By
generating intuitive results and providing an interactive visualization to support exploring text
distribution patterns, our strategy can guide the users to explore urban spatial characteristics and
retrieve a location efficiently. Finally, we implement a visual analysis of the restaurants data in
Shanghai, China as a case study to evaluate our strategy.
© 2018 Published by Elsevier B.V. on behalf of Zhejiang University and Zhejiang University Press.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction how the texts distributed across the areas and try to find their

spatial characteristics.

Rapid urban growth enriches people’s life and gives people
more choices about where to go, but it also becomes more dif-
ficult for people to select one from numerous POIs. At present,
many websites provide discussions, reviews and descriptions on
POIs to help users make a choice, therefore a large number of
textual data has been generated. However, people can be really
at lost in confront of the huge data. It is in great need efficiently
finding the wanted location. For the text data on POIs has a
close connection with locations, it is meaningful to visualize
the texts combining with their geographic information. In addi-
tion, metro has been a popular urban transportation choice, and
subway lines are like the skeleton of a city, so we use the metro
lines to separate urban space into several areas, then we study

Traditional methods to observe and retrieve locations include
maps and search engines. As for maps, designers have made
many kinds of colorful maps for tourists to explore the city, such
as chinamaps.org and vidiani.com. These maps are well de-
signed and attractive, but are mostly static with a small amount
of information and take a lot of manpower. Some online web
mapping services like Google Map support interactive search-
ing, however, they are lack of detailed descriptions. As for
search engines, the results obtained by queries are usually listed
as text documents which are short of geo information. It’s dif-
ficult to compare a large number of POIs using the textual and
geo information at the same time through the existed methods.
At present, there is much research aiming at analyzing geo-
tagged data of POIs. Lee et al. (2011), Yin et al. (2011) and
Xu et al. (2017) analyze text data combining their locations to
discover hidden spatial patterns, however, in these works, the
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Fig. 1. System overview. (a) Geographic View. Each point represents a POI and is placed according to its location. (b) Metro-Wordle View. Wordles
contain the keywords in the subarea constrained by the metro line segments. (c) Filter and Statistics View. Statistics data of POIs and filters are provided

in this view. (d) POIs Detail View.

works aiming to generate a more intuitive overview of how se-
mantic information distribute across space. Wu et al. (2013),
Afzal et al. (2012), BRA and Meitzler are some examples of
visualizations that merge text and spatial data into one graph.
They considered aesthetics and user-friendliness, but they are
more suitable for displaying rather than exploring data because
of their small amount of information and insufficient interac-
tions.

As a result, we want to design a visualization that achieves
the following objects:

e All POIs are accessible through keywords. In the main
view, we only provide a certain number of keywords due
to the space limitation, but via these words and with the
help of the filters, users can retrieve any POIs in the city.

o Textural and geographical information can be observed in
one visual representation. So that their spatial relations
and characteristics can be discovered.

e Multiple dimensions data of POIs are presented to give
users comprehensive information.

To achieve the goals we proposed above, this paper intro-
duces a visual approach to integrate text and metro map. First,
we used the semantic analysis of POIs records and obtained
some keywords after extracting and clustering the text docu-
ments. Then, we automatically calculate the layout of metro
map based on Mixed-Integer Programming (MIP) algorithm.
After getting the keywords of each area, we visualized the
words as wordles and embedded them into the metro map us-
ing a greedy algorithm. Finally, we design a user interface to
support rich interactions. We use the metro-wordle graph as
the main view with several other visual models and a variety of
operations for users to explore in the system.

The main contributions of this article are as follows:

e We introduce and implement a new visual strategy to com-
bine text and map. We use the metro lines as the bound-
aries for wordles, and in each region, we place each word
considering its actual geographic location. This method
supports efficiently discovering the pattern of text spatial
distributions.

e We propose new requirements for automatic drawing
metro map. We take the amount of infomation in each
region into consideration when schematizing a metro map.

e We present an interactive visualization to support urban
geo-tagged text analysis. This work helps people retrieve
and select POIs from large amount data efficiently. It also
allows users to explore the patterns of urban topic spatial
distributions.

The sections are organized as follows. This paper discusses
related works on the automatic layout technique for metro
maps, wordle embedding, textual and urban data visualization
in Section 2. Section 3 gives an overview of this work. Section
4 explains the methods of data analysis including words extrac-
tion methods, metro map layout algorithm and wordle embed-
ding. Section 5 presents the visual design of the system. Then
we use the metro-wordle map for restaurants in Shanghai as a
case study in Section 6. In the end, we discuss and conclude
our work.

2. Related Work

2.1. Wordle

Numerous text-based visualization methods have been pro-
posed. We choose wordle as the main method to visualize
text in our work. Wordle was launched in 2009 (Viégas et al.
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