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Abstract

In this paper we introduce Social Spatial, a qualitative GIS for social media and big
data research. This software enables GIScience researchers to build social media corpus
that reflects a phenomenon being researched and implement methods that analyse that
corpus. Natural language processing methods are integrated into Social Spatial, and the
code framework has been designed to allow for easy integration of further algorithms.
The software builds upon the knowledge of the researcher to identify new ways that
phenomena are expressed and see where these posts are geospatially. The software was
released open-source with thorough internal documentation to a collaborative code
repository that encourages contribution. This program seeks to demystify the analysis
process of qualitative social media exploration by use of settings files that expose
parameters — word lists, model coefficients, and stop words. These files enhance
transparency in qualitative social media research methods and the code/spaces they

were enacted within without increasing the burden of research documentation.
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1. Introduction

There is an increasing abundance of methods originating from computer science that allow
GIScientists to push the boundaries of our capacity to capture and integrate big data. They
will also potentially help us to process and understand social phenomena. By integrating
computing science approaches to big data integration and analysis, we may finally realize the
promises of a qualitative GIS. A GIS that is conversant with qualitative data and that reflect

the persons who generate the data themselves in time, space, and place.



GIScience is poised to undertake research and produce tools that better reflect the
physical and human landscape than perhaps any other discipline, yet there are concerns that if
it does not do so soon, it will suffer the fate of being left behind (Kitchin, 2013). This article
presents software (Figure 1) that builds upon the work of GIScientists in the field of big data,
focusing on workflows and natural language methods. The software is open-source and
actively under development. It is our belief that this software will contribute a space for

further development for big data geospatial research tools.
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Figure 1: The Social Spatial Software Interface

2. Background

The last five years has seen a burgeoning of big data research in the geographical sciences.
Geospatial web research (J. W. Crampton, 2009; Haklay, Singleton, & Parker, 2008) and
participatory research (Jeremy W. Crampton et al., 2013; Elwood & Leszczynski, 2011;
Johnson et al., 2015) led GIScience directly into the path of social big data. The automatic

registration of location metadata through mobile phones has created a deluge of spatial data



and new methods for interrogating this information (Lee & Kang, 2015; Yeager & Steiger,
2013). At the same time, critical and qualitative GIS thinkers have followed these
developments and contributed towards a better understanding of how these new data might be
used (Elwood, 2008; Elwood, Goodchild, & Sui, 2013; Harvey, Kwan, & Pavlovskaya,
2006). Perhaps ahead of its time, Qualitative GIS (2009) by Cope and Elwood exemplifies
how critical-qualitative researchers interacted with humanistic data, pre-twitter and other
social media data. In the early 2000s, scholars explained the advantages (Pavlovskaya, 2009;
Schuurman & Leszczynski, 2006) and opportunities (Jung, 2007; Kwan & Ding, 2008)
qualitative GIS offers, but due to the absence of simple and automated data integration, the

burden of data generation and analysis were prohibitive.

As geospatial social data sources have become prevalent, in-depth qualitative research
has surfaced. GIScience scholars have used the tools that are already integrated in standard
GIS environments to great effect (Crooks, Croitoru, Stefanidis, & Radzikowski, 2013;

Stephens, 2013; Zook & Poorthuis, 2014).

e Jung (2015) demonstrates the challenge of integrating qualitative data in the

face of the avalanche of information that Twitter provides.

e Stephens (2013) generated maps of hate using data from Twitter, thematically

displaying words of hate-speech to heat maps (density) in a web browser.

e Zook (2014) et al. employ the use of odds-ratio analysis of keyworded social
media in their investigations of the patterns of various phenomena, including
those of American drinking habits.

Computer science has also contributed greatly (Cody, Reagan, Mitchell, Dodds, &

Danforth, 2015; Frank, Mitchell, Dodds, & Danforth, 2013; Liu, Ester, Hu, & Cheung, 2015;



Mitchell, Frank, Harris, Dodds, & Danforth, 2013; Wang, Wang, Xie, & Ma, 2007). For
qualitative GIScience and phenomenological GIScience researchers however, one computer
science discipline stands out as particularly useful, natural language processing (Allen, 2003).
Within the field, two important methodological techniques stand out as being pertinent to
qualitative GIScience, Topic Modelling (Bauer, Noulas, Seaghdha, Clark, & Mascolo, 2012;
Hao et al., 2010; Lansley, Adnan, & longley, 2015) and Sentiment Analysis (Frank et al.,

2013; Larsen et al., 2015; Mitchell et al., 2013).

As recent history has shown, there has been an increasing coupling of contemporary
computer science methods with GIScience. This coupling, along with the availability of
geographic qualitative data, increases the capacity of qualitative GIScience to move beyond
the conceptual stage of research and into the primetime methods of everyday research.
However, a key ingredient is missing. At the present time, no clear methodologies or tools

exist for aspiring qualitative GIScientists to employ.

3. Software Design
Social Spatial was designed around two specific goals:
1. Allow researchers to explore and analyse data using advanced methods and to
create a program that is modular, flexible (figure 2 and 3)..
2. Provide access to methods that otherwise require an understanding of
computer science to utilize.
While this article is not an in-depth summary of the capabilities of Social-Spatial, a

brief explanation of its modules (figure 3) are offered here.

e Data Acquisition. Social Spatial currently assumes data is already gathered and stored

in a PostGIS database.



e Data exploration. The data exploration tools facilitate building an extensive list of
words used for generating a corpus of relevant postings. Social Spatial implements

this via four modules:

o The Wordlist provides functionality to grow and organize a set of keywords
for specific thematic areas of inquiry for the qualitative study. Selection from
the list allows the researcher to perform later analysis methods on matching

social media posts.

o The Google Knowledge Graph and Wordnet modules integrate semantic word
discovery, enabling expansion of the wordlist beyond those they already

know.

o Topic modelling. This module acts as a mechanism for discovery of additional
words. The tool can search for all postings within a single geographical
boundary (i.e. a city) or iterate through sub-areas (i.e. neighbourhoods).
Generating topics and topic words can identify new items to add to the
wordlist that the researcher may be unaware of, be it because they are

regionally, culturally, age, or otherwise specific beyond their knowledge.

o The Post Samples and Word Geography. These provide a link between the
wordlist and the source material. By selecting different words from the
wordlist the user can use the post samples module to see the raw data and
geospatial distribution of that data. The map interface can be exported as

html/javascript written for Leaflet'.

e Analysis. Analysis methods currently available and can be organized into three

! www.leafletjs.com



groups: social science, GIScience, and computer science.

(@)

Social Science. Social Spatial familiar methods for social science authors by
creating an interface to identify themes and sub-themes based on keywords.
The Post samples module offers SQL output, making augmentation of

conditional statements straightforward.

GIScience. Currently, Social Spatial does not support many of the functions
associated with geospatial analysis of social media, aside from overlay and
data manipulation. However, it may not be advantageous to reimplement
GIScience methods in Social Spatial, as export of the SQL statements used to
generate posts is easy to do and can be copied directly to existing GISystems

such as QGIS>.

Computer Science. Currently, Social Spatial offers topic modelling as a first
step, via the Topic Modelling module. The settings and parameters of this
module can be imported and exported, as well as the topics it produces.

Sentiment modelling is currently under development.

e Visualization and Output. Social Spatial is currently able to generate two visual

outputs and several data outputs.

Visually, Social Spatial can generate area-based topic models similar to those
in Martin and Schuurman (2017). These area-based topic models produce
PNGs that are easily integrated with existing GISystems. The Word

Geography module produces html and javascript as described above.

2 www.qgis.org



Comprehensive layout functionality is not currently in development.

o Social Spatial makes use of json objects to store and operate on all parameters,

settings, and data. This format makes interoperability easy with many other

programs, and it enables researchers to open access to all the internally

configured elements of their research, aiding in replicability.
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Figure 2:Typical workflow for use of Social Spatial. Using social spatial, researchers can progress linearly through the
processes of exploration, analysis and output, or flow forwards and backwards as new lines of inquiry become evident

Figure 3: Modules of Social Spatial currently developed (green circles) and those expected to be developed (grey circles). The
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3. Conclusion

Social Spatial is a progression from earlier efforts made by GIScience scholars to fuse
qualitative methods with traditional GIS environments, such as those of Kwan and Ding
(2008), and Jung (2007).The work of these scholars on ArcGIS extensions and CAQ-GIS
were important steps that illustrated that it was indeed possible to integrate qualitative data

while providing the tools required for analysis.

Social Spatial is a first step towards a qualitative GIS for big social geospatial data. It
embraces modern programming techniques, languages, data formats, and methods. It is
modular and allows for researchers to act iteratively, testing new thematic hypothesis as they
develop. It provides a pathway for researchers to publish the settings, keyword lists, and
results of their research alongside research publications, increasing research transparency and
trust. As methods become increasingly complex and unsupervised, it is important that
research transparency remains an import goal for researchers to strive for. Social Spatial is

available on its git repository at www.github.com/mikedotonline/socialspatial.
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