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Abstract. In Saudi Arabia, gender shapes cities in a way that is not commonly
found in other cities due to Saudi Arabia’s imposed gender segregation. This
segregation policy drives both genders to different areas of the city in different
ways, influencing the emergence of gendered spaces. In this paper, we utilize
social media data to better understand gendered spaces throughout the city of
Riyadh. For our analysis, we developed an algorithm to perform gender anno-
tation based on users’ first names. The method, optimized for English and
Arabic language names, was applied to a sample of over 120,000 geotagged
tweets between November 2016 and January 2017. The customer demographics
of Foursquare venues were estimated based on the gender ratio of reviewers.
Areas with a high degree of gender concentration in these datasets were used to
identify gendered spaces. The correlation between gendered space identified
from tweets and Foursquare venues was used to examine the link between
amenities and gender-specific mobility habits in Riyadh. Throughout our anal-
ysis, we aim to identify ways in which government policies and the organization
of businesses and services with similar customer demographics impact the
mobility patterns of women and men and lead to the emergence of gendered
spaces in Riyadh.

Keywords: Gendered spaces - Gender annotation - Gender segregation -
Social media - Foursquare + Twitter - Urban planning

1 Introduction

In this work, our objective is to explore how gender information in social media can be
used to understand the effects of gender segregation and mobility restriction on women
in Riyadh, Saudi Arabia. Gender based variations of mobility is an established phe-
nomenon across the world [1]. However, the depth of understanding this phenomenon
in Saudi Arabia is inadequate [2]. By identifying and comparing gendered spaces from
geotagged tweets and Foursquare venue reviews, we examine how female dominant
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spaces differ from male dominant spaces and record general observations of where they
tend to cluster most. To infer the gender of geotagged tweets in Saudi Arabia, we have
developed an algorithm that relies heavily on Arabic specific language features to boost
performance. We have also used Foursquare reviews and check-ins to understand the
customer demographics of Foursquare venues.

Additionally, we describe a method we used to identify gendered spaces in the city.
As a final step, we overlap female gendered spaces emerging from geotagged tweets
and from our Foursquare demographic results to find patterns that emerge from those
two data sets. We replicate this process with male spaces. Finally, we compare female
patterns to male patterns. This work can be used as a first step to identify the innate
differences between mobility patterns of men and women along with the implications
of female mobility restrictions and segregation on the socio-spatial patterns of Riyadh.

2 Background

2.1 Gender Sensitivity in Urban Planning

The role of gender in urban planning theory and practice increased significantly toward
the end of the 20th century, leading to the development of the concepts such as
gendered spaces and gendered mobility [3—6]. This evolution in theory and practice
occurred in response to rising awareness that women experience cities in different ways
than men. The term “gendered spaces” is used here to refer to the spatial segregation of
men and women at both the architectural and geographic scales [4, 7]. For example, a
house may have specific women’s and men’s spaces and different parts of the city can
be used differentially by men and women, whether it is a predominately male athletic
stadium or a market frequented mostly by women. Spain (1993) argues that “Women’s
position within society, whether measured as power, prestige, economic position, or
social rank, is related to spatial segregation insofar as existing physical arrangements
facilitate or inhibit the exchange of knowledge between those with greater and those
with lesser status” [4].

Gendered spaces have developed across many different contexts and cultures [4].
Despite a burgeoning literature on gendered spaces in U.S. and European contexts,
limited work has been published that explores gender and space in Saudi Arabia at the
city scale. Saudi Arabia is unique when it comes to gendered spaces. There is a national
policy of gender segregation in public spaces dictating where and with whom women
may occupy urban space. For example, restaurants and cafes have separate seating
sections for men only and for women and families. Likewise, most schools and uni-
versities are gender segregated and athletic stadiums are primarily for men only.
Moreover, women are prohibited from driving in Saudi Arabia, limiting their mobility
options and potentially influencing the emergence of gendered spaces.

2.2 Gender and Mobility

Evidence shows that women and men travel within cities differently. Identifying
gendered spaces in Riyadh is the first step in understanding gendered mobility in
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the city. According to Law (1999), “Daily mobility incorporates a range of issues
central to human geography, including the use of (unequally distributed) resources, the
experience of social interactions in transport-related settings and participation in a
system of cultural beliefs and practices.” [10] Gendered differences in travel patterns
hold across the Global North and Global South contexts [8]. Much of the quantitative
work on gendered mobility converges around the conclusion that women have shorter
commute times than men [5, 8, 9]. However, context dictates whether this a positive or
negative finding, when taking into consideration differential costs of travel. Moreover,
this quantitative work is confined largely to national-scale, home-to-work commuting
population surveys [11]. This type of data does not reflect non-work mobility and is
also unavailable in Saudi Arabia. As an alternative, social media data is an opportunity
to understand the spatial distribution of gendered spaces and mobility at the city scale.

2.3 Gender in Social Media

Social media are defined as tools for communication, where users can create and share
their content with others through social networks. These web-based tools generate vast
amounts of readily available data about populations around the world, triggering
researchers to explore them. In Saudi Arabia, social media has become a major source
of data. In 2016, it was reported that Saudi Arabia had the highest penetration rate of
Twitter users in the world [12], A 2012 study reported that the number of registered
twitter users in Saudi Arabia grew over 93% in six months, reaching 2.9 M. Addi-
tionally, Riyadh, Saudi Arabia’s capital city, was described as the tenth most active city
by number of posted tweets worldwide [13]. However, as informative as social media
data is, it lacks some basic demographic information that can be highly useful in
different domains. For this reason, many researchers have focused their efforts on
finding ways of inferring some of this missing information.

Identifying user demographics from social media data is valuable and applicable in
many domains, from business marketing to sociolinguistic analysis to behavior anal-
ysis. Several methods have been employed to infer data from social media. Most
methods rely on using classification and regression techniques on certain characteristics
found in a user’s profile, such as names and language. From these characteristics,
researchers have developed techniques to predict different demographic information,
such as ethnicity, gender and political preference [16, 17, 19]. In particular, gender
annotation using names has been a well explored theme, specifically in the context of
social media [17-21]. The use of gender-name associations to label social media data is
generally regarded as the most reliable gender inference method, specifically with
tweets [17]. Gender inference accuracy is reported between 80 and 85% for English
language names [16].

In the literature, gender inference from social data was used for understanding the
Twitter population. A study of commuting patterns in Toronto, Canada found com-
pelling evidence that Twitter data could be used to detect the demographic composi-
tions of communities [14]. In a 2011 study, researchers utilized the U.S. Social Security
Administration’s database of birth records to classify the gender of 71% of the 3.2
million Twitter users in their study [19]. A 2016 study found that pairing web traffic
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demographic data with Twitter data in a non-fully-supervised regression model pro-
duced highly accurate gender classification, with moderately accurate ethnicity and
political classification [18].

However, despite the growth of Twitter around world and across several language
contexts, there is limited material on non-English gender inference. However, retraining
the methods used for English-language names and incorporating language-specific
identifiers has been shown to produce successful results [16]. This has yet to be applied
in a significant manner to Arabic, which is the 6th most commonly used language on the
platform [13]. In the next section, we shall describe our Arabic-optimized method of
inferring the gender of geotagged tweets and Foursquare venue reviews in Riyadh.

3 Gender Annotation

3.1 Datasets

The analysis of this paper was applied on two datasets: 123,977 geotagged tweets
collected from November 2016 to January 2017 using the Twitter API and 73,747
Foursquare venues collected from the Foursquare website in November 2016. With
both data sets, only locations within a bounding box of 24.25° to 25.25° latitude and
46.25° to 47.25° longitude were considered in this study. After applying the
name-based gender annotation methodology described in Sect. 3.2, a total of 18,302
tweets were classified as female and 32,839 were classified as male. The methodology
described for Foursquare venues identified 1,057 male-oriented venues and 483
female-oriented venues

Both datasets contain implicit biases that should be kept into consideration. Since
Foursquare data is crowdsourced, it relies on businesses’ staff and customers to add
venues to the database. Businesses that attract different demographics may not be
equally represented in their data. Furthermore, the Foursquare data includes private
reviews which do not publicly display the user’s gender. With the Twitter data set, the
user’s name is self-reported so there is a possibility that it does not accurately reflect
their gender [22, 23]. Due to a combination of sampling bias and potential limitations
of the annotation method, both datasets have a significantly greater proportion of male
users than female users.

3.2 Gender Annotation

As previously mentioned, the collected Foursquare data of Riyadh’s amenities include
a gender attribute in the reviews. Thus, the data set did not require the use of the name
gender annotation algorithm described below. However, we applied a set of filters to
determine if a venue was oriented toward a single gender. First, we removed venues
that did not have at least 10 reviews with a gender attribute. This step reduced the
number of venues to 2,915. Although this filtration step removed the majority of
venues from our data set, venues with fewer reviews might not provide representative
samples of their customer’s demographics. For the remaining venues, we looked at the
gender distribution of reviewers; If over 70% of reviewers were male or female,
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then the venue would be annotated with its respective dominant gender. After applying
this step, 1,057 venues were labeled as male and 483 venues were labeled as female.
The total number of gender annotated venues we have generated was 1,540 from a total
of over 73,000 venues.

We have relied on a three-step method to gender annotate mainly Arabic names
from geotagged tweets. Here is a description of our method:

(1) Preprocessing: Initial cleaning to prepare names for annotation.
(a) Replace specific characters with a simpler variant (see Table 1).

Table 1. Replaced characters

Replaced characters Wi sles|s|_ -

Replacement character || | 5| || (space)

(b) Remove any characters not in the basic English and Arabic alphabets.
(2) Annotation: Determines the gender of a name if a set of tests return exactly one
unique gender (excluding null results).
(a) Split the name by spaces and check the database for a match, beginning with
the first substring and adding more substrings if a match is not found.
(b) Check if the first name begins with certain prefixes (Table 2).

Table 2. Sample of prefixes

Arabic | s e
English | Abu (Father of) | Abd

(c) Check the name for certain keywords that indicate gender (Table 3).

Table 3. Sample of keywords

Arabic | s |3 |l iy )

English | Mr | Mrs | Om (Mother of) | Bint (Daughter of) | Bin (Son of)

(3) Refinement: After running the annotation, names that were not annotated were
exported and the most frequent 10-15% were manually labelled and added to the
database.

Although this method can be applied to annotate any name in the database
regardless of its language, it also leverages identifiers that are unique to Arabic since
language-specific features can significantly improve the rate of annotation [16]. The
database of names was initially populated from a list of over 1000 gender-annotated
Arabic names with both Arabic and English spelling variants retrieved from the website
Behind the Name [24]. Using the initial database, the method could identify the gender
of approximately 34% of geotagged tweets, almost 75% of which were male. Although
the database was further expanded by including names from various sources such as
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university registries, we found that the refinement step was the fastest way to increase
our method’s performance.

After applying the refinement step, the method could annotate 41% of tweets
primarily by identifying a larger number of female tweets. Although the gender balance
was improved, female users still represented only 35% of all geotagged tweets. Pre-
vious studies have estimated that Twitter is more female biased [20, 25] but due to
cultural norms, we suspect that women in Saudi Arabia are more likely to have private
accounts. As a result, users of social media platforms are unlikely to be representative
of the population.

To reduce the rate of false positives in our results, gender-ambiguous names were
removed from the database whenever they were identified. These included names that
apply to both men and women (e.g. ‘Sam’), or names that become indistinguishable
when written in English (e.g. ‘Alaa’, which can refer to both the male ¢3\e or the female
¢¥). The quality of the results relies on the accuracy of self-declared names entered by
Twitter users. Although this source of error is difficult to control for due to the nature of
social media data, we checked the profiles of a random sample of annotated tweets to
manually identify the user’s gender (for example by looking at profile pictures and
Arabic pronouns they use) and found the names generally appeared to be a reliable
indication of the user’s gender and rarely produced false positives.

4 Gendered Spaces

Prior literature has proposed that “all space is already gendered: we live, experience
and in some cases have reinforced for us, our gendered identities in particular built
environments which assume certain things already about codes of gender” [26]. In the
context of Riyadh, such gender norms and characteristics are often enforced. The
following section will explore how gender annotated data from Twitter and Foursquare
can be used to identify Riyadh’s gendered spaces and investigate regions of overlap
between the results of the two datasets.

4.1 Spatial Distribution of Tweets and Foursquare Data

Method. To accurately reflect the raw data with minimal processing, we initially
visualized the gender balance of Twitter and Foursquare data using grid-based heat-
maps. The visualizations were displayed using Leaflet, an open-source JavaScript
library commonly used to integrate geospatial data with interactive maps. The data
points were aggregated using grid cells with side lengths of 0.01° by 0.01° (approxi-
mately 1 x 1 km) to determine the spatial distributions of genders based on Twitter
(Fig. 1) and Foursquare data (Fig. 2). Using a higher resolution grid is generally
preferred to reveal differences in gender balance but since the data is sparse, we found
that using significantly smaller cells led to frequent gaps in the heatmap and a high
sensitivity to outliers.
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Fig. 1. Spatial distribution of gender annotated geotagged tweets (Color figure online)

The gender balance of cells in Figs. 1 and 2 is reflected in the color scale which ranging
from red (female) to blue (male) with intermediate ratios shown in purple tones. The
opacity of a cell varies based on the number of geotagged tweets or check-ins within
that cell. In Fig. 1, the color intensity increases proportionally to the number of geo-
tagged tweets up to a maximum of 250 tweets per cell. Since the number of reviews is
not necessarily proportional to the number of visits, our analysis of Foursquare data
used reviews only to determine the gender ratio. The ratio was used to distribute the
check-ins between male and female users, resulting in a total of nearly 713,000 and
1,915,000 check-ins for women and men respectively. In Fig. 2, the color intensity
increases proportionally to the number of check-ins up to a maximum of 20,000

check-ins per cell.
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Fig. 2. Spatial distribution of gender-oriented venues weighted by check-ins (Color figure
online)

Results. Afew trends are apparent from the raw data visualization in Figs. 1 and 2.
Since Twitter and Foursquare activity appears to correlate with population density,
activity drops off in the more sparsely populated northern zone and southeastern zones.
Additionally, a large gap in the middle of the city corresponds to a military air base with
very little commercial and residential activity nearby. The level of social media activity
in certain areas may also be affected by demographic factors such as age, nationality and
socioeconomic status or a lack of amenities that tend to appear on Foursquare.

In addition, major segregated landmarks reflect their imposed gender segregation.
For example, the grid cells in the northeast quadrant that cover the female-only Princess
Noura University appear prominently in red. Likewise, the King Fahad stadium and the
male campus of King Saud University were identified as male spaces. Furthermore,
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areas of high activity tend to emerge around busy commercial areas in the center of the
city. Commonly visited shopping districts located around Al-Olaya and King Fahad
roads are predominantly female spaces. We also observed that female activity on Twitter
is generally more concentrated in the center of the city whereas male activity is generally
more spread out. The difference was measured using the spatial dispersion (Eq. 1) which
was approximately 20% higher for male tweets (0.119°) than female tweets (0.099°).

ngzl (X[ - xcentroid)2 - ()’z - ycentroid)2 1
- ()

Since the data is sparse, this approach limits in the resolution that can be used in
practice. Without applying a smoothing method to the data, outliers can easily cause
individual cells to conflict with the gender balance of the surrounding area. The sharp
transitions between values and sensitivity to outliers make it difficult to identify large
regions that demonstrate a consistent gender imbalance. These limitations were
addressed by using the smoothing method described in Sect. 4.2.

4.2 Identifying Gendered Spaces from Social Media Data

Method. The Twitter and Foursquare data both capture the locations visited by a small
sample of the population. The ability to perform high-resolution spatial aggregation is
limited by the sparseness of these datasets since the values at different locations are
highly sensitive to outliers. This results in sharp transitions between one grid cell to
another and tends to limit the resolutions that can be used in practice. These issues can
be minimized by applying a Gaussian filter to each data point, a method that consists of
defining values for a region surrounding each tweet or venue by defining a Gaussian
distribution that peaks at the original location (Fig. 3a).

@ T (b)*

50+

Probability Density Function (PDF)
o
Discrete Probability

-100 -0.15
46.49 46.50 46.51 46.52 46.49 46.50 46.51 46.52

Longitude (Degrees) Longitude (Degrees)

Fig. 3. (a) The results of a Gaussian filter applied to a female (red) and male (blue) location
along the x axis with the exact location represented by thin vertical lines. (b) The discrete
probability distribution of the same female (red) and male (blue) locations along with the
distribution of the sum of all distributions (purple) (Color figure online)
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The results were rasterized by discretizing the two spatial dimensions to cells with fixed
widths that determine the resolution of the raster. The area under the curve of the
probability density function was used to define a discrete probability value for each cell
(Fig. 3b) along each dimension. The Gaussian filter is applied to each dimension inde-
pendently and the value of each 2D grid cell is the product of the corresponding x and y
values. This process is applied to each gender-annotated tweet and Foursquare venue to
generate a raster using a sum of all the discrete probability distributions. The sum of the
distributions were initially generated separately for males and females to produce a pair
of aggregate distributions for both Twitter and Foursquare users. This methodology was
used to define smooth gender distributions using the gender balance over a large area.
For the Twitter data, we generated an additional raster to represent the difference in
gender concentration throughout the city. This was performed by using opposite signs
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Fig. 4. The distribution of gendered spaces identified from Twitter data
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for the genders and taking the sum of the distributions (Fig. 3b). This approach was
used to distinguish areas with a high gender imbalance from areas that have a large
number of tweets from both genders. This approach was not used with the Foursquare
data since female-oriented venues accounted for less than 3.2% of all gender-oriented
venues and the combined distribution was always dominated by male-oriented venues.
As aresult, our analysis was applied to each gender separately to identify areas of high
concentration for male- and female-oriented venues.

Results. In Fig. 4, gender-annotated tweets were used to identify areas with a high
gender imbalance. A cell width of 0.001 (approximately 0.1 km) was used for both
axes to produce a rasterized distribution with a 2D spatial resolution of approximately
0.01 km?. A threshold of 0.5 was used to isolate areas with a high gender imbalance.
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Fig. 5. The distribution of gendered spaces identified from female-oriented Foursquare venues
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Fig. 6. The distribution of gendered spaces identified from male-oriented Foursquare venues

The smoothing process reveals more distinctive gendered spaces in the city, with
some of the patterns from the raw data emerging still. First, as shown in Fig. 4, there is
a distinct female cluster around the women’s only Princess Noura University. Like-
wise, a female cluster appears on the female campus of King Saud University and a
male cluster on the male campus of King Saud University. Female spaces also emerge
in the previously mentioned Olaya commercial district and King Fahad road’s shopping
areas. A distinct male space emerges in the industrial Alfaruq and Alfaisaliyah areas.
There are several factories located here that primarily employ men. Overall, it appears
that male spaces are spread across a larger span of the city, whereas female spaces are
located more closely to one another, Fig. 4.

Figures 5 and 6 reveal the highly-concentrated areas of gendered venues on Four-
square. Female-oriented venues (Fig. 5) appear more dispersed than the concentrations



350 A. Alfayez et al.

of male-orientated venues. However, the most female concentrated clusters appear at the
gender segregated campuses of Princess Noura and King Saud universities. There also
seems to be a high density of male clusters (Fig. 6) around the commercial Olaya road
area, this cluster appears in the twitter data but not as pronounced.

4.3 Overlapping Gendered Spaces from Tweets and Foursquare

To investigate the relationship between gendered spaces identified using Twitter and
Foursquare data, this section will compare areas of overlap between the results of the
two datasets. This will be examined quantitatively by computing the percent overlap
(Table 4, Fig. 7) and qualitatively by identifying the different regions of overlap
(Figs. 8 and 9) and some of the popular venues within them.

The results in Table 4 suggest that areas visited by female Twitter users in Riyadh
generally tend to exhibit a significantly higher correlation with Foursquare venues in
comparison to the correlation between the areas visited by male Twitter users and
Foursquare venues. Although this pattern holds for areas with a high concentration of

Table 4. A comparison of the top 2,500 cells with the highest gender concentration from each
data set showing the number of overlapping cells and their percent of the total area

Twitter | Foursquare | Area of overlap (number of cells) | Percent overlap of yotal area
Female | Female 1,230 32.63%
Female | Male 549 12.33%
Male |Male 331 7.09%
Male |Female 170 3.52%
0.45 : : - -
— Female Tweets & Female Venues
0.40 - - - Female Tweets & Male Venues
— Male Tweets & Male Venues
035 - - Male Tweets & Female Venues
0.30
Q.
e
g 025
1)
g 0.20
o
o] .
a /
0.15}
0.10
0.05
0.00 / L L L L L " L
0 2000 4000 6000 8000 10000 12000 14000

Number of Grid Cells

Fig. 7. The percent overlap of gendered spaces for Twitter and Foursquare data when different
numbers of grid cells are used to define regions with the highest concentration
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Fig. 8. Overlap of Foursquare and Twitter female spaces

venues regardless of the venues’ targeted gender, areas with a high concentration of
female tweets tend to overlap more with female venues and areas with a high con-
centration of male tweets tend to overlap more with male venues.

The findings in Table 4 and Fig. 7 suggest that gendered spaces for women in
Riyadh tend to form in highly clustered venue spaces. Female tweets are most strongly
correlated with areas containing a high concentration of female-oriented venues but
they also exhibit a significant correlation with male-related venues. By contrast, areas
with a high concentration of male tweets exhibit a much lower rate of overlap with
venues regardless of gender. This suggests that areas of male activity in Riyadh are less
likely to be driven by the density of venues. Since women in Riyadh are not allowed to
drive and do not have any currently available public transportation options, it is
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Fig. 9. Overlap of Foursquare and Twitter male spaces

possible that constraints on female mobility could lead women to prefer co-located
venues and encourage venues that target women to form clusters.

The percent overlap between the areas of highest concentration changes depending
on the coverage of the city, measured by the number of grid cells considered. However,
the order of the results remains consistent across a broad range of coverage values. The
overlap between female tweets and female venues is greatest when only the top 2,000
grid cells are included and stabilizes at approximately 30% as additional cells are
added. The rate of overlap for female tweets and male venues gradually increases with
the number of cells and converges with the overlap of female venues when the top
15,000 cells are considered. The percent overlap of male tweets and venues of either

gender also increases but remains significantly lower regardless of the degree of
coverage.
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For consistency, the following results in Figs. 8 and 9 are based on the top 2,500
grid cells for each data set.

Application of this method resulted in six areas of overlap for females (Fig. 8).
Overlap emerges at three female university campuses: Princess Noura University and
King Saud University’s primary and preparatory campuses. Both data sets also iden-
tified a high concentration of women at a commercial area along Khurais Road that
includes popular stores, cafes and an all-women’s gym. One of the largest areas of
overlap was found along King Fahad Road and Olaya Street in the city’s primary
commercial hub which contains several shopping malls, popular restaurants and cafes.
A small area of overlap was also found on King Abdulaziz Road in an area containing
schools, restaurants and a private tertiary care center (the Kingdom Hospital).

A correlation between male space identified by Twitter and male-oriented Four-
square venues was only observed at two locations (Fig. 9). The first was the Al-Madhar
area near the city’s commercial hub, a region with substantial number of popular
restaurants and coffee shops. A small area of overlap was observed in the Diplomatic
Quarter (Hayy As-Sifarat). This neighborhood is home primarily to foreign embassies
along with popular parks where sporting activities and social events are held.

5 Discussion

When applied to data from social media platforms, the methodology described above
can help identify the impacts of Saudi Arabia’s unique gender segregation policy on
Riyadh’s built environment and urban dynamics. The initial heatmap visualizations of
the raw Twitter and Foursquare datasets displayed regions of gender imbalance
throughout the city but didn’t identify broad gendered spaces. A Gaussian filter was
used to identify agglomerations with smooth transitions between values to identify
gendered spaces from both Twitter activity and Foursquare venues. This analysis
accurately picked up some of Riyadh’s gendered landmarks such as male and female
university campuses, male-only sporting venues, male- and female-oriented commer-
cial areas and male-oriented industrial areas.

Furthermore, a comparison of the two datasets revealed the extent to which Twitter
gendered spaces are correlated with single-gender oriented Foursquare venues. Areas
with a high concentration of female tweets were more correlated with female-oriented
venues than concentrations of male tweets were correlated with male-orientated venues.
For female spaces, the overlap between the two datasets was 33%, whereas for males
the overlap was less than 10%. This finding is potentially an indication that limits on
women’s mobility in Riyadh encourages the clustering of venues that cater specifically
to them. Further testing of this hypothesis is necessary and might be explored using
additional data sets that could identify the relationship between gendered spaces and
mobility patterns.

The contributions of this study for future research are twofold: improvements to
gender annotation for Arabic names and a new methodology to identify gendered
spaces from social media data. This methodology could be combined with the advances
in Arabic sentiment analysis [25] to analyze tweet content as a barometer for public
opinion on key social or policy issues. There is also potential for utilizing gender
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annotated social media data in a comparative study with other Saudi Arabian cities and
neighboring Gulf countries which share a similar culture but do not impose the same
gender segregation policies as Saudi Arabia. Comparing the gendered spaces results
with other results could give more insight on the implications of mobility limitation on
women and gender segregation.

Due to the unique cultural context in Saudi Arabia, there is a high degree of spatial
segregation between the destinations of females and males in Riyadh. Understanding the
distribution of Riyadh’s gendered spaces is meaningful for city planning, and specifi-
cally for the transit planning associated with the ongoing development of Riyadh’s first
public transit system. The system, which will include rail and bus, is expected to be the
largest mass-transit system built from scratch when it opens in late 2018 [25].

Currently, Riyadh faces serious traffic congestion challenges [29]. The new metro
system could alleviate congestion and lessen the dependence of the city’s 6 million
residents on fuel consuming vehicles. The metro also has the potential to alter women’s
dependence on male drivers and taxi services. Given Saudi Arabia’s policy that pro-
hibits women from driving, women are expected to be a significant user population of
the metro [30-33]. By identifying gendered spaces, this paper takes the first step
toward a nuanced analysis of gendered mobility in Riyadh. Future work could assess
the impact of the metro system on women’s transit to these places or design bus routes
specifically for women based on the distribution of gendered spaces.

6 Conclusion

The varying roles and division of labor between genders appear at various scales in
urban planning and design - individual buildings, neighborhoods, cities, and regions -
and in the different domains of city design, such as housing, public facilities, trans-
portation, streets and open space, employment and commercial/services areas. In this
paper, we presented an overview of an innovative use of social media data to identify
gendered spaces in the city of Riyadh. Utilizing 51,000 of geotagged tweets that were
then gender annotated, we identified gendered spaces in Riyadh and opportunities for
future research on gendered spaces and mobility in Riyadh and other cities, especially
where social media users are Arabic speakers. The outcomes of this research are
intended to allow researchers in urban design and city planning to understand how
Saudi Arabia’s social policies shape urban dynamics.
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