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ABSTRACT
Improving digital literacy and reducing gender inequalities in internet access and use have been recognized as important development
targets within the United Nations’ Sustainable Development Goals
(SDGs). Tracking progress on digital gender inequalities however
is challenging due to limited gender-disaggregated data, especially
in less developed country contexts and at the subnational level. We
show how data obtained from social media advertising APIs can be
used to generate a real-time measure of digital gender inequality.
Using data from the Facebook (FB) Marketing API, we document
gender gaps in FB use across Indian states and examine to what
extent state-level development indicators help predict these gender gaps. Higher GDP per capita, literacy and internet penetration
are associated with lower gender gaps in FB presence. These statelevel development predictors however are only able to explain a
small proportion (7.3%) of the overall variation in gender gaps on
FB. Employment-related occupational or industry characteristics
from within FB emerge as important variables associated with more
gender-balanced FB use.

CCS CONCEPTS
• Information systems → Online advertising; • Human-centered
computing → Empirical studies in collaborative and social computing; • Applied computing → Sociology;
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1

INTRODUCTION

The tremendous expansion of information and communication technologies (ICTs) has transformed the ways in which individuals seek
information, communicate and participate in their communities. Acknowledging this wide-ranging impact of ICTs, digital literacy is
included as a target within Goal 4 (Target 4.4) of the United Nations (UN) Sustainable Development Goals (SDGs) that seeks to
ensure equitable access to quality education.1 The importance of
equitable access to ICTs for women and girls is further emphasized
in Goal 5(b) of the UN SDGs, which pledges to “enhance the use
of...ICT to promote the empowerment of women.”2 The adoption
of this target acknowledges that even as the use of ICTs has rapidly
expanded, significant gender gaps in access to these technologies
persist. The International Telecommunications Union (ITU), the
UN’s specialized agency for ICTs, estimates that some 200 million
fewer women are online compared with men, with digital gender
gaps being significantly greater in less developed countries [6]. In
light of this, tackling digital gender gaps in internet access and literacy have become increasingly recognized as important development
goals [6, 23]. However, the paucity of gender-disaggregated data on
internet and mobile phone access, use, and skills, particularly in less
developed country contexts, presents significant challenges towards
monitoring progress towards these goals [6, 11].
This paper demonstrates how web data from Facebook’s (FB)
Marketing API – specifically, Facebook’s advertisement audience
estimates, which provides aggregate data on Facebook users by
demographic characteristics – can be used to measure digital gender
gaps of online visibility at the subnational level in India. India is one
of the largest user bases for FB comprising 12% of the platform’s
user base. Although in high-income country contexts such as the
US, research suggests that women tend to use social media more
than men, our understanding of who is using these sites in less
developed countries remains especially limited [5]. Using the FB
data, we examine variation in gender gaps in FB presence in India by
state and other socio-demographic characteristics such as education
and industry. We examine to what extent state-level variation in the
1
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FB GGI is associated with development indicators such as internet
penetration, state GDP per capita, and literacy.
Social media is one of the most widespread uses of the internet,
and social media access may facilitate the building and maintenance
of social connections, information seeking, community and political participation [5]. Although gender gaps in Facebook presence
may reflect gender inequalities in internet access, skills, as well
as gender-differentiated preferences of social media use, existing
work has highlighted how gender gaps on FB are highly correlated
with country-level gender gaps in internet access as measured in
official statistics reported by the ITU [9]. Existing data from the
ITU, however, do not provide measures of internet gender gaps at
the subnational level. While this limits our ability to validate to what
extent gender gaps in FB presence capture gender gaps in internet
access across Indian states more generally, we believe gender gaps
on FB by itself provide an interesting and useful measure of digital
gender inequality. Furthermore, in a country context such as India,
where levels of development and gender norms vary considerably
across states and regions, these data allow us to explore how these
factors translate into gender gaps in FB presence.
In what follows, we outline works on digital gender inequalities,
followed by the description of data gathering, processing, and analysis, concluded with a discussion of the method and potential future
directions.

the digital gender gap also reflects women’s poorer access to resources such as education and income that prevents them from going
online and gaining digital skills [14]. Moreover, cultural factors may
also prevent women from going online. The internet enables women
to participate in the public sphere, and access to it may be controlled
by men in patriarchal contexts [2, 10]. Women may also choose
not to go online for fears of harassment [10, 15], or due to lack of
self-belief [1, 2]. These conditions could explain why, as [18] find,
in countries with high levels of gender inequalities in conventional
offline gender inequality indicators, the women who are online tend
to be of higher status.
Among several diverse applications, FB ad audience data have
been leveraged to study population health [7], and to provide timely
migration estimates to help track development goals [26]. Most relevant to this study, the data have also been recently used to track
country-level internet gender gaps [9]. In this paper, we use subnational data resolution, focusing on the use of Facebook by men
and women. Finally, the study presented here, and those mentioned
above, preserve user privacy, as the audience estimates are aggregates
which we do not attempt to de-anonymize (for more see [17, 24]),
allowing us to share the collected data with the community.4

2

In this study we utilize the advertisement audience estimates, as
provided by the Facebook Marketing API.5 Before an advertising
campaign is run on Facebook, it projects the number of users who
would be exposed to a particular selection of its users, where the
selection can be constrained in terms of age, gender, geography,
phone device used to access Facebook, and other attributes. We use
these “audience estimates” as demographic estimates of the number
of Facebook users in an area matching a certain criteria.
The population selection was performed as a combination of the
following selections (with number of users captured by the selection
in parentheses):
• Genders (3): Male (137,967,000), Female (42,994,000), All
(180,638,000)
• Geography: Indian States (29) and New Delhi (1) (180,638,000)
• Age Ranges (4): 13Y-18Y (31,939,300), 19Y-24Y (63,555,200),
25+ (86,507,000), All (180,638,000)
• Education (6): High School Graduate (101,373,000), Currently Enrolled in College (10,798,800), Under Graduate degree (76,459,800), Post Graduate (10,244,200), Unspecified
(76,282,100), All (177,754,000)
• Industries (6): Arts & Entertainment (2,159,400), Business
Management & Sales (7,964,200), IT Industry (1,737,780),
Personal & Health Care (3,182,920), Production (2,437,450),
All (11,595,000)
• Device Types (4): High End (4,628,660), Medium End (4,522,360),
Low End (4,009,320), All (180,638,000)
We consider all 29 of the Indian states and Delhi, three age ranges,
several selections for education and industry of employment, both
genders, and phone type. The phones were classified by the price (at

RELATED WORK

Online inequalities often tend to mirror offline inequalities. Studies
from the US and Canada found that early internet adopters were often
high income, urban, educated and male [8]. With greater internet
penetration however, gender gaps in access narrowed and instead
gender-differentiated patterns of internet use have emerged in highincome countries [12, 19]. In particular, for social media, the Pew
Research Centre’s Internet and American Life Surveys found that
women were more likely to be on social media websites such as
Facebook in the US, although by 2015 the gap between men and
women’s social media use had closed [20, 21].
Although research on social media use in less developed countries
is considerably limited, we should expect to see fewer women online
on social media relative to men in these countries due to greater
gender inequalities in internet access. Based on data compiled from
countries with available survey data, the ITU estimates that while
about 45% of men in developing countries were using the internet,
37.5% of women were using the internet in the same [16]. For
least developed countries, the estimates for the same were 21% and
14% respectively. In less developed country contexts, instead of
differentiated patterns of use, limited internet access may prove to be
the primary bottleneck for using social media. This is indicated by a
study from the Data2X Big Data for Gender Challenge3 that finds
that Facebook gender gaps are correlated with internet gender gaps,
with the strongest correlation existing in less developed countries
where gender inequalities in internet access are highly unequal [9].
While part of the internet gender gap in less developed country
contexts likely represents the fact that women may be late adopters
who will catch up once technology becomes more widely available,
3
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3 DATA COLLECTION
3.1 Facebook Ad Audience Estimates

4

Link will be posted upon publication
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Figure 1: Proportion of men to women on Facebook as estimated using Marketing API (with “all” education, industry,
and device selections).
the time of the writing) to be high end for those costing more than
500USD, mid-range at 275-500USD, and low-end at under 275USD.
Combining all of these selections, a total of 30 · 3 · 4 · 6 · 6 · 4 51, 840
queries were composed and run using pySocialWatcher library6 [3].

3.2

State statistics

In addition to the Facebook audience numbers, we collect several
economic and demographic statistics on the Indian states used above
as the geographic constraints. These include the ratio of boys to
girls in classes I-XII (2011-2012), internet penetration (2012), and
literacy rate (2011) from www.indiastat.com, as well as state Gross
Domestic Product Per Capita (GDPPC) in Rupees (2014-2015) from
the Reserve Bank of India.7

4

METHODOLOGY

Aiming to analyze the gender gap in the access to Internet, we
operationalize such gap as the potential Facebook “audience”. In
particular, for each combination of selectors above we compute
the proportion of male audience to the sum of male and female,
achieving a score potentially ranging from 0 to 1 (in practice from
about 0.6 to 0.9). Using the statistics employed in querying Facebook,
as well as state-wide demographic and socio-economic statistics,
we build multivariate linear regression models to understand the
explanatory power of each predictor. To ensure highest quality data
is used in this modeling, we address the potential sparsity issues
encountered in smaller populations where the query is too specific
to encompass a large number of people.
6
7

https://github.com/maraujo/pySocialWatcher
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(a) GDPPC (r=−0.40†)

(b) Literacy Rate (r=−0.63†)

(c) Girls/Boys (r=−0.26)

(d) Int. Penetration (r=−0.39†)

Figure 2: State statistics most correlated with Facebook user
gender proportion (Pearson correlation in parentheses, with †
signifying p-value<0.05).

5

RESULTS

We begin by computing the proportion of male to female Facebook
users in each state. Figure 1 shows this proportion in a color scale,
where redder states have a greater imbalance. As shown in the figure
legend, the proportion ranges from 0.63 in Mizoram, a state in northeast India, to 0.88 in Andhra Pradesh, the state bordering India’s
southeastern coast. For visual comparison, we also plot statewide
statistics in Figures 2a-d, three of which are significantly negatively
correlated to the Facebook user proportion (p < 0.05, marked with
†). These correlations indicate that, even though men remain the
predominant users of FB in the Indian context, more developed
states with higher levels of GDPPC, literacy and internet penetration
show more gender balanced FB usage. Not plotted are two other
state-level variables, namely the proportion of females in labor force,
and females elected, which did not show a statistically significant
relationship to the Facebook gender ratio. Note that here the correlations are with Facebook data without any age, education, industry,
or device constraints, which we consider next.
We first check the quality of the returned information for the
fully qualified searches. As certain searches sub-divide the search
space into a very particular slice, some return very small values. To
guard users’ privacy, Facebook’s Marketing API returns “20” for
any search that results in a small number of users. Thus, when a
query returns “20”, it is not certain whether any users match the
query. Thus, we discard such queries, which comprise 32.6% of the
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queries run, with Arunachal Pradesh, one of the most northern-most
and smaller states, having the most such sparse queries.
Having cleaned the data, we use multivariate linear regression
to model the proportion of male to female Facebook users (prop)
using the query selection criteria and additional demographic and
economic variables for each state. To do this, we encode as scores
three variables: age groups (from 1 to 3, youngest to oldest), educational attainment (from 1 to 5, less to more years of education),
and device type (from 1 to 3, low to high end). As demographic
variables tend to correlate, we use feature selection to minimize
multicollinearity, employing stepwise model selection by AIC via
MASS R package.8
The resulting model, computed over the 606 data points after the
cleaning steps above, is shown in Table 1. The feature selection step
discards the literacy distinction, as well as the Production industry.
The resulting model has the Adjusted R2 of 0.581 (this metric has
been adjusted to increase only if a new term improves the model
more than would be expected by chance). A similar model built only
from the state-wide statistics has Adjusted R2 of only 0.073. This
suggests that state-level characteristics (GDPPC, internet penetration
and gender atio of school enrollment) only explain 7.3% of the
state-level variation in FB gender gaps. Once we include socioeconomic variables available through Facebook itself however (age,
device type, industry and education), we are able to explain a greater
proportion of the gender gap in FB presence.
Due to restrictions by Industry and Education, the number of
Facebook users captured in this model encompasses 4,730,310 users.
Although in the millions, it is a small portion of the total 180 million
we can possibly reach. Thus, we build similar models, while excluding two of the most limiting variables – education and industry of
employment. While excluding industry, we encompass 177,754,000
users, with the resulting model having Adjusted R2 =0.291. Similarly, while excluding education, we encompass 11,595,000 users,
with the model having Adjusted R2 =0.573. When excluding both,
with 180,638,000 users modeled, the performance falls to Adjusted
R2 =0.192. This suggests employment information is important in
modeling gender inequality in Facebook use, although it is not available for a large portion of the user base. Like with the state-level
development variables, the sign on the coefficients for the industry
groups, device type and age is negative, indicating that that FB use
is more gender balanced among users for whom employment industry is known, higher end devices are used and among older users.
Interestingly, the sign on education is positive, indicating that higher
educated users are less gender balanced.

6

DISCUSSION & CONCLUSION

Although Facebook’s user base continues to grow and encompasses
millions of people in the developing world, a major limitation of
this work is the imperfect coverage of the population – thus we are
limited to measuring “who is on Facebook”, and not necessarily
internet adoption or digital skills. However, in future work it may be
possible to explore “how they use Facebook”, potentially validating
previous insights that social media can be used for employment
networking, fostering of social connections, and community and

Y. Mejova et al.

Table 1: Multivariate linear model of proportion of male to all
Facebook users, showing variable name, corresponding beta coefficient, p-value, and significance level.
Variable
Intercept
Age
Education
Device
Ind: Arts & Ent.
Ind: Business & Sales
Ind: Info Tech.
Ind: Personal & Health
GDPPC
Girls/Boys
Internet Penetration

β

p-value

sig.

1.042e+00
-5.063e-03
1.983e-03
-8.237e-03
-3.549e-02
-5.465e-02
-4.574e-02
-1.902e-01
-2.594e-07
-1.180e-03
-2.326e-03

< 2e-16
0.05356
0.08697
5.80e-06
1.30e-11
< 2e-16
< 2e-16
< 2e-16
1.07e-05
5.79e-07
0.00679

***
.
.
***
***
***
***
***
***
***
**

Adjusted R-squared: 0.581
*** p<0.001, ** p<0.01, * p<0.05, . p<0.1

political participation. In the case of gender inequality, a potential
extension of this work would be to take advantage of the real-time
nature of this data by periodically re-querying the platform in order to reveal the temporal pattern in Facebook adoption. Thus, the
value of our method (if ground truth disaggregated for industries and
education level were available) would then be smaller geographic
disaggregation and in low latency. Recently, Facebook ads data has
been used to track interests in health-related topics in the Middle
East [4], which could be expanded to the above topics. In this way,
we may capture the interests of Facebook users, as expressed through
posting and interacting with content, as well as self-declared interests.9 Also, other sources of information can be used to supplement
labor statistics, such as LinkedIn [13], which can be used to track
gender balance by age, location, industry, and even certain skills.
A notable limitation of this and similar works is the lack of comprehensive validation due to the opaqueness of the service, allowing
for a possibility of tracking “fake” accounts – those made by bots,
spammers, and the like. In an attempt to address this problem, we
focus on ratios instead of raw numbers in this work. Further, sparsity issues and selection biases for variables such as industry and,
to a certain degree, education level could be potentially alleviated
using “ground truth” demographic estimates (from offline sources)
using machine learning [25]. Previous studies have attempted to validate Facebook advertising cohort estimates against external sources
and shown promising results in using these data to track social processes including migration [26], global gender gap [9], and fertility
rates [22]. Ultimately, running the above advertisements would be a
potential way to validate the cohort selections Facebook provides.
In conclusion, this paper introduces a cheap, privacy-preserving
way of tracking gender inequality in social media use in a developing
country. We confirm the internet penetration and GDPPC are positively related with greater engagement of women in Facebook, but
find employment information to be the strongest indicators, pointing
to a fruitful future direction of research.

8
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