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Roadmap for talk

1. Mapping trends in subnational digital gender inequality

2. Impacts of 3G internet expansion on fertility
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Benefits of digital revolution
▶ The digital revolution has ushered in tremendous societal and economic

benefits

▶ Lower gender inequality, lower maternal/child mortality, higher
contraception (Rotondi et al., 2020)

▶ Boost social connectivity, social learning, access to vital services (Unwin,
2009; DiMaggio and Hargittai, 2001; Suri and Jack, 2016)

▶ Increases levels of education, economic benefits (Hjort and Poulsen, 2019;
Kho, Lakdawala and Nakasone, 2018; Kharisma, 2022)

▶ Large inequality in who has access to digital technology
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Adoption of digital technology varies geographically

Source: Nigeria, Demographic and Health Survey8 / 60
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Women using internet, past 12 months
Sokoto: 2% internet
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Women using internet, past 12 months

Lagos: 55%+ internet

Your caption here.
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Develop subnational estimates of adoption

▶ Goal: Develop estimates of
internet and mobile
adoption by gender and
digital gender gaps

▶ First subnational level
▶ 117 countries, 2,075

subnational units

11 / 60

Introduction Mapping Impacts References Reserve



7/50

Develop subnational estimates of adoption

▶ Goal: Develop estimates of
internet and mobile
adoption by gender and
digital gender gaps

▶ First subnational level
▶ 117 countries, 2,075

subnational units

12 / 60

Introduction Mapping Impacts References Reserve



8/50

Overview of approach
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Overview of approach
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Ground truth – Demographic and Health Surveys (DHS)

▶ Household surveys representative at the first subnational level
▶ Standardized sample design, questionnaire, implementation, etc.

▶ Questions on individual-level internet use and mobile phone use (wave 7
onwards)

▶ Focus on 34 different DHS surveys, 2016-2023
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Facebook monthly active users counts

▶ Collected through
public marketing API

▶ Specify geographic
region (FB template
or custom region)

▶ Disaggregated counts
by gender, age, device
type, etc.
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Big geospatial and population data

▶ Include ‘offline’ predictors that are uniformly available and consistent across
subnational units
▶ Satellite-derived nighlights data

▶ Population density (World pop)

▶ Subnational education index, income index, human development index
(HDI), gender development index (GDI)
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Outcomes of interest (from DHS)

Indicators Women Men Gender Gap
Mobile Phone Ownership ✓ ✓ ✓

Internet Use, Past 12 Mo ✓ ✓ ✓
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Modeling approach - ensemble machine learning

Algorithm Description
glmnet (Lasso) Lasso Regression
glmnet (Ridge) Ridge Regression
glmnet (Elastic Net) Elastic Net with 50% L1 Ratio
polspline Polynomial Spline
ranger Random Forest with 100 Trees
gbm Gradient Boosted Machine
glm Generalized Linear Model
xgboost Extreme Gradient Boosting
SuperLearner Ensemble method combining multiple learning algorithms
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Greatly expanded geographic + temporal coverage
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Leave-one-country-out cross validation
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Validation Metric: R2

R2 = 1− SSres

SStot

= 1−
∑n

i=1(yi − ŷi)
2∑n

i=1(yi − ȳi)2

(1)

▶ 1 = Perfect predictions

▶ 0 = Mean
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Overall predictive accuracy
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Error by country
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External benchmark
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Most important predictors
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Trends from 2015 - present day
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Extreme example
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Within-country disparities
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Summary

▶ Using Facebook audience counts greatly expands our ability to accurately
predict internet adoption in countries with no ground truth
▶ 2075 subnational units, 2015 - 2025

▶ Huge disparities in access to mobile and internet technologies between and
within countries

▶ New opportunities to study population-level impacts of digital technology
using these subnational estimates
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Project 2 - Demographic Impacts of Digitization
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Digital revolution and fertility

▶ Diffusion theories of fertility decline have long emphasized the importance of
mass media technologies in the spread of new ideas and
norms (Montgomery and Casterline, 1996)

▶ Despite this theoretical potential, estimating the causal impacts of digital
technology on fertility, especially in high-fertility contexts, has proven to be
challenging

▶ Some evidence mobile phone ownership associated with lower parity / lower
ideal family size (Billari, Rotondi and Trinitapoli, 2020); knowledge and
access to contraception (Rotondi et al., 2020)
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Research question

▶ Does expansion of 3G internet have a causal effect on fertility?
▶ 2G coverage enables text/calling

▶ 3G coverage enables mobile internet (social media, exposure to ideas from
global elites, etc.)

▶ What are mechanisms linking 3G expansion with fertility behavior?
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Focus on Nigeria: Rapidly expanding 3G infrastructure
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Theoretical Framework
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Theoretical Framework

41 / 60

Introduction Mapping Impacts References Reserve



32/50

Fertility + Mobile Coverage Data

▶ Generate longitudinal panel:

▶ 2018 Nigeria DHS birth history
(2010–2018), geo-referenced

▶ Annual mobile coverage maps
(2010–2018)

DHS Birth History42 / 60
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3G Coverage Rollout in Nigeria

Source: GSMA Mobile Coverage Maps
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Constructing longitudinal panel
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Analytic Strategy (Two-Way Fixed Effects)

LBict = β0 + β13Gct︸ ︷︷ ︸
3G coverage intensity

+ γc︸︷︷︸
Cluster FE

+ δt︸︷︷︸
Year FE

+ βXi︸︷︷︸
Controls

+ϵict

where
▶ LBict is an indicator for whether woman i in cluster c at time t had a live

birth in the past year

▶ 3Gct denotes the proportion of the population in cluster c covered by 3G
service in year t
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Effect of 3G Coverage on Recent Birth
Model 1 Model 2 Model 3

Intercept 0.184***
(0.002)

3G Coverage (Population Share) -0.049*** -0.011* -0.011*
(0.005) (0.005) (0.005)

2G Coverage (Population Share) 0.005 0.005
(0.017) (0.017)

Individual-level controls X
Fixed Effects: DHS Cluster X X
Fixed Effects: Year X X
Fixed Effects: Age X X
Fixed Effects: Parity (Lagged) X X
Observations 116178 116178 116178
R2 0.002 0.087 0.089
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Heterogeneity by development level (nightlights proxy)
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Heterogeneity by mobile phone ownership
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Alternative specifications - mother fixed effects
Model 1 Model 2 (0 Parity)

3G Coverage (Population Share) -0.043*** -0.054***
(0.006) (0.009)

2G Coverage (Population Share) -0.003 0.026
(0.024) (0.031)

Fixed Effects: Mother X X
Fixed Effects: Year X X
Fixed Effects: DHS Cluster X X
Fixed Effects: Parity (Lagged) X X
Observations 194,067 60,732
R2 0.292 0.277
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Testing Mechanisms

▶ Not longitudinal, measured in 2018 Nigeria DHS...

▶ Suggestive descriptive evidence of association between 3G expansion
(2010-2018) and outcomes (not causal...)
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Delayed cohabitation, decreased ideal family size

Age at First Cohabitation Ideal family size

3G coverage expansion (cluster-level) 0.160 -0.248**
(0.100) (0.092)

Wealth quintile 0.088* -0.085***
Currently working -0.343*** 0.207***
Education level 0.711*** -0.482***
Religion (Islam) 0.003 -0.002
Access to radio 0.015 0.083**
Access to television 0.090 -0.164***
FE - Birth Cohort X X
FE - State X X
Cluster covariates (rainfall, nighlights, IMR) X X

Observations 7202 23566
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3G associated with higher modern contraception uptake
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But not folkloric methods...
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No evidence of reduced infant mortality...
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Conclusion
▶ Used mobile coverage maps and retrospective fertility histories to create a

longitudinal panel, exploiting plausibly exogenous rollout of 3G coverage

▶ Full 3G coverage expansion has causal effect of approximately 7%
reduction in probability of birth over baseline

▶ Plausible mechanisms:
▶ Evidence for lower ideal family size and increase in modern contraception

usage

▶ Not driven delayed cohabitation or improved child survival

▶ Next steps: Robustness check with instrument variable
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Thank You

Funders:
▶ Bill and Melinda Gates Foundation

(INV-045370)

▶ Leverhulme Trust (Grant RC-2018-003)
for the Leverhulme Centre for
Demographic Science

Contact:

 caseyfbreen

� casey.breen@demography.ox.ac.uk

digitalgendergaps.org
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External benchmark
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External Benchmark

59 / 60

Introduction Mapping Impacts References Reserve



50/50

Trends validation
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