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Roadmap for today’s talk

1. Mapping subnational digital gender inequality across countries

2. Digital diffusion of cultural scripts about family life
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Benefits of digital revolution

» The digital revolution has ushered in tremendous societal and economic
benefits
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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)
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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)
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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)
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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

Observed

Figure: Source: Nigeria, Demographic and Health Survey
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Women using internet, past 12 months
[Sokoto: 2% internet]

Observed

Internet, women
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Women using internet, past 12 months
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Develop subnational estimates of adoption

» Goal: Develop estimates of
internet and mobile
adoption by gender and
digital gender gaps
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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
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Overview of approach

Input Modeling
Geospatial "big"
B data
-a
-_—X Ground truth — DHS ‘ .
—_—v surveys ‘ Machine learning
— X

Facebook Audience
Counts

34 countries, with
ground truth

Introduction Mapping Digital Diffusion
00000 O®@000000000000OO0O00000 000000000000 00OO0OOOO0000000

References

Reserve
00000



Overview of approach

Input Modeling Prediction
Geospatial "big"
b data
-a b
-

— % Ground truth — DHS ‘ . Estimate digital adoption

—_—v surveys Machine learning and disparities

-_—

Facebook Audience
Counts
34 countries, with 117 countries, with and
ground truth without ground truth
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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, 2016-2024
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Facebook monthly active users counts

» Collected through e - —
public marketing API & o S P =

ppppppppppppppppppppppppp

FACEBOOK for Developers

3 Dashboard

» Specify geographic & s .
region (FB template ‘i -
or custom region) P .

» Disaggregated counts
by gender, age, device

uuuuuuuuuuuuuuu

type, etc. L .
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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)

Introduction Mapping Digital Diffusion References
[e]e] O 0000080000000 0OO0O0000 o (0

12/61




Outcomes of interest (from DHS)

Indicators Women Men Gender Gap
Mobile Phone Ownership v v v

Internet Use, Past 12 Mo v v v
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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

SuperlLearner Ensemble method combining multiple learning algorithms
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Making predictions across space and time

» Goal: Generate consistent subnational estimates of digital adoption over
time

Introduction Mapping Digital Diffusion References Reserve
00000 0O0000000@00000O0000000 000000000000 00OO0OOOO0000000 00000



15/61

Making predictions across space and time

» Goal: Generate consistent subnational estimates of digital adoption over
time

» Train models using temporally aligned predictors and DHS survey data from
multiple years
» Include year-specific features
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Making predictions across space and time
» Goal: Generate consistent subnational estimates of digital adoption over
time

» Train models using temporally aligned predictors and DHS survey data from
multiple years

» Include year-specific features

» Generate predictions for 2,075 subnational regions
» Annually from 2015-2023

» Monthly from January 2024 onward
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Expanded geographic 4+ temporal coverage

Internet Use “
0

25 50 75 100
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10-fold cross validation

Training data

414l

{ Fold 1 Fold 1 Fold 1 Fold 1
{ Fold 2 Fold 2 Fold 2 Fold 2
Data < { Fold 3 Fold 3 Fold 3 Fold 3
{ Fold 10 Fold 10 Fold 10 Fold 10
L
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Leave-one-country-out cross validation

Data

Introduction
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L Training data l Validation data ]

( { Angola Angola Angola Angola ] :)
[ Benin Benin Benin Benin ! :i>
‘ Burundi Burundi Burundi Burundi ! :>
{ Zimbabwe Zimbabwe Zimbabwe Zimbabwe ] —
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Validation Metric: R?

» 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 (national)
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External benchmark (subnational)

Internet (Women) Internet (Men) Internet (Ratio)
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Most important predictors

A B Feature Importance
Women Facebook A
Facebook and Offline | @ Subnational Facebook Penetration (Female) { —MM8M8M8M8 @

@ Offline
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Men | = ) A
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Trends from 2015 - 2026

A India B Nigeria C  Afghanistan
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Extreme example: Taliban resurgence

Afghanistan
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Within-country disparities

Uganda

Ethiopia

Democratic Republic of the Congo
Nigeria

Republic of the Congo
Mozambique

Angola

Cameroon

Tanzania

Pakistan

Overall mean
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Summary

| 2

Using Facebook audience counts greatly
expands our ability to predict internet adoption
in countries with no ground truth

» 2,075 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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PNAS o sonsonce connes [

Mapping subnational gender gaps in internet and mobile

Figure: Authors: Casey Breen (UT-Austin), Masoomali
Fatehkia (Qatar Computing), Ingmar Weber (Saarland),
Jiani Yan (Oxford), Xinyi Zhao (Oxford), Doug Leasure
(Oxford), Ridhi Kashyap (Oxford)
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Background: How do ideas and culture spread?

» Diffusion theories such as World Polity Theory argue that cultural scripts
(shared models of appropriate behavior) circulate globally and shape social
culture (Meyer et al., 1997)
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Background: How do ideas and culture spread?

» Diffusion theories such as World Polity Theory argue that cultural scripts
(shared models of appropriate behavior) circulate globally and shape social
culture (Meyer et al., 1997)

» Developmental idealism: a cultural model linking low and planned
fertility, monogamy, and gender equality to modernity and
prosperity (Thornton, 2001)
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Background: How do ideas and culture spread?

» Diffusion theories such as World Polity Theory argue that cultural scripts
(shared models of appropriate behavior) circulate globally and shape social
culture (Meyer et al., 1997)

» Developmental idealism: a cultural model linking low and planned
fertility, monogamy, and gender equality to modernity and
prosperity (Thornton, 2001)

» Classic diffusion pathways are centralized and institutionally mediated:
P States, intergovernmental organizations, NGOs

» Mass media (radio, television) (Montgomery and Casterline, 1996;
La Ferrara, Chong and Duryea, 2012)

» Elites and colonialism
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Mobile internet as a qualitatively distinct pathway

» Billions of people have come online in the past decade, largely through
mobile internet
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Mobile internet as a qualitatively distinct pathway

» Billions of people have come online in the past decade, largely through
mobile internet

» We theorize that mobile internet differs from broadcast media on three
dimensions:

1. Decentralized: peer-mediated sharing turns users into diffusion nodes
2. Continuous: portable access embeds exposure in daily routines

3. Algorithmically curated: exposure is personalized and self-reinforcing
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Mobile internet as a qualitatively distinct pathway

» Billions of people have come online in the past decade, largely through
mobile internet

» We theorize that mobile internet differs from broadcast media on three
dimensions:

1. Decentralized: peer-mediated sharing turns users into diffusion nodes
2. Continuous: portable access embeds exposure in daily routines

3. Algorithmically curated: exposure is personalized and self-reinforcing

» Shifts exposure from uniform and episodic to individualized and
repeated
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The empirical case of fertility in Nigeria

» Mobile internet coverage grew from

roughly 20% to 65% of the % Populaton
population, 2010-2018 _
%40
» Leapfrogged fixed-line internet: a § o
mobile-first digital environment o
> PerSiStently high fertility, hlgh ° 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year

desired family size, large gender
gaps in fertility preferences, fertility
reflects cultural choices
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Theoretical Framework

Diffusion pathways

Exposure to global cultural
scripts on family and gender

Mobile Internet
Expansion

Structural pathways

Changes in economic and
developmental conditions

Introduction Mapping
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Increased knowledge

of and demand for
contraception

Changes in ideal
family size

Women's
empowerment over
health decisions

Delayed union
formation

Improved female
labor force
opportunities and
participation

Lower child mortality

Digital Diffusion
0000@0000000000000000000000
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Fertility + Mobile Coverage Data

» Generate longitudinal panel,
2010-2018:

> 2018 Nigeria DHS: 41,623
women aged 15-49, complete _
retrospective birth histories, oo
GPS-referenced clusters

......

% (4] 2 %
1| 5]

» Annual 2G and 3G+ mobile R
coverage maps from GSMA

(]| e
1]

H
[

» WorldPop 100m population grids
Figure: DHS Birth History
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Rollout in Nigeria

3G Coverage

. . S
s s R
- [ - . -
L - I
= = =
2010 2011 2012

2015 2016 2017

Figure: Source: GSMA Mobile Coverage Maps
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Constructing longitudinal panel

Annual coverage maps Calculating 3G coverage in Combine with Nigeria 2018 DHS to
(2010-2018) clusters create longitudinal panel
i P s [ ] : WomaniD  Year Birth 3G Coverage DHS Cluster ~DHS Covariates
oL A - ", 10473 2010 0 0.000 001 X
L \ J 10473 2011 © 0.000 001 X
10473 2012 1 0.000 001 X
::> 10473 2013 0 0.000 001 X
10473 2014 1 0716 001 X
10473 2015 0 0.771 001 X
10473 2016 0 0.780 001 X
10473 2017 0 0781 001 X
10473 2018 0 0916 001 X

Figure: Buffers of 2 km (urban) and 10 km (rural) around displaced DHS cluster
coordinates; share of buffer population covered by 2G and 3G+ each year
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Analytic Strategy (Two-Way Fixed Effects)

Bict = Po + B13Gei—1 + 522G i1+ e 4+ 0+ BX; F€icy

Lagged coverage intensity Cluster FE ~ Year FE  Controls

where
» DB,.: indicates whether woman ¢ in cluster ¢ had a live birth in year ¢

» 3G, is the share of the population in cluster ¢ covered by 3G+ in year
t — 1 (2G analogous)

» Sample: clusters with no 3G coverage in 2010 (75% of clusters) and
women who have not moved in the past 5 years (84%)
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|dentifying assumption: rollout is plausibly exogenous

Intro

>

| 2

duction

Rollout timing driven by technical and business factors, not by local fertility

Cluster FE absorb all time-invariant differences; year FE absorb common
shocks

No meaningful relationship between change in 3G coverage and change in
GDP at the cluster level, 2010-2018 (consistent with Fliickiger and Ludwig,
2023 for Africa)

No differential pre-trends

Robustness: time-varying cluster controls (GDP, nightlights, rainfall,
temperature), mother FE, Sun and Abraham estimator, full sample without
restrictions
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Effect of mobile internet expansion on probability of birth

0.
-
&
<
Q
f=2)
c
2
O 97
>
b=
)
©
o
9
& -104
K=
T
m

Baseline + Time-varying Controls + Time-varying Controls + Mother FEs

Full expansion (0% to 100% coverage) reduces annual births by 9-10% relative decline
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Effect heterogeneity

» Effects concentrated
among phone owners;

» No clear differences by
baseline development or
North vs. South

Introduction Mapping
00000 0000000000000 000000000

Education

‘Secondary or higher ————
Primary ———
No education —O—
Goography
Northern Nigeria | —_—
@010)
High — :
Medium —_—
Low [ ¢ S —— !

No Mobile Phone

Owns Mobile Phone

Polygamous {

Monogamous {

Digital Diffusion

Phone Ownership

Union Type.

—_——

—_——

20 K K 5 0
Effect of 3G Expansion on Birth Probability
(Relative Percent Change)
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Testing mechanisms

» Mechanism outcomes are observed cross-sectionally in the 2018 DHS
(except infant mortality)

» We examine associations between 3G+ expansion in a cluster (2010-2018)
and 2018 outcomes, with individual controls, and state and age FE

» Suggestive and descriptive, not causal

Introduction Mapping Digital Diffusion References
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Lower ideal family size; no change in union timing or
employment

Age at first sex Age at first cohabitation Ideal family size Employment probability

02

0.1
03 4

0.1

00f-------f------- 00f-----=---------

Age (years)
o
o
1
|
|
|
:

Py
L}
|
|
1
|
|
!

Age (years)
Children (count)
Percentage points
o

-0.1
-0.3 -4
-0.2

Full 3G+ expansion associated with an ideal family size 0.33 children lower. No association
with age at first sex, age at first cohabitation, or employment.
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Higher modern contraception uptake, not traditional or folkloric
methods

Contraception Use

D
L

N

o
L

15-24 25.34 35+
Age Group

Percentage Point Change
N

Method O Modern ﬁtrl Folkloric O Traditional
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Greater autonomy over health care and own earnings

Percentage Point Change

¢ 4) '

Large househbld purchases Own heélth care Spend husbénd earnings Spend owh earnings Visits n': family

Decisions made: (O Husband Alone () Joint with partner () Women alone

Women deciding alone about own health care and own earnings; no change in joint
decision-making.
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No evidence of reduced infant mortality

No Controls - —O—

Controls -

Q

Controls + Mother FE -

)
7

-1 0 1
Infant Mortality Probability
(Percentage Point Change)

Same TWFE specification as main model, with infant death as the outcome.
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Mechanisms: summary

Cultural diffusion

» Ideal family size |

» Modern contraception

» Women's autonomy T

Introduction
00000

Mapping
0000000000000 000000000

Structural change
» Labor force participation @

> Age at first sex / cohabitation

» Infant mortality @

Digital Diffusion References
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Mechanisms: summary

Cultural diffusion Structural change
» Ideal family size | » Labor force participation &
» Modern contraception > Age at first sex / cohabitation &
» Women's autonomy 1 » Infant mortality @

Preference change without structural change, concentrated among phone owners:
consistent with diffusion of cultural scripts rather than economic development.
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What content was circulating online?
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What content was circulating online?

» Nairaland: Nigeria's largest online '
forum. A top-five website in s
Nigeria during the study period £
%
» Census of the Family board 8
(103,277 threads), screened for 0
family size, childbearing, family ey
planning £
s
» 2010-2018: 603 threads, 16,282 H
posts, 4.2 million views E
Introduction Mapping Digital Diffusion References Reserve
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Classifying 16,282 Posts:

Hybrid Human /LLM Approach

l Census of the Nairaland Family board

103,277 threads

keyword rules
on thread titles

Fertility-Related Threads

Family size, childbearing, fam-

ily planning, costs of parenting
1,167 threads; full text of
all 43,809 posts collected

post-level
timestamps

Study window 2010-2018
603 threads; 16,282 posts

[

|

|

Stated family-size ideals
832 posts state an ideal

Endorsement analysis
3,559 posts endorse or reject

|

a fertility-related script

Classify Rationales
230 posts provide
explicit rationale

Introduction Mapping
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Online ideals are far lower than survey ideals

>

301
& 201
-
[=
[}]
o
G 10
o
| o [
0 1 2 3 4 5 6 7 8+
Ideal number of children
[] pHs 2018 (mean = 6.1) [l Nairaland (mean = 3.4)
832 Nairaland posts stated an ideal family size; modal ideal is two children.
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Rationales differ for low and high ideals
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Example post: evoking Western elites

“I checked thru d list of the richest men in africa #forbes,
and the person w highest no of children on the list is 3. Just
someone had 4. Obama has 2, clinton has 1.”

Nairaland Family board poster, rationale for a low ideal family size
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Fertility scripts in Nairaland family-life threads, 2010-2018

Endorsing  Opposing Ratio
Script Posts % Posts % endorse/oppose
Planned fertility 933 5.7 38 02 24.6
Modern contraception / medical authority 400 25 51 0.3 7.8
Female reproductive autonomy 203 1.2 87 0.5 2.3
Any script 1,276 7.8 165 1.0 7.7

> Posts counted only where both LLM codings agree (k = 0.77, 0.84, 0.57 for the three
endorsing scripts)

» Strong consensus for deliberate fertility control; female reproductive autonomy more
contested
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Key Findings
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Introduction

Mobile internet is a qualitatively distinct diffusion pathway: decentralized,
continuous, algorithmically curated

Full exposure to 3G+ rollout (0-100%) across Nigeria reduced fertility by
roughly 9%, isolating mobile internet from basic 2G phones

Mechanisms point to cultural diffusion: lower ideal family size, more
modern contraception, greater autonomy

Scripts circulating online align with developmental idealism, evoking
modern/elite norms
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Digital Technology, Inequality, and Cultural Change

> Digital inequality (Study 1): Access to mobile internet varies
dramatically across and within countries
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Digital Technology, Inequality, and Cultural Change

> Digital inequality (Study 1): Access to mobile internet varies
dramatically across and within countries

» Digital diffusion (Study 2): Mobile internet diffuses culture scripts that
affects major life outcomes like fertility
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Digital Technology, Inequality, and Cultural Change

> Digital inequality (Study 1): Access to mobile internet varies
dramatically across and within countries

» Digital diffusion (Study 2): Mobile internet diffuses culture scripts that
affects major life outcomes like fertility

» Broader implication: Inequalities in digital access may shape who
participates in global cultural change
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Thank You

Funders:

» Bill and Melinda Gates
Foundation (INV-045370)

> NICHD (P2CHD042849), NIA
(P30AG066614)

Contact:
¥ caseyfbreen

& casey.breen@austin.utexas.edu
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Trends validation

A
g
g 02
58
s
[
s 00
T
22
=2
8 02
<)
2016 2018 2020 2022
Year
Internet (Men) - Internet (Women) - Mobile (Ratio)
< Internet (Ratio) ~~ Mobile (Men) < Mobile (Women)
B os
204
w
£os
2
2
<
c
o
3 .
=

2016 2018 2020 2022
Year
< Internet (Men) - Internet (Women) <> Mobile (Ratio)
< Internet (Ratio) ~ Mobile (Men) <> Mobile (Women)

Introduction Mappin

g Digital Diffusion
00000 0000000000000 000000000

References Reserve
000000000000000000000000000

@0000



58/61

Robust to removing sample restrictions
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Main TWFE specification re-fit on the full sample, including clusters with 3G coverage in 2010
and women who moved in the past five years.
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Event study: no differential pre-trends
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Sun and Abraham (2021) estimator; treatment defined as first year 3G+ reaches a cluster.
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Google search interest in contraception and family size, Nigeria
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Reliability of the LLM Coding
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Independent codings Combined Agreement

Script GPT Solis  Claude Fable 5.1 = Both  Either = % agree K
Endorsing

Planned fertility 1,176 1,200 933 1,443 96.9 0.77
Modern contraception / medical authority 461 490 400 551 99.1 0.84
Female reproductive autonomy 214 483 203 494 98.2 0.57
Opposing

Female reproductive autonomy 109 129 87 151 99.6 0.73
Modern contraception / medical authority 54 87 51 90 99.8 0.72
Planned fertility 58 51 38 71 99.8 0.70

All six categories are rare, so percent agreement is high throughout and « is the informative
statistic. The consensus rule discards more flagged posts where agreement is weaker, so those
counts are lower bounds.
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