NBER WORKING PAPER SERIES

IS THE IPHONE BIRTH CONTROL? CAUSAL EVIDENCE FROM AT&T’S 2007-2011
CARRIER MONOPOLY

Caitlin K. Myers
Ezekiel Hooper

Working Paper 35310
http://www.nber.org/papers/w35310

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
June 2026

This research project began when Ezekiel Hooper was an undergraduate at Middlebury College; he
currently is employed by Accenture. We thank Daniel Dench and Phillip Levine for helpful
comments. Claude Code (Anthropic) was used to assist with coding; the authors reviewed and are
responsible for all code, analysis, and results. The views expressed herein are those of the authors
and do not necessarily reflect the views of the National Bureau of Economic Research.

NBER working papers are circulated for discussion and comment purposes. They have not been
peer-reviewed or been subject to the review by the NBER Board of Directors that accompanies
official NBER publications.

© 2026 by Caitlin K. Myers and Ezekiel Hooper. All rights reserved. Short sections of text, not to
exceed two paragraphs, may be quoted without explicit permission provided that full credit,
including © notice, is given to the source.



Is the iPhone Birth Control? Causal Evidence from AT&T’s 2007-2011 Carrier Monopoly
Caitlin K. Myers and Ezekiel Hooper

NBER Working Paper No. 35310

June 2026

JEL No. J13, J18, 033

ABSTRACT

The U.S. general fertility rate has fallen by 22% since 2007, a sustained decline not readily
explained by economic conditions, contraceptive use, housing or childcare costs, or other
commonly cited factors. We assess the potential role of a different shock: the diffusion of the
smartphone. The U.S. rollout of the iPhone, the first modern smartphone, provides a natural
experiment: from June 2007 through February 2011, the device was sold only on AT&T, allowing
us to identify its effect from variation in AT&T’s mobile broadband coverage. Entropy-balanced
Poisson and synthetic difference-in-differences event studies imply that access to the iPhone
reduced births by 4.5-8.0% at ages 15-19 and 3.2-6.6%at ages 20-24, with statistically significant
but smaller declines among older cohorts. Placebo analyses applied to Verizon and Sprint’s
pre-2011 coverage footprint are null. Taken together, these cohort effects imply that the diffusion
of the iPhone deepened the decline in births among women under 30 while suppressing the rise in
births among older women. Overall, the diffusion of the iPhone explains 33-52% of the decline in
the general fertility rate among women aged 15-44. National-survey evidence on time use and
sexual behavior is consistent with the iPhone reducing in-person interactions, increasing
pornography use, and reducing sexual frequency.

Caitlin K. Myers
Middlebury College
Department of Economics
and NBER
cmyers@middlebury.edu

Ezekiel Hooper
Middlebury College
zekevt@gmail.com



1 Introduction

US births are plummeting. The general fertility rate (GFR) — annual live births
per 1,000 women aged 1544 — remained roughly constant at 65 to 70 from 1980
through 2007, then began a sharp decline that has continued for nearly two decades
(Kearney et al., 2022). By 2024 the GFR had fallen to 54, a 22% decline over
17 years (Figure 1, Panel A). For a while, the conventional wisdom was that this
simply reflected the effects of the Great Recession. US births are well-known to be
procyclical (Kearney and Levine, 2015; Dettling and Kearney, 2023), the timing of
the break aligned squarely with the onset of the recession, and contemporaneous
observers expected fertility to rebound with the recovery (Sobotka et al., 2011;
Cherlin et al., 2013; Congressional Budget Office, 2014). Nearly two decades on, that
rebound has not come: the decline continued through the long economic expansion
of 2010-2019, through the COVID dip and its aftermath, with declines visible across
the same subgroups (Kearney and Levine, 2021; Kearney et al., 2022). A growing
literature in economics, demography, and public health has tried — and so far largely
failed — to identify a period-specific cause (Kearney and Levine, 2022; Kearney
et al., 2022; Stone, 2018; Adashi et al., 2026).

Any candidate explanation must satisfy three demanding properties at once.
It must be big: any factor that explains the break must account for a roughly
20% drop in the GFR over 15 years. It must be dated: any factor that explains
the break must itself have shifted meaningfully around 2007 (Kearney and Levine,
2022). And it must be broadly distributed: Kearney et al. (2022) decompose the
post-2007 fall and find that essentially every demographic subgroup contributes,
by education, race/ethnicity, marital status, and parity, ruling out narrow group-
specific stories. Within this broad pattern, the decline is sharpest in unintended

births and at younger ages (Buckles et al., 2025). Between 2007 and 2024, U.S. birth



rates fell by 70% at ages 15-19 and 47% at ages 20-24, but only 7% at ages 30-34,
while rates at 35-39 actually rose by 14% (Figure 1, Panel B). Kearney and Levine
(2025) conclude that the decline reflects a cohort-level shift in priorities and name
email, the iPhone, and social media as candidate “exogenous shocks that changed
major facets of work and socializing across cohorts,” along with rising inequality and
deindustrialization—but treat the empirical magnitude of each as an open question.

We focus on the role of the iPhone, which was launched in June 2007, dif-
fused rapidly across every demographic group, and is consequential for how young
adults spend their time. A descriptive literature in developmental psychology—
most prominently Twenge (2017); Twenge and Park (2019); Twenge et al. (2019)
and Haidt (2024)—documents that the cohorts whose adolescence overlapped with
smartphone diffusion spend sharply less time on face-to-face socializing, dating,
paid work, drinking, and driving, and that they report fewer sexual partners and
rising sexual inactivity in young adulthood. Causal evidence supports the in-person-
displacement channel: Allcott et al. (2020) document via RCT that four-week Face-
book deactivation increases offline socializing with family and friends, and Braghieri
et al. (2022) identify negative effects of Facebook access on student mental health
from its staggered U.S. college rollout. This evidence extends to adults: Twenge
et al. (2017) and Ueda et al. (2020) document declines in sexual frequency and ris-
ing sexual inactivity across the full 18-44 age range, not only among teens. Twenge
(2023) predicts on the basis of these behavioral shifts that smartphone-shaped co-
horts will produce fewer children than any previous generation in North American
history.

While these correlations provide compelling support for an iPhone story, rig-
orous causal identification has been slow to arrive. Hudson and Moscoso Boedo

(2026) document a synchronous global break in teen fertility around 2007 across



128 countries and attribute it to smartphone-driven displacement of in-person peer
interaction. Their U.S. design treats the 2007 iPhone launch as a salient marker
for the broader digital-era bundle rather than as the operative cause; we exploit its
2007-2011 AT&T-only U.S. launch to isolate the iPhone-specific channel and trace
its incidence across age, race, parity, marital status, and education.

To empirically test the role of the iPhone, we leverage a different natural ex-
periment arising from AT&T’s carrier monopoly. From its launch in June 2007
through February 2011, the iPhone was available in the United States only to sub-
scribers of AT&T, so that a county’s exposure to the iPhone during these years
was governed by the reach of AT&T’s mobile (cellular) broadband network—the
infrastructure that carried smartphone data, as distinct from fixed wireline resi-
dential broadband. We compare counties with near-universal AT&T coverage to
counties with little or none over 2003-2011, estimating age-specific birth-rate ef-
fects with two complementary designs: an entropy-balanced Poisson event study
(Hainmueller, 2012) that reweights controls to match the treated covariate profile,
and a synthetic difference-in-differences estimator (Arkhangelsky et al., 2021) that
reweights controls and pre-treatment years to match the treated pre-iPhone outcome
trajectory.

Both estimators imply large, statistically significant declines in births to young
women. The post-gestation ATT ranges from —4.5 to —8.0% at ages 15-19 and
—3.2 to —6.6% at ages 20-24 (the entropy-balanced Poisson at the lower-magnitude
end, SDID at the higher), with smaller effects at older ages. Scaled to the U.S.
county universe, these estimates imply the iPhone accounts for between 33 and 52%
of the 2007-2011 decline in the general fertility rate. The pattern is similar across
race, parity, marital status, and education, with the exception of Black women, for

whom we estimate no effect. We additionally offer multiple placebo tests, including



placebo-in-time estimates that artificially assign the introduction of the iPhone to
earliers years as well as tests using coverage by Sprint or Verizon—carriers that did
not offer the iPhone until 2011—over the same window as that should register no
effect.

Our findings supply the empirical magnitude Kearney and Levine (2025) declared
an open question: the iPhone, and the smartphone era it inaugurated, materially

accelerated the post-2007 U.S. fertility decline.

2 The AT&T 2007-2011 iPhone carrier monopoly

On January 9, 2007, Steve Jobs announced the iPhone at the Macworld convention
in San Francisco (Apple Inc., 2007b). On the same day Apple named Cingular
Wireless—then the largest U.S. wireless carrier, with roughly 58 million subscribers,
in the process of being rebranded as AT&T following its parent’s 2006 acquisition
of BellSouth—as Apple’s exclusive U.S. carrier partner for the device (Apple Inc.,
2007a). Court filings later established that the underlying agreement granted AT&T
five years of exclusivity over iPhone distribution in the United States (Patel, 2010).

The iPhone went on sale at 6:00 p.m. local time on Friday, June 29, 2007,
through Apple’s 164 U.S. retail stores and AT&T retail locations, priced at $499
for the 4 GB model and paired with AT&T service plans starting at $59.99 per
month on a mandatory two-year contract (Apple Inc., 2007¢,d). Demand at launch
was substantial, with multi-day queues at flagship stores widely reported in the
contemporary press (CNN Money, 2007). For the four years that followed, the
only legitimate means of using an iPhone in the United States was through an

AT&T wireless contract.! The exclusivity was preserved through the iPhone 3G

While it was technologically possible to “jailbreak” an iPhone so that it could be used on
another network, the iPhone’s radio was GSM-only, which made it compatible only with AT&T
or T-Mobile networks. Contemporaneous estimates placed total jailbreak prevalence at 9% of U.S.



(2008), iPhone 3GS (2009), and iPhone 4 (2010), so that U.S. iPhone ownership
was effectively coextensive with AT&T subscription throughout the window.

The smartphone landscape evolved during the AT&T-exclusive iPhone window.
The first commercially available Android phone, the T-Mobile HTC Dream (mar-
keted as the G1), launched on October 22, 2008 (T-Mobile USA, 2008). T-Mobile’s
network, however, largely overlapped AT&T’s: in our sample, T-Mobile coverage av-
erages 83.2% of the population in treated counties but only 3.7% in control counties
(Table 1). The G1 launch therefore did not appreciably expand smartphone access
in counties outside the AT&T footprint. Substantial Android exposure in our con-
trol counties arrived with two later launches on broader-coverage carriers: the Sprint
HTC Hero on October 11, 2009 (Sprint Nextel Corporation, 2009) and the Verizon
Motorola Droid on November 6, 2009 (Verizon Wireless, 2009), the latter backed
by a roughly $100 million “Droid Does” marketing campaign that contrasted An-
droid’s capabilities against the iPhone. AT&T was the last of the four major U.S.
carriers to add an Android handset, doing so in March 2010 with the Motorola
Backflip (AT&T Inc., 2010b). The AT&T-versus-non-AT&T contrast in our sam-
ple is therefore partially contaminated by the rival-carrier Android channel from
late 2009 onward. We address this concern through robustness checks described in
Section 5: restricting the sample to counties with limited T-Mobile coverage (elimi-
nating any Gl-channel leakage) and truncating the analysis to a 2003-2009 window
that pre-dates the Sprint and Verizon Android launches by gestation timing.

Apple’s exclusive arrangement with AT&T ended on February 10, 2011, when

Apple released a Verizon-compatible variant of the iPhone 4 (Apple Inc., 2011).

iPhone and iPod Touch users by August 2009 (Chen, 2009), and only a fraction of those devices were
carrier-unlocked rather than jailbroken for other purposes. Verizon and Sprint ran the incompatible
CDMA standard and could not host any iPhone until the CDMA-compatible iPhone 4 in February
2011. As we discuss in the next paragraph, T-Mobile’s network largely overlapped with AT&T’s,
leaving a jailbroken iPhone in a control county with no rival network to escape to. We treat this
leakage as quantitatively negligible.



The release predated the nominal expiration of the original five-year contract by
approximately a year; the contractual terms permitting the early termination were
never publicly disclosed. The proximate engineering constraint on the timing was
the absence of CDMA-compatible iPhone hardware: Verizon operated a CDMA2000
network, while the iPhone had been GSM-only, and the Verizon iPhone 4 launched
in February 2011 was the first iPhone built with a dual-mode Qualcomm MDM6600
baseband (The CPU Shack Museum, 2011). The end of exclusivity also followed
a period of regulatory and political scrutiny of handset-exclusivity practices, in-
cluding a 2009 Federal Communications Commission inquiry into mobile wireless
competition (Federal Communications Commission, 2009), hearings in the Senate
(U.S. Senate Subcommittee on Antitrust, Competition Policy and Consumer Rights,
2009; U.S. Senate Committee on Commerce, Science, and Transportation, 2009), and
multiple antitrust class-action suits (Applelnsider, 2010).

The implication for our identification strategy is that from June 29, 2007 through
February 10, 2011, the functional use of an iPhone in the United States required
both an AT&T wireless contract and access to AT&T’s mobile broadband network.
Although the original 2007 iPhone ran on AT&T’s slower 2G EDGE network, the
iPhone 3G (2008) and every subsequent model required AT&T’s 3G network, and the
iPhone’s defining smartphone functions—web browsing, email, the App Store and
its apps, and mobile maps—were either unavailable or practically unusable without
a fast data connection. A consumer’s likelihood of owning a functional iPhone
therefore depended on whether AT&T’s 3G network reached her county. This is the
mobile (cellular) infrastructure on which smartphones operate—and on which the
mobile peer-time displacement that drives the literature’s behavioral mechanism
takes place—distinct from the fixed wireline residential broadband (cable, DSL,

fiber) that carries home Wi-Fi to laptops and televisions. We exploit this feature of



the rollout in the empirical design developed in Section 5.

3 Data

We assemble data on mobile broadband coverage by carrier (NTIA, 2010), births
by five-year age groupings (NCHS, 2025), and populations by age, sex, and race
(SEER, 2026) to construct a county-by-year panel dataset capturing iPhone avail-
ability and birth rates. Additional controls and complementary national survey data

on proximate fertility behaviors and time use are described below.

3.1 Mobile Broadband by Carrier

In 2009, the National Telecommunications and Information Administration (NTIA)
launched the State Broadband Initiative (SBI) to expand broadband access. As
part of this effort, the NTIA issued grants to each of the 50 states, the District
of Columbia, and U.S. territories to support the semiannual collection of data on
the availability, speed, and location of broadband services, classified as either fixed
or wireless. Wireless broadband is high-speed internet access delivered over radio
signals as opposed to a wired last mile. It includes mobile (cellular) broadband
provided over cellular networks and, in some contexts, fixed wireless service delivered
to a fixed location via radio links.

Under SBI, wireless broadband carriers voluntarily provided states with infor-
mation on the geographic coverage of their services. With support from the NTIA,
states validated these submissions through field tests including mobile speed tests
(Rachfal, 2021). The NTIA supported grantees’ data collection and validation ef-
forts, and in 2011 launched the National Broadband Map and began publishing
wireless broadband coverage data at the census block level. The underlying wireless

data are produced by overlaying validated carrier coverage shapes on census blocks



and computing the percentage of each block’s area covered by each provider. The
National Broadband Map was subsequently updated semiannually through June 30,
2014, at which point the American Recovery and Reinvestment Act (ARRA) grant
money supporting the project expired.’

For our research design, we focus on wireless broadband coverage and reported
maximum speeds as of December 31, 2010 for the four national cellular carriers
operating at that time: AT&T, Sprint, T-Mobile, and Verizon.? During this pe-
riod, the SBI did not attempt to distinguish fixed wireless versus mobile broadband.
However, AT&T, T-Mobile, and Verizon did not offer consumer fixed wireless broad-
band services as part of their nationwide broadband portfolios, implying that their
reported wireless coverage reflected mobile (cellular) broadband service. Sprint was
the only national carrier with a fixed wireless broadband deployment during this
period, operating a WiMAX network in partnership with Clearwire; however, this
deployment was geographically limited (Kruger and Gilroy, 2009). As a result, wire-
less broadband coverage reported by national carriers in the SBI data provides a
close approximation to mobile (cellular) broadband availability during the study pe-

riod. We therefore use the term “mobile broadband” to refer to wireless broadband

2The Federal Communications Commission (FCC) subsequently assumed responsibility for the
National Broadband Map, and continues to collect and issue information on fixed and mobile
broadband coverage through its Form 477 program. Like the SBI program, the Form 477 program
also relies on carriers’ self-reports of coverage. Unlike the SBI program, Form 477 data have
historically lacked systematic independent validation. A substantial literature documents that
Form 477 therefore overstates broadband availability, particularly in rural areas (see, e.g., Ford,
2021; Nasr, 2018). Our research design seeks to mitigate concerns about measurement error by
relying on coverage data at a single point in time collected and validated under the SBI.

3Between June 2007 and June 2010, AT&T Mobility expanded its consolidated footprint via the
acquisitions of Dobson Communications Corporation (2007), Easterbrooke Cellular Corporation,
Windstream Wireless, and Edge Wireless (2008), Centennial Communications Corp. (2009), and
certain wireless network properties divested by Verizon Wireless following its acquisition of Alltel
(2010) (AT&T Inc., 2010a, 2011). The December 2010 SBI snapshot reflects this fully consolidated
footprint. A county whose AT&T coverage arrived only via one of these acquisitions therefore
had iPhone availability for less than the full AT&T-exclusivity window, biasing our post-gestation
ATT estimates toward zero. The appendix includes a robustness check using a narrower 2003—-2009
outcome window, which removes the 2010-2011 birth years over which this attenuation operates.



reported by the four national carriers.

We rely on the second release of data published by the SBI (NTIA, 2010), which
provide a validated snapshot of mobile broadband coverage on national networks
as of December 31, 2010. This snapshot falls between 2007—when the iPhone was
launched through an exclusive carrier agreement with AT&T—and 2011—when Ap-
ple began offering the iPhone on Sprint and Verizon. To aggregate mobile broadband
coverage from the census block level at which it is reported by the SBI to the county
level at which births, our primary outcome, are observed, we first code a block as
covered by a given carrier if the SBI reports any wireless broadband shape for that
carrier at the block at speeds exceeding 200 Kbps—the FCC’s standard definition of
broadband at the time the iPhone was released, and in practice the lowest reporting
threshold in the SBI wireless file, so the cut amounts to a “did the carrier report any
service” indicator.® Block-level coverage is then averaged unweighted to the block
group, and block-group shares are averaged to the county weighted by 2000 Census
block-group population. Figure 2 maps county-level variation in AT&T coverage
in late 2010, illustrating that there is substantial variation, particularly across ru-
ral areas. For instance, while all of South Dakota was covered by AT&T, none of
Montana was.

Much of our analysis rests on classifying counties as “control,” defined as <10%
of the population residing in block groups with AT&T coverage and “treated,” de-
fined as >90% of the population residing in block groups with AT&T coverage.
We adopt this wide separation so that the treated and control populations have

qualitatively different iPhone exposure. Intermediate counties with 10-90% cover-

4Every reported row in the SBI wireless data corresponds to an advertised maximum download
speed of at least 200 Kbps—SBI’s lowest MaxAdDown code—so a binary “any coverage” indicator
captures whether the carrier reports broadband service in the block. The 200 Kbps cut also captures
AT&T’s mobile network as deployed at the snapshot date: AT&T reports no coverage shapes at
>3 Mbps anywhere in the country in the December 2010 SBI snapshot, reflecting that the carrier’s
4G LTE rollout did not begin until late 2011.



age are excluded from analyses that rely on binary classifications.” Following this
assignment, 1,399 counties are classified as control and 914 as treated, while 794
counties are excluded. Table 1 presents summary statistics by county assignment
(control, treated, or excluded) during the baseline period prior to the introduc-
tion of the iPhone. Treated counties are systematically more urban than controls:
the average control county has 28.2% of its population in urban areas, compared
to 66.4% in the average treated county. We address this imbalance through the
SDID estimator’s pre-treatment reweighting of controls and through a complemen-

tary entropy-balanced Poisson specification, both described in Section 5.

3.2 Births

We measure age-specific births at the county level using restricted-use natality mi-
crodata from the National Center for Health Statistics (NCHS), in which each record
is a single birth carrying the mother’s age, race and ethnicity, marital status, educa-
tional attainment, parity, and county of residence at the time of birth (NCHS, 2025);
births are assigned to the mother’s county of residence, not county of occurrence. We
aggregate to counts of births by county, year, and five-year age band of the mother
for women aged 15-44 and divide by mid-year population estimates of women in
the same county-by-age-by-race cells produced by the Surveillance, Epidemiology,
and End Results Program (SEER, 2026) to construct age-specific birth rates per
1,000 women. Because gestation runs roughly nine months, the first birth cohort
whose conceptions could be exposed to the iPhone is 2008; we therefore treat 2007
as a pre-treatment year and 2008 as the first treated cohort throughout the analysis.
Our log-rate panels are constructed as balanced 2003-2011 panels by county and

five-year age band; counties with a zero-birth cell in any year fall out of the age-

5 Appendix A illustrates that the results are not sensitive to alternative thresholds of 5 /95% or
20/80%, or to estimating models relying on a continuous measure of coverage.
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specific log-rate panel because the log is undefined at zero, but enter the level-rate
and Poisson specifications, which accommodate zero counts. Heterogeneity analy-
ses below disaggregate these rates further by the mother’s race, ethnicity, marital
status, parity, and educational attainment. Education-stratified rows are estimated
on the 2003-2010 window only, because NCHS dropped the unrevised-certificate
maternal-education item starting in 2011, leaving education unreported for births

in states still using the 1989 birth certificate format (see the note to Figure 5).

3.3 Controls

Table 1 summarizes additional county-level control variables. These include the
racial and age composition of women aged 15-44 from SEER (2026); the share of
the county’s population residing in decennial-Census urban areas, harmonized across
years by IPUMS NHGIS (Schroeder et al., 2025); a four-region Census division indi-
cator; the county-level 2008 Republican presidential vote share (MIT Election Data
and Science Lab, 2018); annual unemployment from the Bureau of Labor Statis-
tics (BLS, 2025); poverty rates and median household income from the Census
Bureau’s Small Area Income and Poverty Estimates program (SAIPE, 2024); the
year-over-year change in the Federal Housing Finance Agency’s county-level Home
Price Index (all-transactions; FHFA, 2026); and state exposure to parental involve-
ment laws (Myers and Ladd, 2020) and two-trip mandatory waiting periods for

abortion (Myers, 2021).

3.4 National survey data for descriptive mechanisms

The remaining mechanism outcomes are drawn from national publicly-available data
sources that lack the geographic identifiers needed to link to county AT&T coverage;

we use them only to construct descriptive national trends and not as inputs to the
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causal design.

Time with non-household members. We use the American Time Use Survey
(ATUS) for survey years 2003-2024 (BLS, 2025) to construct national descriptive
measures of time spent with friends present and time spent alone for respondents
aged 15—44. The ATUS asks each respondent to recount the prior day’s activities
in chronological episodes and, for each episode records who, if anyone, was physi-
cally with the respondent.® Our two reported measures are minutes per day with
friends present (excluding episodes during work or class) and minutes per day alone
(episodes in which the respondent reports no other person physically present). The
2020 ATUS year is omitted from descriptive trends by age group because the Bureau
of Labor Statistics does not produce the standard ATUS final weight for that survey

year due to field-work disruption during the Covid pandemic.”®

Sexual behavior. We use the National Survey of Family Growth (NSFG), a
nationally representative cross-sectional survey conducted by the CDC’s National
Center for Health Statistics, for survey cycles 2002 through 2017-2019 (NCHS,
2024). We pool the public-use female respondent files across cycles, restrict to
women aged 1544, and apply each cycle’s final survey weight. Our three reported
measures are the share of women who had sexual intercourse in the past month, the
share who used any contraception at last sex, and an integrated indicator equal to

one for women who had recent sex without contraception.

5The ATUS does not ask this question when the activity is sleep, personal care, or intimate
activities.

"The measure of time with friends uses tuwho_code 54 (“Friends”) and the measure of time alone
uses tuwho_code 18 or 19 (both labeled “Alone”).

8The ATUS reports CBSA identifiers as well as county identifiers for counties with populations
greater than 100,000. In the appendix we explore the feasibility of using these limited geographic
identifiers to estimate Poisson event studies of outcomes, but conclude that the limited sample size,
combined with measurement error introduced by collapsing many counties into larger spatial units,
renders the approach of limited usefulness.

12



Psychological distress. We use the National Health Interview Survey (NHIS)
for survey years 2002-2024, accessed via IPUMS Health Surveys (Blewett et al.,
2024), to construct the share of adults aged 18-44 with a Kessler-6 (K6) score of at
least 13, the standard threshold for serious psychological distress. We reconstruct

K6 from the underlying NHIS items.

Pornography search interest. We use the Google Trends monthly U.S. search-
interest index for the literal query “porn,” January 2004 through December 2024
(Google, 2026). The index measures the relative popularity of the query against

total U.S. search volume, normalized so the peak month equals 100.

X-rated movie viewing. We use the General Social Survey 1972-2024 Cumula-
tive Data File, Release 3 (NORC at the University of Chicago, 2026), to construct
the share of GSS respondents aged 18-44 who reported viewing an X-rated movie

in the past 12 months.

4 Descriptive evidence

Figure 2 shows substantial spatial variation in AT&T mobile broadband coverage as
of December 31, 2010, spanning the roughly five-year period from June 2007 through
February 2011 during which the iPhone was exclusively available on AT&T cellular
plans. Coverage varies widely both across and within states. The accompanying
bar charts summarize changes in birth rates by age group across three categories
of counties: those with little or no AT&T coverage (less than 10% of the popula-
tion covered), those with partial coverage (10-90%), and those with near-universal
coverage (more than 90%).

Simple comparisons of mean changes in birth rates across these coverage cate-

13



gories reveal large and systematic differences during the AT&T exclusivity period.
Teen births declined by 13.8% in counties without AT&T coverage, compared to
declines of 18.9% in counties with partial coverage and 26.0% in counties with near-
universal coverage. Similar patterns appear at older ages. Births to women in their
twenties fell by 10.0% in counties without coverage but by 14.6% in counties with
extensive coverage. Among women in their thirties, births rose by 3.8% in counties
without AT&T coverage but fell by 1.2% in counties with extensive coverage.’
Taken at face value, these comparisons imply a simple difference-in-differences
point estimate of —12.2 percentage points among teens, —4.6 for women in their
twenties, and —5.1 for women in their thirties relative to women in counties without
AT&T coverage. But a causal interpretation of this comparison would rest on a
parallel-trends assumption: that high- and low-coverage counties would have evolved
similarly between 2007 and 2011 in the absence of the iPhone. Given that treated
counties are systematically more urban than control counties (Table 1), any other
forces causing urban fertility to decline relatively more than rural fertility over this
period could generate the same pattern. The empirical strategies that follow address

this concern.

5 Empirical strategy

We adopt two identification strategies. The first is an entropy-balanced Poisson
event study that reweights control counties to match treated counties on observ-
able demographics, then estimates the year-by-year effect of the AT&T treatment
on age-specific births using a Poisson specification with two-way fixed effects. The

second is a synthetic difference-in-differences (SDID) estimator that reweights both

9For each age group, the difference in the change in birth rates between counties without and
with extensive AT&T coverage is statistically significant at the 1% level.
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control counties and pre-treatment years to align the reweighted-control outcome
trajectory with the treated trajectory before the iPhone’s 2007 introduction. The
two designs address the urbanicity-driven parallel-trends concern raised in Sec-
tion 4 through different mechanisms: entropy balancing matches the treated and
reweighted-control means on observable covariates—neutralizing differential trends
to the extent that level imbalance on these characteristics drives them—while SDID
aligns the reweighted-control outcome trajectory with the treated trajectory in the
pre-period. Both estimates likely understate the iPhone’s effect, since control-county
residents could partially access iPhone-mediated content through Wi-Fi or rival-

carrier handsets. We describe each in turn below.

5.1 Entropy-balanced Poisson event study

Table 1 documents that treated counties (those with >90% AT&T 3G coverage)
are substantially more urban, White, Republican-leaning, and affluent than control
counties. To address this imbalance, we apply the entropy-balancing reweighting of
Hainmueller (2012), which solves for the entropy-minimizing set of control-county
weights that equalize the treated and reweighted-control means of a specified set
of covariates. We prefer entropy balancing to propensity-score matching following
King and Nielsen (2019), who show that the latter can increase rather than reduce
model dependence.

We first divide counties into six strata defined by the interaction of a binary
urban indicator (above versus below 33% urban population) and three Census region
groupings (Northeast and Midwest, South, and West). Within each stratum, we
then balance on four county-level characteristics—the Black population share, the

Hispanic population share, the urban-population share, and the 2008 Republican
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presidential vote share as a measure of county political orientation.'” After balancing
within strata, we apply a stratum reweight that equalizes each stratum’s share of the
balanced-control sample with its share of the treated sample, producing a balanced
control pool whose marginal means of the four covariates match the treated marginal
means by construction. This two-step procedure is a provides a post-stratification
adjustment in the spirit of Deming and Stephan (1940) designed to isolate the
sources of identifying variation within urban and region strata. The right-hand
columns of Table 1 reports summary statistics for this entropy-balanced control
group: the urban-population share rises from 28.2% in the unbalanced controls to
match the 66.4% treated mean, and the imbalances in the Black share, Hispanic
share, and Republican vote share are likewise eliminated. Balance comes at a cost:
equalizing the marginal means requires putting high weight on a small number of
treated-like controls. The Kish (1965) effective sample size of the balanced control
pool is 77 out of 1,399 raw controls (Table 1), a constraint we return to in Section 6.

We balance on compositional features of counties rather than on median house-
hold income or housing prices, both of which are themselves time-varying outcomes
over the 2007-2011 window—a period that overlaps with the Great Recession and
the housing crash. Time-varying economic confounders enter our specifications
through the regression control vector X.; described below—annual unemployment,
the poverty rate, median household income, and the year-over-year change in the
Federal Housing Finance Agency’s county Home Price Index—rather than through
the balancing weights, and our final specification additionally absorbs state-level
economic shocks through state-by-year fixed effects.

On the balanced sample, we estimate, separately for each five-year age band, the

0The three demographic shares are measured in 2006. We pool the Northeast and Midwest
into a single region grouping to ensure sufficient cell counts, as each individually has relatively few
counties at the >90%/<10% AT&T cutoff.
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Poisson event study

E[Ba | ] = eXP(% +7+ Z Br D 1{t =7} + Xy 5) - Popg, (1)
T#2007

where B is births to women in the relevant age band in county c and year ¢;
D, € {0,1} is the binary AT&T treatment indicator; Pop,, is the corresponding fe-
male population, included as an exposure offset; a. and ; are county and year fixed
effects; and X, is a vector of time-varying controls. The event-time coefficients (.
are normalized to zero in 2007, the last pre-iPhone birth year given gestation tim-
ing. We estimate the post-gestation ATT as the mean of the 2008-2011 event-time
coefficients with a delta-method standard error derived from the county-clustered
variance—covariance matrix of ﬁ A

We report estimates under four nested specifications, all on the entropy-balanced
sample: (1) no time-varying covariates; (2) Black, Hispanic, and other-race shares
interacted with year (non-Hispanic White omitted as the reference category); (3) +
county-level economic conditions (annual unemployment, the poverty rate, median
household income, and the year-over-year change in the FHFA Home Price Index)
and state-level reproductive- and welfare-policy exposures (parental-involvement
laws, mandatory waiting periods, over-the-counter emergency contraception, the
contraceptive insurance mandate, the family-planning Medicaid expansion, an ac-
tive family-cap indicator, and the real maximum monthly TANF benefit); and (4)
+ state-by-year fixed effects (which absorb all state-level policy controls due to

collinearity).'? Unbalanced versions of these specifications—dropping the entropy-

1 Standard errors treat the entropy-balance weights as fixed in the Poisson estimation, following
Hainmueller (2012, §3.4).

12Time-varying economic controls in Specifications 3 and 4 (unemployment, poverty, median
income, HPI YoY change) could be bad controls if iPhone adoption causally affects local economic
conditions over 2007-2011. The stability of estimates across Specifications 14 is informal evidence
that the economic controls are not absorbing the treatment, though we cannot rule the channel out
a priori.
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balance weights—and OLS analogues are reported in Figure A.3.

5.2 Synthetic difference-in-differences

The SDID estimator of Arkhangelsky et al. (2021) extends standard two-way
fixed-effects difference-in-differences by reweighting both control counties and
pre-treatment years so that the reweighted-control pre-treatment trajectory is ap-
proximately parallel to the treated trajectory. The estimator chooses non-negative
unit weights @; on control counties, together with a free intercept @y that absorbs
level differences, so that the w-weighted pre-treatment outcome trajectory of the
controls is approximately parallel to that of the treated counties—it is the slope of
the trajectory, not its level, that the weights match.'® It chooses non-negative time
weights A\ on pre-treatment years so that, for each control county, the j\—weighted
average of pre-treatment outcomes approximates that county’s post-treatment
mean up to a constant. The treatment-effect estimate is then obtained by weighted
least squares with cell weights @i and unit and time fixed effects.

We estimate the SDID separately for each five-year age band on the balanced
2003-2011 panel of log birth rates, restricted to the >90%/<10% AT&T county
sample (914 treated, 1,399 control). Treatment begins in 2008, the first birth cohort
whose conceptions could be exposed to the iPhone. We implement the estimator
via the Stata sdid_event package (Ciccia, 2024), an event-study extension of the
parent sdid command (Clarke et al., 2024), which extends AAHIW’s pooled ATT
to event-time coefficients and produces confidence intervals via a county-clustered
bootstrap with 500 replications. The post-gestation ATT is the mean of the 2008—

2011 event-time coefficients, with the standard error of this mean computed from

13We use the default ridge regularization on unit weights from Arkhangelsky et al. (2021, eq. (4)—
(5)); the time-weight optimization is unregularized in AAHIW’s main specification (eq. 6), with only
a numerically trivial uniqueness penalty (¢ = 1076&) added in AAHIW’s footnote 3 and inherited
by the Stata implementation (Clarke et al., 2024).
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the bootstrap variance—covariance matrix.

Although AAHIW’s SDID can accommodate time-varying covariates via resid-
ualization (Clarke et al., 2024), we present the headline SDID without covariates.
SDID’s unit and time weights mechanically absorb the cross-unit confounders that
the parallel-trends Poisson must control for explicitly; both designs nonetheless pro-
duce stable estimates across all four nested specifications. To demonstrate that the
result is invariant to richer specifications, Table 2 reports post-gestation ATTSs un-
der the same four nested specifications we adopted for the entropy-balanced Poisson
model, and Appendix Figures A.1 and A.2 visualize the full event-time results for

each of those specifications.

5.3 Alternative specifications

The estimates from the two designs above are supported by a series of robustness
checks.

Appendix A reports the results of alternative specification choices that share
the >90%/<10% AT&T 3G coverage definition of treatment and control counties.
Figure A.3 compares the results to to nine alternatives—three unbalanced Poisson
models and six OLS event studies, each unbalanced and entropy-balanced—on a
single age-by-age plot. Figure A.4 relaxes the binary bucketing entirely and esti-
mates a Poisson event study using continuous AT&T coverage share and the full
county universe, including those counties with 10-90% AT&T 3G coverage that are
excluded from analyses of binary treatment. Figure A.5 estimates the SDID with
the outcome in levels (births per 1,000 women) rather than logs. And Figure A.6
estimates SDID modelst using a looser cutoff (>80%/<20% AT&T) and a tighter
cutoff (>95%/<05% AT&T).

A second set of checks addresses a concern for the late post-period: that control
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counties could acquire smartphones through a non-iPhone Android channel, atten-
uating the treated—control contrast. The relevant launches are the T-Mobile HTC
Dream / G1 on October 22, 2008 (the first Android phone, and T-Mobile-exclusive
until late 2009), the Sprint HTC Hero on October 11, 2009, and the Verizon Mo-
torola Droid on November 6, 2009; AT&T did not gain an Android handset until
March 2010. Figure A.7 re-estimates the SDID after additionally restricting both
arms to counties with less than 10% T-Mobile 3G coverage, eliminating the only
pre-2009 non-iPhone smartphone option from the sample. Figure A.8 truncates the
panel to 2003-2009, so the post-period (2008-2009) excludes the birth years mate-
rially exposed to the Sprint Hero and Verizon Droid given the ~9-month gestation
lag.

Appendix B reports three placebo tests of the SDID design. Figure B.1 esti-
mates a placebo-in-time of SDID on the pre-iPhone sample with the treatment date
reassigned to 2003, 2004, 2005, or 2006; a genuine 2008 effect should leave these
falsified dates near zero. Figure B.4 and Figure B.6 apply the SDID design to coun-
ties served by Verizon and Sprint, holding fixed the 2008 first-treated-year coding
used for AT&T. The mean of the 2008-2009 event-time coefficients is a placebo on a
3G-covered carrier that lacked both the iPhone and Android during that window; a
null estimate confirms the design is not capturing a generic 3G-coverage advantage.
The 2011 coefficient on each cross-carrier placebo is not a placebo but a direct SDID
estimate of the rival-carrier Android channel arriving on schedule, with results that

corroborate the broader smartphone reading.
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6 Results

6.1 Entropy-balanced Poisson

Figure 3 reports the entropy-balanced Poisson event study by five-year age band un-
der Specification 4 (state-by-year fixed effects). The results of all four specifications,
ranging from no controls to full controls and statexyear fixed effects, are reported
in Table 2 and visualized in Appendix Figure A.1. The estimates are similar across
specifications; the ATT averaged over 2008-2011 under Specification 4 is reported
in the panel subtitle of Figure 3.

The estimates suggest large negative effects on births to young women. At ages
15-19, log birth rates in AT&T-treated counties fall sharply below controls beginning
in 2008, with an average ATT of —0.046, or a 4.5% decline in the age-specific birth
rate (p < 0.01).'* At ages 20-24 the corresponding ATT is —3.2% (p < 0.01). The
25-29 panel shows a smaller effect of —1.0% (p = 0.36). At ages 30-34 the ATT is
—2.7% (p < 0.01); at 35-39 it is —1.4% (p = 0.23); and at 40-44 it is —6.4% (p =
0.16). Pre-period coefficients are generally not statistically significant, consistent
with the balanced-Poisson identifying assumption that, conditional on the balanced-
control sample and the time-varying controls, treated and control counties’ birth
rates would have evolved similarly absent the iPhone. However, we note that they
are also somewhat imprecise and there is visual evidence that births to the younger
age groups begin to decline a year prior to iPhone introduction. This pre-trend
is substantially smaller than the one visible in the unbalanced continuous-coverage
Poisson reported in Figure A.4, which produces ATTs of comparable magnitude to
the balanced sample, but more pronounced pre-period divergence between treated

and control trajectories.

“Throughout the paper, we translate log-rate coefficients into exact percent changes using 100 -

(exp(B) — 1).
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This lack of precision of the balanced estimates likely reflects the fact that they
rest on a small effective sample. The entropy-balancing weights required to match
the treated counties’ demographic profile—most consequentially, the shift from a
28.2% to a 66.4% urban population share—concentrate weight on the handful of
control counties with large urban populations—the rare controls whose covariate
profile resembles a typical treated county. The Kish (1965) effective sample size for
the balanced control pool is 77 counties, against the 1,399 raw controls reported
in Table 1. The balanced estimates are therefore identified from a narrow slice of
the control universe, and their stability across specifications notwithstanding, the
precision of the design is constrained by that effective sample. Beyond precision, the
small effective sample also makes the point estimate sensitive to the idiosyncratic
pre-trajectories of these particular 77 controls—a fragility the SDID estimator ad-
dresses through a different mechanism. We turn next to the synthetic difference-in-
differences estimator, which addresses the same urbanicity-driven imbalance through

outcome-trajectory matching rather than covariate-level matching.

6.2 Synthetic difference-in-differences

Figure 4 reports the SDID event study by five-year age band. The SDID estimates
are generally larger in magnitude than the balanced-Poisson results. At ages 15-19
the average ATT is —8.0%. At ages 20-24 the ATT is —6.6% (p < 0.01); at 25—
29 it is —1.3% (p < 0.01); at 30-34 it is —3.6% (p < 0.01); at 35-39 it is —1.3%
(p = 0.04); and at 40-44 it is —2.5% (p = 0.03).

The balanced Poisson and SDID estimates for young women differ by roughly a
factor of two. The gap traces back to how each estimator handles the pre-iPhone pe-
riod: entropy balancing matches the 2006 levels of selected covariates; SDID matches

the pre-period outcome trajectory. The entropy-balanced Poisson event study (Fig-
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ure 3) shows treated counties’ birth rates sitting modestly above balanced controls’
in the early pre-period, with a decline toward the controls’ level beginning in 2006—a
year before the iPhone. The Poisson takes this pre-period as observed and measures
the post-2007 ATT against the 2007 baseline. SDID’s unit and time weights instead
absorb the pre-2007 decline into the no-iPhone counterfactual, producing a larger
ATT in absolute value. In our data this difference in pre-period handling is large
enough to roughly double the magnitude of the estimated effect at the young ages.

The two estimates bracket the iPhone effect under different assumptions about
the 2003—-2006 trajectory. If that trajectory reflects a pre-iPhone process that had
run its course by 2007, the balanced Poisson is the cleaner number. If it reflects dif-
ferential dynamics that the balancing covariates do not absorb, SDID’s reweighting
better captures the drift. The placebo-in-time tests in Figure B.1 and Figure B.2
are largely null under both designs, with one notable exception: at the falsified 2006
introduction date for ages 20-24, the entropy-balanced Poisson produces a placebo
coefficient of —0.040 (p < 0.01)—in the same direction as the post-2007 estimate
and roughly equal in magnitude to the SDID-Poisson gap at that age. This is
consistent with the entropy-balanced Poisson failing to absorb the 2006 pre-iPhone
decline noted in Figure 3 in at least that cell. We continue to report both estimates

as a range, but treat the SDID as the more credible central estimate.

6.3 Plausibility

How large is the per-iPhone-owner effect implied by these results? One might be
tempted to do the obvious thing: scale the county-level ATT up by the iPhone
ownership share to recover a per-owner number. But the exercise is fraught. The
iPhone is not a treatment that operates at the individual level. Whether one’s own

phone matters likely depends on whether one’s peers have phones; a phone in a friend
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group full of non-owners is a different intervention than a phone in a group where
everyone has one. Spillovers run between phone-owning peers and their non-owning
friends, and operate at the level of the group, not just the match: if smartphones
reduce friend-group meetups and parties, then matches that would have formed
under no-iPhone simply never do—the unformed match is itself the outcome. We
cannot cleanly recover an individual-level effect from county-level data when the
treatment operates through the social structure those data aggregate across.

With that caveat—and treating the exercise as a plausibility assessment—a back-
of-the-envelope calculation goes as follows. In the May 2011 Pew Mobile Survey
(Smith, 2011), 12.0% of women and 13.1% of men aged 20-24 owned an iPhone na-
tionally, which scales to 14.0% and 15.2% within counties with AT&T 3G service.'”
Call a match a pairing of two people who could, in principle, reproduce. Assum-
ing random matching and no change in match probabities due to the iPhone—both
strong assumptions—then probability that at least one partner in a random match
owns an iPhone is approximately 27%.'°

A model in which unexposed matches produce births at the no-iPhone counter-
factual rate and exposed matches produce births at (1 — §) times that rate implies
ATT = log(1l — ©d), which inverts to § = (1 — exp(ATT))/m. The SDID’s 2011
endpoint at 20-24 of —0.107 log points—a 10.1% county-level reduction—yields § ~
0.37, or a 37% reduction in birth rates among iPhone-exposed matches. The entropy-
balanced Poisson’s 2011 endpoint at the same age of —0.038 log points—a 3.7%
county-level reduction—yields é =~ 0.14. The two estimators thus bracket the im-

plied effect on iPhone-exposed matches at 14-37%—within the range a partnering-

15The Pew survey is national. We assume essentially all iPhone owners in the May 2011 sample
lived in counties with AT&T 3G coverage—a defensible approximation given the iPhone’s AT&T
exclusivity from June 2007 through February 2011, ending just three months before the survey.
Rescaling by the inverse of the U.S. population share of such counties (approximately 86%) gives
12.0%/0.857 ~ 14.0% for women and 13.1%/0.857 =~ 15.2% for men.

6 Calculated as 1 — (1 — 0.140)(1 — 0.152) = 0.27.
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delay or dating-app-mediation channel could plausibly produce over the four-year
AT&T exclusivity window. At 15-19 the same calculation yields a larger § ~ 40—
56% (using Pew’s 18-19 cell as a proxy for the unobserved 15-17 ownership rate),
consistent with teens combining lower iPhone exposure with a larger per-match re-
sponse. At ages 25-39, the implied ¢ ranges from roughly 5% to 14%—higher iPhone

ownership paired with a smaller behavioral response per exposed match.

6.4 Heterogeneous effects

Figure 5 reports the post-gestation SDID ATT (mean of 20082011 event-time coef-
ficients on the log birth rate) across population subgroups. The first marker in this
figure is the estimated ATT for the pooled sample representing births to all women
aged 15—44: a 4.8% (p < 0.01) decline. Each subsequent marker is a separate SDID
estimate on the corresponding subsample, presenting results by 5-year age groupings
(corresponding to the models presented in Figure 4), by race and ethnicity, parity,
marital status, and education. As a whole, the results illustrate that the diffusion of
the iPhone had the largest estimated effects on births to young women aged 15-24
(declines of 8.0% at 15-19 and 6.6% at 20-24, against 1.3 to 3.6% at the older age
groups). The decline is broadly similar across White (—4.2%, p < 0.01) and Hispanic
(=4.9%, p < 0.01) women but absent among Black women, where the point estimate
is a small positive and statistically indistinguishable from zero (+1.0%, p = 0.31).
The null Black-women estimate is harder to reconcile with the broad smartphone-
diffusion story. Possible explanations include differential iPhone-vs.-Android adop-
tion within the smartphone-using population, and race-specific pre-2007 birth-rate
dynamics that the SDID’s outcome-trajectory matching may not neutralize at the
subgroup level. There is no evidence of differential effects on births by parity (first

births: —4.3%; subsequent: —4.4%; both p < 0.01) or marital status (married:
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—3.9%; unmarried: —4.3%; both p < 0.01). The estimated effects are larger on
women with some college education but not a completed degree (—5.8%, vs. —4.3%,
—3.2%, and —2.1% for less than high school, high school, and college-plus respec-
tively), but this may simply reflect that women aged 18-24 who attend college are
likely to still be in school.

Figure A.9 reports the analogous decomposition under the entropy-balanced
Poisson Specification 4. The estimates are noticeably less precise—consistent with
the small effective control sample noted earlier—but show qualitatively similar pat-

terns, with larger effects on young women and on White and Hispanic women.

6.5 Robustness to alternative specifications and placebo tests

The headline results survive an extensive set of robustness checks reported in Ap-
pendix A and a battery of placebo tests reported in Appendix B (designs described
in Section 5). We summarize the outcomes briefly here.

The post-gestation ATTs at the 15-19 and 20-24 ages—where our central ef-
fects are estimated—are stable across the twenty alternative specifications reported
in Figure A.3: five estimators (SDID, entropy-balanced Poisson, unweighted Pois-
son, entropy-balanced OLS, and population-weighted OLS) crossed with four nested
control specifications, all on the same binary >90/<10 sample. The estimates from
these alternative methods cluster tightly around the SDID point estimate at each
age. The continuous-coverage Poisson event study on the full county universe in
Figure A.4 likewise produces effects of the same sign, dynamics, and significance,
indicating the result is not an artifact of the binary bucketing. The level-outcome
SDID in Figure A.5 produces post-gestation ATTs of —2.63 (p < 0.01), —5.71
(p < 0.01), and —3.31 (p < 0.01) births per 1,000 women at ages 15-19, 20-24, and

30-34, paralleling the log-rate estimates in implied proportional magnitude. The
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threshold sensitivity in Figure A.6 confirms that loosening the cutoff to >80/<20
or tightening it to >95/<05 does not materially change the estimated effect at any
age. The full event-time results under each of the four nested control specifications
are visualized in Appendix Figures A.1 and A.2.

The Android-substitution checks reported in Figure A.7 and Figure A.8 address
the concern that control counties could have obtained smartphones through Verizon
or Sprint Android handsets in the late post-period. Restricting both arms to coun-
ties with <10% T-Mobile coverage—purging the only pre-2009 non-iPhone Android
channel from both groups—leaves the 15-19 and 2024 ATTs at —0.048 (p < 0.01)
and —0.037 (p < 0.01), statistically and substantively similar to the headline. Trun-
cating the panel to a narrow 2003-2009 window that excludes the post-2009 Sprint
and Verizon Android launches yields 15-19 and 20-24 post-gestation ATTs of —0.060
(p < 0.01) and —0.043 (p < 0.01), again negative and statistically significant. The
narrow-window magnitudes are smaller than the full-window headline (—0.081 and
—0.066), consistent with iPhone adoption compounding through 2010-2011.

The placebo tests in Appendix B further reinforce the design. The placebo-in-
time tests in Figure B.1 (SDID) and Figure B.2 (entropy-balanced Poisson) reassign
the treatment date to 2003, 2004, 2005, or 2006 on the pre-iPhone sample. For the
SDID, the falsified dates yield post-gestation ATTs near zero, confirming the de-
sign does not manufacture an effect from pre-2007 dynamics. The entropy-balanced
Poisson placebos are noisier, with several falsified coefficients statistically distin-
guishable from zero—consistent with the pre-period reweighting issue that motivates
our SDID-centered reading. The Verizon and Sprint cross-carrier placebos in Fig-
ure B.4 and Figure B.6 apply the SDID design to counties served by Verizon-only
and Sprint-only respectively, holding fixed the 2008 first-treated-year coding. At

ages 15-19 and 20-24, the 2008-2009 placebo coefficients are precisely null on both
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carriers, supporting an iPhone-specific interpretation of the headline effect during
the AT&T-exclusivity window. The 2011 coefficient on each cross-carrier placebo is
sharply negative at the teen ages——0.033 at 15-19 on Verizon, —0.080 (p < 0.01) at
both 15-19 and 20-24 on Sprint—and lines up precisely with the gestation-adjusted
arrival of Verizon and Sprint Android, corroborating the broader smartphone read-

ing of the AT&T effect rather than threatening it.

7 How much of the 2007—2011 decline does the iPhone
explain?

Figure 6 uses the results of these analyses to produce adjusted predictions of the
log fertility rate in an alternate world in which the iPhone was not introduced in
2007. Each panel plots a five-year age band’s actual national birth rate against
two no-iPhone counterfactuals: one built from the SDID-implied iPhone log effect
(Figure 4), the other from the entropy-balanced Poisson Specification 4 estimate
(Figure 3), with a shaded band tracing the range between them.

To compute the national counterfactual fertility rate, we substitute zero AT&T
coverage for the actual AT&T coverage in each county, rescale the SDID or balanced-
Poisson coefficient 7 to each county’s own coverage share, apply the resulting log
effect to that county’s observed births, sum to a national no-iPhone births total, and
divide by the same population denominator used for the observed national rate.'”

We treat 2007—whose births were conceived before the June 2007 launch—as the

"Let a. denote county ¢’s AT&T coverage share. We assume the iPhone’s log effect scales linearly
in coverage, so that county c’s effect at year t is 7 - ac/(ar — ac), where (ar — ac) ~ 0.98 is the
treated—control coverage gap (the denominator rescales 7, which corresponds to that 0.98 binary
contrast, to a per-unit-coverage rate). County-level counterfactual births are then cfb.; = births.,;-
exp(—Ti-ac/(ar—ac)), and the national counterfactual rate is cf rate; = 1000-3__ cfbe: / 3, pop,. ;-
The observed national rate uses the same denominator, rate; = 1000 - »__births.: / > pop,,, so
both are population-weighted aggregations of county-level quantities and the cf—actual gap is the
iPhone’s effect on the population-weighted national rate.
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pre-iPhone baseline.

To make this concrete, consider the calculation at ages 15-19 (top-left panel of
Figure 6). Births to women aged 15-19 fell from 41.5 per 1,000 in 2007 to 31.2 per
1,000 in 2011, an observed decline of 10.3 births per 1,000 women. Under the SDID
estimates, the no-iPhone counterfactual birth rate at 2011 would have been 34.4
per 1,000—meaning that 3.2 of the 10.3-birth decline, or 31%, is attributable to the
iPhone. Under the balanced-Poisson estimates, the counterfactual rate would have
been 33.4 per 1,000, attributing 21% of the decline to the iPhone. Similarly, we
attribute 14-40% of the decline in births at ages 20-24 and 21-25% of the decline
in births at ages 25-29 to the iPhone.

At ages 30-34 the picture is qualitatively different. Births fell from 100.6 per
1,000 in 2007 to 96.2 per 1,000 in 2011, but the SDID counterfactual at 2011 is
100.9 per 1,000—slightly above the 2007 baseline—and the balanced-Poisson coun-
terfactual is 99.1, just below it. The pre-iPhone trajectory had been clearly upward,
with the actual rate rising from 95.7 per 1,000 in 2003 to 100.6 per 1,000 in 2007,
consistent with the secular trend toward later childbearing. The iPhone is identified
here as offsetting that upward trajectory rather than amplifying a negative one.

Taken together, the per-age results imply two aggregate findings. First, the
iPhone is estimated to account for 20-35% of the 2007-2011 decline in births to
women aged 15-29. Second, at ages 30—44 the picture inverts: the birth rate rose
from 50.4 to 50.8 per 1,000 between 2007 and 2011, an increase of 0.7%, against a
counterfactual rise of 3.6-4.3% to 52.2 (balanced-Poisson) or 52.6 (SDID) per 1,000,
leaving the realized increase 81-84% smaller than its no-iPhone counterpart.

Figure 7 reports the corresponding counterfactual for the aggregate general fertil-
ity rate (GFR, births per 1,000 women aged 15-44), with the SDID and balanced-

Poisson counterfactuals aggregated from the six age-specific event studies—each
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band’s own estimated effect applied to that band’s births and summed to the GFR,
so this overall counterfactual is the exact aggregation of the per-age trajectories in
Figure 6. Of an observed 6.2-birth decline per 1,000 women, between 2.1 (balanced-
Poisson) and 3.2 (SDID) are attributable to the iPhone—33 to 52% of the 2007-2011
GFR decline.

8 Mechanisms

Our research design identifies the iPhone’s effect on age-specific birth rates but is
silent on the behavioral channels through which the effect may operate. We propose
three candidates, drawing on the literature reviewed in our introduction. First, the
iPhone substitutes for in-person interaction, displacing the peer time in which most
sexual encounters occur (Twenge, 2017; Twenge and Park, 2019; Twenge et al.,
2019; Haidt, 2024); causal evidence from Facebook-access experiments is consistent
(Allcott et al., 2020; Braghieri et al., 2022). Second, the iPhone provides more
access to information about contraception and abortion, which can raise use of
either, conditional on sex. Third, the iPhone provides more access to pornography,
which can substitute for partnered sex. The first and third channels reduce sex; the
second raises contraception conditional on sex; all three reduce the unprotected sex
that produces unintended pregnancies (Buckles et al., 2025).

Below we describe national trends in measures relevant to each channel. Figure 8
illustrates trends in sexual behavior that any of the three channels would affect: sex
in the past month, contraception at last sex, and recent sex without contraception.
Figure 9 shows in-person social interaction and psychological well-being, for the
isolation channel; Figure 10 shows pornography access, for the substitution channel;
the information channel has no direct upstream measure and enters only through

the contraception panel of Figure 8. None of these series can be linked to AT&T
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coverage at the cell-of-residence resolution our design requires; they are descriptive
trends in nationally representative survey data, consistent with the channels we
propose but not a test of any of them.

Figure 8 shows the proximate determinants of fertility from the NSFG, 2002 to
2017-2019, by five-year age band. Sex in the past month is flat at 15-19 (24% to
25%) but falls at older ages (59% to 54% at 20-24; 75% to 61% at 25-29; 75% to 65%
at 30-34).'® Contraception at last sex rises at every age, by 10 percentage points at
15-19 (84% to 94%) and up to 10 points at older ages. The integrated outcome—
recent sex without contraception—falls 65% at 15-19 (4.6% to 1.6%), 27% at 25-29
(19.2% to 14.1%), and 28% at 30-34 (19.2% to 13.8%). These are the channels
through which any behavioral shock translates into birth rates; Ueda et al. (2020)
confirm the sex-frequency decline at the older young-adult ages using independent
GSS data, with the share of 18-24 men reporting no sex in the past year rising from
19% in 20002002 to 31% in 2016-2018. The next two figures consider mechanisms
through which the iPhone may have produced the shift.

Figure 9 documents the in-person displacement channel, in which the iPhone
substitutes for face-to-face interaction. ATUS minutes per day with friends present
(excluding work and class) fall from 141 to 43 at ages 15-19 (a 69% decline), 107
to 49 at 20-24 (54%), and 65 to 34 at 25-29 (47%) between 2003 and 2024. Time
alone rises by 26% at 15-19, 66% at 25-29, and 70% at 30-34. The NHIS-measured
share of adults with a Kessler-6 score in the serious-distress range rises from 2.6%

to 7.4% at ages 20-24 and 2.5% to 5.6% at 25-29 between 2007 and 2024. The

80Our NSFG-based finding of flat sexual activity at 15-19 contrasts with the more frequently
cited declining trend in the school-based Youth Risk Behavior Survey (YRBS). Lindberg et al.
(2021) compare the two surveys head-to-head and document inconsistent prevalence and trends,
attributing the divergence to differences in question wording (the YRBS does not define “sexual
intercourse”), differences in contraceptive question formats, and peer-context social-desirability bias
in the school-based YRBS. Santelli et al. (2025) document additional concerns about YRBS data
quality, including a collapse in the school response rate from 81% (2011) to 40% (2023) and a 4-fold
increase in missing data on sexual experience. We rely on the NSFG.

31



iPhone is the always-available alternative to in-person time; its social-media apps are
engineered to sustain attention; both features displace the peer time that produces
sexual encounters. The cohort-level decline in in-person interaction documented by
Twenge et al. (2019) (high-school seniors in 2016 reporting about an hour less per
day of in-person socializing than seniors in the late 1980s) and the causal estimates
of Allcott et al. (2020) and Braghieri et al. (2022) together provide the empirical
scaffolding for this channel.

Figure 10 documents the substitution channel, in which the iPhone provides
private mobile access to digital sexual substitutes for partnered sex. The Google
Trends annual index for the literal search query porn more than doubles over our
study period, rising from 40 in 2007 to 86 in 2011. The share of GSS respondents
18-44 reporting they watched an X-rated movie in the past year rises at every age 25
and above between 2000 and 2018, by 22 percentage points at 30-34 (30% to 52%)
and 13 points at 40-44 (21% to 34%); the 18-24 cells are too small to read trends
reliably. The iPhone made on-demand pornography always-available and private; if
the device displaces partnered sex by providing a substitute, the substitution should
show up in series like these.

None of these national trends can be assigned a causal interpretation within
our design. Appendix C reports an exploratory attempt to combine the limited
county and CBSA identifiers in the ATUS with state identifiers to create the min-
imum spatial “cell” that is county (if identified), balance-of-CBSA, or balance-of-
state. Estimating AT&T coverage at the ATUS cell-of-residence, we implement an
individual-level analysis of the effects of iPhone diffusion on time spent with friends.
The results are consistent with the theory that the diffusion of the iPhone reduced
in-person time with friends, but small samples and likely high measurement error in

larger cells render them imprecise. For instance, we estimate that the diffusion of
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the iPhone reduced time spent with friends by 20.5% (p = 0.23) among 15-19 year-
olds. Given the lack of precision, we treat these results as no more than a suggestive

complement to the descriptive trends, not as an additional causal estimate.

9 Discussion and conclusion

The post-2007 collapse in U.S. fertility has drawn attention across the political
spectrum. In May 2024 the Biden Council of Economic Advisers issued an issue
brief acknowledging concerns that historically low U.S. fertility creates “significant
headwinds to economic growth” and to “the fiscal sustainability of public benefit
programs.” ' On the 2024 campaign trail, Donald Trump called for “a new baby

720" and his administration has since made fertility a recurring policy and

boom,
rhetorical theme, with senior officials variously describing Americans as “under-
babied,” the fertility decline as one of “the most pressing long-term problems facing
the country,” and calling for “more babies in the United States of America.”?!
The concern extends beyond the United States. The IMF characterizes below-
replacement fertility as a first-order policy challenge.”” South Korea has spent
roughly $270 billion on pronatalist programs since 2006; France has launched a
national “demographic rearmament” campaign; Japan moved to roughly double
child-related spending after Prime Minister Kishida warned in January 2023 that

addressing the falling birth rate was “now or never.” Fertility has largely continued

19Council of Economic Advisers, “A First-Principles Look at Historically Low U.S. Fertility and
its Macroeconomic Implications,” Issue Brief, May 2024.

29Donald Trump 2024 campaign, Agendad7: “A New Quantum Leap to Revolutionize the Amer-
ican Standard of Living,” donaldjtrump.com.

2'Remarks by Centers for Medicare & Medicaid Services Administrator Mehmet Oz at an Oval
Office maternal health event, May 11, 2026; Russell Vought, “Introduction to the Center for Re-
newing America FY2023 Budget,” December 7, 2022; Remarks by Vice President J.D. Vance at
the March for Life, Washington, D.C., January 24, 2025.

22Bloom, Kuhn & Prettner (2025), “The Debate over Falling Fertility,” Finance & Develop-
ment, June 2025; Gruss & Noureldin (2025), “Sustaining Growth in an Aging World,” Finance &
Development, June 2025.
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its long-run decline in each of these countries.

This continued decline is, in our reading, informative. The standard pronatalist
toolkit—cash transfers, tax credits, subsidized childcare, extended parental leave—
is designed to lower the marginal cost of a child, conditional on the formation of a
couple positioned to consider having one. Existing reviews of that toolkit reach a
consistent verdict: financial incentives do raise fertility, but modestly and at steep
cost. Synthesizing roughly two dozen credibly identified studies, Stone (2020) finds
that raising the present value of child benefits by 10 percent of household income
increases birth rates by only 0.5 to 4.1 percent, with long-run effects smaller still,
as part of the short-run response merely advances the timing of births rather than
raising completed family size. Within the United States, Kearney et al. (2022)
and Kearney and Levine (2025) find that no standard policy, economic, or social
variable can account for the post-2007 break, and conclude that the decline reflects a
cohort-level shift in priorities whose proximate cause they treat as an open empirical
question.

Our results point to one possible answer. The fertility drop is concentrated
among young populations and largely operates through declines in unintended births
(Buckles et al., 2025), suggesting the operative margin may be less about the cost
of raising a child and more about whether the relationships and sexual activity
that produce children are forming at all. The observational evidence in Section 8
is consistent with this reading: as modern smartphones diffused, time spent with
friends in person and sexual activity fell sharply alongside rising consumption of
pornography, a possible substitute for partnered sex. These mechanisms may not be
confined to the young: we observe similar trends for older populations and our SDID
estimates of the effect of the iPhone on fertility remain negative and statistically

significant at every age band through 40-44, implying that fertility at older ages too
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would have been higher absent the iPhone.

We do not claim that the iPhone is the sole cause of the post-2007 decline,
nor that no policy lever can move the trajectory. But over the 2008-2011 window
that our design identifies, our estimates imply that the introduction of the modern
smartphone played a sizable role in the decline in U.S. births. The mechanism
evidence suggests this operates through the formation of relationships and the time
and inclination for partnered intimacy, not the cost of raising children. If so, the
policy instruments to which governments have committed the largest sums—cash
transfers, tax credits, subsidized childcare, extended parental leave—do not, on their

own, address the behavioral shift our estimates suggest is at work.
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Figure 1: The post-2007 fertility decline, in aggregate and by age
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Notes: Panel A plots the U.S. general fertility rate (GFR), the annual number of live births per 1,000 women aged 15-44. Panel
B plots national age-specific birth rates (births per 1,000 women in each age group) by five-year age group. Both panels span
2000-2024 and are population-weighted across all counties in the analysis sample. The vertical dashed line in each panel marks
2007, the year the iPhone was introduced. Sources: NCHS (2025), SEER (2026).
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Figure 2: AT&T coverage is correlated with relative declines in birth rates
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population. County-level AT&T mobile broadband coverage is constructed from AT&T wireless broadband submissions to the State Broadband Initiative
(NTIA, 2010). A census block is coded as covered if SBI reports that AT&T provides wireless broadband service in the block at speeds of at least 200
Kbps, the FCC’s standard definition of broadband at the time. Block-level indicators are averaged unweighted to the block group, and block-group
shares are averaged to the county weighted by 2000 Census block-group population, as of December 31, 2010. Bars represent 95% confidence intervals
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Figure 3: Estimated effect of AT&T 3G coverage on birth rates, by age, from an entropy-balanced Poisson event study
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Notes: Each panel reports a Poisson (PPML) event study of age-specific births on the binary AT&T treatment (>90% vs. <10% coverage), with
population as the offset. Within six rural/urban x region (NE4+MW, South, West) strata, control counties are reweighted via per-age entropy balancing
(Hainmueller, 2012) to match treated counties on Black, Hispanic, Republican-vote, and urban shares; stratum weights are then aligned to the treated
distribution. The sample is a balanced 2003-2011 county panel and 2008 is the first treated year (the iPhone launched in June 2007, so 2007 births
were conceived pre-iPhone). Specification 4 is shown: county and statexyear fixed effects, demographic shares interacted with year, and time-varying
economic controls; state-level policy controls are absorbed by the statexyear fixed effects. See Table 1 for the variables in each group. Four specifications
with nested controls—a no-covariate baseline, then adding demographic sharesxyear, economic and policy controls, and statexyear fixed effects—are
reported in Table 2 and visualized in Appendix Figure A.1. Each panel subtitle reports the post-gestation ATT (mean of the 20082011 event-time

coefficients). Standard errors are clustered at the county level; bars are 95% confidence intervals.



Figure 4: Estimated effect of AT&T 3G coverage on birth rates, by age, from a synthetic difference-in-differences event study
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Notes: Each panel reports a synthetic difference-in-differences (SDID) event study of the log age-specific birth rate (Arkhangelsky et al., 2021), with
no time-varying covariates. Treated counties have AT&T 3G coverage >90% of the population; control counties <10%; the partially covered middle is
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Figure 5: Estimated effect of AT&T 3G coverage on birth rates, by subgroup, from
a synthetic difference-in-differences event study
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Notes: Each marker is the post-gestation mean of the 2008-2011 event-time coefficients from a synthetic
difference-in-differences estimate of the log birth rate, with 95% confidence intervals from a county-clustered
bootstrap (500 replications). The six age rows reproduce the by-age estimates in Figure 4. Age- and race-
specific rows use group-specific population denominators; the overall, parity, marital-status, and education
rows use women aged 15—44 as the denominator. Because NCHS removed the unrevised-certificate maternal-
education item beginning in 2011—leaving education unreported for births in states still using the 1989
certificate—the education rows are estimated on the 2003—2010 window; all other rows use the full 2003—
2011 window. A parallel entropy-balanced Poisson version of this figure is reported in Figure A.9. Sources:
NCHS (2025), SEER (2026), NTIA (2010).



Figure 6: Actual vs. no-iPhone counterfactual birth-rate trend, by age
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Notes: In each panel the solid dark-gray line with square markers is the actual national age-specific birth rate per 1,000 women in the indicated five-year
age group. The dashed blue line with circle markers uses the SDID results to estimate a no-iPhone counterfactual and the dash—dot amber line with
triangle markers uses the entropy-balanced Poisson to do the same. The shaded gray band traces the range between the two counterfactuals. See text
for more detail. Sources: NCHS (2025), SEER (2026), NTIA (2010).



Figure 7: General fertility rate: actual vs. no-iPhone counterfactual
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Notes: The solid dark-gray line with square markers is the actual national general fertility rate (births
per 1,000 women aged 15-44), 2003-2011. The dashed blue line with circle markers is the SDID no-
iPhone counterfactual (Figure 4) and the dash—dot amber line with triangle markers is the entropy-balanced
Poisson Specification 4 counterfactual (Figure 3). The shaded gray band traces the range between the two
counterfactuals. The vertical dashed reference marks the June 2007 iPhone launch. See text for more detail.
The age-disaggregated trajectory is in Figure 6. Sources: NCHS (2025), SEER (2026), NTIA (2010).
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Figure 8: Trends in sexual behavior

Sex past month Contraception at last sex Unprotected sex past month
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Notes: Each line is a connected by-age series across NSFG cycles 2002 through 2017-2019, plotted at cycle midpoints; women aged 15-44 (pooled N = 41,500 across
cycles). Left panel is the share who had sex in the past month (interview minus last-sex century-month € [0, 1]; O if no recent sex). Middle panel is the share who
used any contraception at last sex (USELSTP = Yes), among women who answered the question. Right panel is the integrated proximate outcome: had sex in the past
month AND used no contraception at that last encounter; 0 if no recent sex; missing if recent sex but ambiguous USELSTP. Dashed line marks the iPhone introduction
(June 2007). Survey weights are applied. Source: NSFG (NCHS, 2024).



Figure 9: Trends in time with other people and psychological distress
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Notes: Left and middle panels are ATUS minutes per day, lowess-smoothed with faint raw markers behind; sample 15-44, both sexes pooled, 2003-2024 excluding
2020 (N = 110,323). Left panel restricts to episodes with a friend (ATUS who-code 54) present, excluding work and class. Middle panel is time alone (who-codes 18,
19). Right panel is the share of NHIS adults 18-44 with K6 > 13 (serious psychological distress), with K6 reconstructed from the underlying items; NHIS interviews
only adults so the youngest bin is 18-19 in the right panel (N = 22,668). Dashed line marks the iPhone introduction (June 2007). Survey weights are applied. Sources:

ATUS (BLS, 2025); TPUMS NHIS (Blewett et al., 2024).



Figure 10: Trends in Google searchs for “porn” and X-rated movie viewing
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Notes: Left panel is the Google Trends monthly U.S. search-interest index for the search query “porn,” January 2004 through 2024, normalized so the peak month
equals 100; the index measures relative search popularity, not absolute volume. Right panel is the share of GSS respondents aged 18-44 who reported viewing an
X-rated movie in the past 12 months, lowess-smoothed with faint raw markers behind, 2000-2024 (N = 6,945). GSS minimum interview age is 18, so the youngest
bin is labeled 18-19. Dashed line marks the iPhone introduction (June 2007). Survey weights are applied to the GSS series. Sources: Google Trends (Google, 2026);
GSS (NORC at the University of Chicago, 2026).



Table 1: Summary statistics by AT&T mobile broadband coverage, 2003-2006

Control Balanced Treated Excluded All
(<10% AT&T) controls  (>90% AT&T) (10-90% AT&T)  counties

Mobile broadband coverage (% of women 15-44 residing in covered area, pop-weighted)

Any national carrier 87.0 (27.5) 96 6 (14.4) 99.8 (0.7) 95.0 (11.8) 98.1 (9.8)
AT&T 1.2 (2.4) 4 (1.4) 99.0 (2.0) 62.3 (25.1) 86.5 (30.0)
Sprint 47.2 (39.9) 82 5 (31.3) 96.0 (10.8) 67.9 (31.3) 88.7 (24.1)
T-Mobile 3.7 (15.5) 26.6 (36.2) 83.2 (28.8) 15.6 (26.5) 68.9 (40.1)
Verizon 77.2 (39.7) 88.9 (29.9) 96.3 (17.9) 86.7 (30.7) 93.6 (23.0)
Outcome: birth rate (per 1,000 women in age group)
Total 15-44 67.2 (14.4) 64.8 (17.1) 66.8 (12.7) 65.0 (12.2) 66.5 (13.4)
Age 15-19 45.7 (25.5) 48.3 (25.6) 40.9 (19.9) 46.3 (21.0) 44.4 (23.0)
Age 20-24 149.1 (49.9) 125.1 (57.5) 116.7 (44.3) 138.7 (43.0)  136.9 (48.6)
Age 25-29 145.1 (46.9) 130.9 (34.5) 130.4 (33.9) 132.3 (29.1)  137.5 (39.9)
Age 30-34 78.2 (31.2) 76.1 (23.3) 93.1 (24.3) 75.4 (20.8) 81.9 (27.9)
Age 35-39 29.1 (15.1) 30.3 (11.3) 40.2 (15.0) 29.3 (11.6) 32.4 (15.1)
Age 40-44 5.3 (5.2) 5.2 (3.6) 7.5 (4.0) 5.5 (3.7) 6.0 (4.6)
Demographic composition (county population shares, %)
Non-Hispanic White 81.2 (21.7) 75.9 (19.9) 74.1 (20.0) 80.7 (19.1) 79.0 (20.8)
Non-Hispanic Black 8.0 (16.7) 11.4 (16.0) 11.3 (14.5) 10.5 (16.6) 9.6 (16.1)
Hispanic 8.1 (15.2) 10.2 (16.1) 10.0 (13.8) 6.1 (11.0) 8.2 (13.9)
Other race 2.7 (7.8) 2.5 (4.7) 4.6 (8.1) 2.7 (5.9) 3.3 (7.5)
Urbanization and economic conditions
Urban (%) 28.2 (26.1)  66.7 (27.7)  66.4 (28.2) 33.5 (23.7) 40.8 (31.0)
Unemployment rate (%) 5.6 (2.0) 5.3 (1.7) 5.1 (1.6) 5.7 (1.7) 5.5 (1.8)
Poverty rate (%) 15.6 (6.0) 16.0 (4.9) 12.6 (5.4) 14.7 (5.4) 14.5 (5.8)
Med household inc ($1000) 56.3 (10.0) 57.9 (8.9) 74.0 (19.5) 61.9 (13.0) 62.9 (16.0)
HPI (% change) 5.2 (5.4) 5.5 (5.4) 7.6 (6.5) 6.2 (5.5) 6.3 (5.9)
Policy exposure and political environment (state-level policy shares except where noted)
Parental involvement law (%) 85.0 (35.3)  83.5 (36.8)  72.2 (44.3) 79.2 (40.1) 79.8 (39.7)
Mandatory waiting period (%) 11.2 (31.1) 6.5 (24.3) 10.4 (29.9) 13.6 (33.8) 11.6 (31.5)
OTC emergency contraception (%) 23.8 (39.7)  24.6 (40.1)  26.5 (41.5) 24.2 (40.0) 24.7 (40.3)
Contraceptive insurance mandate (%) 29.4 (44.8)  46.8 (49.1)  37.6 (47.9) 33.6 (46.8) 32.9 (46.4)
FP Medicaid expansion (%) 20.9 (39.3)  20.6 (38.8)  23.8 (41.5) 29.2 (44.1) 23.9 (41.4)
Active family-cap policy (%) 45.1 (49.8)  45.1 (49.8)  46.1 (49.9) 49.2 (50.0) 46.4 (49.9)
Max monthly TANF benefit ($2024) 574 (184) 573 (159) 627 (245) 550 (219) 584 (215)
Republican vote share (%, county) 61.5 (12.6)  55.9 (12.4)  56.1 (12.7) 59.7 (11.1) 59.4 (12.5)
Number of counties 1,399 1,399 914 794 3,107
Effective N (Kish) — 77 — — —
Total female pop 15-44 (millions) 5.3 5.3 49.8 6.6 61.8

Notes: County-level means, standard deviations in parentheses, 2003—2006 pre-treatment period. Columns partition counties by
AT&T coverage as of December 31, 2010: Control (<10% of population), Treated (>90%), Excluded (10-90%). “Balanced controls”
applies entropy-balancing weights (Hainmueller, 2012) within six rural/urban x region (NE4+MW, South, West) strata to match
the treated means of the Non-Hispanic Black, Hispanic, Republican-vote, and urban shares, with stratum weights then aligned to
the treated distribution; the row reports the Kish (1965) effective N. The mobile broadband coverage panel is population-weighted
by women 15-44 (“Any national carrier” approximated by the maximum single-carrier share); all other rows are unweighted county
means. Reproductive- and welfare-policy rows are state-by-year exposure measures rescaled to 0—-100, except the TANF benefit
(real 2024 dollars). Sources: NCHS (2025), SEER (2026), NHGIS (Schroeder et al., 2025), MEDSL (MIT Election Data and Science
Lab, 2018), BLS (2025), SAIPE (2024), FHFA (2026), NTIA (2010), Myers and Ladd (2020); Myers (2021); Gross et al. (2014);
Kearney and Levine (2009), and the Urban Institute Welfare Rules Database (Urban Institute, 2023).



Table 2: Post-gestation ATT comparison: SDID and entropy-balanced Poisson under nested control
specifications

SDID Matched Poisson
Age Specification ATT SE ATT SE
No covariates -0.084***  (0.006) -0.071***  (0.014)
1519 T demographics x year -0.082"**  (0.006) -0.058**  (0.015)
+ econ + policy -0.070"**  (0.006) -0.045"**  (0.014)
1 state x year FE 20.091°*  (0.006) -0.046"**  (0.016)
No covariates -0.069***  (0.004) -0.060"**  (0.012)
90-94 + demographics x year -0.066"**  (0.004) -0.044***  (0.012)
+ econ + policy -0.057***  (0.004) -0.037***  (0.011)
+ state X year FE -0.048"**  (0.004) -0.033***  (0.007)
No covariates 0.013*  (0.004) -0.003 (0.013)
9509 T demographics x year -0.012***  (0.004) 0.004 (0.014)
+ econ + policy -0.008"* (0.004) 0.009 (0.014)
1 state x year FE 20.020°*  (0.004) -0.010 (0.011)
No covariates -0.036™**  (0.005) -0.034***  (0.011)
3034 T demographics x year -0.031"**  (0.005) -0.025"" (0.012)
+ econ + policy -0.026™*  (0.005) -0.022* (0.012)
+ state x year FE -0.040"**  (0.005) -0.028"**  (0.010)
No covariates -0.014**  (0.006) 0.013 (0.016)
3539 demographics x year -0.014**  (0.007) 0.006 (0.015)
+ econ + policy -0.008 (0.007)  0.012 (0.015)
+ state x year FE 20.003  (0.007) -0.014  (0.011)
No covariates 0.024  (0.012) -0.039 (0.061)
4044 T demographics x year -0.025"*  (0.012) -0.045 (0.061)
+ econ + policy -0.019 (0.012) -0.041 (0.060)
1 state x year FE 0.052*  (0.012) -0.066 (0.047)

Notes: Post-gestation ATT estimates (mean of 2008-2011 event-time coefficients) on the log age-specific birth rate, by five-year
age band, for both estimators under four nested control specifications: (1) no covariates; (2) + demographic shares interacted with
year; (3) + economic and policy controls; (4) + state x year fixed effects, which absorb the state-level policy controls. Table 1
lists the variables in each group. SDID inference is by county-clustered bootstrap with 500 replications. Entropy-balanced Poisson
standard errors are clustered at the county level. Stars: *** p < 0.01, ** p < 0.05, * p < 0.10. The SDID + state x year FE
specification is estimated on the 39 mixed states (those with both treated and control counties), retaining 85% of treated and 92%
of control counties; the other three SDID specifications use the full balanced 2003-2011 sample.



Appendix A: Alternative specifications and additional re-

sults

This appendix presents a series of sensitivity analyses for the difference-in-differences
estimates presented in Figure 3 (entropy-balanced Poisson) and Figure 4 (SDID): the
post-gestation ATT across five estimator—weighting combinations and four nested
control specifications, plus a continuous-coverage Poisson event study on the full
county universe (Figure A.3, Figure A.4); the SDID estimates in levels rather than
logs (Figure A.5); alternative treatment/control coverage cutoffs (Figure A.6); drop-
ping counties with T-Mobile service to purge the only pre-2009 non-iPhone smart-
phone channel from both arms (Figure A.7); re-estimating the SDID on a narrow
2003—2009 window that pre-dates the late-2009 arrival of Android on Sprint and
Verizon (Figure A.8); and the entropy-balanced Poisson Specification 4 counterpart

to the subgroup forest plot in the body (Figure A.9).

A.1 Robustness across estimators and control sets

Figure A.1 and Figure A.2 present the full event-study evolution of the entropy-
balanced Poisson and SDID results, respectively, under each of the four nested
specifications of controls described in the main text: (1) no time-varying covariates;
(2) Black, Hispanic, and other-race shares interacted with year; (3) 4+ county-level
economic conditions and state-level reproductive- and welfare-policy exposures; and
(4) + state-by-year fixed effects. The estimated effects are consistent across all
four specifications for both the entropy-balanced Poisson (Figure A.1) and SDID
(Figure A.2).

Figure A.3 arrays the post-gestation ATT (mean of the 2008-2011 event-time co-
efficients on the log birth rate) across five estimator—weighting combinations—SDID,
entropy-balanced Poisson, unweighted Poisson, entropy-balanced OLS, and pop-
weighted OLS—and, within each, across the four specifications. The first two esti-
mator rows—SDID and entropy-balanced Poisson—summarize the per-specification
post-gestation ATTs visualized in Figure A.1 and Figure A.2. As noted in the body,
the SDID estimates are typically larger in magnitude and more precise than those
from the other estimators, but the pattern is robust across the 20 cells per age.
The estimated ATT for 15-19 year-olds ranges from —4.1% to —8.7%, and that for
2024 year-olds from —3.1% to —6.6%, with every cell negative and statistically

distinguishable from zero at the 5% level.
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Figure A.4 reports a complementary check that relaxes the binary bucketing
entirely—a Poisson event study in the continuous AT&T coverage measure on the
full county universe. These results also are consistent with those of the binary

models. For instance, the average post-treatmen ATT for 15-19 year-olds is -0.047
(p?)-

A.2 SDID estimates of birth rate outcomes in levels

Figure A.5 reproduces the SDID event study with the birth rate in levels (births
per 1,000 women) rather than logs. The level estimates parallel the log results in
Figure 4 at the ages where the SDID finds substantial effects: post-gestation ATTs
of —2.63 (p < 0.01) births per 1,000 women at ages 15-19, —5.71 (p < 0.01) at
20-24, —3.31 (p < 0.01) at 30-34, and —0.82 (p < 0.01) at 35-39, which against
the 2007 baseline birth rates in treated counties (42.1, 121.2, 97.2, and 41.9 per
1,000) imply proportional declines of roughly 6%, 5%, 3%, and 2% —in line with the
log point estimates of —0.084, —0.069, —0.036, and —0.014. The 25-29 and 40-44
estimates are small and statistically indistinguishable from zero in levels (—0.88 and
+0.21 per 1,000), consistent with the diffuse pattern at these ages already flagged
in the body.

A.3 Sensitivity to the coverage cutoff

The main specification buckets counties as treated (>90% AT&T coverage) ver-
sus control (<10%). Figure A.6 re-runs the SDID event study at a looser cutoff
(>80%/<20% AT&T) and a tighter cutoff (>95%/<05% AT&T) and overlays all
three event-study paths in each age panel, so the full dynamic response can be in-
spected rather than just the post-gestation summary. [TO DO: note stability of
magnitude and the expected widening of Cls at the tight cutoff.]

A.4 Dropping counties with T-Mobile service

A concern for the late post-period is that control counties (those with low AT&T
coverage) could obtain smartphones through a rival carrier rather than through the
iPhone, attenuating the treated—control contrast that the SDID estimates. The first
Android phone, the HTC Dream / T-Mobile G1, launched on October 22, 2008 and
was T-Mobile-exclusive; the Sprint HT'C Hero arrived on October 11, 2009 and the
Verizon Motorola Droid on November 6, 2009. AT&T was last to Android, with
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the Motorola Backflip on March 7, 2010, reflecting its iPhone exclusive. Counties
without T-Mobile service therefore had no Android channel of any kind before late
2009. As a robustness check we re-estimate the SDID event study after addition-
ally restricting both arms to counties with less than 10% T-Mobile 3G coverage,
eliminating the only pre-2009 non-iPhone smartphone option from the sample (Fig-
ure A.7).

The restriction prunes the sample asymmetrically. Control counties (AT&T
coverage <10%) were already nearly T-Mobile-free—98% of them have T-Mobile
coverage below 10%—so the additional cut removes only 24 of the 1,399 controls.
Treated counties (AT&T >90%), in contrast, skew urban and tend to have T-Mobile
as well: only 40% have T-Mobile coverage below 10%, so the cut reduces the treated
arm from 914 counties to 369. The check is thus less a contamination scrub of the
controls than a stress test that asks whether the main result holds on the more rural
subset of treated counties that never had any non-iPhone Android option.

The teen and young-adult ATTs survive cleanly. The post-gestation ATT is
—0.041 (p < 0.01) at ages 15-19 and —0.038 (p < 0.01) at ages 20-24, statisti-
cally and substantively similar to the corresponding main estimates, indicating that
the iPhone-era fertility decline among teens and young adults is not an artifact of
early-Android substitution in the control group. The 25-29 effect, however, atten-
uates to —0.004 (0.006), no longer statistically distinguishable from zero. We read
this as evidence that the 25-29 channel in the main specification ran dispropor-
tionately through the urban high-T-Mobile counties that this restriction drops—a
compositional rather than a contamination story—and treat the 25-29 effect with
corresponding caution. At ages 30 and above the no-T-Mobile estimates are mixed
(a clean —0.025 (p < 0.01) at 30-34, otherwise small and imprecisely estimated),
in the same diffuse pattern flagged by the Verizon placebo (Figure B.4), reinforcing

our decision to anchor the paper on the 1524 results.

A.5 Narrow 2003—2009 window: pre-dating the Sprint and Verizon
Android launches

The robustness check in Figure A.7 purges T-Mobile counties to eliminate the pre-
2009 G1 Android channel from both arms. A complementary, more direct address
of the rival-carrier-Android concern is to truncate the post-period to birth years
conceived before Android arrived on Sprint and Verizon. The Sprint HTC Hero
launched on October 11, 2009 and the Verizon Motorola Droid on November 6,
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2009; the conceptions affected by those launches appear in 2010 and later birth
years. We therefore re-estimate the SDID on a balanced 2003-2009 panel that
excludes both 2010 and 2011, leaving 2008-2009 as the post-period (Figure A.8).
All other features—the >90%/<10% AT&T sample, the 2008 first treated year, the
SDID estimator, and the county-clustered bootstrap with 500 replications—match
Figure 4. The post-gestation ATT is now the mean of the 2008 and 2009 event-time
coefficients on the log birth rate.

Figure A.8 reports the narrow-window post-gestation ATTs across the six age
groups. At the headline ages, the estimates remain negative and statistically signif-
icant: —0.060 (p < 0.01) at 15-19 and —0.043 (p < 0.01) at 20-24. Both are smaller
in magnitude than the full-window headline (—0.084 and —0.068), consistent with
iPhone adoption compounding through 2010-2011 as ownership in treated counties
continued to rise. The older-age narrow estimates are similar in magnitude to the
headline (—0.008 at 25-29, —0.027 (p < 0.01) at 30-34, —0.019 (p = 0.03) at 35-39,
and —0.037 (p = 0.02) at 40-44). The pattern as a whole—negative coefficients
at every age, with sign and rough magnitude preserved relative to the headline—
indicates that the main result is not driven by late-period Android substitution in

control counties.

A.6 Subgroup post-gestation ATT: entropy-balanced Poisson
Specification 4

Figure A.9 reproduces the subgroup forest plot in Figure 5 using the entropy-
balanced Poisson Specification 4 estimator (demographic shares interacted with
year, county-level economic controls, and state-by-year fixed effects) rather than
the SDID. For the six age rows, the entropy-balanced Poisson uses the per-age
entropy-balance weights from Figure 3, so those rows reproduce the headline
entropy-balanced Poisson Specification 4 estimates. For the twelve non-age rows,
a single women-aged-15-44 entropy-balance weight is computed once and applied
uniformly across the twelve regressions; balancing covariates (Black, Hispanic,
urban, and Republican shares) match the headline entropy-balanced Poisson, with
the six urbanxbroad-region strata.

As observed with other comparisons of entropy-balanced Poisson and SDID es-
timates, these too are less precise. But the general pattern of heterogeneous effects
remain evident, with larger point estimates of the ATT for younger populations.

The exception is a large but highly imprecise estimated effect for women aged 40—44
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of —6.4% (p = 0.16), with a 95% confidence interval of [-14.6%, +2.6%].
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Figure A.1: Estimated effect of AT&T 3G coverage on birth rates, by age, from an entropy-balanced Poisson event study under
four nested control specifications
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Notes: Companion to Figure 3; each panel overlays the entropy-balanced Poisson event study under the four nested control specifications shown in the
legend, with horizontal offsets within each year that are graphical only. Specification 4, which adds state x year fixed effects, is the headline specification
reported in Figure 3. Post-gestation ATTs for all four specifications are tabulated in Table 2. All four specifications use the full entropy-balanced sample.
Standard errors are clustered at the county level. Sources: NCHS (2025), SEER (2026), NTIA (2010).



Figure A.2: Estimated effect of AT&T 3G coverage on birth rates, by age, from a synthetic difference-in-differences event study

under four nested control specifications
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Notes: Companion to Figure 4; each panel overlays the SDID event study under the four nested control specifications shown in the legend, with horizontal
offsets within each year that are graphical only. Specification 1, which uses no covariates, is the headline specification reported in Figure 4. Post-gestation
ATTs for all four specifications are tabulated in Table 2. Specification 4 adds state x year fixed effects, which require within-state treated-versus-control
variation and therefore restrict the sample to the 39 “mixed” states with both treated and control counties (85% of treated counties, 92% of control
counties); the other three specifications use the full balanced sample. Inference is by county-clustered bootstrap with 500 replications. Sources: NCHS

(2025), SEER (2026), NTIA (2010).



Figure A.3: Estimated effect of AT&T 3G coverage on birth rates across estimators and control specifications, by age
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Figure A.3: (continued)
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Figure A.3: (continued)
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Notes: Each panel plots the post-gestation ATT (mean of the 2008-2011 event-time coefficients on the log birth rate) with 95% confidence intervals,
across five estimators and four nested control specifications. SDID denotes synthetic difference-in-differences (Specification 1, no covariates, is reported
in Figure 4); Poisson denotes the entropy-balanced PPML estimator (Specification 4, with state X year fixed effects, is reported in Figure 3); Unweighted
Poisson is the corresponding PPML without entropy weights; Entropy-balanced OLS uses population aweights with the per-age entropy-balance weights
of Figure 3 layered on top; Pop-weighted OLS uses population aweights only, with no entropy balancing. SDID Specification 4 is estimated on the 39
mixed states with both treated and control counties (see Figure A.2 notes); all other rows use the full balanced sample. All models share the binary
>90%/<10% AT&T treated/control sample. Standard errors are clustered at the county level; SDID inference uses a 500-replication bootstrap. Sources:

NTATITQ 79N\ O D /9N NTT'TA /9N1N0)\



Figure A.4: Estimated effect of continuous AT&T 3G coverage on birth rates, by age, from a Poisson event study
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Notes: Companion to Figure 3; each panel reports a Poisson (PPML) event study of age-specific births (exposure: population) on the continuous county
AT&T coverage share interacted with birth year, 2007 reference. The specification matches Specification 4 of Figure A.l—demographic shares x year,
economic controls, and state X year fixed effects (which absorb the state-level policy controls)—and is the headline specification reported in Figure 3.
The sample is the full county universe, without the >90%/<10% AT&T bucketing applied in Figure 3. Standard errors are clustered at the county level;

bars are 95% confidence intervals. Sources: NCHS (2025), SEER (2026), NTTA (2010).



Figure A.5: Estimated effect of AT&T 3G coverage on birth rates in levels, by age, from a synthetic difference-in-differences event

study
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Notes: As Figure 4, but the outcome is the age-specific birth rate in levels (births per 1,000 women) rather than its log. Bars are 95% confidence intervals
from a county-clustered bootstrap with 500 replications. Sources: NCHS (2025), SEER (2026), NTIA (2010).



Figure A.6: Estimated effect of AT&T 3G coverage on birth rates, by age, from a synthetic difference-in-differences event study
under three treatment/control cutoffs
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Notes: Each panel overlays the SDID event study (Figure 4) at the three treatment/control cutoffs shown in the legend, with horizontal offsets within
each year that are graphical only. As the cut loosens, more marginal counties enter and the treatment contrast weakens; as it tightens the contrast
sharpens but N falls and Cls widen. All other features—outcome (log birth rate), 2003-2011 window, 2008 first treated year, county-clustered bootstrap
with 500 replications, post-gestation ATT averaged over 2008-2011—match Figure 4. Sources: NCHS (2025), SEER (2026), NTIA (2010).



Figure A.7: Estimated effect of AT&T 3G coverage on birth rates, by age, from a synthetic difference-in-differences event study
dropping counties with T-Mobile service
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Notes: As Figure 4, but the sample is additionally restricted to counties with less than 10% T-Mobile 3G coverage. The T-Mobile G1 (October 2008)
was the first Android phone and the only Android channel before late 2009, when the Sprint HTC Hero (October 2009) and Verizon Motorola Droid
(November 2009) launched; dropping T-Mobile counties therefore purges the only pre-2009 non-iPhone smartphone substitute from both arms. Treated
counties drop from 914 to 369 (the restriction selects against urban counties); control counties from 1,399 to 1,375 (low-AT&T counties were already
nearly T-Mobile-free). Bars are 95% confidence intervals from a county-clustered bootstrap with 500 replications. Sources: NCHS (2025), SEER (2026),
NTIA (2010).



Figure A.8: Estimated effect of AT&T 3G coverage on birth rates, by age, from a synthetic difference-in-differences event study
on a 2003-2009 window
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Notes: As Figure 4, but the balanced county panel is truncated to 2003-2009 so the post-period (2008-2009) excludes birth years materially exposed to
the Sprint HTC Hero (Oct 2009) and Verizon Motorola Droid (Nov 2009) Android launches. The post-gestation ATT reported in each subplot title is
the mean of the 2008 and 2009 event-time coefficients on the log birth rate. Bars are 95% confidence intervals from a county-clustered bootstrap with
500 replications. Sources: NCHS (2025), SEER (2026), NTIA (2010).



Figure A.9: Estimated effect of AT&T 3G coverage on birth rates, by subgroup,
from an entropy-balanced Poisson event study
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Notes: Each marker is the post-gestation mean of the 20082011 event-time coefficients from the entropy-
balanced Poisson Specification 4 estimator on the log birth rate, with delta-method 95% confidence intervals
(county-clustered). The six age rows reproduce the by-age estimates in Figure 3 and use its per-age entropy-
balance weights; the twelve non-age rows use a single shared women-aged-15-44 entropy balance. Age-
and race-specific rows use group-specific population denominators; the overall, parity, marital-status, and
education rows use women aged 15-44 as the denominator. Because NCHS removed the unrevised-certificate
maternal-education item beginning in 2011—leaving education unreported for births in states still using the
1989 certificate—the education rows are estimated on the 2003-2010 window; all other rows use the full
2003-2011 window. The 95% confidence interval for ages 40-44 (true CI —0.157 to +0.025) extends beyond
the chart range and is suppressed; only the point estimate is shown. A parallel SDID version of this figure
is reported in Figure 5. Sources: NCHS (2025), SEER (2026), NTIA (2010).



Appendix B: Identification diagnostics for the synthetic

difference-in-differences estimates

We perform two kinds of placebo test on the research design. Section 9.1 reports
placebo-in-time tests that artificially reassign the treatment date to years before
the iPhone launch. Section 9.2 reports cross-carrier placebos that apply the design
to counties served by Verizon (Figure B.4) and by Sprint (Figure B.6). The first
probes whether the SDID estimator manufactures effects from pre-2007 dynamics;
the second probes whether the design picks up a generic 3G-broadband effect rather

than something iPhone-specific.

B.1 Placebo-in-time tests

Figure B.1 presents a placebo-in-time test that re-runs the SDID estimator with
the treatment date reassigned to 2003, 2004, 2005, or 2006. A genuine effect at
2008 should leave the ATT for these falsified dates near zero. Each panel plots the
first post-period (¢t = 1) coefficient at each falsified introduction year (2003-2006),
estimated on the pre-iPhone sample, alongside the true 2008 first-year coefficient
we estimate in the paper. The placebo coefficients are smaller and the true 2008
estimate is visibly separated from the placebo cloud at the young ages where the
headline effect is largest.

Figure B.2 reports the entropy-balanced Poisson Specification 4 placebo. Several
placebo coefficients are sizable: at ages 15-19 the 2004 placebo is —3.7% (p = 0.05);
at ages 20—24 the 2006 placebo is —3.9% (p < 0.01); at ages 35-39 the 2006 placebo is
—5.4% (p < 0.01). At five of six age bands the largest placebo magnitude exceeds the
true 2008 first-year coefficient, leaving the headline year-by-year signal not clearly
distinguishable from the placebo distribution.

The contrast between the two figures is itself a piece of evidence for preferring
the SDID as our central estimator: its data-driven control-county and pre-period
weights yield a signal that separates from the year-by-year placebo noise, whereas the
entropy-balanced Poisson’s parametric controls and fixed entropy-balance weights
only neutralize the pre-period heterogeneity at the four-year-mean level reported in

Figure 3.
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B.2 Carrier placebos

Figure B.4 and Figure B.6 apply the SDID design to counties served by Verizon and
by Sprint, holding fixed the 2008 first-treated-year coding used for AT&T. If the
design were capturing something general about 3G-broadband rollout rather than
the iPhone specifically, these cross-carrier comparisons should themselves produce
“effects” during the AT&T-exclusivity window. The two placebos require care-
ful interpretation, because both carriers launched Android smartphones within our
2003-2011 birth-year window: the Verizon Motorola Droid on November 6, 2009
and the Sprint HTC Hero on October 11, 2009. Given the ~9-month gestation lag,
the first birth year materially exposed to either rival-carrier Android is 2010, and
2011 is the only fully exposed year. We therefore split each cross-carrier placebo
into two event-window estimates. The “2008-2009 ATT (placebo)” averages the
2008 and 2009 event-time coefficients—the fully treated pre-Android window. This
is a placebo: under the iPhone-specific reading of our main result, a 3G-coverage
advantage on a carrier that lacks both the iPhone and Android should produce no
effect on age-specific birth rates in this window, and a null estimate validates the
design. The “2011 ATT (Android)” is the 2011 coefficient alone—the only birth
year fully exposed to the rival-carrier Android. This is not a placebo: it estimates
the causal effect of rival-carrier Android adoption on age-specific birth rates over a
single year, using the same SDID comparison machinery as the main AT&T esti-
mate. A negative 2011 ATT at the ages where the main AT&T effect is largest, far
from threatening the iPhone interpretation, would corroborate the broader read-
ing that the relevant channel is smartphone access, with the iPhone (on AT&T)
and Android (on Verizon and Sprint) providing independent vehicles for the same
underlying phenomenon.

Figure B.4 reports the Verizon placebo, with the underlying county classification
mapped in Figure B.3. We assign the SDID “treatment” to counties with >90%
Verizon 3G coverage®® and <10% AT&T coverage, using counties with <10% cover-

23Verizon Wireless completed its acquisition of Alltel in January 2009, but in the December
2010 SBI snapshot Alltel still reports under its own holding-company name (HOCONUM 900046 /
HOCONAME “Alltel Wireless”). We aggregate both “Verizon Communications Inc.” and “Alltel
Wireless” under our Verizon classifier to capture the consolidated Verizon footprint at the snapshot
date. DOJ-mandated divestitures from the Verizon—Alltel merger went to Atlantic Tele-Network
(ATN), which operated those rural markets under the Alltel brand through 2013; the SBI does
not contaminate our aggregation, since all 240 counties with “Alltel Wireless” filings in December
2010 are also counties where “Verizon Communications Inc.” files natively, with no county in the
Alltel-only pattern an ATN divested-rural footprint would produce.
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age from both carriers as controls; AT&T-served counties are excluded so the AT&T
effect cannot leak in. At ages 15-19 and 20-24, where the main AT&T effects are
largest, the 2008—2009 placebo is precisely null (+0.006 and —0.004; neither signifi-
cant), supporting an iPhone-specific reading during the AT&T-exclusivity window.
The 2011 Android estimate is negative at 15-19 (—0.033, ¢t ~ 1.4) and null at 20-24
(40.013); the teen 2011 point estimate is consistent with the gestation-adjusted ar-
rival of Verizon Android, though it falls short of conventional significance. At ages
25—44 the placebo period itself produces statistically significant negative coefficients
at 25-39 (—0.029 to —0.048) and a negative but imprecisely estimated coefficient
at 4044 (—0.035, n.s.), indicating that connectivity-tier differences among rural
counties are associated with diverging older-age fertility for reasons unrelated to the
iPhone. We therefore interpret the older-age AT&T estimates with caution and rest
our central claims on the 15-24 results.

Figure B.6 reports an analogous placebo for Sprint, which acquired Android
via the HTC Hero on October 11, 2009 and the iPhone on October 14, 2011 (after
every birth-year conception window in our sample). The Sprint county classification
is mapped in Figure B.5. ?* At ages 15-19 the Sprint 2008-2009 placebo is null
(—0.014, n.s.) and the 2011 Android estimate is even more sharply negative than
Verizon’s: —0.080 (p < 0.01). At ages 20-24 the placebo is statistically significant
(—0.031, p = 0.01) and the 2011 Android estimate is —0.080 (p < 0.01), indicating a
Sprint-Android effect at this age that the Verizon placebo did not pick up. At 25-29
both estimates are exactly null. The older-age pattern is noisier and qualitatively
similar to the Verizon placebo, reinforcing our older-age caution.

Taken together, the placebo tests support our main reading. The SDID placebo-
in-time confirms the estimator is not manufacturing an effect from pre-2007 dynam-
ics. The 2008-2009 cross-carrier placebos at 15-19 are precisely null on both Verizon
and Sprint, confirming that the design does not pick up a generic 3G-coverage effect
during the AT&T-exclusivity window. The 2011 Android estimates—particularly
the gestation-aligned Sprint-Hero teen effect (—0.080, p < 0.01), with the Verizon-
Droid teen effect in the same direction but imprecisely estimated (—0.033)—reinforce

rather than threaten the iPhone interpretation, documenting the same underlying

2We would have preferred T-Mobile, whose G1 (October 22, 2008) was the earliest Android
phone, but T-Mobile’s footprint barely overlaps with low-AT&T counties: only a single county
satisfies the parallel >90%/<10% AT&T cutoff, which itself indicates that the G1 Android channel
was structurally absent from the SDID control group. Sprint, by contrast, has 156 counties at the
parallel cutoff with a 740-county control arm.
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smartphone—fertility channel arriving on rival carriers via Android on exactly the

schedule that gestation predicts.
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Figure B.1: Estimated effect of AT&T 3G coverage

difference-in-differences event study

on birth rates at placebo introduction years, by age, from a synthetic
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Notes: Each panel reports SDID estimates in which the treatment date is reassigned to a falsified “introduction year” (2003, 2004, 2005, or 2006),
estimated on the pre-iPhone sample, alongside the true 2008 estimate (top, in blue). Plotted is the first post-period (¢ = 1) coefficient on the log birth
rate with its 95% confidence interval. The sample, weighting, and bootstrap inference match Figure 4. Sources: NCHS (2025), SEER (2026), NTIA
(2010).



Figure B.2: Estimated effect of AT&T 3G coverage on birth rates at placebo introduction years, by age, from an entropy-balanced
Poisson event study
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Notes: Each panel reports entropy-balanced Poisson Specification 4 estimates in which the treatment date is reassigned to a falsified “introduction year”
(2003, 2004, 2005, or 2006), estimated on the pre-iPhone sample with a window mirroring the SDID placebo (four pre-treatment years plus all available
post-treatment years through 2007). Plotted is the first post-period (¢t = 1) coeflicient on the log birth rate with its 95% confidence interval; the real
2008 row (top, in amber) is from Figure 3. Sample, weighting, and Specification 4 controls match Figure 3; standard errors are clustered at the county
level. Sources: NCHS (2025), SEER (2026), NTIA (2010).



Figure B.3: County classification for the Verizon carrier placebo
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Notes: County classification for the Verizon carrier placebo whose event-study results appear in
Figure B.4. Treated counties (red) have >90% Verizon 3G coverage and <10% AT&T coverage.
Control counties (gray) have <10% coverage from both carriers. Excluded counties (white) are
everywhere else, including all AT&T-served counties. Alaska and Hawaii are omitted. Source: SBI
2010 (NTIA, 2010).
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Figure B.4: Estimated effect of Verizon-only coverage on birth rates, by age, from a synthetic difference-in-differences event study

(carrier placebo)
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Notes: Each panel reports an SDID event study identical in design to the main result (log age-specific birth rate, balanced 2003—2011 county panel,
2008 first treated year, county-clustered bootstrap with 500 replications), but with a placebo treatment: counties with >90% Verizon 3G coverage and
<10% AT&T coverage are coded as “treated” and counties with <10% coverage from both carriers as controls. AT&T-served counties are excluded. The
two dashed vertical lines mark the first birth year materially exposed to each carrier’s flagship smartphone given the ~9-month gestation lag: “AT&T
iPhone” at the 2006/2007 boundary (the iPhone launched June 29, 2007) and “Verizon Android” at the 2009/2010 boundary (the Motorola Droid
launched November 6, 2009). The two summaries above each panel report the mean of the 2008 and 2009 event-time coefficients (“2008-2009 ATT
(placebo)”—the fully treated pre-Android window) and the 2011 coefficient alone (2011 ATT (Android)”—the only birth year fully exposed to Verizon
Android). The Verizon iPhone arrived February 10, 2011, after the conception window for every birth cohort in the sample, so a Verizon-iPhone effect
cannot enter. Markers and confidence intervals are rendered in Verizon red. Bars are 95% confidence intervals from a county-clustered bootstrap with
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Figure B.5: County classification for the Sprint carrier placebo

Sprint placebo county classification

[ TExcluded [ ] Control [ | Treated

Notes: County classification for the Sprint carrier placebo whose event-study results appear in
Figure B.6. Treated counties (yellow) have >90% Sprint 3G coverage and <10% AT&T coverage.
Control counties (gray) have <10% coverage from both carriers. Excluded counties (white) are
everywhere else, including all AT&T-served counties. Alaska and Hawaii are omitted. Source: SBI
2010 (NTIA, 2010).
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Figure B.6: Estimated effect of Sprint-only coverage on birth rates, by age, from a synthetic difference-in-differences event study

(carrier placebo)
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Notes: Each panel reports an SDID event study identical in design to Figure B.4 except that the placebo carrier is Sprint rather than Verizon: counties
with >90% Sprint 3G coverage and <10% AT&T coverage are coded as “treated” and counties with <10% coverage on both as controls. AT&T-served
counties are excluded. The two dashed vertical lines mark the first birth year materially exposed to each carrier’s flagship smartphone given the ~9-month
gestation lag: “AT&T iPhone” at the 2006/2007 boundary (the iPhone launched June 29, 2007) and “Sprint Android” at the 2009/2010 boundary (the
HTC Hero launched October 11, 2009, so conceptions from that month onward yield births starting in mid-2010). The Sprint iPhone arrived October
14, 2011, after the conception window for every birth cohort in the sample, so a Sprint-iPhone effect cannot enter. Markers and confidence intervals are
rendered in Sprint yellow. Bars are 95% confidence intervals from a county-clustered bootstrap with 500 replications. Sources: NCHS (2025), SEER

(2026), NTIA (2010).



Appendix C: ATUS-CPS geographic partition and time-

use event study

This appendix documents an attempt to extend the natural-experimental design of
the body to ATUS time-use outcomes. The ATUS-CPS file identifies a respondent’s
state for every survey year but applies the standard CPS public-use suppression
rule to county of residence: county is revealed only if the cell clears the disclo-
sure threshold, otherwise only the CBSA or the state-level metro/non-metro flag is

observed.

C.1 ATUS-CPS cell-level coverage assignment

The most granular geography we can attach to an ATUS respondent is one of three
kinds of “cell” that we construct from the joint distribution of gestfips, gtco, and

gtcbsa and how we assign AT&T coverage:

1. Identified counties (n = 404): a single county whose FIPS code ATUS-CPS
reveals. The cell’s AT&T coverage is the county’s own population-weighted
share from the SBI 2010 snapshot.

2. Balance of CBSA cells (n = 776): for a CBSA where some but not all con-
stituent counties are individually identified, the “balance” is the set of uniden-
tified counties. By construction, any respondent whose county is suppressed
but whose CBSA is identified must be in the balance, never in any of the
CBSA’s identified counties. We assign the balance’s population-weighted mean

coverage across its constituent counties.

3. Balance of state cells: the set of non-CBSA counties of a state. We assign the
state’s population-weighted mean across its non-CBSA counties. In six states
(Montana, Nebraska, North Dakota, Wyoming, Utah, and New Mexico) every
non-CBSA county has AT&T coverage at or below 10%, so the balance-of-state
cell is unambiguously a clean “control” assignment with no within-cell misclas-
sification. In the remaining states the balance-of-state mean is interpretable
only as a continuous coverage measure subject to within-cell measurement

error in proportion to within-state non-CBSA coverage heterogeneity.

Figure C.1 maps the resulting cell partition, with each cell shaded by its
population-weighted AT&T 3G coverage. County borders are dissolved within
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cells: a balance-of-state cell appears as one contiguous polygon spanning all of
a state’s non-CBSA counties, a balance-of-CBSA cell appears as one polygon
spanning its constituent unidentified counties, and an identified county appears
as its own polygon. Light-gray cells (the strict-six states’ non-CBSA balances)
have essentially zero coverage; the AT&T blues shade the remaining range from
0-10% (light) to over 90% (dark). All non-CBSA territory is filled in, so the map
can be read directly as the AT&T coverage value the ATUS analysis assigns to a

respondent observed in each cell.

C.2 Time with friends: Poisson event study by age

We estimate a Poisson event study of ATUS minutes per day with friends (excluding
episodes during work or class) on the cell-level AT&T 3G coverage variable described

in C.1, separately by 5-year age band over 2005-2011. Formally,

E[mict ‘ ey Vs A67 X’L] =exp| &¢ + Yt + Z By AC : 1[t - y] + le(s ) (2)
y#2007

where m;. is minutes per day with friends for respondent ¢ residing in cell ¢ in
survey year t € {2005,2006,2008,...,2011}; A. € [0,1] is the cell’s December 2010
AT&T 3G coverage share, constant across years; a. and ~; are additive cell and
survey-year fixed effects; and X; is a vector of respondent-level controls. The event-
time coefficients 3, trace the year-by-year effect of a counterfactual increase from
zero to full AT&T coverage, with y = 2007 omitted as the pre-iPhone reference.
We estimate by Poisson maximum likelihood with ATUS final weights and standard
errors clustered at the cell level.

The three nested specifications differ in the composition of X;. Specification 1
includes race/ethnicity (four categories), sex, and day-of-week fixed effects. Specifi-
cation 2 adds single-year-of-age fixed effects. Specification 3 further adds married-or-
partnered status, educational attainment (four categories), employment, household
children under 5, household children 5-17, and family-income category fixed effects
(16 levels plus a missing dummy). The sample (N = 41,103) is restricted to re-
spondents non-missing on every Specification 3 control so the three specifications
are strictly nested.

Figure C.2 plots the event-time coefficients. The Specification 2 post-2007 ATTs

are negative at every age at which our headline fertility effects appear: —20.5%
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at ages 15-19 (p = 0.23), —5.7% at 20-24 (p = 0.85), —12.4% at 25-29 (p =
0.67), and —27.7% at 30-34 (p = 0.28), where each percent change corresponds to
the effect of a counterfactual increase from zero to full cell-level AT&T coverage.
The point estimates are directionally consistent with the in-person-displacement
channel, but every estimate is imprecise and statistically indistinguishable from zero
at conventional levels; the 95% confidence intervals span both substantial declines
and substantial increases at every age.

The imprecision reflects substantial measurement error on both sides of the re-
gression. On the outcome side, the ATUS measure is a single 24-hour time diary
per respondent. Time with friends on a single day is sharply zero-inflated and
heavy-tailed—most respondents see no friends at all, and a small share spend sev-
eral hours—so the individual outcome carries large within-cell variance even when
averaged across thousands of respondents per cell-year. On the treatment side, the
ATUS-CPS suppresses county for most respondents, so for the 60% of the sample
outside the identified-county branch we assign coverage as a population-weighted
mean across the counties in a balance-of-CBSA or balance-of-state cell. Where the
constituent counties differ in their AT&T coverage, this cell-mean assignment intro-
duces classical measurement error into the regressor, attenuating the point estimate
toward zero. The combination—noisy outcome, attenuated coefficient—produces
confidence intervals that are wide and centered closer to zero than the true effect
likely lies.

We therefore treat Figure C.2 as suggestive rather than as a standalone causal
estimate. The signs and rough magnitudes of the point estimates are consistent with
the in-person-displacement channel that motivates the descriptive trends in Figure 9,
but the cell-level partition of the ATUS-CPS does not deliver the precision our main

county-level natality design does.
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Figure C.1: AT&T 3G coverage by ATUS-CPS assignment cell
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Notes: Each polygon is one ATUS-CPS assignment cell: an identified county, the balance of a CBSA (its
unidentified counties combined into a single polygon), or the balance of a state (its non-CBSA counties com-
bined). Shading is the cell’s population-weighted (women 15-44 in 2010) AT&T 3G coverage share (National
Telecommunications and Information Administration (NTIA), 2010). Light gray (the lowest bin) shades cells
with essentially zero coverage; the AT&T-blue gradient shades the remaining bins as in Figure 2. Alaska
and Hawaii are omitted. The cell partition is described in the text above; the per-respondent assignment
lives on Output/Tables/ATUS.NonHHTime.Individual.dta as att_cov_cts (continuous) and att_cov_strict
(clean assignment only). Source: SBI (2010), Census 2013 CBSA delineation file, ATUS multi-year ATUS-
CPS file (2025).
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Figure C.2: Estimated effect of continuous AT&T 3G coverage on minutes spent in presence of friends, by age, from a Poisson
event study under three nested control specifications (all ATUS cells)
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Notes: Each panel reports the event-time coefficients (3, from the Poisson (PPML) event study in equation (2), estimated on minutes per day with
friends (excluding episodes during work or class) for the indicated 5-year age band. The sample is 41,103 ATUS respondents aged 15-44 in 2005-2011;
2003-2004 are dropped because ATUS-CPS suppresses CBSA and county identifiers in those years. The three nested control specifications match the
legend; the full X; enumeration, fixed-effect structure, and estimator are described in Appendix C.2. Coefficients have a Poisson log-rate interpretation;
vertical bars are 95% confidence intervals from cell-clustered standard errors. The subtitle under each age label reports the post-2007 ATT (mean of the
2008-2011 coefficients) and its delta-method SE for Specification 2. Sources: ATUS (BLS, 2025); NTTA (2010).
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