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S O C I A L  S C I E N C E S

The impact of contraceptive access on  
high school graduation
Amanda J. Stevenson1,2*, Katie R. Genadek2,3, Sara Yeatman2,4,  
Stefanie Mollborn1,2, Jane A. Menken2

Does access to the full range of contraceptive methods increase young women’s educational attainment? Family 
planning programs are often justified by claims that it does, but contemporary evidence is unexpectedly weak. 
We use a natural experiment afforded by a 2009 Colorado policy change to assess the impact of expanded access 
to contraception on women’s high school graduation. Linking survey and Census data, we follow a population- 
representative U.S. sample, including large subsamples of young women living in Colorado in 2010 and in com-
parison states. Using a difference-in-differences design, we find expansion of access to contraception was 
associated with a statistically significant 1.66 percentage-point increase in high school graduation. This increase 
in graduation represents a 14% decrease in the baseline percentage not graduating high school before the policy 
change. Results are robust to a variety of sensitivity tests. Our findings indicate that improving access to contra-
ception increases young women’s human capital formation.

INTRODUCTION
In her dissent in Gonzales v. Carhart (2007), Justice Ruth Bader 
Ginsburg wrote that women’s “ability to realize their full poten-
tial … is intimately connected to ‘their ability to control their repro-
ductive lives,’” quoting Casey v. Planned Parenthood (1992). This 
claim, that access to contraception has beneficial indirect effects, 
including improving women’s educational attainment, is also used 
as rationale to support the U.S. Title X program, which funds access 
to sexual and reproductive health services for low-income and 
uninsured residents (1, 2). While arguments for access to contra-
ception are based on a host of principles, including justice (3), hu-
man rights (4), the promotion of women’s health (5), and the right 
to privacy (6), justifications for publicly funded family planning 
programs in the U.S. often rely on a narrow and testable version of 
Ginsburg’s claim: that access to contraception has beneficial indi-
rect effects, including improving women’s educational attainment 
(1, 2). Despite the ubiquity of this claim, there is unexpectedly little 
rigorous contemporary evidence to support it, so arguments in sup-
port of Title X in particular and publicly subsidized family planning 
in general have rested on the observation that young women who 
bear children as teenagers are less likely to complete high school 
(2, 7, 8). This reliance weakens the rationale for funding because it 
rests a causal argument about the impact of access to contraception 
on partial evidence (2, 8–12). It assumes that when contraceptive 
access improves, a significant population of women will increase 
their contraceptive use and thereby avert teen births, which would 
otherwise have prevented them from graduating high school. De-
cades of evidence indicate that women who have teen births and 
subsequently do not graduate high school are disproportionately 
subject to social and economic disadvantage before they have chil-
dren (7, 13, 14), so their nongraduation may not have been caused 
by their childbearing.

This reliance on evidence about the impact of teen births also 
assumes that the only pathway between access to contraception and 
human capital is through fertility. Yet the capacity to reliably plan 
one’s childbearing may itself increase human capital formation 
even among young women who would not otherwise have ended up 
having teen births. Alternative causal pathways have been hypothe-
sized to operate through increased confidence that investments in 
education will yield benefits, mental health improvements associated 
with control over fertility, or labor market changes associated with 
employers’ reduced concern that young women will leave work due 
to unplanned or unwanted births (15–17). For these reasons, direct-
ly assessing the relationship between access to contraception and 
education is essential both for understanding human capital forma-
tion and for providing a more robust scientific evidence base 
for policy.

Stronger evidence establishing the impact of access to contra-
ception on subsequent outcomes requires both an identifiable change 
in access to contraception and data over time for a sufficiently large 
representative sample of individuals exposed and not exposed to 
that change. In the United States, family planning policy changes 
most often occur at the state level. But individual longitudinal sam-
ples are typically available only for nationally representative co-
horts, which are not representative at the state level. Our study 
overcomes these hurdles by harnessing an abrupt expansion of 
access to contraception in Colorado and restricted individually linked 
survey and decennial census data that are sufficiently large for state- 
specific analysis.

The initial introduction of oral contraceptive pills in the 1960s 
and the advent of the federal Title X family planning funding pro-
gram in the 1970s provided the most recent nationwide changes in 
family planning access. These expansions, 50 years ago and more, 
affected women’s fertility, education, and employment (15–18), but 
the question of the effect of introducing contraception where no 
modern methods had previously been available is not analogous to 
the question of whether changes to existing modern family plan-
ning programs affect women’s lives. In addition, historical evalua-
tions do not identify how impacts of policies vary by race/ethnic 
categories in the contemporary context. The inability to disaggregate 
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effects by race and ethnicity leaves programs open to critiques that 
they are racist and antinatalist. Concerns about racist contraceptive 
coercion are particularly salient to family planning programs that 
modify access to permanent or long-acting reversible contraceptive 
(LARC) methods (11). Overall, the absence of evidence leaves a 
dominant rationale for the public subsidy of contraception untested 
at a time when funding for and scope of family planning programs 
are increasingly contested.

Title X grantees are required to offer a broad range of Food and 
Drug Administration (FDA)–approved contraceptive methods, but 
insufficient levels of funding have led to rationing of more expen-
sive methods (e.g., intrauterine devices and implants), leaving 
unmet demand for these more effective methods (19, 20). The 
Colorado Family Planning Initiative (CFPI), introduced late in 
2009, abruptly expanded contraceptive access by providing funding 
that made every FDA-approved contraceptive method available to 
every client in every Colorado Title X family planning clinic at low 
or no cost (21). In addition, it provided training in the administra-
tion of specialized methods (particularly LARCs) for Colorado Title 
X providers and a family planning social marketing campaign (21). 
The peak period of CFPI implementation (2009–2014) saw an in-
crease of 16.5 percentage points in utilization of LARCs (21) and 
saw fertility and abortion rates fall for 15- to 24-year-olds (22–24). 
CFPI, a statewide program, definitively demonstrated that increas-
ing Title X funding and capacity at the population level was fol-
lowed by increased use of the most expensive and most effective 
contraceptive methods and declines in fertility and abortion rates 
(22–24). It confirms earlier evidence from clinical-scale interven-
tions (25–27) that has been considered biased because it was based 
only on women who self-selected into presenting for services rather 
than all women who could have accessed services.

We build on this research by assessing the impact of CFPI on 
receipt of high school diplomas by young women who lived in Col-
orado at the time of CFPI onset. We focus on receipt of a high 
school diploma by young adulthood (ages 20 to 22) because of its 
known association with improved later life outcomes (28, 29) and 
because this is where early impacts on life course development of 
human capital may first be apparent. Our approach yields an esti-
mate of the impact of CFPI on high school graduation among young 
women who lived in Colorado at the time of program implementa-
tion, thus generating evidence of the impact of the program on high 
school graduation at the population level. This approach is agnostic 
regarding mechanisms through which access to contraception shapes 
human capital. Taking an intent-to-treat approach in which all 
Colorado-resident women at program outset are considered exposed 
to CFPI, we estimate statewide impacts, not impacts on women who 
sought Title X services. We first estimate the percentage point 
change in high school graduation, and then we assess the degree to 
which CFPI affected the adverse outcome (not graduating high 
school) by expressing the impact of CFPI as a percentage of baseline 
levels of nongraduation.

RESULTS
Difference-in-differences estimates of the effect of CFPI
To estimate change over time in women’s high school graduation 
associated with exposure to CFPI, we use difference-in-differences 
(DID) to compare change between cohorts of Colorado residents 
and change between cohorts of residents of other states. Specifically, 

we calculate the percentage of women by cohort who had earned at 
least a high school diploma by the time they were observed at age 20 
to 22 in the 2009 to 2017 American Community Survey (ACS). See 
Fig. 1 for an illustration of our cohorts. After linking ACS respon-
dents to their 2010 Census responses, we compute these percentages 
separately for those who lived in Colorado at the 2010 Census and 
for those who lived in our 17 comparison parallel trends states: 
Those states that did not differ statistically in level or trend of high 
school diploma receipt in the period before CFPI and that, like 
Colorado, had expanded Medicaid by 2015. We then compute the 
difference in the percentage completing high school between the 
pre- and post-CFPI cohorts in Colorado and parallel trends states, 
the first differences. Subtracting the first difference in parallel 
trends states from the first difference in Colorado yields an estimate 
of additional change in Colorado or the DID. We calculate these 
percentages and differences for all women and separately for non- 
Hispanic White women and Hispanic women. Because Colorado 
has relatively small Black and Asian populations, the ACS samples 
for these groups were not large enough to yield stable estimates. As 
shown in table S2, our Colorado cohorts are only 3.35% Black and 
2.56% Asian.

Table 1 displays percentages of women aged 20 to 22 with a high 
school diploma or greater (high school graduation) by 2010 resi-
dence, cohort, and race/ethnicity. It also displays the difference 
between post-CFPI and pre-CFPI cohorts in these percentages and 
the DID. For all groups, Colorado residents experienced signifi-
cantly greater gains in the percent graduating high school than 
the comparison group. Compared with parallel trends states, the 
Colorado difference is 1.66 percentage points greater for all women 
(from an initial Colorado level of 88.15%, P = 0.001), 2.16 percent-
age points greater for non-Hispanic White women (from an initial 
Colorado level of 92.26%, P  <  0.001), and 4.86 percentage points 
greater for Hispanic women (from an initial Colorado level of 
77.71%, P < 0.001).

Fig. 1. Exposure to the CFPI by birth cohort. 
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In addition to our main comparison described above, we also 
compared Colorado with all non-Colorado U.S. states and with 
states with similar trends in graduation among 20- to 22-year-old 
women in the pre-CFPI period but lower initial levels of gradua-
tion, providing a comparison group with higher potential growth in 
the outcome. Results of these comparisons are presented in table S3. 
Both yield DID estimates of CFPI’s effect that are smaller than those 
generated in the comparison to our parallel trends states, but direc-
tion and significance of the estimated effect of CFPI are the same.

Magnitude of the effect of CFPI
Populations with higher baseline levels of nongraduation from high 
school require greater absolute declines in nongraduation to achieve 
full graduation. For that reason, Fig. 2 illustrates the magnitude of 
the estimated decline due to CFPI, or the DID estimate, as a per-
centage of the pre-CFPI cohort fraction without high school gradu-
ation. It illustrates this separately for all women, non-Hispanic 
White women, and Hispanic women. We estimate that CFPI re-
duced the percentage of Colorado women without a high school 
diploma by 14.0% for all women, by 27.9% for non-Hispanic White 
women, and by 21.8% for Hispanic women.

The post-CFPI Colorado cohort population (female Colorado 
residents born 1994 to 1996 in the 2010 Census) comprised approx-
imately 97,500 women. Applying the effects shown in Table 1, we 
estimate that CFPI resulted in an additional 3800 Colorado women 
born 1994 to 1996 receiving high school diplomas by age 20 to 22.

Robustness of findings
In addition to the models using the two alternative comparison 
groups discussed above, we further tested the robustness of our 
findings using four types of sensitivity tests, a falsification test, and 
an alternative analytic design, all of which yielded results similar to 
the primary analyses. (See the Supplementary Materials for more 
information.) First, to test whether results were sensitive to model 
specification, we performed our analyses with a variety of DID 
model estimation strategies. Second, we tested whether results were 
sensitive to the definition of our outcome by varying whether we 

considered holders of General Educational Development (GED) 
certificates to be high school graduates. Third, we assessed whether 
our reliance on linked data introduced bias by performing a variety 
of alternative analyses for which no linkage was required. Fourth, 
we performed our analysis with a variety of additional alternative 
comparison groups to assess further whether results were sensitive 
to our selection of comparison states. We conducted a falsification 
test by shifting the entire analysis back in time to assure that no ef-
fect is identified before CFPI could have had an impact. Last, we 
tested whether our results were robust to an alternative analytic de-
sign by performing synthetic control analyses.

DISCUSSION
That family planning programs reduce fertility is well-established. 
This fact, however, is insufficient as evidence that family planning 
programs positively affect women’s socioeconomic opportunities. 
We now provide that crucial evidence. Before CFPI, Colorado resi-
dents had access to standard family planning services through the 
Title X clinic network, and high school graduation among young 
women was near 90%. Even in this context, improving access to the 
full range of contraceptive methods reduced young women’s fertility 
(22–24). We show that CFPI is also associated with significant pop-
ulation-level improvement in high school graduation among young 
women in Colorado. This improvement is important: Failure to 
graduate from high school sets individuals on a path of reduced life-
time educational attainment that has become increasingly associated 
with poor life chances, driving inequalities in lifetime earnings 
(30, 31) and mortality (28, 32).

Our research improves on earlier approaches to examining the 
impact of access to contraception on young women’s lives. Studies of 
fertility outcomes have usually compared outcomes in nonrepresentative 
clinical samples of individuals who self-select into contraceptive use 
instead of the population-representative sample we have constructed 
(25, 27). Studies assessing impacts on educational attainment have 
usually used ecological comparisons in which exposures and out-
comes are measured simultaneously (33). We improve on these 

Table 1. Percentage with high school diploma by 2010 residence, cohort, and race/ethnicity: women aged 20 to 22. Source: 2010 Decennial Census and 
2009 through 2017 1-year ACS data. Results were approved for release by the U.S. Census Bureau’s Disclosure Review Board, authorization number CBDRB-FY20-
ERD002-010. P value indicates statistical significance of DID estimates reported based on significance of two-way interaction between Colorado residence in 
2010 and being in the post-CFPI cohort in regression models including state fixed effects and clustered SEs. 

Pre-CFPI cohort Post-CFPI cohort
Difference 
(Post-pre)

DID (Colorado 
difference–
comparison 
difference)

P value
Percent SE Percent SE

COLORADO

All women 88.15 0.7738 92.10 0.7667 3.95

White, non-
Hispanic 92.26 0.7367 95.28 0.6206 3.02

Hispanic 77.71 2.086 87.24 2.044 9.53

PARALLEL TRENDS STATES

All women 90.70 0.1873 92.99 0.245 2.29 1.66 0.001

White, non-
Hispanic 93.35 0.1206 94.21 0.1623 0.86 2.16 <0.001

Hispanic 85.71 0.2956 90.38 0.3661 4.67 4.86 <0.001
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kinds of studies by using linked 2010 Census and ACS data, which 
enable us to measure a woman’s exposure to the program based on 
her place of residence at program outset and allow us to observe edu-
cational outcomes years after exposure even when people moved.

Our results are robust to the extensive tests we conducted but are 
still limited. While CFPI was a particularly large and effective state-
wide intervention (21), Colorado has a higher proportion of people 
of Hispanic ethnicity than the U.S. as a whole and lower propor-
tions of other non-White race/ethnic groups, so our estimates of 
impact may not be generalizable to other states. In particular, our 
results cannot be generalized to describe possible impacts of pro-
grams like CFPI on Black or Asian populations or states with sub-
stantial populations from these groups. Like all DID analyses, our 
results rely on the assumption that Colorado would have followed a 
similar trajectory in young women’s high school graduation as 
comparison places did. Our robustness analyses showed that our 
main results are not sensitive to our approach to selecting compar-
ison states. Our reliance on linked data could introduce bias into 
our findings because some populations are more difficult to link 
across time. However, our sensitivity analyses using contemporane-
ous exposure and not relying on linkage generated similar results. 
Last, our analytic approach does not illuminate the pathways through 
which access to contraception affects high school graduation. While 
the effect may operate through decreased fertility, it may also oper-
ate through increased confidence that human capital investments 
will yield benefits and improved mental health associated with con-
trol over fertility (15, 17).

Our study assessed the population-level impact of access to the 
full range of contraceptive methods in Title X clinics on educational 
attainment in the contemporary United States. It provides much- 
needed estimates of the effects of a contraceptive program expan-
sion on education in the general population and the first estimates 
by race/ethnicity of the population-level socioeconomic impacts 
of increasing access to contraception. Funding for Title X has 
consistently fallen well below the level required to provide care to 

all who are in need (34, 35). CFPI fully funded Colorado’s Title X 
program with the goal of facilitating access to the full range of 
contraceptive methods for all clients. Our analysis demonstrates 
that this expansion of service intervention, designed to ensure that 
every Title X client could freely choose from all FDA-approved 
methods of contraception with minimal barriers to initiation, sig-
nificantly increased statewide high school graduation among young  
women.

MATERIALS AND METHODS
Experimental design
Our DID design compares Colorado birth cohorts whose gradua-
tion could not and could have been affected by the policy and then 
compares this difference to the difference between the same birth 
cohorts in other states. It therefore provides estimates of the intent-
to-treat impact of the program, describing the impact on the popu-
lation at large—not just those who visited Title X clinics. To do this, 
we construct two cohorts of women who were aged 20 to 22 (2 to 
4 years past the typical age of high school diploma receipt) when 
they responded to an ACS between 2009 and 2017. One cohort 
comprises women who were too old at the time of CFPI implemen-
tation to have had their high school graduation affected (pre-CFPI 
cohort: born 1989 to 1991), and a second cohort comprises women 
who were just young enough that CFPI could have affected their 
high school graduation if they resided in Colorado (post-CFPI 
cohort: born 1994 to 1996).

Data
Longitudinal data from a large enough sample of the U.S. population 
by state, including Colorado, are necessary to allow for analyses of 
long-term outcomes like educational attainment. Thus, we cannot 
rely on typical vital registration data, cross-sectional survey data, or 
small nationally representative longitudinal survey data. Instead, 
we used secondary restricted-use data from the U.S. Census Bureau.

Fig. 2. Magnitude of effect of CFPI. All estimates from individual-level models for the DID in high school graduation among Colorado women. Blue lines indicate 95% 
confidence intervals around point estimates. Source: 2010 Decennial Census and 2009 through 2017 1-year ACS data. Results were approved for release by the U.S. Census 
Bureau’s Disclosure Review Board, authorization number CBDRB-FY20-ERD002-010.
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Two datasets were used for the analyses: the 2010 Census and the 
2009–2017ACS. The 2010 Census covers all residents of the United 
States in April 2010. Its questionnaire is similar to previous “short 
form” decennial census questionnaires; microdata include house-
holder status, relationship to household head, age, race/ethnicity, 
sex, and latitude and longitude of residence. The ACS, which went 
into full production in 2006, interviews a probability sample of all 
U.S. residents in each calendar year. Fielded throughout the year, it 
surveys 2.5% of households annually, covering about 1.5% of that 
year’s U.S. population. It is representative at the state level for single 
years and the county level for pooled year ranges. The ACS uses a 
questionnaire modeled after the “long form” of Census 2000. It provides 
rich household and individual-level demographic and socioeconomic 
information including education, employment, household structure, 
marriage, and fertility.

To construct our longitudinal dataset including outcomes from 
ACS responses and exposure from the 2010 Census response, we 
linked members of our ACS cohorts of interest to their individual 
2010 Census responses via Census Bureau assigned individual- 
level Protected Identification Key (PIK). The Census Bureau uses 
personally identifying information to assign a unique identifi-
cation number, or PIK, to improve data collection and measure-
ment of the population. PIKs are assigned using probabilistic record 
linkage techniques through a process called the Person Identifica-
tion Validation System, in which the identified information in the 
data is used to link individuals to an administrative records com-
posite file (36). Respondents linked to the composite file are 
assigned a PIK from the file, and the personally identifying infor-
mation is then removed. PIKs facilitate linkage to other files that 
have been assigned PIKs. The rates at which the files are assigned 
PIKs are generally high, with the 2010 Census having 91% of re-
spondents with PIKs and the ACS files having around 94%. The 
PIK assignment is subject to error, but error is small (with ob-
served error generally well below 1%) (36–38). However, failure 
to match is unequally distributed, because of established limita-
tions of probabilistic record matching processes (39). See the 
“Robustness of Findings” section and the Supplementary Materials 
for more information on tests of sensitivity to match failure in our 
analysis.

After linking the 2010 Census and the ACS using the assigned 
PIKs, we checked the links by comparing basic demographic infor-
mation available in the surveys. We removed duplicates and exclud-
ed respondents who had clearly erroneously been assigned the same 
PIK. In total, we linked 71.4% of the ACS respondents in our co-
horts of interest living in any U.S. state at the time of ACS response 
to their 2010 Census response (N = 361,550 linked). (See Fig. 1 for 
the illustration of cohorts.) A similar percentage (72.2%) of ACS 
respondents living in Colorado at the time of ACS response was 
linked to their 2010 Census response.

All data we analyzed were de-identified before we gained access 
(36). These data were made available to us through an approved 
project at the U.S. Census Bureau, and all analyses were performed 
on secure Census Bureau servers. Our results were reviewed by 
Census Bureau staff to prevent unlawful disclosure of individual- 
level information, and all numbers and percentages are rounded 
in accordance with Census Bureau disclosure review guidelines. This 
study has been determined exempt from human subjects review by 
the University of Colorado Institutional Review Board. Researchers 
can access these data via the Federal Statistical Research Data Center 

system, as we did. Our study materials are available to approved 
researchers within the secure environment.

Our primary variables of interest were constructed as follows.
Highest educational attainment was reported in the ACS. Rather 

than capturing lifetime educational attainment, this outcome con-
siders whether women attained high school graduation by young 
adulthood. We consider a woman a high school graduate if she had 
attained high school graduation or gone on to college. We do not 
consider respondents with GED certificates who had not attended 
college as high school graduates in our primary analyses because of 
evidence that their life outcomes are more similar to those who did 
not graduate (29, 40). GED recipients who had not attended college 
were included as graduates in sensitivity analyses.

State of residence at the 2010 Census (April 2010) is used as a 
proxy for residence at CFPI onset (late 2009), an intent-to-treat 
definition of exposure.

Race and ethnicity were reported in the ACS. ACS respondents 
can select one or more races from check boxes, and there is a race 
write-in option. Hispanic ethnicity is a separate question with check 
boxes to indicate being of Hispanic origin or not. We coded our race and 
ethnicity variable to be the race of the respondents if non- Hispanic 
was selected, and Hispanic for respondents answering yes to the 
ethnicity question of any race. Individuals not selecting Hispanic and 
selecting more than one race were coded as “other.” Our analyses focus 
on all women together, non-Hispanic White women, and Hispanic 
women because Colorado samples for other race/ethnic groups were 
too small to yield reliable results in pre-analysis power calculations. 
See table S2 for Colorado sample sizes by race/ethnicity.

Our treatment variable is exposure to CFPI before age 16, when 
a difference in contraceptive access could affect high school gradu-
ation, considering waiting time to conception and gestation. To 
operationalize this exposure, we identified each woman’s state of 
residence in 2010 as above and constructed two cohorts of women 
defined by age at CFPI implementation (see Fig. 1):

1) The pre-CFPI cohort (blue diagonal): too old for CFPI to af-
fect high school graduation. These women, born 1989–1991, were 
18 to 20 at the end of 2009 and 20 to 22 in ACS 2009–2014.

2) The post-CFPI cohort (orange diagonal): earliest cohort whose 
high school graduation could have been affected by CFPI if Colorado 
residents. These women, born 1994–1996, were 13 to 15 at the 
end of 2009 and 20 to 22 in ACS 2014–2017.
Thus, our population of interest includes women in these cohorts 
who resided in a U.S. state during 2009 to 2017 and at the time of 
the 2010 Census (see Fig. 1). Our sample is all such women who 
were aged 20 to 22 when they responded to an ACS in 2009 to 2017 
and who were matched to their 2010 Census response. In our main 
analysis, we restricted our sample to women who resided in Colorado 
or one of our parallel trends states at the 2010 Census.

Identification of parallel trends states
A key assumption of DID methods, our analytic approach, is parallel 
trends between the intervention group and the comparison group 
(41). DID methods also require similar trajectories in other salient 
policies. Therefore, we limited our parallel trends comparison group 
to states that met two criteria: the state had expanded Medicaid by 
2015 (because Colorado expanded Medicaid under the Affordable 
Care Act during our study period), and its pre-CFPI state-specific 
levels and time trends in high school graduation did not differ sig-
nificantly from Colorado’s for all women, non-Hispanic White women, 
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and Hispanic women. Our team also systematically reviewed Colorado 
education legislation from 2009 to 2017 to verify that no substantial 
policy changes occurred during the period of our study. We identified 
one policy, Colorado’s extension of in-state tuition to undocumented 
students who graduated on or after 1 September 2013. However, the 
policy’s impact appears to have been modest in size and concentrated 
among undocumented high school students who already had or 
would graduate high school (42).

We consider 2008 as our first pre-CFPI year because the ACS 
did not distinguish between GED and high school diplomas before 
2008. Year 2012 is the last pre-CFPI year because women at ages 20 
to 22 in that year were at least age 17 at CFPI’s onset, and thus, with 
waiting time to conception and gestation, their on-time high school 
graduation experience (typically between the ages of 17 and 19) 
would have been subject to the pre-CFPI regime of access to con-
traception.

We used individual-level linear probability models (43) of high 
school graduation to assess differences in state level or trend in 
young women’s high school graduation before CFPI. We estimated 
these models using 2008–2012 ACS microdata for the three race/
ethnic groups of women at ages 20 to 22. All models include a con-
stant term for Colorado residence, a Colorado linear slope, fixed 
effects (difference in level) for each other state and linear slopes 
(differences in slope) for each other state.

Seventeen states met the parallel trends and Medicaid expansion cri-
teria: Arizona, California, Connecticut, Hawaii, Illinois, Iowa, Maryland, 
Massachusetts, Michigan, Minnesota, Montana, New Hampshire, 
New Mexico, New York, North Dakota, Pennsylvania, and Rhode 
Island. See table S1 for sample sizes for Colorado, parallel trends 
states, and all non-Colorado U.S. states. The annual estimated per-
centage with a high school diploma among women at ages 20 to 
22 in these states in the aggregate is displayed in fig. S1. Note that 
the data in this figure and used in the models to identify comparison 
states are single-year ACS estimates for all women at ages 20 to 
22 based on residence at time of survey. In our main analysis, we 
use linked ACS and decennial census data to classify individuals 
based on past residence and restrict our sample to specific birth 
cohorts.

By definition, no individual parallel trends state was statistically 
different from Colorado in level or trend, but in the aggregate, the 
group appears to display a higher initial level and greater increase 
during the pre-CFPI period when compared to Colorado. This is 
likely due to our reliance on statistical significance tests to exclude 
states individually; smaller states are less likely to be rejected be-
cause their samples in the ACS are smaller and thus their estimates 
are less precise. To address any concerns arising from this, we also 
constructed a “higher growth potential” comparison group relying 
on point estimates from the linear probability models described 
above instead of relying on statistical tests of difference. Specifically, 
these states were lower than Colorado at the start of the pre-CFPI 
period (as measured by intercept) and had slopes close to Colorado’s 
within this period. We expect states selected in this way to provide 
a more conservative test of CFPI’s effect because initial graduation 
rate may be negatively associated with potential for growth (because 
graduation cannot rise above 100%). We selected comparison groups 
separately for our three groups of women. The slopes were within 
0.01 for all and non-Hispanic White women and within 0.04 for 
Hispanic women (because their small sample sizes yielded much more 
variable slope estimates). All non-Colorado states (i.e., the rest of 

the United States) comprise a third comparison group whose results 
are presented to illustrate robustness to alternative comparisons. 
Aggregate annual estimates for each of these alternative compari-
son groups are also displayed in fig. S1.

Statistical analysis
Our empirical approach is a DID comparison of the difference in 
the percentage of women who graduated high school between 
pre- and post-CFPI cohorts for women residing in Colorado at 
CFPI onset compared to the same difference for women living in 
other states.

We first calculated the percentage of women who graduated high 
school in the pre- and post-CFPI cohorts in 12 groups defined by 2010 
residence (Colorado, parallel trends states, non-Colorado U.S. states,  
and high growth potential U.S. states) and race/ethnicity (all women of 
any race or ethnicity, only non-Hispanic White, and only Hispanic). For 
each group, we calculated the cohort difference as the percentage who 
graduated high school in the post-CFPI cohort minus percentage 
in the pre-CFPI cohort.

We compared Colorado first to parallel trends states, then to 
non- Colorado U.S. states, and to the higher growth potential states. 
For each race/ethnicity group, we calculated the DID by subtracting 
the cohort difference in the comparison place from the cohort dif-
ference in Colorado. To test whether these DID estimates were sta-
tistically significant, we estimated individual-level linear probability 
models of high school graduation for members of pre-CFPI and 
post-CFPI cohorts, using separate models to compare Colorado to 
each comparison group. Models included an indicator of Colorado 
cohort membership (1 if Colorado resident at the 2010 Census, 
0 otherwise), an indicator of post-CFPI cohort membership (1 if 
member of post-CFPI cohort, 0 if member of pre-CFPI cohort), the 
interaction of these two indicators (our DID estimator), and state 
fixed effects. To assess whether we should test effects of CFPI sepa-
rately by race/ethnicity group, we also fitted models that included 
binary indicators of race/ethnicity and the interactions of these in-
dicators with Colorado residence, with post-CFPI cohort, and with 
the interaction of Colorado and post-CFPI. The coefficient on the 
three-way interaction of race/ethnicity, Colorado residence, and 
post-CFPI cohort was significant; therefore, we present separate 
models for all women, non-Hispanic White women, and Hispanic  
women.

Because our race/ethnicity groups had different initial levels of 
high school graduation, and because nongraduation from high school is 
the adverse outcome that a positive effect of CFPI could potentially 
avert, we also calculated the DID as a percentage of young women 
who did not graduate high school in the pre-CFPI group [calculated 
as (DID estimate)/(percentage who did not graduate in pre-CFPI 
cohort)]. This provides an estimate of the relative effect of CFPI on 
the probability that a member of the population would not graduate 
from high school by our age of observation.

All analyses used ACS weights and two sets of weights we gener-
ated to account for our analytic design: First, weights to adjust for 
rates of 2010 Census-ACS linkage by state at ACS, birth cohort, and 
race/ethnicity category (as defined above); and second, weights to 
adjust for the difference in age structure between pre- and post-CFPI 
cohorts. The differences in age structure were generated by censor-
ing in the post-CFPI cohort (see red section of orange diagonal in 
Fig. 1). SEs were adjusted for clustering within states. All analyses 
were performed using Stata 16.
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SUPPLEMENTARY MATERIALS
Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/7/19/eabf6732/DC1
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Statistical Research Data Center system, as we did. Our study materials, including data 
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secure environment. Disclaimer: Any views expressed are those of the authors and not 
necessarily those of the U.S. Census Bureau. Results were approved for release by the Census 
Bureau’s Disclosure Review Board, authorization numbers CBDRB-FY20-ERD002-010 and 
CBDRB-FY21-ERD002-012.

Submitted 11 November 2020
Accepted 17 March 2021
Published 5 May 2021
10.1126/sciadv.abf6732

Citation: A. J. Stevenson, K. R. Genadek, S. Yeatman, S. Mollborn, J. A. Menken, The impact of 
contraceptive access on high school graduation. Sci. Adv. 7, eabf6732 (2021).


