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Abstract 

Public subsidies for contraception are often justified by claims regarding their benefits for 

women’s lives, yet there is limited contemporary evidence supporting these arguments. 

Beginning in 2009 the Colorado Family Planning Initiative abruptly expanded access to the full 

range of contraceptive methods through Colorado’s Title X family planning clinics. Using eleven 

years of American Community Survey data linked to decennial censuses, we assessed whether 

exposure to the program led to improvements in women’s college completion. Exposure to the 

Colorado Family Planning Initiative at high school ages was associated with a 1.8–3.5-

percentage-point population-level increase in women’s on-time bachelor’s degree completion, 

which represents a 6–12 percent increase in women obtaining their degrees compared with 

earlier cohorts. Federal and state policies restricting or expanding access to the full range of 

contraceptive methods can affect women’s attainment of higher education in addition to their 

reproductive health. 
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Introduction 

During the last fifty years, access to contraception in the US has been supported by 

dedicated public funding through the Title X federal family planning program. Benefits for 

women’s lives are often cited as a key rationale for the program, yet there is limited 

contemporary evidence to support the claim that access to contraception affects important 

outcomes, such as attainment of higher education, at the population level. A bachelor’s degree is 

increasingly critical for accessing the middle class in the US and has substantial benefits for 

health and socioeconomic trajectories. It is associated with higher lifetime earnings, 

intergenerational mobility, longer life expectancy, and reduced morbidity.1–4 

Studies of the initial expansion of oral contraception in the 1960s and 1970s found that 

access to contraception affects college completion.5,6 However, the impact of the introduction of 

the first hormonal method of contraception differs from the impact of expanded contraceptive 

access in the contemporary US. Current arguments that access to contraception improves 

women’s college outcomes tend to rely on evidence demonstrating a negative relationship 

between family planning programs and early fertility combined with research showing a link 

between early fertility and lower educational attainment.7,8 Teenage mothers disproportionately 

come from socioeconomically disadvantaged groups, however, and this underlying disadvantage 

predicts educational outcomes.7 Such selection biases impede our understanding of whether 

expanded access to modern contraception has a causal impact on college completion.9,10 

There are multiple pathways through which access to contraception could influence a 

young woman’s on-time college completion. A primary potential pathway is the prevention of 

childbearing in adolescence and early adulthood. Avoiding early childbearing can free up time 

and money that could instead be used in pursuit of high school or college education. Research 
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has shown that giving birth during the teenage years reduces educational attainment, with the 

strongest impact seen among those least likely to experience a teenage pregnancy.7,11 

Furthermore, childbearing after high school but before receipt of a bachelor’s degree diminishes 

and delays college completion.12,13 

Access to contraception could also influence on-time college completion through 

nonfertility pathways. Researchers have hypothesized that having the opportunity to reliably 

prevent childbearing may increase educational attainment by improving women’s mental health 

or by expanding the confidence of women and their families that investments in education will 

yield benefits. Such influences may be particularly relevant for understanding college enrollment 

decisions and persistence to degree.14,15 

At the same time, there are social forces that may work in opposition to these articulated 

pathways. The first is selection bias operating on early childbearing, as young women with the 

highest probabilities of teenage childbearing have comparatively few opportunities for 

socioeconomic advancement.7,16 Second, early motherhood is not always detrimental to young 

women's educational attainment. Instead, the birth of a child can increase a mother’s 

commitment to education for the sake of her child.17 

In this study we assessed whether expanded access to contraception in adolescence led to 

an increase in college completion for young women. We used a natural experiment afforded by 

the Colorado Family Planning Initiative, implemented in late 2009, to estimate the population-

level impact of expanded contraceptive access on women’s “on-time” (by ages 22–24) 

completion of a bachelor’s degree. 

The Colorado Family Planning Initiative provided funding, training, social marketing, 

and provider support to ensure that all Title X family planning clinic clients in Colorado could 
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choose any method of contraception approved by the Food and Drug Administration (FDA) 

without medically unnecessary barriers and at low or no cost.18 The five full years during which 

the Colorado Family Planning Initiative was implemented (2010–14, “peak Colorado Family 

Planning Initiative”) saw a dramatic increase in the use of long-acting reversible contraceptives 

(LARCs) and a corresponding dramatic reduction in birth and abortion rates for 15–19-year-

olds.19,20 Recently performed research found that the Colorado Family Planning Initiative 

increased women’s high school completion statewide by 1.7 percentage points.21 Importantly, 

women at risk of not completing high school may not be the same young women whose college 

completion is most likely to be affected by contraceptive access.3,22 Thus, in the current study, 

we examined the next major milestone in human capital formation: completing a four-year 

college degree. 

 

Study Data and Methods 

Research Design 

We used restricted data from two full-count decennial censuses (2000 and 2010) and 

eleven years of the American Community Survey (2009–19) to create an individual-level 

longitudinal data set containing demographics, educational attainment, and state of residence 

during adolescence. These data were linked at the individual level, using the Census Bureau–

provided Protected Identification Key. Data on women both inside and outside Colorado allowed 

us to compare levels of on-time bachelor’s degree completion for birth cohorts of young women 

with improved contraceptive access through the Colorado Family Planning Initiative with 

completion by earlier cohorts who experienced no change in contraceptive access. 
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We took an intent-to-treat approach, which means that we estimated the effect of the 

Colorado Family Planning Initiative on young women residing in Colorado at program initiation 

regardless of whether they directly used the program and regardless of whether they remained in 

Colorado for the duration of the study period. This allowed us to estimate the population-level 

impact of expanded access to contraception and not simply the effect among self-selected users 

of the program. 

We used an event-study design to identify the impact of exposure to the Colorado Family 

Planning Initiative in high school on college completion.23 We used American Community 

Survey data to measure educational attainment at ages 22–24, which provided a measure of on-

time bachelor’s degree (which we refer to as “college completion”). The American Community 

Survey is a nationally representative survey that samples approximately 3.5 million addresses 

yearly, covering approximately 1.5 percent of the population. We examined changes in the 

percentage of women who attained an on-time bachelor’s degree over time, comparing women in 

Colorado from distinct birth cohorts with women in comparison places across the same birth 

cohorts. As illustrated in online appendix A,24 our approach draws on data from women in eight 

single-birth-year cohorts (1987–94). 

Adolescence is a period of heightening sexual activity, when reliable access to 

contraception could still affect high school completion as well as college planning, enrollment, 

and completion. We defined birth cohorts 1987–90 as pretreated cohorts because women born in 

these years were ages 19–22 in 2010, at the start of peak Colorado Family Planning Initiative—

too old to have been exposed to the program during high school. We defined birth cohorts 1992–

94 as treated cohorts because they were ages 15–17 at the start of peak Colorado Family 

Planning Initiative, and thus were exposed to the program in high school if they resided in 
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Colorado. Women in these treated cohorts who remained in Colorado would also have been 

exposed to peak Colorado Family Planning Initiative from age eighteen to age twenty-two. The 

1991 birth cohort was age eighteen in 2010—between high school and college age—and 

therefore, we separated this cohort from the pretreated and treated cohorts. 

Because the Colorado Family Planning Initiative was statewide, our area of exposure was 

all of Colorado. The census linkage was used to identify state of residence during adolescence. 

For women born in 1987–91, we used state of residence in 2000, when these women were ages 

8–12. For women born 1992–94, we used state of residence in 2010, when these women were 

age 15–17. Results were not sensitive to changes in the census used for cohorts at the cut points. 

Although the ages at which state of residence was identified varied across cohorts, all cohorts’ 

state of residence was determined before high school completion, and thus preceded migration 

that could be related to our outcome of interest. This is important because many young adults 

move out of state for college and work after high school.25 In our data, 26.3 percent of 

respondents who were identified as being in Colorado at the relevant census were residing in 

another state when they responded to the American Community Survey. Migration in the other 

direction was even more common—33.1 percent of 22–24-year-olds in Colorado at the time of 

the American Community Survey were residing in another state during adolescence (see 

appendix F). Had we used a cross-sectional approach to exposure, we would have erroneously 

included in-migrants who were not exposed to the Colorado Family Planning Initiative during 

adolescence. A cross-sectional approach would also not address the selectivity of migration, 

which is relevant for our analysis, as young adults who migrated across state lines were more 

educated, on average, than nonmovers. 
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A key assumption of our event-study design is that the change in the outcome over time 

would have been the same in the intervention and comparison places in the absence of the 

Colorado Family Planning Initiative. Therefore, our principal comparison was between women 

in Colorado during adolescence and women who resided in states that had similar levels and 

trends in on-time bachelor’s attainment in the period before the Colorado Family Planning 

Initiative. We identified so-called parallel trend states as those that were not statistically different 

in level or slope of on-time bachelor’s attainment for women during 1987–90. This approach 

identified nine states: Delaware, Hawaii, Kansas, Maine, Nebraska, North Dakota, Ohio, South 

Dakota, and Wisconsin. We also compared Colorado with all other US states (“rest of the US”). 

Statistical Analysis 

To conduct our event study, we fitted individual-level regression models of attainment 

using data on women in birth cohorts 1987–94. For ease of interpretation and to allow for state-

level clustering, we used ordinary least squares regressions.26 Models included indicators of 

Colorado residence during adolescence for each cohort, which was our main estimator. We used 

the 1990 cohort, which was the last fully pretreated cohort in the event study, as the comparison. 

Models included the state-level unemployment rate, as the period under study includes the Great 

Recession; age and state fixed effects; and cohort fixed effects that account for secular trends 

across treated and untreated cohorts. Estimating equations and details on the analysis are 

available in appendix C.24 Models were weighted using the American Community Survey–

provided sample weights adjusted to account for group-level differences (cohort, age, racial and 

ethnic group) in Protected Identification Key assignment and linkage rates between the American 

Community Survey and census (76.8 percent of women from our cohorts in the American 
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Community Survey data were linked to the relevant census; see appendix I). Each Colorado birth 

cohort consisted of between 950 and 1,100 women. 

Another key assumption of our event-study approach is that there were no other policies 

introduced in Colorado during the period under study that could explain observed changes in 

college completion. We identified two candidate policies: a 2009–10 expansion of concurrent 

enrollment in Colorado that widened access to courses that could be taken for both high school 

and college credit27 and a 2013 policy that expanded eligibility for in-state college tuition to 

undocumented residents.28 We addressed the possibility that these policies might explain the 

increase in college completion that we documented in two ways. First, although we expected the 

concurrent enrollment policy to affect young men and women roughly equally,29 the impact of 

the Colorado Family Planning Initiative on on-time bachelor’s attainment should predominately 

benefit women. Women’s education is more likely to be curtailed through the aforementioned 

pathways, and fathers of teenage pregnancies tend to be older than their partners, which makes 

the Colorado Family Planning Initiative less likely to affect their on-time college completion.30 

Thus, we conducted a triple-difference analysis to determine whether college completion 

increased across all Colorado residents or only for young women, as we would expect if it were 

being caused by the Colorado Family Planning Initiative. The estimating equation and details of 

the analysis are available in appendix C.24 Second, we re-ran the analysis, limiting the sample to 

individuals who were born in the US and thus would not have been affected by the change in 

undocumented residents’ access to in-state tuition. 

Limitations 

Our study had several limitations. First, women’s college completion was measured at 

ages 22–24, which were the oldest ages for which data are currently available for the treated 
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cohorts. Many adults in the US complete college later, particularly young mothers,13 so our study 

design missed some women’s subsequent attainment of a bachelor’s degree. Nonetheless, the 

sequencing of motherhood and education is important, with greater benefits accruing when 

college precedes childbearing,31,32 making our focus on this age range appropriate. Second, our 

linkage of census and American Community Survey data, although essential for the careful 

identification of exposure, introduced potential bias to our sample because of missing linkages. 

We minimized this bias by adjusting the American Community Survey sampling weights for 

differential linkage rates by demographic characteristics. 

 

Study Results 

Exhibit 1 shows trends in women’s on-time bachelor’s degree across the three 

populations. Colorado’s trend in college completion was generally flat between the 1987 and 

1990 birth cohorts. These women were ages nineteen and older at the start of peak Colorado 

Family Planning Initiative. The Colorado 1991 cohort experienced a decline in college 

completion relative to pretrends, which was mirrored among Colorado men and thus unlikely to 

be related to the Colorado Family Planning Initiative (see appendix B).24 Starting in the 1992 

birth cohort, the oldest cohort to be exposed to the Colorado Family Planning Initiative at high 

school ages, there was a sizeable increase in women’s college completion in Colorado that 

continued through the 1994 cohort. 

Exhibit 2 presents the results of three event-study models estimating the effects of 

women’s exposure to the Colorado Family Planning Initiative on attaining an on-time bachelor’s 

degree. Point estimates comparing women in Colorado with women in parallel trend states and 

women in the rest of the US were similar, although confidence intervals were unsurprisingly 
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larger for the former. Relative to the 1990 cohort, there was little variation in on-time bachelor’s 

completion among Colorado women not exposed to the Colorado Family Planning Initiative at 

high school ages in Colorado compared with either comparison group. Beginning with the 1992 

birth cohort (the oldest exposed to the Colorado Family Planning Initiative at high school age), 

there was a large percentage point increase observed in Colorado relative to comparison places 

(versus parallel trend states: 3.79, p < 0.001; versus rest of US: 3.21, p < 0.001). The percentage 

point increase was smaller for the 1993 birth cohort (versus parallel trend states: 3.01, p = 0.036; 

versus rest of US: 2.23, p < 0.001) and no longer statistically different for the 1994 birth cohort 

(see exhibit 3). 

The triple-difference model included a third comparison to men, which accounted for 

Colorado-specific patterns across treated cohorts. This comparison erased the decrease in college 

completion among the 1991 cohort, as this decline was present among both Colorado women and 

men and showed a sustained increase in college completion among women in Colorado exposed 

to the Colorado Family Planning Initiative. Relative to Colorado men and similar cohorts in the 

parallel trend states, Colorado women in cohorts 1992–94 experienced 3.34-, 4.62-, and 2.52-

percentage-point increases, respectively (p < 0.001 for all). Although the previous specifications 

showed that women in other states had caught up to Colorado women by the 1994 cohort, gains 

made among Colorado women relative to Colorado men persisted in this cohort. Exhibit 3 also 

shows that estimates limited to US-born women were of similar magnitudes and patterns. 

Supplementary analyses in the appendix24 confirmed that our primary results were not 

sensitive to changes in model specification or comparison populations. As a robustness test we 

estimated a synthetic control model, which yielded similar results to the event study, showing a 

sizeable increase in bachelor’s attainment among the 1992–94 cohorts compared with estimated 
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trends in a synthetic version of Colorado. See appendix E.24 We also estimated the primary event 

study using only cross-sectional American Community Survey data without the census linkage 

that differentiated residence during adolescence from residence at ages 22–24. These estimates, 

which do not capture location at the time of the Colorado Family Planning Initiative 

implementation and are thus subject to both error and bias because of selective migration, were 

inconsistent in their identification of the impact of the Colorado Family Planning Initiative on 

attainment of a bachelor’s degree. See appendix F.24 

Thus far, our design has focused on exposure during the high school years, but the 

Colorado Family Planning Initiative could potentially have affected college completion for birth 

cohorts 1987–91. These cohorts were 18–22 in 2010, which is too old for the Colorado Family 

Planning Initiative to have affected their high school completion but young enough for it to have 

affected their college experience. We tested this possibility by conducting an event study for 

college-age exposure. This event study found no consistent effect relative to any comparator. See 

appendix G.24 

Finally, to clarify whether college initiation or persistence was the main mechanism for 

the increase in college completion, we assessed the impact of the Colorado Family Planning 

Initiative on having ever attended college and on being currently enrolled in college. The 

analysis that focused on having ever attended college identified similar increases as those for 

college completion. In contrast, analyses of being currently enrolled at ages 22–24 found only a 

consistent increase for the 1994 cohort, which may explain the weakened impact on college 

completion for this cohort, as many were still enrolled. Together, these supplementary analyses 

offer suggestive evidence that college initiation rather than college persistence was the principal 

driver of the increases in college completion we document. See appendix H.24 
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Discussion 

This study found that Colorado’s expansion of contraceptive access through its Title X 

network led to a population-level increase in women’s college completion. As opposed to earlier 

contraceptive expansions, such as the introduction of the oral contraceptive pill, the Colorado 

Family Planning Initiative expanded contraceptive access by making it easier for women to get 

any FDA-approved method of contraception, including LARCs, at low or no cost through a Title 

X clinic. Exposure to the Colorado Family Planning Initiative at high school age was associated 

with an increase in women’s on-time college completion of between 1.8 and 3.5 percentage 

points. Our findings translate to an average 6–12 percent increase in women’s level of college 

completion compared with the 1990 baseline cohort and to an additional 2,300 Coloradan 

women in the three birth cohorts we studied completing a four-year degree by ages 22–24. 

Such a large increase in women’s on-time college completion is notable, particularly as 

the Colorado Family Planning Initiative did nothing to change the myriad structural barriers that 

prevent many low-income women, who make up the subpopulation most likely to access 

contraception from a Title X clinic, from enrolling and persisting in college. Education is a 

fundamental cause of health and a key determinant of later socioeconomic outcomes.1,33 In 

demonstrating that exposure to the Colorado Family Planning Initiative increased women’s on-

time attainment of a bachelor’s degree, this study provides critical evidence that access to 

contraception not only gives women control over their fertility but also improves their lives in 

additional important ways. 

Title X clinics are a critical source of the most effective contraception for adolescents and 

young women.34 In recent years the Title X family planning program, which was first introduced 
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by President Nixon in 1970, has been affected by policy changes. Restrictions put in place in 

2019 led to a constriction of the Title X network and the inclusion of providers who offered only 

limited methods.35 In 2021 the federal government reversed these changes.36 Our results suggest 

that policies expanding or contracting access to the full range of contraceptive methods will 

reverberate beyond reproductive health and fertility to affect women’s prospects for higher 

education. Policy makers should consider this breadth of consequences when considering 

changes to Title X policy or other policies influencing contraceptive access. 

Our study design precluded us from distinguishing the specific pathways through which 

expanded contraceptive access improves college graduation. Our approach assumed, and our 

supplementary analyses confirmed, that exposure to the Colorado Family Planning Initiative 

during the high school ages was critical for improving women’s college completion. The effect 

size we detected is somewhat larger than that estimated for the impact of the Colorado Family 

Planning Initiative on high school completion among a younger cohort who were first exposed to 

the Colorado Family Planning Initiative at ages 13–15.21 Some women for whom exposure to the 

Colorado Family Planning Initiative facilitated high school graduation may have gone on to 

college as a result of averted teenage births. The Colorado Family Planning Initiative may have 

also helped women delay fertility in their late teens and early twenties in ways that facilitated 

their timely college initiation and completion. The effect sizes we detect, however, are unlikely 

to be accounted for by changes in fertility alone. Thus, we suspect that part of the impact of the 

Colorado Family Planning Initiative on college completion worked through increasing women’s 

and their families’ confidence that investments in higher education would not be derailed by an 

unanticipated pregnancy. 
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Comparing our results with prior work attributing a smaller 2–4 percent increase in 

college completion to the introduction of the oral contraceptive pill5,6 highlights the role of 

historical context and innovation type in shaping the magnitude of any effect of contraceptive 

shocks on life course outcomes. As a medical innovation diffusing at a time when the concept of 

modern fertility control was new and women’s engagement in the labor force and education was 

more constrained, the pill’s introduction was fundamentally different than the change we study 

here. Reestimates of the pill’s impact on births point to smaller effects than previously estimated, 

which may explain its more modest impact on college attainment.37 In contrast, an expansion of 

Title X services at a historical moment when nearly all women use contraception at least 

sometimes could be more consequential because of its greater accessibility for adolescents, 

because of existing unmet demand for more expensive and longer-acting methods, and because 

higher education is now normative for women. In addition, our study focused on on-time college 

completion, whereas these older studies measured women’s college completion at or after age 

thirty, which allowed for women who may have delayed college because of early fertility time to 

catch up. 

A secondary contribution of our study is in demonstrating the importance of using 

longitudinal data to examine the impacts of policies, especially those aimed at adolescents. Early 

adulthood is “demographically dense,”38 a period of rapid and frequent change, and educational 

and labor force transitions are the life events most closely linked to migration.25 Using 

longitudinal data allowed us to carefully define exposure to the Colorado Family Planning 

Initiative as residence in Colorado during high school ages and to follow exposed individuals 

through early adulthood regardless of intervening mobility. When we adopted a cross-sectional 
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approach to our analysis, we did not find a consistent program impact, presumably because of 

the high levels of in- and out-migration during young adulthood. 

 

Conclusion 

An initiative designed to improve women’s access to all contraceptive methods—and 

particularly the most effective ones—through Colorado’s Title X clinics led to a population-level 

increase in women obtaining bachelor’s degrees. At a time when some US states are expanding 

public subsidies for contraception while others seek to restrict them,39,40 our finding provides 

important contemporary evidence that access to contraception benefits women’s lives. 
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Exhibit 1 Single-year birth cohort trends in women’s on-time bachelor’s degree completion 

for Colorado, parallel trend states, and the rest of the US, 2009–19 (birth cohorts 1987–94) 

 

 

Source: Authors’ analysis of 2000 and 2010 decennial census and 2009–19 American 

Community Survey 1-year data. For more information on sampling and estimation methods, 

confidentiality protection, and sampling and nonsampling errors in the American Community 

Survey, see Census Bureau. Code lists, definitions, and accuracy [Internet]. Washington (DC): 

Census Bureau; [cited 2022 Oct 6]. Available from: https://www.census.gov/programs-

surveys/acs/technical-documentation/code-lists.html.  

 

Notes: Groups are by state of residence during adolescence. The dashed vertical line denotes 

exposure to the CFPI during high school ages, with cohorts to the left of the line not exposed and 

those to the right of the lines exposed. All results were approved for release by the Census 

Bureau, Data Management System number P-7515912 and approval numbers CBDRB-FY22-

ERD002-008 and CBDRB-FY22-ERD002-012. CFPI is Colorado Family Planning Initiative. 

 

  

https://www.census.gov/programs-surveys/acs/technical-documentation/code-lists.html
https://www.census.gov/programs-surveys/acs/technical-documentation/code-lists.html
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Exhibit 2: Event-study estimates of the effects of Colorado Family Planning Initiative 

(CFPI) exposure on women’s on-time bachelor’s degree completion, 2009–19 (birth cohorts 

1987–94) 

 

 

Source: Authors’ analysis of 2000 and 2010 decennial census and 2009–19 American 

Community Survey 1-year data.  

 

Notes: The figure shows the percentage point estimates and 95% confidence intervals from three 

separate event-study models estimating the effects of the CFPI on on-time bachelor’s degree 

completion for different birth cohorts. “Parallel trend states” and “Rest of US” indicate estimates 

from models that compare women in Colorado during adolescence with women in parallel trends 

states and women in the rest of the US, respectively. “Triple difference” indicates estimates from 

a triple-differences model that compares women in Colorado with men in Colorado and with 

men and women in parallel trend states. The dashed vertical line denotes exposure to the CFPI 

during high school ages, with cohorts to the left of the line not exposed and those to the right of 

the lines exposed. Estimating equations and model output are available in appendices C and D. 

(See note 24 in the text) All results were approved for release by the Census Bureau, Data 

Management System number P-7515912 and approval numbers CBDRB-FY22-ERD002-008 

and CBDRB-FY22-ERD002-012. 
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Exhibit 3: Percentage point increase in on-time bachelor’s completion among Colorado 

women by birth cohort, primary models and select robustness checks, 2009–19 (birth 

cohorts 1987–94) 

 

 

Colorado 

women versus 

parallel trend 

state women 

Colorado 

women 

versus rest of 

US women 

Triple difference: 

Colorado women 

versus Colorado men 

versus parallel trend 

states 

Triple 

difference: 

US-born 

sample only 

Treated birth cohorts     
1992 3.79**** 3.21**** 3.34**** 2.67**** 

1993 3.01** 2.23**** 4.62**** 4.36**** 

1994 1.08 −0.12 2.52**** 2.52**** 

Average percentage point increase 2.63 1.77 3.49 3.18 

 

Source: Authors’ analysis of 2000 and 2010 decennial census and 2009–19 American 

Community Survey 1-year data.  

 

Notes: Results estimated from 4 event-study models that include age and state fixed effects and 

standard errors clustered at the state level. Estimating equations and model output are available 

in online appendices C and D (see note 24 in the text). Average percentage point increase was 

estimated as the mean across the 3 single-year birth cohorts. All results were approved for 

release by the Census Bureau, Data Management System number P-7515912 and approval 

numbers CBDRB-FY22-ERD002-008 and CBDRB-FY22-ERD002-012. ****p < 0.001 **p < 

0.05 
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APPENDIX: SUPPLEMENTAL MATERIAL 

 

This appendix provides additional detail on the methods and analysis described in the main 

paper. It also describes and presents output from numerous supplementary and sensitivity 

analyses designed to test the robustness of the main results to alternative specifications and 

analytic approaches, as well to shed light on potential mechanisms using alternate outcomes.  

 

APPENDIX A: Lexis diagram of cohorts in analyses 

APPENDIX B: Trends in men’s on-time bachelor’s completion 

APPENDIX C: Estimating equations and details of primary analyses 

APPENDIX D: Model output from primary event studies 

APPENDIX E: Synthetic control 

APPENDIX F: Cross-sectional analyses 

APPENDIX G: College-age exposure analyses 

APPENDIX H: Alternative outcomes 

APPENDIX I: Additional sensitivity tests 
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APPENDIX A: Lexis diagram of cohorts in analyses 

 

Figure A1: Lexis diagram depicting birth cohorts and periods of observation in the census and 

American Community Survey (ACS) 

 
Source: Authors’ depiction of the timeline for data used in the analysis. 

 

Notes: The gray-shaded diagonals represent the trajectory of birth cohorts born between 1987-

1990 whose members were not exposed to CFPI until ages 19-22 ("pre-treated"). The striped 

diagonal represents the trajectory of the 1991 birth cohort whose members were 18 at the onset 

of CFPI. The blue-shaded diagonals represent the trajectories of the 1992-1994 birth cohorts 

whose members were 15-17 at the onset of CFPI ("treated"). The black parallelogram represents 

the period during which we measure on-time (ages 22-24) bachelor’s degree for each of the eight 

cohorts in the event study. The red vertical lines indicate the two decennial censuses used for 

geographic identification in the cohorts. 
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APPENDIX B: Trends in men’s on-time bachelor’s completion  

 

Figure B1: Single-year birth cohort trends in men’s on-time bachelor’s degree completion for 

Colorado, parallel trend states, and the rest of the U.S. 

 

 
Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 ACS 1-year data.  

 

Notes: Figure B1 replicates Exhibit 1 in the main text for men between the ages of 22-24 from 8 

single-year birth cohorts, 1987-1994. Parallel trend states for the figure are the same as those 

identified for the women’s analysis: Delaware, Hawaii, Kansas, Maine, Nebraska, North 

Dakota, Ohio, South Dakota, and Wisconsin. Rest of the U.S. refers to all states apart from 

Colorado. The vertical line separates cohorts who were not (to the left) and cohorts who were 

(to the right) exposed to CFPI during high school ages. Groupings are determined by residence 

during adolescence. All results were approved for release by the U.S. Census Bureau, Data 

Management System number P-7515912 and approval numbers CBDRB-FY22-ERD002-008 and 

CBDRB-FY22-ERD002-012. 
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APPENDIX C: Estimating equations of primary analyses 

 

The American Community Survey (ACS) asked the following question to measure educational 

attainment: “What is the highest degree or level of school this person has completed?” We 

combined responses for 22–24-year-olds reported to have a bachelor’s degree or a degree beyond 

a bachelor’s into a single category that we refer to as on-time college completion. 

We used a series of event studies to estimate the impact of CFPI on on-time college 

completion. Event studies are similar to difference-in-differences but allow the treatment effect 

to change over time. Additionally, they can be used to assess whether there are differential trends 

for treatment and comparison groups in the pre-period that could challenge a parallel trends 

assumption (Cunningham 2021; Miller et al. 2021). 

To assess the effect of being exposed to CFPI in high school on college completion, we 

estimated specifications of the following form using only women in birth cohorts 1987 through 

1994:  

𝐺𝑟𝑎𝑑𝑖𝑎𝑐𝑠 =  ∑ 𝜃𝑐 ∗ 𝐶𝑜𝑙𝑜𝑟𝑎𝑑𝑜𝑖𝑐

1994

𝑐=1987

+  𝛽 ∗ 𝑈𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑐𝑠 + 𝛾𝑎 + 𝛿𝑐 + 𝜓𝑠 

 

where Gradiacs is a binary indicator for whether individual i of age a in cohort c linked with state 

s completed college on time. Coloradoic is an indicator that individual i in cohort c resided in 

Colorado at the appropriate census linkage. We used 1990 as the reference year, so every θ 

coefficient therefore compares the relative attainment of Colorado women in cohort c to the 

performance of Colorado women in the 1990 birth cohort.  We controlled for the state level 

unemployment rate for the year in which each cohort turned 171, when young women were 

presumably making plans for whether or not to attend college. Also included in our 

specifications were age fixed effects, 𝛾𝑎, which include estimates of time-invariant differences in 

completion by age, cohort fixed effects, 𝛿𝑐, which control for secular trends across treated and 

untreated female cohorts alike, and state fixed effects, 𝜓𝑠, which control for time invariant 

heterogeneity in college completion among women across states. Since Colorado women were 

not exposed to CFPI during high school until birth cohort 1992, our coefficients of interest are 

θ1992, θ1993 and θ1994, which estimate how much more likely Colorado women in those cohorts 

were to complete college than earlier cohorts of Colorado women net of all the items listed 

above.  

Additionally, we showed that these effects were concentrated in women in Colorado and 

not due to increasing rates of college completion across all who were in Colorado. Specifically, 

we combined men’s and women’s data and performed the event-study analysis adding a binary 

indicator for women, an interaction between women and each of the Colorado birth cohorts, and 

state-age and cohort-age interactions. We used women’s parallel trend states as the comparison 

population, but findings were consistent when using the rest of the U.S. 

The estimating equation for this triple-difference specification is as follows:  

 

1 We alternatively estimated specifications for the year cohorts turned 18 and 

19 and found no differences. 
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𝐺𝑟𝑎𝑑𝑖𝑎𝑐𝑠 =  ∑ 𝜃𝑐𝐶𝑜𝑙𝑜𝑖𝑐𝑊𝑜𝑚𝑎𝑛𝑖 +

1994

𝑐=1987

∑ 𝜏𝑐𝐶𝑜𝑙𝑜𝑖𝑐

1994

𝑐=1987

+ 𝛽1𝑊𝑜𝑚𝑎𝑛𝑖 + 𝛽2𝑈𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡𝑐𝑠

+  𝛾𝑎 + 𝛿𝑐 + 𝜓𝑠 +  𝜂𝑎𝑐 +  𝜇𝑎𝑠 

 

where a separate coefficient is estimated for Colorado as a whole and Colorado women in each 

cohort. We also included state-by-age and cohort-by-age fixed effects (𝜇𝑎𝑠 and 𝜂𝑎𝑐), as omitting 

these could lead to bias in our triple-difference specification (Cragun 2021). Here, each of the θc 

coefficients tracks how the likelihood of Colorado women graduating from college on time 

varies from that of Colorado men. If graduation rates were going up equally for Colorado men 

and women, we would expect to see a positive and significant 𝜏𝑐 but an insignificant 𝜃𝑐. If, on 

the other hand, we have a positive and significant 𝜃𝑐 across both specifications, that means that 

on-time college completion rates are going up for Colorado women both compared with women 

in other states and compared with Colorado men. Therefore, any identification threat to our 

specifications would have to be something that increased on-time college completion only for 

Colorado women and not for Colorado men.  

All models were fitted in Stata 15.1 using robust clustered standard errors at the state 

level. 
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APPENDIX D: Model output from primary event studies  

 

Table D1: Results from primary event-study models presented in Exhibits 2 and 3  

Exhibit 2 

  

(1) (2) (3) (4)

Coef SE Coef SE Coef SE Coef SE

Colorado women's birth cohort 

1987 0.0009 0.0088 -0.0179 0.0036 0.0243 0.0030 0.0185 0.0039

1988 0.0006 0.0108 -0.0035 0.0035 -0.0019 0.0029 -0.0075 0.0040

1989 -0.0002 0.0079 0.0062 0.0027 0.0109 0.0029 0.0078 0.0039

1990 ref ref ref ref

1991 -0.0326 0.0076 -0.0276 0.0033 0.0071 0.0029 -0.0037 0.0039

1992 0.0379 0.0065 0.0321 0.0023 0.0334 0.0028 0.0267 0.0039

1993 0.0301 0.0122 0.0223 0.0032 0.0462 0.0029 0.0436 0.0040

1994 0.0108 0.0132 -0.0012 0.0044 0.0252 0.0029 0.0252 0.0040

Women (ref=men) 0.0953 0.0029 0.0979 0.0039

Age (ref=22)

23 0.1236 0.0067 0.1042 0.0031 0.1306 0.0133 0.1164 0.0102

24 0.1724 0.0067 0.1492 0.0034 0.1980 0.0162 0.1918 0.0216

Birth cohort (ref=1987)

1988 0.0140 0.0058 0.0042 0.0034 0.0079 0.0078 0.0199 0.0112

1989 0.0211 0.0048 0.0050 0.0032 0.0066 0.0093 0.0046 0.0133

1990 0.0133 0.0072 0.0067 0.0035 0.0130 0.0087 0.0088 0.0142

1991 0.0299 0.0044 0.0105 0.0031 0.0338 0.0093 0.0403 0.0172

1992 0.0438 0.0229 0.0169 0.0053 0.0493 0.0228 0.0418 0.0229

1993 0.0573 0.0229 0.0249 0.0063 0.0580 0.0221 0.0500 0.0201

1994 0.0659 0.0146 0.0403 0.0050 0.0557 0.0122 0.0637 0.0131

Colorado men's birth cohort 

1987 -0.0292 0.0096 -0.0350 0.0110

1988 0.0078 0.0131 -0.0085 0.0102

1989 -0.0044 0.0059 -0.0098 0.0050

1990 ref ref

1991 -0.0373 0.0101 -0.0547 0.0104

1992 0.0051 0.0061 -0.0074 0.0056

1993 -0.0089 0.0117 -0.0302 0.0105

1994 0.0005 0.0145 -0.0223 0.0134

State unemployment at age 17 -0.0060 0.0058 0.0002 0.0015 -0.0087 0.0042 -0.0060 0.0039

State fixed effects

Cohort-age interaction

State-age interaction

Constant 0.2185 0.0304 0.1159 0.0093 0.1516 0.0158 0.1500 0.0144

N 67000 535000 135000 86000

R^2 0.0271 0.04064 0.04018 0.04224

Triple Difference: 

Colorado women vs. 

Colorado men vs. 

Parallel trend states

Colorado women vs. 

Parallel trend state 

women

Colorado women vs. 

Rest of U.S. women

Yes Yes Yes

Triple Difference: 

U.S.-born only

Yes

Yes

Yes

Yes

Yes
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Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 ACS 1-year data.  

 

Note: The models above present coefficients from the four primary event study specifications. 

The results in Exhibits 2 and 3 in the manuscript are based on these models with coefficients 

converted to percentage point differences. We identified parallel trend states as those that were 

not statistically different in level or slope of on-time bachelor’s completion for women in the pre-

treatment birth cohorts. We defined birth cohorts between 1987-1990 as pre-treated cohorts 

because women born in these years were 19-22 in 2010, too old to have been exposed to CFPI 

during the critical high school years. We identified parallel trend states separately for the 

primary analyses (models 1 and 3: Delaware, Hawaii, Kansas, Maine, Nebraska, North Dakota, 

Ohio, South Dakota, and Wisconsin) and the U.S.-born only analyses (model 4: Delaware, 

Hawaii, Kansas, Maine, Nebraska, North Dakota, South Dakota, and Wisconsin). All results 

were approved for release by the U.S. Census Bureau, Data Management System number P-

7515912 and approval number CBDRB-FY22-ERD002-012. All numbers are rounded in 

accordance with U.S. Census Bureau disclosure review guidelines. 
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APPENDIX E: Synthetic control  

  

Figure E1: Results of synthetic control approach, Colorado vs. synthetic Colorado 

 
Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 American 

Community Survey 1-year data. 

 

Note: All results were approved for release by the U.S. Census Bureau, Data Management 

System number P-7515912 and approval number CBDRB-FY22-ERD002-008. 

 

As briefly described in the main text, we examined the robustness of our main findings using a 

synthetic control approach. This approach created a control group comprised of a weighted 

average of all possible control states which minimized the squared error in the pre-treated period. 

By matching trends in pre-treated outcomes as closely as possible, the synthetic control provides 

a reasonable approximation as to what would have happened in Colorado in the absence of CFPI 

(Abadie and Gardeazabal 2003; Abadie, Diamond, and Hainmueller 2010). Using Stata’s synth 

command, we identified a synthetic control group of states that together closely match 

Colorado’s bachelor’s attainment during the pre-treatment birth cohorts 1987-1990. The 

algorithm assigned a weight of 0 to 1 to each state contributing to the synthetic control so as to 

closely match the pre-treated trend in college completion in Colorado. Almost all states 

contributed to the synthetic control (see Table E1 below), but the largest weights were given to 

Rhode Island (25.2%), Delaware (25.0%), and Hawaii (9.8%). 

As in our identification of pre-trends in the event study, we excluded 1991 because its 

inclusion with the pre-treated cohorts could result in the over-estimation of CFPI’s effect on 

subsequent cohorts. Additionally, the 1991 birth cohort were aged 18 at the start of peak CFPI 

and thus on the cusp between high school age and college age. The implication of doing so is 

that in the synthetic control approach treatment started in 1991 rather than in 1992. Even so, the 
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increase in college completion for the 1992-1994 cohorts seen in Figure E1 above relative to 

synthetic Colorado mirrors that identified in the event studies.  

The distribution of estimates generated by permutation tests estimating “placebo effects” 

for each state in the U.S. is displayed in Figure E2, along with the actual treatment effect for 

Colorado in bold. Each line shows how a particular state evolved compared to its synthetic 

control across cohorts. To draw inference, we followed Abadie et al. (2010) and computed the 

ratio of root mean squared predicted error (RMSPE) in the post- versus pre-treatment periods. Of 

the 50 estimates, Colorado had the 10th largest ratio, which corresponds to a p-value of 0.2. It is 

clear from the figure, however, that the states with the largest RMSPE ratios were ones moving 

erratically in the post period and not necessarily showing true “treatment effects”. Colorado 

appeared to have the largest stable increase in women’s college completion after 1991, with an 

improvement of between three and four percentage points relative to its synthetic control in each 

of birth cohorts 1992 through 1994. 

 

Figure E2: Results of Permutation Tests for Synthetic Control Estimates 

  
Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 American 

Community Survey 1-year data. 

 

Note: All results were approved for release by the U.S. Census Bureau, Data Management 

System number P-7515912 and approval number CBDRB-FY22-ERD002-012. 
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Table E1: States included in estimation of synthetic control and corresponding weights 

 

 
 

Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 American 

Community Survey 1-year data. 

 

Note: All results were approved for release by the U.S. Census Bureau, Data Management 

System number P-7515912 and approval number CBDRB-FY22-ERD002-008. 

 

  

State Weight State Weight State Weight

Alabama 0.016 Louisiana 0.006 Oregon 0.006

Alaska 0.023 Maine 0.011 Pennsylvania 0.007

Arizona 0.007 Maryland 0.011 Rhode Island 0.252

Arkansas 0.006 Michigan 0.006 South Carolina 0.005

California 0.008 Minnesota 0.009 South Dakota 0.006

Connecticut 0.003 Mississippi 0.005 Tennessee 0.009

Delaware 0.250 Missouri 0.006 Texas 0.009

DC 0.004 Montana 0.037 Utah 0.006

Florida 0.007 Nebraska 0.008 Vermont 0.006

Georgia 0.006 Nevada 0.007 Virginia 0.007

Hawaii 0.098 New Hampshire 0.006 Washington 0.008

Idaho 0.008 New Jersey 0.007 West Virginia 0.012

Illinois 0.009 New Mexico 0.016 Wisconsin 0.008

Indiana 0.009 New York 0.005 Wyoming 0.006

Iowa 0.006 North Carolina 0.006

Kansas 0.019 Ohio 0.009

Kentucky 0.010 Oklahoma 0.008
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APPENDICES F-H: Supplementary Analyses 

 

We conducted three types of supplementary analyses: (1) cross-sectional analyses using only 

ACS data at ages 22-24 without census linkage; (2) event studies of college-age exposure to 

CFPI; and (3) event studies examining the impact of CFPI on two alternate outcomes: having 

ever attended college and current college enrollment. 

 

APPENDIX F: Cross-sectional approach 

 

The primary analyses used a longitudinal approach that identified state of residence in 

adolescence and followed women through ages 22-24 in the ACS. We examined the robustness 

of the results to alternative measures of exposure to CFPI that can be captured with the cross-

sectional ACS alone. This approach avoids the link to the census and thus retains the full ACS 

sample; however, it assumes women in the treated cohorts who resided in Colorado at ages 22-24 

were exposed to CFPI in ways that would have been meaningful to their college completion. The 

extremely high levels of in- and out-migration in our sample (33.1% and 26.3%, respectively) 

challenge this assumption, particularly as some of this mobility will be related to our outcome of 

interest: on-time college completion. Using a cross-sectional approach to estimating the impact 

of CFPI on on-time bachelor’s degree yielded inconsistent findings (see Figure F1). Relative to 

women in parallel trend states at ACS interview and to women in the rest of the U.S., there was 

no difference in bachelor’s completion for women in the 1992-1993 cohorts. Both comparisons 

find a modest, statistically significant effect for the 1994 cohort. When we included the 

comparison to men with the triple difference, however, there was an increase in college 

completion across all treated cohorts. We further found that the results did not hold when 

exposure was measured using state of birth alone (available in the ACS). The sensitivity of the 

findings to these less precise methods of identifying exposure to CFPI points to the importance 

of careful measurement of exposure when relationships are premised on exposure at particular 

ages. 
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Figure F1. Event-study estimates of the effects of CFPI exposure on women’s on-time 

bachelor’s degree completion: cross-sectional ACS-only analyses 

 
Source: Authors’ analysis of 2009-2019 ACS 1-year data.  

 

Note: All results were approved for release by the U.S. Census Bureau, Data Management 

System number P-7515912 and approval number CBDRB-FY22-ERD002-013. 
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APPENDIX G: College-age exposure 

 

Our main analyses are predicated on the assumption that exposure to CFPI during high school 

ages will be most impactful for college completion. It is possible, however, that exposure to 

CFPI at “college ages” will have an impact on college completion. This would be the case, for 

example, if the impact of expanded access to contraception on college completion worked 

predominantly through gains in college persistence rather than college enrollment. To explore 

this idea, and the appropriateness of our assumptions about high school-age exposure, we 

conducted an additional set of event-study analyses that sought to identify whether women 

exposed to CFPI at ages 18-22 but not during high school experienced gains in college 

completion. To do so, we replicated the main event-study analyses using different cohorts to 

identify pre-trends and impact. Specifically, our event-study analyses used birth cohorts 1984-

1986 who were ages 23-25 at the start of peak CFPI to identify parallel trends states and as pre-

trends in the analyses. Following the approach to identifying parallel trends described for the 

main analyses, we identified the following six states as having parallel trends to Colorado for 

these cohorts: Illinois, Iowa, Kansas, Maine, Ohio, and Wisconsin. As in the main analyses, we 

additionally compared women in Colorado to women in the rest of the U.S. and conducted a 

triple-difference analysis.  

 The event study included a total of eight cohorts, three pre-treatment cohorts (1984-1986) 

and five post-treatment cohorts (1987-1991). The latter were first exposed to peak CFPI at ages 

18-22, ages when expanded contraceptive use could impact college—but not high school—

completion. Figure G1 shows the results are sensitive to comparator, sometimes negative and 

sometimes positive. Although some estimates are statistically significant, there is no clear pattern 

across the models pointing to an impact of CFPI on college completion when exposure was 

limited to post-high school ages.   
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Figure G1. Event-study estimates of the effects of CFPI exposure at “college ages” on women’s 

on-time bachelor’s degree completion 

 
Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2006-2016 ACS 1-year data.  

 

Notes: The figure shows the percentage point estimates (dots) and 95% confidence intervals 

(whiskers) from three separate event-study models estimating the effects of exposure to CFPI on 

on-time bachelor’s degree completion for birth cohorts who were only exposed to CFPI during 

“college ages” (18-22). The vertical dotted line separates cohorts that were exposed to CFPI 

only beginning at ages 23-25 (to the left) and cohorts who were exposed to CFPI beginning at 

ages 18-22 (to the right). All results were approved for release by the U.S. Census Bureau, Data 

Management System number P-7515912 and approval number CBDRB-FY22-ERD002-012. 

 

We used the same technique to identify state of residence during adolescence as 

employed in the high school-age exposure analyses. However, at the ages of the treatment 

cohorts in the college-age exposure analyses, it could be argued that state of residence in 2010, 

rather than state of residence during adolescence, is most salient. Thus, we re-estimated the 

college-age exposure analyses above using only the 2010 Census to identify state of residence. 

These analyses yielded different estimates but, similar to the above, revealed no clear patterns.  

 Taken together, the college-age exposure analyses found no clear impact of exposure to 

CFPI after high school on college completion. This conclusion supports the approach of our 

main analyses that focus on cohorts who were exposed to CFPI initially while still in high school 

(ages 15-17).  
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APPENDIX H: Alternative outcomes 

 

The study was designed to test whether exposure to CFPI during adolescence impacted women’s 

on-time bachelor’s completion. College completion can increase through increases in college 

enrollment (i.e., more people initiating college) or improvements in college persistence (i.e., 

greater rates of completion among those who initiate college). Whether CFPI predominately 

impacted college enrollment or college persistence is an important secondary question. Using the 

same longitudinal, cohort-based approach employed in the primary analyses, as supplementary 

analyses we examined the relationship between exposure to CFPI in adolescence and (i) having 

ever attended college and (ii) current college enrollment, both measured at ages 22-24. 

Respondents were considered to be currently enrolled in college if they were reported to have 

attended college in the past three months. They were considered to have ever attended college if 

they were currently enrolled in college or had their highest level of attainment reported as some 

college or higher.  

 Figure H1 presents results from three event studies assessing the relationship between 

CFPI exposure and having ever attended college. Using the same set of parallel trend states as in 

the primary analyses, the results show that regardless of comparator, exposure to CFPI in 

adolescence is associated with increases in having ever attended college in each of the three 

treated cohorts.  

 

Figure H1. Event-study estimates of the effects of CFPI exposure on women having ever 

attended college at ages 22-24 

 
Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 ACS 1-year data.  

 

Note: All results were approved for release by the U.S. Census Bureau, Data Management 

System number P-7515912 and approval number CBDRB-FY22-ERD002-012. 
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 Figure H2 presents results from similar event studies examining current college 

enrollment at ages 22-24. Here, the estimates showed a delayed relationship. That is, it was not 

until the 1994 cohort that there was a clear and consistent relationship across models between 

CFPI and current enrollment. Taken together with the primary analyses that showed a weakened 

relationship between CFPI and college completion for this cohort, these results suggest that some 

of the weakening may have been due to students progressing more slowly through college.  

 Finally, when these analyses are considered alongside the college-age exposure analyses, 

there is suggestive evidence that increases in initiation rather than persistence were the dominant 

force driving the gains in college completion we documented.  

   

 

Figure H2. Event-study estimates of the effects of CFPI exposure on women’s current college 

enrollment at ages 22-24 

 

 
 

Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 ACS 1-year data.  

 

Note: All results were approved for release by the U.S. Census Bureau, Data Management 

System number P-7515912 and approval number CBDRB-FY22-ERD002-012. 
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APPENDIX I: Additional sensitivity tests 

 

We conducted additional analyses to assess the sensitivity of results to model specification, the 

composition of the comparator, and weighting approaches. We assessed the sensitivity of our 

findings to the use of OLS by fitting our event-study models using a logistic function. We then 

fitted our models with and without age fixed effects and with and without a state fixed effect. 

Additionally, we ran our primary models with and without state-specific linear trends to account 

for the possibility that pre-existing state-specific trends in college completion could bias our 

results. Although changes in model specification led to small fluctuations in the results, the 

results did not change substantively across any of these specifications.  

As a second set of sensitivity analyses, we examined the robustness of the results to 

changes in the comparison group. In our primary specification presented in the paper, we 

compared women in Colorado during adolescence both to women in states with parallel trends in 

bachelor’s degree attainment in the pre-treated period and to an additional comparator of women 

in the rest of the U.S. As a sensitivity test, we estimated our models excluding each of the nine 

parallel-trend states in turn to ensure that no single state was driving the findings. The results 

were robust to these modifications.  

In a third set of sensitivity analyses, we examined the sensitivity of the findings to the 

ACS-census linkage weight. As noted in the text, we use the ACS as our base sample. The ACS 

is meticulously created to be representative with weights. We linked the ACS and census data 

using U.S. Census-created personal identification keys (PIKs). Failure to match using PIKs is 

unequally distributed because of established limitations of probabilistic record matching 

processes (2010 Census Planning Memoranda Series No. 247, 2012). Table I1 presents linkage 

rates by age, cohort, and race/ethnicity within our data. Linkage differentials were particularly 

notable by race/ethnicity. Because we knew who is missing, their characteristics, and original 

weights, we created additional weights that we combined with ACS-created weights so that our 

final sample was again representative. We examined the sensitivity of the findings to the ACS-

census linkage weight by fitting models with just the individual-level ACS weight and models 

that exclude the largest one percent of weights (see Table I2). Although estimates changed when 

we did so, the patterns were broadly similar to our primary findings, particularly for the models 

that used ACS weights.  
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Table I1. ACS to Decennial Census linkage rates by demographic characteristics 

 
 

Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 ACS 1-year data.  

 

Note: All results were approved for release by the U.S. Census Bureau, Data Management 

System number P-7515912 and approval number CBDRB-FY22-ERD002-012. 

 

  

ACS respondents linked to 

relevant census

Cohort %

1987 76.81

1988 75.79

1989 75.24

1990 75.19

1991 75.45

1992 76.74

1993 76.93

1994 76.66

Combined 76.75

Age

22 74.95

23 76.48

24 76.78

Race/Ethnicity

White 84.59

Black 69.69

Asian 49.17

Amer Indian/Alaskan Native/Asian Pacific Islander 67.18

Other/Multiracial 75.10

Hispanic 60.29
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Table I2. Percentage point increase in on-time bachelor’s completion among Colorado women 

by birth cohort: assessing sensitivity of primary models to different weighting approaches  

 

 
 

Source: Authors’ analysis of 2000 and 2010 Decennial Census and 2009-2019 ACS 1-year data.  

 

Note: All results were approved for release by the U.S. Census Bureau, Data Management 

System number P-7515912 and approval number CBDRB-FY22-ERD002-012. 
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