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ABSTRACT 
 

Reducing Underage Alcohol and Tobacco Use: 
Evidence from the Introduction of Vertical Identification Cards* 
 
From 1994-2009, forty-three states changed the design of their driver’s license/state 
identification cards in an effort to reduce underage access to and consumption of alcohol and 
tobacco. In these states, individuals under the age of 21 are issued licenses that are 
vertically oriented, whereas licenses for individuals 21 and older retain a traditional horizontal 
shape. This paper examines the effect of this design change on underage alcohol and 
tobacco use. Using a difference-in-difference methodology, we find a reduction in drinking 
and smoking for 16 year olds. These results are robust to the inclusion of state-specific linear 
time trends, and are upheld in a triple difference model that uses a within state control group 
of teens that did not receive a vertical license to control for state-specific unobserved factors. 
Interestingly, we find that the effects of the design change are concentrated in the 1-2 years 
after a state begins issuing vertical licenses; there is little evidence of an effect of the license 
on underage consumption in the long-run. This finding is consistent with a scenario where, 
over time, teens substitute towards other methods of obtaining age-restricted products, 
and/or retailers continue to make underage sales. 
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“Employing the use of differently-shaped driver's licenses for those both under and over the age 
of 21 would make it easier to quickly establish a person's legal age….The legislation would also 
be an effective tool in combating the sale of alcohol and tobacco to minors” 

 New York State Senate Bill 929-2011, 2011 
 

I. Introduction 

Tobacco and alcohol use by teens and adolescents is a prominent public health issue 

(Department of Health and Human Services, 2007 and 2010). Research has linked tobacco use 

with increased rates of lung cancer, as well as respiratory conditions such as asthma (Healthy 

People Initiative, 2010). Alcohol use has been linked to adverse health and economic outcomes 

for teens such as crime (Carpenter, 2005; Carpenter and Dobkin, 2010), risky sexual behavior 

(Waddell, 2011; Carpenter, 2005), reduced employment (Renna, 2008; Mullahy and Sindelar, 

1996), poor academic performance (Renna, 2008; Carrell et al. 2011), and traffic fatalities 

(Grant, 2010; Dee, 1999). The medical and social costs of treating drinking and smoking related 

illnesses are estimated to be in the billions (Miller et al., 2006; CDC, 2008).   

Since the early 1990s, it has been illegal for individuals in every state to purchase tobacco or 

alcohol until the ages of 18 and 21, respectively.1 Violations of this age requirement by 

consumers (attempting to purchase underage) and retailers (selling to minors) are punishable by 

monetary fines, revoking retail licenses and driving privileges, and even jail time.2 Despite the 

threat of punishment, underage sales continue to occur. Because no systematic data exist on the 

number of illegal sales made each year, inference about retailer behavior is drawn from “sting” 

compliance checks wherein law enforcement officials send underage youth into retail 
                                                            
1During the 1970s and 1980s every state increased their minimum drinking age to 21 to avoid losing federal 
highway funds (Dee, 1999). Similarly, all states established a minimum smoking age of 18 by 1994 to prevent loss 
of Federal Emergency Management Agency funds (American Lung Association, 2010).   
2 Exact punishments vary by state. For instance, currently in Louisiana, both underage teens that buy tobacco and 
retailers who sell to them can be fined up to $50 for the first violation, $100 for the second, and $400 thereafter 
(American Lung Association, 2010). In addition, minors who use falsified identification for these purchases (illegal 
in all fifty states and D.C.) face additional punishment. Retailers caught selling to a minor who presents false 
identification are generally protected from punishment if it can be confirmed that the seller came to a reasonable 
conclusion based on the license appearance that it is valid (Alcohol Policy Institute, 2011). 
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establishments to attempt to purchase alcohol or tobacco with their own underage identification. 

These checks reveal that retailers often ignore age requirements; for instance, a national survey 

issued to retailers who failed compliance checks in 2009 indicates that in 50% of violations the 

retailer did not ask for identification, and in 30% of cases, the clerk asked for identification, but 

made the sale anyway. Retailers explain this behavior by claiming they were too busy to check 

for identification, or that they miscalculated the consumer’s age (We Card, 2009). Information 

on consumer behavior is primarily taken from youth surveys. These surveys indicate that teens 

are knowledgeable about which stores do not ask for identification, or use false identification: 

65% of teen smokers from 1995-2005 reported purchasing tobacco without identification, and 

Lee et al. (2011) find that 10% of teen drinkers and smokers use false identification.3  

To combat these illegal sales, the majority of states (forty-three as of 2009) have redesigned 

their driver’s license/identification cards to have a vertical (i.e., portrait-style) orientation for 

individuals under 21, while those 21 and above continue to receive a horizontal (i.e., landscape) 

card. The logic behind this design change is two-fold: First, the vertical design is intended to 

make it “easier” or “less costly” (in terms of time and effort) for a retailer to identify someone as 

underage. Perhaps more importantly, the design change eliminates the credibility of retailers to 

claim “human error” when calculating a consumer’s age. Second, it would no longer be effective 

for youth to falsify the date of birth on their license since the orientation reveals age information.  

This paper examines the effect(s) of the vertical license on underage consumption of tobacco 

and alcohol. Although the vertical license design has been praised for being a low-cost, effective 

method of reducing underage sales, a priori, it is not clear whether the design change has a 

meaningful effect on teen consumption of alcohol and tobacco. For instance, while having the 

vertical license may reduce teens’ access to alcohol or tobacco through direct purchases, 
                                                            
3 This figure is based on the authors’ calculations using data from the Youth Risk Behavior Surveillance System. 
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consumption may not decrease if teens substitute entirely towards other methods of obtaining 

these products. Moreover, retailers may continue to disregard age requirements even if in theory, 

the vertical license makes it easier for them to check a consumer’s age, simply for profit 

motivations. We focus on consumption, rather than underage sales, since the latter is difficult to 

measure, and more importantly, lowering underage consumption is a relevant policy objective. 4 

To examine the impact of the vertical license design, we use data on teens from the Youth 

Risk Behavior Surveillance System (YRBSS) along with information on whether, and in which 

year, states began issuing vertical licenses. We use a difference-in-difference (DD) model that 

exploits variation across time in the years that states switched to the vertical design. The results 

indicate that the vertical license is associated with a significant reduction in the probability that 

16 year olds smoke or drink by 8-10%. Due to the potential for measurement error in our 

classification of which teens have a vertical license, these estimates should be interpreted as 

lower bounds of the effect of the vertical license. We find no effect for 17 and 18 year olds. Our 

results are robust to the inclusion of state-specific linear and quadratic time trends, and we find 

no evidence of pre-existing trends in teen outcomes in the years leading up to a state’s adoption 

of the vertical license, alleviating concerns of policy endogeneity. Moreover, our qualitative 

findings are upheld when we estimate a triple difference model (DDD) where we use a within 

state control group composed of teens who did not receive the vertical license.  

One of the most interesting findings from the analysis is that the effects of the license 

redesign are primarily concentrated in the short run: The vertical design reduces alcohol and 

tobacco consumption of 16 year olds the most in the 1-2 years after a state switches to the new 

                                                            
4 Anecdotally, state agencies have claimed that the switch to the vertical licenses has been effective at reducing teen 
access to tobacco and alcohol, although (to the best of our knowledge) no rigorous statistics have been published to 
support such claims. For instance, five years after Michigan began issuing vertical licenses, then Secretary of State 
Terri Lynn Land remarked “The vertical ID program is doing its part to help teens avoid the enormous risks that  
come from alcohol and tobacco use.”(State of Michigan Website, 2008).  
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design, whereas in subsequent years, the estimated effects are negative, but small and not 

statistically significant. In order to better understand why the effects are concentrated in the short 

run and only among 16 year olds, we examine data on tobacco transactions and sources of 

tobacco. We find evidence that “experience” with the vertical license is important: 17 year olds 

who have had a vertical license since age 16 are more likely to seek out retailers that don’t ask 

for identification, whereas “inexperienced” 16 year olds are more likely to be carded after the 

design change. Moreover, over time, there is evidence that teens seek out other methods to obtain 

tobacco other than purchasing from retailers. For retailers, we find that after the change, there are 

fewer retailer compliance check violations, although this estimate is not statistically different 

from zero. Overall, our results suggest that the design change only had a short-run impact.5 

Finally, since changes in alcohol consumption can have an effect on drug use and teen traffic 

fatalities, we estimate the impact of the vertical license on these outcomes. We find no impact on 

marijuana use, but we do find a weak negative effect on traffic fatalities among 16 year olds.  

The remainder of this paper proceeds as follows: Section II reviews the literature and 

discusses the data. Section III outlines our empirical approach, and Section IV details the results. 

Section V provides a discussion and Section VI concludes.  

II. Related Literature & Data 

A.  Related Literature 

This paper contributes to the literature on state policies that are aimed at curbing youth 

tobacco and alcohol use. Some policies target the sources that teens obtain alcohol and tobacco 

from (i.e., cigarette vending machines, asking adults to purchase it on their behalf) while others, 

such as excise taxes, affect teen demand for these products. With respect to alcohol, Dills (2010) 

                                                            
5 Our data do not include information about teens’ use of false identification cards or online purchases, thus we are 
not able to examine whether these methods increased after the design change. See Footnote 33 for more details. 
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examines the impact of social host laws that target third party involvement by holding adults 

liable for providing alcohol to minors, and finds that the laws do not reduce reports of underage 

drinking but do reduce drunk-driving fatalities. Carpenter (2003) examines the impact of zero 

tolerance laws which set the legal blood alcohol content limit for minors at low levels and finds 

reductions in heavy drinking for males but no effect on self-reported drunk driving. Grant (2010) 

finds no evidence that zero tolerance laws reduce traffic fatalities. Dee (1999) examines the 

impact of beer taxes and increasing minimum legal drinking ages and finds the former has no 

effect, while the latter are associated with decreased consumption. 

Numerous studies have examined the responsiveness of youth tobacco demand to price, with 

mixed results. While some find a decrease in demand when price increases (Lewit et al., 1981; 

Grossman et al., 1983; Evans and Farrelly, 1998; Carpenter and Cook, 2008; Chaloupka and 

Wechsler, 1997), others find no effect (DeCicca et al., 2002).  Chaloupka and Grossman (1996) 

examine the effect of tobacco policies such as restrictions on the location of cigarette vending 

machines. The authors find inconsistent effects across specifications and conclude that these 

policies have little impact due to lack of enforcement by states.6  

B. Data 

The analysis draws on data from a number of sources. We use data from the national Youth 

Risk Behavior Surveillance System (YRBSS), which is a biennial, cross-sectional survey 

spanning the years 1991-2009. Each survey year, high school students (ages 12 to 18) in schools 

across the U.S. are surveyed, and information on their demographic characteristics, state of 

residence, and drug, alcohol and tobacco use is collected. The YRBSS is a comprehensive source 

of information on teen alcohol and tobacco use and has been used in a number of prior studies 

                                                            
6As will be discussed in Section III, our analysis controls for various state policies aimed at reducing teen alcohol 
and tobacco use, such as restrictions on the placement of cigarette vending machines, zero tolerance laws, etc. 
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(Carpenter and Stehr, 2011; Carpenter and Cook, 2008).7 For our analysis, we pool data from all 

survey years and limit the sample to 16-18 year olds since these teens are the most likely to hold 

driver’s/state identification cards (we elaborate more on this in Section III).  

In every survey year each teen is asked about the frequency that he/she used alcohol and 

tobacco in the month prior to the survey. This includes the number of days in the past month that 

the individual smoked cigarettes, drank, used chewing tobacco, the number of cigarettes 

consumed per day, and the number of days where 5 or more drinks were consumed. In the survey 

years 1995-2009, teens who reported smoking in the past month were asked how they obtained 

tobacco, and among those that reported buying directly from retailers, they were asked whether 

or not the seller requested to see their identification (available for years 1995-2005). Figure 1 

documents the percentage of teens that reported drinking or smoking at least once in the month 

prior to the survey. Although rates of use have decreased over the last two decades, 2009 levels 

(19.5% for smoking and 41.8% for drinking) are still high. 

We supplement the YRBSS data with data on the year each state adopted a vertical license, 

state-level demographic characteristics, and a series of other policies used by states to reduce 

underage drinking and smoking. Appendix Table 1 lists the year each of the adopting states first 

issued a vertical license. The first state to issue a vertical license was Colorado in 1994, and by 

2009 (the end of our YRBSS sample) only eight states did not issue vertical licenses. Figure 2 

displays the rapid increase in states’ adoption of the vertical design, particularly after 2001.8 

                                                            
7 The YRBSS is administered by the Center for Disease Control (CDC). State of residence is obtained from the 
restricted-use version of the YRBSS which is available from the CDC upon request. Although the survey is designed 
to be nationally representative (this is achieved using survey weights), not all states were asked to participate in 
every year. Appendix Table 1 documents the participation history for each state from 1991-2009. 
8 We obtain this information from official state press releases, Department/Bureau of Motor Vehicles and State 
Department of Transportation Safety/Public Safety websites, and direct contact with state administrators.  We refer 
to the year that a state first prints and issues vertical licenses as the “year of vertical license adoption” or the year a 
state “went vertical”. This may differ from the year that a state passed legislation approving the design change. We 
were unable to determine the exact month that vertical licenses were first issued.  
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Our state level demographic information includes median household income and the 

unemployment rate. In addition, we collect data on (real) cigarette and beer taxes, as well as the 

years in which each state enacted various laws and policies that could affect youth consumption. 

This includes: a social host law, a graduated driver’s license law (which affects unsupervised 

driving), a zero tolerance law, a minimum legal smoking age of 18, a ban on smoking in public 

places, restrictions on the placement of cigarette vending machines and cigarettes, a policy 

requiring all customers to show identification, and the year each state issued punishments to 

minors who try to purchase tobacco.9 These covariates were selected based on their potential 

relevance for influencing underage consumption, and their use in prior studies (Dills, 2010; Dee, 

1999; Carpenter and Cook, 2008; Chaloupka and Grossman, 1996).10 

We also compile state level data on retailer violation rates during “sting” tobacco compliance 

checks. In 1992, the U.S. Congress passed the Synar Amendment, which tasked states with 

developing policies to reduce youth access to tobacco. The Amendment required states to 

conduct yearly random compliance checks of retailers starting in 1997, document the rate of 

violations, and develop yearly targets that states would work towards achieving. For each state 

and year from 1997-2009 we observe the percent of retailers who failed these checks as well as 

                                                            
9 For instance, starting in 2009, all retailers in Delaware were required to ask for identification from any costumer 
that was purchasing tobacco and looked to be under the age of 27. The year a state began punishing minors for 
underage tobacco purchases refers to the year there is a punishment on record (i.e., approved by the legislature) 
(American Lung Association, 2011). We do not include the year states began punishing tobacco retailers for 
underage sales because there are only three states that did not punish retailers prior to 1991. That said, results 
including a control for seller punishment are qualitatively similar, and available upon request. We were not able to 
locate data on the years states began to punish buyers and sellers for illegal alcohol transactions. Although this is a 
limitation of our analysis, it is likely that punishment for alcohol violations gained popularity during the 1970s and 
1980s when states were making changes to the minimum legal drinking age. Finally, we do not include a control for 
a minimum legal drinking age since every state had a minimum age of 21 prior to 1991.  
10 Data on income and unemployment were obtained from the U.S. Census. Data on state tobacco and alcohol 
policies were obtained from a variety of sources: (i) Graduated Driver’s License: Dee et al. (2005) provides 
information until 2002 and the remaining years were updated using the IIHS (2011), (ii) Zero Tolerance: NHTSA 
(2001), (iii) Social Host: Dills (2010) provides information until 2005 and the remaining years were updated using 
APIS (2011), (iv) Ban on smoking in public locations: American Nonsmokers’ Rights Foundation (2011), (v) Real 
Beer and Cigarette Taxes (in 1984 dollars): Beer Institute (2011) and Orzechowski and Walker (2010), (vi) All 
remaining tobacco restrictions: American Lung Association (various years; 1990-2010). 
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their established target rate. We utilize this data to examine if there were fewer retailer violations 

following the design change. Note that because the Synar Amendment encouraged states to adopt 

policies to combat underage tobacco use, it is particularly important to control for these other 

policies in our analysis, such as restricting access to cigarette vending machines. 11 

Finally, we use state-level data on traffic fatalities in order to evaluate whether the vertical 

license had any auxiliary effects (through alcohol consumption) on the number of fatal car 

accidents involving teens. The data are drawn from the Fatality Analysis Reporting System 

(FARS) Encyclopedia of the National Highway Traffic Safety Administration (NHTSA) and 

have been widely used by prior studies (Dills 2010; Grant 2010). For each year from 1994-2009, 

we observe the number of drivers of a given age that were involved in a fatal car crash, the exact 

time of the day the crash took place, and the state where the driver’s license was issued.   

III. Empirical Framework 

A. Difference-in-Difference Model 

To examine the impact of the design change we estimate the following DD model: 

𝑌𝑖𝑠𝑡 = 𝛽0 + 𝛽1𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠𝑡 + 𝛽2𝑋𝑖𝑠𝑡 + 𝛽3𝑍𝑠𝑡 + 𝑠𝑠 + 𝑡𝑡 + 𝜀𝑖𝑠𝑡    (Equation 1) 

Here 𝑌𝑖𝑠𝑡 denotes the tobacco or alcohol use of teen i in state s and year t. We define five 

outcomes following the previous literature (Carpenter and Cook, 2008; Carpenter, 2004): (i) 

Smoke: equal to one if a teen smoked at least one cigarette in the month prior to the survey and 

zero otherwise, (ii) Smoke Frequently: equal to one if a teen smoked at least 20 days in the past 

month, (iiii) Chewing Tobacco: equal to one if a teen used chewing tobacco in the past month, 

(iv) Drink: equal to one if a teen drank at least one alcoholic drink in the past month, and (v) 

Drink Excessively: equal to one if a teen drank at least 5 drinks in one sitting in the past month. 

 𝑋𝑖𝑠𝑡 is a vector of demographic characteristics of student i that includes grade level, sex, and 
                                                            
11 Data on retailer violations rates were obtained from (SAMSHA, 2010). 



10 
 

race. 𝑍𝑠𝑡 is a vector of state level variables including unemployment, median family income, real 

beer and cigarette taxes, and the various state policies on youth tobacco and alcohol access 

described in Section II. B. Each of these policies is formulated as a binary variable equal to one 

for the states and years that the laws were in effect, and zero otherwise. 𝑠𝑠 and 𝑡𝑡 are state and 

year fixed effects; the former captures any time invariant, state specific factors which may 

influence teen behavior, and the year fixed effects capture any factors that are common to all 

states within a given year. 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠𝑡 is the policy variable of interest, and is formulated as a 

binary indicator equal to one for teens that received a vertical driver’s license, and zero 

otherwise.12 We identify the impact of the vertical license from within state changes in teen 

outcomes that are driven by the switch to the vertical license in a particular year (treated), 

relative to the within state changes in teen outcomes for states where a vertical license was not 

adopted in that same year or was never adopted at all (control). We use sampling weights 

provided in the YRBSS, cluster standard errors at the state level, and estimate cluster-robust 

standard errors to address issues of serial correlation following Bertrand et al. (2001). 

The structure of our data requires us to make a series of assumptions in order to construct 

𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠𝑡. In particular, the YRBSS does not include information on whether an individual has 

a driver’s license/state identification card (by default, there is no information on the shape). 

Consequently, we must assign individuals as having a vertical license or not, and to do so we 

draw on states’ licensing requirements, teens’ age, and the year a state began issuing vertical 

licenses. As a starting point, we restrict our sample to 16-18 year olds, assume all these teens 

hold a license, and assume that all teens receive a license starting at age 16.13 This is based on 

the fact that in most states during our sample period, teens gain driving privileges-and thus hold 
                                                            
12 We do not index Verticalst by i since we estimate Equation 1 separately by age group. 
13 If an individual does not drive, it still seems reasonable to assume that he/she would obtain a state identification 
card around age 16 for other purposes such as air travel or job applications. 
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a license- starting at 16. That said, in Section V we discuss how the results change if we assume 

that teens first receive a license at the age of 15.14 

When states began issuing vertical licenses, this only affected residents who were obtaining 

their license for the first time in that state. Those that already had a license and were under 21 

were not required to obtain a new (vertical) license. We do not observe the date that a state began 

issuing vertical licenses, nor teens’ date of birth.15 Consequently, we make the simplifying 

assumption that vertical licenses began to be issued starting on January 1 of the year a state made 

the design change, and that any 16 year olds we observe in that year turned 16 after January 1, 

and thus would have received a vertical license. Further, we assume any 16 year olds observed 

after that year turned 16 after the design change. As a result, if a state switched designs in 2005, 

we classify all the 16 year olds in that state in 2005 and subsequent years as having a vertical 

license, and all 16 year olds prior to 2005 in that state as not having a vertical license.  

Following the same logic, we classify 17 year olds one year after their state went vertical, 

and 18 year olds two years after as having a vertical license. That is, we assume these teens 

received their license at age 16, and that they turned 16 after their state made the switch to the 

vertical design. In our example, this means we classify all 17 year olds in 2006 and forward as 

having a vertical license, along with all 18 year olds in 2007 (we assume a 17 (18) year old in 

2006 (2007) turned 16 sometime after the license change in 2005). It is important to note that 

                                                            
14 We define the age when an individual gains driving privileges as the age in which they can first drive without 
adult supervision. During our sample period, the majority of states in the U.S. shifted to a graduated driver’s license 
system that is composed of three driving levels: (i) Learner: Individuals can begin training under the supervision of 
licensed drivers and must accumulate a minimum hours or experience, (ii) Intermediate: Unsupervised driving is 
permitted, but only during daytime hours, (iii) Full Privileges: no restriction on supervision or hours (IIHS, 2011). 
For most states and years in our sample period, teens reach the “Learner” stage at age 14 or 15 (in some states it is as 
late as age 16), and the “Intermediate” level at age 16 (there are a handful of states in the years before 1995 where 
teens reach this stage by age 15). We reason that teens are most likely to be issued official state licenses once they 
reach the “Intermediate” stage and are driving unsupervised. Prior to that they likely only carry a paper permit. That 
said, if teens obtain state licenses during the “Learner” stage, or if some teens reach the “Intermediate” stage at age 
15, then our analysis in Section V, where we assume that teens can get a license as early as 15, will address this.   
15 All YRBSS surveys took place in the spring (February-May), but the exact interview date is not known. 
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when we observe 17-18 year olds, they have already held a license for one or two years, 

suggesting they may have a level of “experience” or “familiarity” with the license which 16 year 

olds do not have. Familiarity may be important; a 17-18 year old that received a vertical license 

at age 16 may have discovered methods to “get around” having a vertical license over time. To 

that end, we conduct our analysis separately by age, which allows us to examine the effect of the 

design change in the year an individual receives a vertical license, as well as at later ages. If 

experience with the license is important, we may observe differential effects across age groups.  

Our classification of which teens have a vertical license will introduce measurement error 

into the model in three ways. First, we assume teens first obtain a license at age 16, whereas 

some may obtain a license at 15. Second, we assume that all teens we observe in the year their 

state went vertical and in subsequent years, turned their current age after their state adopted a 

vertical license. Third, we assume all teens that were issued a license before their state switched 

to the vertical design continued to have a horizontal license, even though some may have 

obtained a new (vertical) license, say to replace a lost or stolen identification card. In Section V, 

we describe a series of sensitivity analyses that we conduct to examine the role of measurement 

error. Overwhelmingly, these analyses indicate that measurement error does not drive our 

findings. That said, because measurement error will attenuate our estimates, the results should be 

interpreted as providing a lower bound estimate of the effect of the vertical license. 

B. Policy Endogeneity, Short and Long Run Effects 

The identifying assumption for the DD model is that the control observations act as a valid 

comparison group for the treated observations. This will not hold, if for instance, states that were 

already experiencing reductions in underage consumption were more likely to adopt the design 

change in a given year. If this is the case, then the estimated effects will simply reflect a 
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continuation of this pre-existing trend. A related concern is policy endogeneity. It may be that 

there are unobserved characteristics of states (such as attitudes towards public health) which 

drive the decision to make the design switch, and are correlated with underage consumption. 

While we address these issues in our formal model below, we first provide anecdotal and 

graphical evidence suggesting that policy endogeneity and pre-existing trends are not a concern. 

First, for many states, the timing of the design change coincides with the end of states’ multi-

year contracts with license card manufacturers. Presumably, states waited until this point in order 

to avoid incurring costs associated with modifying contracts. In conversations between the 

authors and one of the largest manufacturers of licenses, it was determined that any changes to 

the license design that occurs mid-contract would come at a cost of a few hundred to a few 

thousand dollars. As a result, the exact timing of the design change is likely to be uncorrelated 

with unobserved heterogeneity.16 Second, after September 2001, states were urged at the federal 

level to adopt new security changes for licenses which would make it harder to forge, such as the 

use of barcodes, holograms, and design features like the vertical orientation. This is reflected in 

the rapid increase in vertical licenses post 2001 (see Figure 2). This suggests that one motivation 

for the design change was common to many states, rather than driven by state-specific factors.17   

Third, trends in underage consumption are largely similar across states that adopted the 

vertical license and those that did not, prior to adoption. These trends are graphed in Figure 3, 

where the solid lines reflect the average percentage of 16 year olds who drank or smoked 

cigarettes in the month prior to the YRBSS survey among the forty-three states that switched to a 

vertical design from 1994-2009 (treated). The line is centered in the year each state began issuing 

                                                            
16 For instance, Maine waited until the end of their contract to adopt the design change. See: 
http://bangordailynews.com/2011/03/22/politics/maine-to-unveil-new-drivers-license-design/. The authors spoke 
with ABnote North American, which produces over 50% of states’ licenses.  
17 Federal suggestions for security improvements are formalized in the REAL ID Act of 2005 (Pub.L.  109-13). 

http://bangordailynews.com/2011/03/22/politics/maine-to-unveil-new-drivers-license-design/
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a vertical license (time 0), and tracks consumption in the years leading up to and after this period 

(i.e., 1-2, 3-4, 5-6, 7 plus years). As a point of comparison, the dashed lines graph the average 

percentage of 16 year olds who drank or smoked across the eight states that did not switch to the 

vertical license by 2009 (control). For these states, we follow Ayers and Levitt (1998) and 

construct average consumption t years before/after time 0 using average consumption in these 

states pegged to the years in which each treated state adopted a vertical license.18  

Prior to the switch, rates of smoking and drinking were higher in the treated states compared 

to the control states. This is particularly pronounced for smoking in the 5-6 years before going 

vertical, but with that exception, the two groups follow virtually the same trend in years prior to 

time 0, suggesting little in the way of systematic differences (other than in levels) prior to the 

vertical switch.  Figure 3 also previews our main results. Starting in the year that the vertical 

design was introduced, levels of drinking and smoking in treated states dropped relative to 

control states, indicating a drop in underage consumption in the short run. Over time, 

consumption in treated and control states converges; 5-6 years after the design change the levels 

are almost identical, suggesting that the effects of the vertical design do not persist. 

Although the prior discussion and Figure 3 indicate there is little evidence of policy 

endogeneity or systematic, pre-existing trends, we formally control for such issues by extending 

our DD model in two ways. First, we include state-specific linear and quadratic time trends in 

Equation 1, which control for unobserved factors that trend over time within a state and are 

correlated with teen outcomes. Second, we re-estimate Equation 1, but in place of  𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠𝑡, 

we include a series of time dummies for the years leading up to a state going vertical (1-2, 3-4, 5-

                                                            
18 As an example, suppose we have three treated states with the following vertical license adoption dates (A: 1997, 
B: 2000, C: 2004), and two control states (D, E) that did not adopt a vertical design by 2009. We construct the 
average consumption among control states in time 0 using consumption levels in states D and E in 1997, 2000, and 
2004. To construct average consumption in the 1 year before (after) time 0 for control states, we use consumption 
levels in D and E in 1996, 1999, and 2003 (1998, 2001, and 2005).   
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6, and 7 plus years before; our omitted category is 1-2 years prior), the year it goes vertical, and 

the years after it goes vertical (1-2, 3-4, 5-6, and 7 plus years after).19  

This latter specification serves two purposes. First, the coefficients on the dummies leading 

up to the switch reflect whether there is any evidence of pre-existing trends, once we control for 

other covariates. Second, this specification allows us to examine the short and long run response 

to the vertical license, which as Figure 3 indicates, may differ. One potential explanation for this 

is that over time, teens substitute towards other methods to obtain alcohol and tobacco that don’t 

require them to use their vertical license. Additionally, it could be that after the design switch, 

retailers are more likely to ask for identification and reduce underage sales, but subsequently 

revert in behavior. We provide evidence on these explanations in Section V. 

C. Difference-in-Difference-in-Difference Model 

We supplement our analysis by estimating a triple difference (DDD) model that uses 17-18 

year olds who did not receive vertical licenses as a within state control group for their 16 year 

old counterparts. As discussed above, all 17 and 18 year olds who were observed the year their 

state went vertical, as well as 18 year olds one year after would not have received a vertical 

license since only teens that turned 16 after their state went vertical were issued the new license. 

The benefit of the DDD model is that it allows us to control for two types of potentially 

confounding effects: First, the within state comparison allows us to control for unobserved 

factors that affect the outcomes of all teens that live in a particular state such as state marketing 

campaigns against underage drinking. Second, the within-age group comparison allows us to 

control for unobserved factors that affect teens of the same age, regardless of state of residence. 

We use 17-18 year olds as the within-state control group rather than younger teens (i.e., 14 year 

                                                            
19 We combine years (1-2, 3-4, etc.) instead of using one year increments since the YRBSS is given biennially. We 
set our terminal points at 7 plus years to avoid having small numbers of observations in higher number years.  
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olds) simply because the older teens are in general more likely to hold a license, and thus offer a 

direct comparison point for how a license redesign may affect teens’ ability to use their license to 

purchase from retailers.20   

To implement the DDD model, we must substantially restructure the data, for reasons that 

will become apparent. First, we divide states into those which switched to the vertical design 

between 1991-2009 (treated) and those that did not (control). Second, for each treated state we 

define the “pre” period as the first year we observe YRBSS data immediately before the state 

went vertical. The “post” period consists of the year the state adopted the license, or one year 

after. We define “post” this way because these are the only years for which we observe both 

teens who did and did not have the vertical license in the same state. Consequently, we drop all 

observations two years after a state goes vertical. We also drop any observations for treated 

states prior to the “pre” period so that we have a single “pre” and “post” year for each state. 21   

Third, for the control states, there is no obvious way to define “pre” and “post” since treated 

states went vertical in various years. No state had a vertical license prior to 1994, and so for the 

control states we define the “pre” period as any year prior to 1994 and the “post” period as any 

year after 1994 (inclusive). Appendix Table 1 highlights (underlined) the observation years for 

each state that we use in the DDD analysis. Finally, we note that structuring our analysis in such 

a way ignores much of the time variation in our data, but is necessary for the DDD design. 

We estimate both a DD and DDD model with the restructured data. The DD model is 

estimated using 16 year olds and is analogous to Equation 1, but adapted to the two period 
                                                            
20 In an omitted analysis, available upon request, we use 14 year as a within state comparison and find negative 
effects of the license, although none of the estimates are significant due to lower precision (the number of 14 year 
olds in the YRBSS is about half that of 17 and 18 year olds, respectively). 
21 In practice, we also drop the 17 year olds observed one year after a state went vertical, since these students would 
have received the vertical license. As discussed in the text, the impact of the license varies by age; thus to be 
uniform, we only consider 16 year olds as treated in the DDD model. We also only allow for a single “pre” period to 
be symmetric-i.e., a single “pre” and single “post” period. In an omitted analysis (available upon request), we run 
the DDD model with all years prior to going vertical included in the “pre” period, and find similar results.  
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(“pre”/ “post”) setting. The results from this model provide a baseline effect size of the vertical 

license for the restructured data. Formally, we estimate:    

𝑌𝑖𝑠𝑡 = 𝛼0 + 𝛼1𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠 + 𝛼2𝑃𝑜𝑠𝑡𝑠𝑡 + 𝛼3𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠 ∗ 𝑃𝑜𝑠𝑡𝑠𝑡 +𝛼4𝑋𝑖𝑠𝑡 + 𝛼5𝑍𝑠𝑡 + 𝑢𝑖𝑠𝑡    (Equation 2) 

𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠 is equal to one if a state ever adopted a vertical license between 1991-2009, 𝑃𝑜𝑠𝑡𝑠𝑡 is 

equal to one for the “post” period for each state, and 𝑌𝑖𝑠𝑡,𝑋𝑖𝑠𝑡,𝑍𝑠𝑡 are defined as in Equation 1. 

We are interested in estimating 𝛼3, which measures the difference in consumption for 16 year 

olds before and after a state went vertical relative to the same change in a state that did not.  

For the DDD model, we estimate:     

𝑌𝑖𝑠𝑡 = 𝛿0 + 𝛿1𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠 + 𝛿2𝑃𝑜𝑠𝑡𝑠𝑡 + 𝛿3𝐴𝑔𝑒16𝑖𝑠𝑡 + 𝛿4𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠 ∗ 𝑃𝑜𝑠𝑡𝑠𝑡 + 𝛿5𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠 ∗ 𝐴𝑔𝑒16𝑖𝑠𝑡 +

𝛿6𝑃𝑜𝑠𝑡𝑠𝑡 ∗ 𝐴𝑔𝑒16𝑖𝑠𝑡 + 𝛿7𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠 ∗ 𝑃𝑜𝑠𝑡𝑠𝑡 ∗ 𝐴𝑔𝑒16𝑖𝑠𝑡 + 𝛿8𝑋𝑖𝑠𝑡 + 𝛿9𝑍𝑠𝑡 + 𝜏𝑖𝑠𝑡  (Equation 3) 

All variables are defined as in Equation 2, and 𝐴𝑔𝑒16𝑖𝑠𝑡 is equal to one for individuals who are 

age 16. The coefficient on the triple interaction, 𝛿7, estimates the change in behavior for 16 year 

olds in treated states relative to 17-18 year olds in the same state, and contrasts this with the 

same comparison for teens in control states. We estimate Equation 3 for 16-18 year olds for the 

dependent variable drinking, and for 16-17 year olds for smoking since 18 year olds are legally 

able to smoke. Again, we estimate cluster-robust standard errors with clustering at the state level, 

use sampling weights, and estimate Equations 2- 3 with and without state fixed effects.  

As a final point, it is important to note that in order to use 17-18 year olds as a within state 

comparison group, we must assume there are no spillover effects of the license onto 17-18 year 

olds. For instance, if consumption of alcohol/tobacco by 17-18 year olds is reduced because 16 

year olds in the same state have a vertical license, then the DDD results will be underestimated. 

While peer sharing almost certainly occurs, it seems likely that older peers provide alcohol and 

tobacco to their younger counterparts, rather than the reverse. Alternatively, it may be that 17-18 

year olds are more likely to be sold tobacco and alcohol after the design switch, since retailers 
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may only look at the design of the license to determine age, and these teens have horizontal 

licenses. This would result in our DDD estimates being overestimated. While we cannot rule out 

spillovers, we can gain some insight from the DDD model. The coefficient 𝛿4 captures the 

change in consumption for 17-18 year olds before and after 16 year olds in their state received a 

vertical license, relative to the same comparison for control states. If there are spillovers, we 

should observe a non-zero estimate. In practice, we find no evidence of this. 

IV. Results 

A. Difference-in-Difference 

Table 1 presents the results of Equation 1 for 16 year olds. Each row displays the estimate of 

𝛽1 for one of five outcomes from linear probability models.22 Column 1 shows the results when 

we include no controls other than state and year fixed effects. Column 2 adds in individual and 

state time-varying covariates, and Columns 3 and 4 display the results with linear and quadratic 

time trends. Starting with Column 1, we observe that the vertical license has a negative impact 

on smoking and drinking in the past month, although only the latter is significant. Conditional on 

smoking and drinking, there is no impact on intensity, as well as no impact on chewing tobacco. 

Moving to Column 2, the point estimates are slightly larger in magnitude for all outcomes except 

the intensity measures, and the inclusion of the covariates increases precision. The estimates for 

smoking and drinking are significant at conventional levels and indicate that the vertical license 

reduced the probability that a 16 year old smoked in the past month by 3 percentage points 

(10.7% evaluated at the mean), and drank by 3.8 percentage points (8% evaluated at the mean). 

Again, the results conditional on smoking and drinking indicate no significant effect of the 

                                                            
22 Logit models produce similar results and are available upon request. In an omitted analysis, also available upon 
request, we estimate the impact of the vertical license on teen alcohol and tobacco use using a Seemingly Unrelated 
Regression model. This approach is appropriate if the same unobserved characteristics that influence a teen’s 
decision to smoke also influence his/her decision to drink. The results from this model produce similar estimates to 
those reported in the text. 
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design change on the intensive margin. This finding is not entirely surprising since among 

students who smoke and drink, many of them are “heavy” users (i.e., 48% of smokers smoked 

more than 20 cigarettes in a month, 63% of drinkers had at least one time when they drank 5 or 

more drinks in a single setting). The vertical license is unlikely to change the behavior of these 

“heavy” users who will likely attempt to obtain cigarettes and alcohol regardless. Rather, the 

results seem to suggest that the vertical design has an impact on the behavior of the marginal 

student who is deciding whether or not to drink or smoke. 

The results in Columns 3 (our preferred specification) and 4 echo the findings from Column 

2. With the addition of the linear and quadratic time trends, the estimated effect of the vertical 

license on teen drinking and smoking is even larger (in absolute value). Comparing the results 

with and without time trends, the difference in magnitudes suggests that underlying state-specific 

trends lead to a positive bias, which is consistent with a scenario where states with teens that 

have a greater unobserved propensity towards consumption are likely to adopt the design change.  

Table 2 presents the results of Equation 1 for 17-18 year olds. For both groups, we find no 

significant effect of the vertical license (we exclude 18 year olds since they are legally allowed to 

smoke). These results hold even conditional on linear and quadratic time trends.23 The results of 

the DD model where we include a series of time dummies for the years before a state goes 

vertical, that year, and subsequent years are presented in Table 3. We estimate this equation only 

for 16 year olds and for the outcomes of Smoke and Drink since the results in Tables 1-2 suggest 

there is no effect for these other outcomes or for 17-18 year olds. Focusing first on the results for 

the lagged years, the estimates for both drinking and smoking are not statistically different from 

zero, vary in sign, and in the years immediately leading up to design switch are particularly 

                                                            
23 In an omitted analysis but available upon request, we estimated Equation 1 (with and without time trends) for the 
outcome Drink for a sample of 19-20 year olds using the Behavioral Risk Factor Surveillance System (BRFSS). We 
did not find any significant effect of the vertical redesign policy on this group either. 
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small, indicating no evidence of systematic, pre-existing trends prior to the switch. 24 

The estimates for the year a state goes vertical are negative in both columns but are small and 

not statistically significant. There are two related explanations for why the effect size is small. 

One is that not many students are actually issued vertical licenses in the year their state went 

vertical, and thus we should not expect to see a large effect of the license re-design. Second, we 

likely misclassify students as having received the vertical design whereas they haven’t. This will 

attenuate the estimates (we elaborate on this in Section V). Moving to 1-2 years after a state goes 

vertical, we observe a strong negative and significant (at the 10% level) effect, indicating a 4 

percentage point reduction in smoking and 7.7 percentage point reduction in drinking. In 

subsequent years the effects of the vertical license are (with one exception for smoking) small, 

mostly negative and statistically indistinguishable from zero.  

There are three noteworthy aspects of our DD results. First, we find an effect of the license 

for 16 year olds but not 17-18 year olds. One explanation for this is that these older teens-who 

received a vertical license at 16, but we observe their behavior one or two years after-have 

“experience” with the vertical license and have figured out ways to still consume alcohol and 

tobacco. Second, the effects of the license do not persist over time. It may be that the first sets of 

teens who received the vertical license face the most difficulty in purchasing alcohol and tobacco 

because of it, but subsequent cohorts substitute towards other means of obtaining alcohol and 

tobacco. Additionally, sellers may initially reduce underage sales (because the license helps 

identify teens or because of heightened monitoring) but eventually revert back to their pre-

vertical license behavior. Lastly, our estimates are based on a series of assumptions regarding 

which teens received a vertical license. Measurement error in our classification assignment will 

                                                            
24 For brevity, for the remainder of the analysis, we omit the results for the dependent variables Chewing Tobacco, 
and Smoke and Drink Frequently. We find no impact of the vertical license on these outcomes for older teens (Table 
2), in the dynamic DD model (Table 3) or in the DDD model (Table 4). Results are available upon request.   
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attenuate the estimates. We return to these issues in Section V.    

B. Difference-in-Difference-in-Difference 

We present the results of the DDD model in Table 4 for the dependent variables Smoke and 

Drink. The first half of Table 4 presents the baseline DD model (Equation 2) for 16 year olds. 

Results controlling for state fixed effects are presented in Columns 2 and 4. Because we only use 

a portion of the original data, our sample size is reduced and the estimates are more imprecise. In 

spite of the sample changes, the average rate of smoking and drinking in this smaller subsample 

is similar to the entire sample. The DD results indicate similar, although larger (in absolute 

value), effect sizes compared to Table 1: The vertical license is associated with a reduction in the 

probability of drinking by 5.8-7.9 percentage points, and smoking by 5.7-6.7 percentage points 

(the latter is not significant).  Given that the original DD results are upheld in the restructured 

sample, the DDD estimates will likely provide useful inference on the robustness of our results. 

The DDD estimates are shown in the lower half of the Table 4. Here we present the estimates 

on the level, double and triple interaction terms. In order to use 17 and 18 year olds as within 

state comparison groups, it must be that these teens are not impacted by the license change. We 

examine the coefficient estimate on the interaction term 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙𝑠 ∗ 𝑃𝑜𝑠𝑡𝑠𝑡 for evidence of this, and 

find that the estimates are small and insignificant in all the regressions, suggesting that there are 

no spillover effects. Turning to the coefficients on the triple interaction, the results indicate that 

there is a negative effect on smoking and drinking. The probability a 16 year old smoked is 

reduced by 3.0-4.2 percentage points (the estimates are insignificant) and alcohol consumption is 

reduced by 7.3-8.4 percentage points. These estimates are in the range of estimates we obtained 

in Tables 1 and 3. Overall then, the estimates from the DDD model uphold the DD results.  

V. Discussion  



22 
 

A. Measurement Error 

As discussed above, we make a series of assumptions to identify who has a vertical license, 

and any misclassification will introduce measurement error into our model which will attenuate 

the estimates.25 Misclassification stems from three sources. First, teens may receive their license 

as early as at age 15. In our analysis above we not only ignore 15 year olds, but in addition, we 

mistakenly classify 16-18 year olds as having received the vertical license one year earlier than 

they actually did. Second, we assume all teens turned their current age after their state switched 

to the vertical design, whereas they may have turned their current age beforehand. Third, any 

teens that received their license prior to their state going vertical may have subsequently obtained 

a vertical license (say, to replace a lost card). To gauge the extent to which our estimates are 

affected by measurement error, we conduct a series of sensitivity analyses. Overall, the results 

from these analyses indicate that our quantitative findings are not predominantly driven by 

measurement error. That said, to the extent that the results are affected by measurement error, the 

reader should be careful to interpret our results as providing a lower bound effect. 

A.1 Sensitivity Analyses 

To examine the first type of misclassification, we re-estimate the DD model (Equation 1) 

assuming that teens first receive their license at 15, and classify (using our earlier example where 

a state goes vertical in 2005) the following teens as having a vertical license: 15 year olds in 

2005 and subsequent years, and 16, 17, and 18 year olds in 2006, 2007, 2008 and forward, 

respectively. The results are provided in Table 5. We find no effect of the vertical license design 

for 15 year olds. One explanation for this result could be that in practice, very few 15 year olds 

have a license. Alternatively, they may have a license, but require supervision to drive, thus 

                                                            
25 Moreover, it is well known that the attenuating effect of measurement error will be exacerbated in a fixed effects 
setting, relative to a standard cross section (Angrist and Krueger, 1994; Bollinger, 2001). We estimate our 
difference-in-difference model using two-way fixed effects, thus attenuation could be particularly severe. 
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limiting opportunities to purchase alcohol and tobacco.    

The estimates for 15 year olds also serve as a “falsification test” for our main results. A 

concern with the results in Tables 1-3 is that the coefficient on the vertical license simply picks 

up unobserved state-specific factors. If 15 year olds do not have a license, but we assign them as 

having a vertical or horizontal license based on the year their state went vertical, we should find 

no effects of the vertical design on their behavior if unobservables are not driving the results. 

The estimates in Table 5 indicate that indeed the vertical license does not have an impact on 

these teens’ behavior.26  

For 17 and 18 year olds, we continue to observe no significant effect of the license. This 

suggests that even if the results in Table 2 are attenuated as a result of the fact that we 

(incorrectly) assume that teens first receive a license at age 16, the attenuation is not so severe 

that it causes us to falsely conclude there is no effect of the license for 17-18 year olds. Among 

16 year olds, the effect of the license is negative and statistically significant, upholding our 

results from Table 1. Given that we find no effect for 15 year olds, we return to assuming that 

teens first receive their license at age 16 for the remaining analyses. 

The second, and perhaps most pervasive source of measurement error stems from the fact 

that we assume all teens that are 16 in the year their state went vertical received a vertical 

license, as did 17 and 18 year olds one and two years later, respectively. In practice, some of 

these teens are likely to hold a horizontal license. It is important to note this type of 

misclassification only affects our classification of 16 year olds in the year their state went 

vertical, 16 and 17 year olds one year after, and 18 year olds two years after going vertical.27 

                                                            
26 We conducted a similar falsification test using 14 year olds (omitted for brevity but available upon request), and 
also found no significant effect of the license. 
27 Consider the following example. Suppose a state switched to the vertical license in June 2005 and that we observe 
16-18 year olds in 2005-2007. In 2005, we will misclassify all 16 year olds who turned 16 prior to June 2005 as 



24 
 

We consider how sensitive our results are to this type of measurement error by considering 

three alternative classifications of the variable Vertical.  First, we assume that all teens we 

observe in the year their state went vertical turned their current age before their state went 

vertical, and only received the vertical license in subsequent years. Following our earlier 

example, if a state switches to the vertical design in 2005, this implies 16 year olds observed in 

2006 and forward received the vertical license, as well as 17 and 18 year olds observed in 2007 

and 2008 and forward, respectively. This classification is identical to the one used to produce the 

results in Table 5. As discussed above, we continue to find no significant effect for 17-18 year 

olds, but do find effects for 16 year olds which are similar to those in Table 1.  

As our second alternative classification, rather than construct Vertical as a binary variable for 

whether or not a teen has a vertical license, we assign a “fractional value” between 0 and 1 for 

teens in the year their state went vertical. The fraction represents hypothetical lengths of a year 

during which a vertical license would be issued. For instance, if a state went vertical in April of 

2005, then vertical licenses would be issued in nine out of twelve (¾) months. Similarly if the 

state went vertical in July or October, this would be ½ and ¼ of the year, respectively.28 We 

continue to assign a value of 0 for all years prior to a state going vertical, and 1 for all years after 

the vertical year. We present the results for a select set of “fractional values” in the upper half of 

Table 6 for 16 year olds. The estimates are similar to the results in Tables 1 and 5, suggesting 

that even if we allow for more realistic classifications of Vertical, the results change marginally.  

As a final check, we simply re-estimate our DD model without the observations that are 

                                                                                                                                                                                                
having a vertical license. We will also misclassify the 16 year olds in 2006 that turned 16 prior to June 2005. It is 
impossible for any of the 16 year olds in 2007 to have turned 16 prior to 2005, and thus we will not have any 
misclassification for 16 year olds in 2007 and later years. For 17 and 18 year olds, we will misclassify the 17 year 
olds in 2006 that turned 16 prior to June 2005, and the 18 year olds in 2007 that turned 16 prior to June 2005. 
Beyond these years, we will not have any misclassification for 17 and 18 year olds, respectively. 
28 For simplicity, we assume that all states that adopted a vertical license did so in the same month. Dee et al. (2004) 
use fractional values to examine the effect of graduated driver’s license laws on teen traffic fatalities. 
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susceptible to this type of misclassification (16 year olds in the year their state went vertical and 

one year after, 17 year olds one year after, and 18 year olds two years after). The results are 

provided in the middle of Table 6. The estimated effects for 16 year olds are smaller than 

previously estimated, but still consistent with the findings of Table 1. We continue to find no 

effect for older teens. This check is less than ideal since it (potentially) comes at the cost of 

removing observations that are correctly specified, and lowers precision.  However, this result, 

combined with the estimates in Table 5 overall provide strong suggestive evidence that our main 

results are robust to even the most problematic type of misclassification.   

The third type of misclassification arises if teens obtain a new vertical license. We cannot 

gauge the extent to which this occurs, but we can examine how the results change if we assume 

all 17-18 year olds obtained a vertical license even though they were not required to do so. We 

now classify all 17-18 year olds in the year their state went vertical and beyond as having the 

vertical license, and present the results in the lower half of Table 6. We find no effect, suggesting 

that the null effects in Table 2 are not driven by this type of measurement error.  

A.2 Bounds  

If a binary regressor is measured with error, we can construct upper and lower bounds for the 

effect of that mis-measured variable on the outcome (Aigner, 1973; Bollinger, 1996). These 

bounds provide information about how sensitive the parameter estimate can be to measurement 

error. For brevity, we focus only on the 16 year old sample. Following Bollinger (1996), we 

calculate the lower bound under the assumption of no error, and this is simply the estimate we 

obtain from Equation 1. The upper bound is initially calculated under the assumption that we 

have the maximum (feasible) amount of measurement error. Our calculations indicate that this 

maximum amount would be achieved if we mistakenly classify 7% of observations as having the 
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vertical license, whereas in reality they do not, or classify 19% of observations as not having a 

vertical license, whereas they do. The implied bounds for the outcome Smoke are [-0.030, -

110.76], and for Drink [-0.038, -113.39]. The upper bounds indicate that the effect of the vertical 

license can reduce smoking and drinking by as much as eleven thousand percentage points, 

which implies a reduction in these activities by 200-400%. This is clearly infeasible. 

As discussed by Bollinger (1996 and 2001), the upper bound that is estimated under the 

assumption of maximum measurement error is rather uninformative because it produces 

implausibly large effect sizes. Furthermore, the upper bound is very sensitive to additional 

information about the extent of the error, and much can be gained by estimating the bounds 

under stricter assumptions about the level of measurement error. Given that we have no prior 

about the extent of the error, we calculate the bounds assuming we have 75%, 50%, and 25% of 

the maximum estimated error. For the dependent variable Smoke, these bounds are: [-0.030, -

0.12] for 75% of maximum error, [-0.030, -0.06] for 50%, and [-0.030, -0.04] for 25%. For the 

dependent variable Drink, the bounds are: [-0.038, -0.148] for 75%, [-0.038, -0.074] for 50%, 

and [-0.038, -0.049] for 25%. Since the lower bound is calculated under the assumption of no 

error, it does not change, but the upper bound does move substantially closer to zero as we 

consider perhaps more reasonable values for measurement error. This is consistent with the 

findings of Bollinger (1996, 2001). These new upper bounds indicate that while measurement 

error will undoubtedly attenuate our coefficient estimates, so long as it is lower than the 

maximum possible value, the results in Tables 1-6 still provide useful and relevant information 

regarding the effect of the vertical license design.29 

                                                            
29 We calculate bounds for 16 year olds controlling for all the regressors listed in Column (2) of Table 1. For each 
outcome, we can calculate maximum feasible measurement error and the allocation of the error to two types of 
misclassification: assigning an individual to have a vertical license when they do not (denoted, p) and assigning an 
individual to not have a vertical license when they do (denoted, q). Note that p and q cannot simultaneously achieve 
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B. Mechanisms 

Our results indicate the vertical license reduces underage consumption only in the first year 

a teen receives the license (age 16), and moreover, the effects are concentrated in the short-run.  

These results seem to be consistent with a story where: (i) as teens get older, they gain more 

“experience” and find ways to consume age-restricted products, (ii) the first sets of teens to be 

issued the new license are the most restricted by the design change but subsequent cohorts adapt 

around it, and (iii) initially retailers are less likely to make underage sales due to increased 

awareness of the new license (marketing campaigns often accompany the design switch) or 

increased monitoring, but subsequently they revert to selling to minors, for profit motivations.30  

We examine how teens respond to the vertical license by utilizing information in the 

YRBSS on how teens access cigarettes. Teens that smoked in the past month were asked where 

they obtained cigarettes, and we group these responses into four categories (values in parentheses 

represent the percentage of 16-17 year old teens who report using this source, averaged across 

years): (i) store (30%), (ii) gave someone money to buy them for me (28%), (iii) bummed them 

(29%), and (iv) obtained from vending machine, stole, and other (13%). We estimate a 

multinomial logit DD model where the dependent variable is the cigarette source, and 

independent variables are a series of time dummies for the years prior to, during, and after the 

switch, along with all to covariates in Equation 1 (the omitted category is 3 plus years before).31  

                                                                                                                                                                                                
their maxima (Bollinger, 1996). Maximum values for p are similar for drinking and smoking (7.4% and 7.2%), as 
are values for q (19.5% and 19.6%), respectively. In our analysis where we vary the extent of measurement error, 
75% of the error translates to p=5.44% and q=14.75%, in the case of drinking. We also estimate the bounds under 
various combinations of error, such as setting p at 90% of the maximum value, and q at 50%. Results are similar to 
those provided in the text. All calculations are omitted for brevity but available upon request. 
30 For instance, in Michigan, the vertical license was introduced via a large marketing campaign (“We Check To 
Protect”) that advertised the design change and explained the rationale behind it. 
31 An additional category, “A person above 18 gave them to me” was added in the 2001-2009 surveys. To maintain 
uniformity in response categories throughout the 1995-2009 sample, we omit this response from the analysis. We 
group steal/vending/other into a single category to increase cell size. We include a series of time dummies for the 
years prior to a state going vertical (1-2, 3 plus) the year a state goes vertical, and the years after (1-2, 3-4, 5 plus). 



28 
 

We graph the coefficient estimates on the time dummies in Figure 4, where our base 

category is “gave someone money”.32 In the years leading up to the design change, store 

purchases and vending/steal/other are relatively flat, and we observe a slight increase in 

bumming. After the switch, there is a clear decrease in purchases from stores and bumming, 

suggesting that it may have become difficult for teens to purchase cigarettes directly, as well as 

to bum from friends who likely also have a vertical license. In contrast, the use of 

vending/stealing/other slightly increases. Teens may also increase their use of false identification 

(with horizontal orientation and false birthday) or online purchases after the vertical license is 

introduced, but this is not measured in the YRBSS data (besides perhaps being included in the 

“other” category) and thus cannot be examined directly. 33 Over time, store purchases level off 

and then continue to decline, and there is a greater movement towards vending/stealing/other and 

bumming-the latter may be due to teens seeking out friends who are still able to obtain cigarettes. 

Overall, the patterns in Figure 4 are largely consistent with the results from Table 3: Initially, the 

vertical license prevents teens from accessing tobacco and thus decreases smoking, but 

subsequently, teens substitute towards other methods and smoking levels revert back.  

An additional piece of evidence is provided in the upper half of Table 7. Here we present the 

results of the DD model (Equation 1), where we replace the dependent variable with an indicator 

for whether or not a teen was asked to show identification when he/she attempted to purchase 

cigarettes from a store (conditional on smoking and purchasing from a store). We estimate the 

model separately for 16 and 17 year olds. For 16 year olds, we find that the vertical license 
                                                                                                                                                                                                
We group all years prior to 3 years before a state goes vertical to increase cell size. That is, because information 
about where teens obtain cigarettes only began to be collected in 1995, there is little information for the earliest 
adopting states (i.e., 1994 or 1996) about where teens access cigarettes prior to adoption.    
32 We estimate this model for 16-17 year olds (N=14,129). None of the coefficient estimates are statistically 
different from zero because the standard errors are imprecisely estimated. Regression results available upon request. 
33 It seems likely that teens would still need to show proof of age when making online purchases. Moreover, many 
states have made false identification possession a criminal offense, which carries jail time as a punishment. Given 
the severity of the punishment, substitution towards fake identification cards may be limited.  
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increases the probability of being asked to show an id by 9 percentage points, whereas for 17 

year olds, there is an 8 percentage point decrease.  These results suggest that, following the 

design change, retailers are more likely to ask for identification, but this only affects 16 year 

olds. Older teens that have had more experience with the license likely seek out retailers who do 

not pay attention to age requirements and thus are able to continue to consume tobacco.   

To examine retailer behavior directly, we turn to data on tobacco retailer compliance checks 

which are conducted under the Synar Amendment. We estimate a DD model (similar to Equation 

1), where our dependent variable is now a binary indicator equal to one if a state’s target rate 

exceeds their violation rate in a given year, and zero otherwise. The results are presented in the 

lower half of Table 7. In the models with and without time trends, we find a positive relationship 

between the license and the probability of meeting the target violation rate, although the 

estimates are imprecise and not statistically different from zero. 34 

C. Drug Use & Drunk Driving Fatalities 

In this section we examine whether the vertical license has an (indirect) impact on drug use 

and drunk driving fatalities. Prior literature suggests there is a correlation between marijuana and 

alcohol use, implying that restrictions on the consumption of one may lead to increases in the 

consumption of the other (DiNardo and Lemieux, 2001; National Crime Prevention Council, 

2011). In addition, motor vehicle crashes are the number one killer of teens in the U.S. and they 

often involve alcohol use (Center for Disease Control, 2010). Given the negative impact of the 

                                                            
34 All covariates listed in Eq.1 are included in the retailer violation rate regression, except for the individual 
covariates. We also control for the 15 to 20 year-old population in each year and state. There are two issues 
regarding the Synar data that may limit inference from this analysis. First, a 2001 report by the U.S. Government 
Accountability Office (GAO) indicates that some states did not conduct checks on a random sample of tobacco 
retailers, which can bias the results. Second, the GAO report indicates that a number of states used teens younger 
than 16 to conduct checks, thereby increasing the likelihood that retailers would identify them as underage. We also 
estimate the model with time dummies for the years before, during, and after a state implements a vertical license 
(omitted for brevity, but available upon request; 1-2 years prior is omitted), and we find positive (but insignificant) 
effects of the license on the probability of meeting the target rate in the years after going vertical.  
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vertical license on alcohol consumption, there may be indirect effects on other outcomes as well.  

To examine the impact on drug use we estimate a DD model following Equation 1 for 16 

year olds, where we replace the dependent variable with an indicator for whether or not the teen 

reported smoking marijuana in the past month. The results are provided in the upper half of 

Table 8 (Columns 1 and 2). We find no significant effect on marijuana use, even when we 

include state-specific time trends, suggesting there are no residual effects on drug use. 

To evaluate the impact of the vertical license on teen traffic fatalities, we turn to two sources 

of information. First, in the YRBSS teens are asked whether or not they drove a car after 

drinking alcohol in the past month. In the upper half of Table 8 (Columns 3 and 4) we provide 

the results of Equation 1 for 16 year olds using self-reported drunk driving as the dependent 

variable. The results suggest that teens are less likely to engage in drunk driving after the design 

change but the estimated effect is small and only weakly significant at the 10% level when state 

time trends are not included. To some extent, the small effect size is expected given that our 

analysis showed that the policy only had a temporary effect on alcohol use.  

Next, we turn to state-level data from the FARS on traffic fatalities. For each year from 

1994-2009, we observe the number of drivers involved in a fatal car crash by age and state of 

license. Following Dills (2010) and Ruhm (1996), we estimate a DD model as in Equation 1, 

where the dependent variable is 𝑙𝑛 � 𝑖𝑛𝑣𝑜𝑙𝑣𝑒𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒𝑖𝑡
1−𝑖𝑛𝑣𝑜𝑙𝑣𝑒𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒𝑖𝑡

�. The “involvement rate” is defined as 

the number of 16 year old drivers in a given license state i and year t that are involved in fatal car 

crashes divided by the state’s population of all 16 year old licensed drivers.35 We study accidents 

                                                            
35 In contrast to other studies, our unit of analysis is a count of drivers involved in fatal crashes by the state in which 
a license is issued rather than the number of fatal crashes that occur in a given state. This is because one crash may 
involve multiple drivers of different ages and from different license states and therefore we cannot assign one crash 
to a particular license state. The only case where the two counts will coincide is if the crash involved just one driver 
or more drivers of the same age from the same license state. The data on the state population of licensed drivers of a 
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that happened at any time during the day and also accidents that took place between 9:00 pm and 

5:00 am since most alcohol-related traffic fatalities involving young drivers occur at night (Dee 

and Evans, 2001; Grant, 2011). In both cases we find no strong evidence that the policy switch 

had a significant effect on the number of 16 year-old drivers involved in traffic fatalities. 

However, we do find a stronger effect on nighttime crashes; the estimates are larger in magnitude 

and statistically significant at 10% level when state-specific time trends are included.36  

VI. Conclusion 

Reducing alcohol and tobacco use has been a long-standing goal of public health 

organizations and public officials. Particular emphasis has been placed on developing policies to 

reduce consumption among teens and adolescents, not only because of the immediate, negative 

health and economic consequences of these activities, but also because habits formed early in life 

often extend into adulthood (Riordan, 2009; NSDUH, 2004).  

In an attempt to combat underage sales of tobacco and alcohol, over the past 15 years, the 

majority of states have redesigned their driver’s license/identification cards to offer an instant 

visual cue regarding the license holder’s age. The switch to a vertical license is viewed by many 

public officials as a potentially effective way of reducing teen access to and consumption of 

tobacco and alcohol. Additionally, the design change comes at no additional cost to retailers or 

consumers, which is in contrast to say, an alcohol or tobacco excise tax. The new design has 

been supported by stakeholders from all sides of the debate; for instance, the switch to a vertical 

license in Michigan was endorsed by various state beer, wine, and alcohol wholesaler and retailer 

                                                                                                                                                                                                
given age from 1994-2009 are available by the Federal Highway Administration. Finally, following Ruhm (1996), 
regressions are appropriately weighted to account for heteroskedasticity. 
36 In an omitted analysis (available upon request), we examine the impact of the vertical license on crashes involving 
17-18 year olds. We consistently find effect sizes that are smaller (in absolute value) than for 16 year olds, vary in 
sign, and are not statistically significant. 
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associations, the state police department, as well as parent and student associations.37  

The switch to the vertical design has been the object of little controversy. This is in contrast 

to say, other targeted policies that states have used for reducing teen alcohol and tobacco use, 

such as excise taxes or social host laws. While both of these policies have been found in some 

studies to reduce teen tobacco use and drunk driving fatalities, respectively, they have also been 

the object of debate on the grounds of reducing profits for retailers, punishing low-income 

consumers, and infringing on the personal rights of parents. Thus an interesting question that 

arises with the vertical license is whether an arguably well-supported, non-divisive policy is 

actually effective at reducing underage drinking and smoking. 

To the best of our knowledge, there has been no rigorous examination of whether the design 

change is effective at reducing underage alcohol and tobacco consumption. We find evidence 

that the vertical license reduces underage consumption for 16 year old teens in the first year they 

receive the license, but subsequently there is no effect. We also find the design change has the 

biggest deterrent effect in the 1-2 years after a state switches to the vertical design, but thereafter 

there is little evidence of long run persistence. These results can be rationalized in the context of 

teen learning and/or seller disregard for age requirements. 
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Table 1: Diff-in-Diff Estimates of the Effect of the Vertical License. Sample of 16 year olds. 

             
 

DV: Smoke   (1)   (2)   (3)   (4)   Mean 
 

 
Vertical 

 
-0.018 

 
-0.030 

 
-0.043 

 
-0.042 

 
0.280 

 
 

(s.e.) 
 

(0.015) 
 

(0.012)*** 
 

(0.020)** 
 

(0.025)* 
 

[0.449] 
              

 
R2 

 
0.0309 

 
0.049 

 
0.054 

 
0.057 

   
 

N 
 

34745 
 

34745 
 

34745 
 

34745 
   

             
 

DV: Smoke Frequently (conditional on smoking in the past month) 
 

 
Vertical 

 
0.048 

 
0.030 

 
0.001 

 
-0.040 

 
0.428 

 
 

(s.e.) 
 

(0.029) 
 

(0.032) 
 

(0.052) 
 

(0.046) 
 

[0.495] 
              

 
R2 

 
0.0403 

 
0.058 

 
0.065 

 
0.073 

   
 

N 
 

8874 
 

8874 
 

8874 
 

8874 
   

             
 

DV: Smokeless Tobacco 
 

 
Vertical 

 
0.003 

 
-0.014 

 
-0.026 

 
-0.039 

 
0.090 

 
 

(s.e.) 
 

(0.013) 
 

(0.011) 
 

(0.011)** 
 

(0.014)*** 
 

0.287 
              

 
R2 

 
0.0205 

 
0.0949 

 
0.101 

 
0.103 

   
 

N 
 

35664 
 

35664 
 

35664 
 

35664 
 

35664 
 

             
 

DV: Drink  
 

 
Vertical 

 
-0.033 

 
-0.038 

 
-0.050 

 
-0.053 

 
0.474 

 
 

(s.e.) 
 

(0.015)** 
 

(0.016)** 
 

(0.029)* 
 

(0.034) 
 

[0.499] 
              

 
R2 

 
0.0158 

 
0.024 

 
0.028 

 
0.031 

   
 

N 
 

34186 
 

34186 
 

34186 
 

34186 
   

             
 

DV: Drink Frequently (conditional on drinking in the past month) 
 

 
Vertical 

 
0.049 

 
0.011 

 
0.029 

 
0.036 

 
0.630 

 
 

(s.e.) 
 

(0.030) 
 

(0.020) 
 

(0.027) 
 

(0.027) 
 

[0.483] 
              

 
R2 

 
0.0173 

 
0.053 

 
0.061 

 
0.064 

   
 

N 
 

15821 
 

15821 
 

15821 
 

15821 
   

             
 

Individual Covariates 
 

N 
 

Y 
 

Y 
 

Y 
   

 
State Covariates 

 
N 

 
Y 

 
Y 

 
Y 

   
 

State FE 
 

Y 
 

Y 
 

Y 
 

Y 
   

 
Year FE 

 
Y 

 
Y 

 
Y 

 
Y 

   
 

Linear Time Trend 
 

N 
 

N 
 

Y 
 

Y 
     Quadratic Time Trend N   N   N   Y       

Robust standard errors are clustered at the state level and YRBSS sampling weights are used in all regressions. 
 *** denotes statistically significant at the 1% level, ** at 5%, and * at 10%. 
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Table 2: Diff-in-Diff Estimates of the Effect of the Vertical License. Sample of 17 and 18 year olds. 

             
   

(1) 
 

(2) 
 

(3) 
 

(4) 
 

Mean 
 

 
DV: Smoke (17 year olds)  

 
 

Vertical 
 

0.023 
 

0.027 
 

0.004 
 

0.000 
 

0.310 
 

 
(s.e.) 

 
(0.018) 

 
(0.023) 

 
(0.025) 

 
(0.023) 

 
[0.462] 

              
 

R2 
 

0.0289 
 

0.054 
 

0.062 
 

0.065 
   

 
N 

 
35493 

 
35493 

 
35493 

 
35493 

   

             
 

DV: Drink 
 

 
17 year olds 

           
 

Vertical 
 

0.014 
 

0.004 
 

-0.008 
 

-0.040 
 

0.525 
 

 
(s.e.) 

 
(0.020) 

 
(0.023) 

 
(0.036) 

 
(0.040) 

 
[0.499] 

              
 

R2 
 

0.0124 
 

0.029 
 

0.034 
 

0.039 
   

 
N 

 
34965 

 
34965 

 
34965 

 
34965 

   

             
 

18 year olds 
           

 
Vertical 

 
-0.040 

 
-0.020 

 
-0.006 

 
0.027 

 
0.568 

 
 

(s.e.) 
 

(0.023)* 
 

(0.021) 
 

(0.030) 
 

(0.045) 
 

[0.495] 
 

           
    

 
 

R2 
 

0.0175 
 

0.035 
 

0.041 
 

0.0438 
   

 
N 

 
22238 

 
22238 

 
22238 

 
22238 

   

             
 

Individual Covariates 
 

N 
 

Y 
 

Y 
 

Y 
   

 
State Covariates 

 
N 

 
Y 

 
Y 

 
Y 

   
 

State FE 
 

Y 
 

Y 
 

Y 
 

Y 
   

 
Year FE 

 
Y 

 
Y 

 
Y 

 
Y 

   
 

State-Linear Time Trend N 
 

N 
 

Y 
 

Y 
     Quadratic Time Trend   N   N   N   Y       

Robust standard errors are clustered at the state level and YRBSS sampling weights are used in all 
regressions. *** denotes statistically significant at the 1% level, ** at 5%, and * at 10%. 
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Table 3: Diff-in-Diff Estimates of the Effect of the Vertical License.  
Short and Long Run Effects. Sample of 16 year olds. 

    
DV: Smoke 

 
DV: Drink 

 
  

7-8 years before 
 

-0.035 
 

-0.040 
 

    
(0.027) 

 
(0.038) 

         
  

5-6 years before 
 

0.008 
 

-0.035 
 

    
(0.029) 

 
(0.037) 

         
  

3-4 years before 
 

-0.009 
 

-0.008 
 

    
(0.023) 

 
(0.032) 

         
  

1-2 years before (omitted) 
 

---- 
 

---- 
         

  
year of vertical license 

 
-0.024 

 
-0.016 

 
    

(0.023) 
 

(0.026) 
         

  
1-2 years after 

 
-0.041 

 
-0.077 

 
    

(0.023)* 
 

(0.034)** 
         

  
3-4 years after 

 
-0.016 

 
-0.026 

 
    

(0.022) 
 

(0.026) 
         

  
5-6 years after 

 
-0.010 

 
-0.040 

 
    

(0.030) 
 

(0.034) 
         

  
7 plus years after 

 
0.058 

 
0.029 

 
    

(0.028)* 
 

(0.036) 
         

  
R2 

 
0.050 

 
0.025 

 
  

N 
 

34745 
 

34186 
 

          Individual Covariates  Y  Y  
  State Covariates  Y  Y  

  
State FE 

 
Y 

 
Y 

     Year FE   Y   Y   
Robust standard errors are clustered at the state level and YRBSS sampling weights are used in all 
regressions. All regressions include the control variables described in the text. *** denotes statistically 
significant at the 1% level, ** at 5%, and * at 10%. 
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Table 4: Diff-in-Diff & Diff-in-Diff-in Diff . Estimates of the Effect of the Vertical License. Two Period Sample. 

    
(1) 

 
(2) 

 
(3) 

 
(4) 

    
    

DV: Smoke 
 

DV: Drink 
  

Mean 
 

 
DD (Eq.2; Sample of 16 year olds only)                   

 
  

Vertical*Post 
 

-0.057 
 

-0.067 
 

-0.079 
 

-0.058 
 

Smoke 0.266 
 

  
[s.e.] 

 
(0.042) 

 
(0.044) 

 
(0.038)** 

 
(0.032)* 

  
[0.442] 

 
               
  

R2 
 

0.0463 
 

0.0554 
 

0.0212 
 

0.0297 
 

Drink 0.467 
 

  
N 

 
14279 

 
14279 

 
14068 

 
14068 

  
[0.499] 

 
               
 

DDD (Eq. 3; Sample of 16-18 year olds for drinking; Sample of 16-17 year olds for smoking)     
 

  
Post 

 
-0.031 

 
-0.001 

 
-0.018 

 
-0.029 

 
Smoke 0.289 

 
  

[s.e.] 
 

(0.043) 
 

(0.038) 
 

(0.023) 
 

(0.037) 
  

[0.453] 
 

               
  

Vertical 
 

-0.006 
 

-0.496 
 

0.037 
 

-0.072 
 

Drink 0.504 
 

  
[s.e.] 

 
(0.050) 

 
(0.194)** 

 
(0.026) 

 
(0.130) 

  
[0.500] 

 
               
  

Age 16 
 

-0.065 
 

-0.064 
 

-0.056 
 

-0.056 
    

  
[s.e.] 

 
(0.019) 

 
(0.0193)*** 

 
(0.011)*** 

 
(0.011)*** 

    
               
  

Post*Vertical 
 

0.005 
 

-0.025 
 

0.023 
 

0.038 
 

  
  

  
[s.e.] 

 
(0.047) 

 
(0.045) 

 
(0.029) 

 
(0.035) 

    
               
  

Post*Age16 
 

0.028 
 

0.032 
 

0.027 
 

0.027 
 

  
  

  
[s.e.] 

 
(0.029) 

 
(0.029) 

 
(0.012)** 

 
(0.012) 

    
               
  

Vertical*Age16 
 

0.008 
 

0.010 
 

0.044 
 

0.041 
    

  
[s.e.] 

 
(0.032) 

 
(0.033) 

 
(0.023)* 

 
(0.023)* 

    
               
  

Vertical*Post*Age16 
 

-0.042 
 

-0.030 
 

-0.084 
 

-0.073 
    

  
[s.e.] 

 
(0.041) 

 
(0.042) 

 
(0.034)** 

 
(0.032)** 

    
               
  

R2 
 

0.0456 
 

0.0547 
 

0.0243 
 

0.0319 
    

  
N 

 
28211 

 
28211 

 
36147 

 
36147 

    
               

  
Individual Covariates 

 
Y 

 
Y 

 
Y 

 
Y 

    
  

State Covariates 
 

Y 
 

Y 
 

Y 
 

Y 
        State FE   N   Y   N   Y         

Robust standard errors are clustered at the state level and YRBSS sampling weights are used in all regressions. 
  *** denotes statistically significant at the 1% level, ** at 5%, and * at 10%. 
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Table 5: Difference-in-Difference Estimates of the Effect of the Vertical License.  
Assessing Measurement Error I: Assume 15 year olds receive license first/teens turn 16 

before state adopts the vertical design.  Sample of 15-18 year olds. 

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

 
    

Smoking 
 

Drinking 
 

  
15 year olds          

 
  

Vertical 
 

0.019 
 

0.023 
 

-0.010 
 

-0.017 
 

  
(s.e.) 

 
(0.017) 

 
(0.025) 

 
(0.019) 

 
(0.025) 

             
  

R2 
 

0.049 
 

0.054 
 

0.021 
 

0.026 
 

  
N 

 
30023 

 
30023 

 
29501 

 
29501 

 
            
  

16 year olds                 
 

  
Vertical 

 
-0.024 

 
-0.051 

 
-0.046 

 
-0.084 

 
  

(s.e.) 
 

(0.014)* 
 

(0.022)** 
 

(0.017)*** 
 

(0.028)*** 
             

  
R2 

 
0.049 

 
0.054 

 
0.024 

 
0.029 

 
  

N 
 

34745 
 

34745 
 

34186 
 

34186 
 

            
  

17 year olds                 
 

  
Vertical 

 
0.018 

 
-0.027 

 
-0.002 

 
-0.024 

 
  

(s.e.) 
 

(0.020) 
 

(0.023) 
 

(0.021) 
 

(0.033) 
             

  
R2 

 
0.054 

 
0.062 

 
0.029 

 
0.034 

 
  

N 
 

35493 
 

35493 
 

34965 
 

34965 
 

            
  

18 year olds                 
 

  
Vertical 

 
---- 

 
---- 

 
-0.029 

 
0.006 

 
  

(s.e.) 
     

(0.025) 
 

(0.033) 
             

  
R2 

     
0.035 

 
0.041 

 
  

N 
     

22238 
 

22238 
 

              Individual Covariates  Y  Y  Y  Y  
  State Covariates  Y  Y  Y  Y  

  
State FE 

 
Y 

 
Y 

 
Y 

 
Y 

 
  

Year FE 
 

Y 
 

Y 
 

Y 
 

Y 
     Linear Time Trend   N   Y   N   Y   

Robust standard errors are clustered at the state level and YRBSS sampling weights are used in all 
regressions. All regressions include the control variables described in the text. *** denotes statistically 
significant at the 1% level, ** at 5%, and * at 10%. 
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Table 6: Difference-in-Difference Estimates of the Effect of the Vertical License.  
Assessing Measurement Error II: Assign fractional values, omit observations,  

assume 17-18 year olds receive a vertical license at the same time as 16 year olds 

  
 Set Vertical=fractional value in year state adopts vertical license. 16 year olds 

 
    

3/4 of a year 
 

1/2 of a year 
 

1/4 of a year 
 

 
DV: Smoke Vertical 

 
-0.031 

 
-0.031 

 
-0.028 

 
  

(s.e.) 
 

(0.012)** 
 

(0.013)** 
 

(0.014)** 
 

  
R2 

 
0.049 

 
0.049 

 
0.049 

 

  
N 

 
34745 

 
34745 

 
34745 

 
          
 

DV: Drink Vertical 
 

-0.043 
 

-0.048 
 

-0.048 
 

  
(s.e.) 

 
(0.017)*** 

 
(0.017)*** 

 
(0.017)*** 

 
  

R2 
 

0.024 
 

0.024 
 

0.024 
 

  
N 

 
34186 

 
34186 

 
34186 

 

  
Removing potentially misclassified observations     

 
    

16 year olds 
 

17 year olds 
 

18 year olds 
 

 
DV: Smoke Vertical 

 
-0.018 

 
0.028 

 
---- 

 
  

(s.e.) 
 

(0.014) 
 

(0.020) 
   

  
R2 

 
0.048 

 
0.053 

   

  
N 

 
32422 

 
34819 

             
 

DV: Drink Vertical 
 

-0.042 
 

0.004 
 

-0.025 
 

  
(s.e.) 

 
(0.018)** 

 
(0.022) 

 
(0.025) 

 
  

R2 
 

0.023 
 

0.029 
 

0.037 
 

  
N 

 
31951 

 
34296 

 
21216 

 

  
Assume all 17 and 18 year olds received vertical licenses with 16 year olds 

 
      

17 year olds 
 

18 year olds 
 

 
DV: Smoke Vertical 

   
0.034 

 
---- 

 
  

(s.e.) 
   

(0.021) 
   

  
R2 

   
0.055 

   

  
N 

   
35493 

   

          
 

DV: Drink Vertical 
   

0.022 
 

0.007 
 

  
(s.e.) 

   
(0.024) 

 
(0.019) 

 
  

R2 
   

0.029 
 

0.035 
     N       34965   22238   

 Individual and State Covariates Y  Y  Y  
 State and Year FE  Y  Y  Y  
Robust standard errors are clustered at the state level and YRBSS sampling weights are used in all regressions. *** denotes 
statistically significant at the 1% level, ** at 5%, and * at 10%. 
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Table 7: Diff-in-Diff Estimates of the Effect of the Vertical License on  
Showing Identification and Retailer Violations 

 
DV: Asked to Show ID 

 
16 year olds 

 
17 year olds 

  
Mean 

 
 

Vertical 
 

0.093 
 

-0.078 
 

16 year olds 0.353 
 

 
(s.e.) 

 
(0.055)* 

 
(0.046)* 

  
[0.478] 

 
          
 

R2 
 

 0.1071 
 

0.0769 
 

17 year olds 0.365 
 

 
N 

 
 3125 

 
 4064 

  
[0.482] 

 
 

DV: Meet State Target Retailer Violation Rate           
 

 
Vertical 

 
0.018 

 
0.027 

  
0.909 

 
 

(s.e.) 
 

(0.047) 
 

(0.049) 
  

[0.286] 
 

 
R2 

 
0.234 

 
0.268 

    

 
N 

 
642 

 
642 

    

 
Individual and State Covariates Y 

 
Y 

    

 
 State and Year FE 

 
Y 

 
Y 

       Linear Time Trend   N   Y         
Robust standard errors are clustered at the state level and YRBSS sampling weights are used in all regressions. All regressions 
include the control variables described in the text. *** denotes statistically significant at the 1% level, ** at 5%, and * at 10%. 

 

Table 8 : Diff-in-Diff Estimates of the Effect of the Vertical License on Drug Use 
 and Drunk Driving Fatalities. Sample of 16 year Olds. 

   
(1) 

 
(2) 

   
(3) 

 
(4) 

   
 

Dependent Variable:    Marijuana Use    Mean   Drunk Driving    Mean 
 

 
Vertical 

 
0.005 

 
0.008 

 
0.221 

 
-0.019 

 
-0.010 

 
0.119 

 
 

(s.e.) 
 

(0.014) 
 

(0.021) 
 

[0.419] 
 

(0.011)* 
 

(0.013) 
 

[0.324] 
                

 
R2 

 
0.028 

 
0.030 

   
0.035 

 
0.042 

   
 

N 
 

35731 
 

35731 
   

35810 
 

35810 
   

               
 

Dependent Variable: Logged Odds Ratio of Driver Involvement in Traffic Fatalities (FARS) 
 

   
All Crashes       

Night Crashes (9:00pm to 
5:00am)     

 
 

Vertical 
 

-0.013 
 

-0.119 
 

-7.104 
 

-0.127 
 

-0.199 
 

-8.343 
 

 
(s.e.) 

 
(0.076) 

 
(0.09) 

 
[0.730] 

 
(0.095) 

 
(0.113)* 

 
[0.843] 

                
 

R2 
 

0.540 
 

0.664 
   

0.516 
 

0.630 
   

 
N 

 
729 

 
729 

   
646 

 
646 

   
               
 

Individual and State Covariates Y 
 

Y 
   

Y 
 

Y 
   

 
State and Year FE 

 
Y 

 
Y 

   
Y 

 
Y 

     Linear Time Trend   N   Y       N   Y       
Robust standard errors are clustered at the state level. See text for information on samples used and variable definitions. 

*** denotes statistically significant at the 1% level, ** at 5%, and * at 10%. 
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Appendix Table 1: Year of Vertical License & YRBSS Survey Years 

  
Year 
Of  

Vert. 
 

YRBSS Survey Years 
 

 
State 19

91
 

 

19
93

 

 

19
95

 

 

19
97

 

 

19
99

 

 

20
01

 

 

20
03

 

 

20
05

 

 

20
07

 

 

20
09

 

 
 

ALASKA 2004 
                    

 
ALABAMA 2005 

  
X 

 
X 

 
X 

 
X 

 
X 

 
X 

   
X 

 
X 

 
 

ARKANSAS 2006 
  

X 
 

X 
 

X 
     

X 
   

X 
 

X 
 

 
ARIZONA 2001 

  
X 

   
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
 

CALIF. 2010 X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

 
COLORADO 1994 X 

 
X 

 
X 

 
X 

   
X 

       
X 

 
 

CONN. 2002 
      

X 
       

X 
     

 
DC 2004 

    
X 

               
 

DELAWARE 1996 
    

X 
       

X 
       

 
FLORIDA 2004 X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
 

GEORGIA 2009 X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

 
HAWAII 2005 

        
X 

         
X 

 
 

IOWA 2001 
    

X 
 

X 
       

X 
 

X 
   

 
IDAHO 2002 

          
X 

   
X 

     
 

ILLINOIS 2005 X 
 

X 
 

X 
   

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

 
INDIANA 2007 X 

         
X 

 
X 

 
X 

 
X 

   
 

KANSAS 2004 
  

X 
   

X 
     

X 
 

X 
   

X 
 

 
KENTUCKY 2001 

              
X 

 
X 

   
 

LOUISIANA 2001 
    

X 
 

X 
 

X 
   

X 
 

X 
   

X 
 

 
MASS. 2004 

  
X 

 
X 

 
X 

   
X 

 
X 

 
X 

 
X 

   
 

MARYLAND 2003 X 
 

X 
   

X 
     

X 
       

 
MAINE 2011 

  
X 

 
X 

 
X 

 
X 

 
X 

 
X 

       
 

MICHIGAN 2003 X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

 
MINNESOTA No 

  
X 

           
X 

   
X 

 
 

MISSOURI No X 
 

X 
 

X 
   

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

 
MISSISSIPPI 2001 X 

 
X 

 
X 

 
X 

 
X 

 
X 

     
X 

   
 

MONTANA 2008 
          

X 
         

 
N. CAROL. 2008 

  
X 

 
X 

 
X 

 
X 

 
X 

   
X 

 
X 

   
 

N.  DAKOTA 2006 
                    

 
NEBRASKA 2003 

  
X 

                 
 

N.HAMP. 2008 X 
                   

 
N.JERSEY 2004 X 

     
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
X 

 
 

N. MEXICO 2000 X 
 

X 
   

X 
   

X 
 

X 
   

X 
 

X 
 

 
NEVADA 2002 

          
X 

       
X 

 
 

NEW YORK No X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
 

X 
  OHIO 2002 X  X  X  X  X  X  X  X      

 OKLAHOMA 2003       X    X    X  X    
 OREGON No   X        X    X    X  
 PENN. 2001 X  X  X  X  X    X  X  X  X  
 R.I. 2002         X            
 S.CAROL. 2011 X  X    X  X    X  X      
 S. DAKOTA 2009 X            X        
 TENNESSEE No   X  X  X  X  X    X  X    
 TEXAS 2001 X  X  X  X  X  X  X  X  X  X  
 UTAH 2006             X  X  X    
 VIRGINIA 1999 X    X    X    X  X  X  X  
 VERMONT 2003 X            X        
 WASH. 2001 X  X  X  X    X    X    X  
 WISCONSIN 2005       X  X  X  X  X  X  X  
 W.VIRGINIA 1999   X        X    X  X  X  
 WYOMING 2005                                        

Underlined observations refer to the state-year combinations that are used for the DDD analysis (see Section III. C). 
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