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Abstract

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Using detailed time-diary data from the 2003‒2009 American Time Use Survey and also using recent increases in minimum wages at the state and federal levels, this paper investigates the effects of minimum wages on the time teenagers spend on work and education, as well as teen employment, unemployment, and enrollment.  The results show that higher minimum wages decrease teen unemployment and increase teen enrollment and time spent on education at the extensive margin, with no effect on employment and time spent on work.  These results are consistent with the notion that reduced job opportunities due to higher minimum wages induce teens to invest in their human capital through schooling.  The positive effects of higher minimum wages on enrollment and time spent on education also vary by race/ethnicity, legal dropout age, parental education level, and family structure.  White teens living in two-parent families with more educated parents in states where 18 is the legal dropout age are the ones who have the largest increase in their enrollment and time spent on education in response to minimum wage increases.
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1. Introduction
After remaining at $5.15 for almost a decade, the federal minimum wage was increased three times between 2007 and 2009, reaching $7.25 on July 24, 2009.  Along with these increases in the federal minimum wage, many states have also increased state minimum wages during the last decade (Table 1).  Using detailed time-diary information from the 2003‒2009 American Time Use Survey (ATUS) and also using recent increases in minimum wages at the state and federal levels, this paper investigates the effects of minimum wages on the time teenagers spend on work and education, as well as teen employment, unemployment, and enrollment.
The majority of research on minimum wages has focused primarily on examining the negative employment effects of minimum wages.[footnoteRef:3]  For a recent example, using state-level panel data from the January 2005 through April 2010 Current Population Surveys, Even and Macpherson (2010) found that the federal minimum wage increases between 2007 and 2009 significantly decreased teen employment.  Yet, there has also been a continued interest in the effect of minimum wages on schooling of teenagers (Cunningham 1981; Mattila 1981; Ehrenberg and Marcus 1982; Neumark and Wascher 1995a, 1995b, 1996, 2003; Turner and Demiralp 2001; Chaplin, Turner, and Pape 2003; Crofton, Anderson, and Rawe 2009; Sutch 2010; Warren and Hamrock 2010).  Although teenagers often work in part-time jobs with various hours of work, most of these papers have analyzed the employment and school enrollment of teenagers only at the extensive margin.  By employing time-use data, this paper is able to examine the effect of minimum wages on employment and schooling of teenagers both at the extensive and intensive margins. [3:  See Neumark and Wascher (2008) for a recent review of the literature on the effects of minimum wage on employment.] 

Furthermore, by examining the effect of minimum wages on teen time use, this paper also contributes to the burgeoning literature of time-use research on teenagers that are based on the ATUS (Porterfield and Winkler 2007; Kalenkoski and Pabilonia 2009; Kalenkoski, Ribar, and Stratton forthcoming; Wight et al. 2009; Zick 2010).  Using newly available extensive teen data from the ATUS, these papers have revealed the importance of family and parental characteristics on teen time use.  This paper examines how the effects of minimum wages on teen time use vary by parental educational level and family structure.
Controlling for various demographic characteristics, state unemployment rates, state legal dropout age, year, and state fixed effects, this paper shows that higher minimum wages significantly decrease unemployment and increase enrollment and the time teens spend on education at the extensive margin, with no effect on time spent on work.  These results are consistent with the notion that reduced job opportunities due to higher minimum wages induce teens to invest in their human capital through schooling.  The positive effects of higher minimum wages on enrollment and time spent on education also vary by race/ethnicity, legal dropout age, parental education level, and family structure.
This paper is organized as follows.  In section 2, I review the literature on the effect of the minimum wage on schooling.  In section 3, I review the literature on teen time use.  Section 4 describes the data.  Section 5 analyzes the effect of the minimum wage on teen employment, enrollment and time use.  Finally, section 6 provides concluding remarks.

2. Literature on Minimum Wage and Schooling
Although a simple supply-and-demand model of homogeneous labor predicts that a binding minimum wage would increase unemployment, it is difficult to provide a clear prediction regarding the effect of minimum wage on teenagers’ schooling because unemployed teenagers may have been working part time while attending school.  Therefore, various researchers presented their own theories and the empirical findings that support them.
Two papers that used time-series data relied on the simple supply-and-demand model of labor and both found that higher minimum wages increase schooling of teenagers.  Using time-series data from the October School Enrollment files for the 1947‒1977 Current Population Surveys (CPS), Mattila (1981) showed that increases in the minimum wage displace non-enrolled teenagers but increase school enrollment rates.  His interpretation of this result is that limited job opportunities due to higher minimum wages provided incentives for teenagers to go back to school, rather than passively waiting for jobs to open.
Sutch (2010) further developed the notion that minimum wage increases reduce job opportunities for teens in the marginal group—those who could have jobs at the lower minimum wage but unable to do so at the higher minimum wage—and induce them to invest in additional human capital by extending their schooling.  He argued that the overall positive effect of minimum wage increases on educational attainment could be rather strong because the initial response to an increase in the minimum wage can trigger an “educational cascade,” producing a sustained increase in educational attainment by role-model and peer effects.[footnoteRef:4]  By analyzing time series data of statistical birth cohorts drawn from the 1960, 1970, and 1980 Censuses and the October CPS from 1968 through 2006, he showed that increases in the minimum wage have increased the average number of years of high school enrollment over time. [4:  When a younger teenager makes a decision about school versus working, the local unemployment rates of his/her “role-model” group—older teenagers of the same race, gender, and locality—are likely to influence the decision.  So the initial unemployment experiences of the older teenagers in the locality due to a minimum wage increase would induce the younger teenager to stay in school longer.  Furthermore, his/her decision would also be affected by how many peers stay in school and go on to the next grade.] 

Other papers, however, that used state- or individual-level panel data and more complicated theories often found that higher minimum wages reduce school enrollment.  But the results sometimes varied by race/ethnicity and family characteristics.  Cunningham (1981) theorized that, due to higher fixed costs, part-time workers are less productive and paid less than full-time workers.  Then, he argued, minimum-wage increases will more likely displace part-time workers and increase the demand for full-time workers, further increasing the relative wage of full-time workers.  This change makes it difficult for students to take part-time jobs while attending school but increases incentives for leaving school for full-time jobs.  Using state-level panel data from the 1960 and 1970 U.S. Censuses, he found that school attendance is reduced by minimum wages among white male and female teenagers but increased among black male and female teenagers.
Ehrenberg and Marcus (1982) further hypothesized that an increase in the minimum wage eliminates low-wage part-time employment opportunities, and its effect on the educational decisions of teenagers varies by family income class.  Teenagers from poorer families, who are likely to depend on low-wage part-time employment to finance their education, reduce their levels of schooling and increase full-time employment, whereas teenagers from higher income families are more likely to stay in school because they can afford to stay in school without a job.  Using cross-sectional data of young men and women from the National Longitudinal Surveys, Ehrenberg and Marcus found that higher minimum wages have the postulated effect among white teenagers but not among non-white teenagers.
Using state-level panel data from the 1977 through 1989 CPS and individual-level panel data from matched CPS for the period 1979 and 1992, Neumark and Wascher (1995a, 1995b, 1996) examined the effects of the minimum wage on four possible states of enrollment/ employment status of teens: enrolled/employed, enrolled/not employed, not enrolled/employed, and not enrolled/not employed.  Their results consistently showed that higher minimum wages decrease the probability of being enrolled/employed but increase the probability of being not enrolled/not employed, leaving fewer teenagers in school in the end.  They argued that their results are consistent with the notion that minimum wage increases induce employers to substitute less-skilled teenagers with more-skilled teenagers who are more likely to be enrolled in school, with the displaced teens queuing for minimum-wage jobs by staying not enrolled.  Neumark and Wascher (2003) used more recent CPS data through 1998 and reconfirmed their earlier findings of the negative effects of minimum wages on school enrollment.
However, recent papers that have adopted an approach similar to that used in Neumark and Wascher (1995b, 1996) to analyze individual-panel data often found conflicting results.  For example, using individual-panel data from the 1990 Survey of Income and Program Participation, Turner and Demiralp (2001) found that following a minimum-wage increase, black and Hispanic teens and teens in the central city are more likely to be not enrolled and not employed, but their overall results showed that a higher minimum wage increases teen employment and decreases the probability of idleness in general, which is inconsistent with the findings in Neumark and Wascher (1995b, 1996).[footnoteRef:5]  Campolieti, Fang, and Gunderson (2005) also employed a similar approach in examining individual-level panel data for Canada from 1993 to 1999 and found that minimum wages reduced the employment of teenagers but had no effect on the school enrollment of teenagers in Canada. [5:  Neumark and Wascher (2008) criticized the results in Turner and Demiralp (2001), opining that they are not convincing because they did not control for state fixed effects.] 

Even researchers using the same data sets obtained dissimilar results.  Based on state-level panel data from the 1989 through 1996 Common Core Data, which cover the entire population of public schools in the United States, Chaplin, Turner, and Pape (2003) found that higher minimum wages decrease teen enrollment in states where students can drop out before the age of 18, but not in states where students cannot drop out until they are 18.[footnoteRef:6]  In contrast, using state-level panel data from the Common Core Data for a longer period, 1982 through 2005, Warren and Hamrock (2010) found that minimum wage increases have no significant effect on high school completion rates.[footnoteRef:7] [6:  Neumark and Wascher (2003) also found similar results.]  [7:  In addition to using data from a longer period, Warren and Hamrock (2010) also used a measure of high school completion rates that correctly account for net migration and students who repeat grades.] 

In summary, the theoretical and empirical findings in the literature on the effects of minimum wage on school enrollment of teens provide neither clear prediction nor consensus regarding the effects of minimum wage on teen time use.  Nevertheless, the literature suggests that it is important to examine the effect of the minimum wage by race/ethnicity and family characteristics (Cunningham 1981; Ehrenberg and Marcus 1982; Turner and Demiralp 2001) [footnoteRef:8] and state legal dropout age (Chaplin, Turner, and Pape 2003; Neumark and Wascher 2003).  [8:  Recently, using county-level panel data from Maryland for 1993‒2004, Crofton, Anderson, and Rawe (2009) found that minimum wage increases are associated with higher dropout rates for Hispanic students, but not for other races and ethnicities.] 

These papers all have analyzed the employment and school enrollment of teenagers only at the extensive margin—whether teenagers are changing their labor-force participation and school-enrollment decisions.  However, because teenagers often work in part-time jobs with various hours of work, it is important to consider the effect of the minimum wage at the intensive margin—how employed teens change their time spent on work and educational activities that contribute to the accumulation of human capital.  By employing time-use data, this paper is able to examine the effect of minimum wages on employment and schooling of teenagers both at the extensive and intensive margins.

3. Literature on Teen Time Use
Most of the papers on teen time use that are based on the ATUS focused on how teen time use varies by parental education and family structure.  For example, Porterfield and Winkler (2007) found that teens’ time spent in homework increases with parental education, but time spent in paid work has an inverted-U relationship with parental education.  Kalenkoski, Ribar, and Stratton (forthcoming) showed that teenagers living in single-parent families or with less-educated parents spend less time in non-classroom schooling activities than other teenagers.  Finally, Wight et al. (2009) found that teenagers in single-mother families spend more time in paid work and more time sleeping, whereas teens with more educated parents spend more time on computers but watch less television.
Recently, two papers drew attention to the role of the economic characteristics on teens’ time use.  Using the 2003‒2009 ATUS, Kalenkoski and Pabilonia (2009) investigated the effects of employment on the time high school students spend on homework and other activities.  They found that employment reduces the time high school students spend on homework and extracurricular activities, but also decreases time spent watching television and surfing the internet, which is likely to be unproductive.  By comparing time-diary data of teens in two-parent families from the 1977 to 1978 Family Time Use: An Eleven-State Urban/Rural Comparison Survey and the 2003 to 2005 ATUS, Zick (2010) found that over this period, teens substantially reduced their paid work time while increasing the time spent in leisure.  She suggested that the observed change in teen time use is likely due to declining real wage rates.[footnoteRef:9] [9:  This finding is also consistent with the notion of declining value of real minimum wages over the same period.  The nominal federal minimum wage of $2.65 in 1978 was $7.94 in 2005 dollars.  Even after several increases, the nominal federal minimum wage was only $5.15 in 2005.] 

By analyzing the effects of the minimum wage on teen time use and how they vary by parental educational level and family structure, this paper contributes to the burgeoning literature of time-use research on teenagers that are based on the ATUS.

4. Data
To analyze the effect of minimum wages on teen time use, employment and enrollment, this paper uses time-use data from the 2003−2009 ATUS.  The ATUS is a time-diary study that collects a detailed account of respondents’ activities on a 24-hour, preassigned day of the week (the diary day), starting at 4 A.M. on the day before the interview and ending at 4 A.M. on the day of the interview.  The diary days of the ATUS are inclusive of all days in a year—weekdays, weekends and holidays, except Thanksgiving Day and Christmas Day.  For each activity, respondents also report how long the activity lasted and where the activity took place.  The ATUS sample is drawn from households that have completed their final interview with the CPS.  Two to five months after the final interview for the CPS, one member of the household, aged 15 or older, is randomly selected for the ATUS interview.
The subsample of the ATUS respondents used in the analysis includes teenagers who were aged 16‒18 on their diary day and were interviewed during the typical school year of September through May.  Because federal and state laws often restrict or prohibit employment of teens less than 16 years old (Pabilonia 2001), those aged 15 are excluded.  Because this paper is interested in how the minimum wage affects the time use of high school aged teens, teenagers aged 19, who are likely to be in college, are also excluded.  Those interviewed during the summer months (June, July, and August) are not included because students are usually on summer vacation and enrollment status was not collected in the ATUS.  Also excluded are those respondents who could not account for all of their daily activities.  The final sample size is 3,084 teenagers.
	The key outcome variables of interest are whether the teen is employed or unemployed and whether the teen is enrolled in school.  Also of interest are the following time-use variables: minutes spent on work and minutes spent on education.  Table A1 in the appendix lists how each time-use category was created from the ATUS activity classification codes.
In the analysis of the dichotomous variables of whether the teen is employed, unemployed or enrolled, I use Probit estimations.  For time-use categories, I use Tobit estimations.  For activities where there is a substantial amount of non-participation, it is necessary to employ the Tobit estimation procedure, assuming that the error term is normally distributed, to get consistent estimates.
Following Neumark and Wascher (1995a, 1995b, 1996, 2003), the minimum-wage variable used in the analysis is the higher of the federal or state minimum-wage level prevailing at the time of the ATUS interview, divided by the monthly mean wage in the state.[footnoteRef:10]  Other control variables included in multivariate analyses are the state-specific monthly unemployment rate for males aged 25‒64;[footnoteRef:11] two dummies for the state legal dropout age (can dropout at the age of 16 and can dropout at the age of 17; the reference group is can dropout at the age of 18);[footnoteRef:12] a female dummy, two age dummies (age 16 and age 17; the reference group is age 18); three dummies for race/ethnicity (black, Hispanic, and other; the reference group is white); an SMSA dummy; the number of siblings under age 15; two dummies for family structure (single-parent family and no-parent family; the reference group is two-parent family); five dummies for parental education level (high school degree, some college, college degree, graduate degree, and missing; the reference group is less than high school degree);[footnoteRef:13] six year dummies; and fifty state dummies.  In time-use equations, I have also included dummies for weekends, holidays, and eight month dummies.[footnoteRef:14] [10:  Neumark and Wascher (1995a, 1995b, 1996, 2003) adjusted this relative minimum wage ratio by the coverage rate.  Because reliable coverage rates are not available for the period examined in this paper, I have not adjusted the relative minimum wage ratio by the coverage rate.  Neumark and Wascher (1995a, 1995b, 1996, 2003) also included lagged minimum wages but I decided not to do so in this analysis.  Because almost all changes in the federal and state minimum wages during the period 2003 through 2009 were all enacted well before the actual date of increase, the impact of the subsequent increases would have influenced student decisions before they actually took effect.  For instance, the three increases in the federal minimum wage during 2007 through 2009 were all enacted in May 24, 2007.  In fact, when included (not reported), lagged minimum wages turned out to be all statistically insignificant.  The monthly mean wages in the state are estimated from the 2003‒2009 CPS.]  [11:  The use of the state-specific unemployment rate for males aged 25‒64 is also in line with Neumark and Wascher (1995a, 1995b, 1996, 2003).]  [12:  These data are compiled from various issues of the Digest of Education Statistics.]  [13:  Parental education level has been obtained from the final interview data for the CPS, two to five months before the ATUS interview.  In two-parent families, parental education level is that of the better educated parent.  The missing parental education category includes both those who do not have parents and those who have parents but parental education level is not available from the final CPS interview data.]  [14:  Because the ATUS only provides categorical family-income values collected in the last interview of the CPS, family income is not included.] 

Table 2 shows the weighted descriptive statistics of the key variables.  About 40 percent of the teens in the sample were employed and about 18 percent were unemployed, while about 88 percent were enrolled in school.  On average, these teens spent a little more than an hour working and about four hours on education.  The average nominal minimum wage was $6.16 and the average state wage was $18.71 (not in the table), generating the mean minimum wage index of .330 in Table 2.

5. Estimation Results
Table 3 presents the average of the marginal effects of the Probit and Tobit estimation results.[footnoteRef:15]  Columns 1‒3 report the marginal effects of the Probit estimation for the probability of being employed, unemployed, and enrolled in school, respectively.  Columns 4 and 5 report the marginal effects of the Tobit estimation for minutes spent on work and on education, respectively.  For the ease of interpretation of the magnitude of the effects of the minimum wage, the first row also presents the marginal effects for a $.70 increase in the minimum wage, which was the typical size of the increase of the federal minimum wage between 2007 and 2009. [15:  The reported marginal effects of the Tobit estimation are based on the unconditional expected value of the observed dependent variable.  The OLS estimation results, though not reported, are similar to these Tobit marginal effects.] 

Contrary to the findings in Even and Macpherson (2010), columns 1 and 4 of Table 3 show that minimum-wage increases have positive but insignificant effects on employment and time spent on work.  In column 2 of Table 3, however, higher minimum wages decrease the probability of unemployment but significantly increase both enrollment in school and minutes spent on education, in columns 3 and 5 of Table 3.  A $.70 increase of the minimum wage decreases the unemployment probability by about 2 percentage points but raises the enrollment probability by the same amount and increases the time spent on education by about 13 minutes per day on average, holding other things constant.[footnoteRef:16]  These positive effects of minimum wages on education are consistent with the findings in Mattila (1981) and Sutch (2010).  However, while Mattila (1981) and Sutch (2010) both used time-series data, this paper’s finding is based on pooled cross-sectional data.  Still, the results are in line with the notion that by reducing job opportunities and thus lowering the opportunity cost of attending school, a higher minimum wage leads to teens investing more on their education. [16:  An analysis of other time-use categories reveals that to increase the time spent on education due to a higher minimum wage, teens reduce their time spent on personal care (mostly sleep) and free time, which includes sports and watching TV.] 

	Interestingly, a higher unemployment rate of adults significantly affects neither the probability of being employed/unemployed nor the probability of being enrolled, but it significantly decreases both time spent on work and on education.  The latter could be due to the negative income effect from the poor local economy.  The other variables show generally expected effects.  Consistent with the general findings in the literature on teen time use (Porterfield and Winkler 2007; Kalenkoski and Pabilonia 2009; Wight et al. 2009), girls spend more time on education than boys.  The marginal effects of the two age dummies indicate that older teens are more likely to be employed and spend time on work but less likely to stay in school and spend time on education.  Blacks, Hispanics, and other race/ethnicity have a lower probability of being employed and also spend less time working than comparable whites.  But while blacks spend about 44 minutes less time on education than whites, teens in other race/ethnicity spend about 54 more minutes on education than whites.  Teens living in single-parent families are less likely to be enrolled and spend about 20 fewer minutes on education than teens living in two-parent families, which is also consistent with Kalenkoski, Ribar, and Stratton (forthcoming).  Finally, similar to the findings in Porterfield and Winkler (2007), teens living with parents with some college are more likely to be employed than teens living with parents with less than a high school degree, but beyond that level, the probability of employment decreases as parental education level increases.  A similar pattern is observed in column 4 for time spent on work.  In contrast, both the probability of enrollment and time spent on education more or less monotonically increase with parental education level.
	The results in columns 1 and 3 of Table 3 illustrate changes at the extensive margin, while the results in columns 4 and 5 of Table 3 reflect changes both at the intensive and extensive margins.  Combined, the results in columns 1 and 4 suggest that there is also no change in time spent on work due to a higher minimum wage at the intensive margin.  To confirm this, columns 1 and 2 of Table 4 present whether the time spent on work has changed due to a higher minimum wage among employed teens.  In column 1, the Tobit estimation result indicates that there is no change at the intensive margin.  In column 2, I use the usual weekly hours of work collected in the ATUS as the dependent variable in the OLS estimation, after dropping 95 observations that have missing values for the usual weekly hours of work.  The result is more or less the same as that in column 1, refuting the argument by Cunningham (1981) and Ehrenberg and Marcus (1982) that a higher minimum wage causes the substitution of part-time workers with full-time workers, increasing the hours of work among the workers.  Similarly, the result in column 3 of Table 4 shows that there is no change at the intensive margin in time spent on education.  Therefore, the increase in both enrollment and time spent on education observed in columns 3 and 5 of Table 3 is due to changes at the extensive margin.
	In Tables 5 through 8, by additionally introducing a series of interaction terms with the minimum wage index, I investigate if the effect of minimum wage varies by race/ethnicity, legal dropout age, parental education level, and family structure.[footnoteRef:17]  Columns 3 and 5 of Table 5 show that the positive effects of minimum wage on enrollment and time spent on education observed in Table 3 are concentrated only among whites.  Though the overall results of this paper are different from those in Cunningham (1981) and Ehrenberg and Marcus (1982), the fact that there is a variation by race/ethnicity, as seen in Table 5, is similar to theirs. [17:  I have also examined the variation by gender.  Though not reported, the results show that the positive effects of minimum wage on enrollment and time spent on education accrue mostly to men.] 

Columns 3 and 5 of Table 6 indicate that the positive effects of minimum wage on enrollment and time spent on education are only observed among teens living in states where the legal dropout age is 18.  In states where teenagers can dropout before the age of 18, a higher minimum wage does not have a significant and positive effect on enrollment and time spent on education.  Column 2 of Table 6, however, shows that a higher minimum wage significantly decreases the probability of unemployment in states where the legal dropout age is 16, not in states with the legal dropout age of 18.  Still, though the overall results are somewhat inconsistent, the fact that the legal dropout age of the state matters is similar to the findings in Chaplin, Turner, and Pape (2003) and Neumark and Wascher (2003).
In Table 7, column 4 presents that the effect of minimum wage on time spent on work also shows an inverted-U relationship with parental education level, being positive and significant only among teens living with parents with a high school degree and decreasing in either higher or lower parental education levels.[footnoteRef:18]  In column 5 of Table 7, except for those teens living with parents with less than high school degree, the positive effect of minimum wage on time spent on education becomes larger as parental education level increases, which is consistent with Porterfield and Winkler (2007) and also the findings in Table 3.  But it is unclear why teens living with parents with less than a high school degree increase their time spent on education when minimum wage increases. [18:  Though negative and significant, the effect among teens with missing parental education level does not allow a clear interpretation.] 

	Finally, columns 3 and 5 of Table 8 present that the positive effects of minimum wage on enrollment and time spent on education are observed only among teens living with both parents.  This finding is consistent with the findings in Kalenkoski, Ribar, and Stratton (forthcoming) that teens in single-parent families spend less time on education.

6. Conclusions
Using detailed time-diary data from the 2003‒2009 ATUS and also using recent increases in minimum wages at the state and federal levels, this paper has examined the effects of minimum wages on the time teenagers spend on work and education, as well as teen employment and enrollment.  The results show that higher minimum wages decrease teen unemployment and increase teen enrollment and the time teens spend on education at the extensive margin, with no effect on employment and time spent on work.  These results are consistent with the notion that reduced job opportunities due to higher minimum wages induce teens to invest in their human capital through schooling.  Combined with the analysis of employment and enrollment, the analysis of time use in this paper indicates that the observed effects of minimum wages are due to changes at the extensive margin.  The paper also showed that the positive effects of higher minimum wages on enrollment and time spent on education vary by race/ethnicity, legal dropout age, parental education level, and family structure.  White teens living in two-parent families with more educated parents in states where 18 is the legal dropout age are the ones who have the largest increase in their enrollment and time spent on education in response to minimum-wage increases.
	The main findings in this paper suggest that, in addition to improving wages for the working poor, minimum wages, at least in part, encourage teenagers to stay in school.  However, the detailed results by race/ethnicity, parental education level, and family structure also indicate that positive effects accrue mostly to white teenagers from middle class two-parent families, not to minority teens from disadvantaged families.  In that sense, minimum wages cannot be regarded as an effective method to prevent marginalized teenagers from withdrawing from school.
	In contrast to consistent findings by Neumark and Wascher (1995a, 1995b, 1996, 2003), this paper showed that recent minimum-wage increases have increased school enrollment among teens.  It would be fruitful to investigate whether the relationship between minimum wage and school enrollment has changed over time by examining data for a longer period.  Furthermore, contrary to the findings in Even and Macpherson (2010) based on the CPS, this paper showed that recent minimum-wage increases have no effect on employment among teens in the ATUS.  It would therefore be interesting to examine why the effects of the recent increase in minimum wage on teen employment differs between the ATUS and the CPS.
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Table 1 Changes in the Federal and State Minimum Wages, Dates and Rates, 2002-2009

	State
	Dates and Rates

	Federal
	9/1/97 $5.15; 7/24/07 $5.85; 7/24/08 $6.55; 7/24/09 $7.25

	Alabama 
	No state minimum wage law

	Alaska 
	9/1/97 $5.65; 1/1/03 $7.15; 7/24/09 $7.25; 1/1/10 $7.75

	Arizona 
	No state minimum wage before 1/1/07; 1/1/07 $6.75; 1/1/08 $6.90; 1/1/09 $7.25; 1/1/11 $7.35

	Arkansas 
	10/1/97 $5.15; 10/1/2006 $6.25

	California 
	1/1/02 $6.75; 1/1/07 $7.50; 1/1/08 $8.00

	Colorado 
	8/8/98 $5.15; 1/1/07 $6.85; 1/1/08 $7.02; 1/1/09 $7.28; 1/1/10 $7.24; 1/1/11 $7.36

	Connecticut 
	1/1/02 $6.70; 1/1/03 $6.90; 1/1/04 $7.10; 1/1/06 $7.40; 1/1/07 $7.65; 1/1/09 $8.00; 1/1/10 $8.25

	Delaware 
	10/1/00 $6.15; 1/1/07 $6.65; 1/1/08 $7.15; 7/24/09 $7.25

	District of Columbia 
	9/1/97 $6.15; 1/1/05 $6.60; 1/1/06 $7.00; 7/24/08 $7.55; 7/24/09 $8.25

	Florida 
	No state minimum wage before 5/2/05; 5/2/05 $6.15; 1/1/06 $6.40; 1/1/07 $6.67; 1/1/08 $6.79; 1/1/09 $7.21; 7/24/09 $7.25

	Georgia 
	7/1/01 $5.15

	Hawaii 
	1/1/02 $5.75; 1/1/03 $6.25; 1/1/06 $6.75; 1/1/07 $7.25

	Idaho 
	The same as the federal minimum wage

	Illinois 
	7/1/85 $3.35; 1/1/04 $5.50; 1/1/05 $6.50; 7/1/07 $7.50; 7/1/08 $7.75; 7/1/09 $8.00; 7/1/10 $8.25

	Indiana 
	The same as the federal minimum wage

	Iowa 
	9/1/97 $5.15; 4/1/07 $6.20; 1/1/08 $7.25

	Kansas 
	7/1/88 $2.65; 1/1/10 $7.25

	Kentucky 
	7/15/98 $5.15; 6/26/07 $5.85; 7/1/08 $6.55; 7/1/09 $7.25

	Louisiana 
	No state minimum wage law

	Maine 
	9/1/97 $5.15; 1/1/02 $5.75; 1/1/03 $6.25; 10/1/04 $6.35; 10/1/05 $6.50; 10/1/06 $6.75; 10/1/07 $7.00; 10/1/08 $7.25; 10/1/09 $7.50

	Maryland 
	9/1/97 $5.15; 1/1/07 $6.15; 7/24/08 $6.55; 7/24/2009 $7.25

	Massachusetts 
	1/1/01 $6.75; 1/1/07 $7.50; 1/1/08 $8.00

	Michigan 
	9/1/97 $5.15; 10/1/06 $6.95; 7/1/07 $7.15; 7/1/08 $7.40

	Minnesota 
	9/1/97 $5.15; 8/1/05 $6.15 

	Mississippi 
	No state minimum wage law

	Missouri 
	9/1/97 $5.15; 1/1/07 $6.50; 1/1/08 $6.65; 1/1/09 $7.05; 7/24/09 $7.25

	Montana 
	9/1/97 $5.15; 1/1/07 $6.15; 1/1/08 $6.25; 7/24/08 $6.55; 1/1/09 $6.90; 7/24/09 $7.25

	Nebraska 
	The same as the federal minimum wage

	Nevada 
	9/1/97 $5.15; 11/28/06 $6.15; 7/1/07 $6.33; 7/1/08 $6.85; 7/1/09 $7.55; 7/1/10 $8.25

	New Hampshire 
	9/1/97 $5.15; 9/1/07 $6.50; 9/1/08 $7.25

	New Jersey 
	1/21/99 $5.15; 10/1/05 $6.15; 10/1/06 $7.15; 7/24/09 $7.25

	New Mexico 
	7/1/93 $4.25; 7/1/03 $5.15; 1/1/08 $6.50; 1/1/09 $7.50

	New York 
	3/31/00 $5.15; 1/1/05 $6.00; 1/1/06 $6.75; 1/1/07 $7.15; 7/24/09 $7.25

	North Carolina 
	9/1/97 $5.15; 1/1/07 $6.15; 7/24/08 $6.55; 7/24/09 $7.25

	North Dakota 
	9/1/97 $5.15; 7/24/07 $5.85; 7/24/08 $6.55; 7/24/09 $7.25

	Ohio 
	4/1/91 $4.25; 3/28/06 $5.15; 1/1/07 $6.85; 1/1/08 $7.00; 1/1/09 $7.30

	Oklahoma 
	9/1/97 $5.15; 7/24/07 $5.85; 7/24/08 $6.55; 7/24/09 $7.25

	Oregon 
	1/1/99 $6.50; 1/1/03 $6.90; 1/1/04 $7.05; 1/1/05 $7.25; 1/1/06 $7.50; 1/1/07 $7.80; 1/1/08 $7.95; 1/1/09 $8.40; 1/1/11 $8.50 

	Pennsylvania 
	9/1/97 $5.15; 1/1/07 $6.25; 7/1/07 $7.15; 7/24/09 $7.25

	Rhode Island 
	9/1/00 $6.15; 1/1/04 $6.75; 3/1/06 $7.10; 1/1/07 $7.40

	South Carolina 
	No state minimum wage law

	South Dakota 
	9/1/97 $5.15; 7/24/07 $5.85; 7/24/08 $6.55; 7/24/09 $7.25

	Tennessee 
	No state minimum wage law

	Texas 
	9/1/01 $5.15; 7/24/07 $5.85; 7/24/08 $6.55; 7/24/09 $7.25

	Utah 
	9/1/97 $5.15; 9/8/07 $5.85; 7/24/08 $6.55; 7/24/09 $7.25

	Vermont 
	1/1/01 $6.25; 1/1/04 $6.75; 1/1/05 $7.00; 1/1/06 $7.25; 1/1/07 $7.53; 1/1/08 $7.68; 1/1/09 $8.06; 1/1/11 $8.15

	Virginia 
	The same as the federal minimum wage

	Washington 
	1/1/02 $6.90; 1/1/03 $7.01; 1/1/04 $7.16; 1/1/05 $7.35; 1/1/06 $7.63; 1/1/07 $7.93; 1/1/08 $8.07; 1/1/09 $8.55; 1/1/11 $8.67

	West Virginia 
	9/1/98 $5.15; 7/1/06 $5.85; 7/1/07 $6.55; 7/1/08 $7.25

	Wisconsin 
	9/1/97 $5.15; 6/1/05 $5.70; 6/1/06 $6.50; 7/24/09 $7.25

	Wyoming 
	4/1/01 $5.15


Source: Various January issues of Monthly Labor Review


Table 2 Weighted Descriptive Statistics of Key Variables

	Variables
	Mean
	Min
	Max

	Employed
	.395
	0
	1

	Unemployed
	.184
	0
	1

	Enrolled
	.883
	0
	1

	Minutes spent on work
	65.51
	0
	940

	Minutes spent on education
	243.10
	0
	1,100

	
	
	
	

	Minimum wage index
	.330
	.218
	.439

	State monthly unemployment rate
	4.91
	.23
	15.95

	Can dropout at age 16
	.437
	0
	1

	Can dropout at age 17
	.135
	0
	1

	Can dropout at age 18
	.428
	0
	1

	
	
	
	

	Female
	.487
	0
	1

	Age 16
	.363
	0
	1

	Age 17
	.361
	0
	1

	Age 18
	.275
	0
	1

	White
	.610
	0
	1

	Black
	.152
	0
	1

	Hispanic
	.172
	0
	1

	Other
	.066
	0
	1

	SMSA
	.816
	0
	1

	Number of siblings under age 15
	.685
	0
	8

	Two-parent family
	.713
	0
	1

	Single-parent family
	.247
	0
	1

	No-parent family
	.040
	0
	1

	Parent education
	
	
	

	  Less than high school degree
	.099
	0
	1

	  High school degree
	.203
	0
	1

	  Some college
	.274
	0
	1

	  College degree
	.213
	0
	1

	  Graduate degree
	.139
	0
	1

	  Missing
	.072
	0
	1

	Number of observations
	
	3,084
	


Note: All results are weighted using the ATUS final weight (TUFNWGTP).


Table 3 Average Marginal Effects of Probit and Tobit Estimation
	
	Probit
	Tobit

	
	(1)
	(2)
	(3)
	(4)
	(5)

	Variables
	Employed
	Unemployed
	Enrolled
	Time on work
	Time on education

	Minimum wage index
	.108
	-.540*
	.540**
	39.473
	354.183*

	
	(.394)
	(.325)
	(.254)
	(115.381)
	(185.604)

	
	[.004]
	[-.020]
	[.020]
	[1.476]
	[13.248]

	Unemployment rate
	-.004
	-.002
	.003
	-5.315**
	-11.484***

	
	(.008)
	(.007)
	(.005)
	(2.464)
	(3.909)

	Can dropout at age 16
	-.048
	.004
	-.033
	-21.552
	14.545

	
	(.090)
	(.075)
	(.064)
	(25.280)
	(42.343)

	Can dropout at age 17
	.032
	.001
	-.063
	-9.713
	-17.879

	
	(.088)
	(.074)
	(.060)
	(25.901)
	(45.032)

	Female
	.008
	-.055***
	.017
	-4.182
	28.352***

	
	(.020)
	(.017)
	(.013)
	(5.620)
	(9.007)

	Age 17
	.115***
	.004
	-.047***
	34.972***
	-17.767*

	
	(.022)
	(.019)
	(.017)
	(6.764)
	(9.642)

	Age18
	.217***
	-.017
	-.155***
	62.169***
	-108.369***

	
	(.025)
	(.022)
	(.017)
	(8.025)
	(12.380)

	Black
	-.169***
	.140***
	-.005
	-7.542
	-43.512**

	
	(.033)
	(.028)
	(.021)
	(9.508)
	(17.817)

	Hispanic
	-.099***
	.045
	-.015
	-3.346***
	18.150

	
	(.034)
	(.028)
	(.019)
	(1.274)
	(14.553)

	Other
	-.140***
	.009
	.063**
	-3.494**
	54.287***

	
	(.040)
	(.036)
	(.027)
	(12.844)
	(15.843)

	SMSA
	.006
	-.034
	.013
	6.256
	19.808

	
	(.028)
	(.023)
	(.018)
	(7.934)
	(12.788)

	Number of siblings under age 15
	.007
	-.009
	-.011*
	3.260
	-7.089

	
	(.011)
	(.009)
	(.006)
	(2.992)
	(5.084)

	Single-parent family
	-.032
	.031
	-.036**
	-3.995
	[bookmark: _GoBack]-20.055*

	
	(.024)
	(.019)
	(.014)
	(6.884)
	(11.293)

	No-parent family
	-.109
	.057
	-.052
	-23.782
	-.104

	
	(.075)
	(.061)
	(.042)
	(19.514)
	(36.444)

	Parental education level
	
	
	
	
	

	  High school degree
	.049
	.007
	.023
	2.659
	-28.201

	
	(.045)
	(.035)
	(.023)
	(13.153)
	(19.542)

	  Some college
	.096**
	.013
	.039*
	1.475
	1.627

	
	(.044)
	(.035)
	(.024)
	(13.099)
	(19.541)

	  College degree
	.049
	.002
	.135***
	-6.438
	4.178**

	
	(.047)
	(.037)
	(.028)
	(13.691)
	(2.058)

	  Graduate degree
	-.046
	-.020
	.134***
	-27.557*
	9.113***

	
	(.048)
	(.039)
	(.032)
	(14.742)
	(2.540)

	  Missing
	.070
	.005
	.025
	13.138
	-8.098

	
	(.070)
	(.055)
	(.039)
	(18.274)
	(31.662)

	Number of observations
	3,081
	3,050
	3,069
	3,084
	3,084

	Pseudo R-squared
	.096
	.064
	.151
	.025
	.054

	Proportion with zero time use
	
	
	
	.78
	.48


Note: Standard errors in parentheses.  The results are weighted using the ATUS final weight.  In brackets are the marginal effects for a $.70 increase in the minimum wage.  All regressions include six year dummies and fifty state dummies.  Three observations in the regression in column 1, 24 observations in the regression in column 2, and 15 observations in the regression in column 3 are dropped because the state dummies perfectly predict the outcomes.  The regressions in columns 4 and 5 also include dummies for weekends and holidays and eight month dummies. * Statistically significant at the .10 level; ** Statistically significant at the .05 level; *** Statistically significant at the .01 level.

Table 4 Average Marginal Effects of Tobit and OLS Estimations for the Enrolled and the Employed

	
	Employed
	Enrolled

	
	(1)
	(2)
	(3)

	
Variables
	Tobit
Time on work
	OLS
Usual hours
	Tobit
Time on education

	Minimum wage index
	129.163
	14.627
	208.017

	
	(259.551)
	(16.093)
	(191.136)

	
	[4.831]
	[.547]
	[7.781]

	Number of observations
	1,267
	1,172
	2,722

	Pseudo R-squared
	.021
	.252
	.057

	Proportion with zero time use
	.52
	
	.42


Note: Standard errors in parentheses.  The results are weighted using the ATUS final weight.  In brackets are the marginal effects for a $.70 increase in the minimum wage.  In the regression in column 2, 95 observations with missing values for usual hours of work are dropped.  All regressions include the unemployment rate; two dummies for the state legal dropout age; a female dummy; two age dummies; three dummies for race/ethnicity; an SMSA dummy; the number of sibling under age 15; two dummies for family structure; five dummies for parental education level; dummies for weekends and holidays; eight month dummies; six year dummies and fifty state dummies.  * Statistically significant at the .10 level; ** Statistically significant at the .05 level; *** Statistically significant at the .01 level.


Table 5 Average Marginal Effects of Probit and Tobit Estimation, Interaction with Race/Ethnicity

	
	Probit
	Tobit

	
	(1)
	(2)
	(3)
	(4)
	(5)

	Variables
	Employed
	Unemployed
	Enrolled
	Time on work
	Time on education

	Minimum wage index  White
	.121
	-.640*
	.606**
	3.346
	481.371**

	
	(.436)
	(.361)
	(.291)
	(13.652)
	(198.819)

	
	[.005]
	[-.024]
	[.023]
	[.125]
	[18.005]

	Minimum wage index  Black
	-.097
	-.317
	.397
	18.277
	-236.940

	
	(.747)
	(.597)
	(.478)
	(201.705)
	(416.881)

	
	[-.004]
	[-.012]
	[.015]
	[.684]
	[-8.862]

	Minimum wage index  Hispanic
	.182
	-.784
	.429
	141.239
	492.186

	
	(.800)
	(.675)
	(.479)
	(24.413)
	(334.631)

	
	[.007]
	[-.029]
	[.016]
	[5.283]
	[18.410]

	Minimum wage index  Other
	.298
	.062
	.703
	305.066
	137.498

	
	(.875)
	(.982)
	(.567)
	(252.140)
	(423.970)

	
	[.011]
	[.002]
	[.026]
	[11.411]
	[5.143]

	Number of observations
	3,081
	3,050
	3,069
	3,084
	3,084

	Pseudo R-squared
	.096
	.065
	.152
	.025
	.054

	Proportion with zero time use
	
	
	
	.78
	.48


Note: Standard errors in parentheses.  The results are weighted using the ATUS final weight.  In brackets are the marginal effects for a $.70 increase in the minimum wage.  All regressions include the unemployment rate; two dummies for the state legal dropout age; a female dummy; two age dummies; three dummies for race/ethnicity; an SMSA dummy; the number of sibling under age 15; two dummies for family structure; five dummies for parental education level; six year dummies and fifty state dummies.  Three observations in the regression in column 1, 24 observations in the regression in column 2, and 15 observations in the regression in column 3 are dropped because the state dummies perfectly predict the outcomes.  The regressions in columns 4 and 5 also include dummies for weekends and holidays and eight month dummies. * Statistically significant at the .10 level; ** Statistically significant at the .05 level; *** Statistically significant at the .01 level.

Table 6 Average Marginal Effects of Probit and Tobit Estimation, Interaction with Legal Dropout Age

	
	Probit
	Tobit

	
	(1)
	(2)
	(3)
	(4)
	(5)

	Variables
	Employed
	Unemployed
	Enrolled
	Time on work
	Time on education

	Minimum wage index  Dropout age 16
	.502
	-.908**
	.131
	-7.806
	282.553

	
	(.524)
	(.444)
	(.319)
	(146.192)
	(242.762)

	
	[.019]
	[-.034]
	[.005]
	[-.292]
	[1.569]

	Minimum wage index  Dropout age 17
	-.698
	.352
	.913
	-316.034
	-239.082

	
	(.852)
	(.665)
	(.564)
	(241.770)
	(397.319)

	
	[-.026]
	[.013]
	[.034]
	[-11.821]
	[-8.943]

	Minimum wage index  Dropout age 18
	-.032
	-.463
	.993**
	25.726
	724.759***

	
	(.599)
	(.499)
	(.426)
	(177.625)
	(279.363)

	
	[-.001]
	[-.017]
	[.037]
	[9.378]
	[27.109]

	Number of observations
	3,081
	3,050
	3,069
	3,084
	3,084

	Pseudo R-squared
	.096
	.066
	.154
	.025
	.054

	Proportion with zero time use
	
	
	
	.78
	.48


Note: Standard errors in parentheses.  The results are weighted using the ATUS final weight.  In brackets are the marginal effects for a $.70 increase in the minimum wage.  All regressions include the unemployment rate; two dummies for the state legal dropout age; a female dummy; two age dummies; three dummies for race/ethnicity; an SMSA dummy; the number of sibling under age 15; two dummies for family structure; five dummies for parental education level; six year dummies and fifty state dummies.  Three observations in the regression in column 1, 24 observations in the regression in column 2, and 15 observations in the regression in column 3 are dropped because the state dummies perfectly predict the outcomes.  The regressions in columns 4 and 5 also include dummies for weekends and holidays and eight month dummies. * Statistically significant at the .10 level; ** Statistically significant at the .05 level; *** Statistically significant at the .01 level.


Table 7 Average Marginal Effects of Probit and Tobit Estimation, Interaction with Parental Education Level

	
	Probit
	Tobit

	
	(1)
	(2)
	(3)
	(4)
	(5)

	Variables
	Employed
	Unemployed
	Enrolled
	Time on work
	Time on education

	Minimum wage index  Less than high school
	-.065
	-1.132
	.752
	-79.853
	1,021.553***

	
	(.905)
	(.802)
	(.510)
	(283.282)
	(389.202)

	
	[-.002]
	[-.042]
	[.028]
	[-2.987]
	[38.210]

	Minimum wage index  High school degree
	.777
	-.772
	.510
	347.265**
	-315.221

	
	(.606)
	(.492)
	(.355)
	(169.330)
	(302.405)

	
	[.029]
	[-.029]
	[.019]
	[12.989]
	[-11.791]

	Minimum wage index  Some college
	-.138
	-.151
	.604
	145.584
	248.695

	
	(.566)
	(.469)
	(.372)
	(171.603)
	(265.158)

	
	[-.005]
	[-.006]
	[.023]
	[5.445]
	[9.302]

	Minimum wage index  College degree
	.469
	-1.256**
	-.208
	-65.165
	811.979***

	
	(.630)
	(.534)
	(.469)
	(184.225)
	(264.929)

	
	[.018]
	[-.047]
	[-.008]
	[-2.437]
	[3.371]

	Minimum wage index  Graduate degree
	.010
	.186
	.913
	-342.291
	523.161*

	
	(.694)
	(.655)
	(.605)
	(211.013)
	(292.735)

	
	[.000]
	[.007]
	[.034]
	[-12.803]
	[19.568]

	Minimum wage index  Missing
	-1.572*
	.053
	.843
	-47.865**
	149.672

	
	(.902)
	(.763)
	(.571)
	(217.182)
	(467.679)

	
	[-.059]
	[.002]
	[.032]
	[-17.612]
	[5.598]

	Number of observations
	3,081
	3,050
	3,069
	3,084
	3,084

	Pseudo R-squared
	.098
	.067
	.154
	.026
	.054

	Proportion with zero time use
	
	
	
	.78
	.48


Note: Standard errors in parentheses.  The results are weighted using the ATUS final weight.  In brackets are the marginal effects for a $.70 increase in the minimum wage.  All regressions include the unemployment rate; two dummies for the state legal dropout age; a female dummy; two age dummies; three dummies for race/ethnicity; an SMSA dummy; the number of sibling under age 15; two dummies for family structure; five dummies for parental education level; six year dummies and fifty state dummies.  Three observations in the regression in column 1, 24 observations in the regression in column 2, and 15 observations in the regression in column 3 are dropped because the state dummies perfectly predict the outcomes.  The regressions in columns 4 and 5 also include dummies for weekends and holidays and eight month dummies. * Statistically significant at the .10 level; ** Statistically significant at the .05 level; *** Statistically significant at the .01 level.


Table 8 Average Marginal Effects of Probit and Tobit Estimation, Interaction with Family Structure

	
	Probit
	Tobit

	
	(1)
	(2)
	(3)
	(4)
	(5)

	Variables
	Employed
	Unemployed
	Enrolled
	Time on work
	Time on education

	Minimum wage index  Two-parent family
	-.080
	-.217
	.652**
	3.953
	487.838**

	
	(.434)
	(.362)
	(.289)
	(129.268)
	(192.740)

	
	[-.003]
	[-.008]
	[.024]
	[.148]
	[18.247]

	Minimum wage index  Single-parent family
	.839
	-1.125**
	.436
	198.541
	12.025

	
	(.554)
	(.456)
	(.340)
	(157.441)
	(283.233)

	
	[.031]
	[-.042]
	[.016]
	[7.426]
	[4.489]

	Minimum wage index  No-parent family
	-1.571
	-1.308
	.113
	-419.638
	-546.086

	
	(1.194)
	(.986)
	(.640)
	(286.070)
	(591.547)

	
	[-.059]
	[-.049]
	[.004]
	[-15.696]
	[-2.426]

	Number of observations
	3,081
	3,050
	3,069
	3,084
	3,084

	Pseudo R-squared
	.097
	.066
	.152
	.025
	.054

	Proportion with zero time use
	
	
	
	.78
	.48


Note: Standard errors in parentheses.  The results are weighted using the ATUS final weight.  In brackets are the marginal effects for a $.70 increase in the minimum wage.  All regressions include the unemployment rate; two dummies for the state legal dropout age; a female dummy; two age dummies; three dummies for race/ethnicity; an SMSA dummy; the number of sibling under age 15; two dummies for family structure; five dummies for parental education level; six year dummies and fifty state dummies.  Three observations in the regression in column 1, 24 observations in the regression in column 2, and 15 observations in the regression in column 3 are dropped because the state dummies perfectly predict the outcomes.  The regressions in columns 4 and 5 also include dummies for weekends and holidays and eight month dummies. * Statistically significant at the .10 level; ** Statistically significant at the .05 level; *** Statistically significant at the .01 level.


Table A1 Time-use Variables and the ATUS Classification Codes

	Time-use variable
	Activities
	Classification codes

	Work
	On all jobs, work-related, and income-generating activities; Travel related to work
	0501-0503
1805

	
	
	

	Education
	Taking classes for degree, certification/licensure or personal interest; extracurricular school activities (except sports); research/homework; registration/administrative activities
	06

	
	Travel related to education
	1806


Notes: In the six-digit classification codes, the first two digits represent the major activity category, the next two digits the 2nd-tier level of detail, and the final two digits the 3rd level of activity.
