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Many policy makers have been claiming for three decades that the growing need for skilled workers will become a problem in the future. The German Government has launched a project which includes a series of measures to promote education and especially college education. This paper analyzes the expected return to education using these different measures. The data used are taken from the German 2007, 2008 and 2009 Current Population Survey (CPS). We measure the causal effect of graduating from college on earnings using different instruments: season of birth, tuition fees and the distance from home to university. Our results show that college graduation has a significant effect on future earnings, but the effect is only positive at high ends of the ability distribution. 
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1. Introduction
Many policy makers have been claiming for three decades that the growing need for skilled workers will become a problem in the future (Gramke et al., 2008). Technological changes and increasingly specialised skills lead to the fact that not enough skilled workforce is available. Therefore, the German ministry of economic affairs has launched a project which includes a series of measures to promote education and especially college education. Within this project the ministry focuses on three priorities. First, it aims at measures to increase the educational attainment of high school dropouts. Second, high school graduates shall be supported with special incentives to go on to college education. Lastly, the German Government is concerned with measures to prevent college students to drop out before graduation. 

The aim of this paper is to analyze the expected benefits of these measures, which means returns to education in Germany, before these measures are launched. In order to assess returns to education we establish causal links between earnings and whether students graduated from college. We analyze this using three instruments, available in the German 2007, 2008, 2009 CPS data. The first instrument we use is the quarter of birth. In Germany, schooling policy obliges students to obtain at least 9 years of schooling before they drop out, regardless of their age. This means that students born in later months of the year are not yet old enough to start with school and therefore, they have to wait one year which means that they will be one year older when finishing at least 9 school years. We test whether the quarter of birth has a direct effect on graduation. We assume that it is random in which month people are born and therefore this instrument is probably not related to omitted variables such as tenure. In case tenure biased our results persons that had graduated from high school or college would receive lower earnings. The causal effect of graduating from college on earnings is secondly assessed using an experiment with the amount of tuition fees students had to pay. A randomly selected group of high-school graduates was offered a discount of 10% on University tuition between 1995 and 2000. We test whether the group paying lower tuition fees was more likely to graduate. In addition, we use the distance to university as an instrument. This instrument is random as well because distance is not related to any omitted variable such as tenure. If the student drops out his earnings will consequently be lower. Our main results indicate that the returns to education are large. Graduating from college increases wages, on average, by 21% to 62 %. Using local average treatment effects (LATE) we show the returns to education for different groups of individuals at different levels of education, e.g. high school or college education.
In order to analyze the effects of high school and college graduation on earnings, the paper proceeds as follows. In part 2 the paper relates the idea of this paper to the existing literature. Section 3 presents the data. In section 4 the empirical strategy is explained. Part 5 analyzes the results and discusses the empirical findings. The last part will conclude and hint at policy implications in the field of education.
2. Literature Review

Many authors have studied policies to promote educational attainment. Among the main policies evaluated were free secondary-school education and a later compulsory school-leaving age (Dearden, Emmerson, Frayne, Meghir, 2011). Both of these measures had effects on the number of dropouts and graduation rates. Moreover, grants have been introduced which encourage students to stay longer in school. For example, in the UK the Education Maintenance Allowance was launched (EMA) which supported children with a grant in order to prolong their educational attainment for two more years beyond the compulsory schooling years. Dearden et al. (2011) present in their paper new evidence on the fact that such policies with financial incentives are important in guiding education choices. 

In addition, Angrist and Krueger (1991) show that measures such as the compulsory schooling age have implications for the educational attainment of students born in different quarters of the year. Students born in earlier quarters of the year can drop out after completing less schooling than individuals born in later quarters of the year. The results indicate that earnings for these individuals are significantly lower than for those that went on with schooling.

One further interesting finding by Spiess and Frohlich (2008) was that the distance between the place of living and the closest university influences students’ decisions in Germany to go on with college education. The authors argue that living close to university decreases living expenses by commuting and hence, influences the decision to enrol in higher education. The further away the closest university is, the less likely it is that the student will participate in higher education. Our paper follows this line of reasoning and extends the hypothesis by using distance as an instrument to measure the returns to education. 
3. Data and Descriptives

Our analysis uses three waves of the Current Population Survey and January supplements data from 2007 to 2009. Each wave of the data includes a representative sample of German employees who are 25 to 30 years old. In all waves we have seven core variables containing monthly gross earnings, which will be used as the measure of the potential benefits of the three educational measures. Moreover, each January supplement contains three supplementary variables and we match each supplement to the three priorities. The concerned variables and their interpretations and sources are shown in table 1.

Since variables wage, height, iq, tuition fees, born season, siblings and distance from home have missing values, we excluded observations with missing values. The data sets contain sample sizes of 18293 in wave 2007, 17900 in wave 2008 and 18579 in wave 2009. Moreover, we checked the existence of outliers and from table 2 the descriptives for every variable in each wave are normal, so that we can employ this data set to our following research.

3.1 Overall Description of the Data Set

In table 2, we can see the mean, standard deviation, minimum and maximum values for each variable regarding to wave 2007 to 2009. The average wage in 2007 is 7904 euro, while that in 2008 and 2009 are a bit lower, being 6613 and 6828 respectively. The average graduation rates vary significantly. About 80 % of the sample population graduated from college in 2007 but only half of the people were college graduates in 2009. There were only 20 % of the 2008 sample that had a high school certificate.  
3.2 Wage and Graduation 

In this paper we will use monthly gross earnings to measure the benefits from the three prospective ways to increase education. Figure 1 gives more information about the wage distribution. All three wage distributions show that they are skewed to the right and the 2007 wave seems to have a largest positive skewness. This is in accordance with the fact that the mean wage in 2007 is higher. 

It is important to notice that wages are topcoded at 20,000 euro in the data set, which means a part of people with higher education can have higher wage, though they have 20,000 euro in our case. As is shown in figure 1 and 2, there is a thick density of people earning 20,000 euro. As a result, we expect a downward bias in the effects of education on wage with direct regression, not inconsistent with the true estimates. Therefore, we will also introduce a tobit model to modify the data in order to improve the consistency of the estimates.

Since all three priorities we are analyzing are concerned with the effect of prolonged schooling on wage, we will focus on the relationship between wage and graduation in this paper. From figure 2, the histogram comparisons give an intuitive indication that people who graduate either from high school or college have lower wages. This wage gap is even wider in the high school case in 2008. The first columns of table 3 to 5 also show a negative relationship between earnings and education.

If it was true that schooling is negatively related to earnings, then we could increase our return simply by dropping out earlier, which does not make sense. There is, however, a reasonable explanation for these findings. For example, a person with age 25 may just finish his study in college and start his career.  As a consequence, he should have a ‘freshman’ wage. His peers who did not enter college have already been working for eight or more years, and it is likely that their payments have already increased with their work age. Thus, our regression model is underspecified since it does not account for tenure, the time that one has been working. There may also be other unobserved variables biasing our estimate. Unfortunately, they are not at our disposal and we therefore cannot include the omitted variables in our OLS regression. However, one can assume that if there is a longer span of data and the education effect is fully revealed, there should be a reverse relationship between schooling and wage other than displayed in our data. 
4. Empirical Strategy
To show the returns to education the paper has addressed all three priorities mentioned above by using two strategies. The first method estimates the return to education using OLS, in which the logarithm of wage is regressed on whether someone has graduated from college or in case of the 2008 data on whether someone has finished high school. Additionally, some control variables are used such as social skills, IQ, age and female since they might correlate with the dependent and independent variable wage and graduation, respectively. However, the problem of omitted variables is fundamental in estimating the relationship between education and wage. First, one can presume that there are further variables we have not taken into account that correlate with wage and with the level of education. In other words, the dependent and independent variable are likely to correlate with the error term. Another problem is immanent in the data itself. Although the age group in our data set(s) should be between 25 and 30 years old (as mentioned in the assignment’s description), the mean is about 25 (there are even people aged 24) and not approximately 27.5 years ((25+30) / 2) as one would expect. Since graduates can be supposed to start working at age 25 or have certainly not been working for a long time at such age, the average wage of non-graduates that have already worked for about eight years is likely to be higher than that of the graduates. This is exactly what we could observe in our descriptives, where the mean wage of non-graduates was higher than the mean wage of graduates. The OLS estimates can therefore be expected to be biased negatively since the average wage of the non-graduates is much higher, which will result in a negative relation of education on wage. 

In order to control for the omitted variable problem we use an IV regression. All three priorities are approached with different measures. The first priority aims at measures to increase the educational attainment of high school drop outs for which we used the variable “born in summer or fall” as an instrument. By using birth date as an instrument we can measure the causal effect of education on potential drop outs i.e. measure the local average treatment effect (LATE) of education on potential high school drop outs. The second priority looks for means to provide incentives for high school students to go on to college education and we addressed this issue with the variable tuition fees as an instrument. The higher the tuition fees, the lower the likelihood that someone decides to go to college after finishing high school. In this case the LATE refers to the return to education referring to students that do not go to college due to tuition fees. Lastly, the third priority is concerned with measures that induce college students to drop out before graduation and we therefore use the distance from the university to the home of the students as an instrument. Students that live further away can be expected to miss more classes and are therefore more likely to drop out of college before graduation. Consequently, the LATE measures the return to education of students that would drop out of college prior to graduation because of the large distance from their home to university.
In addition, we tested whether the OLS and IV estimates are consistent and unbiased by the upper limit of the dependent variable wage using tobit regressions. Since the highest wage our data allows for is 20,000 € people with higher wages are downgraded and the estimates are therefore likely to be biased downwards. The tobit regression takes such censoring of the data into account and provides unbiased estimates for OLS and IV.

5. Estimation Results

This section discusses the results of the OLS and IV regressions. The OLS regresses the natural logarithm of wage on graduation and further control variables. The IV regressions show the first stage and the second stage in order to indicate whether the instruments are significantly correlated with the endogenous variable graduation. 

5. 1 The effect of Graduation on Wage – Born Summer or Fall

We can see a significant negative relationship between wage and graduation in column (1) of table 3a. Including control variables, we show the effect of graduation on the logarithm of wage to analyze returns to education by estimating

     wage = ß0 + ß1graduation + ß2age + ß3female + ß4social skills + ß5iq + e
                  (1)

using OLS. Column (2) indicates that the estimate of graduation is statistically significant at the one percent significance level and it suggests that high school graduates earn on average about 89.1% less than non-graduates. This seems not realistic and not what we expected since we expected a positive effect of education on wage. Referring to the empirical strategy discussed above, this unrealistic result may be due to the omitted variables problem, which directly leads to a biased OLS estimate. Therefore we introduce born season as an instrument in our IV regression:   


      graduation = ß0 + ß1age + ß2female + ß3iq + ß4social skills+ß5birth 

     (2) 
  
            
 wage = ß0 + ß1(pred)graduation + ß2age + ß3female + ß4social skills + ß5iq
    
(3)

Column (3) indicates the first stage of the 2SLS that regresses college graduation on birth date dummy and other control variables, as given by equation (2) above. We can see there is a significantly positive relationship between them. The estimates show that if a high school student is born between July and December, there will be a higher chance (20.5 percentage points) for him to graduate from high school. Column (4) and column (5) show the results of the 2SLS estimates with and without the control variables.. When birth time is used as an instrument the 2SLS, there is still a significant and negative effect, though smaller, of college graduation on wage, meaning that if a student graduates from high school earnings will be 39.1 % lower than if he did not graduate. 
In addition, we introduce the tobit model to deal with the problem of topcoded wage as discussed previously. Table 3b gives almost the same result as in table 3a, indicating that our estimates of the effect of high school education on wage is robust to the censoring of the data.  
Using the IV method can possibly solve the question of omitted variable problem in the OLS regression. In this case, the IV estimate of graduation modifies part of the biased OLS estimate by showing a smaller negative effect of education than in OLS estimate. Upon this negative estimate, we suggest the government not to invest in people at the lower level since students graduating from high school can have a lower wage. This negative relationship between schooling and earnings may be different from some of the previous studies (Angrist and Krueger, 1991). We acknowledge that the birth season is perhaps related to an omitted variable "tenure". It is possible that if a student finishes school earlier, he will have worked for a longer time and gain more experience, resulting in a higher income considering the starting stage, even if this tenure gap is maybe less than one year. Still the birth season may be a valid instrument and the government need to be careful when promoting more high school attainment. 
The variable social_skills and IQ may need more discussion. In an IQ test, for example, one may get different scores when he does it for several times, which can cause measurement error for one’s true IQ. We call this effect “luck”. It is also the same case in social skills test. We assume these two variables are mean values which can have least “luck” effect to our analysis. It is the same case when analysing the second and third priorities.
5. 2 The effect of Graduation on Wage – Tuition Fees

Table 4a first presents estimates of the effect of graduation on the logarithm of wage in column (1) to analyze the returns to education by using OLS. Column (2) analyzes the effects with control variables by estimating 
wage = ß0 + ß1graduation + ß2age + ß3female + ß4height + ß5iq

 
+ ß6social skills + ß7body fat + ß8smoke + e




(4)

Including control variables, the estimate of graduation is robust since the coefficient of graduation only changes slightly. It is significant at the one percent significance level and suggests that graduates earn on average 27.5 % less than non-graduates. This is not very realistic and not what we expected since it has often been reported that education has a significant positive impact on wage. Hence, we assume that there is an omitted variable bias due to an unobserved factor in the possibility that a student graduates. Identification of a causal effect of graduation on earnings can be generated from the measure the Dutch Government introduced for college students, namely the discount of 10% on university tuition fees for a random group of high-school graduates between 1995 and 2000. Thus, we use this discount in our empirical analysis as an instrumental variable since one can assume that it is not systematically related to the error term.


graduation = ß0 + ß1age + ß2female + ß3height + ß4iq

 + ß5social skills + ß6body fat + ß7smoke + ß8tuition fee       


(5)


wage = ß0 + ß1age + ß2female + ß3height + ß4iq

 

+ ß5social skills + ß6body fat + ß7smoke + ß8(pred)graduation    

(6)

Column (3) shows the first stage of the 2SLS that regresses college graduation on tuition fees and the control variables, as shown by equation (5) above. The regression shows that both correlate significantly positively. The estimates indicate that if a student received the discount the probability to graduate from college increases with 20.3 percentage points. In column (5) the results of the 2SLS with lnwage as the dependent variable are presented. When we use tuition fees as an instrument the 2SLS clearly identifies a significant and positive effect of college graduation on wage; if a student graduates from college, earnings increase by 62 %. This result seems to be very realistic and can be empirically supported by a paper on international comparisons of returns to education (Harmon, Oosterbeek, Walker, 2000). The authors showed using IV methods that for example in the UK average returns to schooling (especially college education) increase earnings. Every year more of college education increases the wage by 15%. When we multiply this number by four years 62% is close to this range. Using tobit regressions we showed in table 4b that the estimates are robust when accounting for the censoring of the data, i.e. the upper limit of 20000€.
5. 3 The effect of Graduation on Wage – Distance University to Home

Table 5a first presents estimates of the effect of graduation on the logarithm of wage in column (1) and column (2) by estimating

lnwage = ß0 + ß1age + ß2female + ß3iq + ß4social_skills 

+ ß5 smoke + ß6college_grad + e





(7)

using OLS. The estimate of graduation is significant at the one percent significance level and suggests that graduates earn on average about 4.7% less than non-graduates. This is not what one would expect since one can assume a significant positive impact of education on wage. However, due to potentially omitted variables such as tenure, as discussed in our empirical strategy above, the OLS estimate is biased. We therefore use the distance from the university to home as an instrument in our IV regression: 

college_grad = ß0 + ß1age + ß2female + ß3iq + ß4social_skills

                 + ß5smoke + ß6dist_home18_uni 
 



(8)

lnwage      = ß0 + ß1age + ß2female + ß3iq + ß4social_skills + 

            + ß5smoke + ß6 (pred)college_grad
 



(9)

Column (3) shows the first stage of the 2SLS that regresses graduation on distance and the control variables, as illustrated by equation (6) above. The estimates indicate that the probability to graduate of students living less than 80 kilometers away from the university is about 40 percentage points higher than for students living further away. Column (4) and column (5) show the results of the 2SLS with lnwage as the dependent variable. Using distance as an instrument the causal effect of graduation on wage appears to be significantly positive. The estimate implies that college graduates earn on average about 21% more than non-graduates. 

Our instrument seems to be valid since it correlates with graduation, our independent variable, and moreover, it cannot be expected to correlate systematically with the error term. Since the distance from home to university is randomly assigned and the sample size is large, the characteristics of the people in the data can be assumed to be equalized. 
Table 5b shows the results of the tobit regression concerning OLS in column (1) and column (2) and IV in columns (3) and (4). The tobit estimates for both OLS and IV imply that out estimates of table 5a are robust and therefore not biased by the censoring of the data. 
5.4 Comparing LATEs 


[image: image1]
Figure1: LATEs in comparison

The graph shows the return to education function (RTEF) with level of education along the horizontal axis and return to education measured by wage on the vertical axis. A local average treatment effect (LATE) indicates the return to education for a group of individuals at a certain level of education e.g. high school or college education. The different LATEs of priority1, priority2 and priority3 are indicated by the numbers 1, 2 and 3, respectively. The LATE of the first priority concerns the return to education for potential high school drop outs. The slope of the RTEF is significantly negative and suggests that the return to education is negative for high school graduates. The second LATE regards the group of students that do not visit college due to tuition fees. The RTEF suggests that this group could increase their expected wage, on average, by 62% if they continued their education. Finally, the third LATE shows the potential increase of the expected mean wage that would be received by students if they did not drop out before graduation due to the distance of their home to university. The RTEF indicates that finishing college increases the expected mean wage of these potential drop outs by 21%.

6. Conclusion

The OLS estimates imply that there is a negative return to education. These results may be due to the omitted variable problem. One variable we could not account for is tenure which is likely to be related to our endogenous variable graduation and the dependent variable lnwage. The average age in each of our samples is about 25. People that did not graduate from college started working earlier and have therefore a higher mean wage. This reasoning provides an explanation why graduation is negatively related to the expected mean wage in our OLS results.

In order to investigate the true return to education we used three different instruments: Born summer or fall, tuition fee and distance from home to university. Using IV, the estimated return to education implies that there is a negative return for high school graduates of about 39% whereas the return for college graduates is between 62% and 21%. It is however not clear why individuals that drop out of high school earn a higher mean wage than high school graduates. A simple explanation might be that there are variables influencing the mean wage that we did not control for due to limitation of the data. The instruments seem to be valid since they are significantly related to the endogenous variable graduation and moreover, all measures can be assumed not to correlate with the error term. 

This paper identifies tuition fees and distance from home to university as important channels by which education influences the expected mean wage. Nevertheless, these instruments measure the return to education differently (62% and 21%, respectively). The difference in the measures is due to the fact that the instrument tuition fee regards a different group of individuals in the distribution of education than distance from home to university. That is, the former instrument concerns people that have to decide whether to go to college or not and the latter accounts for college students that drop out before graduation. 

An implication of our results is that the German Government should promote higher education. Although the return to education is negative for high school graduates there is a significant positive return for college graduates. As a consequence, individuals should graduate from high school and go to college although they could, on average, have a higher initial wage when dropping out of high school.  
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Appendix

Tables and Figures

Table 1  Variables and Interpretations

	Variable
	Description
	Source

	
	
	

	wage
	monthly gross earnings and topcoded at 20000 euros
	all waves

	graduation
	a dummy equal to 1 if the individual is a college graduate and 0 otherwise. But in wave 2008, it is dummy for high school graduate instead.
	all waves

	age
	age in years at the date of the interview (first week of January)
	all waves

	sex
	dummy equal to 1 for female and 0 for male
	all waves

	height
	height in centimeters
	all waves

	iq
	measured from a battery of validated survey questions and score on the classic IQ scale
	all waves

	social_skills
	Indicates an individual’s social skills, measured from a battery of survey questions validated in the psychological literature and aggregated in a one dimensional score ranging from 0 (low social skills) to 100 (high social skills)
	all waves

	body_fat
	measures the percentage of fat in an individual's body
	2007 and 2008

	tuition_fee
	To increase participation in higher education, the government offered a discount of 10% on University tuition fees to randomly selected high-school graduates between 1995 and 2000. The dummy tuiton_fee takes the value 1 if the individual was offered the 10% discount and 0 otherwise
	2007

	smoke
	a dummy that takes for value 1 if an individual smokes more than 5 cigarettes a day
	2007 and 2009

	birth
	is a dummy variable that takes the value 0 if one was born between January and June and 1 if he/she was born between July and December
	2008

	sibling
	contains the number of siblings one has. More than 4 are recorded as 4
	2008

	dist_home
	A dummy that takes the value 1 if the distance between the place of living at age 18 and the closest university is lower than 80km.
	2009

	risk
	measures the degree of risk aversion on a scale from 0 (risk averse) to 100 (risk loving)
	2009


Table 2  Summary statistics
Summary statistics of data after dropping out missing values

	Variable
	2007 Wave
	2008 Wave
	2009 Wave

	
	Mean
	Std.dev.
	Min
	Max
	Mean
	Std.dev.
	Min
	Max
	Mean
	Std.dev.
	Min
	Max

	wage
	7904.07 
	5128.11 
	161.31 
	19999.99 
	6612.65 
	3597.38 
	207.93 
	19999.99 
	6827.64 
	4066.38 
	161.31 
	19999.99 

	graduation
	0.80 
	0.40 
	0.00 
	1.00 
	0.20 
	0.40 
	0.00 
	1.00 
	0.50 
	0.50 
	0.00 
	1.00 

	age
	25.00 
	0.50 
	23.19 
	26.86 
	25.00 
	0.50 
	23.01 
	27.06 
	25.00 
	0.50 
	23.06 
	27.06 

	sex
	0.50 
	0.50 
	0.00 
	1.00 
	0.50 
	0.50 
	0.00 
	1.00 
	0.50 
	0.50 
	0.00 
	1.00 

	height
	174.97 
	7.15 
	149.08 
	200.06 
	174.99 
	7.14 
	150.58 
	198.96 
	174.95 
	7.16 
	149.17 
	199.04 

	iq
	102.47 
	10.30 
	63.53 
	143.45 
	102.41 
	10.29 
	61.52 
	141.13 
	102.53 
	10.33 
	61.52 
	143.45 

	social_skills
	39.78 
	12.81 
	1.94 
	78.00 
	39.76 
	12.79 
	1.04 
	77.37 
	39.70 
	12.76 
	1.04 
	78.00 

	body_fat
	22.50 
	2.29 
	13.37 
	31.58 
	22.48 
	2.28 
	13.10 
	31.88 
	
	
	
	

	tuition_fee
	0.50 
	0.50 
	0.00 
	1.00 
	
	
	
	
	
	
	
	

	smoke
	0.41 
	0.49 
	0.00 
	1.00 
	
	
	
	
	0.41 
	0.49 
	0.00 
	1.00 

	birth
	
	
	
	
	0.51 
	0.50 
	0.00 
	1.00 
	
	
	
	

	sibling
	
	
	
	
	1.10 
	1.17 
	0.00 
	4.00 
	
	
	
	

	dist_home
	
	
	
	
	
	
	
	
	0.49 
	0.50 
	0.00 
	1.00 

	risk
	　
	　
	　
	　
	　
	　
	　
	　
	54.88 
	9.52 
	19.99 
	91.38 


Note: As for Table b, the data which has missing values have been dropped and after that, the sample size is 18293 for the 2007 wave, while there are 17900 and 18579 observations in 2008 and 2009 respectively
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a. Histogram of wage in 2007 wave                b. Histogram of wage in 2008 wave             c. Histogram of wage in 2009 wave

Figure 1  Histograms of wage
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Figure 2  Comparison of histograms of wage concerning graduation in different waves

Table 3a - The effect of graduation on wage – born summer or fall  
	
	(1)
	(2)
	(3)
	(4)
	(5)

	
	OLS
lnwage
	OLS
lnwage
	OLS

graduation
	2SLS

lnw
	2SLS
lnw

	
	
	
	
	
	

	graduation
	-0.930***
	-0.891***
	
	-0.390***
	-0.391***

	
	(0.009)
	(0.007)
	
	(0.040)
	(0.031)

	age
	
	-0.002
	-0.008
	
	-0.003

	
	
	(0.006)
	(0.006)
	
	(0.006)

	iq
	
	0.026***
	-0.001***
	
	0.027***

	
	
	(0.000)
	(0.000)
	
	(0.000)

	social_skills
	
	0.027***
	-0.002***
	
	0.028***

	
	
	(0.000)
	(0.000)
	
	(0.000)

	female
	
	-0.629***
	0.041***
	
	-0.650***

	
	
	(0.010)
	(0.010)
	
	(0.011)

	birth
	
	
	0.205***
	
	

	
	
	
	(0.006)
	
	

	Constant
	8.818***
	5.405***
	0.334**
	8.709***
	5.212***

	
	(0.004)
	(0.146)
	(0.149)
	(0.009)
	(0.166)

	
	
	
	
	
	

	Observations
	17,900
	17,900
	17,900
	17900
	17,900

	R-squared
	0.356
	0.633
	0.068
	
	


Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

3b - The effect of graduation on wage in a tobit regression – born summer or fall
	
	(1)
	(2)
	(3)
	(4)

	
	OLS
 lnwage
	OLS
 lnwage
	2SLS 
lnw
	2SLS 
lnw

	
	
	
	
	

	graduation
	-0.930***
	-0.891***
	-0.390***
	-0.391***

	
	(0.009)
	(0.007)
	(0.009)
	(0.031)

	age
	
	-0.002
	
	-0.003

	
	
	(0.006)
	
	(0.006)

	iq
	
	0.026***
	
	0.027***

	
	
	(0.000)
	
	(0.000)

	social_skills
	
	0.027***
	
	0.028***

	
	
	(0.000)
	
	(0.000)

	female
	
	-0.629***
	
	-0.650***

	
	
	(0.010)
	
	(0.011)

	birth
	
	
	
	

	
	
	
	
	

	Constant
	8.818***
	5.405***
	8.709***
	5.212***

	
	(0.004)
	(0.146)
	(0.009)
	(0.166)

	
	
	
	
	

	Observations
	17,900
	17,900
	17,900
	17,900


Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Table 4a – The effect of graduation on wage – tuition fees
	
	(1)
	(2)
	(3)
	(4)
	(5)

	
	OLS 

lnwage
	OLS 

lnwage
	OLS 

college_grad
	2SLS 

lnwage
	2SLS 

lnwage

	
	
	
	
	
	

	college graduation
	-0.331***
	-0.275***
	
	0.613***
	0.620***

	
	(0.014)
	(0.011)
	
	(0.060)
	(0.052)

	age
	
	0.007
	0.003
	
	0.003

	
	
	(0.011)
	(0.007)
	
	(0.013)

	female
	
	-0.187***
	-0.009
	
	-0.178***

	
	
	(0.018)
	(0.011)
	
	(0.021)

	height
	
	0.044***
	-0.003***
	
	0.047***

	
	
	(0.001)
	(0.001)
	
	(0.001)

	iq
	
	0.026***
	-0.001***
	
	0.027***

	
	
	(0.000)
	(0.000)
	
	(0.001)

	social skills
	
	0.027***
	-0.002***
	
	0.029***

	
	
	(0.001)
	(0.000)
	
	(0.001)

	body fat
	
	-0.001
	-0.001
	
	-0.001

	
	
	(0.002)
	(0.001)
	
	(0.003)

	smoke
	
	0.003
	0.003
	
	0.000

	
	
	(0.011)
	(0.007)
	
	(0.013)

	tuition fee
	
	
	0.203***
	
	

	
	
	
	(0.006)
	
	

	Constant
	9.003***
	-2.523***
	1.455***
	8.245***
	-3.877***

	
	(0.012)
	(0.321)
	(0.199)
	(0.049)
	(0.378)

	
	
	
	
	
	

	Observations
	18,293
	18,293
	18,293
	18,293
	18,293

	R-squared
	0.031
	0.312
	0.069
	
	


Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Table 4b - The effect of graduation on wage in a tobit regression – tuition fees
	
	(1)
	(2)
	(3)
	(4)

	
	OLS

Ln wage
	OLS

Ln wage
	2SLS

lnwage
	2SLS

lnwage

	
	
	
	
	

	college graduation
	-0.331***
	-0.275***
	0.613***
	0.620***

	
	(0.014)
	(0.011)
	(0.060)
	(0.052)

	age
	
	0.007
	
	0.003

	
	
	(0.011)
	
	(0.013)

	female
	
	-0.187***
	
	-0.178***

	
	
	(0.018)
	
	(0.021)

	height
	
	0.044***
	
	0.047***

	
	
	(0.001)
	
	(0.001)

	iq
	
	0.026***
	
	0.027***

	
	
	(0.000)
	
	(0.001)

	social skills
	
	0.027***
	
	0.029***

	
	
	(0.001)
	
	(0.001)

	body fat
	
	-0.001
	
	-0.001

	
	
	(0.002)
	
	(0.003)

	smoke
	
	0.003
	
	0.000

	
	
	(0.011)
	
	(0.012)

	tuition fee
	
	
	
	

	
	
	
	
	

	Constant
	9.003***
	-2.523***
	8.245***
	-3.877***

	
	(0.012)
	(0.320)
	(0.049)
	(0.378)

	
	
	
	
	

	Observations
	18,293
	18,293
	18,293
	18,293


Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Table 5a - The effect of graduation on wage – distance university to home
	
	(1)
	(2)
	(3)
	(4)
	(5)

	
	OLS 

lnwage
	OLS

 lnwage
	OLS

 college_grad
	2SLS 

lnwage
	2SLS

 lnwage

	
	
	
	
	
	

	college graduation
	-0.505***
	-0.477***
	
	0.216***
	0.211***

	
	(0.009)
	(0.008)
	
	(0.026)
	(0.023)

	age
	
	-0.001
	-0.002
	
	0.001

	
	
	(0.009)
	(0.008)
	
	(0.010)

	iq
	
	0.027***
	-0.002***
	
	0.028***

	
	
	(0.000)
	(0.000)
	
	(0.000)

	social skills
	
	0.026***
	-0.003***
	
	0.028***

	
	
	(0.001)
	(0.000)
	
	(0.001)

	female
	
	-0.617***
	0.042***
	
	-0.656***

	
	
	(0.013)
	(0.011)
	
	(0.016)

	height
	
	0.001***
	
	
	

	
	
	(0.000)
	
	
	

	smoke
	
	-0.004
	-0.004
	
	-0.002

	
	
	(0.009)
	(0.008)
	
	(0.011)

	disthomeuni
	
	
	0.398***
	
	

	
	
	
	(0.007)
	
	

	Constant
	8.884***
	5.288***
	0.590***
	8.523***
	4.862***

	
	(0.006)
	(0.226)
	(0.194)
	(0.014)
	(0.269)

	
	
	
	
	
	

	Observations
	19,380
	19,380
	19,380
	19,380
	19,380

	R-squared
	0.140
	0.381
	0.160
	
	


Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Table 5b - The effect of graduation on wage in a tobit regression – distance university to home
	
	(1)
	(2)
	(3)
	(4)

	
	OLS 

Ln wage
	OLS

Ln wage
	2SLS

lnw
	2SLS

lnw

	
	
	
	
	

	college graduation
	-0.505***
	-0.478***
	0.216***
	0.211***

	
	(0.009)
	(0.008)
	(0.026)
	(0.023)

	age
	
	-0.001
	
	0.001

	
	
	(0.009)
	
	(0.010)

	iq
	
	0.027***
	
	0.028***

	
	
	(0.000)
	
	(0.000)

	social skills
	
	0.026***
	
	0.028***

	
	
	(0.001)
	
	(0.001)

	female
	
	-0.624***
	
	-0.656***

	
	
	(0.013)
	
	(0.016)

	smoke
	
	-0.004
	
	-0.002

	
	
	(0.009)
	
	(0.011)

	
	
	
	
	

	Constant
	8.884***
	5.411***
	8.523***
	4.862***

	
	(0.006)
	(0.226)
	(0.014)
	(0.269)

	
	
	
	
	

	Observations
	19,380
	19,380
	19,380
	19,380


Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1
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c. Comparison of histograms of wage according to graduation in 2009 wave





b. Comparison of histograms of wage according to graduation in 2008 wave





a. Comparison of histograms of wage according to graduation in 2007 wave
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