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Abstract 

 

The following paper uses the Survey of Health, Ageing and Retirement (SHARE)1 

data for identifying the effects of increasing years of compulsory education on 

cognitive abilities for the elderly population over 50 years old in Europe. The analysis 

estimates the effect on compulsory schooling reforms on educational attainment and 

memory scores. The evaluation method is based on a regression discontinuity 

design. In the analysis I compare reform affected birth cohorts, with reform not 

affected birth cohorts in the environment of the first potentially affected birth cohort. 

The main results are the following: the country pooled regression estimates show 

that the compulsory schooling reforms have a statistically significant effect on 

education, and have a positive but statistically not significant effect on memory. 
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1. Introduction 

Calculating the returns to education is a popular and well-researched topic. 

For a long time return to education on earning was in the focus of economists. 

Further on other relationship were analyzed.  We know that education is a human 

capital investment with positive and large returns on wages (Angrist and Krueger, 

1991; Card, 1995, 1999 and 2001), health (Lleras-Muney, 2005; Cutler and Lleras-

Muney, 2010) and mortality (Gathmann et al. 2012). It is clear that the private 

monetary returns to education are high, and it is also clear that the non-monetary 

benefits are also significant. 

In the 20th century the educational attainment expanded. The number of 

students and the average year of education increased. Compulsory schooling 

reforms were widespread in this century, because there was a large demand for 

educated workers in the labour market. 

Education is about teaching knowledge, cognitive and noncognitive skills and 

abilities. Parts of this useful knowledge are cognitive skills and abilities, more 

precisely verbal and numerical skills. Cognitive and noncognitive skills and abilities 

are very important, since they have significant effect on individuals` social, labour 

market and economic outcomes  (Heckman et al. 2006).  

Banks and Mazzonna (2012) paper looks at the effect of education on cognitive 

functioning in older age. They used the 1947 compulsory schooling reform in 

England to show the causal effect of education on cognitive abilities. Their results 

proved that education had a significant effect on cognitive performance for the 
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reform affected birth cohorts. My thesis topic is inspired by Banks and Mazzonna 

(2012) research. 

In my thesis I am interested in the effect of compulsory schooling reforms on 

education and on cognitive performance, more precisely on memory scores. In the 

analysis I compare reform affected birth cohorts, with reform not affected birth 

cohorts in the environment of the first potentially affected birth cohort. I use a 

graphical and a regression discontinuity design; my main findings are the following. 

Raising the compulsory school leaving age/the compulsory years of education, have 

a significant increase in educational attainment in Europe.  For the pooled sample of 

the European countries, I calculated a 0.5-year increase in education for reform 

affected cohorts. This equals about 14-16 % of the standard deviation. With respect 

to the effect of compulsory schooling reform on cognitive abilities my results are not 

fully conclusive. My results show that the compulsory schooling reforms likely to 

have a positive but statistically not significant effect on memory performance. The 

magnitude of the effect of compulsory schooling reform on memory score is about 6 

% of a standard deviation for females who have less than 13 years of educations. My 

findings suggest that the compulsory schooling reforms mostly affected females’ 

education and cognitive abilities.  

The structure of the thesis is the following. Chapter 2 describes the data I use in 

my analysis; Chapter 3 presents the empirical model, the strategy and the results. 

Chapter 4 lists the main conclusions. The Appendix at the end of the thesis includes 

all the Tables, which I use in the analysis. 
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2. Data and Descriptive Statistics 

Data Sources 

This paper uses the Survey of Health, Ageing and Retirement in Europe 

(SHARE) database. The database is a cross-national panel database from 19 

European countries and Israel; the panel contains individual and household level 

data on health, demographic and socio-economic status for over 85000 individuals. 

In 2013 four waves of the SHARE surveys are available for research. The SHARE 

survey waves are nationally representative surveys of the elderly population age 50 

and above. 

The SHARE data is similar and comparable with the U.S Health and 

Retirement Study and the English Longitudinal Study of Ageing. The 1st, 2nd and the 

4th waves form a regular panel data. The 1st wave has data on 11 countries: Austria, 

Germany, Sweden, The Netherlands, Spain, Italy, France, Denmark, Greece, 

Switzerland and Belgium in 2004/2005. Later on the 2nd wave extended the 

participated countries with Czech Republic and Poland in 2006/2007. Currently the 

4th wave also included Estonia, Hungary, Portugal, and Slovenia. In these waves 

(1st, 2nd and 4th) the data collection is based on a computer assisted personal 

interview (CAPI), which starts with a cover screen interview and then focuses on 

demographics, mental, physical, psychological health, behavioural risk, employment 

and pensions, income and financial assets, housing, social participation and 

activities, household and family characteristics. Beside the baseline CAPI, there is 

also a regular paper and pencil questionnaire, which covers more sensitive topics as 

religious and political perspectives.  
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The 3rd wave: SHARELIFE is different, it was made to supplement the other 

waves, with information on people`s retrospective life histories. 

My analysis uses the data from the 1st, 2nd and 4th wave. Table 1 presents the 

scope of the analysis. I restrict my analysis for the countries participated at least in 

two waves of the above-mentioned three waves. 

Table 1 Countries participated in multiple waves of SHARE  

SHARE 
Country ID 

Country Wave 1 Wave 2 Wave 4 

11 Austria 2004 2006/2007 2011 

12 Germany 2004 2006/2007 2011/2012 

13 Sweden 2004 2006/2007 2011 

14 The 

Netherlands 

2004 2007 2011 

15 Spain 2004 2006/2007 2011 

16 Italy 2004 2006/2007 2011 

17 France 2004/2005 2006/2007 2011 

18 Denmark 2004 2006/2007 2011 

19 Greece 2004/2005 2007 - 

20, 21, 22 Switzerland 2004 2006/2007 2011 

23, 24 Belgium 2004/2005 2006/2007 2011 

 

I use the 1st, 2nd and 4th wave of the SHARE dataset. I used the Cognitive 

Function (CF) module from all waves. In the computer assisted personal interview 

cognitive abilities measured by different tests in the cognitive module of the survey. 

There is a simple orientation in time test to filter out people with dementia. The 

sample is restricted for people who can correctly state the year during the interview. 

Another part of the Cognitive Function module contains a simple test of 

memory, where ten words are given to the interviewee. The interviewee listens to the 

list of words only once, and after that he has to recall immediately the words what he 

had heard. Little bit later during the interview, the interviewee also has to recall the 
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heard words once again. Summarizing the immediate and the delaying recall test 

points through all the three waves, average of the number of recall words is taken 

and the author created a Memory Score which can have values between 0 and 20 

points (the perfect recall), this Memory Score variable is identical to the memory 

score as Rohwedder and Willis (2010) or Banks and Mazzonna (2012) use in their 

studies.  

Another module used is the Demographics part of the SHARE data. This part 

contains information on education, highest educational degree achieved, the years of 

education, year of birth, gender and etc.  I restricted the data based on birth year, my 

dataset include everybody who was born before 1961. Figure 1 presents the 

distribution of year of birth in the SHARE Data. The 4th wave of SHARE data 

surveyed in 2010/2011, and I wanted to restrict my analysis for the 50 year old and 

older population.  

 

Figure 1 Distribution of year of birth 



C
E

U
eT

D
C

ol
le

ct
io

n

 
6 

In all the waves of SHARE data education coded in accordance with the 1997 

International Standard Classification of Education (ISCED 97). In the 2nd and 4th 

waves the number of years of education is asked directly from the participants also. 

In the 1st wave of SHARE the number of years of education are not asked directly, 

but they were derived using the ISCED 97 code for the highest educational level 

achieved. This method is not the most accurate measurement of the factual number 

of years of education. To overcome this problem in the forthcoming waves the 

number of years of education was asked.  

I differentiate two samples. I use the full sample, and a subsample. The 

subsample was created based on the number of years of education. My assumption 

is that increasing the compulsory years of education is mostly affected the lower 

educated groups who would have been otherwise finished their education earlier. 

The subsample contains everybody who has less than 13 years of education. This 

subsample selection criteria is responsible to filter out people with college or 

university degree. This subsample should include people who increased their 

number of years of education, and raised their cognitive capabilities since the reform 

affected their choice of schooling. 

 

Compulsory school reforms in Europe 

Compulsory school reforms have an exogenous effect on the number of years 

of education. It should affect the students who are on the margin of the compulsory 

educational level. This is the lower end of the distribution of years of education.  

I examined several papers which uses compulsory school reforms to identify 

an effect on health; fertility, mortality, wages and etc.  
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My research is based on the reform identified in Forth (2006), Brunello et al. 

(2009) and Gathmann et al (2012) studies. These three papers give detailed and 

well-presented information on compulsory schooling reforms in European countries. 

In my analysis I left out the reforms implemented before the 2nd World War, I also did 

not take into account the reforms which reduced compulsory education (Greece 

between 1967-1974) and I did not considered reforms which were not implemented, 

or which were partially implemented in the country (Germany is a good example 

because it was fragmented due to the final peace settlement after the 2nd World 

War). I also left out reforms where the first potentially affected birth cohort would be 

born after 1961, since in the SHARE data there is not enough observations for them.  

Table 2 presents the compulsory education reforms analyzed in the thesis. 

The table is based on Fort (2006), Brunello et al. (2009) and Gathmann et al. (2012) 

information on the compulsory schooling reforms in Europe.  

Table 2 Countries and reforms considered in the analysis 

Country 
Date of 
reform 

Compulsory 
YOE before 

reform 

Compulsory 
YOE after 

reform 

Change in 
the 

compulsory 
YOE 

Potentially 
affected 

first birth 
cohort 

Austria 1962 8 9 1 1953 

Denmark 1958 4 7 3 1948 

Denmark 1971 7 9 2 1957 

France* 1959 8 10 2 1953 

Greece 1964 6 9 3 1952 

Italy 1963 6 9 3 1949 

Spain 1970 6 8 2 1957 

Sweden** 1962 7 or 8 9 1 or 2 1950 

The Netherlands 1975 9 10 1 1959 

*France 1959 Reform implemented in 1967 

**Swedish reform was implemented step by step between 1949-1962 
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The table describes the date of the reforms; the potentially affected first birth 

cohorts/cut-off dates in the relevant countries, and also gives the years of 

compulsory education (YOE) before and after the reform. Based on Fort (2006); 

Brunello et al. (2009) and Gathmann et al. (2012) studies I identified the potentially 

affected first birth cohorts. In the paper I will present only one cut-off point for each 

reform. 

I restricted the samples for 3 years before and after the cut-off date for the 

potentially affected birth cohorts and I filtered out people who have dementia. Table 

3 shows the mean and standard deviation of memory scores and the number of 

years of education for the full sample, and the earlier mentioned subsample (under 

13 years of education).  

Table 3 Mean and standard deviation of memory score and number of years of education by 
gender around the cut-off date (Own estimation done in Stata using SHARE Data) 

 
Males Females 

 
Mean S.D. Mean S.D. 

Full sample 
    

Education 11.44 4.21 11.02 4.12 

Memory 9.65 3.04 10.30 3.16 

N 3584  4532 

Less then 13 years of education 
   

Education 8.90 2.73 8.70 2.85 

Memory 9.07 2.99 9.67 3.09 

N 2242 2970 

 

The data shows that the average year of education for males is bigger than 

for females about 0.2-0.4 years for the full and the subsample. Females performed 

about 0.6-0.7 points better than males on the cognitive test of recalling the words 

immediately and delayed for all the samples. 
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3. Empirical Strategy, Estimation Results 

I am after the effect of whether compulsory schooling reforms increase the 

years of education and the cognitive performance in old ages.  

Compulsory school reforms can view as exogenous shocks or natural 

experiments. This exogeneity comes from the fact that the schooling reforms are 

introduced after the cohorts were born and around the cut-off date it requires 

students to stay longer in schools until they fulfil the law. It requires individuals born 

after the cut-off date to attend school longer than students born before the threshold 

value. This identification strategy is close to the one that Angrist and Krueger (1991) 

used in their paper to identify the effect of education and earnings, they used 

compulsory school attendance differences in educational level, and the season of 

birth as an instrumental variable. 

Probably there are unobserved factors affecting the choice of educational 

attainment which are correlated with cognitive abilities. To overcome this problem I 

use compulsory schooling reforms as exogenous variation in the educational 

attainments. Therefore compulsory schooling reforms should have an effect on 

education (1st stage) and through the increased educational attainment it should 

raise memory scores (2nd stage).  

In the analysis I compare cohorts born before and after the compulsory 

schooling reform along the following properties: years of education and memory 

scores (cognitive function). I use a 3-year window as Walker and Zhu (2008) did in 

their study when they compared the pre-expansion cohort with the post expansion 

cohort to estimate college premium difference due to the expansion of higher 

education.  
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The simplest comparison is to compare the mean value of education and 

memory for these cohorts around the threshold. But there are problems with this 

comparison. First of all, there is a trend in education and also in cognitive 

performance. Raymond Cattel differentiated cognitive abilities to two parts: fluid 

intelligence and crystallized intelligence. Horn and Cattel (1967) defined fluid 

intelligence as  

“the ability to perceive relationships independent of previous specific practice or 

instruction concerning those relationships”. 

Fluid intelligence is the ability of abstract, logical thinking and problem solving 

in dependently from acquired knowledge. Meanwhile crystalized intelligence is the 

ability to use previously acquired knowledge, skills and experience (Horn and Cattel, 

1967). It is the stock of knowledge and memory of an individual acquired. 

Fluid intelligence is monotonically decreasing with age; meanwhile crystalized 

intelligence increases with age for some point and becomes stable or declines a little 

bit (Cattel, 1987; Salthouse 2005; Salthouse 2008; Agarwal et al., 2009; Salthouse 

2012). Memory performance does not belong to fluid or crystalized intelligence, but 

in terms of its nature, memory performance is very closely related to fluid intelligence 

(see e.g., Agarwal et al. (2009) Figure 2. presents that memory performance is 

monotonically decreasing with age, as fluid intelligence). Older people generally 

have more problems with their health, and the probability of dementia is also 

increasing with age, which causes decline in cognitive performance. To handle this 

problem, in the analysis I restricted my observations for individuals who are not 

demented. 



C
E

U
eT

D
C

ol
le

ct
io

n

 
11 

 Less educated people tend to live less than higher educated people, and 

through to this health/mortality channel there should be an increase in age-education 

and age-cognitive abilities profiles. There is a selection in mortality, which is 

connected with educational attainment, job tenure and cognitive function. 

My comparison uses regression analysis and graphical analysis to compare 

individuals both sides of the compulsory schooling affected cohort.  Regression 

discontinuity analysis allows to control for the trend in education, and to have 

different slope on both sides near the cut-off date. My main interest is to show if 

there is any statistically significant difference between the cohorts who are affected 

or not affected by the compulsory schooling reform. If they differ, we should see a 

significant first stage, where there is a shift in the years of education and this first 

stage may implies an increase in cognitive abilities. 

Table 4 shows the mean comparison for memory score and educational 

attainment for the full sample and the subsample 3 year around the cut-off date. I 

used the t-test to compare the means for the memory score and the number of years 

of education.  

Table 4 Mean memory score and number of year of education comparison by gender (Own 
estimation in Stata using SHARE Data) 

  
Males 

  
Females 

 

 
Before After P value Before After P value 

Full sample         
  Education 11.24 11.64 0.0041 10.70 11.31 0.0000 

Memory 9.52 9.78 0.0093 10.08 10.51 0.0000 

N 1484 2100 
 

2174 2358 
 Less then 13 years of 

education         
  Education 8.74 9.05 0.0062 8.45 8.95 0.0000 

Memory 8.95 9.19 0.0630 9.44 9.89 0.0001 

N 1131 1111 
 

1466 1501 
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The number of years of education is bigger for females who were born after 

the cut-off date. According to the t-test p values; there is a significant difference for 

educational attainment around the cut-off date for males too. For the full sample we 

could see for both genders that the mean of the memory score is higher for those 

who were born in the 3 years after period than those who were born in the 3 years 

before the reform affected cohorts (cut-off) date. I can reject the null hypothesis of 

equality of means. The educational attainment and memory scores are significantly 

higher at 5 % level for females and males in the full sample for the reform affected 

birth cohorts.  

For the subsample that does not have a university or college degree (who has 

less than 13 years of education) for males there is a significant difference in 

educational attainment. I can reject the null hypothesis at 5 % level (equality of 

means) for number of years of education for males, but I cannot reject the null 

hypothesis at 5 % level (equality of means) for the memory score. For females I can 

state that after the cut-off date both the memory score and the years of education 

are significantly higher than before the cut-off birth cohort. These rows show that 

those who were born after the cut-off date performed better on the cognitive memory 

test, and also had higher number of years in school for females.  

It is important to mention that cognitive abilities decline with age, and 

therefore is it not a surprise that the younger group, those who were born after the 

reform had better test scores. In the meantime it should be true for females and 

males, but I cannot see any significant difference in the effect on memory score for 

males, who have less than 13 years of education. This is rather puzzling, but further 

on, the regression estimates show if there is any effect on them. 
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Country pooled estimations 

I estimated the effect of reform on the memory score and on the years of 

education with the following regressions around the cut-off birth date 

                                                                  (1) and 

                                                             (2) 

In the (1) equation the dependent variable is the number of years of schooling 

an individual have. The dependant variable in the (2) equation is the average of the 

number of recall words in the cognitive function module in SHARE data. I averaged 

out the 1st 2nd and 4th wave memory recall scores. The regressions include       , 

which is a dummy variable takes the value 1 if individual i was born in the potentially 

reform affected birth cohort or after. The        variable is 0 if the individual was 

born before the potentially affected birth cohort.          measures the difference 

between the potentially affected birth cohorts and individual i birth year. The variable 

            is the multiplication of reform and distance variable. Both in equation (1) 

and (2) regressions are pooled across countries and estimated for people without 

dementia, for the full sample and for the restricted sample. 

My main interests are the coefficients of the reform: on education   , and on 

memory scores   . The expectation is that the reform has a positive effect on 

education and memory scores, so    and    are positive. It would mean that the 

compulsory schooling reform has a positive effect on the educational attainment and 

also on memory performance. On the graphs it should look like there is a shift in the 

years of education and also in memory scores. The coefficient of the distance    and 

   will control for the trend. The interaction coefficients would give the slope right to 

the reform affected cohorts on the graphs. 
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Table 5 shows the number of observations around the cut-off birth cohort for 

every country. We can see the number of observations for each country 3 years 

around the potentially affected birth cohorts are between 200-1400 depending on 

which sample selection we use.  

Table 5 The number of observations around the cut-off birth cohort for every country 

Country 
Date of 
reform 

Potentially 
affected first 
birth cohort 

Number of observations 

Full Sample 
Under 13 
years of 

education 

Austria 1962 1953 1250 964 

Denmark 1958 1948 791 314 

Denmark 1971 1957 817 234 

France* 1959 1953 1476 970 

Greece 1964 1952 945 659 

Italy 1963 1949 1080 800 

Spain 1970 1957 659 479 

Sweden** 1962 1950 777 460 

The Netherlands 1975 1959 448 208 

*France 1959 Reform implemented in 1967 

**Swedish reform was implemented step by step between 1949-1962 

 

Theoretically if the numbers of observations are increasing then the estimated 

standard errors are decreasing and the regression estimates give more precise 

coefficients. With larger number of observations, the estimated coefficients would 

approximate more accurately the theoretical value of the compulsory schooling 

reform effect on education and memory. The small number of observations in every 

country can influence the significance level of the regression estimates. 

In the following I will present the regression estimates for the (1) and (2) 

equation. 
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Table 6 shows the country pooled regression estimates on the number of 

years of education. In the subsample of less than 13 years of education the 

compulsory reform has a positive and significant effect on educational attainment, on 

average after the reform the number of years of education increased by 0.481 years. 

The mean number of education who has less then 13 years is 7.55 years and the 

standard deviation is 3.45 years. The magnitude of the reform on education is 0.481 

years, which is about 14 % of the standard deviation. This magnitude is about the 

same as being younger by 4-5 years. 

Table 6 Pooled regressions OLS estimations on Education 3 years around the cut-off date  

 

Table 7 shows by gender the same estimations on education for the full and 

the restricted samples. Compulsory schooling reform has a significant positive effect 

on the number of years of education for females, who have less than 13 years of 

education. The average difference between the reform affected and not affected birth 

cohorts is 0.568 years of education. The mean number of education for females, who 

has less then 13 years of education is 7.4 years, the standard deviation is 3.51 

years. The magnitude of the reform effect on females who has less then 13 years of 
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education is 16% of the standard deviation. This magnitude is equivalent about being 

younger by 6 years. 

Table 7 Pooled regressions OLS estimation on Education 3 years around the cut-off date 

 by gender  

 

Table 8 shows the country pooled regression estimates on memory score. 

The compulsory reform has a positive but statistically not significant effect on both 

samples. The table shows a difference about 0.232 points on average, between the 

reform affected and not affected birth cohorts for less than 13 years of education. 

However because the estimated effect is not statistically significant we could not 

state that there is a significant effect on memory for the ones who have less than 13 

years of education. 
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Table 8 Pooled regressions OLS estimation on Memory 3 years around the cut-off date  

 

Table 9 shows by gender the same estimations for the two samples. In the 

subsample of less than 13 years of education the reform has a positive, but 

statistically not significant effect for females on the memory score on average 0.272 

points.  It is the memory score difference between the compulsory school reforms 

affected and not affected female birth cohorts.  

Table 9 Pooled regressions OLS estimation of Memory 3 years around the cut-off date  

by gender 
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Table 7 shows that there is a positive and significant effect on education 

attainment for females, and with the results from Table 9, there is also a positive but 

statistically not significant effect on memory for females who have less then 13 years 

of education. 

Based on the memory and education estimations I can give a two stage least 

square estimate on the effect of education on memory scores for females under 13 

years of education. The Wald estimator is the ratio of the effect of compulsory 

schooling reform on memory score and the effect on educational attainment.  

     

     
      

It means on average for females who have less then 13 years of education, 

one more year of education imply a 0.48 points increase on memory scores. Table 

10 presents the two stage least square (2SLS) estimator, which gives the same point 

estimate, and also shows the standard error. Based on the results I emphasize that I 

cannot reject the null hypothesis that the Wald estimator is zero, although the 

calculated effect is positive. 

Table 10 2SLS estimation of Memory 3 years around the cut-off date for females 
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In the country-by-country analysis I estimate the regressions by gender, and 

also create the graphs by gender, to have the opportunity to compare the difference 

between males and females. 

 

Graphical and regression analysis of discontinuity around the cut-off date country 

by country 

In this section I present figures and regression estimates, which show the 

relation of memory score/birth cohorts and educational attainment/birth cohorts. I 

restrict my analysis to 3 years before and 3 years after the cut-off date for each 

country. Each figure is designed as the following way. In all figures the vertical black 

line shows the potentially affected first birth cohort of the compulsory school reform. 

Either side of the vertical line, there are the generated points from the sample, which 

represent the mean memory score or mean number of years of education for quarter 

of birth cohorts. If there is an effect of increasing years of compulsory schooling on 

memory score and educational attainment, we should see the discontinuity around 

the cut-off birth cohort. 

The graphs relates to the regression equations: 

                                                                  (1) and 

                                                             (2) 

If the coefficients of the reform dummy    on education and    on memory 

scores are positive it means that the graphs should show a positive jump/shift at the 

cut-off birth cohort in the years of education and memory scores. If the coefficients of 

the distance variables are positive, it means there is a negative trend in education, 
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and memory scores. It is because the graphs show date of birth on the x axis, so that 

an increasing trend in terms of distance means a decreasing trend in terms of date of 

birth to the left in terms of the x axis, while it means an increasing trend in terms of 

birth to the right in terms of the x axis. On the graph the slope to the right of the cut-

off point will be determined by the sum of         for education, and        for 

memory scores. 

My main interest is whether the compulsory schooling reforms have an effect 

on education and memory performance. This section also presents, that my 

estimates are not driven by one country.   

 

Austria  

In Austria the 1962 reform increased the compulsory schooling from 8 to 9 

years and the according to Brunello et al. (2009) and Fort (2006) the compulsory 

school reform affected the 1947 birth cohort. In contrast Gathmann et al. (2012) 

states that the first cohort affected by the reform were born in 1953. In the analysis 

the graphs and regressions are estimated for 1953 as a cut off birth date. 

Figure 2 and 3 show the graphs on educational attainment and memory 

scores. It looks like the first stage effect on education is not big; on the other hand 

there might be some effect on memory performance for both genders. 
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Figure 2 Effect of 1962 reform in Austria on Education around the 1953 birth cohort 

 

 

Figure 3 Effect of 1962 reform in Austria on Memory around the 1953 birth cohort 
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Gathmann et al. (2012) states that the first cohort affected the reform were 

born in 1953. I also run the same regression for this cohort on memory and 

education and Table 11 shows that the compulsory schooling reform doesn’t have 

any significant effect on memory score or education neither for the full sample or the 

restricted samples.  

Table 12 and Table 13 present the calculated effect of the compulsory 

schooling reform by gender; the effect of compulsory schooling was positive but 

statistically not significant on education and neither significant on memory scores 

neither for the full or the restricted sample. 

 

Denmark 

In Denmark the 1958 reform increased the compulsory schooling from 4 to 7 

years and according to Fort (2006) the compulsory school reform affected the 1948 

birth cohort.  

In Denmark the next reform in 1971 increased the number of years of 

compulsory schooling from 7 to 9 years. According to Brunello et al. (2009) and Fort 

(2006) the first reform affected cohort born in 1957. Fort (2006) also control for 1961 

cohort, because Arendt (2005) argues for that the implementation of the reform took 

place in 1975, so the affected birth cohort born in 1961. Unfortunately my dataset 

does not have individuals born in the 1960`s, so I cannot control for Arendt (2005) 

assumption. 

The following Figure 4-5 show the memory score and the educational 

attainment around the 1948 cut-off date for the 1958 reform in Denmark.  
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Figure 4 Effect of 1958 reform in Denmark on Education around the 1948 birth cohort 

 

 

Figure 5 Effect of 1958 reform in Denmark on Memory around the 1948 birth cohort 
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From the Figures 5-6 we could see that there might be some effect on female 

memory scores, but this is not due to the compulsory schooling reform since there is 

no significant increase in the educational attainment after the first potentially affected 

birth cohort. 

Table 14 presents the regression estimation results on education attainment 

assuming that the 1958 compulsory schooling reform affected the cohort born in 

1948. We can see that compulsory schooling reform doesn’t have any significant 

effect on the years of education neither for the full sample or the restricted sample. 

Table 15 presents the regression estimation results on memory assuming that 

the first reform affected the cohort born in 1948. We can see that the compulsory 

schooling reform doesn’t have any significant effect on memory score neither for the 

full sample or the restricted sample. 

Table 16 and 17 present the estimated the effect of the 1958 compulsory 

schooling reform separately for females and males on memory and education. From 

Table 16 we could see for males there is no significant effect of the reform neither 

for the educational attainment or the memory score for the whole sample. 

Interestingly for the subsample: under 13 years of education, there is a negative 

weakly significant effect of the reform on educational attainment. But in this case we 

could not see any significant effect on memory score. Table 17 presents the 

estimations for females. We could state that the 1958 compulsory schooling reform 

does not have any significant effect on education attainment or memory score 

neither for the full sample or the restricted subsample. 

The following Figure 6 and 7 show the memory score and the educational 

attainment for the 1971 reform affected birth cohort born in 1957.  
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Figure 6 Effect of 1971 reform in Denmark on Education around the 1957 birth cohort 

 

 

Figure 7 Effect of 1971 reform in Denmark on Memory around the 1957 birth cohort 
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From the Figures 6-7 we could see that there might be some effect on male 

and female memory scores, but this is not due to the compulsory schooling reform 

since there is no significant increase in the educational attainment after the first 

potentially affected birth cohort. 

Tables 18-19 present the regression estimation results on education 

attainment and memory assuming that the 1971 reform affected the cohort born in 

1957. There is positive but not significant effect of the reform on educational 

attainment for both samples. For the memory scores there is no significant effect of 

the reform on cognitive capabilities for neither of the samples. 

The next two tables Table 20 and Table 21 show the effect of the 1971 

compulsory schooling reform around the 1957 birth cohort separated by gender on 

educational attainment and memory scores. 

We could state that the 1971 compulsory schooling reform does not have any 

significant effect on educational attainment or cognitive capabilities on males. It has 

a positive but not significant effect on the subsample for males who have less then 

13 years of education. 

For females the reform does not have any significant effect on educational 

attainment or memory performance for the full sample. The reform has a positive but 

not significant effect on the under 13 years of education subsample. 
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France 

In France the 1959 Berthoin reform2 increased the compulsory schooling from 

8 to 10 years. The potentially first affected birth cohort was born in 1953 according to 

Fort (2006), Brunello et al. (2009) and Gathmann et al. (2012). 

The following Figure 8 and 9 show the memory score and the educational 

attainment around the 1953 birth cohort in France. 

 

Figure 8 Effect of 1967 Reform in France on Education around the 1953 birth cohort 

 

From the Figure 8-9 it looks like the compulsory schooling reform has a 

positive effect on the educational attainment both for males and females. It also 

                                            

2 The reform was implemented in 1967 according to Fort (2006) 
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looks true that the compulsory schooling reform has a positive impact on memory 

scores for both genders. 

 

Figure 9 Effect of 1967 Reform in France on Memory around the 1953 birth cohort 

 

The regression estimation results show that the reform has not got a 

significant effect on the full sample neither for the educational attainment or the 

memory performance. For the restricted sample we could see that the reform might 

have a positive, but not significant effect on the years of education and memory 

scores. 

From Table 23 we could state for males the compulsory schooling reform 

does not have a significant effect on education or memory scores for both samples. 

For females the results are a little bit confusing. From Table 24 for the full 

sample of females it looks like that the compulsory schooling reform has a significant 
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negative effect on educational attainment. Also the effect of the reform on memory 

performance also has a negative, but not significant effect. For the subsample effect 

of the reform looks positive, but not significant on the dependent variables. 

 

Greece 

In Greece the 1964 reform increased the compulsory schooling from 6 to 9 

years. The potentially first affected birth cohort was born in 1952 according to Fort 

(2006). 

The following Figure 11 and 12 show the memory score and the educational 

attainment around the 1952 birth cohort in Greece. 

 

Figure 10 Effect of 1964 Reform in Greece on Education around the 1952 birth cohort 
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Figure 11 Effect of 1964 Reform in Greece on Memory around the 1952 birth cohort 

The figures show that there is a slight increase in the years of education both 

for males and females. The memory score figure plots a big increase after the cut-off 

date for both genders. Nevertheless, the regression results do not show this 

connection. 

Table 25 presents the regression estimations. The results show that the 

compulsory schooling reform does not have a significant effect on educational 

attainment or memory scores. 

Table 26 and 27 shows the estimation results by gender, and the effect of the 

reform in these cases are not statistically significant neither on education nor on 

memory.  
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Italy 

In Italy the 1963 reform increased the compulsory schooling from 6 to 9 years. 

The potentially first affected birth cohort was born in 1949 according to Brunello et al. 

(2009) and Gathmann et al. (2012). Fort (2006), states that the potentially reform 

affected birth cohort was born between 1949-1957. In my analysis I will analyse the 

effect of the reform around the 1949 birth cohort. 

Figure 12 and 13 show the average years of education and memory scores 

around the potentially reform affected birth cohort. The graphs clearly show that 

there is an increase after the reform affected birth cohort in the educational level and 

memory scores both for males and females. This increase is bigger for females 

according to the graphs. 

Table 28 shows the estimation results from the regression analysis. The 

estimated coefficients on education and memory have a positive sign, which is 

consistent with the graphical analysis, but the effect of the reform is not statistically 

significant neither for the educational attainment nor for the memory scores. 
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Figure 12 Effect of 1963 Reform in Italy on Education around the 1949 birth cohort 

 

Figure 13 Effect of 1963 Reform in Italy on Memory around the 1949 birth cohort 

Table 29 and 30 present the estimation results from the regression analysis 

by genders. In these cases the estimated coefficients on education and memory also 
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have a positive sign, which is consistent with the graphical analysis and with the 

expectations, but the effect of the reform is not statistically significant for males or 

females neither for the educational attainment nor for the memory scores. 

 

Spain 

In Spain the 1970 reform increased the compulsory schooling from 6 to 8 

years. The potentially first affected birth cohort was born in 1957 according to Fort 

(2006), Brunello et al. (2009) and Gathmann et al. (2012). 

 

Figure 14 Effect of 1970 Reform in Spain on Education around the 1957 birth cohort 
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Figure 15 Effect of 1970 Reform in Spain on Memory around the 1957 birth cohort 

 

From the Figure 14 and 15 on educational attainment and memory scores we can 

conclude, that the average years of education increases after the cut-off birth date 

both for males and females. It is also true that the cognitive abilities are better -

memory scores are higher; for the cohorts born after 1957.  

Table 31 presents the estimation results for the full and the restricted sample. 

The effect of the compulsory schooling reform is not significant for both samples. For 

the restricted sample the magnitude of the effect is consistent with the expectation, 

positive but not significant. 

Table 32 and 33 present the estimation results by gender. The effect of the 

compulsory schooling reform on education or memory score is not significant neither 

for males or females. For the restricted sample the magnitude of the effect on 
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education and memory scores is consistent with the expectation, positive but not 

statistically significant. 

 

Sweden 

In Sweden the compulsory schooling reform was implemented step by step 

between 1949-1962 (Meghir and Palme, 2005). The compulsory schooling years 

were increased up to 9 years. The potentially first affected birth cohort was born in 

1949 according to Fort (2006), Brunello et al. (2009). Gathmann et al. (2012) states 

that the first potentially effected birth cohort was born in 1950. 

The following part is calculated, as the first reform affected birth cohort was 

born in 1950 in Sweden. Figure 16 and 17 present the effect of the compulsory 

schooling reform around the 1950 birth cohort. It looks like compulsory schooling 

reform has an effect on educational attainment for both genders. After the reform 

affected birth cohort, the years of education are bigger than before both for males 

and females. For the memory scores there is an effect also, but mostly on males. 
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Figure 16 Effect of 1962 Reform in Sweden on Education around the 1950 birth cohort 

 

 

Figure 17 Effect of 1962 Reform in Sweden on Memory around the 1950 birth cohort 
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Table 34 presents the estimates for the full and restricted sample. There is no 

significant first stage effect on education, and the effect of compulsory schooling 

reform is also not significant on memory performance. 

From the Figures 16 and 17, it looks like there might be a significant effect on 

education and memory for males. Let`s take a closer look on the regression 

estimates. The estimated coefficients are not in line with the expectations. The 

results in Table 35 show that the compulsory schooling reform does not have a 

significant effect on educational attainment or cognitive abilities for males. 

Table 36 presents the regression estimates for females. For the full sample 

the effect of the compulsory schooling reform is not statistically significant neither for 

educational attainment nor for memory scores. For the restricted sample the effect of 

the reform is positive and significant on the years of education. Nevertheless the 

effect on memory scores is positive and significant for females who have less than 

13 years of education. 

 

The Netherlands 

In the Netherlands the 1975 compulsory schooling reform increased the 

compulsory years of education from 9 to 10 years. The potentially first affected birth 

cohort was born in 1957 according to Fort (2006), Brunello et al (2009), and 

Gathmann et al. (2012). 

In the figures there are missing observations on males, since the SHARE 

Data contains individuals who were born before 1961. For females the observations 

are not missing, because most likely they are the younger partners of older 
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husbands. But due to this problem, the results should be interpreted with caution. 

From the Figures 18 and 19, it looks like there might be a slight increase for females 

in the years of education after the cut of point. In terms of the memory scores there 

is an increase for woman. For males we cannot say with certainty that the 

compulsory schooling reform has a positive impact on the years of education and the 

memory performance.  

 

Figure 18 Effect of 1975 Reform in The Netherlands on Education around the 1959 birth cohort 
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Figure 19 Effect of 1965 Reform in The Netherlands on Memory around the 1959 birth cohort 

Table 37 presents the regression estimation. The results are controversial, it 

look like that the compulsory schooling reform has a negative effect on the 

educational attainment. The compulsory schooling reform has a negative but not 

significant effect on memory performance too. Table 38 and 39 present the 

regression estimates by genders. The results show that the compulsory schooling 

reform has a negative but not significant effect on educational attainment and 

memory scores for males and females. 

Robustness checks 

I estimated the regressions and plot the graphs to show that, the results are 

not driven by one country or by few countries. Table 5 showed that the numbers of 

observations are not large, and this could lead that my coefficient estimates on 

education and memory scores are not statistically significant. On the other hand, 

most of the estimated coefficients   on education and    on memory have the same 



C
E

U
eT

D
C

ol
le

ct
io

n

 
40 

positive sign and similar magnitudes, which are consistent with the theory and also 

with the country pooled estimates.  

With respect to the environment around the cut off birth cohort I examine 

broader intervals with 4-7 years around the first potentially reform affected birth 

cohort. The estimations were similar to the 3 year before after period, which i use in 

the first place. 

 

4. Conclusions 

In this paper, I use data from the Survey of Health, Ageing and retirement In 

Europe dataset to examine the effect of compulsory schooling reforms in Europe on 

educational attainment and cognitive abilities. My work fits in the topic of economics 

of education. To be more precise in my thesis I wanted to examine the return on 

education on cognitive abilities. I use a similar model as Banks and Mazzonna 

(2012) used in their analysis they estimated the compulsory schooling reform effect 

in England on cognitive abilities. I also use compulsory schooling reforms; the 

reforms allow me to compare birth cohorts born before and after the reform affected 

birth cohort. I compare the cohorts’ mean with simple T-test, and with more precise 

estimate as regression discontinuity design. 

The main results are the following: the country pooled regression estimates 

show that the compulsory schooling reforms have a statistically significant effect on 

education, and have a positive but statistically not significant effect on memory (most 

likely due to not enough observations). The effect of compulsory schooling reforms 

on education attainment is about 0.4-0.5 years of additional education. Compulsory 
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schooling reforms have significantly increased females’ educational level. This study 

is not designed to explore why this is the case, but it is true that the average level of 

education is lower for females in my sample. My assumption is that compulsory 

schooling reforms has effect on the less educated part of the distribution in the 

sample. Still there is a puzzle why the reforms don’t have significant positive effect 

on males’ education. 

The results on memory are not fully conclusive. Compulsory schooling reform 

most likely has positive impact on cognitive abilities also, but my estimations cannot 

underlie it with the regular significance levels.  

The country-by-country graphical and regression analysis show that the 

compulsory schooling reforms have similar effects in every country, and the 

estimated effects have similar magnitudes on education and memory performance.  

The scope of my analysis is clearly defined, but it would be worth to consider 

the possible channels that have influence on females’ education and cognitive 

performance, but does not have impact on males. 
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Appendix 

 

Austria 1962 Reform 

Table 11 OLS estimations in Austria on Education and Memory 3 years around the 1953 birth 
cohort 

 

Table 12 OLS estimations in Austria on Education and Memory 3 years around the 1953 birth 
cohort for Males 
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Table 13 OLS estimations in Austria on Education and Memory 3 years around the 1953 birth 
cohort for Females 
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Denmark 1958 Reform 

 

Table 14 OLS estimations in Denmark on Education 3 years around the 1948 birth cohort 

 

Table 15 OLS estimations in Denmark on Memory 3 years around 1948 birth cohort 
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Table 16 OLS estimations in Denmark on Education and Memory 3 years around 1948 birth 
cohort for Males 

 

Table 17 OLS estimations in Denmark on Education and Memory 3 years around 1948 birth 
cohort for Females 
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Denmark 1971 Reform 

Table 18 OLS estimations in Denmark on Education 3 years around the 1957 birth cohort 

 

Table 19 OLS estimations in Denmark on Memory 3 years around the 1957 birth cohort 

 



C
E

U
eT

D
C

ol
le

ct
io

n

 
50 

Table 20 OLS estimations in Denmark on Education and Memory 3 years around the 1957 birth 
cohort for Males 

 

Table 21 OLS estimations in Denmark on Education and Memory 3 years around the 1957 birth 
cohort for Females 
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France 1959 Berthoin reform 

Table 22 OLS estimations in France on Education and Memory 3 years around the 1953 birth 
cohort 

 

Table 23 OLS estimations in France on Education and Memory 3 years around the 1953 birth 
cohort for Males 
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Table 24 OLS estimations in France on Education and Memory 3 years around the 1953 birth 
cohort for Females 
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Greece 1964 Reform 

Table 25 OLS estimations in Greece on Education and Memory 3 years around the 1952 birth 
cohort 

 

Table 26 OLS estimations in Greece on Education and Memory 3 years around the 1952 birth 
cohort for Males 
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Table 27 OLS estimations in Greece on Education and Memory 3 years around the 1952 birth 
cohort for Females 
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Italy 1963 Reform 

Table 28 OLS estimations in Italy on Education and Memory 3 years around the 1949 birth cohort 

 

Table 29 OLS estimations in Italy on Education and Memory 3 years around the 1949 
 birth cohort for Males 
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Table 30 OLS estimations in Italy on Education and Memory 3 years around the 1949 
 birth cohort for Females 

 

  



C
E

U
eT

D
C

ol
le

ct
io

n

 
57 

Spain 1970 Reform 

Table 31 OLS estimations in Spain on Education and Memory 3 years around the 1957 
 birth cohort 

 

Table 32 OLS estimations in Spain on Education and Memory 3 years around the 1957 
 birth cohort for Males 
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Table 33 OLS estimations in Spain on Education and Memory 3 years around the 1957 
 birth cohort for Females 

 

  



C
E

U
eT

D
C

ol
le

ct
io

n

 
59 

Sweden 1962 Reform 

Table 34 OLS estimations in Sweden on Education and Memory 3 years around the 1950 
 birth cohort 

 

Table 35 OLS estimations in Sweden on Education and Memory 3 years around the 1950 
 birth cohort for Males  
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Table 36 OLS estimations in Sweden on Education and Memory 3 years around the 1950 
 birth cohort for Females 
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Netherlands 1975 Reform 

Table 37 OLS estimations in The Netherlands on Education and Memory 3 years around the 1959 
 birth cohort 

 

Table 38 OLS estimations in The Netherlands on Education and Memory 3 years around the 1959 
 birth cohort for Males 
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Table 39 OLS estimations in The Netherlands on Education and Memory 3 years around the 1959 
 birth cohort for Females 
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