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The necessity to refocus health policy from health care services to a broader base of determinants of population health which lie outside health care system is already recognised (Deaton, 2002) and therefore conclusive evidence on determinants of health outside health care system and their magnitude is essential. Although the strong associations between more education and lower mortality had given ground to argue for education policy as a part of health policy (Gwatkin, 1982) it was not enough to justify economic and political decisions. Conclusive evidence on causal effect in the education-health association would provide certainty and help to make better decisions on resource allocation towards health services or education since it is already recognised that determinants of health also lie outside the health sector (Deaton, 2002). 

Although education is a strong correlate of health regardless of choice of proxy for health (Van Kippersluis et al., 2009, Oreopoulos, 2003, Elo and Preston, 1996), determining causal effect has been and still remains a challenge due to the problems tackling the reverse causality. On the one hand education attainment could determine individual’s health, on the other it could very well be that individual’s health in childhood could determine educational attainment. A third alternative suggests that the relationship between the two is determined by other factors to which both are associated. Identification of a causal pathway or lack of it between education and health has societal importance because knowledge of a determinant, the direction and magnitude of its effect is a powerful tool to improve policy decisions. Along with enhanced capacity to make future policies, an understanding of the causal mechanism allows a more precise and comprehensive evaluation of the effects of current and past education and health policies.
Currently the empirical evidence is mixed and therefore inconclusive. There are studies which suggest that health determines educational attainment by reporting that bad poor childhood health and low birtweight has negative effect on schooling later on (Behrman and Rosenzweig, 2004, Case et al., 2005), but findings are challenged by Cutler and Lleras-Muney (2006). There is also a growing body of evidence which supports the causal pathway from education on health (Grossman, 2004, Cutler and Lleras-Muney, 2006). A recent trend in the literature is drawing evidence from analysis of schooling reforms in the U.S. (Lleras-Muney, 2002, Adams, 2002), Denmark (Arendt, 2005, 2008), Sweden (Spasojevic, 2003), the Netherlands (Van Kippersluis et al., 2009), and the U.K. (Silles, 2009, Clark and Royer, 2008). Although the results from schooling reforms are believed to be source of strong evidence (Grossman, 2004), there is variation in the results. While Silles (2009) reports a significant positive effect from the reform to schooling in the UK, Clark and Royer (2008) fail to find a causal effect on health from the same reform. 

There is also mixed evidence regarding the mechanisms through which education may influence health production. Studies of Grossman (2006) and Kenkel (1990) report evidence that supports the allocative efficiency hypothesis while Cutler and Lleras-Muney, 2006 point towards allocative efficiency hypothesis. The purpose of this study is to investigate whether education has an effect on health behaviours. According to the allocative efficiency in health production hypothesis (Grossman 2006) the more educated alter their behaviour in a way which results in better health. This paper firstly attempts to replicate Silles (2009) findings on the effect of schooling reform on self-reported health using the UK General Household Survey data to infer causal pathway from education to health. Secondly it adds to the current literature in the field by further exploring whether similar patterns exist in health-related behaviours: smoking, drinking, and physical activities. Finding similar disparities in health behaviours would confirm the allocative efficiency hypothesis whereas lack of it would give more plausibility to production efficiency models and therefore would contribute to the existing research in the causal effect mechanisms. While Clark and Royer (2008) explore smoking and body mass index behaviour patterns by education, according to author’s knowledge, drinking and exercise behaviours have not been previously examined in the UK population.

Currently most of the studies use instrumental variables (IV) method to solve the endogeneity problem with education and health implied by their reverse causality (Adams, 2002, Arendt, 2005, Spasojevic, 2010, Grossman, 2006). The study also contributes to the existing empirical evidence by applying the method of regression discontinuity design (RDD) which has gained popularity recently and is said to be (Lee and Lemieux, 2009) and is used not only as a complement to IV (Silles, 2009), but lately also as the main method of research (Clark and Royer, 2008) to study health and education relationship. The advantages of RDD include high internal validity and being a very close substitute for a randomised trial and the design is very appropriate for researching natural experiments like education reforms (Lee and Lemieux, 2009). The disadvantage of this method yielding only a very local treatment effect is overcome by the fact that the local treatment effect is the primary interest in this study.

The results reported show that no effect of the education reform on the general health of individuals is found although correlations between health and education are consistent with current empirical evidence. An increase in likelihood in reporting a long-standing illness is found, but it is not retain significance in sensitivity analysis. None but two health behaviours are affected by the reform: quitting smoking and on preferring high tar level cigarettes. The likelihood of quitting smoking increased while probability of preferring high level tar cigarettes among smokers decreased substantially. The results of the impact on smoking behaviours do suggest that education could an effective tool for smoking cessation policies and strategies. The magnitude of the effect, however, is sensitive to bandwidth specification and therefore conclusive evidence cannot be drawn. 
It is likely that having data from more and younger individuals at interview may be a complementary factor to the sensitivity to bandwidth which are driving the differences between this study and those of Silles (2009) and Clark and Royer (2008). Future research using earlier waves of the General Household Survey data could however add more certainty on whether the lack of significant effect is due to no causal pathway from the reform or the effect is mitigated by self-selection as individuals age. This research could also add more robust evidence of the changes in smoking behaviours.

This study is organised in five chapters where the in the first one the background, current theoretical frameworks and empirical evidence along with methodology and the background of the 1944 Education Act reform is included. Data used in the study is described in chapter two and the results are reported in chapter three. They are followed by discussion of the results found in health outcome and health behaviours in chapter four and the conclusions of the study are presented in chapter five. 

1. Literature review

1.1. Theoretical framework

The relationship between education and health has been an interest of research for economists and policy-makers for decades, but findings remain inconclusive. Determining the causal effect in the correlation between education and health is important for the society mainly due to its policy implications. If the relationship from education to health is causal, education is a determinant of health and as such must be taken into consideration when devising a policy for improving public health. The necessity to refocus health policy from health care services to a broader base of determinants of population health which lie outside health care system is already recognised (Deaton, 2002) and therefore conclusive evidence on determinants of health outside health care system and their magnitude is essential. Although the strong associations between more education and lower mortality have given ground to arguments for education policy being a part of health policy (Gwatkin, 1982), conclusive evidence on causal effect would provide certainty and help to make better decisions on resource allocation towards health services or education. And as important it is to form future policies, conclusive causal relationship is also valuable for comprehensive evaluation of the effects of current and past education policies.
The complexity of the issue lies in that the relationship could be dual in theoretical framework (Grossman, 1972) – it is compelling to believe that more education causes more health, but the possibility that more health causes more education is also plausible. It has been internationally established that additional years of education are associated with better health – lower mortality, lower likelihood of limiting disabilities, and lower probability of reporting bad health and dying at a certain age (Van Kippersluis et al., 2009, Oreopoulos, 2003, Elo and Preston, 1996). There are three directions of research each supporting a different hypothesis for the causal pathway between health and education (Cutler and Lleras-Muney, 2006):

1. More education leads to better health;
2. Poor health leads to lower education attainment;
3. There are third factors that increase both health and schooling.
There is a growing body of empirical evidence that hints to causality running from education to health. It is already established that years of schooling is a strong correlate to health and is robust to choice of health level measurement i.e. mortality or morbidity rates, self-assessed health, etc.  However, the main mechanisms of causality remain unclear (Cutler and Lleras-Muney, 2006) and the other two possibilities for causality, namely that health causes better education attainment or that the correlation between health and education is determined by unobservable variables, are still on the agenda of researchers.
Firstly, there is a possibility which suggests the correlation between education and health and the changes in levels of both are explained by third variables such as time preference of individuals (Fuchs, 1982). However, correcting for the observable third variables fails to eliminate the significance of education (Cutler and Lleras-Muney, 2006, Elo and Preston, 1996). This suggests that the line of argumentation supporting the hypothesis in question is not very plausible. Moreover, in the case of time preference cannot be tested because of the difficulties to measure or appropriately proxy time preference and risk aversion. Using monetary risk aversion can be problematic and currently requires more research. As Cutler and Lleras-Muney (2006) point out, risk preferences for money which are currently used in studies may be different from risk preferences towards health. Therefore, the focus is on gaining evidence for either of the two other hypotheses about the causal pathways between education and health.
The other branch of research is one that attempts to establish a causal pathway from health to education. It includes the influential works of Behrman and Rosenzweig (2004) who find that low birtweight which is a health marker at birth and decreases education attainment of a child, Case et al. (2005) who examine childhood health and its impacts on adult life and conclude that poor childhood health is strongly associated with lower education attainment. According to Cutler and Lleras-Muney (2006), evidence from researching effects of childhood health to years of education attained is questionable for establishing causality because the data used are dated with 1958 (Case etal., 2005) and from 1935 to 1990 (Behrman and Rosenzweig, 2004). The problem with examining the relationship arises because there are other circumstances that determine educational attainment given health status, such as possibility to commute to school and its proximity. These circumstances for individuals born in the U.S. in 1958 are very different from that of individuals born in 1990 and the result applicability for the current environment is questionable. As Cutler and Lleras-Muney (2006) point out: “very few children in the US today are unable to attend school because of their health. But the education gradient is rising.” Therefore the hypothesis that the causal pathway runs from health to education appears less compelling than the one which argues it is vice versa. 
In his comprehensive review of existing literature in the field, Grossman (2004) concludes that recent findings in several studies support the causal effect from education to health. The evidence is mostly drawn from analysing the outcomes of schooling reforms in various countries such as the U.S. (Lleras-Muney, 2002, Adams, 2002), Denmark (Arendt, 2005, 2008), Sweden (Spasojevic, 2003), and more recently also the Netherlands (Van Kippersluis et al., 2009), and the U.K. (Silles, 2009, Clark and Royer, 2008). Schooling reforms are used as exogenous shocks to isolate the effect of more years of mandatory education and compare health outcomes such as mortality between individuals with more and less years of schooling as a result of policy change.  The results of these natural or quasi-natural experiments suggest that the correlation between education and health is at least partly causal, but the extent of it is still uncertain as findings of different studies vary. Although studies employ various methods to correct that, the results still yield large standard errors which deny drawing firm conclusions about causality (Arendt, 2008). 
The role of education in health attainment is assumed to be multifaceted. Cutler and Lleras-Muney (2006) identify several theories found in literature that can be classified into two groups supporting different underlying mechanisms:

1. More education leads to better socioeconomic status which enables better health outcomes;

2. More education leads to better choices regarding one’s health. 
 The first group explores the socioeconomic environment that is subsequent to more education – larger social networks, higher income, better access to health care, and safer work environment that is associated with more non-manual jobs where highly educated individuals are employed.
 Empirical evidence suggests that while these factors have influence on health, the unexplained variation in health outcomes remains significant. The second group of theories concern changes in behaviour and perception of value in individuals – cognitive skills e.g. decision making, critical thinking, incentives to invest, and psychology of rank in the society. Although compelling, many of these theories are difficult to quantify for experiments, but there are two underlying mechanisms proposed by Grossman (1972) through his model for demand of health:

1. Education improves productive efficiency of health production. 
2. Education improves allocative efficiency of health production.
Production efficiency models represent the idea that because of more education individuals become more efficient at producing health by maximizing the output from a set of inputs.  This means that a person with less education would not produce as much health as a more educated one in exactly the same situation. In reality, this concept remains quite uncertain because the mechanism is not easily quantifiable. The notion used in studies of productive efficiency is that although individuals’ health is better, they consume less medical services (Grossman, 2006, Kenkel, 1990). Even though some evidence (Grossman, 2006) confirms this pattern, it gives little insight in through which pathways it is achieved due to the difficulty to observe them.
Allocative efficiency models argue that the changes in health are due to changes in inputs that constitute health. The more educated will choose different mix of inputs which will yield more health than the mix that the uneducated chose (Grossman, 2006) Inputs can be anything that contributes to health – food, activity, wearing a seatbelt, using contraception, etc. This hypothesis of underlying mechanism for health production appears more intuitive and more easily testable. For example, the more educated are also early adopters of newest therapies. This would hint towards behavioural differences underlying better health, because this early adoption is especially pronounced for chronic conditions where there is space for learning effect. Also, more complex contraception methods appear to be more effective in more educated women while for efficacy of simple methods education gradient plays no role (Cutler and Lleras-Muney, 2006). These correlations suggest cognitive processes influence health outcomes, yet the causality remains not established.
There are two major concerns which complicate inferring causality. Firstly, education and health are endogenous variables. The reverse causality complicates estimation of one’s effect on the other because not only better health can enable more education while more education is linked to better health, but health also displays characteristics of a stock variable by being correlated with itself over time.  Past health contributes to current state of health and the current state to some extent determines the future health status of an individual. Secondly, to isolate the effect of schooling control variables should be used, but the control variables themselves can be endogenous. For example, income is strongly associated with health, but income is also associated with education, leading to possible multicollinearity problems. These econometric considerations complicate the interpretation of the results as their accuracy becomes an issue.

The fact that returns from schooling to health appear to be higher in developing countries and the notion that the relationship between the two is not linear at all times (Cutler and Lleras-Muney, 2006) allow concluding that changes in lower levels of schooling may be more important. It has been noted that it is unclear whether returns from higher education to health exist and if so, to what extent (Cutler and Lleras-Muney, 2006). This suggests that to identify behaviours that may affect health of individuals, the changes in lower levels of schooling, e.g. primary and secondary education, should be examined. It very well could be that the health return from basic skills that are taught at lower levels of education like literacy would be higher at the margin than those of more nuanced skills like higher mathematics taught at the university level.  Together with the advantages of using education reforms as an exogenous shock to infer causality for the education-health relationship which has become popular in research lately (Grossman, 2004), this makes use of legislation changes prolonging education an appropriate phenomenon for research. This paper in particular explores the legislative changes in the UK.
1.2 Methodological framework

Although the theoretical framework provides mechanisms to test, several challenges surround their econometric exploration and the causal effect of education on health in the same manner as it is present in other  instances, for example, in the relationship between income and health. Main concerns are the choice of appropriate method of estimation and control variables to be included. This has prompted research of its own which has resulted in adapting the use instrumental variable (IV) and regression discontinuity design (RDD) for education-health relationship. Alongside ordinary least squares (OLS) approach, use of IV by means of two-stage least squares (TSLS) method is frequently employed and is currently the most common approach. It provides a more reliable estimate and allows drawing conclusions on causality which is widely used in the most recent studies (Grossman 2004). 
Another approach introduced in the sixties and now increasingly used in recent economics literature (Imbens and Lemieux, 2008, Lee and Lemieux, 2009) is the RDD. The approach is quite intuitive and essentially looks for a jump in the observed outcomes as a result of a treatment that some cohorts received and some – didn’t as can be seen in picture 1.1. When no jump can be detected, treatment which in this case is increased years of schooling, has had no effect on the outcome of interest, but if a discontinuity is present, then a causal effect is captured.

Figure 1.1 “RDD illustration”
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RDD concerns effects of a binary treatment [image: image5.png]


 on the outcome of interest [image: image7.png]


. RDD captures the causal effect in outcome by identifying a non-linear discontinuity in a function of the treatment represented by an observable ‘forcing’ or ‘running’ variable [image: image9.png]
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 when it does, then the observed outcome can be modelled as follows:
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(Hahnet.al. 2001, Imbens and Lemieux, 2008)




  
The standard assumptions for RDD are:

(1) [image: image21.png]PIW; = 11X]



 is discontinuous at cut-off point [image: image23.png]


 - discontinuity in the running variable [image: image25.png]


 exists;
(2) [image: image27.png]ELY;(0) IX; = X]



 is continuous in [image: image29.png]


 at [image: image31.png]


  - the observations close to the threshold are similar;
(3) There is no sorting at the threshold – individuals do not have a precise control over the probability of treatment.
RDD in principle satisfies the strong assumption of unconfoundedness which leads to requirement that no omitted variables are correlated with treatment (Lee and Lemieux, 2009, Hahn, et al., 2001). Since [image: image33.png]


 takes on only values of either 0 of 1, and its value is determined entirely by the value of the running variable [image: image35.png]


, no unobserved or omitted variables are likely to determine the value of [image: image37.png]


 in any way, hence it is very unlikely that they are correlated. However, the standard assumption of overlap is violated as in this design there are no individuals at the cut-off point [image: image39.png]


, but it is counteracted by assumption (2) which enables the use of the group right below the cut-off as a valid counterfactual to those just above the cut-off (Lee and Lemieux, 2009). Assumption (2) also allows to establish causality from treatment to changes in outcome since [image: image41.png]W= f(X)



 is the only factor that changes. Assumption (3) is crucial to validity of RDD – self-selection to receive treatment renders the causal inference unreliable (Lee and Lemieux, 2009). RDD also allows the running variable influence outcome directly, not only through [image: image43.png]



There are two types of RDD, namely, sharp RDD (SRDD) and fuzzy RDD (FRDD), distinguished (Imbens and Lemieux, 2008, Hahn et al., 2001).  SRDD regards treatment [image: image45.png]


 as a deterministic function of one of covariates ([image: image47.png]


) where all covariates with value [image: image49.png]


 or greater receive the treatment in a compulsory manner:
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 are assigned as control group since they do not receive treatment (Imbens and Lemieux, 2008).  In SRDD the probability of being subjected to treatment [image: image55.png]


 is only either 1 or 0 and changes from 0 to 1 at [image: image57.png]


 This allows to observe the discontinuity in the outcome conditional on receiving treatment to reveal the average causal effect:
[image: image58.png]lim E[Y;|X;
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which is interpreted as the average causal effect at the point of discontinuity:

1.5                                                 [image: image60.png]Tsrop = E1Y;(1) — Yi(0)|X; = cl.




Overall, the SRDD is employed when assignment to treatment is determined solely by the value of  [image: image62.png]


. Due to this property SRDD can even be considered to be a special case of FRDD (Hahn et al.,2001).
FRDD in contrast to SRDD is employed when assignment to treatment is partly determined by the value of [image: image64.png]


. This means that although running variable gives an incentive or enables individuals to undergo treatment, it is up to the individual to decide whether to receive the treatment. This means other factors besides reaching c determine probability of treatment, therefore the probability of treatment no is longer bivariate, but discrete, allowing the jump in probability at the threshold to be smaller than 1, while still being between 0 and 1:
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Therefore, according to Imbens and Lemieux (2008), the causal effect of treatment using FRDD is identified as: “the ratio of jump the jump in the regression of the outcome on the covariate to the jump in the regression of the treatment indicator on the covariate”:
[image: image67.png]1Ml BV A=l it ELVIA=2]

TFRDD = jin ETW| K=x]—limyt E WK =x]





The appeal of RDD and its major advantage over other methods, such as IV and matching, is the possibility to use graphical tools to demonstrate the transparency of the method (Lee and Lemieux, 2009). Graphing data reveals whether a jump occurs or not and gives an estimate of the magnitude of treatment effect. It also visualises the functional form of regression on each side of the cut-off point. To better clarify the jump, in practice smoothed, regression lines are estimated and added to either side of the cut-off point (Imbens and Lemieux, 2008) as can be seen in picture 1.1. 
In comparison to IV, RDD is a closer substitute to a randomized experiment. As Lee (2008) points out: “causal inferences from RD designs can sometimes be as credible as those drawn from a randomized experiment.” This enhances the internal validity of the method. The randomised variation appears to be consequential to the circumstances when an individual cannot control the running variable near the known cut-off (Lee, Lemieux, 2009) which is very suitable for research in education-health relationship on the lower (compulsory) levels of education. The property of RDD that it identifies only the point where probability of receiving treatment changes discontinuously (Hahn, et al., 2001) is not a drawback when studying the effect of increased years of education as a result of policy change. It clearly and graphically reveals whether there is an effect from education on health and health behaviours between the cohorts just before and after the implementation of the policy for extended compulsory schooling (Silles, 2009).

While RDD also makes many possible arbitrary cut-off points available and has a high internal validity and intuitive appeal, the degree of external validity is limited (Imbens and Lemieux, 2008). RDD provides the average treatment effect for a subpopulation (local average treatment effect - LATE) and in the case of FRDD – only for compliers and this usually does not allow to estimate the overall ATE, limiting itself to LATE only. Nevertheless, change of threshold in MSLA is the focus of this paper and therefore exploring LATE is not a severe limitation.
In this paper the changes in health and health behaviours between cohorts are analysed using fuzzy RDD approach because despite the fact that the reform mandated t everyone without exception to leave school at the age of fifteen, there are exceptions where individuals do not comply with the law and drop out early. Moreover, the reform sets the minimum school-leaving age, but it does not mean individuals cannot continue pursuing education even prior to the reform. Both cases mean that the probability is not likely to jump from 0 to 1 under the treatment making FRDD the more appropriate choice for analysis. 
To identify LATE, the model estimated is:

1.8
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where X is the birth cohort, [image: image71.png]


 is a dichotomous variable indicating presence of absence of treatment and i=1, 2, 3, ..., 16, since birth cohorts 1925-1940 are used as bandwidth to examine the treatment effect. The model for control group is therefore reduced to:
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This model is applied to the cohorts between 1925-1940. There is no term for treatment, since it is not present for these cohorts. In the first stage the model is applied to age individual left school which proxies years of education to produce an instrument. In the second stage the model is applied to various health outcomes and behaviours to infer causality is the break in outcomes coincides with the break in education attainment. 
Silles (2009) and Clark and Royer (2008) further explore the causal effect of education on health adding to the literature of education’s causal effect on health by using the method of RDD. This paper replicates the effect of schooling reform on self-reported health using the General Household Survey data and adds to the current literature in the field by further exploring whether similar patterns exist in health related behaviours – smoking, drinking, and physical activities. Finding similar disparities in health-related behaviours would confirm the allocative efficiency hypothesis whereas lack of it would give more plausibility to production efficiency models and therefore would contribute to the existing research in the causal effect mechanisms.
1.2 Education reform in Britain

The education reform which is used to identify an exogenous variation in school leaving age consists of two Acts: 1944 Education Act covering England and Wales and 1946 Education Act covering Scotland. Nevertheless, both acts mandated the change in minimum school-leaving age (MSLA) to be in effect in 1947 (Silles, 2009). As a result, in 1947 MSLA increased from 14 to 15 thus individuals underwent an additional year of schooling (Education Act 1944). The reform also enacted free secondary education and essentially structured Secondary education as a Tripartite System which distinguished three types of secondary schools: grammar school, secondary modern school, and technical schools (Halsley, Heath, and Ridge, 1980). However, specifically the change in MSLA was by far the most impactful one (Oreopoulos, 2003). The reform resulted in an increased participation in and higher attainment of education (Silles, 2009, Oreopoulos, 2003). 

Yet the education reform was only a part of the government’s strife for improved welfare and has to be viewed as a part of a broader reform. Amongst others, the public health services were transformed into the National Health Service (NHS) in 1948 after the suggestions of William Beveridge. The implementation of the tax-funded single-payer health care system also has contributed to the improvement in public health indicators, thus distorting the effect of education reform on health. Nevertheless the NHS was available to everyone regardless of their birth year, so the variation in years of education remains a strong possible cause for variation in health outcomes.
For the purposes of analysis the Education Act translates in the terms of RDD by defining control and treatment groups. The control group would consist of birth cohorts up until and including 1932 and the treatment group would consist of birth cohorts from and including 1933. Individuals born in 1933 were fourteen years old in 1947 when the reform came into effect so they would be the first ones to experience the extended mandatory education time just like the later birth cohorts. 
2. Data

This paper uses Britain’s General Household Survey (GHS) data which in the context of the 1944 education reform have been used for several studies exploring effects of education on income (Oreopoulos , 2003) and health (Silles, 2009). However, the studies of Silles focus on self-reported health (SRH) while this paper explores SRH, smoking, drinking, and exercising behaviour patterns between cohorts. Data from years 1986-1996 has been pooled into a repeated cross-section to investigate the effect of prolonged education on health of the British society. The time span of data is chosen due to the fact that from year 1986 GHS includes year of birth into its questionnaire as opposed to ‘age at interview’ which was present previously and does not allow to precisely determine respondent’s year of birth.  In 1997 GHS was not carried out and its structure and questionnaire was changed. 
GHS includes individuals of both genders aged 16-65. The initial pooled time-series consists of 429 640 observations and contains information about 49 variables covering personal data, health, smoking, drinking and sport activities. Nevertheless, not all observations include complete information. Therefore criteria for exclusion are defined:

· Country of birth is not UK – health might be influenced by circumstances in country of origin (asylum seekers, etc.);
· Observations that only contain information about respondent’s personal data, but on no other aspects of interest;
· Observation does not include year of birth;

After exclusion of observations, the acquired 400 339 observation dataset consists of individuals born between  and 1980 of which 46% are female and 54% are male.
 The sample appears to be large and balanced between genders, therefore sample properties will not undermine the validity of results. For analysis purposes some variables need to be decoded and derived. Firstly we replicate the health outcomes variables from the study of Silles (2009). These variables report whether a person is in good or bad health, whether they are have a long-standing illness or not and whether this illness limits their activities. The variable ‘health on the whole in last 12 months’ which  reports self-assessed health measured in 3 categories – ‘good’, ‘fairly good’, and ‘not good’ is recoded into a dichotomous variable ‘goodhealth’ with value 1 if respondent indicated good or fairly good as their health status and 0 if their health was not good. Variables for long-standing illness and limitation of activities are both recoded as dichotomous variables with value 1 if the illness or limitation is present and 0 otherwise. Analysis of these variables will reveal if there are differences between cohorts in the outcomes and thus whether carrying out analysis of behavioural choices regarding these outcomes is justified.

In order to analyse behavioural differences, several activities are inspected – smoking, drinking, seeing a physician and engagement in sports activities. A dichotomous variable for analysis of smoking behaviours is derived to indicate whether a person has ever smoked, then another binary variable for all respondents who have ever smoked which takes value 1 if individual has quit smoking and 0 otherwise to see whether there are differences in this decision as a result of the schooling reform. The third variable explores the choice of amount of tar in cigarettes among smokers by deriving a variable that takes value of 1 if the individual consumes medium to high tar level cigarettes and 0 if she prefers medium to low tar level cigarettes. For analysis of drinking behaviours four of them are analysed – being abstinent, currently drinking, and drinking frequency. Drinking frequency is captured by a bivariate variable which reports whether an individual drinks very frequently. It is derived from results of the question ‘How often do you drink’ by coding value ‘one’ if respondent drinks ‘most days’ and other drinking frequencies correspond to less frequent use of alcohol and equal the value of ‘zero’. 

Since the questionnaire is designed to only include occurrence and frequency of physical activities only in the past four weeks, treatment effect on the choice to do sports is best explored if it includes not only occurrence, but also regularity, i.e. whether an individual is physically active on a regular basis. In order to proxy engagement in regular exercise, the variable ‘regularactiv’ is decoded to  equal 1 if the respondent has engaged in sport at least four days in the past four weeks. Although there is a chance a part of respondents were involved in a single event that lasted several days, there is no reason to believe this would be a significant part of respondents.  Firstly, it is very rare for single events to last more than 2 days which would typically be a weekend. Secondly, four days in a month would on average contribute to one day a week which could be considered a regular engagement. 
Table A.3 reports the number of observations in each of the derived bivariate variables. The number of observations contained by a variable range from 60 399 to 393 855. Figure A2 displays the composition of the derived variables. 70% of those who provided a valid response to the respective question report fair or good health, 30% report having a long-standing illness and for more than a half of them this illness has resulted in a limitation of activity. Regarding health behaviours, of those who chose to answer the questions, a little less than a half have never smoked, and 40% of those who had tried smoking have quit. Only 4.6% of the respondents are abstinent, but it is not surprising since alcohol consumption has become a social activity. The small share (8.9%) of respondent who are currently not alcohol consumers is also in line with the composition of abstinence. Only 3.3% of the respondents who drink (13 000) drink on most days of the week, but 70% of the respondents qualify as exercising regularly. Concerning visits to a physician the summary shows that only 0.1% of respondents (58 individuals) had not consulted a physician in the past two weeks from the day of interview. This suggests that the results obtained with this variable could possibly not be reliable.
3. Results
3.1 Correlations

Firstly, to test causality and its underlying mechanisms, correlations between health and education are performed on the full sample and on the cohorts to be examined in FRDD analysis. Since the results retain association and are not significantly different from those of the full sample, only the results from full sample are reported. A positive association between health and years of schooling received would justify further exploration of one’s effects on the other. Dataset offers two proxies for years of education received – age at which the individual left full-time education (tea), and age when left school (agelftsc). It can be seen from the results in table 3.1 that both measures are significantly and positively associated with good health at 1% level of significance. Furthermore, the undesirable health outcomes, namely long-standing illness and a chronic condition which limits daily activity, are negative correlates to both education and good health. Thus the results re-confirm the findings discussed previously that more education is associated with better health.  
Table 3.1 “Correlation between good health and education attainment”

	 
	goodhe~h 
	lstill~s
	limact

	goodhe~h 
	1.0000
	-0.3771*
	 -0.2677*

	Prob
	
	0.0000
	0.0000

	 
	
	
	

	tea
	0.1337*
	-0.0786* 
	-0.0754*

	Prob
	0.0000
	0.0000
	0.0000

	 
	
	
	

	 agelftsc
	0.1611*
	-0.1194*
	 -0.0916*

	Prob
	0.0000
	 0.0000
	0.0000

	*-significant at 1% level


Further, good health is correlated with drinking, smoking and exercise habits to determine the possible relationship between them and the results are reported in table 3.2. The results show that good health is positively associated with never starting to smoke, quitting smoking, and choosing low levels of tar in cigarettes and this is in line with expectations one would have for these behaviours, because smoking is considered to damage health. Good health is also positively associated with alcohol consumption regardless of the type of alcohol and also with frequent alcohol use, but at the same time negatively associated with being abstinent from alcohol, regular exercise, and visiting physician. While association of the latter is not significant, it hints towards the hypothesis that healthier people visit physicians less often. It is consistent with the productive efficiency mechanism, but because only 54 individuals in the dataset did not visit a physician on their own behalf, the results should not be used to draw firm conclusions and therefore the variable will not be further examined with RDD. The positive association between using alcohol very frequently and good health is also not significant, but the remaining relationships between good health and alcohol appear counterintuitive. 
 The fact that regular activity is negatively associated could be explained by a hypothesis that people who exercise regularly experience traumas more often than those who don’t and this contributes negatively to the self-assessment of one’s overall health condition.  Another hypothesis is that those who do exercise on a regular basis have been told to do so by their physicians to improve their currently bad health which means that the causality could be reverse and correlations do not yield an answer. RDD analysis would give more clarity - if it is the case that the more educated are in better health then if there also is a positive effect from the reform to engaging in regular activity, it is plausible that they suffer more frequent injuries as a result of activity. If, however, the effect on regular activity is negative, it would suggest that individuals in poor health exercise to improve it.
Table 3.2 “Correlations between health, and health outcomes and health behaviours”
	 
	goodhe~h 
	Prob

	goodhealth
	1.0000 
	

	
	
	

	
	
	

	neversmoke
	0.1207* 
	0.0000   

	quitsmkng
	0.0672* 
	0.0000   

	tarlev
	0.0233*
	0.0007 

	abstinent
	 -0.0626*  
	0.0000   

	drnow
	0.0840*
	0.0000   

	alcfreq
	0.0018   
	1.0000 

	visitdoc
	 -0.0032  
	1.0000  

	regularactiv
	 -0.0109* 
	0.0001   

	
	
	

	*-significant at 1% level 


Correlations between years of education and health behaviours are presented in table 3.3. It is obvious that more years of education are associated with quitting smoking or never starting it. For current smokers more years of education is associated with smoking cigarettes with high tar levels, but not significantly. The results suggest that more educated individuals would also not be abstinent, but would drink and do it more often. More years of education also appears to mean less visits to a physician and less physical activities on a regular basis.
Table 3.3 “Correlations between education attainment, and health behaviours”
	 
	 agelftsc
	Prob

	 agelftsc
	1.0000 
	

	
	
	

	
	
	

	neversmoke
	0.1907*
	0.0000   

	quitsmkng
	0.0140
	0.0135

	tarlev
	-0.0296*
	0.0000

	abstinent
	-0.0566*
	0.0000   

	drnow
	0.1066*
	0.0000   

	alcfreq
	0.0032
	1.0000 

	visitdoc
	 -0.0032  
	1.0000  

	regularactiv
	-0.0745*
	0.0000   

	
	
	

	*-significant at 1% level 

	
	

	


The results of correlations are mostly consistent regarding the direction (positive or negative) of the association between different health behaviours and the variables of interest, except for the choice of high tar level cigarettes. This suggests that there are grounds to believe that education could contribute to health status through health behaviours. However their significance is not consistent for variables of alcohol consumption frequency and the amount of tar in cigarettes consumed. In both cases variables of interest remain significant at five percent level of significance which is considered sufficient to explore changes in this behaviour as a result of changes in MSLA. 

Correlations would suggest that as a result of increased MSLA, the treatment group should see an increase in the probability of reporting good health, of never starting to smoke, of quitting smoking, of choosing cigarettes with higher tar level, of being a current alcohol consumer, and of being a very frequent alcohol user. A decrease should be present in probability of being abstinent from alcohol, and engaging in regular activities.
3.2 Regressions

To examine the relationship suggested by correlations, regression discontinuity design method is applied to the data.  As can be seen from graph 3.1, there is a clear, strongly significant, and a positive effect from MSLA increase reform to the actual school leaving age. The reform appears to have on average raised the actual school leaving age by 0.31 year which is around 4 months. The F-test result confirms that the first stage instrument is strong since F-test reported in table 3.4 exceeds 10 which is a rule of thumb for strong instrument as is suggested by Staiger and Stock (1997) and proceeding with second stage estimations is not problematic. The datapoints in figure 3.1 are the average probabilities by birth cohort and there is a clear discontinuity (jump) observed by year of birth. 

The effect is present in both genders, but larger among females than males
. The difference could be explained by the fact that prior to the reform, education was not free of charge and families more often invested in the education of their sons following a popular perception about gender roles in society at the time. The F-test reported in table B1 shows that education attainment would be a weak instrument to carry out further regressions for males. Despite that, the results in health outcomes did not differ by gender, therefore the paper estimates the effect for the groups regardless of gender. 

Figure 3.1 "Education reform effect on education attainment"
[image: image74.emf]14.5
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Table 3.4 “Education reform effect on education attainment estimates”
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            Prob > F =    0.0023

       F(  1,    15) =   13.51

 ( 1)  treat = 0

                                                                              

       _cons     15.07182   .0443798   339.61   0.000     14.97723    15.16642

       treat     .3146307   .0856084     3.68   0.002     .1321606    .4971007

      inter2    -.0102329   .0061621    -1.66   0.118    -.0233672    .0029013

       inter    -.0326687   .0489362    -0.67   0.515    -.1369737    .0716364

     cohort2     .0063312   .0038526     1.64   0.121    -.0018805    .0145429

      cohort     .1034459   .0304506     3.40   0.004      .038542    .1683497

                                                                              

    agelftsc        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                             Robust

                                                                              

                                (Std. Err. adjusted for 16 clusters in cohort)

                                                       Root MSE      =  1.2652

                                                       R-squared     =  0.0913

                                                       Prob > F      =  0.0000

                                                       F(  5,    15) =  216.78

Linear regression                                      Number of obs =   67992


The effect of the MSLA on individual health is insignificant as the relationship almost sustains it’s continuity as an upward curve as can be seen in figure 3.2. According to the table he negative decrease of probability to report good health is only 0.5 percentage points. This is an accord with findings of Clark and Royer (2008) who find no impact of education on self-reported health, but in contrast with the study of Silles (2009) who reports a positive effect and is further discussed in section 4. 

Figure 3.2 “The effect of reform on reporting good health”
[image: image76.emf].5
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Table 3.5 “Education reform effect on reporting good health estimates”
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       _cons     .6001488   .0192723    31.14   0.000      .559071    .6412267

       treat     -.005118    .021183    -0.24   0.812    -.0502685    .0400325

      inter2    -.0007294   .0012529    -0.58   0.569    -.0033999    .0019411

       inter    -.0074896   .0104388    -0.72   0.484    -.0297393    .0147602

     cohort2     .0010751   .0011077     0.97   0.347     -.001286    .0034362

      cohort     .0180121   .0093162     1.93   0.072    -.0018448    .0378691

                                                                              

  goodhealth        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                             Robust

                                                                              

                                (Std. Err. adjusted for 16 clusters in cohort)

                                                       Root MSE      =  .48682

                                                       R-squared     =  0.0110

                                                       Prob > F      =  0.0000

                                                       F(  5,    15) =   71.37

Linear regression                                      Number of obs =   66853


Further on the estimation output tables can be found in appendix C. The effect of MSLA increase on long-standing illnesses shown in table C.1 is positive – increase in MSLA is associated with higher probability for a long-standing illness in the cohort as opposed to the control as is seen in figure 3.3. The result is significant at a five percent level of confidence, and somewhat surprising, but it is possible that results reflect the fact that individuals in the control cohorts were already 54-61 years old during the first wave of used interviews in 1986 and a process of self-selection towards healthier individuals surviving could be already present. Figure 3.4 and table C.2 report MSLA increase’s effect on long-standing illnesses that result in limitation of activity, however, is negative and is in accord with findings of Silles (2009). This means that although the reform did not result in significantly smaller probability of contracting a long-standing illness among individuals, it did decrease the probability of this illness to restrict one’s activities. However, the results are not statistically significant.
Figure 3.3 "Education reform effect on experiencing long-standing illness"
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Figure 3.4 "Education reform effect on experiencing long-standing illness with limitation of activity"
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The average effect of MSLA increase on the probability of never taking up smoking is reported in figure 3.5 and table C.3. The effect positive, but is not significant at 5% level of confidence. There seems to be a considerable jump in probability of never starting to smoke among the first individuals to be subjected to the treatment, but by closely examining the data points, it is apparent that there is no evidence of a clear discontinuity.
Figure 3.5 "Education reform effect on abstinence from smoking"
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The results of the effect of the education reform on the likelihood of quitting smoking are reported in figure 3.6 and table C.4. On average the probability of quitting smoking is increasing by 6.7 percentage points as a result of MSLA increase, so the effect of the reform is positive. However the result is not significant at 5% level of confidence. Nevertheless the figure gives reason to believe that the total effect might be significant since the data points obviously follow a different, more consistent pattern after the cut-off.
Figure 3.6 "Education reform effect on quitting smoking"
[image: image81.emf].5
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The effect of MSLA change on the choice of amount of tar in cigarettes consumed among smokers is significant and negative as is reported in figure 3.7 and table C.5. The probability of choosing cigarettes with medium to high tar level on average decreases by seven percentage points and the result confirms the relationship suggested by correlations between this health behaviour and educational attainment. Although the result is significant at 5% level of confidence, visually in figure 3.7 the discontinuity is not very well pronounced. It is possible that the total effect may be insignificant.
Figure 3.7 "Education reform effect on choice of medium to high tar level cigarettes"
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The relationship between control and treatment group birth cohorts and being abstinent from alcohol are reported in figure 3.8 and table C.6. Although the fitted lines give the impression that there is a discontinuity, the evaluation of the data points suggest otherwise. The FRDD coefficient is negative, but strongly not significant. This implies that on average there is no discontinuity the pattern of abstinence among birth cohorts caused by increased MSLA.

The average effect of MSLA reform on an individual being an alcohol consumer reported in figure 3.9 and table C.7 is weakly significant (at a 10% level of confidence) and is negative (minus 1.4 percentage points). The difference between the control and treatment group patterns of probability to report active alcohol consumer status again are obvious by looking just at the fitted lines, yet the overall trend of data points seem to be continuous except for the last observation (1940) which seems to be an outlier.
Figure 3.8 "Education reform effect on being abstinent from alcohol"
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Figure 3.9 "Education reform effect on being an alcohol consumer"
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Table C.8 reports that education reform on average appears to have a negative effect on the likelihood of an individual being a very frequent alcohol user. The likelihood is decreased by 0.3 percentage points, however the effect is insignificant. Figure 3.10 confirms this as there does not appear to be a natural jump in the pattern of data points.
Lastly, the average effect the reform has had on the probability of an individual to exercise regularly is reported in table C.9 and figure 3.11. The reform appears to have almost no effect: there is a 0.2 percentage point increase in the likelihood to exercise on a regular basis. The discontinuity is visually not well pronounced between treatment and control groups which displays the reasoning behind the FRDD estimate which is strongly not significant.

Figure 3.10 "Education reform effect on being a very frequent alcohol user"
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Figure 3.11 "Education reform effect on engaging in regular physical activity"
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The results altogether suggest that there are changes in health behaviours due to the education reform, since the changes in the running variable coincide with the changes in education attainment. Nevertheless, in many of the cases examined the effect proved to be insignificant. This is true for probability to report good health, experience limitations in activity due to a long-standing illness, never starting to smoke, quitting smoking, being abstinent from alcohol, using alcohol very frequently, and engaging in regular activities. The effect on probability of being a current alcohol consumer is significant at 10% level, while the effect on probability to choose high tar level cigarettes and reporting a long-standing illness are significant at 5% level of confidence. Only the effect of reform to education attainment is strongly significant – at 1%level of significance.
The full effect ([image: image88.png]TFRDD



) of the education reform on the various health outcomes and behaviours is acquired as the ratio described in eq. 1.7 and is reported in table 3.6. The [image: image90.png]TFRDD



 is a ratio of differences in expected values of outcome and covariate conditional on treatment and is interpreted as the change in probability of the outcome. For example, the result for ‘goodhealth’ means that on average as a result of the 1944 education reform (treatment) the probability to report being in good or fair health among the individuals in treatment group decreases by 1.6 percentage points in comparison to the control group. The total effect ratios retain the same direction of effect (negative and positive) as the RDD estimates and are slightly larger in all cases, but the difference is not significant at 5% level. 
The reported IV coefficients are Wald estimators acquired by TSLS method on the variables to provide a test for the [image: image92.png]TFRDD
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 and IV estimates should be of equal value (Hahn, et al. 2001, Imbens and Lemieux, 2008) as is proved in Appendix D .The results, as expected, show that the IV estimates are very close to the obtained total effect which is confirmed by t-test on mean variation. They also retain the same sign, but the values tend to insignificantly vary from smaller to larger than the [image: image96.png]TFRDD



. This suggests that the obtained total effect estimates reported are quite accurate, although some small deviations are possible and the significance of [image: image98.png]TFRDD



 estimates should be the same as that of the IV estimates.

The results suggest that there is evidence of education reform’s effect only on reporting a long-standing illness, quitting smoking and on preferring high tar level cigarettes. While the effect on the latter is negative, it is positive on both former ones and the implications of it are discussed in section 5. Although the effect on the likelihood of being a current alcohol user is significant as the 2nd level FRDD estimate, when total effect of education is reported it is no longer significant. It is not surprising given that the FRDD estimate was only weakly significant. There is no evidence on an effect of education on other health outcomes and behaviours.
Table 3.6 “Total effect of the 1944 education reform on health outcomes and behaviours” 

	 
	Variable
	FRDD coeff.
	[image: image100.png]TFRDD



 
	IV coeff. 

	Good health
	goodhealth
	 -.005118
	 -.01627
	-.0103186

	Long-standing illness
	lstillness
	 .0364639**
	.115894
	.1100797***

	Limited activity
	limact
	-.013813
	 -.0439
	-.0325501

	Abstinent from cigarettes
	neversmoke
	.0075023
	.023845
	.0312171

	Quitting smoking
	quitsmkng
	.0670679
	.213164
	.162938**

	High tar level cigarettes
	tarlev
	 -.0746112**
	 -.23714
	 -.1816371*

	Abstinent from alcohol
	abstinent
	-.0035109 
	 -.01116
	 -.0078674

	Alcohol user
	drnow
	 -.0147294 *
	 -.04681
	-.0425819

	Alcohol consumption frequency
	alcfreq
	 -.0026349
	 -.00837
	-.0101944

	Regular exercise
	regularactiv
	 -.0056532
	 -.00951
	-.0159218 

	* - significant at 10% level, **- significant at 5% level, ***-significant at 1% level


4. Discussion
In this study FRDD is applied in an attempt to infer causality from education to health and explore the changes in health behaviours which may contribute to the difference in health outcomes by using evidence from education reform enacted in 1947 according to the 1944 Education Act in the UK.  To pursue the goal of this paper and examine health behaviours a change in health outcomes attributable to the education reform first must be identified. The 1944 Education Act reform which came into effect in 1947 in the UK has a strong positive effect on education attainment. The effect is present in both genders, but larger among females than males. Our results are consistent with those of Silles (2009) and Clark and Royer (2008) and therefore it can be concluded that the MSLA increase actually on average significantly increase education attainment in population. The F-test confirms that age when the individual left school is a strong instrument and therefore the [image: image102.png]TFRDD



 could be successfully obtained. 
4.1 
Health outcomes
The initial analysis using correlations between education and good health are consistent with the evidence found in the current literature that they are strong positive correlates. Moreover, education is negatively correlated to bad health outcomes: presence of long-standing illness and a chronic condition which results in limitation of activity. The correlations meet the expectation and confirm that there are grounds for investigation of the relationship. Nevertheless, not all regression results are in accord with the expectations given by correlations. Firstly, no significant effect of the MSLA increase is found on individuals’ general health by the FRDD and IV estimates. The total effect coefficients report lack of significance and their negative signs indicate that, had the effect been significant, the probability of reporting good health would be lower for the treatment group when compared to the control group. The significant effect on the presence of a long-standing illness is also contradicting with the expectations given by the correlation results. Furthermore, a significant increase of 11.6 percentage points in probability of reporting a long-standing illness is observed although long-standing illness is a strong negative correlate to both good health and education attainment. Clark and Royer (2008) in their study also observe that the reform has no significant effect on health or on reporting a long-standing illness which gives more plausibility to the findings of this study although they use different data from the UK.  This in turn means evidence against the hypothesis that there is a causal pathway from education to health and implicitly also evidence that more education does not change health behaviours to the extent that they result in better health.

Silles (2009), however, finds a significant positive effect on probability of reporting good health and not reporting a long-standing illness using the same source of data as this study – the GHS. There are several possibilities which could lead to differences. Firstly, the studies estimate effects of a different number of education reforms. This paper covers only the MSLA increase mandated by the 1944 Education Act, while the study of Silles (2009) examines the effects of two reforms. In addition to the 1944 reform, which increased MSLA from 14 to 15, the effect of the 1973 reform after which MSLA grew to 16 is estimated.  Clark and Royer (2008) suggest that the increase in years of education as a result of 1947 does not say anything about the quality of the added education. It could be possible that the extra time in school has not affected any of the mechanisms underlying health production. Our findings would confirm this and when compared to the results of Silles (2009) would suggest that the reform of 1973 was different in terms of the quality of the additional mandatory education and affected the mechanisms responsible for health production since the findings on its impact on health outcomes are positive and significant. This hypothesis would be confirmed if the results estimated for the cohorts which experienced only the 1944 reforms would be similar to those of this paper. However, Silles’ split sample also yields positive and significant OLS and IV estimates (RDD was not applied) suggesting significant positive impact from the reform to individuals’ health. Therefore, the differences in the quality of the extra education are not likely to explain much of the differences between the studies. The extent to which qualitative disparities drive the differences in health results associated with schooling is still uncertain. Further research in differences between the education programmes after reforms would contribute to exploring the role of quality of education in improving population health. 
Secondly, the disparities could arise from the results being sensitive to the chosen bandwidth, i.e. the number of birth cohorts included in analysis above and below the cut-off. The results of performed sensitivity analysis where the total effect was estimated by narrowing the bandwidth from eight to five (1928-1937) and four (1929-1936) cohorts on either side of the cut-off are reported in Appendix E. If the results are sensitive to the bandwidth, and it is the underlying cause to the differences between studies, the effect on health should change to positive and significant one. Regarding long-standing illness, the result should change to negative and maintain its significance. The findings of sensitivity tests regarding the probability of reporting good health as a result of the education reform support this explanation. The [image: image104.png]TFRDD



 and IV estimates from the narrowed bandwidths yield positive coefficients and in the case of the five cohorts on either side of the cut-off the result is significant at 10% level. This allows concluding that part of the reason for differences in findings between the studies is attributable to result sensitivity to choice of bandwidth. The sensitivity analysis, however, does not confirm result sensitivity in the case of long-standing illness because the effect remains positive although it is no longer significant which means the reform has no feasible effect on the probability of reporting this health outcome when comparing treatment and control groups.
An alternative explanation for why the probability to report long-standing illness increases as a result of the raise in MSLA could stem from the use of self-reported data. Although self-reported health is found to be a strong and consistent predictor of mortality (Benyamini and Idler, 1997, 1999) and therefore is valid to use in studies as a measure of health, the reporting behaviour is found to differ by level of education (Bago d’Uva, et al., 2008). The better educated older Europeans appear to have different criteria for health categories as they tend to report a given health status to be worse in comparison to their less educated counterparts. If this applies in reporting own health, this gives a likely explanation for the lack of education reform’s effect on health: since the healthier under-state their health status, on average there will appear no health inequality between the treatment (the more educated) and control (the less educated) groups. This is further confirmed by the findings of this study regarding long-standing illness and long-standing illness which results in limitation of activity such as ordinary daily activities. While the probability of reporting a long-standing illness grows as a result of the reform, the probability of this illness to be activity–limiting decreases and this trend is consistent even through sensitivity analysis. It is plausible that the more educated identify more health problems and consequently identify more of long-standing ones, but they do not infer with mobility while the less educated report an illness to be long-standing if it infers with mobility.  However the differences in health reporting are not likely to explain all of the difference between this study and that of Silles (2009) either. The effect should be consistent in the population since the same data are used.

Another explanation for the contradictory results between the studies could be the differences in the number of GHS waves of used in the dataset. Silles (2009) data is comprised of the 1980-2004 waves while the data of this study consists of 1986-1996 waves. The difference could be crucial in two ways: firstly, more waves from earlier years means a bigger sample and more observations, and secondly, the information is acquired during the interviews when individuals of interest (cohorts near the threshold) are younger. The youngest individuals in the control group were already 54 when information was acquired from them in 1986, but Silles (2009) study exploits information acquired when the youngest control group members were 48 years old. There is evidence that suggests diminishing returns of education to health with age (Zajacova, 2004, Cutler and Lleras-Muney, 2006). Cutler and Lleras-Muney find that: “effect of education starts to fall sometime between ages 50 and 60.” This gives ground to attribute the differences in findings to differences in age of individuals at the time of interview. Clark and Royer (2008) use Health Surveys of England data acquired in 1991-2003 which means the youngest control group members were 59 years old at the first wave of interviews. They find no impact and therefore no causal effect from education to health and this together with results of Silles (2009) and this study hint towards Cutler and Lleras-Muney’s finding. It means that information acquired from the control group may not differ in health by education, probably as a result of self-selection towards survival of healthier individuals. It leads to a more homogenous sample by health at older ages. Therefore, age at interview is possibly an important factor since the effect would be harder to detect among a homogenous sample.  Our results are not sensitive to excluding the oldest individuals (61-65 years old) from the sample as is done in Silles (2009) study, but at the moment including earlier waves of GHS for test purposes is not possible due to compatibility issues. It is likely that having data from more and younger individuals at interview may be a complementary factor to the sensitivity to bandwidth which are driving the differences between this study and those of Silles (2009) and Clark and Royer (2008).
Altogether the results suggest that although this study finds no evidence of the hypothesis that there is a causal effect from education to health, it also does not allow to reject it when compared to other studies of the UK education reforms. In fact, the contradicting results may be driven by the mix of differences in the years when data were acquired, differences in the choice of bandwidth for FRDD and disparities in health reporting behaviour by education which none of the studies takes into account. In fact, it is plausible that these studies are not in essence contradicting, but rather complementing each other because they may display how effect of education diminishes over time.

4.2 
Health behaviours

Before exploring the effects reported by the regressions the correlation between health and drinking behaviours: being a current alcohol user and being abstinent require an explanation. Contrary to popular perception, being abstinent is a negative correlate to good health while being an alcohol consumer – a positive one. The intuition that not drinking is associated with worse health while drinking is associated with better health is actually another example of possible reverse causality as it was suggested in the case with regular activity being a negative correlate to good health. It could be that drinking actually improves certain aspects of health and diminishes the probability of experiencing health conditions such as myocardial infarction (Jensen et al., 1991). Empirical evidence also shows that abstinent individuals are at higher risk for health problems than those who do drink, but many studies include ex-drinkers in the abstinent category which renders the findings less credible (Sharper, 1990). Our variable, however, contains only individuals who have never been alcohol users, so this is suggests there are other reasons why abstinence from alcohol is a negative correlate to good health while being a current alcohol consumer is a positive one (although not significant) which would be in line with findings of Cutler and Lleras-Muney (2006) in US data. 

On the other hand, it could be possible that those who currently use alcohol do so because they are in good health which permits them to drink. Individuals quit drinking mainly due to health problems regardless of whether they are caused by drinking or not which would hint towards being in good health as a determinant of alcohol consumer status. The estimates obtained for drinking behaviours, however, are not significant therefore no conclusions can be drawn on the mechanism through which education and health interacts with drinking behaviours. Even if the results were significant, although the direction of the effect on drinking behaviours is robust to bandwidth choice, the direction of the effect on good health is not which renders any conclusions drawn from the estimates to be no more than speculations. Future research in the drinking as an endogenous variable with regard to health would contribute to inferring a causal pathway.
Concerning the negative correlation between regular activity and good health, RDD analysis reveals that there is no significant effect of the reform on the probability to engage in activity on a regular basis. The reported coefficient indicating the effect of education on probability to engage in regular activity is negative as opposed to the education reform’s effect on good health, and is strongly insignificant. This complicates clarifying question of the causal direction between health and regular exercise which was brought up by results of correlation. It should also be noted that the chosen proxy for engaging in sports is not very accurate due to the limitations of the study question. The question obtains information only about respondents’ activity during the four weeks prior to the interview so the assumption made when deriving the proxy may not be true and not all who spent four days in the past month in sports activity do so on a regular basis. Sensitivity analysis to threshold of inclusion as regularly active
 suggests the result is robust to variable specification. Nevertheless, it does not rule out the possibility of the imperfect measurement being an issue. Altogether the acquired results do not allow to draw conclusions about the causality between physical activity and health
Of the seven health behaviours examined in this study, only two yield statistically significant results indicating a change in the behaviours as a result of the education reform. The likelihood of quitting smoking becomes greater (significant at 5% level) which is consistent with findings mentioned by Grossman (2006). A decrease in the probability in choosing high tar level cigarettes (significant at 10% level) is found among the individuals who fell under the reform in comparison to those who did not. The FRDD estimates show that probability of being a current alcohol user is significantly changed (significant at 10%) and is in contradiction with expectations given by correlations.

The 1944 Education Reform appears to cause an increase in the probability to quit smoking among the treatment group individuals by 21 percentage point in comparison to control group. The more educated individuals are more likely to quit smoking although IV estimate, however suggests that the effect is smaller. Clark and Royer (2008) find similar pattern, however their estimated effect is smaller. They argue that the increment in the likelihood of being an ex-smoker implicitly means that the more educated are more likely to take up smoking and that, in fact, is a negative outcome. However the results of this study show that the likelihood of never becoming a smoker is also larger among the treatment group although the result is not significant. If the more educated are both more likely to not smoke at all and more likely to be ex-smokers than their less educated counterparts, it does not seem plausible that the likelihood of ever smoking regardless of whether they quit or not would be higher than it would be for the less educated. Therefore, the result should be interpreted as an increased likelihood of a desirable effect. The result would also be consistent with evidence that the less educated smokers are more optimistic about their health risks (Strecher et al., 1995) and therefore it is reasonable to assume they are less likely to quit smoking. However, the large estimated impact raises concerns that the data could be biased by individuals reporting they have quit smoking when they have not for various reasons. This is further confirmed by sensitivity analysis where the effect drastically decreases (0.7-2.6 percentage points) and is rendered insignificant. Thus this result is not valid for drawing solid conclusions. 
The effect of education reform on probability of choosing cigarettes with higher tar level is negative, which is consistent with choosing high tar level cigarettes being a strong negative correlate to education attainment. However, it is not in accord with the results of correlation between this health behaviour and good health which is positive. The direction of the association between good health and consumption of high tar level cigarettes is surprising because it means smoking cigarettes containing high tar level is associated with better health status. The result might be explained by coping mechanisms. Recent findings from China show that heavy male smokers are more likely to report excellent health (Yen, et al., 2009), and it is suggested to be a result of adapting to the health impairments which are a result of smoking. The evidence from diabetes patients suggests that the mechanism of coping diminishes the gradient of quality of life between a patient and a healthy individual. It is especially pronounced when no or mild complications are present (Ken Redekop et al., 2001). However the plausibility is questionable since smokers are exposed to higher risks of rather serious morbidities such as lung cancer (Kamangar et al., 2006) and coronary diseases (Alexander et al., 2000). These diseases are most likely to be taken as complications by individuals experiencing them.
Furthermore, under-stating actual tar-level in the interviews could be a present issue. Although face-to-face interview employed in GHS is a method which yields a high response rate, it also may implicitly put a pressure on the interviewee to give socially desirable responses. For example, in the presence of an interviewer individuals for some reason feel that they are judged for their responses although the results are anonymous. Therefore, they would be incentivised to understate the level of tar in cigarettes they smoke. Although this version cannot be ruled out completely, the respondents always have the option to not respond or state that they do not know. Therefore, the likelihood of this behaviour biasing the results is small even though cannot be ruled out completely. The more educated appear to not prefer high tar level cigarettes nevertheless. The interpretation of the [image: image106.png]TFRDD



 for cigarette preference in the context of the lack of effect on health is that on average, although individuals are less likely to prefer high tar level cigarettes as a result of MSLA increase, it does not result in a positive change in the probability of reporting good health. 

The significant results of the two smoking behaviours mean that there is evidence for a causal pathway from education to smoking behaviours and therefore education could be an effective tool in population smoking cessation strategies. Even if these behaviours do not appear to result in better overall health status, smoking cessation has merits of its own. Nevertheless, these results are sensitive to the choice of bandwidth
 – as it gets narrower about the threshold, the effect is no longer significant and the same holds for widening the bandwidth for which results are not reported. Therefore, although results hint towards a causal mechanism, firm conclusions on the causal effect of education on smoking behaviours cannot be drawn from this study.

4.3 
Causality
Overall, the results of this study do not support inferring causality from education to health because no significant and robust jump is detected on health outcomes. It would mean that either education truly does not have any causal effect on health or that the 1944 Education Act reform is not suitable for inferring causality. If the former is true, the alternative hypotheses that health may determine educational attainment or that health-education relationship is determined by some unobservable third factors are more plausible. If the latter is true, all three hypotheses are still as plausible as the current literature suggests. The suitability of this reform for detecting causal effect was already discussed previously. While the question on qualitative difference in education brought about by the reform is still an open question for research, the evidence from the split sample of Silles (2009) suggests that it is not very likely that the extra education had no qualitative value. This reform should also be particularly well suited for identification of effects on health since it increases years of education at the relatively lower level and it is very likely that the cohorts just below and above the threshold are identical in other aspects (Clark and Royer, 2008). Therefore the results are not very likely to be attributable to the 1944 education reform being invalid for causality detection.
Regarding rejection of causal pathway from education to health a firm conclusion cannot be drawn either. Although the effect on good health is consistently insignificant, it is possible that the data suffer from the diminishing returns from education to health at older ages as was discussed previously. It is probable that these findings are not a contradiction to the existing work of Silles (2009), but are a complement to it and the work of Clark and Royer (2008) in exploring the changes of effect of education with age. If this is the case, then the causal effect can be established, but further research on a larger dataset is necessary to arrive to solid conclusions.
Regarding the health behaviours and their role in determining health outcomes this study hints towards several hypotheses. Firstly, the negative correlation results between having visited a physician and health and education very weakly hints towards productive efficiency mechanisms at work. However the size of the subset which did not visit a physician is very small and therefore the results are not conclusive. The MSLA increase yields a significant effect on only two out of seven health behaviours examined and both are sensitive to bandwidth specified. Therefore the reported estimates suggest that even if the impact of education on health would be positive, by large there is no conclusive evidence to support the allocative efficiency hypothesis in health production. Even if it would be the case that an acute increase in education caused more health, there is no strong evidence that it also led to changes in behavioural pattern towards healthier habits. Although the results of this study are mainly not significant and sensitive to the bandwidth used, the trends with smoking behaviours hint towards education being the cause of change in the behaviour which in turn is a strong correlate to good health as in the case of quitting smoking. Altogether the two hypotheses of health production do not seem mutually exclusive although neither is strongly supported by results of this study.
5. Conclusion

This study researches the effect of the 1944 British schooling reform on self-reported health by applying RDD on the General Household Survey data and further explores whether health related behaviours smoking, drinking, and physical activities also change due to more schooling. In this study no effect of more years of education is found on individuals’ general health, but a relatively large increase in the probability of reporting long-standing illness is detected. The results, however, are sensitive to the bandwidth used in the design which means these findings are not conclusive. Although the findings appear to agree with results of Clark and Royer (2008) and in clear contradiction with the Study of Silles (2009) who also study the same reform, in a broader context it suggests possible selective mortality in the sample. This means that the effect might be present, but is mitigated by the homogenous sample by education where more educated are more likely to survive longer and therefore the effect may go undetected. 
The results regarding health behaviour also do not permit explaining the positive correlation between good health and drinking as well as the negative one of good health and regular exercise. There are lack of significance of the total effect estimates and potential problems with the variable not being a successful proxy for regular activity present. These issues deprive any speculation about the mechanisms at work from credibility. Nevertheless, findings on the negative correlation between abstinence from alcohol and good health give grounds to believe that it is not just the contribution of inclusion of ex-dirnkers in this category. There are other reasons why abstinence from alcohol is a negative correlate to good health is a field for future research.

Regarding evidence on mechanisms underlying the association between health and education no conclusive evidence is found. The obtained coefficients are robustly not significant, except for increased likelihood of quitting smoking and decreased probability of choosing high tar level cigarettes. The correlation results concerning visits to physician are somewhat suggestive of productive efficiency, but the composition of the variable for physician visits rendered it unfit for further analysis and therefore conclusions cannot be drawn. The trends with smoking behaviours hint towards education being the cause of change in the behaviour which in turn is a strong correlate to good health which is allocative efficiency. The uptake of healthier smoking behaviours as a result of education suggests it is an appropriate tool for smoking cessation policies and strategies in public health. However, all of the results are sensitive to bandwidth specification; therefore, even significant ones must be interpreted with caution. Moreover, the results overall do not provide solid evidence of desirable changes in these health behaviours as a result of suddenly increasing education attainment.

 The main limitation of this study in addition to the already mentioned ones is the exploitation of self-reported data which can suffer from biases. Reporting biases are likely to be present in the information on one’s health by education and in information about health behaviours which are stigmatised in the society, for example, using high tar level cigarettes. Another limitation stems from the nature of survey in the case of regular activity where data contain information regarding only the month before the day of interview and these results may not be representative for the exercising patterns throughout the year. It is likely that having data from more and younger individuals at interview may be a complementary factor to the sensitivity to bandwidth which are driving the differences between this study and others performed on the UK data.

The results of this study are not conclusive and do not give ground to accept or reject any of the hypothesised causal pathways between health and education. Further research with an expanded version of the dataset used in this paper by including earlier waves of the GHS is necessary to infer presence of lack of education’s causal effect on health with confidence. Use of data acquired in surveys before 1986 would confirm or reject the hypothesis that the lack of effect is driven by selective mortality in the population studied. This research could also add more robust evidence of the changes in smoking behaviours and is a prospect for further work in the health-education relationship using the UK data. Furthermore, the differences between the academic programmes after education reforms thus exploring the role of quality of education in improving population health is also a possible field for future research which would contribute to evidence of causal relationship between education and health.
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