
I 
 

 

 الاستدلال البيزي لتقدير العائد على التعليم في فلسطين

Bayesian Inference on Returns to Schooling in Palestine 

Prepared by: 

Mohsen Ayyash 

1115234 

Committee: 

Name                                                               Signature  

Dr. Tareq Sadeq                                         ----------------------                                      

Dr. Ali Barakat                                           ---------------------- 

Dr. Yousef Daoud                                       ---------------------- 

Submitted in partial fulfillment of the requirements of the “Master Degree 

in Applied Statistics” From the Faculty of Graduate Studies at Birzeit 

University- Palestine. 

February, 2014  



II 
 

DEDICATION 

To the source of manhood and sacrifice, to my 

Father; Hussein Ayyash. 

To the source of love and tenderness, to my 

Mother; Zakiyya Shehadah. 

To those who are closer to my soul; to my brothers 

and sisters. 

To those who felt happy, sincerity and faithfulness 

with them, to my friends and colleagues. 

To each person who helped me to finish this 

research. 

 

 



III 
 

Acknowledgments 

When I decided to join the Master Program of Applied Statistics at Birzeit 

University, it was with the hope that I would be able to work faithfully with several 

people. I am happy to declare that my hopes were done and I am very lucky to have 

practiced the partnership and friendship which I found in the department.  

Within the Master Program of Applied Statistics, I was fortunate to find advisors 

who have trained me enormous amounts while managing to offer both mentorship and 

friendship. Dr. Tareq Sadeq is a great share of both my stimulus to come to Birzeit 

University as well as my ability to get success here.  

I would like to express my unlimited respect to my thesis adviser Dr. Tareq 

Sadeq, for his continuous assistance and supervision. He was helped, controlled and 

supported me during the period of this research and on various other circumstances 

Thanks are also due to my thesis committee members Dr.Yousef Daoud and Dr. Ali 

Barakat for their helpfulness, collaboration, remarks and positive and productive 

criticism. 

       Moreover, I acknowledge my colleagues at university and work. Furthermore, 

special thanks to my sincere friends Mr. Anas Dyab & Mr. Wajeeh Sarsour who helped 

and supported me during my study.  

        I would like to thank my family and friends who supported me to finish my study. 

Finally, I thank all who have provided me advice, aid and guidance. 

  

 

 



IV 
 

Context 

Subject page no. 

Certificate of approval   I 

Dedication II 

Acknowledgement III 

Contents IV 

List of tables VI 

 VII ملخص الدراسة

Abstract IX 

Chapter One: Introduction 1 

Chapter Two: Literature Review 5 

Chapter Three: Methodology 16 

3.1 Introduction 16 

3.2 The likelihood function 19 

3.3 Prior distribution 21 

3.4 Posterior distribution 22 

3.5 Model comparison 27 

3.6 Highest posterior density intervals (HPDI) 31 

Chapter Four: 4.1 Analysis and Results  33 

4.1.1 Bayesian inference – OLS inference  33 

4.1.2 Model Comparison 39 

4.1.3 HPDI 40 

4.2 Heckman Correction using  and  Models 40 

4.3 Conclusions and  Recommendations  43 

References 44 

Appendix A 

 

49 

 



V 
 

Appendix B 

 

85 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VI 
 

List of tables 

Table 

Index 

Table Name Page No. 

4.1 Estimation results for daily wages for model 1 using  OLS and 

Bayes 

49 

4.2 Estimation results for daily wages for model 2 using  OLS and 

Bayes 

55 

4.3 Estimation results for daily wages for model 3 using  OLS and 

Bayes 

61 

4.4 Comparison between the three models using R-squared (OLS) 

and Bayes Factor (Bayes) 

67 

4.5 HPDI for each variable for model 1 69 

4.6 HPDI for each variable for model 2 72 

4.7 HPDI for each variable for model 3 75 

4.8 Estimation result for daily wages with  Heckman 

Correction 

78 

4.9 Estimation result for daily wages with  Heckman 

Correction  

81 

4.10 Comparison between  Heckman Correction and  

Heckman Correction 

84 

 

 

 



VII 
 

 ملخص الدراسة:

حيث يعتبر التعليم انه آداة استثمار  ،ور ومحدداتهاجاهتم الباحثون حديثاً في دراسة الأ

وبالتالي ، لى  النمو الاقتصادي بشكل عام ة العامل وتؤثر عيّنتاجإوالتي يمكن أن تغُيرّ من  .مهمة

جور. وتؤكد نظرية رأس المال البشري على أن الاستثمار في رأس المال على الأ اً مهم اً فإن لها أثر

واتج سوق العمل، حيث يمكن تعريف الأجور المكتسبة والمتأتّية نالبشري يؤثر بشكل واضح على 

عرّف العائد على التعليم على أنه العائد الحدي للأجور من التعليم على أنه عائد على الاستثمار. يُ

بالنسبة لعدد سنوات الدراسة؛ أي أنه متوسط نسبة الزيادة في الأجور المرتبطة بزيادة سنوات 

تم وضعها من قِبل  التعليم سنة دراسية إضافيةّ. إن الأسس النظرية لنموذج رأس المال البشري

 (.Schultz, 1961( و )Backer ,1964)و  (Mincer ,1974)الباحثين 

هناك العديد من طرق الاستدلال الإحصائي التي تم تطبيقها واستخدامها لتقدير العائد    

( تعطي نتائج غير OLSو  GLSو  GLMو  MLEعلى التعليم. فطرق الاستدلال الاعتيادية )

ننا من البيزي يمكّ  فعالة لمعاملات نموذج خط الانحدار، في غضون ذلك فإن استخدام الاستدلال

إيجاد حلول لبعض المشاكل الناجمة من استخدام طريقة المربعات الصغرى الاعتيادية او العامة، 

ة أو السابقة بتوزيع الاحتمال للبيانات لايجاد ن الاستدلال البيزي يربط االمعلومات القبليّإحيث 

خطاء كمتغير ن هذه الطريقة تعتبر الأعلمات ) المعاملات (، وعلاوة على ذلك فإعدي للم  التوزيع الب  

، كذلك فان مقارنة النماذج باستخدام وبالتالي يمكن إيجاد التوزيع التقريبي للمعلمات، عشوائي 

( تمكننا من تحديد النماذج الأفضل بشكل أكثر فعالية من الطرق Bayes Factorمعامل بيز )

لية طريقة الاستدلال البيزي عن لهذا تعُزى أفض .(R-squared, AIC, ..etcالكلاسيكية )

 غيرها من طرق الاستدلال الاحصائي.

 يحيث تستخدم بشكل أساس .تهدف هذه الدراسة إلى تقدير العائد على التعليم في فلسطين

 Mincerوتطبّقه على نموذج ) .طريقة الاستدلال البيزي لدراسة العلاقة بين الاجور والتعليم

الأجور ومجموعة من المتغيرات مثل: الجنس وعدد سنوات بين  يدرس العلاقة ( الذي1974,

العمل. تقارن الدراسة بين  قطاعستويات التعليم ومكان السكن والدراسة و العمر أو الخبرة أو م

المعادلة نفسها بطريقة ر ونتائج تقدي ،نحدار بطريقة الاستدلال البيزينتائج تقدير معادلة خط الإ

نتائج التي تم التوصل إليها أن طريقة الاستدلال البيزي فعالة أكثر هم الأالمربعات الصغرى. ومن 
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حيث أن الخطأ المعياري لمتوسطات المعاملات بطريقة الاستدلال ، من طريقة المربعات الصغرى 

 البيزي أقل من الخطأ المعياري بطريقة المربعات الصغرى.

-selfختيار الذاتي )وتهدف هذه الدراسة أيضاً إلى تصحيح التحيز الناتج من الا

selection حيث توصلت الدراسة إلى أن تقدير العائد على التعليم بطريقة الاستدلال البيزي مع ، )

( يختلف عن تقدير العائد على التعليم بطريقة  (( باستخدام Heckman تصحيح )

طريقة الاستدلال البيزي ( و ( باستخدام )Heckmanالاستدلال البيزي مع تصحيح )

( في ( أفضل من استخدام )، وأن استخدام ) (Heckmanيح )صحبدون ت

 (.Heckmanتصحيح)
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Abstract: 

In recent decades, researchers focus on earnings and what determines it. 

Education is an important investment tool, which can improve workers’ productivity and 

influence economic growth. As an important determinant of labor productivity, it also 

therefore has an important influence on earnings. The human capital theory emphasizes 

the impact of human capital investment on labor market outcomes. We can identify the 

earnings attainment derived from education as the return on an investment. Therefore, the 

rate of return to education is known as the average increase in wages associated with one 

year increase in education. The basic theoretical model for the human capital is 

considered by Mincer (1974), Backer (1964) and Schultz (1961). 

There is various statistical inference methods have been applied to return to 

education. Inference methods like (OLS, GLS, GLM and MLE) produce an inefficient 

estimation of the parameters. Meanwhile, Bayesian inference methods can provide 

solutions to many problems in classical inference methods and may fit out them.  

Furthermore, model comparison using Bayes factor produce more efficient results than 

classical methods (R-squared, AIC,…etc). 

The aim of this thesis is to highlight the investigations about the estimates of 

returns to education in Palestine. It’s mainly uses Bayesian inference to identify the 

relationship between education (schooling) and wage controlling for other variables that 

will affect the relationship like gender, experience or age, educational levels, labor sector 

and place of residence and compares between OLS and Bayesian estimation. We find that 

Bayesian estimation method is more efficient than OLS estimation method since the 
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standard error of the mean for Bayesian method is lower than those found in OLS 

method. Finally, we correct for self-selection bias and we find that Bayesian estimation 

with  Heckman correction differ and greater than from those we’ve got form 

Bayesian estimation with  Heckman correction and Bayesian estimation without 

Heckman correction.  
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Chapter One 

Introduction 

Human Capital theory proposing that there are an intrinsic economic effects of 

education on both economic levels, i.e. micro and macro levels, that considers the 

expenditure on education as a human capital investment. Education is one of the major 

factors that affect earrings and wages for workers. Education may affect individual’s life, 

participation in many economic activities, productivity of the workers and the overall 

economy in several ways.  Since the individual who doesn’t have basic education levels 

has difficult status to communicate everyone life. As education is a major way to human 

capital accumulation, the economic returns to education (RTE) has been one of central 

topics in labor economics and economics of education. The view point of individuals and 

government for the interest in education come from the importance of education to both. 

Government considers education as one of the most important determinants that will 

affect gross national product (GDP) in the long run, the person takes into his account cost 

and revenue when he will invest in education and compare between them by measuring 

the present value. From the standpoint of individuals, the education is considered to them 

have a better job with respect to wages, knowledge, job security and other features. The 

basic theoretical model for the human capital is considered by Mincer (1974), Backer 

(1964) and Schultz (1961). Accordingly, one can identify the earnings acquisition derived 

from education as the return on an investment. Therefore, the rate of return to education 

is known as the average increase in wages associated with one year increase in education. 
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We can use the human capital theory to derive and estimate many indicators such 

as the private rate of return to education and the social rate of return to education as well, 

where the return to education is not confined to the educated himself. The private rate of 

return to education presents the increasing in wages of educated persons by increasing the 

worker’s productivity which depends on his knowledge, better skills and deep 

understanding of technology of production and accompanied with some economic and 

social features and positively effects on the society considered as externalities. The social 

rate of return to education indicates the changes in average wages in certain region 

because of changes in average schooling levels in that region.  

Many researchers estimate Mincer human capital equation using various 

statistical inference methods. Linear regression methods like (OLS, GLS, GLM and 

MLE) produce an inefficient estimation of the parameters. Meanwhile, Bayesian 

inference methods can provide solutions to many problems in classical inference methods 

and may fit out them.  Furthermore, model comparison using Bayes factor produce more 

efficient results than other methods (R-squared, AIC,…etc). OLS and Bayesian 

estimation suffer from three problems, self-selection bias (Heckman, 1979), ability bias 

(Altonji and Dunn, 1996) and endogeneity problems (Angrist and Kruger, 1991). 

Heckman (1976) shows that least square estimator is biased due to self-selection, 

especially for the groups that have low participation in the labor force i.e. women. Daoud 

(2005) corrects of self-selection bias using Heckman (1976) two-step procedure and he 

finds that education increased the labor force participation because years of schooling 

dummy coefficient is significant and positive. Moreover, the endogeneity problems 

carried out by Heckman and Vytlacil (1998) and Card (2001), they estimate RTE using 
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instrumental variable methods and yield an unbiased estimation. But, normality 

assumption of errors is restricted since the wage distribution is skewed. Instead of the 

usual regression methods (OLS, GLS, ML), Bayesian inference methods help us to avoid 

some problems of estimation that exist in usual inference methods and may fit out them. 

Block, Hoogerheide and Thurik (2012) apply Bayesian inference using family 

background variables as instruments for education; they find different results by relaxing 

the strict exclusion restriction on the family background variables, and the width of the 

95% posterior interval larger than the size of bias for the education coefficient in the IV 

model.     

In this thesis, we aim to estimate the rate of return to education in Palestine using 

Palestinian Central Bureau of Statistics (PCBS) quarterly data of Palestinian labor force 

survey (PLFS) for the period 2006 – 2011. We mainly use Bayesian inference to identify 

the relationship between education (schooling) and wage controlling for other variables 

that will affect the relationship like gender, experience or age, educational levels, labor 

sector and place of residence and compares between OLS and Bayesian estimation. 

Moreover, we aim to find the better predictor of wages among three variables (i.e. 

potential experience, age and education levels). We find that Bayesian estimation method 

is more efficient than OLS estimation method since the standard error of the mean for 

Bayesian method is lower than those found in OLS method. Our results add further 

evidence of using age to estimate return to education instead of potential experience and 

education levels. Finally,   return to education estimated by Bayes and OLS suffer from 

self-selection bias. We apply Bayesian inference to Heckman tow-step procedure with 

 and  models to correct for self-selection bias. We find that Bayesian 
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estimation with  Heckman correction differ from and greater than those we’ve got 

form Bayesian estimation with  Heckman correction and Bayesian estimation 

without Heckman correction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

Chapter Two 

Literature review 

The expenditure on the education appears to be an investment in human capital, 

based on this, the private returns to education interpreted as the increase of wage on cost 

from the increase of years of education by one year. Mincer (1974), Backer (1964) and 

Schultz (1961) put the basic theoretical model for the human capital that defines the 

education as a human capital, and in this model earnings depend on the years of 

schooling, experience (or age), and the square of experience (or age), to be concentrate 

on the convex of income function.  

Hundreds of studies in many different countries and time periods estimate the 

returns to education. Psacharopoulos and Patrinos (2004) review a lot of researches that 

estimate the returns to education, and the study concludes that the returns to education are 

high in (Sub-Saharan Africa) and it was 37.6%, 24.6%, and 27.8% for primary, 

secondary, and tertiary respectively. In another study Psacharopoulos (2009) finds that 

there is a negative relationship between RTE and the individual earn from the domestic 

product adjusted PPP $. And these provide evidence on the negative tie between RTE and 

the levels of income.  

Badescu, D’Hombres and Villalba (2011) estimate the private rate of returns to 

education using data from 24 analogous European countries and analogous methods 

(OLS and OLS controlling for family background variables). They find that the private 

rate of return to education vary frequently across the countries (i.e. highest rate in 

Portugal (98%) and lowest rate in Sweden (20%)), also they re-estimate it using OLS 



6 
 

controlling the family background variables and they find that the estimation doesn’t 

differ considerably. Tansel (1995) indicates that the RTE in Egypt for males increased by 

level of schooling, this rate rises from 0.9% with respect to the holders of elementary 

education, to 2.7% for the holders of a general secondary education, to 3.1% for the 

holders of technical secondary education, to 7.5% for the holders of university degree and 

to 11.8% for the holders of a higher university degree. However, the situation is different 

for females, where the rates of return on their education 9.9% for primary education, 

8.2% for general secondary education and 6.1% for the technical high school, while the 

rates was 7.4% for the higher education. This trend although differs from the general 

trends in the Arab countries, but it’s largely consistent with the global trends. However, 

the study of Salehi-Isfahani et al (2009) compares between the education systems, and 

the circumstances of the labor market in Egypt, Turkey, and Iran, and it uses data and 

methodology in the same fashion to study the effect of shape of labor market and the 

education system on RTE, the study concludes that the RTE is higher in Turkey than in 

Iran, and also higher than in Egypt ( 12.4%, 7.6%, 5.4%, respectively for year 2006 of 

Egypt and Iran, and 2003 of Turkey). The World Bank (2008) study concludes that there 

is a difference in the estimation of RTE. The estimations come from different models for 

different countries, and finds that the rate of return to education in the MENA region 

ranges from 4.4% for Tunisia, to 8% for Morocco, and the average is 5% for MENA 

countries. O'Donghue (1999) finds a result that is consistent with the other international 

comparisons, that is, the RTE tend to be diminishing with education level, and that the 

RTE for men is less than those for women. 
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OLS and Bayesian estimation suffer from three problems, self-selection bias 

(Heckman, 1979), ability bias (Altonji and Dunn, 1996) and endogeneity problems 

(Angrist and Kruger, 1991). Heckman and Vytlacil (1998) and Card (2001) estimate RTE 

using instrumental variable methods and yield an unbiased estimation. But, the normality 

assumption of errors is restricted since the wage distribution is skewed. Card (1995) 

compares between OLS and IV estimates. He considers the distance to college as an 

instrument for schooling and rely this to the higher level of education of men who take 

about four years of study in college. He finds that the return to education is 13.2% using 

instrumental variable compared to those found in OLS 7%. Altonji and Dunn (1996) 

indicate that the family educational background is an important factor in determining the 

return to education at the individual level. Wolter and Zbinden (2001) used Swiss results 

two-page questionnaire1 that distributed in 10 Europe countries. They deduce that after 

graduation the point estimate of wages are close to the actual wages, while the real wage 

gain in the first ten years of vocational experience is significantly less than the 

expectation of wage gain, and base on the individual wages and cost expectations the rate 

of RTE can be partially interpreted by priority of students, self-assessment of their 

academic achievement and their particular job perception. Moreover, men expect 

significantly higher wages and higher wage gains than women. 

Blundell, Dearden and Sianesi (2001) reviewed alternative methods and models 

for estimation RTE, especially the difference between single and multiple treatment 

                                                                 
1
 - see Brunello et al. 2001 for the detailed questionnaire. 
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models2. They take three methods of estimation which depend on distinct assumptions 

(i.e. instrumental variable methods, control function methods and propensity score 

matching) for homogenous and heterogeneous3 returns models. Regression of log 

earnings on schooling using OLS yields a biased estimation since there is a correlation 

between schooling and errors with three sources of bias ability, returns and measurement 

error bias. These biases originate from the correlation of the measures of the observable 

schooling with the unobservable in the earnings regression. For IV methods of 

estimation, we can get a consistent estimator of the returns if we can find an instrument 

that is uncorrelated with the unobservable ability, heterogeneity and measurement error 

terms but correlated with the true measure of schooling. Also, when the instrument has a 

little correlation with the schooling variable, the estimator is said to be efficient. 

Moreover, the issue of weak instrument occurred when the sample correlation is very 

weak and the true correlation is zero. So that with this situation the IV estimation will 

head for to the biased OLS estimator. In the heterogeneous returns model the IV estimate 

will diverge relying on the type of instrument is used. The control function method (CF) 

in a multiple treatment model permits for heterogeneity, however at the expense of the 

ability to create a collection of control function that is independently diverse. The 

matching method is a nonparametric method that its main objective is to re-set up the 

conditions of the trial when we don’t have data. Aside from the loss of information 

problem, if the effect of treatment is homogenous, there is no more additional problems 

                                                                 
2
 - One factor model: all schooling can be believed of as an investment in a single homogenous 

structure called human capital and the same return obtained from each additional unit.   

3
 - The homogenous returns model considers the rate of return to gross earnings of a specified 

human capital investment doesn’t vary among all individuals. If the returns are allowed to vary 

among all individuals, then the model is said to be heterogeneous returns model. 
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appears. A drawback of the CF method is that it is possible to get estimation that yield a 

change in the parameter being estimated if the effects vary towards treated individuals, so 

that we cannot identify the true parameter. In a single treatment models IV and CF 

estimates are higher than those for OLS and the upward bias in returns is caused by 

chooses of incorrect instruments, while matching estimates are below IV and CF 

estimates, but somewhere between highest and lowest OLS estimates. In multiple 

treatment models the OLS estimates are less than the IV estimates. The control function 

estimates are higher than the OLS estimates but slightly smaller than the IV estimates. 

 Angrist and Krueger (1991) aims to estimate the effect of the compulsory 

schooling laws in the US. They stratify a classical approach, two stages least squares 

method (2SLS), using data sets on individuals from all states of the US in order to form 

instrumental variables for years of schooling (i.e. they use date of birth as an instrument), 

that take an advantage of students born in distinct quarters, have distinct average of 

education. In particular, males born in later quarters are get more education, and more 

likely to graduate from high school and earn more than those who are born in earlier 

quarters. They find that the season of birth has a slightly effect on the level of education 

males lastly achieve, on the relation between the education achievement and the quarter 

of birth. This result is justified by the laws of mandatory  schooling that instantly some 

students want to quit from the school when they achieve the statutory age of drop out and 

postsecondary years of education doesn’t affect by the season of birth. Moreover, OLS 

and 2SLS result of monetary return to education doesn’t vary salient, and the estimate 

differences are not statistically significant. They attribute these differences to some 

variables removals or error in measurements, in which the OLS estimates of the return to 
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education may encouraged by a downward bias. Their main finding that the laws of 

mandatory education are influential in forcing some students to get education. 

Hoogerheide and Dijk (2006) reconsidered the analysis of the impact of the schooling on 

earnings by Angrist and Krueger (1991). They expanded the methodological and the 

experimental way. In the classical approach, they used two methods, i.e. two-stage least 

square (2SLS) and limited information maximum likelihood (LIML), in order to discuss 

the Angrist- Krueger IV model using US data in four Census regions. 2SLS estimation 

proposes that the US is roughly fully determined by the region south with small 

differences between the South and the 2SLS estimates for the US, and the US asymptotic 

standard error is not smaller than that for the South. This is may be due to the average 

education level for men born in 1930 – 1939 are higher for the other regions than in the 

South. Therefore the impact of the laws of mandatory schooling is smaller for the other 

regions than the region South, when much students wish to drop out from the school at 

once its permit. Thus the impact of quarter of birth in the Southern region is higher; 

hence the instruments are more powerful in the South. 2SLS estimator has a problem that 

in the case of low instruments it may experience a biased estimation, for the region South 

it has a very weak instruments with lower variance however larger bias. However, LIML 

estimation leads to overpower of the southern region with small distinction between the 

LIML estimates for the south and the US.  

Furthermore, Hoogerheide abd Dijk (2006) reviewed the study of Angrist and 

Krueger (1991) using two Bayesian approaches; using flat prior of Dreze (1976) and the 

Jeffrey’s prior. They find results like the results found from the two classical approaches, 

2SLS and LIML. Under the prior of both flat and Jeffrey’s the posterior distribution of 
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the parameter for the US is roughly fully determined by the South region, that is, the 

discrepancy between the means or medians of the region south and the US is slight, and 

the 95% and 50% posterior density intervals and the posterior standard deviation for the 

US is not frequently smaller than those for the region South. Under Jeffrey’s prior the 

posterior results supplemental point that the most powerful instruments in the region 

South are the quarters of birth, which is similar to the LIML estimator. The results from 

the flat prior estimation are stupendous the same for the estimator of the 2SLS method , 

that is, the posterior mean and the posterior standard deviation are close to those found in 

2SLS.  They conclude that under using flat prior we will get estimation closer to 2SLS 

than to LIML, and under the Jeffrey’s prior estimation we will get estimation closer to 

those for LIML estimator.   

Yu, Kerm and Zhang (2004) estimate RTE using Bayesian inference on quantile 

regression and they find that RTE varies toward quantiles of the conditional wage 

distribution, RTE is smaller at smaller quantiles than at higher quantiles which indicates 

that the spreads in the conditional wage distribution levels is also featured by an increase 

in spread not only by a change in location. By this method there is a smaller dispersion in 

the wages of less educated employers and we can’t find it by regression. Block, 

Hoogerheide and Thurik (2012) apply Bayesian inference using family background 

variables as instruments for education; they find different results by relaxing the strict 

exclusion restriction on the family background variables, and the width of the 95% 

posterior interval larger than the size of bias for the education coefficient in the IV model. 

Lubrano and Ndoye (2012) proposed a Bayesian inference for an unconditional quintile 

regression model. Using a blend of normal densities they estimate the distribution of log 
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wage and this procedure will give us better estimates in the upper tail of the wage 

distribution. Their method applied to a Mincer equation using data from the CPS (ORG) 

during the period 1992 to 2009 and find that the variation of RTE and gender 

discrimination are the main factors that affects the wage inequality. 

Arabsheibani and Mussurov (2006) estimate the rate of return to schooling in 

Kazakhstan using OLS and IV methods. They use husband’s education and smoking as 

instruments and provide estimates for males and females separately. They find significant 

estimates using OLS and lower rate of return to education for males 8% compared to 

11.5% for females. Also they modify the sample using married males and finds the OLS 

estimates is 7.8% which less than the whole sample 8%. They use husband’s education as 

instrumental variable and they find that this instrument is valid and the estimate of OLS 

of rate of returns is lower than IV estimates by 3.4%. Moreover, they apply 2SLS using 

husband’s education and smoking as instrumental variables and they find results similar 

to those found using IV method. However, they modify the sample using married females 

and find that OLS estimates of rate of returns 11.9% which close to the result of the 

whole sample 11.5%, which is lower than the IV wife’s education estimates 16.7% by 

4.8%, and the wife’s smoking is not a valid instrument since the proportion of females 

who smoked in both samples, the married and whole samples. The 2SLS estimates for 

this sample is less than IV estimates by 3% and greater than OLS estimates by 1.8%. 

They use education levels instead of years of schooling variable for males and females 

separately and find a low gender differences in returns to vocational and college 

qualifications. But, females have lower rates of return with higher levels of education and 

males have higher rate of return with higher levels of education. Buchinsky (2001) 



13 
 

estimates women’s return to schooling in U.S. He use quantile regression (QR) approach 

and applies on it a sample selection model. He verifies that the estimates of the sample 

selection equation using parametric Probit model are significantly different from those 

obtained for a semi-parametric model and that for all age categories and quantiles the 

sample selection bias is significant. Moreover, he finds that the returns to education 

increased slowly in older groups, but increased extremely for younger groups. Also the 

returns are greater at lower quantiles in the starting of the sample period, but in the 

termination of the sample period returns are greater at greater quantiles. 

There are a few literatures on returns to education in Palestine, especially those 

that use Bayesian inference. Angrist (1995, 1996, and 1997) uses data from Israeli 

Official statistics to estimate the private rate of return to education in Palestine during the 

period 1981 -1991 and he was restricted his studies on males only. His main finding is 

that the direction of the private return to education is decreasing with time. He was 

attributed this result to an increase in the number of college graduate students during the 

eighties of the last century. Sayre (2001) uses the same data used by Angrist. He finds 

that the average wages for high school holders are less than for those who have university  

holders by 47% in 1981 and this difference is decreased approximately by 15% in 2001. 

Least square estimators is biased due to self-selection bias, especially for the 

groups that have low participation in the labor force i.e. women, Heckman (1976). Daoud 

(2005) used data from Palestinian Central Bureau of Statistics; and he finds that the 

return to schooling is smaller for men by doing regression apart for men and women and 

during 2001 the gap in returns to schooling was diminished. Moreover, he concludes that 

the RTE is low compared with the other countries in the Middle East (i.e. 2.8% in 1999), 
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also the private rate of return to education for men (2.8%) is lower than for women (6%); 

especially when the model for estimating the RTE is non-linear model in the level of 

schooling. Furthermore, he corrects for self-selection bias using Heckman (1976) two-

step procedure and he finds that education increased the labor force participation because 

years of schooling dummy coefficient is significant and positive. He justified that 

Heckman two-step procedure is useful since  of  is strongly significant and 

the self-selection term also significant. He showed that OLS overestimate the return to 

schooling. However, he obtained a negative coefficient of years of schooling for  

Heckman correction and solved that by defining dummy variables for educational levels4. 

One of the contributions of this thesis is that it finds that Logit Heckman correction yield 

positive and higher coefficient of years of schooling than OLS. Daoud and Sadeq (2012) 

used quarterly Palestinian labor force data for the period 1996- 2010. They estimate the 

private rate of return to schooling and what determine it. They Applied OLS and Hekman 

correction to Mincer’s equation for males and females separately. They find that the 

private return to schooling is 1.8% - 2.8% for males and 6% - 12% for females, without 

using Heckman correction, and the fluctuation increased for this return with Heckman 

correction. Moreover, they use educational levels instead of years of schooling for both 

males and females. They find that the average difference in daily wages for females 

increase markedly for secondary or associate diploma holders compared to illiterates. 

However, the average difference in daily wages for males increase markedly for Bachelor 

and Master and PhD holders compared to illiterates. Furthermore, they conclude that the 

                                                                 
4
 - Daoud (2005) use schooling dummy variable (0-12, 13-15 and 16 or more). For 13-15 years of 

schooling dummy variable worker can acquire 29.5%, 28.16% for the years 1999 and 2001 
respectively.  For further information see Daoud (2005), page 646. 
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difference between OLS and Heckman correction for females is high since their 

participation in labor force is low, while for males the difference is negligible between 

them. They also find that after 2007 there is a negative trend and the labor demand of 

unskilled labor by Israeli market is the significant determinant of the return to schooling.  

Aranki (2006) used the data from Palestinian Central Bureau of Statistics (1999-2003), he 

corrects the bias that is resulted from deleting the power variable from wage function 

using family background variables. This study confirmed that the RTE in Palestine were 

low. Mansour (2010) treats the labor force in Israel as a shock in the labor supply and 

finds that it’s negatively affects the wages of unskilled workers and not skilled workers, 

which means that closing of Israeli labor markets contributes in raising the return to 

education. Tansel and Daoud (2011) compared the private return to education in Palestine 

and Turkey. They indicate that the gap in return to education between men and women in 

Palestine greater than those in Turkey, also the study found that the return to education 

increases by increasing the level of education, which means that the wage curve with 

respect to the number of years of schooling is convex and not linear, which is found by 

other studies, furthermore the study also found the direction of return to education is 

increasing with respect to the time in Turkey, and decreasing in Palestine.  
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Chapter Three 

Methodology 

3.1 Introduction 

Recently, Bayesian inference methods have been widely used by researchers in 

the field of econometric analysis. The analysis is based on the little rules of probability 

which enable the researchers to make inference about the parameter and about the 

models. This analysis has the property, on the contrary to the classical approach, which it 

takes into account incorporating researcher’s beliefs to the analysis.  

Bayesian inference is an alternative way of all statistical inferences (i.e. least 

square, ML, Chi-Square testing, ANOVA, … etc.). The major challenges in order to 

make a Bayesian inference about the parameter θ, we have to choose an appropriate prior 

 for θ with the model and an approximate calculation for the 

posterior . 

In this thesis, we will use Palestinian Central Bureau of Statistics (PCBS) data of 

Palestinian labor force survey (PLFS) for the period 2006 – 2012, which contain 

information on education, wages, and other characteristics. 

Based on Mincer (1974) wage equation, our model is given by: 

2
  log   +  + +  + i i i i iw rS x x u   iX  

where wi is daily wage (earnings) measure for an individual i, Si represents a 

measure of their years of schooling, xi is an experience measure (typically age minus 

years of schooling-6) or age, Xi is a set of control variables (vector) assumed to affect 
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wages (i.e. gender, marital status, place of residence,…, etc.) and ui is a disturbance term 

representing other unobservable factors which are not be explicitly measured, assumed 

independent of Xi and Si. 

Moreover, the thesis will use Bayesian inference to estimate the coefficients that 

would identify the effects of education on log-wages. Usage of Bayesian inference can be 

vindicated for different reasons; it can be applied in classical inference methods and give 

solutions to different problems. Also, uncertainty of the parameter is included and it 

allows us to find a posterior distribution by combining prior distributions of the 

parameters with probability distribution of the data. Moreover, we prefer a Bayesian 

inference because it assumes the parameters as a random variable, thus we proceed with 

this procedure and then find the approximate distribution of the parameters. On the 

contrary of likelihood, other regression methods (OLS and GLS) and instrumental 

variables procedures assume that the residuals are normally distributed using central limit 

theorem and provide an inefficient estimation. Thus, Bayesian inference usage can relax 

the normality assumption and may lead to find a more efficient estimation. 

Bayesian analysis depends on Bayes’ theorem of probability theory, Bayes 

(1973). It’s given by: 

 

Where y(5) represents the set of data, and θ represents the set of unknown 

parameters.  is the prior density function of the parameter .  is the marginal 

                                                                 
5
- y is multivariate.  
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probability density of the data y.   is the conditional probability (likelihood) 

density function of the data given the unknown parameter , and finally,  is the 

posterior density function of the parameter  given the data y. we proceed with Bayesian 

inference to find out about the relation between two variables based on the principle  

Posterior  Prior x Likelihood, 

The posterior distribution can be approximated by Markov Chain Monte Carlo 

(MCMC) simulations, where inference can be explored for the posterior distribution. The 

linear regression model with Gaussian error can be simulated Using Gibbs sampling6 

simulation and it generates a sample from the posterior distribution of this linear model.  

The general multiple regression equation is given by: 

                                          (3.1.1) 

Where:  

yi is the dependent variable, xik is the independent variable for i= 1,2,…, N and k 

is the number of independent variables. We want to apply the data on the above equation. 

For simplicity we use matrix form to show our estimation method as follows: 

Let  be a  vector of dependent variable  

    ,      U be an N × 1 vector of disturbances variable     ,  

                                                                 
6
 - With a multivariate Gaussian prior on the beta vector, and an inverse Gamma prior on the 

conditional error variance. 
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  be the  vector of coefficients        =        , and  the 

 matrix of  

 

The independent variables   X =   

 

  Hence, the model can be written as                                        (3.1.2) 

  

         Passing with our methodology framework, we introduce some notations. 

The one bar over the scripts is to denote to the prior, the two bars over the scripts are to 

denote to the posterior and the hat over the scripts is to denote to the OLS estimators.        

3.2 The Likelihood Function 

Likelihood function is joint probability density function for all the data 

conditional on the unknown parameters:  In order to obtain the likelihood 

function we use the matrix notation and the assumption of the regression and the 

probability rules.  

In matrix notation, the classical assumptions can be written as:  
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 The distribution of the error  terms is a multivariate normal with  mean and  

covariance matrix, we can write this in notation as: . 

 The whole items of independent variable X are fixed; that is they are not random 

variables, if otherwise the whole items are independent of u with  probability 

density function, where  is a vector of parameters that doesn’t contain  and  . 

In the first assumption, the matrix which contains the variances on the diagonal 

and covariances everywhere else is called the variance-covariance matrix for the errors, 

and we can write it under the classical assumptions as follows: 

 

                                 

Or we can write the term   in tow components which are 

 and  for i, j = 1, 2, 3,…, N and . 

The second assumption allows us to use conditionally on  and address 

 considering it the likelihood function; we can eliminate the term  to 

facilitate the notation. 
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Thus we can write the likelihood function benefiting from the definition of the 

multivariate Normal density: 

                              (3.2.3) 

As with simple regression, likelihood function can be written in terms of OLS 

quantities as follows: 

                                                        (3.2.4) 

                                            (3.2.5) 

                                    (3.2.6) 

So that the likelihood function can be expressed by using matrix extension:  

            

(3.2.7) 

3.3 Prior distribution 

Prior probabilities do not depend on the data. Accordingly, before seeing the data 

the prior summarizes what we know about the parameter and show the information that 

we suggest before any new evidence is exposed. So they can take any form. There are 

many forms of priors and we want to use the Natural Conjugate Priors. A prior is 

conjugate to likelihood if the posterior is in the same class of distributions as prior. 

Basically, conjugate priors are like the posterior from some imaginary dataset with a 
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diffuse prior. Also, as the likelihood function formula; the natural conjugate priors have 

an identical form.  

The distribution of  conditional on  is given by: 

 

And the prior distribution of  has the form  

 

By multiplying  we obtain the form of the posterior 

distribution, which appears to be a Normal-Gamma distribution 

                                                    (3.3.8) 

Note that  is a k- vector which consists of the means of the prior for the k- 

regression coefficients , and  is the covariance matrix for the prior with 

dimension k× k and have a positive values.  

3.4 Posterior distribution 

The posterior density  is our major interest. The posterior outlines all 

information about the parameter  which allow updating the prior information about  

and . The outcome here is the posterior which integrates the data and non-data 

information. As we know from the traditional Bayes that the posterior is approximately 
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proportional to the likelihood times the prior. So we multiply equations (3.2.7) and 

(3.3.8) to obtain the posterior as shown below: 

                                        (3.4.9) 

Where  

                                                      (3.4.10) 

                                                (3.4.11) 

                                                                    (3.4.12) 

and implicitly we can define  by the following equation: 

                 (3.4.13) 

Thus the posterior distribution is summarized by the preceding equations. 

Integrating out on  , we would get the marginal posterior for  (i.e. using the result 

p  ). The marginal posterior for  has a multivariate Normal t- 

distribution and we write it as shown below: 

                                                           (3.4.14) 

The expected value and variance of  using the definition of the t- distribution 

are: 

                                                                         (3.4.15) 

And  
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                                                              (3.4.16) 

In order to find the mean and variance of the errors of the term . Utilizing 

form the properties of the Normal-Gamma distribution we have: 

                                                                        (3.4.17) 

and, hence, we have 

                                                                          (3.4.18) 

and  

                                                                    (3.4.19) 

Equations (3.4.10) and (3.4.19) supply us a closer look at how Bayesian methods 

join prior and data information. Researchers dealing with Bayesian analysis prefer to 

summarize all information analytically without using integration and no posterior 

simulation. So we are interested in dealing with the linear regression with Normal-

Gamma natural conjugate prior where posterior simulation is not required. 

The OLS estimate of is  where the researchers often use. The weighted 

average of the OLS estimate and the prior mean,  is equal to the point estimate of 

Bayesian model, , the comparative strength of the prior and data information reflected 

by the weights; which is proportional to the data  and , and the confidence in the 

prior is showed by the term  .  
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The posterior variance (3.4.16) is the basic of Bayesian analysis which combine 

both the prior and the data information. For example equation (3.4.10) can be explained 

in an informal basis as; the precision of the posterior is the average of data  and the 

precision of the prior . Also we can explain equation (3.4.13) in the same way, that is, 

posterior sum of squared errors ( ) is the sum of prior sum of squared errors ( ), 

OLS sum of squared errors ( ), and a term which measures the conflict between prior 

and data information ( ). Moreover, the Natural 

Conjugate Prior reveals that the explanation of the prior appears to be imaginary set (i.e. 

 and N play the same role in equations (3.4.12) and (3.4.13), hence, it can be shown that  

 can be considered as a prior sample size). Bayesian analysis can be carried out in terms 

of two ways, the prior sensitivity and non-informative prior. We perform the prior 

sensitivity prior analysis using several priors to present the empirical results. If we get 

similar results across all the sensible priors, then we are agree with different beliefs about 

the data. If otherwise, that is, we get sensitive results in selecting the priors, then we 

haven’t strong evidence on the data in order to be acceptable with several prior visions.  

The non-informative prior is the second way of the analysis. This is the prior that 

gives us no information and have the smallest effect on the data and final results of 

inference. Using the explanation of the natural Conjugate prior in order to guarantee that 

the posterior is not supplied by information from the prior we can get the relatively non-

informative prior by considering  being small with respect to N and  large to large 

value. So by this discussion and setting  and setting a small value of  (i.e. 
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, where m is a constant and we will consider it to be equal 0). Thus we find 

that: 

 

Where 

                                                                    (3.4.20) 

                                                                               (3.4.21) 

                                                                                (3.4.22) 

and 

                                                                          (3.4.23) 

We see that these formulas are close to the OLS results and consist of the all 

information of the data only. Dealing with this non-informative prior lead us to have an 

improper non-informative prior which is cannot be inferable and invalid density. To show 

this property, (3.4.20) and (3.4.21) can be vindicated by joining the likelihood with this 

prior density;  where  integrating it over , we will 

get . So that, most Bayesian models face improper non-informative priors.  

Often we write the Bayesian prior as:  

                                                                      (3.4.24) 

 



27 
 

3.5 Model Comparison 

Model comparison is required for a diversity of activities, including variable 

selection in regression, will not inform about which model is `true', but rather about the 

preference for the model given the data and other information. These preferences can be 

used to choose a single `best' model. Bayesian inferences carry out the analysis of model 

comparisons in addition of the inference taken about the parameter. In this section we 

compare between models of linear regression using equality restrictions, with two types 

of model comparison. First, we begin with the restriction in  which assess  to 

the other model without this restriction . If we put the restrictions  on the latest 

parameters from , then we got (i.e. we refer to as nested in ). The second type 

of model comparison which is the case of non-nested (i.e. by defining another model  

including  independent variables, doing this, then both  and  would be 

nested in ). We want to compare the two models: 

 

 

Where  and  are matrices including fully distinct independent variables. We 

can rewrite the previous two models in general as follow: 

 

                                                               (3.5.25) 

Where  referring to the two models,  is a matrix of independent 

variables with dimension , the - vector of the regression coefficients  is a 

- vector and the N-vector errors  which distributed as . 
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By setting  we can handle the analysis of the case of a non-nested model 

comparison. Starting with unrestricted model of equation (3.1.1), we can work on , 

which is assess  , can be handled by assessing the restriction on the independent 

variables. is unrestricted model, that is, we set  ,  and .  

For the two models the priors are distributed Normal-Gamma and it can be 

written as shown below: 

                                                               (3.5.26) 

And the posteriors densities are given by: 

 

                                                                   (3.5.27) 

Where 

                                                                                (3.5.28) 

                                                                     (3.5.29) 

                                                                                                   (3.5.30) 

and implicitly we can define  through the following equation 

           (3.5.31) 

 

We see from equations (3.5.30) and (3.5.31) results that they are equivalent to the 

OLS like equations (3.2.4) – (3.2.6). In either of the two models we will use equations 

(3.5.27) – (3.5.31) to proceed the inference of posterior. For each model we can obtain 
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the marginal likelihood and the posterior odds ratio. In this case we can write the 

marginal likelihood as: 

                                                     (3.5.32) 

for , where 

                                                                                  (3.5.33) 

Also, we can write the posterior odds ratio comparing  to as: 

 

                                                             (3.5.34) 

In order to calculate the posterior model probability we can use the posterior odds 

ratio, , using this criteria: 

   and    

 

The analysis of the equation (3.5.34) leads us to know the factors that affect the 

model comparison and the posterior odds ratio. The first factor is, when the odds 

ratio,  , is large, is highly supported. The second factor is that the errors sum of 

square  is included in the term . It’s a good criterion to determine if the model 

fit the data (i.e. the lower value of the errors sum of squares, the model is fit better). From 

this point the posterior odds ratio payoff for models that fit better. The third factor is 

when there are a greatest consistency between the prior and the information of the data 
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which is supported by the posterior odds ratio with ceteris-paribus. Finally,  is the 

ratio of posterior to prior variances that can be explained as the model with high 

information from the prior with respect to the information from the posterior generally 

more supported, holding other things to be equal. Furthermore, the posterior odds ratio 

prefers the models with a few number of parameters, that is, it’s a littleness payoff. We 

proceed the model comparison with the tow models that have the same number of 

parameters (i.e.  and  ), and this payoff of littleness is not clear. Otherwise, it’s a 

serious characteristic of posterior odds ratio. One problem arise when we are dealing with 

model comparison is that posterior odds ratio can’t be defined when the prior is non-

informative. 

In this section we want to express the non-informative prior disjoint using two 

steps. The first step we consider a prior where  and . The second step 

we define a non-informative prior as one where  is a scalar considered to be zero. The 

important result is to consider non-informative priors for  for  and not use it 

for . Since the parameter of the error precision exists in both models which explained 

similarly. But   and  are different in two models. Problems arise when we use 

non-informative priors for   in the case of .  

So to be in the secure way, we have to use non-informative prior in the case of 

. This will shackle a posterior odds ratio in the form 

                                                           (3.5.35) 

Equation (3.5.35) depends on the unit of measurement. 
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3.6 Highest Posterior Density Intervals (HPDI) 

We are interested in the model testing and comparison with non-informative prior. 

To do so there are some techniques can be used. One of them is the HPDI and present 

how we can use it in an ad hoc mode in order to compare nested models. HPDIs are a 

very common device which can be used with the non-informative prior. In all times it 

exists when we are dealing with the posterior estimation. Before showing our analysis we 

consider some definitions of the basic connotation with the situation that the vector of 

parameters  in the normal linear regression model. Suppose that the elements of  vector 

each belong to the interval , denote it as . Let  be some  vector 

of functions of  which is defined over a region, , where . Let  be a subset of , 

denoted by . 

Definition (1): credible sets 

We say to the set  is a  credible set with respect to 

 if: 

  

Definition (2): Highest Posterior Density Intervals (HPDI) 

A  credible interval for  with the lower area than any other 

credible area for  is said to be  the highest posterior density interval 

for . 

The researcher must provide HPDI in addition of obtaining the mean posterior 

of . We interpret HPDI that the researcher is   confident that  falls in 

the HPDI. To show this, we consider the two Normal Linear models as in equation 



32 
 

(3.1.2) which has an attention to what independent variable included and not included in 

the model. Thus the two models become: 

  

and 

  

As summarized in equations (3.5.26) – (3.5.31) we can perform posterior 

inference under , and based on the t distribution we can estimate the  HPDI. The 

criterion to find which model is preferred is that if the zero is contained in HPDI, then we 

are preferred . If the zero does not contain in HPDI, then we does not prefer . 
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Chapter Four 

4.1 Analysis and Results 

4.1.1 Bayesian inference – OLS inference  

Mincer (1974) model is the most used model in order to study the human capital 

and to estimate the returns to education. This model links daily wages (dependent 

variable) with set of predictor variables i.e. age, potential experience, years of schooling, 

labor sector and place of residence.   

                                                    (4.1.1) 

Where refers to daily wage and we take  to be able to estimate the rate of 

change in daily wage,  indicates the years of schooling,  indicates the age or potential 

experience and  represents the random error for the model, note that the coefficients 

( ) are constants. 

We add to equation (4.1.1) some control variables like place of residence, labor 

sector, occupation and /or education qualitative. Since these variables are qualitative 

variables we define dummy variables that represent each category for each variable. For 

example, the place of residence variable takes three categories (Urban, Rural, and Camp), 

so we can define and enter a dummy variable that represents who is reside in Camp and 

take a value of 1 and 0 otherwise. By this way we can interpret this dummy variable as 

the average difference of daily wage between Camp residence and non-Camp residence. 

We are interested in three models.  We use potential experience in the first model i.e. the 

reference model. Hence, equation (4.1.1) can be expressed by:  
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(4.1.2) 

In the second model we use age instead of potential experience. Hence, equation 

(4.1.1) can be expressed by:   

                             

(4.1.3) 

In the third model we use potential experience and replace years of schooling (S) 

and squared years of schooling (S2) variables by dummy variables of educational levels. 

Hence, equation (4.1.1) can be expressed by:  

                                                                    

(4.1.4) 

Where: 

 pexp: potential experience (= age – years of schooling – 6). 

 pexp2: squared potential experience.  

 ld: dummy variable takes a value of 1 for legislators, senior officials and 

managers category and 0 for the remaining categories. 

 td: dummy variable takes a value of 1 for professionals, technical, associate and 

clerks category and 0 for the remaining categories. 
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 rd: dummy variable takes a value of 1 for service, shop and market workers 

category and 0 for the remaining categories. 

 ad: dummy variable takes a value of 1 for skilled agriculture and fishery workers 

category and 0 for the remaining categories. 

 vd: dummy variable takes a value of 1 for craft and related trade workers category 

and 0 for the remaining categories. 

 md: dummy variable takes a value of 1 for plant and machine operators and 

assemblers category and 0 for the remaining categories. 

 wbgd: dummy variable takes a value of 1 for West Bank region category and 0 for 

Gaza Strip region. 

 cad: dummy variable takes a value of 1 for Camp residence category and 0 for the 

remaining categories. 

 gd: dummy variable takes a value of 1 for employees in national government 

category and 0 for the remaining categories. 

 isd: dummy variable takes a value of 1 for Israel and the settlements category and 

0 for the remaining categories. 

 ltd: dummy variable takes a value of 1 for whose education attainment is literate 

category and 0 for the remaining categories. 

 crd: dummy variable takes a value of 1 for whose education attainment is can read 

and write category and 0 for the remaining categories. 
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 ed: dummy variable takes a value of 1 for whose education attainment is 

elementary category and 0 for the remaining categories. 

 sd: dummy variable takes a value of 1 for whose education attainment is 

secondary category and 0 for the remaining categories. 

 add: dummy variable takes a value of 1 for whose education attainment is 

associated diploma category and 0 for the remaining categories. 

 bad: dummy variable takes a value of 1 for whose education attainment is BA/ 

BSc category and 0 for the remaining categories. 

 hdd: dummy variable takes a value of 1 for whose education attainment is higher 

diploma category and 0 for the remaining categories. 

 mad: dummy variable takes a value of 1 for whose education attainment is master 

degree category and 0 for the remaining categories. 

 phd: dummy variable takes a value of 1 for whose education attainment is Ph.D 

category and 0 for the remaining categories. 

Note that the preparatory educational level is considered as the reference category 

for education. Moreover, the elementary occupation is the reference category for 

occupation. 

We will apply OLS and Bayesian linear Regressions on equations (2), (3) and (4) 

,using R software, for each quarter for the years 2006-2011 which provides us a fairly 

long time series data to compare between the estimates and standard error for the three 

equations. These equations can be applied only on paid workers (Wi observed only for 
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this category) and the estimates OLS and Bayesian regression will be biased or confined 

to paid employees category and doesn’t take into account who doesn’t participate in labor 

force; since the wage paid or offers they receive doesn’t exceed the reservation wage 

even the individual accept to enter the labor market.   

The economic theory indicates that the income curve is concave down in age or 

experience, and the individual reaches the maximum value of income in his middle age. 

Supported results of this theory in tables 4.1, 4.2 and 4.3 in Appendix for the models (1), 

(2) and (3) respectively indicate that OLS and Bayesian regression methods estimates of 

the mean are approximately the same but the standard error estimates of the mean using 

Bayesian method is less than the standard error estimates of the mean using OLS method. 

Thus, we conclude that Bayesian regression method is more efficient than OLS method. 

This result fits the results of Block, Hoogerheide and Thurik (2012). That is, the posterior 

standard error is less than OLS standard error. Also, we find that the coefficient of 

squared years of schooling is positive and significant in most quarters for each of the two 

methods, which means that there is a nonlinear relation between daily wages and years of 

schooling and it indicates that the difference in wages for each year of schooling is low 

for lower levels of education but high for higher levels of education. Also we find that the 

coefficient of squared potential experience in model (1) and the coefficient of squared 

age in model (2) are negative and significant in most quarters for each of the two 

methods, which means that the relationship between daily wages and age or experience is 

concave. This result compatible to the results found of Tansel and Daoud (2011). They 

show that the relation between wages and years of schooling is convex and not linear.   
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In Model (3) we use the educational levels which will help us to see the concavity 

of income curve and to find out at what level of education the rate of return to schooling 

is higher.  Results in Table 4.3 in Appendix indicate that the coefficients of illiterates, can 

reads and writes, elementary, secondary, associate diploma, Bachelor and Master dummy 

variables are significant, while the coefficients of higher diploma and PhD dummy 

variables are not significant in most of the quarters in each of the two methods of 

estimation. This Table indicates that the average differences in daily wages for workers is 

increasing for levels secondary, Bachelor and Master, compared to preparatory level. 

This underlines the concavity of the income curve with educational levels. For higher 

diploma and PhD level, the low number of observations having these degrees increases 

the standard error. This implies that the coefficients of higher diploma and PhD are non-

significant in many cases. Here we review the interpretation of the coefficient of dummy 

variables of educational levels. 

 The average daily wage for illiterates is lower than preparatory degree holders by 

2.0% - 20.5%.  

 The Average daily wage for can reads and writes is lower than preparatory degree 

holders by 2.0% - 7.6%. 

 The Average daily wage for elementary holders is lower than preparatory degree 

holders by 1.5% - 4.6%. 

 The Average daily wage for secondary is higher than preparatory degree holders 

by 1.5% - 5.5%. 
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 The Average daily wage for associate diploma holders is higher than preparatory 

degree holders by 2.8% - 6.5%. 

 The Average daily wage for Bachelor holders is higher than preparatory degree 

holders by 3.7% - 12.8%. 

 The Average daily wage for Masters is higher than preparatory degree holders by 

8.6% - 26%. 

4.1.2 Model Comparison 

In model comparison we are interested to find which model is better. We compare 

between the three models considered in our analysis. We show in table 4.4 the values of 

R squared for OLS estimates and the values of log Bayes Factor (BF) for Bayesian 

estimation, in each quarter for each model. By considering model (1) as the reference 

model, we find in most of the quarters that R squared for the second model (2) is greater 

than the other two models, so we conclude that model (2) is the better model using OLS. 

Also, Bayes Factor for each quarter indicates that model (2) is the most preferred for 

other models. Moreover, we find that model (1) is better than model (3) in Bayesian 

method since BF for model (1) is greater than those for model (3). Meanwhile Model (3) 

is better than model (1) since R squared for model (3) is greater than those for model (1) 

in some quarters, but model (1) was found better in some other cases. Anyway, R-

squared of models (1) and (3) are very close, but less than model (2). This result indicates 

that age is a better predictor of wages than experience. Moreover, years of schooling is 

found a better predictor than educational levels. This result is confirmed using R- squared 

and Bayes Factor. However, Bayes factor may find different results if the difference 
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between R-squared of two models (1 and 3) is very small. Daoud and Sadeq (2012) use 

age instead of potential experience in Mincer equation and they justify the usage of age 

since the adjusted R-squared for the model that contains age is higher than the adjusted 

R-squared for the model that contains the potential experience. 

4.1.3 HPDI 

To find out which variable has a significant relation with the natural logarithm of 

daily wages. We use the t-test in OLS and HPDI in Bayesian regressions. Tables 4.5, 4.6 

and 4.7 show the HPDI for each variable in regression equation for each of the three 

models. HPDI criterion says that if the 0 is not contained in interval, then there is a 

statistically significant relationship between the dependent variable and the predictor 

variable, otherwise there is no significant relationship between them. Our results of HPDI 

are similar to the t-test results, that is, the variables that are statistically significant in 

OLS method are statistically significant using Bayesian method. 

4.2 Heckman Correction using   and   Models 

OLS and Bayesian estimation suffer from three problems, self-selection bias 

(Heckman, 1979), ability bias (Altonji and Dunn, 1996) and endogeneity problems 

(Angrist and Kruger, 1991). In this thesis, we try to correct the problem of self-selection 

bias. We apply Bayesian inference to Heckman’s (1976) two-step procedure in order to 

correct this problem using  and  models. We define a dummy variable 

 that takes a value of 1 for wage employed persons and 0 for unemployed and out 

of labor force persons. We add some variables like marital status and place of residence 

to  and  models and we drop occupation and status in employment variables. 
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We regress  on years of schooling, squared years of schooling, age, squared age, 

marital status, region and camp residence variables.  Furthermore, to find out which 

model best fits and predicts daily wages, we compare between Bayesian estimation with 

Heckman  model and Bayesian estimation with Heckman  model using 

Bayes Factor. The estimated model using Bayesian inference without Heckman 

correction is not included in model comparison since it suffers from selectivity bias. 

We review Heckman’s (1976) two-step procedure. Individuals decide to 

participate in the labor force if the market wage  exceeds the reservation wage . 

We observe  if  and if otherwise we do not observe it. Define a dummy 

variable (H) that takes a value of 1 for employed individuals and 0 otherwise, 

                                                                  (4.2.1)  

                                                                        (4.2.2) 

Where H is observed only if , this equation is named by participation 

equation; which links participation with set of variables  that affect individual’s 

decision to work like number of children and marital status ... etc. Equation (4.2.1) 

estimated simultaneously with equation (4.2.2) and with self-selection, Heckman (1976).  

After that, Heckman added to equation (4.1.1) some independent variables that exist 

in equation (4.2.1) multiplied by their coefficients and Invers Mills’s ratio, . Using 

Heckman correction on equation (4.1.1) it becomes: 

                                                       (4.2.3) 
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Where  ,  indicates the standard error of equation (4.2.2),  indicates 

the coefficient of correlation of residuals in equation (4.2.1) and residuals in equation 

(4.2.2).  represents the set of independent variables mentioned in equation (4.1.3) and  

represents some variables that will affect individual’s participation in the labor force like 

marital status, residence in camp and household size, Daoud (1999) and Daoud and 

Sadeq (2012).  

Estimation results of Heckman correction using  model indicate that the 

estimated coefficient of years of schooling is greater than those we’ve got from Bayesian 

and OLS estimation and it is positive. However, estimation results of Heckman correction 

using  model indicate that the coefficient of years of schooling slightly differs 

from those we’ve got form Bayesian and OLS estimation and it is negative in most of the 

quarters. Tables 4.8 and 4.9 show the estimation results of Heckman correction  

and  models respectively. Daoud and Sadeq (2012) find that Heckman correction 

does not vary from OLS estimates of return to schooling for males. However, they find 

that the difference in estimates of return to schooling for females using Heckman 

correction is higher compared to OLS estimates and they vindicate this high difference by 

lower participation rate in the labor force for females7 . 

Table 4.10 represents model comparison using Bayes factor between Bayesian 

estimation with  Heckman correction and  Heckman correction. We find that 

applying  Heckman correction using Bayesian inference is the best model to predict 

individual’s wages and estimates of return to education.      

                                                                 
7
 - According to PCBS Labor force survey (2011), labor force participation rate is 66.8% of males 

and 14.7% of females. 
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4.3 Conclusions and Recommendations  

We conclude that Bayesian inference method produce more efficient estimation 

than OLS inference method. The posterior standard error using Bayesian inference is less 

than the standard error of the mean using OLS. Moreover, usage of age in Mincer (1974) 

human capital equation is better than usage of potential experience and education levels. 

Since in either of the two methods R-squared and Bayes factor in the model that consists 

of age is greater than those found in the other two models used in this thesis. Therefore, 

age is a better predictor of wages. 

Estimation results of daily wages equation indicate that the wages equation is 

convex with respect to the years of schooling in both models (1) and (2). And this means 

that the private rate of return to schooling increase with the level of education. 

Moreover, in order to correct for self-selection bias, we contribute that  

Heckman correction using Bayesian inference do a good job of estimation and it is better 

than  Heckman correction and Bayesian inference with no Heckman correction.   

For future research consideration we can estimate the return to education using 

panel data of Palestinian labor force for the period 1995 – 2012. Furthermore, we can use 

two level hierarchical models in order to estimate the social return to education.  

Since OLS and Bayesian inference on linear regression models of wages suffer 

from endogeneity and ability bias in addition to self-selection bias, we recommend for 

further research in Bayesian methods of solving bias.  
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Appendix A 

Table 4.1: Estimation results for daily wages for model 1 using OLS and Bayes. 
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Table 4.1 continued 
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Table 4.1 continued 
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Table 4.1 continued 
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Table 4.1 continued 
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Table 4.1 continued 
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Table 4.2: Estimation results for daily wages for model 2 using OLS and Bayes 
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Table 4.2 continued 
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Table 4.2 continued 
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Table 4.2 continued 
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Table 4.2 continued 
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Table 4.3: Estimation results for daily wages for model 3 using OLS and Bayes 
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Table 4.3 continued 
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Table 4.3 continued 
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Table 4.4: Model Comparison between three models using R-squared and Bayes Factor  

year

Quarter

Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3

Model1 1.00E+00 3.17E-02 2.10E+07 1.00E+00 1.19E-01 2.87E+09 1.00E+00 7.56E-02 3.38E+09 1.00E+00 4.89E-04 2.85E+10

Model2 3.16E+01 1.00E+00 6.62E+08 8.38E+00 1.00E+00 2.40E+10 1.32E+01 1.00E+00 4.46E+10 2.04E+03 1.00E+00 5.82E+13

Model3 4.77E-08 1.51E-09 1.00E+00 3.49E-10 4.16E-11 1.00E+00 2.96E-10 2.24E-11 1.00E+00 3.51E-11 1.72E-14 1.00E+00

R-Squared R-Squared R-Squared R-Squared 

Model1 0.08538 0.08682 0.0892 0.084111

Model2 0.08558 0.08694 0.08935 0.08457

Model3 0.08602 0.08715 0.08953 0.08429

year

Quarter Q1 Q2 Q3 Q4

Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3

Model1 1.00E+00 3.34E-11 2.14E+14 1.00E+00 5.94E-08 1.69E+16 1.00E+00 5.37E-08 8.18E+13 1.00E+00 2.42E-12 1.43E+13

Model2 2.99E+10 1.00E+00 6.39E+24 1.68E+07 1.00E+00 2.84E+23 1.86E+07 1.00E+00 1.52E+21 4.13E+11 1.00E+00 5.89E+24

Model3 4.68E-15 1.56E-25 1.00E+00 5.93E-17 3.52E-24 1.00E+00 1.22E-14 6.56E-22 1.00E+00 7.00E-14 1.70E-25 1.00E+00

R-Squared R-Squared R-Squared R-Squared

Model1 0.1009 0.09385 0.06413 0.1667

Model2 0.1024 0.09488 0.06521 0.1684

Model3 0.1006 0.09322 0.06379 0.1665

year

Quarter

Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3

Model1 1.00E+00 4.01E-11 2.90E+16 1.00E+00 8.63E-04 1.38E+08 1.00E+00 3.60E-08 1.94E+07 1.00E+00 1.17E-08 3.21E+09

Model2 2.50E+10 1.00E+00 7.24E+26 1.16E+03 1.00E+00 1.60E+11 2.78E+07 1.00E+00 5.41E+14 8.52E+07 1.00E+00 2.73E+17

Model3 3.45E-17 1.38E-27 1.00E+00 7.25E-09 6.26E-12 1.00E+00 5.14E-08 1.85E-15 1.00E+00 3.12E-10 3.66E-18 1.00E+00

R-Squared R-Squared R-Squared R-Squared 

Model1 0.1871 0.229 0.05309 0.1478

Model2 0.1886 0.2294 0.05419 0.149

Model3 0.1865 0.2295 0.0537 0.1481

Q4

2008: Model Comarison 

Q1 Q2 Q3 Q4

2006: Model Comarison 

2007: Model Comarison 

Q1 Q2 Q3
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Table 4.4 continued 

year

Quarter

Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3

Model1 1.00E+00 1.52E-10 3.77E+12 1.00E+00 1.30E-01 5.19E+09 1.00E+00 3.85E-04 1.24E+10 1.00E+00 1.41E-09 7.58E+08

Model2 6.56E+09 1.00E+00 2.47E+22 7.71E+00 1.00E+00 4.00E+10 2.60E+03 1.00E+00 3.22E+13 7.11E+08 1.00E+00 5.39E+17

Model3 2.66E-13 4.05E-23 1.00E+00 1.93E-10 2.50E-11 1.00E+00 8.06E-11 3.10E-14 1.00E+00 1.32E-09 1.85E-18 1.00E+00

R-Squared R-Squared R-Squared R-Squared 

Model1 0.01679 0.1651 0.1236 0.1603

Model2 0.1692 0.1652 0.1241 0.1614

Model3 0.1678 0.1653 0.1238 0.1606

year

Quarter

Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3

Model1 1.00E+00 1.65E-08 6.78E+06 1.00E+00 8.04E-02 3.13E+09 1.00E+00 2.54E-03 4.30E+08 1.00E+00 1.06E-05 6.10E+09

Model2 6.04E+07 1.00E+00 4.10E+14 1.24E+01 1.00E+00 3.90E+10 3.93E+02 1.00E+00 1.69E+11 9.41E+04 1.00E+00 5.74E+14

Model3 1.47E-07 2.44E-15 1.00E+00 3.19E-10 2.56E-11 1.00E+00 2.33E-09 5.92E-12 1.00E+00 1.64E-10 1.74E-15 1.00E+00

R-Squared R-Squared R-Squared R-Squared 

Model1 0.161 0.1055 0.1082 0.1498

Model2 0.162 0.1056 0.1085 0.1505

Model3 0.1617 0.1058 0.1086 0.1501

year

Quarter

Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3 Model1 Model2 Model3

Model1 1.00E+00 1.27E-03 6.38E+04 1.00E+00 4.88E-03 6.15E+10 1.00E+00 4.35E-04 9.41E+13 1.00E+00 7.94E-06 1.24E+11

Model2 7.86E+02 1.00E+00 5.01E+07 2.05E+02 1.00E+00 1.26E+13 2.30E+03 1.00E+00 2.16E+17 1.26E+05 1.00E+00 1.57E+16

Model3 1.57E-05 2.00E-08 1.00E+00 1.63E-11 7.94E-14 1.00E+00 1.06E-14 4.62E-18 1.00E+00 8.04E-12 6.38E-17 1.00E+00

R-Squared R-Squared R-Squared R-Squared 

Model1 0.1103 0.104 0.1017 0.08793

Model2 0.1106 0.1043 0.1022 0.08866

Model3 0.1112 0.10411 0.1014 0.8799

Q1 Q2 Q3 Q4

2011: Model Comarison 

Q1 Q2 Q3 Q4

2009: Model Comarison 

Q1 Q2 Q3 Q4

2010: Model Comarison 
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Table 4.5: HPDI for each variable in Model 1. 
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Table 4.5 continued 

ye
ar

Qu
art

er

Lo
we

r
Up

pe
r

Lo
we

r
Up

pe
r

Lo
we

r
Up

pe
r

Lo
we

r
Up

pe
r

Lo
we

r
Up

pe
r

Lo
we

r
Up

pe
r

Lo
we

r
Up

pe
r

Lo
we

r
Up

pe
r

int
erc

ep
t

4.7
4E

+0
0

4.8
0E

+0
0

4.8
3E

+0
0

4.9
1E

+0
0

4.3
5E

+0
0

4.4
2E

+0
0

4.6
9E

+0
0

4.7
7E

+0
0

4.5
0E

+0
0

4.5
6E

+0
0

4.5
0E

+0
0

4.5
6E

+0
0

4.4
6E

+0
0

4.5
3E

+0
0

4.5
0E

+0
0

4.5
7E

+0
0

S
-1.

24
E-0

2
-1.

08
E-0

3
-2.

74
E-0

3
9.7

6E
-03

-9.
23

E-0
3

2.4
1E

-03
-1.

06
E-0

2
1.6

1E
-03

-1.
71

E-0
2

-5.
89

E-0
3

-1.
71

E-0
2

-5.
89

E-0
3

-9.
72

E-0
3

2.6
3E

-03
-2.

14
E-0

2
-9.

18
E-0

3

S2
5.5

6E
-04

1.1
7E

-03
-1.

35
E-0

4
5.3

7E
-04

2.8
3E

-04
9.0

1E
-04

4.8
9E

-04
1.1

5E
-03

5.8
8E

-04
1.1

8E
-03

5.8
8E

-04
1.1

8E
-03

2.3
7E

-04
8.8

6E
-04

7.5
9E

-04
1.4

1E
-03

pe
xp

1.6
5E

-03
3.3

9E
-03

1.6
1E

-03
3.4

7E
-03

1.3
5E

-03
3.0

1E
-03

6.3
2E

-04
2.3

9E
-03

7.2
4E

-04
2.4

1E
-03

7.2
4E

-04
2.4

1E
-03

-1.
10

E-0
3

7.0
5E

-04
-3.

52
E-0

4
1.4

6E
-03

pe
xp

2
-8.

98
E-0

5
-5.

83
E-0

5
-8.

15
E-0

5
-4.

75
E-0

5
-7.

27
E-0

5
-4.

17
E-0

5
-6.

62
E-0

5
-3.

39
E-0

5
-7.

94
E-0

5
-4.

86
E-0

5
-7.

94
E-0

5
-4.

86
E-0

5
-4.

75
E-0

5
-1.

39
E-0

5
-6.

31
E-0

5
-2.

95
E-0

5

se
x

3.6
7E

-02
6.0

1E
-02

4.0
6E

-02
6.6

0E
-02

3.7
8E

-02
6.1

0E
-02

3.3
7E

-02
5.8

2E
-02

3.9
2E

-02
6.2

1E
-02

3.9
2E

-02
6.2

1E
-02

2.9
1E

-02
5.4

2E
-02

3.2
4E

-02
5.7

1E
-02

ld
-6.

26
E-0

2
4.0

1E
-02

4.8
7E

-02
1.6

3E
-01

4.4
8E

-02
1.5

0E
-01

2.3
4E

-02
1.3

7E
-01

2.3
1E

-02
1.2

3E
-01

2.3
1E

-02
1.2

3E
-01

7.1
2E

-02
1.6

6E
-01

6.3
7E

-02
1.7

1E
-01

td
-2.

07
E-0

2
3.4

1E
-02

2.8
0E

-02
8.8

2E
-02

2.3
7E

-02
7.9

5E
-02

1.0
5E

-02
6.8

6E
-02

1.3
5E

-02
6.9

5E
-02

1.3
5E

-02
6.9

5E
-02

7.4
7E

-02
1.3

6E
-01

3.1
3E

-02
9.3

1E
-02

rd
6.0

6E
-02

1.0
9E

-01
6.7

7E
-02

1.2
1E

-01
1.0

2E
-01

1.5
0E

-01
8.2

5E
-02

1.3
6E

-01
8.8

1E
-02

1.3
8E

-01
8.8

1E
-02

1.3
8E

-01
1.2

3E
-01

1.7
8E

-01
9.6

0E
-02

1.5
1E

-01

vd
6.9

0E
-02

1.2
3E

-01
7.0

1E
-02

1.2
9E

-01
6.2

7E
-02

1.1
7E

-01
9.8

9E
-02

1.5
9E

-01
1.0

7E
-01

1.5
9E

-01
1.0

7E
-01

1.5
9E

-01
1.2

9E
-01

1.8
9E

-01
1.4

3E
-01

2.0
2E

-01

ad
-2.

35
E-0

1
-1.

86
E-0

1
-1.

46
E-0

1
-9.

54
E-0

2
-1.

04
E-0

1
-5.

45
E-0

2
-1.

07
E-0

1
-5.

04
E-0

2
-1.

41
E-0

1
-8.

75
E-0

2
-1.

41
E-0

1
-8.

75
E-0

2
-1.

72
E-0

1
-1.

12
E-0

1
-1.

69
E-0

1
-1.

10
E-0

1

md
2.7

0E
-02

9.7
8E

-02
1.7

5E
-02

9.6
7E

-02
5.9

9E
-02

1.3
5E

-01
5.2

6E
-02

1.3
2E

-01
7.4

2E
-02

1.4
3E

-01
7.4

2E
-02

1.4
3E

-01
8.0

5E
-02

1.5
7E

-01
7.6

4E
-02

1.5
0E

-01

wb
gd

-4.
30

E-0
1

-4.
05

E-0
1

-5.
84

E-0
1

-5.
55

E-0
1

-7.
62

E-0
2

-5.
25

E-0
2

-4.
06

E-0
1

-3.
80

E-0
1

-1.
31

E-0
1

-1.
08

E-0
1

-1.
31

E-0
1

-1.
08

E-0
1

-1.
21

E-0
1

-9.
55

E-0
2

-1.
15

E-0
1

-9.
07

E-0
2

isd
-1.

80
E-0

3
6.1

5E
-02

-6.
03

E-0
2

7.4
0E

-03
1.1

4E
-02

7.5
9E

-02
1.5

4E
-02

8.1
0E

-02
-4.

02
E-0

2
2.0

9E
-02

-4.
02

E-0
2

2.0
9E

-02
-8.

89
E-0

2
-2.

25
E-0

2
-7.

37
E-0

2
-6.

76
E-0

3

ca
d

-3.
14

E-0
1

-2.
85

E-0
1

-3.
53

E-0
1

-3.
21

E-0
1

-2.
41

E-0
1

-2.
13

E-0
1

-2.
76

E-0
1

-2.
46

E-0
1

-5.
44

E-0
1

-5.
16

E-0
1

-5.
44

E-0
1

-5.
16

E-0
1

-4.
97

E-0
1

-4.
65

E-0
1

-5.
85

E-0
1

-5.
54

E-0
1

gd
-1.

28
E-0

1
-2.

20
E-0

4
-1.

74
E-0

1
-3.

28
E-0

2
-1.

94
E-0

1
-7.

04
E-0

2
-2.

02
E-0

1
-6.

47
E-0

2
-4.

64
E-0

2
5.7

2E
-03

-4.
64

E-0
2

5.7
2E

-03
-1.

29
E-0

1
-7.

10
E-0

2
-8.

95
E-0

2
-3.

17
E-0

2

sig
ma

2
1.9

5E
-01

2.0
2E

-01
2.2

4E
-01

2.3
2E

-01
2.1

6E
-01

2.2
3E

-01
2.1

7E
-01

2.2
5E

-01
2.0

7E
-01

2.1
4E

-01
2.0

7E
-01

2.1
4E

-01
2.4

9E
-01

2.5
8E

-01
2.4

8E
-01

2.5
6E

-01

Q2
Q3

Q4

20
09

20
08

Q1
Q2

Q3
Q4

Q1

 

 

 



71 
 

Table 4.5 continued 
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Table 4.6: HPDI for each variable in Model 2. 
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Table 4.7: HPDI for each variable in Model 3. 
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year

Quarter

HL HP HL HP HL HP HL HP

HL 1.00E+00 5.94E+20 1.00E+00 1.09E+20 1.00E+00 3.83E+18 1.00E+00 7.03E+15

HP 1.68E-21 1.00E+00 9.14E-21 1.00E+00 2.61E-19 1.00E+00 1.42E-16 1.00E+00

Quarter Q1 Q2 Q3 Q4

HL HP HL HP HL HP HL HP

HL 1.00E+00 2.83E+16 1.00E+00 3.07E+08 1.00E+00 5.07E+09 1.00E+00 3.91E+08

HP 3.53E-17 1.00E+00 3.26E-09 1.00E+00 1.97E-10 1.00E+00 2.56E-09 1.00E+00

Quarter Q1 Q2 Q3 Q4

HL HP HL HP HL HP HL HP

HL 1.00E+00 1.71E+08 1.00E+00 1.03E+13 1.00E+00 4.28E+21 1.00E+00 1.60E+11

HP 5.84E-09 1.00E+00 9.75E-14 1.00E+00 2.34E-22 1.00E+00 6.25E-12 1.00E+00

Quarter

HL HP HL HP HL HP HL HP

HL 1.00E+00 175.714 1.00E+00 71153.2 1.00E+00 3.06E+13 1.00E+00 1.57E+19

HP 5.69E-03 1.00E+00 1.41E-05 1.00E+00 3.26E-14 1.00E+00 6.37E-20 1.00E+00

Quarter

HL HP HL HP HL HP HL HP

HL 1.00E+00 2.88E+11 1.00E+00 1.95E+09 1.00E+00 46601.6 1.00E+00 8.03E+11

HP 3.48E-12 1.00E+00 5.13E-10 1.00E+00 2.15E-05 1.00E+00 1.25E-12 1.00E+00

Quarter

HL HP HL HP HL HP HL HP

HL 1.00E+00 2.47E+19 1.00E+00 3.83E+13 1.00E+00 1.42E+13 1.00E+00 1.59E+15

HP 4.05E-20 1.00E+00 2.61E-14 1.00E+00 7.05E-14 1.00E+00 6.30E-16 1.00E+00

Q1 Q2 Q3 Q4

2011: Model Comparison

2010: Model Comparison

2009: Model Comparison

2008: Model Comparison

2007: Model Comarison 

Q1 Q2 Q3 Q4

2006: Model Comarison 

Table 4.10: Comparison between Logit Heckman Correction and Probit Heckman Correction

Q1 Q2 Q3 Q4

Q1 Q2 Q3 Q4
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Appendix B 

R Codes and Commands 

 Libraries used in our analysis, 

MCMCpack, MASS and LearnBayes.  

 Import Data 

dat=read.table("C:\\Users\\Mohsen\\Dropbox\\Photos\\mystudy\\thesis\\LFSD\\excellfsda

ta\\lfsdata2006Q1.csv", header=T, sep=",")  

 OLS regression  

ols= lm(lnw ~ yerschol + s2 + pexp + pexp2 + sex + ld +  td + rd + vd + ad + md + wbgd 

+ isd + cad + gd, data = dat). 

 Bayesian linear regression 

> Posterior= MCMCrgress(lnw ~ yerschol + s2 + pexp + pexp2 + sex + ld +  td + rd + vd 

+ ad + md + wbgd + isd + cad + gd, data = dat) 

 Bayes Factor 

> m1<-MCMCregress(formula = lnw ~ yerschol + s2 + pexp + pexp2 + sex + ld + td + rd 

+ vd + ad + md + wbgd + isd + cad + gd, data = dat,  mcmc = 10000, b0 = 0, B0 = 0.1, c0 

= 2, d0 = 0.11,  marginal.likelihood = "Chib95") 

> m2<-MCMCregress(formula = lnw ~ yerschol + s2 + age + age2 + sex + ld + td + rd + 

vd + ad + md + wbgd + isd + cad + gd, data = dat,  mcmc = 10000, b0 = 0, B0 = 0.1, c0 = 

2, d0 = 0.11,  marginal.likelihood = "Chib95") 
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> m3<-MCMCregress(lnw~ltd+crd+ed+sd+add+bad+hdd+mad+phd + pexp + pexp2 + 

sex + ld +td + rd + vd + ad + md + wbgd + isd + cad + gd, data=dat, mcmc=10000, b0=0, 

B0=0.1, c0=2,d0=0.11, marginal.likelihood="Chib95") 

> BF<-BayesFactor(m1,m2,m3) 

> summary(BF) 

 HPDI 

> HPDIQ1m2<-HPDinterval(m2, prob=0.95)  

 > HPDIQ1m2 

 Heckman Logit Correction  

> logistic<-glm(emd~ yerschol + s2 + age + age2 + sex + msd+ wbgd + cad, 

family=binomial( link = "logit" ), data=dat) 

> p= fitted(logistic) 

> logit=log(p/(1-p)) 

> summary(logistic) 

> HLQ16<-MCMCregress(lnw ~ yerschol + s2 + age + age2 + sex + ld +  td + rd + vd + 

ad + md + wbgd + isd + cad + gd+logit, marginal.likelihood="Chib95",data=dat) 

> summary(HLQ16) 

 Heckman Probit Correction 

> logistic<-glm(emd~ yerschol + s2 + age + age2 + sex + msd+ wbgd + cad, 

family=binomial( link = " probit " ), data=dat) 

> p= fitted(logistic) 

> probit =log(p/(1-p)) 

> summary(logistic) 

> HLQ16<-MCMCregress(lnw ~ yerschol + s2 + age + age2 + sex + ld +  td + rd + vd + 

ad + md + wbgd + isd + cad + gd+probit, marginal.likelihood="Chib95",data=dat) 

> summary(HPQ16)  

 

 

 

 


