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1. Average Hours Worked
a) 
Mean hours for protestants: 39.36
Variance for protestants: 173.77

Mean hours for Catholics: 42.21
Variance for Catholics: 187.41
b)
A two-sample t-test assuming equal variances is used to test whether Protestants work more than Catholics. The hypotheses to be tested are as follows:
H0: The average working hours for Protestants are less than or equal to those of Catholics.
Ha: The average working hours for Protestants are greater than the average working hours for Catholics.
The decision rule for a one-tailed test with a significance level of .05 is; 1) computing a one-tailed t-test statistic, determining the degrees of freedom and calculating the p-value.  If the p-value is less than or equal to the significance level, the null hypothesis is rejected and it is concluded that Protestants work more than Catholics on average. If the p-value is greater than .05, we fail to reject the null hypothesis. The results of the t-test are as follows:

	t-Test: Two-Sample Assuming Equal Variances

	
	
	

	 
	Catholic 
	Protestant 

	Mean
	42.20615486
	39.35997683

	Variance
	187.4117377
	173.7710165

	Observations
	6044
	3453

	Pooled Variance
	182.4525203
	

	Hypothesized Mean Difference
	0
	

	df
	9495
	

	t Stat
	9.877668047
	

	P(T<=t) one-tail
	3.35386E-23
	

	t Critical one-tail
	1.645014124
	

	P(T<=t) two-tail
	6.70771E-23
	

	t Critical two-tail
	1.96021386
	 





The results indicate that the t-test statistic is 9.88 with 9495 degrees of freedom and a corresponding one-tailed p-value p < .001. The null hypothesis that Protestants work the same or less than Catholics is rejected in favor of the alternative hypothesis that Protestants work more than Catholics on average.

c)
The power of the test is 0.
	Power of the Test
	

	t 
	9.877668047

	df
	9495

	Type II error
	1

	Power=1-Type II error
	0



Type II error is obtained using the function =1- TDIST (t, df, 1)

d)
Based on the F-test for the two independent samples, there was a significant difference in the variances of the Catholic and Protestant groups, F = 1.08, p =.006. These results suggest that the variances for Catholic and Protestant groups are unequal.
	F-Test Two-Sample for Variances
	

	
	
	

	 
	Catholic 
	Protestant 

	Mean
	42.20615486
	39.35997683

	Variance
	187.4117377
	173.7710165

	Observations
	6044
	3453

	df
	6043
	3452

	F
	1.078498253
	

	P(F<=f) one-tail
	0.006334986
	

	F Critical one-tail
	1.051091022
	 









We perform the t-test based on the assumption of unequal variances.
	t-Test: Two-Sample Assuming Unequal Variances

	
	
	

	 
	Catholic 
	Protestant 

	Mean
	42.20615486
	39.35997683

	Variance
	187.4117377
	173.7710165

	Observations
	6044
	3453

	Hypothesized Mean Difference
	0
	

	df
	7410
	

	t Stat
	9.979984627
	

	P(T<=t) one-tail
	1.30794E-23
	

	t Critical one-tail
	1.64505929
	

	P(T<=t) two-tail
	2.61588E-23
	

	t Critical two-tail
	1.960284181
	 



The results indicate that the t-test statistic is 9.98 with 7410 degrees of freedom and a corresponding one-tailed p-value p < .001. The null hypothesis that Protestants work the same or less than Catholics is rejected in favor of the alternative hypothesis that Protestants work more than Catholics on average.

e)
The results do not necessarily imply the existence of a Protestant work ethic because there may be other factors contributing to the observed difference in working hours between Protestants and Catholics, such as, job types or education level.
f)
By doing a more rigorous study that takes into account other potential factors that may contribute to the observed difference in working hours such as job types, education level, employment patterns, and other relevant factors in a regression analysis. Moreover, longitudinal data could be used to determine whether the observed difference in working hours persists over time, and whether it is consistent across different contexts and regions.






2. Regression
a) 
	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.101386734
	
	
	
	
	

	R Square
	0.01027927
	
	
	
	
	

	Adjusted R Square
	0.009966496
	
	
	
	
	

	Standard Error
	13.50818429
	
	
	
	
	

	Observations
	9497
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	3
	17990.65756
	5996.885853
	32.86486316
	3.99824E-21
	

	Residual
	9493
	1732197.609
	182.4710428
	
	
	

	Total
	9496
	1750188.267
	 
	 
	 
	

	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	39.37546738
	0.233145882
	168.887681
	0
	38.91845158
	39.83248318

	catholic
	2.803036053
	0.291493286
	9.616125605
	8.59106E-22
	2.231646858
	3.374425248

	Faithindex
	0.131981402
	0.149323752
	0.883860735
	0.376793779
	-0.160725095
	0.424687898

	Education
	-0.07237595
	0.147107349
	-0.491994112
	0.622734882
	-0.360737822
	0.215985922



0 denotes the average number of hours worked when x1 = x2= x3 = 0. In this case, the estimate is 39.38 hours.
1 denotes the difference in the average number of hours worked between Catholics and Protestants, all else equal. In this case, the difference is 2.8 hours.
2 represents the change in the average number of hours worked associated with a one-unit increase in self-reported strength of faith, all else equal. In this case, a one-unit increase in self-reported strength of faith is associated with a 0.13 increase in average number of hours worked.
3 represents the change in the average number of hours worked associated with a one-unit increase in education, all else equal. In this case, a one-unit increase in education is associated with a 0.07 decrease in average number of hours worked.
R2 represents the amount of variation in the average hours worked that can be accounted for by the independent variables in the model. In this case, the R2 is .01 suggesting that only 1% of variation in average hours worked could be explained by the three independent variables.

b)
Only the coefficient estimates for the intercept (p =.000) and catholic (p <.001) have p-values less than .05, hence significant. The coefficient estimates for faith index (p =.378) and education (p = .623) have p-values greater than .05, hence not statistically significant.
c)
It tells us whether the overall regression model is significant. In this case, the F-test results are, F (3, 9493) = 32.86, p < .001, indicating that the overall model is statistically significant in explaining variations in average number of hours worked.
d)
The results are as follows:
	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.108109838
	
	
	
	
	

	R Square
	0.011687737
	
	
	
	
	

	Adjusted R Square
	0.011167079
	
	
	
	
	

	Standard Error
	13.49999132
	
	
	
	
	

	Observations
	9497
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	5
	20455.74016
	4091.148033
	22.44802903
	1.8813E-22
	

	Residual
	9491
	1729732.527
	182.2497657
	
	
	

	Total
	9496
	1750188.267
	 
	 
	 
	

	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	39.18541125
	0.239217642
	163.8065273
	0
	38.71649349
	39.65432902

	catholic
	2.991483748
	0.29922289
	9.99750971
	2.04008E-23
	2.40494286
	3.578024635

	Faithindex
	0.02908344
	0.237366387
	0.122525518
	0.902485432
	-0.436205466
	0.494372346

	Education
	0.661767978
	0.251666449
	2.629543913
	0.008563739
	0.168447891
	1.155088065

	Catholic*FaithIndex
	0.191424702
	0.305293637
	0.627018315
	0.530662312
	-0.407016149
	0.789865552

	Catholic*Education
	-1.118194195
	0.310113879
	-3.605753465
	0.000312845
	-1.726083752
	-0.510304638



The coefficient estimates and associated p-values for the common predictors (catholic, Faithindex, and Education) have changed between the two regressions indicating that the results are not exactly the same. This is due to the modeling choices between the two regressions. In particular, the second regression includes interaction terms that allow the effect of religion to depend on the level of education or the strength of faith.
e)
The coefficient estimates for the catholic predictor have increased and remained statistically significant in both regressions. The coefficient estimate for the FaithIndex predictor has decreased and is not statistically significant in either regression. The coefficient estimate for the Education predictor has become statistically significant in the second regression but was not significant in the first regression.
The inclusion of the two interaction terms in the second regression provides additional insights into the effect of religion on the average number of hours worked. The coefficient estimate for Catholic* Education (p < .001) is statistically significant, indicating that the effect of being Catholic on the average number of hours worked depends on the level of education. However, the coefficient estimate for Catholic * FaithIndex (p = .531) is not statistically significant, indicating that the effect of being Catholic on the average number of hours worked does not depend on the strength of faith.
f)
The addition of interaction terms in the second regression provides additional insights into the relationship between religion, education, and the average number of hours, but does not necessarily provide evidence for or against the existence of a Protestant work ethic.
To better analyze the subject, we would need more data and methods that specifically examine work values and attitudes across different religious groups. For instance, a survey could be conducted to collect information on the importance placed on work, the reasons for working, and the perceived relationship between work and religious beliefs. Qualitative methods, such as in-depth interviews or focus groups, could also be used to explore the experiences and perspectives of individuals from different religious backgrounds in regards to work.





3. Principles of Regression
a)
The OLS estimator for  = (0, 1, 2) is determined by minimizing the sum of squared residuals: 
min  (yi - 0 - 1x1 - 2x2)2
To derive the estimator that minimizes the sum of squared errors, we take the partial derivative of the above equation with respect to each  parameter and setting it equal to 0. Setting the derivative to 0 yields the following system of equations:
yi =nb0 +  b1x1 +b2x2
x1yi =b0x1 +  b1 (x1)2 +b2x2
x2yi =b0x2 +  b1 x1x2 +b2 (x2)2
where n is the sample size. Solving this system of equations yields the OLS estimator for  and the coefficient estimators b.

b)
1. Linearity of the model. The OLS method is based on the premise that the relationship between the independent variables and the dependent variable is linear.
2. Independence of errors. This assumption is required because if the errors are correlated with the independent variables, the OLS estimator will be biased.
3. Homoscedasticity: If the variance of the errors is not constant across all levels of the independent variables, the OLS estimator will be inefficient and biased.
4. No multicollinearity between independent variables. If the independent variables are highly correlated with each other, the OLS estimator cannot be computed and the estimates for the coefficients will be unreliable.
c)
We can use a t-test. The additional assumptions required are; normality f errors and no autocorrelation of errors. The null hypothesis is that 1 =1 and the alternative hypothesis is that 1 1. The t-statistic for this test is given by
t = (b1-1)/se(b1))
where se(b1) is the standard error of the coefficient estimator b1.  If the t-statistic is large enough, the null hypothesis can be rejected at a given significance level and conclude that 1 is significantly different from 1.
d)
There will be perfect multicollinearity between x1 and x2. This implies that the OLS estimator cannot be computed because the matrix of independent variables is not invertible. In other words, there is limited information about the independent variables to estimate the coefficients.
e)
The estimations are different because x1 and x2 are not measured in the same units. This means that the coefficient estimates b1 and b2 cannot be compared directly since they have different units. For comparison to be possible, the variables need to be standardized.
f)
The OLS estimator for yi =  0 + 1x1 + 2x2 + I is still consistent and unbiased, but the coefficient estimates will differ from those obtained when x1 = -2x2. This is because the effects of x1 and x2 are now confounded by the presence of the error term ui. In other words, the estimated coefficients will reflect the combined effect of x1 and ui on yi. 
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