	HSA 523  Health Data Analysis
	Dr. Robert Jantzen


Answer key for Homework 10
1. The following data refer to the number of MRI referrals a sample of 6 neurologists made and how many of their patients were insured by managed care organizations (MCOs). 

Doctor      No. of MRIs     No. of MCO Patients 
1               8                        30 
2              15                       10 
3               4                        30 
4              12                        5 
5                7                       35 
6              14                       10 

Using the above data, create a scatterplot of the number of MRIs and the number of MCO patients.  Do the two variables seem related?   Looks like there’s an inverse (negative) relationship between the two series.
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Part I:  Correlation Analysis

A. Compute the standard deviation of the MRI and MCO patient variables.  Compute the Pearson correlation coefficient.   What does it imply about the relationship between MRIs and MCO patients?
	
Descriptive Statistics

Mean

Std. Deviation

N

mris

10.0000

4.33590

6

mcos

20.0000

13.03840

6


	
Correlations

mris

mcos

mris

Pearson Correlation

1

-.867(*)

Sig. (2-tailed)

.

.025

N

6

6

mcos

Pearson Correlation

-.867(*)

1

Sig. (2-tailed)

.025

.

N

6

6

*  Correlation is significant at the 0.05 level (2-tailed).




The sample correlation coefficient of -.867 implies a strong negative relationship between the # of MRIs ordered and the # of managed care patients.

B. Compute the coefficient of determination (r squared).  What does it imply?

The r squared is = to -.867 * -.867 or .75.  It implies that 75% of the variation in the MRI numbers is tied (determined by?) to variation in the managed care patient numbers.

C. Test whether there is a significant negative correlation between the number of MRIs and the number of MCO patients in the population.  Show the hypotheses, sample statistic, critical statistic and decision process.  Interpret.

Ho:  population correlation coefficient is >= 0

Ha: population correlation coefficient is < 0

Sample r = -.867 (from SPSS)

 Sample t = -3.5 w/ 4 degrees of freedom (from Excel calculator)
Critical t = 2.13 (one-tailed value) at the 5% significance level.

Reject Ho because |sample t| >= critical t (and sample correlation agrees w/ Ha).  We have sufficient evidence to conclude that the population correlation coefficient between the # of MRIs ordered and the # of managed care patients a doctor has is negative.  The 5% significance level of the test indicates the chance of erroneously rejecting the null hypothesis when it’s actually true.
D.  What are the data requirements for testing hypotheses about a population correlation coefficient?

The data requirements include a random sample of two normally distributed variables that are linearily related to each other and whose XY pairs have constant variance.

E.  What does the estimated  p value (also called the sig. level) of the test show?

The p-value of .013 is the probability of rejecting the null, given this sample, when it’s actually true.  It’s equal to the probability of finding samples that differ at least as much as this one does from the values specified in the null hypothesis.

Part II:  Regression Analysis
B.  Write the equation that describes the regression model estimated in A above. 

MRIi = B0 + B1 MCOi + i        OR

Yi = B0 + B1 X1i + i   

C.  F tests on the overall regression test whether all of the population regression coefficients, except the constant, are zeros.  Since there is only 1 explainer (i.e., MCO) the F test can be conducted as follows:

Ho:  population regression coefficient B1 is = 0

Ha: population correlation coefficient B1  is not = 0

Sample F =12.081 (from SPSS)

 Critical F = 7.71 at the 5% significance level (# explainers, N - # coefficients d.f.s)


   = 21.2 at the 1% significance level.

Reject Ho because |sample F| is >= critical F at the 5% significance level, there is sufficient  evidence reject the null hypothesis and  conclude that for the population of doctors, the number of managed care patients influences the number of MRIs ordered.  We can only reject at the 5% level so we’re 95% confident that there’s a connection but not 99%.
 
ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	70.618
	1
	70.618
	12.081
	.025(a)

	 
	Residual
	23.382
	4
	5.846
	 
	 

	 
	Total
	94.000
	5
	 
	 
	 


a  Predictors: (Constant), mcos

b  Dependent Variable: mris

D.  Test whether the number of managed care patients as any influence on the number of MRIs ordered using the t test for the population regression coefficient.  

 Show the hypotheses, sample statistic, critical statistic and decision rule for the test.  Interpret.


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	B
	Std. Error

	1
	(Constant)
	15.765
	1.930
	 
	8.168
	.001

	 
	mcos
	-.288
	.083
	-.867
	-3.476
	.025


a  Dependent Variable: mris

The t-test for the population regression coefficient can test whether the coefficient on the MCO variable is a zero in the following manner:

Ho:  population regression coefficient B1 is = 0

Ha: population correlation coefficient B1  is not = 0

Sample t = -3.476 (from SPSS)

 Critical t = 2.78 (two-tailed value) at the 5% significance level (N - # coefficients d.f.s)


   = 4.60 (two-tailed value) at the 1% significance level.

Reject Ho because |sample t| is not >= critical t at the 5% significance level. There is sufficient evidence to conclude that for the population of doctors, the number of managed care patients influences the number of MRIs ordered.  We can only reject at the 5% level so we’re 95% confident that there’s a connection but not 99%.
E.  What do the estimated coefficients on the explanatory variables each mean?


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	B
	Std. Error

	1
	(Constant)
	15.765
	1.930
	 
	8.168
	.001

	 
	mcos
	-.288
	.083
	-.867
	-3.476
	.025


a  Dependent Variable: mris

Each regression coefficient shows how much the dependent variable (in this case the number of MRIs ordered) changes if the explanatory variable changes by 1 unit.  Thus if the # of managed care patients increases by 1, the number of MRIs ordered decreases by -.288.

 F.  What are the R squared and adjusted R square for the regression in D?  Interpret.


Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.867(a)
	.751
	.689
	2.41777


a  Predictors: (Constant), mcos

The R squared of .751 indicates that 75% of the variation in the number of MRIs ordered is determined by differences (variation) in the explanatory variables, namely the number of managed care patients.  The adjusted R squared of .689 is much lower (> 3%), so it would be a better measure of the actual explanatory power of the model.

 H.  Interpret the 95% confidence intervals for the regression coefficients.  What do they show?

We’re 95% confident that the population regression coefficient for the MCO variable could be as low as -.518 and as big as -.058.  So for every extra MCO patient, MRIs  could decrease as much as -.518 or as little as -.058.

2.   The Wcost99.sav data file contains 1999 data for each of the 17 Westchester county hospitals.

Correlation Analysis:  Use SPSS to compute the correlation coefficients between avgcost and beds, staff and occup.   The sample r values are .413, .701 and .624 w/ a sample size of 17.


Correlations

	 
	 
	avgcost - average spending per licensed bed

	avgcost - average spending per licensed bed
	Pearson Correlation
	1

	 
	N
	17

	beds - number of licensed beds
	Pearson Correlation
	.413

	 
	Sig. (2-tailed)
	.099

	 
	N
	17

	staff - full-time staff per bed
	Pearson Correlation
	.701(**)

	 
	Sig. (2-tailed)
	.002

	 
	N
	17

	occup - occupancy rate
	Pearson Correlation
	.624(**)

	 
	Sig. (2-tailed)
	.007

	 
	N
	17


**  Correlation is significant at the 0.01 level (2-tailed).

Test whether average spending per bed is correlated with hospital size, staffing or occupancy levels.

For each correlation between average spending and the three explainers, we’d set up the following hypotheses:

Ho:  population correlation coefficient is = 0

Ha: population correlation coefficient is not = 0

Sample r = .413 (from SPSS), .701 or .624

 Sample t = 1.756(from Excel calculator), 3.8 or 3.09

Critical t = 2.13 (two-tailed value) at the 5% significance level.


   = 2.95 (two-tailed value) at the 1% significance level.

Reject Ho because |sample t| >= critical t only for the second and third correlations. We have sufficient evidence to conclude that for the population of hospitals, average spending is correlated to staffing and occupancy levels.  We can reject at the 1% level so we’re 99% confident that there’s a correlation in the population of hospitals.  We can’t reject Ho for the first correlation, so we have insufficient to conclude that average spending and hospital size is correlated in the population of hospitals.
Regression Analysis: 

A.  Use SPSS to run a multiple regression, using avgcost as the dependent variable and beds, staff and occup as the explanatory variables. 

B.  Write the equation that describes the regression model estimated in D above. 

AVGCOSTi = B0 + B1 BEDSi + B2 STAFFi + B3 OCCUPi + i        OR
Yi = B0 + B1 X1i + B2 X2i + B3 X3i + i   

C.  F tests on the overall regression test whether all of the population regression coefficients, except the constant, are zeros.  The F test can be conducted as follows:

Ho:  population regression coefficient B1 = B2 = B3 = 0

Ha: Ho is false

Sample F =7.381 (from SPSS)

 Critical F = 3.41 at the 5% significance level (# explainers, N - # coefficients d.f.s)


      = 5.74 at the 1% significance level.

Reject Ho because |sample F| is >= critical F at the 1% significance level.  There is sufficient evidence to reject the null hypothesis and  conclude that for the population of hospitals, average hospital spending depends on either bed size, staffing and/or occupancy.  


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	188851280137.634
	3
	62950426712.545
	7.381
	.004(a)

	 
	Residual
	110868873558.638
	13
	8528374889.126
	 
	 

	 
	Total
	299720153696.272
	16
	 
	 
	 


a  Predictors: (Constant), occup - occupancy rate, beds - number of licensed beds, staff - full-time staff per bed

b  Dependent Variable: avgcost - average spending per licensed bed

D.  Test whether bed size, staffing levels and occupancy have any influence on average hospital spending using the t test for the population regression coefficient.  Show the hypotheses, sample statistic, critical statistic and decision rule for each test.  Interpret.

The t-test for each of the population regression coefficients are as follows:

Ho:  population coefficient B1 is = 0

Ha: population coefficient B1  is not = 0

Sample t = 1.882 (from SPSS)

 Critical t = 2.16 (two-tailed value) at the 5% significance level (N - # coefficients d.f.s)


   = 3.01 (two-tailed value) at the 1% significance level.

We cannont reject Ho because |sample t| is not >= critical t at the 5% significance level. There is insufficient evidence to conclude that for the population of hospitals, bed size influences the average hospital spending.  
Ho:  population coefficient B2 is = 0

Ha: population coefficient B2  is not = 0

Sample t = 2.845 (from SPSS)

 Critical t = 2.16 (two-tailed value) at the 5% significance level (N - # coefficients d.f.s)


   = 3.01 (two-tailed value) at the 1% significance level.

Reject Ho because |sample t| is not >= critical t at the 5% significance level. There is sufficient evidence to conclude that for the population of hospitals, the number of full time staffers per bed influences the average hospital spending.  We can only reject at the 5% level so we’re 95% confident that there’s a connection but not 99%.
Ho:  population coefficient B3 is = 0

Ha: population coefficient B3  is not = 0

Sample t = -.368 (from SPSS)

Critical t = 2.16 (two-tailed value) at the 5% significance level (N - # coefficients d.f.s)


   = 3.01 (two-tailed value) at the 1% significance level.

We cannot reject Ho because |sample t| is not >= critical t at the 5% significance level. There is insufficient evidence to conclude that for the population of hospitals, the occupancy rate influences the average hospital spending.  

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	B
	Std. Error

	1
	(Constant)
	-5096.436
	133024.021
	 
	-.038
	.970

	 
	beds - number of licensed beds
	446.065
	237.064
	.423
	1.882
	.082

	 
	staff - full-time staff per bed
	84297.748
	29626.743
	.751
	2.845
	.014

	 
	occup - occupancy rate
	-1440.782
	3919.397
	-.114
	-.368
	.719


a  Dependent Variable: avgcost - average spending per licensed bed

E.  What do the estimated coefficients on the explanatory variables each mean?

	 
	Coefficients(a)
	 
	
	
	

	 
	Unstandardized   |   Standardized
	95% Confidence Interval for B
	 

	
	B
	Beta
	Lower Bound
	Upper Bound
	 

	(Constant)
	-5,096.436
	 
	-292,477.361
	282,284.489
	 

	Beds
	446.065
	0.423
	-66.080
	958.209
	 

	Staff
	84,297.748
	0.751
	20,293.061
	148,302.436
	 

	Occupancy
	-1,440.782
	-0.114
	-9,908.124
	7,026.561
	 

	a. Dependent Variable: avgcost - average spending per licensed bed


Each regression coefficient shows how much the dependent variable (in this case average spending per bed per year) changes if the explanatory variable changes by 1 unit.  Thus if the # of beds increases by 1, average cost increases by $446.  If the # of full time staffers per bed increases by 1, average cost increases by $84,298.  If the occupancy rate increases by 1% point, average cost decreases by $1441.
F.  What are the R squared and adjusted R square for the regression in D?  Interpret.


Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.794(a)
	.630
	.545
	92349.201


a  Predictors: (Constant), occup - occupancy rate, beds - number of licensed beds, staff - full-time staff per bed

The R squared of .630 indicates that 63% of the variation in average spending per bed is determined by differences (variation) in the explanatory variables, namely bed size, staffing and occupancy.  The adjusted R squared of .545 is much lower(> .03), so it would be a better measure of the actual explanatory power of the model.

G.  Interpret the standardized coefficients.  What do they show?

	 
	Coefficients(a)
	 
	
	
	

	 
	Unstandardized   |   Standardized
	95% Confidence Interval for B
	 

	
	B
	Beta
	Lower Bound
	Upper Bound
	 

	(Constant)
	-5,096.436
	 
	-292,477.361
	282,284.489
	 

	Beds
	446.065
	0.423
	-66.080
	958.209
	 

	Staff
	84,297.748
	0.751
	20,293.061
	148,302.436
	 

	Occupancy
	-1,440.782
	-0.114
	-9,908.124
	7,026.561
	 

	a. Dependent Variable: avgcost - average spending per licensed bed


Standardized coefficients show how many standard deviations the dependent variable (here average cost) will change if each explainer changes by one standard deviation.  Hence the standardized coefficients of .42, .75 & -.11 for the beds, staff & occupancy variables indicate that if beds increase by 1 SD then average cost increases by .42 SDs, if staff increases by 1 SD then average cost increases by .75 SDs and if occupancy increases by 1 SD then average cost decreases by .11 SDs.  Staffing is the most important explainer because it has the largest standardized coefficient (in absolute value).
H.  Interpret the 95% confidence intervals for the regression coefficients.  What do they show?

The 95% confidence intervals (CIs) show the range within which we’re 95% sure that the true population regression coefficients lie within.  Hence be are 95% sure that the effect of one more bed on average costs is as small as $-66 and as large as $ 958, the effect of one more staffer is as small as $20,293 and as large as $148,302, and the effect of one more occupancy point is as small as $-9,908 and as large as $7,027.  Since the value of zero lies within the beds and occupancy intervals, the true effect of beds and occupancy on average cost could be zero (which means no effect at all).  Since the lower and upper bounds of the staff variable CI are both >0, we’re 95% sure that increased staffing generates higher average costs.
