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Part I

A. Descriptive, Graphical
1.  Examine
 the distribution of each variable separately by considering the descriptive statistics (mean, standard deviation, minimum, and maximum) and a histogram. Describe the shape of each distribution. Do the values of the variable seem sensible (for example, it would not be sensible to have a negative value for someone’s height)? 
After running some descriptive statistics for socio-economic status, and using the codebook that aligns with the data set, we can understand the data and what it is telling us. Socio-economic status (ses) was coded on a scale. The lowest reported ses was a -1.862, whereas the higest reported was 1.638, with the mean at a -.00342. The standard deviation for the ses data is 0.786423. These values are represented as normal when plotted on a histogram and suggest a sensible reporting of the socio-economic data from the population. As the independent variable, we can rely on this to provide insight into it’s effect in predicting student achievement in reading and mathematics[image: image1].

The variable for student achievement in reading and mathematics (f1txcomp) is a numerically reported set that has been standardized ranging from a low score of 32.54 to a high score of 69.80, and a mean of 51.62, and a standard deviation 9.45. The distribution when graphed on a histogram defies the parameters of a normal curve. There is a slight bell-shaped curve, but there are values with a high frequency one standard deviation from the mean, which gives this histogram a lean to the right.

2.  Generate
 a scatter plot representing the relationship between social economic status (ses) and student achievement (f1txcomp). What kind of a relationship do you see? (consider the following aspects of a relationship: linear vs. non-linear, positive vs. negative, strength of relationship). Be sure the graph is included in your answer.
There is a positive linear relationship between the two variables. It is clear from the plot that there is a great degree of variance, and I would guess the correlation coefficient to be about .4 to .5. 

3.  Do
 you think it is sensible to use regression to estimate the nature of the relationship between the two variables? Explain your answer.
Certainly. Because there is a linear relationship, it suggests that a correlation exists and by creating a model we are only exploring the extent to which ses can predict scores. When you consider the realities of the situation, ignoring for a moment the data, you can understand that there are going to be several instances where students perform well regardless of their families income and social status, and there will be the same instances that go the other direction where those from affluent families perform poorly. However, is there a model that can be created to account for the majority of students and predict with a degree of assertion whether students will do well, based solely on socio-economic status? It is worth exploring.

B. Population Model and Statistical Estimation 
1.  Write
 down the population model for the regression. Define each term in the model. Identify the population parameters to be estimated, and tell us in words what they represent about the relationship between social economic status (ses) and student achievement (f1txcomp).
The population model for this regression is:
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where:

[image: image2]= outcome for person i





[image: image3]= intercept






[image: image4]=slope for SES 
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[image: image6]=the residual for person i

The outcome will be the predicted value of an individual’s test scores based on the level of the reported socio-economic status. The intercept will be the point on our graph where the our linear model intercepts the y-axis (the dependent variable - standardized math and reading scores). The slope of the predictors are what we will use to compute the points of the model on which our independent variable (ses) predict the dependent variable (scores), it specifies how the outcome changes based on socio-economic status. The residual is the difference between our predicted outcome for an individual and the actual outcome. 
2.  Use
 SPSS to obtain estimates of the parameters, and include a table that includes the values of the coefficients, standard errors, t-statistic, and p-value.
	Model Summary

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

	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change

	1
	.559a
	0.313
	0.308
	7.86713
	0.313
	74.561
	1
	164
	0.000

	a. Predictors: (Constant), Socio-economic Composite

	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	4614.717
	1
	4614.717
	74.561
	.000a

	
	Residual
	10150.245
	164
	61.892
	
	

	
	Total
	14764.962
	165
	
	
	

	a. Predictors: (Constant), Socio-economic Composite

	b. Dependent Variable: F1 Standardized Test Composite (Reading, Math)


	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	51.708
	0.611
	
	84.682
	0.000

	
	Socio-economic Composite
	6.725
	0.779
	0.559
	8.635
	0.000

	a. Dependent Variable: F1 Standardized Test Composite (Reading, Math)


	Correlations

	 
	Socio-economic Composite
	F1 Standardized Test Composite (Reading, Math)

	Socio-economic Composite
	Pearson Correlation
	1
	.559**

	
	Sig. (2-tailed)
	
	0.000

	
	N
	166
	166

	F1 Standardized Test Composite (Reading, Math)
	Pearson Correlation
	.559**
	1

	
	Sig. (2-tailed)
	0.000
	

	
	N
	166
	168

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


3.  Provide
 an interpretation for each parameter estimate. That is, tell us what each parameter estimate means in terms of the relationship between social economic status (ses) and student achievement (f1txcomp), and use the actual values of the estimates in your interpretation.
Beginning with the Model Summary, we find that our regression line far exceeds the mean in it’s ability to predict an outcome from the data, given R = .599. This number represents the correlation between SES and student achievement. However, our model only explains 31% of the variation in student achievement (R square = .313). There must be other values that have an influence on achievement.

 The coefficients table gives us the model in terms of the slope of our regression line and it’s intercept. Our intercept is 
[image: image7]= 51.71. What this means is that when X = 0, our student achievement is 51.71. The slope of the regression model is 
[image: image8]= 6.725. Therefore, the model estimates that for every unit increase in SES, student achievement will increase by 6.725 points. 
When this coefficient is standardized, we see that for every increase of one standard deviation in SES, student achievement will increase by .559 standard deviations. This is significant at a p-value of p<.001.

C. Hypothesis Testing
1.  Pose
 the null and alternative hypothesis regarding the slope in the model. Specify these hypotheses in words first and then by using symbols.
H0 = The slope of the regression line will be zero, indicating that SES cannot predict student achievement; or 
[image: image9]= 0.

HA = The slope of the regression line will not be zero and has some predictive power, indicating that SES predicts student achievement; or 
[image: image10]≠ 0.

2.  What
 test statistic is appropriate for testing your null hypothesis?
An appropriate statistic for testing the null hypothesis is the F-test. This statistic is calculated using the sums of squares of mean and the line of best fit. The ANOVA table shows the values for the various sums of squares. The 
[image: image11]= 14764.96 represents the sum of the squared deviations of the plotted data entries from the mean of the scores. When compared to the 
[image: image12]= 4614.72, we can see that the regression line of the model does a significantly better job at predicting student achievement from SES than using the mean. This is proven by using the F-statistic from the ANOVA. The F-statistic is the ratio of the SSM divided by its degrees of freedom to the SSR divided by its degrees of freedom:


[image: image13]
This F-statistic value of 74.56 is significant at p<.001 which tells that that there is less than 0.1% chance that an F-ratio this large would happen if the null hypothesis were true.

Another (more appropriate) test is the t-statistic to test the above null hypothesis. The t-test measures the difference between the observed and expected b divided by the standard error for b.
The t-statistic, 8.635, proves to be significant at the p<.001 level and tells us to reject the null hypothesis.

3.  What
 is the probability of obtaining the slope estimate you’ve obtained (or one even more extreme) under the null hypothesis? 
Less than 0.1%.

4.  Make
 a decision about the null hypothesis (e.g., do you reject or retain the null hypothesis?). What does this tell you about the relationship between social economic status (ses) and student achievement (f1txcomp)? 
Based on the F-test and the F-statistic’s significance, the null hypothesis would be rejected. This allows us to proceed to use our model to predict student achievement using socio-economic status.

5.  Evaluate
 the assumption of normally distributed errors by visually inspecting a histogram of the residuals. Include relevant SPSS output. What is your assessment of this assumption?
Because it is assumed that the resi[image: image24.png]00
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duals in our model are random and normally distributed with a mean of zero, we must check this and account for any outliers that may deviate from this assumption. 

The histogram plotted from our residuals suggests that the standardized residuals for our dependent variable are normally distributed. Our frequency is symmetric about zero, and fits the normal curve reasonably.

Given this assessment, I would say this assumption has been met. 

Another indicator that this assumption has been met is using the Normal P-P plot.

Because our points follow the diagonal line, this indicates that they can be assumed as Normal and this assumption has been met.

Part II

A. Multiple Regression: When we interpret our model we also assume that the variables are measured accurately and that the model has been specified correctly. In the case of model specification, there may be other variables which are related to the predictor social economic status (ses) and to student achievement (f1txcomp).
1.  Identify
 at least one other variable in the data set that might have collinearity with social economic status (ses). Explain your reasoning.
I would like to explore the relationship between reported locus of control of students for the second year and student achievement to see if there is a collinearity with SES. When looking at the descriptive statistics, the mean and standard deviation both suggested a positive linear relationship with student achievement, as we have proven about SES. Plus, it makes sense that students with a higher reported locus of control would be represented in scores.

2.  Write
 a population model that includes social economic status (ses) and the predictor you listed in question (1) to predict student achievement. Be sure to define each term in the model.

[image: image14]
where:

[image: image15]= outcome for person i
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[image: image17]=slopes for predictors (SES, locus of control) 
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[image: image19]=the residual for person i
3.  Use
 SPSS to obtain estimates of the parameters you specified in question (2) and report them in a table that includes the values of the coefficients, standard errors, t-statistics, and p-values.
	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Correlations
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Zero-order
	Partial
	Part
	Tolerance
	VIF

	1
	(Constant)
	51.649
	0.606
	
	85.242
	0.000
	
	
	
	
	

	
	Socio-economic Composite
	6.364
	0.785
	0.529
	8.109
	0.000
	0.559
	0.537
	0.519
	0.964
	1.037

	
	F1 Locus of control 2 measure
	2.289
	0.947
	0.158
	2.416
	0.017
	0.258
	0.187
	0.155
	0.964
	1.037

	a. Dependent Variable: F1 Standardized Test Composite (Reading, Math)


4.  State
 the null and alternative hypotheses in words and symbols for the “slope” associated with social economic status for the model you defined in question (2).

[image: image20] The slope for locus of control in the population is zero


[image: image21] The slope for locus of control is not zero and has some predictive power in the population

5.  Do
 you reject the null hypothesis? Why?
No. By evaluating the t-statistic in the output table above (t = 2.416), we see that although the slope of our new predictor is non zero, it is not statistically significant at the p < .001 level. This suggests that locus of control does not offer any more predictive power on the model than what we already have with SES.

6.  Explain
 conceptually, in terms of overlapping variances, how multiple regression controls for a covariate such as the variable that you chose when estimating the effect of social economic status on student achievement.
Multiple regression controls for overlapping variables by using the Pearson coefficient from each of the separate linear relationships and factoring in the areas of overlap and accounting for them. For instance, with the regression above, the calculations are first made to identify the r2 for student achievement and SES with the overlapping shared variance of those two variables and locus of control removed. Because it was determined that locus of control offers no extra explanatory power and is insignificant, it suggests that there is a great amount of overlap between the two independent variables.

7.  Has
 the standard error for the slope associated with social economic status changed from the model you estimate in Part I B.2 to the model you estimated in Part II A.3? Explain any differences. 
Yes. The former standard error was .779, whereas the latter standard error is reported as .785. The difference in standard error comes from the shared difference in our model between the expected and observed regressions.

8.  Has
 the p-value for the test of the slope of social economic status changed from the model you estimate in Part I B.3 to the model you estimated in Part II A.3? Explain any differences.
No. The significance for the t-statistic remains below .001 for both regressions.

9.  Report
 the VIF for socioeconomic status as well as the variable you chose. Would you consider these VIFs to be ‘high’?
No. While there’s no consensus on what a “high” VIF is, a variance inflation factor near 1 should not be considered high. This tells us that there is no concern of multicollinearity for the two predictors selected.

B. Pick an additional independent variable to add to the multiple regression model you specified in Part II, A.3. 
1.  Using
 SPSS, compute the partial and semi-partial correlations for each of the three independent variables.
	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Correlations
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Zero-order
	Partial
	Part
	Tolerance
	VIF

	1
	(Constant)
	51.652
	0.608
	
	84.963
	0.000
	
	
	
	
	

	
	Socio-economic Composite
	6.368
	0.787
	0.529
	8.088
	0.000
	0.559
	0.537
	0.519
	0.963
	1.038

	
	F1 Locus of control 2 measure
	2.145
	1.189
	0.148
	1.804
	0.073
	0.258
	0.141
	0.116
	0.615
	1.626

	
	F1 Self-concept 2 measure
	0.222
	1.102
	0.016
	0.201
	0.841
	0.157
	0.016
	0.013
	0.632
	1.582

	a. Dependent Variable: F1 Standardized Test Composite (Reading, Math)


The “Partial” correlations are the computations for partial correlation and the “Part” denotes the semi-partial correlations.

2.  Provide
 an interpretation in words (and using the values reported by SPSS) of the squared partial correlation of each of the independent variables. 
First of all, the zero-order correlation is the Pearson coefficient between each predictor and the student achievement. The partial correlation is the same relationship between each predictor and the outcome, but this time controlling for all other predictors in this model. The semi-partial correlation represents the relationship between each predictor and the part of the outcome that is not explained by the other predictors.

While the controlled correlation (partial) between SES and student achievement is moderately high at .537, the same correlation between locus of control is low at .141. The partial correlation between self-concept and student achievement is lower still.

3.  What
 does the squared semi-partial correlation suggest about the addition of the third independent variable that you added to the regression model?
It suggests that we are adding no more explaining power to our model by adding a second and third predictor. As we added self-concept, we see that this explains 1.3% of the variation in student achievement once we account for the other two predictors.

4.  Perform
 a statistical test of the differences between multiple Rs for this model and the model without the third independent variable. Specify the null and alternative hypotheses, compute the test statistic, and determine whether you reject the null based on an alpha of 0.05.
	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	.580a
	0.336
	0.328
	7.77663
	2.159

	a. Predictors: (Constant), F1 Locus of control 2 measure, Socio-economic Composite

	b. Dependent Variable: F1 Standardized Test Composite (Reading, Math)

	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	.580a
	0.336
	0.324
	7.79976
	2.158

	a. Predictors: (Constant), F1 Self-concept 2 measure, Socio-economic Composite, F1 Locus of control 2 measure

	b. Dependent Variable: F1 Standardized Test Composite (Reading, Math)


The null hypothesis is that the extra predictor of self-concept adds no explanatory power. The alternative hypothesis is that the extra predictor as a significant amount of explanatory power.

The F-statistic to test the difference between multiple Rs to determine the significance of the additional predictor using the given the model summaries above is



[image: image22]  

The probability of observing this F-statistic at 
[image: image23]is .331 which is a high p-value and te[image: image26.png]


lls us we must accept
 the null hypothesis.

A. Using the model you specified in Part II, B., you will examine the tenability of the assumptions of multiple regression and evaluate the model for misfit.
1.  Generate
 a P-P plot of the standardized residuals. Comment on what this plot suggests about the normality of the residuals.
This P-P Plot signifies that our data does not indicate a violation of the assumption of normality of residuals

2.  Examine
 a histogram of the standardized residuals. Comment on what this plot suggests about the normality of the residuals. 
This histogram of residuals has a slight peak near -0.5. This still is representative of a normal curve because it is somewhat symmetric about zero.

3.  Generate
 a plot of Cook’s D and a plot of leverage. What do these plo[image: image27.png]
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ts suggest about the presence of any outliers? 
With this Leverage Plot, if h>0.05, the the point is worth examining. There are a number of points that seem to exist above that line. 

With Cook’s D, we do not see any outliers. Taking the two graphs together, I do not see any reason why concern over outliers would need to prompt any action. 

4.  Given
 what you found in PartII, C.1–C.3, what do you think about the usefulness of the regression model?
The regression model exists within the assumptions we need in order to determine that it fits the data well. There is no need to transform our model or add important independent variables.
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