
Part A: One-way ANOVA
Using the NELS school level data, investigate the effect of the categorical predictor chplunch (% 
STUDENTS RECEIVING FREE/REDUCED-PRICE LUNCH; 0=0%;1=1%-10%; 2=11%-50%; 
3=51%-100%) on any continuous outcome.

1. Identify the outcome variable you chose and provide descriptives and a histogram for this 
variable. 

I hope to measure the effect of Free and Reduced Lunch on Standardized Test Composite 
Reading, Math (f1txcomp)

2. What is your prediction about the relationship between this outcome variable and chplunch.

My prediction is that students receiving free and reduced lunch represent a group whose 
scores would differ from students not on free and reduced lunch.
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3. Use SPSS to construct box and whisker plots for chplunch with the outcome variable on the y-
axis.  Include the output here.  Compare the box and whisker plots.

There is a visible decline in the scores medians for each of the categories of free-reduced 
lunch. This suggests that our study has identified a trend in achievement as the percentage of 
free-reduced lunch increases.

4. Specify the population model for this ANOVA and define each term in the model.

SAi = b0 + b2 0i + b31i + b4 2i b5 3i + εi

    where: SAi = scores from composite math/reading

 b0 = the intercept and the mean

 b1….b4 = the categorical groups of the independent predictors

 εi = residual for person i

5. Specify in words and symbols the null and alternative hypotheses being tested by the F-test for 
the model you specified in A.4.

H0 :α1 = α2 = α 3 = α 4 = 0   The null hypothesis is that all of the alpha values is equal to zero.

HA :α J ≠ 0  The alternative hypothesis is that the alpha value from at lease one group is not 

equal to zero
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1. Use SPSS to estimate the ANOVA model– include all relevant output.
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2. Discuss whether the assumptions of homogeneity of variances and normality of the dependent 
variable are reasonable and support your conclusion with relevant output.

The assumption of the homogeneity of variances is met. Levene’s Statistic from the output is 
1.85 with a significance of 0.136, well above the usual 0.05 that would cause us to reject the 
null hypothesis. This also means the outputs for Welch and Forsythe tests can be ignored.

Left is the histogram paneled by rows and I 
added the normal curve for each categorical 
variable. The histograms for each of the groups 
demonstrated normality, meeting the assumption 
of normality.
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3. Interpret the results you obtained for A.6 and A.7.

We were testing the equality of the means of the four groups categorically identified as being 
different in terms of receiving free and reduced lunch in terms of their effect on achievement 
on standardized math and reading scores. After seeing the box and whisker plot of the 
medians, as well as the output of the means plots, it is clear that the scores drop steadily as 
the percentage of the group with free and reduced lunch increases.

The null hypothesis must be rejected for the following reasons. The critical assumptions have 
been met, therefore the results of the test are valid. The null hypothesis that all means are 
equal can be evaluated using the F-statistic, which is the ratio of the mean square (MS) 
between groups to the MS within the groups. If this ratio is 1, that means that the two mean 
squares that we are evaluating are equal and the null will be retained. In this case, using the 
SPSS output above, the F statistic is 93.182 with a significance at p<.001. This tells us that the 
difference in the squared means between the groups was far greater than squared means 
within the groups leading us to assume there is at least one group whose mean is not equal to 
the grand mean or whose alpha is not equal to zero.
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Part B: Two-way ANOVA 

Using the NELS school level data, investigate the effect of both of the categorical predictors 
chplunch (% STUDENTS RECEIVING FREE/REDUCED-PRICE LUNCH; 0=0%;1=1%-10%; 
2=11%-50%; 3=51%-100%) and snglepar3 (% OF STUDENTS IN SINGLE PARENT HOMES; 
1=0%-24%; 2=25%-49%; 3=50%-100%) on the same outcome you investigated in Part A.

1. What is your prediction about the relationship between this outcome variable and chplunch 
and snglepar3.

The relationship that came as a result of Part A was that means of student achievement 
according to the categories from free and reduced were significantly different. Given that as a 
starting point to this new analysis, I predict that both single parentage and free and reduced 
lunch to impact student achievement, but also that single parentage will have an impact on 
free and reduced status. The hope is that the addition of this second factor will allow us to 
explain the difference in SA means more.

2. Construct separate box and whisker plots for each categorical predictor with your outcome on 
the y-axis.
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3. Specify the population model for this two-way ANOVA model and define each term in the 
model (include an interaction term).

There will be two main factors in this Two-way ANOVA: percentage of students receiving free 
and reduced lunch (F/R Lunch) and percentage of students coming from single parent 
households (SPH). The dummy coding for the categories are described in the directions - three 
groups of SPH and four groups of F/R Lunch. We believe these factors have an effect on 
student achievement on the standardized math and reading composite scores (SA).

The model for this factorial analysis is as follows:

SAijk = µ +α i + β j +αβij + εijk  where:

 SA = student achievement of any student in the respective groups of both factors

 μ = grand mean of the entire population

 αi = population factor A (F/R Lunch) treatment effect for group i

 βj = population factor B (SPH) treatment effect for group j

 αβij = interaction of factors A (F/R Lunch) and B (SPH)

 εijk = the residual of any student in respective groups of both factors

4. State in words and symbols the null and alternative hypotheses tested by the three F-tests of 
the model you specified in B.3.

There will be three separate F-tests run for this factorial analysis to test the 2 main effects on 
SA and then one of the interaction of the two main effects (factors).

Hypotheses 1 for Factor A:

H0 :α1 = α2 = α 3 = α 4 = 0or all alpha values will be equal to zero.

HA :α1 = α2 = α 3 = α 4 ≠ 0  at least one of the alpha values will be unequal to zero.

Hypothesis 2 for Factor B:

H0 :β1 = β2 = β3 = 0 or all beta values equal zero

HA :β1 = β2 = β3 ≠ 0 or at least one of groups will have a beta that is unequal to zero

Hypothesis 3 for the Interaction Between A and B:

H0 :αβ11 = αβ12 = αβij = ... = αβIJ = 0 or all of the alpha and beta values from both factors will 

be equal to zero

HA :αβ11 = αβ12 = αβij = ... = αβIJ ≠ 0 or of all interactions between A and B, one product of 

alpha and beta will be unequal to zero
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5. Create a profile plot that shows your outcome on the y-axis, chplunch on the x-axis, and 
separate lines for snglepar3.

Clear visual showing that there is significant change in the mean and that both have an effect 
on SA, but there may be no interaction as all three lines show parallel tendencies.
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6. Use SPSS to estimate the two-way ANOVA model– include relevant output.
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7. Specify which of the F-tests (for the main effects and the interaction) are statistically 
significant.  If the null hypotheses for the interaction term are retained, drop the interaction 
from the model and re-run the ANOVA model without the interaction term.  Include the SPSS 
output for this revised model.

The output above shows the effects tests between subjects. The profile plot from B.5 is 
affirmed in the F-values. The null hypothesis for the main effects A and B are rejected with a 
significance p<.001:

 Factor A (F/R Lunch) F=35.18, p<.001

          Factor B (SPH) F=10.22, p<.001

Of the several F-tests run for this model, the interaction F-value is insignificant (p=.647). 
Therefore, we must re-run the ANOVA with this removed and verify the F-tests of A and B.

In the revised model output, the F-values for out main effects remain as significant and we 
reject the null hypothesis for factors A and B.
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8. Is the assumption of homogeneity of variances reasonable? Include relevant SPSS output.  If 
plots suggest a violation of this assumption, then examine the cell variances and describe the 
differences in cell variances.

The Lack of Fit Test comes with an insignificant F-value at p>.001 which tells us that we 
declare that this model fits the population.

Using the output for Levene’s test (right) which was 
taken from the revised test run after removing the 
interaction of the factors. We can see that the test 
statistic (F=1.77) is not significant and therefore we 
retain the null hypothesis that the error variance of the 
dependent variable (SA) is equal across the groups.
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9. Determine if the assumption of normality of residuals is reasonable using a P-P plot and a 
histogram. Also examine the residuals for potential outliers using plots of Cook’s Distance and 
leverage.

Yes, the two outputs above (P-P plot and the histogram of the standardized residual) both 
show normality with vary little variance from normal.

The above two graph outputs allow us to identify the possibility of outliers that demonstrate 
deviance from the model. Descriptive statistics from Cook’s and leverage values do not 
provide us with the necessary decimal places to evaluate the possibility of outliers. 
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Using Belsley’s model for identifying leverage values we can gain an upper bound for 
determining high leverage. This suggested that if leverage > 2p/n where p=predictors, and 
n=number of total data points, then these are considered high. For this data we can see that:

2p
n

=
2(2)
896

= .0046

Using this value as a very conservative upper bound for high leverage, we have many point 
clusters that can demonstrate concern. However, none of these values come close to reaching 
a value of 1, which is the traditional model for determining high leverage. The items high on 
this leverage plot suggest clusters of points in the data stemming from the categorical input.

The plot of Cook’s distance suggests the same: that there are points that seem to be high, but 
none are close to 1, much less greater than one. A very conservative approach would be to 
use 4/n, which would give us a value of .004 to measure high Cook’s scores. This seems 
unnecessary because of the still very low value of even the highest Cook’s scores present in 
out output.

Therefore, the assumptions of homogeneity of variance and normality of residuals have been 
met.
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10. Interpret the results you obtained in B.6-B.9.

Once again, in the simplest terms, both free and reduced lunch status (factor A) as well as 
single-parentage (factor B) have a negative effect on student achievement. However, the 
interaction between the factors has no significant effect on the student achievement.

The null hypothesis for factors A and B were that the means of their test scores across all 
groups would be equal. The F-statistic used to calculate the differences between those means 
came back as greatly different and significant. However, the F-statistic associated with the 
interaction between factors A and B and it’s effect on student achievement was not. Even after 
the tests were re-run with the interaction remove, the F-values for factors A and B continued 
to exert their significance.

Therefore, the null hypothesis was rejected for factors A and B, declaring that the negative 
relationship between student achievement and free and reduced lunch is significant, as well 
as that the relationship between single-parent households and decreased student 
achievement.
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