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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.  

 

The independent variable is free or reduced lunch(chplunch).  The dependent variable I 

chose is principal's perception of student-caused problems. 

 



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

chplunch. 

Since those receiving reduced price lunch would come from families in a lower income 

bracket I would predict those students would have a greater chance of being seen as causing 

problems by the principal.  So as the percentage of those receive free or reduce price lunch goes 

up so would the percentage being seen as causing problems. 

 

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. 

 

 

The box plots show as the percentage of students receiving free lunch increase the 

median value of the principal’s perception of student-caused problems also increases.  The 

circular dots represent outliers (interestingly they also seem to increase).  This suggests a trend 

that can be investigate further. 



 

 

 

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

xi, j = μ +α j +εi, j 

Here xi, j is principal’s perception of student-caused problems where the i is the 

individual subject and j is the group.  µ is the mean of all the participants.  α j is the difference 

from µ and the group mean.  ε is the residual where i is the subject and j is the group. 

 

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. 

 

The null hypothesis is that mean of the principal’s perception of student-caused problems 

is equal for all groups and any difference found from random variation and not significant. 

H0: µ1 = µ2 = µ3 = µ4 

where: 

H0 = the null hypothesis 

µ1 = the mean of population 1, and 

µ2 = the mean of population 2 and 

µ3 = the mean of population 3 and 

µ4 = the mean of population 4 

 

 

The alternative hypotheses is that any one of the population means does not equal other 

population means. 

 

Ha: µj ≠ other population means 

 

 

 

 

 



 
6. Use SPSS to estimate the ANOVA model– include all relevant output. 

 

 

 
 
 

ANOVA 

Principal's perception of student-caused problems (High=more problems) 

 

 Sum of Squares df Mean Square F Sig. 

Between Groups 3884.872 3 1294.957 59.764 .000 

Within Groups 19544.488 902 21.668   

Total 23429.360 905  
  

 

 



 
 

7. Discuss whether the assumptions of homogeneity of variances and normality of the 

dependent variable are reasonable and support your conclusion with relevant output. 

 

Using the test of Homogeneity of Variance 

One of the assumptions of the one-way ANOVA is that the variances of the groups you 

are comparing are similar. The table Test of Homogeneity of Variances (see below) shows the 

result of Levene's Test of Homogeneity of Variance, which tests for similar variances. If the 

significance value (found in the Sig. column) is less than or equal to your α level for this test, 

then you reject the H0 that the variances are equal (in other words, we cannot assume we have 

homogeneity of variances). If the p value is greater than α level for this test, then we fail to reject 

H0 which increases our confidence that the variances are equal and the homogeneity of variance 

assumption has been met. 
  

 



Test of Homogeneity of Variances 

Principal's perception of student-caused problems 
(High=more problems) 

Levene Statistic df1 df2 Sig. 

8.709 3 902 .000 

 

The significance value for homogeneity of variances is <.001, so the variances of the 

groups are significantly different. Since this is an assumption of ANOVA, we need to be very 

careful in interpreting the outcome of this test: 

 
ANOVA 

Principal's perception of student-caused problems (High=more problems) 

 Sum of Squares df Mean Square F Sig. 

Between Groups 3884.872 3 1294.957 59.764 .000 

Within Groups 19544.488 902 21.668   

Total 23429.360 905    

This is the main ANOVA result. The significance value comparing the groups is <.001, so we 

could reject the null hypothesis. However, since the variances are significantly different, this 

might be the wrong answer. In these conditions we can use the Welch and Brown-Forsythe 

statistics. 

 

 
Robust Tests of Equality of Means 

Principal's perception of student-caused problems (High=more 
problems) 

 Statistic
a df1 df2 Sig. 

Welch 85.465 3 290.981 .000 

Brown-Forsythe 55.381 3 332.156 .000 

a. Asymptotically F distributed. 

The significance value of these are both <.001, so we can reject the null hypothesis.  

 

 

 



8. Interpret the results you obtained for A.6 and A.7. 

Looking at the ANOVA Table we see F=59.764 and a has a p value less than 0.01. If we 

set our α level at 0.05 then we would reject the null hypothesis. The ANOVA results demonstrate 

that was a significant difference between group means and population mean. However, these 

results do not tell us which conditions are responsible for the difference, and would need to turn 

to post hoc testing for more information. 

Because we used ANOVA we had certain assumptions. Since one of them is that the 

variance of the groups you want to compare is similar we needed to determine if that was the 

case. Using Levene's Test of Homogeneity of Variance we were not able to reject the null 

hypotheses. However, the Welch and Brown-Forsythe statistics, that uses the median differences 

instead of the mean differences, allowed us to continue testing (post-hoc). 

 

 

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. 

My prediction will be that as there is an increase in the discounted lunch there will be an 

increase in the principal’s perception of students causing problems.  I will also predict that there 

will be an interaction between chplunch and snglepar3.  Since being a single parent would reduce 

a families socio-economic status making it more likely children would need reduced price 

lunches and increasing the perceived problems. 

 

 

 

 

 

 

 

 



2. Construct separate box and whisker plots for each categorical predictor with your 

outcome on the y-axis. 

 

 

 

 

 



The above boxplots show that the group with the highest percentage of students from 

single parent homes is also the group the principal perceives as causing the most problems.  

Also, the group with the lowest percentage of students in single parent homes is the group least 

likely to be perceived as causing problems. 

 

3.  Specify the population model for this two-way ANOVA model and define each term in 

the model (include an interaction term). 

The two-way analysis of variance model (also known as the two-way complete model): 

Yijt = µ + αi + βj + (αβ)ij + εijt 

Yijt = Principal's perception of student-caused problems for the t-th subject in group i 

µ = Population mean 

αi = is the difference from µ and the group i mean. 

βj = is the difference from µ and the group j mean. 

(αβ)ij = interaction of factors A (free lunch) and B (SPH) 

εijt = residual for person t in group ij 

 

 

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. 

Looking at the three test that must be run the hypothesis would be as follows: 

Factor A 

H0: µ1 = µ2 = µ3 = µ4 or all factor A group means are equal 

Ha: µj ≠ other means J=4 

 

 
Factor B 

H0: µ1 = µ2 = µ3  or all factor B group means are equal 

Ha: µj ≠ other means I=3 

 

 

Interaction A & B 

H0: µij = µIJ  or all group means that involve interaction of A and B are equal. 



Ha: µij ≠ means of any cells of contingency table 

 

5.  Create a profile plot that shows your outcome on the y-axis, chplunch on the x-axis, and 

separate lines for snglepar3. 

 

 

This is an interesting chart. For the group with the highest percentage of students from 

single parent homes the detected problems increase with each increase in the percentage of 

students receiving free lunch. For the two other groups there is a leveling off after the first 

increase in students receiving free lunch. It looks like there could be some interaction, but it is 

hard to tell if it is statistically significant by just looking at a graph. 

 

 

 

 



6.  Use SPSS to estimate the two-way ANOVA model– include relevant output. 

 

Between-Subjects Factors 

 Value Label N 

% STUDNTS RECV FREE, 
REDUCED-PRICE LUNCH .00 0% 158 

 
1.00 1 - 10% 305 

 
2.00 11 - 50% 354 

 
3.00 51 -100% 80 

% OF STUDENTS IN 
SINGLE PARENT HOMES 1.00 0%-24% 396 

 
2.00 25%-49% 413 

 
3.00 50%-100% 88 

 

Descriptive Statistics 

Dependent Variable: Principal's perception of student-caused problems (High=more problems) 

% OF 

STUDENTS 

IN SINGLE 

PARENT 

HOMES 

% STUDNTS RECV FREE, 

REDUCED-PRICE LUNCH 

Mean Std. Deviation 

0%-24% 

0% 18.8519 3.28353 

1 - 10% 22.5329 4.18594 

11 - 50% 22.5391 4.69282 

51 -100% 22.7143 4.81812 

Total 21.5404 4.45749 

25%-49% 

0% 19.4348 3.79270 

1 - 10% 24.6739 4.69223 

11 - 50% 25.2850 4.55026 

51 -100% 25.4167 5.78854 

Total 24.4407 4.96194 

50%-100% 
0% 22.2500 3.77492 

1 - 10% 24.2667 4.47958 



11 - 50% 27.3913 4.81423 

51 -100% 28.8696 5.85665 

Total 27.0114 5.26427 

Total 

0% 19.1076 3.47436 

1 - 10% 23.5869 4.54580 

11 - 50% 24.6667 4.89686 

51 -100% 25.7000 5.96700 

Total 23.4125 5.10683 

 

 

Tests of Between-Subjects Effects 

Dependent Variable: Principal's perception of student-caused problems (High=more problems) 

Source Type III 
Sum of 
Squares 

df Mean 
Square 

F Sig. Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Power

b 

Model 497345.72
0

a 12 41445.477 2071.4
22 .000 .966 24857.062 1.000 

chplunch 834.007 3 278.002 13.894 .000 .045 41.683 1.000 

snglepar3 830.098 2 415.049 20.744 .000 .045 41.488 1.000 

chplunch * 
snglepar3 240.877 6 40.146 2.006 .062 .013 12.039 .736 

Error 17707.280 885 20.008      

Total 515053.00
0 897       

a. R Squared = .966 (Adjusted R Squared = .965) 

b. Computed using alpha = .05 
 

 

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. 

Looking at the chart above we can see the result that are statistically significant.  

Factor A(Free Lunch) has an F=13.894 and p<.001 

Factor B (Single Parent Home) has an F=20.744 and p<.001 



We can reject the null hypothesis for the main effects A and B. 

The interaction F=2.006 p=.062 In this case we fail to reject the null hypothesis and must re-run 

the the ANVOA without the interaction to verify A and B. 

 

Tests of Between-Subjects Effects 

Dependent Variable: Principal's perception of student-caused problems (High=more 

problems) 

Source Type III Sum of 

Squares 

df Mean Square F 

Corrected Model 5660.100
a
 5 214.555 25.717 

snglepar3 830.098 2 215.049 20.744 

chplunch 834.007 3 178.002 13.894 

Error 17707.280 880 20.008  

Total 515053.000 885   

a. R Squared = .242 (Adjusted R Squared = .233) 

 

 

 

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. 

 

 
Lack of Fit Tests 

Dependent Variable: Principal's perception of student-caused problems (High=more problems) 

Source Sum of 
Squares 

df Mean 
Square 

F Sig. Partial Eta 
Squared 

Noncent. 
Parameter 

Observed 
Power

a 

Lack of 
Fit 240.877 6 40.146 2.006 .062 .013 12.039 .736 

Pure 
Error 17707.280 885 20.008      

a. Computed using alpha = .05 



Making sure we have a model that fits well we can run a Lack of Fit Test. We do not 

want to reject this test. In this case we have a F value of 2.006 and significance of .062 meaning 

we fail to reject the null hypothesis, which suggests the data fits the model. 

 
Levene's Test of Equality of Error Variances

a 

Dependent Variable: Principal's perception of 
student-caused problems (High=more problems) 

F df1 df2 Sig. 

2.199 11 885 .013 

Tests the null hypothesis that the error variance 
of the dependent variable is equal across groups. 

a. Design: chplunch + snglepar3 

 

Levene's test is found to be significant and this serves as a red flag that we do not have 

homogeneity of variance. We can also look at the spread of the variance to check just the 

homogeneity. We should not see any patterns. In this case we can see a trend and it would pretty 

easy to manually draw a line of best fit on the data. Both of these suggest we have violated the 

homogeneity of variance. 

 
Descriptive Statistics 

Dependent Variable: Principal's perception of student-caused problems (High=more problems) 

% STUDNTS RECV FREE, 
REDUCED-PRICE LUNCH 

% OF STUDENTS IN 
SINGLE PARENT HOMES 

Mean Std. Deviation N 

0% 0%-24% 18.8519 3.28353 108 

 
25%-49% 19.4348 3.79270 46 

 
50%-100% 22.2500 3.77492 4 

 
Total 19.1076 3.47436 158 

1 - 10% 0%-24% 22.5329 4.18594 152 

 
25%-49% 24.6739 4.69223 138 

 
50%-100% 24.2667 4.47958 15 

 
Total 23.5869 4.54580 305 

11 - 50% 0%-24% 22.5391 4.69282 115 

 
25%-49% 25.2850 4.55026 193 

 
50%-100% 27.3913 4.81423 46 

 
Total 24.6667 4.89686 354 



51 -100% 0%-24% 22.7143 4.81812 21 

 
25%-49% 25.4167 5.78854 36 

 
50%-100% 28.8696 5.85665 23 

 
Total 25.7000 5.96700 80 

Total 0%-24% 21.5404 4.45749 396 

 
25%-49% 24.4407 4.96194 413 

 
50%-100% 27.0114 5.26427 88 

 
Total 23.4125 5.10683 897 

Looking at the descriptive statistics we can see there are some standard deviation 

differences. Even worse some of the larger variance occurs with the smallest sample sizes. 

There seems to be some outliers in the data. Because the Levene's test uses differences 

from the mean outliers can radically change the mean. However, the Welsh test, that uses a 

median, does not seem to be available for a two-way ANOVA. This problem can be corrected for 

with special post hoc testing or using nonparametric testing. 

 

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. 



 



 

 



 

 



 

 

Descriptive Statistics 

 
Descriptive Statistics 

 N Minimum Maximum Mean Std. Deviation 

Cook's Distance for prinprob 897 .00 .05 .0012 .00299 

Uncentered Leverage Value 
for prinprob 897 .00 .02 .0067 .00402 

Valid N (listwise) 897     

 

 

 



10. Interpret the results you obtained in B.6-B.9. 

Analyzing the results, we can see both Factor A (free lunch) and Factor B (single parent home) 

increase the principal’s perception of students that cause problems. The interaction between 

these factors was not statistically significant. 

In addition, it’s important to remember that for these results to be valid there are certain 

assumptions we take when running an ANOVA. First, is there homogeneity of variance. This 

was checked by using Levene's Test of Equality of Error Variances and looking at the spread of 

the variance both found this is not a safe assumption. Second, we must assume the normality of 

the dependent variables. Referring to Cook’s distance and Leverage we can see none of our data 

points are greater than one. If we take the most conservative approach from Bollen and Jackman 

we would use 4/897 = .004. This tells us this assumption is safe and there are no major outliers. 

However, this data requires more testing. Stay tuned. 


