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3

TableoftheFisher-Fdistribution

Entriesintablearetheα=0.05tailquantileofFisher-F(ν1,ν2)distribution
ν1givenincolumns,ν2giveninrows.

ν2\ν112345678910111213141516171819202122232425
1161.45199.50215.71224.58230.16233.99236.77238.88240.54241.88242.98243.91244.69245.36245.95246.46246.92247.32247.69248.01248.31248.58248.83249.05249.26
218.5119.0019.1619.2519.3019.3319.3519.3719.3819.4019.4019.4119.4219.4219.4319.4319.4419.4419.4419.4519.4519.4519.4519.4519.46
310.139.559.289.129.018.948.898.858.818.798.768.748.738.718.708.698.688.678.678.668.658.658.648.648.63
47.716.946.596.396.266.166.096.046.005.965.945.915.895.875.865.845.835.825.815.805.795.795.785.775.77
56.615.795.415.195.054.954.884.824.774.744.704.684.664.644.624.604.594.584.574.564.554.544.534.534.52
65.995.144.764.534.394.284.214.154.104.064.034.003.983.963.943.923.913.903.883.873.863.863.853.843.83
75.594.744.354.123.973.873.793.733.683.643.603.573.553.533.513.493.483.473.463.443.433.433.423.413.40
85.324.464.073.843.693.583.503.443.393.353.313.283.263.243.223.203.193.173.163.153.143.133.123.123.11
95.124.263.863.633.483.373.293.233.183.143.103.073.053.033.012.992.972.962.952.942.932.922.912.902.89
104.964.103.713.483.333.223.143.073.022.982.942.912.892.862.852.832.812.802.792.772.762.752.752.742.73
114.843.983.593.363.203.093.012.952.902.852.822.792.762.742.722.702.692.672.662.652.642.632.622.612.60
124.753.893.493.263.113.002.912.852.802.752.722.692.662.642.622.602.582.572.562.542.532.522.512.512.50
134.673.813.413.183.032.922.832.772.712.672.632.602.582.552.532.512.502.482.472.462.452.442.432.422.41
144.603.743.343.112.962.852.762.702.652.602.572.532.512.482.462.442.432.412.402.392.382.372.362.352.34
154.543.683.293.062.902.792.712.642.592.542.512.482.452.422.402.382.372.352.342.332.322.312.302.292.28
164.493.633.243.012.852.742.662.592.542.492.462.422.402.372.352.332.322.302.292.282.262.252.242.242.23
174.453.593.202.962.812.702.612.552.492.452.412.382.352.332.312.292.272.262.242.232.222.212.202.192.18
184.413.553.162.932.772.662.582.512.462.412.372.342.312.292.272.252.232.222.202.192.182.172.162.152.14
194.383.523.132.902.742.632.542.482.422.382.342.312.282.262.232.212.202.182.172.162.142.132.122.112.11
204.353.493.102.872.712.602.512.452.392.352.312.282.252.222.202.182.172.152.142.122.112.102.092.082.07
214.323.473.072.842.682.572.492.422.372.322.282.252.222.202.182.162.142.122.112.102.082.072.062.052.05
224.303.443.052.822.662.552.462.402.342.302.262.232.202.172.152.132.112.102.082.072.062.052.042.032.02
234.283.423.032.802.642.532.442.372.322.272.242.202.182.152.132.112.092.082.062.052.042.022.012.012.00
244.263.403.012.782.622.512.422.362.302.252.222.182.152.132.112.092.072.052.042.032.012.001.991.981.97
254.243.392.992.762.602.492.402.342.282.242.202.162.142.112.092.072.052.042.022.012.001.981.971.961.96
264.233.372.982.742.592.472.392.322.272.222.182.152.122.092.072.052.032.022.001.991.981.971.961.951.94
274.213.352.962.732.572.462.372.312.252.202.172.132.102.082.062.042.022.001.991.971.961.951.941.931.92
284.203.342.952.712.562.452.362.292.242.192.152.122.092.062.042.022.001.991.971.961.951.931.921.911.91
294.183.332.932.702.552.432.352.282.222.182.142.102.082.052.032.011.991.971.961.941.931.921.911.901.89
304.173.322.922.692.532.422.332.272.212.162.132.092.062.042.011.991.981.961.951.931.921.911.901.891.88
314.163.302.912.682.522.412.322.252.202.152.112.082.052.032.001.981.961.951.931.921.911.901.881.881.87
324.153.292.902.672.512.402.312.242.192.142.102.072.042.011.991.971.951.941.921.911.901.881.871.861.85
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MATH 204 – One Way ANOVA Worked Example 
Solution

Memory Task Data Set: Response is Number of Words remembered, Factor is Memory Training 
method.

(a) ANOVA TABLE (from SPSS) 

Sum of 
Squares dfMean Square FSig.

Between Groups 351.520487.8809.085.000

Within Groups 435.300459.673

Total 786.82049

Thus the result of the ANOVA F-test implies that we can 

REJECT H0

at significance levels= 0.05/0.01, and conclude that there is a significant difference between 
the treatment means.

For completeness: the exact p-value is 1.815e-05.  Critical values are 

= 0.05, CR = F(4,45) = 2.579 (textbook gives F(4,40) = 2.61,F(4,60) = 2.53)

= 0.01, CR = F(4,45) = 3.767 (textbook gives F(4,40) = 3.83,F(4,60) = 3.65)

(b) Checking the Assumptions: 

(i)Independent samples:  this is apparently a completely randomized design, so this 
assumption is met. 

(ii)Normality of the populations: visual inspection of the boxplot below provides no 
categorical evidence that the normality assumption is violated.  This could be tested 
more formally. 

(iii)Equal Variances: Levene’s test (below) implies that the equality of variances is not 
rejected at the 5% level (p=0.054) 

ANOVA F-test statistic F=9.085ANOVA F-test p-value = 0.000.
(to three decimal places)

Therefore we reject the hypothesis of equal 
treatment means at the 5% significance 
level (and, indeed, at every significance 
level greater than0.1%).

SPSS Output

Boxplot

25

20

15

10

5

N
um

ber of W
ords

0

Intentional CountingRhymingAdjectiveImagery

Memory Task

 Descriptives

95% Confidence Interval for 
Mean

NMeanStd. DeviationStd. Error Lower BoundUpper BoundMinimumMaximum

Counting107.001.826.5775.698.31410

Rhyming106.902.132.6745.388.42311

Adjective1011.002.494.7899.2212.78614

Imagery1013.404.5021.42410.1816.62923

Intentional1012.003.7421.1839.3214.68519

Total5010.064.007.5678.9211.20323

Levene’s Test of Homogeneity of Variances

Number of Words

Levene
Statisticdf1df2Sig.

2.529445.054

Boxplot indicates that the assumption of 
normality may be valid, although this is 
perhaps questionable.  A formal test would 
probably be needed.

Levene's Test p-value = 0.054.

Therefore no reason to reject the 
hypothesis of equal variances at the 5% 
significance level.
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Model Summary

.927a.860.8523.70509
Model
1

RR Square
Adjusted
R Square

Std. Error of
the Estimate

Predictors: (Constant), status a.

ANOVAb

1513.21311513.213110.230.000a

247.0991813.728
1760.31219

Regression
Residual
Total

Model
1

Sum of
SquaresdfMean SquareFSig.

Predictors: (Constant), status a.

Dependent Variable: testscore b.

Coleman Data: Regression Analysis

Coefficientsa

-50.6825.193-9.760.000-61.591-39.772
1.534.146.92710.499.0001.2271.841

(Constant)
status

Model
1

BStd. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

tSig.Lower BoundUpper Bound
95% Confidence Interval for B

Dependent Variable: testscore a.

Coleman Data: Regression Analysis

Tests of Between-Subjects Effects

Dependent Variable: testscore

1513.213a11513.213110.230.000
1307.62111307.62195.254.000
1513.21311513.213110.230.000

247.0991813.728
1957.56720
1760.31219

Source
Corrected Model
Intercept
status
Error
Total
Corrected Total

Type III Sum
of SquaresdfMean SquareFSig.

R Squared = .860 (Adjusted R Squared = .852) a.

Parameter Estimates

Dependent Variable: testscore

-50.6825.193-9.760.000-61.591-39.772
1.534.14610.499.0001.2271.841

Parameter
Intercept
status

BStd. ErrortSig.Lower BoundUpper Bound
95% Confidence Interval

Coleman Data: General Linear Model AnalysisColeman Data: Residuals
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Model Summary

.996a.992.991.8060
Model
1

RR Square
Adjusted
R Square

Std. Error of
the Estimate

Predictors: (Constant), Pressure a.

ANOVAb

2272.47412272.4743497.902.000a

18.84029.650
2291.31530

Regression
Residual
Total

Model
1

Sum of
SquaresdfMean SquareFSig.

Predictors: (Constant), Pressure a.

Dependent Variable: Boiling point of Water (C) b.

Hooker Data: Regression Analysis

Coefficientsa

146.673.776188.911.000145.085148.261
2.253.038.99659.143.0002.1752.330

(Constant)
Pressure

Model
1

BStd. Error

Unstandardized
Coefficients

Beta

Standardized
Coefficients

tSig.Lower BoundUpper Bound
95% Confidence Interval for B

Dependent Variable: Boiling point of Water (C) a.

Hooker Data: Regression Analysis

Tests of Between-Subjects Effects

Dependent Variable: Boiling point of Water (C)

2272.474a12272.4743497.902.000
23184.901123184.90135687.311.000

2272.47412272.4743497.902.000
18.84029.650

1142542.32031
2291.31530

Source
Corrected Model
Intercept
pressure
Error
Total
Corrected Total

Type III Sum
of SquaresdfMean SquareFSig.

R Squared = .992 (Adjusted R Squared = .991) a.

Parameter Estimates

Dependent Variable: Boiling point of Water (C)

146.673.776188.911.000145.085148.261
2.253.03859.143.0002.1752.330

Parameter
Intercept
pressure

BStd. ErrortSig.Lower BoundUpper Bound
95% Confidence Interval

Hooker Data: General Linear Model AnalysisHooker Data: Residuals
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Polynomial Regression 

Analysis of Hooker data using Quadratic Regression 

�
�
 Model Summary 
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ANOVA Test comparing the two models

H0 : E[Y] = beta0
Ha : E[Y] = beta0 + beta1.x + beta2.x^2

Here the result is highly significant, which 
implies that the model given by Ha provides 
a significantly better fit than the model given 
by H0.

Estimates from Quadratic Regression Model.

The p-values are all < 0.001, so each beta coefficient is significantly different from zero.
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Only the packed cell volume coefficient is 
significantly different from zero (p < 0.001)

The other covariates do not seem to be 
significantly different from zero.

Tests are of the hypotheses
H0 : beta equal to 0
Ha : beta not equal to zero
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PCV is a significant term in the 
model (p < 0.001)
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Plasfib is a significant term in the 
model (p = 0.009)
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Plaspro is not a significant term in 
the model (p =0.582)
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Factor Predictor Fitted Using General Linear Model

 Between-Subjects Factors 

Value Label N
1Overt

Diabetic 32

2Chemically 
Diabetic 36

Clinical 
Group

3Normal76

Tests of Between-Subjects Effects 

Dependent Variable: Log(GluTest)  

Source
Type III Sum 
of Squares dfMean Square FSig.

Corrected Model 24.344(a) 212.172412.568.000
Intercept4969.483 14969.483168437.46

6.000

group 24.344 212.172412.568.000
Error4.160141.030
Total 5509.040 144
Corrected Total 28.504 143

a  R Squared = .854 (Adjusted R Squared = .852) 

 Parameter Estimates 

Dependent Variable: Log(GluTest)  

95% Confidence Interval 
ParameterBStd. Error tSig.Lower Bound Upper Bound 
Intercept5.852.020297.026.0005.8135.891
[group=1] 1.039.03628.704.000.9671.111
[group=2] .344.0359.905.000.276.413
[group=3] 0(a).....

a  This parameter is set to zero because it is redundant. 

Factor Predictor Fitted Using Linear Regression

 Model Summary 

Model RR Square 
Adjusted R 

Square 
Std. Error of 
the Estimate 

1.924(a).854.852.17177

a  Predictors: (Constant), Group = 2, Group = 1 

 ANOVA(b) 

Model 
Sum of 

Squares dfMean Square FSig.
Regression 24.344 212.172412.568.000(a)
Residual 4.160141.030

1

Total 28.504 143
a  Predictors: (Constant), Group = 2, Group = 1 
b  Dependent Variable: Log(GluTest) 

 Coefficients(a) 

Unstandardized 
Coefficients 

Standardized 
Coefficients 95% Confidence Interval for B 

Model BStd. Error BetatSig.Lower Bound Upper Bound 
(Constant) 5.852.020297.026.0005.8135.891
Group = 1 1.039.036.97128.704.000.9671.111

1

Group = 2 .344.035.3359.905.000.276.413
a  Dependent Variable: Log(GluTest) 

67

Estimates of coefficients, standard errors etc. are identical

ANOVA results identical

R squared identical
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Tests of Between-Subjects Effects
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k = Total number of parameters - 1
   = 6 - 1 = 5

Number of additional parameters 
needed to introduce each of the 
main effects and the interaction R squared/Adjusted R squared terms give an indication of 

whether the regression terms contribute significantly to the 
model.  As a rule of thumb:

R squared > 0.7 implies a good fit
R squared > 0.4 implies that although the fit might not be good, 
there is some explanatory power in the predictors.

A

B

C

NOTE: C = A + B is the decomposition  SS = SSR + SSE.
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