Chapter 10 Analysis of Variance (ANOVA)

Objective: to compare the means of 3 or more independent
populations

> Comparison of the mean reduction in blood pressure for

patients randomized to three different treatment groups:
drugs A, B, and C

> Compare the mean production time for 3 different process
types.

ANOVA is a statistical method that tests the equality of three or
more population means by analyzing the variation in the data.
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ANOVA Notation:

k = the number of populations under investigation
{wij.: measurement on the ith individual taken from the jth

sample
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Example 1

A critical flicker frequency (CFF) is the highest frequency at which
the flicker in a flickering light source can be detected. There is
various flickering light in our environment, such as light from
computer screens and fluorescent bulbs. At frequencies above the
critical frequency, the light source appears to be continuous even
though it is actually flickering. Different people have slightly
different flicker “threshold” frequencies. Knowing the critical
threshold frequency below which flicker is detected can be

Important for product manufacturing as well as tests for ocular
disease.
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Do people with different eye color have different threshold flicker
sensitivity? A study (“The effect of iris color on critical flicker

frequency,” Journal of General Psychology [1973], 91-95) obtained

the data from a random sample of 19 subjects. Conduct the
appropriate test, set o = 0.05

(E:yT Threshold Frequency (CCF) >ample gaDmpIe n
olour " - —

Brown {6.8/(27.9,)23.7, 25.0 24.8,25.7,24.5 1.37 3

Green 6.4)24.2, 28.0, 26.9, 29.1 I 1.84 5

Blue 25.7, 27.2, 29.9, 28.5, 29.4, 28.3 1.53 6

Grand Mean =
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Hypotheses:

H():/,le/J,QZ...:,u,k-
Hy @ p; # pj for some ¢ # j

Assumptions:

1. The k samples drawn from the k£ populations must be
independent of each other.

2. With each sample, the individual observations X;j's are
randomly chosen from population j. (Xj;'s are independent)

3. Within each population 7, Xj;'s follow the Normal
distribution with mean p; and common variance o“.
Notice, the k populations have a common variance 2. (The
best we can do to check this condition is to find the sample
standard deviations of our samples and check whether they
are close. A common rule of thumb is to see if the ratio

between the largest sample standard deviation and the
smallest is less than 2.)

Melissa Lee, UBC Department of Statistics



The total variation in the data (SSTotal total sum of squares)
comes from two sources:

1. variation between groups/ treatments (SST Treatment sum
of squares)

2. variation within groups/treatments (SSE Error sum of

squares)
between wathin .
SSTotal = SST + SSFE
k7 -
22 (@~ ) =
71=1 =1
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Lagt Class:
ANOVA - Analysis
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__Sum of Squares
Mean Squares (M S) = degrees of freedom

1. MST = % (Mean Square Treatment)
2. MSE = % (Mean Square Error)
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ANOVA test procedure

Ho:pi = pe=...= g
Hy @ p; # pj for some i # j

Test statistic:

MST

Fobs — MSE

Under Hy, Fps = %gg follows the F'-distribution with
o v1 (numerator degrees of freedom = df (SST) = k — 1) and
o v (denominator degrees of freedom = df (SSE) = N — k)
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F-distribution

0 Fa

Rejection Region:
If Fops > Fy, we reject H
If Fops < Fy, we do not reject Hy

When Hj is rejected, we conclude that at least one pair of

population means are significantly different from each other.
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The ANOVA table:

Source of df Sum of Squares | Mean Squares | F-ratio
Variation
Treatments | k£ — 1 S St MStr = k 0 %gg
Error | N —k& SSk MSg = NSE,C
Total N —1 SSTotal
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SSE*= 2 2 (7&;5 -ij) = T (A =% )T+ (%, -%y) + T
'3 b g (xig"i;)—

J=\v 1= 2
1=
s =2=3, 38.3l
SST = N
SSTotad = SSE +SST = 61.3)
msSE =

mMST =



Example 1 cont'd:

4 80

\

Df Sum Sq Mean Sq F value
k- Colour 3-t=2 23,00 23/2=WS sl = it s
N-K Error 16 38.31 38.31/16=2.38
N-I (Total 13 61.3\
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