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Facebook Friends Example
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Facebook Friends Example Cont’d

A researcher would like to investigate the relationship between
Facebook social attractiveness and the number of Facebook
friends. An experiment was conducted where five groups of
participant judge the same Facebook profiles, except for the
one aspect that was manipulated: the number of friends for
that profile.
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Facebook Example: Descriptive Statistics
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Example: Checking Model Assumptions
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Facebook Friends: Overall F-Test

Question: Are Facebook attractiveness affected by # of
friends?

H0 ∶ µ1 = µ2 = ⋯ = µ5
Ha: At least one group mean is different from others

Next, we need to figure out where these differences oc-
cur
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Facebook Example: Fisher’s LSD

We conclude that µi and µj differ at α level if ∣X̄i − X̄j∣ > LSD,
where

LSD = tα/2,df=N−J

¿
ÁÁÀMSE( 1

ni
+ 1

nj
)



Multiple
Comparisons and
Linear Contrasts

16.7

Facebook Example: Fisher’s LSD

We conclude that µi and µj differ at α level if ∣X̄i − X̄j∣ > LSD,
where

LSD = tα/2,df=N−J

¿
ÁÁÀMSE( 1

ni
+ 1

nj
)



Multiple
Comparisons and
Linear Contrasts

16.7

Facebook Example: Fisher’s LSD

We conclude that µi and µj differ at α level if ∣X̄i − X̄j∣ > LSD,
where

LSD = tα/2,df=N−J

¿
ÁÁÀMSE( 1

ni
+ 1

nj
)



Multiple
Comparisons and
Linear Contrasts

16.8



Multiple
Comparisons and
Linear Contrasts

16.9

Facebook Example: Tukey’s HSD Test

Yet there is another method to deal with multiple testing:
Tukey’s Honest Significant Difference (HSD) test. We conclude
that µi and µj differ at α familywise level if ∣X̄i − X̄j∣ > ω, where

ω = qα(J,N − J)
√

MSE
n

,

qα(J,N − J) can be obtained from the studentized range table
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Facebook Example: Tukey’s HSD Test
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Linear Contrasts

Suppose we have J populations (e.g. response for J different
treatments) of interest. We have seen how to perform multiple
comparisons. For example, the comparison between µ1 and µ2
can be conducted using the test: H0 ∶ µ1 − µ2 = 0 vs.
Ha ∶ µ1 − µ2 ≠ 0. This comparison is actually a special case of
linear contrasts

Linear Contrasts

Let c1, c2,⋯, cJ are constants where ∑J
j=1 cj = 0, then ∑J

j=1 cjµj is
called a linear contrast of the population means.

Example: Suppose J = 4
1 µ1 − µ3 ∶ c1 = 1, c2 = 0, c3 = −1, c4 = 0

2 µ2 − µ4 ∶ c1 = 0, c2 = 1, c3 = 0, c4 = −1

3 µ1 − 1
3µ2 − 1

3µ3 − 1
3µ4 ∶ c1 = 1, c2 = c3 = c4 = − 1

3
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Inferences for Linear Contrasts

If we want to make a inference about L = ∑J
i=1 cjµj. Then we use

L̂ =
J

∑
j=1

cjX̄j

as the point estimate. Furthermore, we can construct a
100(1 − α)% CI for L:

(L̂ − t(α/2,df=N−J)ŝeL̂, L̂ + t(α/2,df=N−J)ŝeL̂),

where ŝeL̂ =
√

MSE ( c2
1

n1
+⋯ + c2

J
nJ
)

To test whether L is significantly different from 0, we can
conduct the following test:

H0 ∶
J

∑
j=1

cjµj = 0 vs. Ha ∶
J

∑
j=1

cjµj ≠ 0
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Hypothesis Testing for Linear Contrasts

1 Null and Alternative Hypotheses:

H0 ∶
J

∑
j=1

cjµj = 0 vs. Ha ∶
J

∑
j=1

cjµj ≠ 0

2 Test Statistic:

tobs =
L̂ − 0
ŝeL̂

= ∑J
j=1 cjX̄j√

MSE ( c2
1

n1
+⋯ + c2

J
nJ
)

3 Decision:
Reject H0 if ∣tobs∣ > tα/2,df=N−J (or p-value < α)
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Facebook Example: Linear Contrast

Suppose we’d like to compare µ1 vs. µ3+µ4
2 . Let

L = 1µ1 − 1
2µ3 − 1

2µ4. Then the above comparison is equivalent
to test whether L is different from 0

1 H0 ∶ L = 0 vs. Ha ∶ L ≠ 0

2 tobs = L̂
ŝeL̂
= 1×3.817−0.5×4.562−0.5×4.407

√

1.2005×( 12
24 +

0.52
26 +

0.52
30 )

= −0.6674
0.2675 = −2.495

3 Since ∣tobs∣ = ∣ − 2.495∣ = 2.495 > t0.025,df=129 = 1.9785. We
reject H0 at 0.05 level

Note: If we are performing several tests for different lin-
ear contrasts simultaneously, we’ll need to adjust α level
accordingly to control the FWER
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Summary

In this lecture, we learned

Multiple Comparisons

Fisher’s LSD & Tukey’s HSD

Inference for Linear Contrasts


