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Recap Chapter 12.1
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12: Analysis of Variance
12.1 Introduction to the Analysis of Variance

Previously we learned about hypothesis testing for:
One Population: u, p, and o?.
Two Populations: uy=u—,, t1—tt,, P1—P,, and of/os.

(We also learned about hypothesis testing for contingency tables.)

Now we are going to study hypothesis testing for three or more
populations.

Three Populations: at least two of u,u,,us,... different.
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12: Analysis of Variance
12.1 Introduction to the Analysis of Variance

If we are testing for differences in means,
...why are we analyzing variance?

As It turns out, we calculate two variances and take the ratio.

If all the means are truly the same, the two variances will be
the same and the ratio will be 1.
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12: Analysis of Variance
12.1 Introduction to the Analysis of Variance

Temperature Levels

HypOtheS|S TeStIng Procedure Sample from 68°F (i= 1) Sample from 72°F (i=2) Sample from 76°F (i = 3)
10 7 3
Step 1 Hy:u,=u,=us3 VS. 6 2 ;
- ) * 7
H_: at least two u s different — — -
Step 2 %) = 10.25 %,=70 %3 =375
Sum of Squares Due to Factor
CNGC NG [(Zx) _ SSlfactor)
SS(factor) = (k_]] + k_j + k_j e ) I df{factor) = ¢ — 1 hinliccsiis df(factor)
MS(factor)
Sum of Squares Due to Error =
o el e E=— MS(error)
SS =2 25 _]+_2+_3+... _ error
e b <k1 ko ks ) df(error) = n — ¢ Naterer df(error)

a=.05

Shortcut for Total Sum of Squares

SS(TOTO” — E(Xz) _ (Enx) df(fOfOl) =n-—1
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12: Analysis of Variance
12.1 Introduction to the Analysis of Variance

Hypothesis Testing Procedure Source ____df S5 MS
i 3% 13 (@) Temperature 2 84.5 42.25
Step 3 SS(temperature):(4+5+4j—13:84.5 Frror 10 @5 0.95
42 25 SS(error):731.0—[%+%+%):9.5 Total |2 Q4 0 F*=44.47
F*=——=44.47
0.95
Step 4 Step 5
p-value approach Classical approach Decision: Reject H,
/\L | p-value<a
0 e .00< p-value<.01
0;: 0.01 egrees of Freedom for Nume Q a: O . 05
i *
i : F*> I:crit
I A F*=44.47
f I o0 < ¢ SO _
00< p-value<.01

F(2,10,0.05)=4.10
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Statistical Inference
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Statistical Inference:

Number of Populations

M t \%O Ne

Parameter Parameters Parameters
N e BN
M P My Hy Py P, Hopsees Hy Ppyes Py

2 2 2 2 2
o o, ,0, oo
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Statistical Inference: 1 Population

Number of Populations

one t%o Ne

Parameter Parameters Parameters
N e BN
M P My Hy Py P, Hopsees Hy Ppyes Py

2 2 2 2 2
o o, ,0, oo
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Statistical Inference: Procedures for u

Assume or Test for Independent Observations

Normally Distributed Data

(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)

o’ known? n large?
yy\o y‘mo
e e e ign-test
X — U X — 1 X — 1 . sign
* _ 0 * _ 0 * _ 0
ST TN ¢ TTI o OnC)
o (nonparametric median)
standard Student-t standard custom
normal distribution normal distribution

distribution df=n-1 distribution and table
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Statistical Inference: Procedures for ¢2

Assume or Test for Independent Observations

Normally Distributed Data

(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)
 yes— N

2
25 _ (N-1)s

A ?

Chi-Square
distribution
df=n-1
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Statistical Inference: Procedures for p

n-Large
»5/\0\
o PP _X
p,(1— py) P
n Binomial Distribution
Normal P n!
distribut _ .
istribution (x) = X )Ipo( po)
prvalue= ) - Po(L— p,)"”

x>i '(n I)'




Marquette University MATH 1700H/PSYC 2001H

Statistical Inference: 2 Populations

Number of Populations

|
one t%o three
Parameter Parameters Parameters
H ‘ p /uluuz \ p1;p2 lLll""’lle \ pl""’pk
o 0'12,0'22 012,...,0k2
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Statistical Inference: Procedures for u,-u,

Assume or Test for Independent Observations

Normally Distributed Data

(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)

ye S no
Independent Populations Dependent Populations Independent Populations
) ) ) ) Mann—Whitney U test
o, &o, known . &0, unknown N large n small o
o :ZZS(Xi’yj)
Z*:(X1_X2)2_(ﬂ12_,u2) F test T T_ R Sy,
\/C;l"'zz IUd IUd S(Xi7yj): 172, X =Y,
1 Sy /\/ﬁ 0, X<V,
normal o ' :
2 custom distribution and
0, =0, table or large n normal
nﬂge/msmall
n small Dependent
< .
e (R=R) (4~ 1) 1 (X —%,) — (M 1) %) (1) Populations
s 1 1 7+7 X,) = (th — 1) t* = K7 X) U~ 1y sign-test
4 2 2 -
o \n, s J min(n(-),n(+))
normal Student-t n n n n (nonparametric median)

16
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Statistical Inference: Procedures for a2, ¢2

Assume or Test for Independent Observations

Normally Distributed Data

(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)

e e

Levene test

e (=R (A -A)

F*=

RZ8 |._9”
\i

F-distribution

o k n; —
df,=n;-1 D> S (A -
df;=2;-1 (k 1) i=1 j:(Aij Ai)

F-distribution Aj :| yij — Vi |
df,=n,-1 :
dfzzzz-l Pop i Obs j

“.”=sum over

Bartlet test

(n—k)Ins2 =" (n,~1)Ins’

L @/ Bk - L (0, ~1) -1/ (n-k)

Chi-Square distribution
df=k-1

17
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Statistical Inference: Procedures for p,-p,

n-Large
yes 0
Fisher's exact test
Z*:(pi_p;)_(po,l_po,z) = 2* Zk (O E) P~ Py
\/pr(l_pr)|:1+1:| j (X1+X2)[nl—x1+n2—x2J
p p
LIl Chi-Square distribution P(x,X,) = X =%
o df=k-1 ( n, + nz)
Normal distribution
n,

' X1 ' X2

p=— P, =— S "

n1 ﬂ2 um probabilities of more

extreme values to get p-value
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Statistical Inference: k Populations

Number of Populations

M t\%o We

Parameter Parameters Parameters
N e BN
M P My Hy Py P, Hopsees Hy Ppyes Py

2 2 2 2 2
o o, ,0, oo
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Statistical Inference: Procedures for pu,...,u,

Assume or Test for Independent Observations

Normally Distributed Data

(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)

yes o

Kruskal-Wallis Test

Equal variances

(Levene or Bartlet Test) .
H*_ 1 Zizl(ri-_r)2
yes no =("n-N=cas Y
Zi:le:l( ij )
ANOVA Test Welch’s Test B . .
rij—rank of obs jin pop i
s’ s? 1
Pl P2 RO
32 32 ni 1=
F-distribution F-distribution 2 _ 1
df,=n,-1 df,=n,-1 w, r=—(n+1)
df,=n,-1 df,=1/A 1‘Zk " 2
k j=L . o
Special distribution and table.
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Statistical Inference: Procedures for 42,...,67

Assume or Test for Independent Observations

Normally Distributed Data

(Q-Q Plot, Kolmogorov-Smirnov, Lilliefors, Jarque-Bera, Anderson-Darling)

e e

Levene test

e (=R (A -A)

F*=

RZ8 |._9”
\i

F-distribution

o k n; —
df,=n;-1 D> S (A -
df;=2;-1 (k 1) i=1 j:(Aij Ai)

F-distribution Aj :| yij — Vi |
df,=n,-1 :
dfzzzz-l Pop i Obs j

“.”=sum over

Bartlet test

(n—k)Ins2 =" (n,~1)Ins’

L @/ Bk - L (0, ~1) -1/ (n-k)

Chi-Square distribution
df=k-1

21
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Statistical Inference: Procedures for p,,...,p,

n-Large

e T

k (Oj ‘Ej)2

=2

Freeman-Halton exact test

j or

p-value via simulation

Chi-Square distribution
df=k-1
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Statistical Inference

Hypothesis tests also exist for:

Regression coefficients (i.e. slope and y-intercept)
Correlation Coefficient

Temporal autocorrelation

Correlation Matrices

Two-way ANOVA
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Statistical Inference

Questions?




