The one factor ANOVA: examples

Question: if any of 3+ population means differ?
Approa Nalysis Of VAriance = ANOVA

Prerequisite = test for equality of 1

Do the ANOVA
Conceptual hypotheses: My pty = 1, = -
Hy: at least two dif fer
Hy: MSA < MSW
Hy: MSA > MSW
Calculate SST, SSA, SSW, MSA, MSW
Calculate F=MSA/MSW
Create ANOVA table
Determine p value and "reject" or "fail to reject” H,
If H, rejected: 1. Perform Bonferroni corrected t-tests
2. Calculate MSD or HSD and compare
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Practical hypotheses:

Example #1 - SVL of snakes

5. Calculate MSA, MSW, F value. 2
SsA _ 32 _ 32 3
MSA= 7 =7=7=16 4
mean
=W 120 28 5 Var
MSW =35 = =0=3.111
16
Feate = 3111 5.143 Source df SS
L Among 2 32
Within 9 28
Total 1 60

dunseiA s dite s
s
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siteA siteB siteC

32 34 35
34 3 35
32 36 38
30 31 36
32 34 36
2.667 4.667 2.000

MS
16

3111

Overall mean = 34
S8T=60, SSA=32, SSW=28

Bk
5.143

Example #1 - SVL of snakes
6. Assess significance of F value.

Source df SS_ MS__F {+
Among 2 32 16 5.143
Within 9 28 311

Total "

o 50 p<0.05

Example #2 - size of mice 4.
6. Assess significance of F value.

Source df SS_ MS__F

Among 3 25  8.333 2.222 0.1643

Within 16 60  3.750 ?
Total 19 85 p>0.05/ B8,

Ind.
mean
var

Example #2 - size of mice 4
7. Do Bonferroni correct t-tests

6 lests.

Avs B: p=0.0228
Avs C: p=0.4658
Avs D: p=0.1531

« nonsignificant difference
« nonsignificant difference
Bvs C: p=0.1363 « nonsignificant difference
Bvs D: p=0.4097 « nonsignificant difference
Cvs D: p=0.4889 « nonsignificant difference

19

dietA dietB dIolC dietD
22 21

3.50 2.00 500 4.50

« nonsignificant difference ¢=——

= 0.00833 is the corrected critical value threshold

If we had just
done t-tests
without the
ANOVA, this
would be a
type | error.

L How to get SST, SSA, and SSW ?

SST: calculate sum of squares for all data
values (comparing to overall mean).

SSA: calculate sum of squares of the ¥;
values (comparing to overall mean), then
multiply by group sample size, n.

SSW: calculate the sum of squares values
ly for each of the k groups using

X, X X, Xy | the group means and sum them.
Example #1 - SVL of snakes - '"d s“:ieZA s":f SI!;SC
4. Calculate SST, SSA, SSW. 2 34 35 35
3 3 32 36 38
SST = Z(x,-,- -34)" =60 4 %0 @t 96
i mean 32 34 36
s L, Var 2667 4.667 2.000
SSA = 4[(32 - 34)* + (34— 34) Overall mean = 34
+(36-34)2] = 4[4+ 0+ 4] =4x8=32

SSW =) (xi~32)" + ) (112~ 34)" + ) (31 - 36)"

|Check: 32+28=60

=8+14+6=28

Example #1 - SVL of snakes m
6. Assess significance of F value.

Source df SS_ MS _F___

Among 2 32 16  5.143 0.0324
Within - 9 28 3.111

Total 1 60

. . Ind.  diotA diotB dietC diotD
Example #2 - size of mice , 1 o oy 19 - 20
2 16 23 17 23
5. Calculate MSA, MSW, F value. 3 19 21 23 21
sSA _ 25 _ 25 4 20 23 20 18
M5A=ﬁ=4_"l_~_8333 5 19 23 21 23
mean 19 22 20 21
SSi=. NG00 216 var 3.50 zoo 500 4.50
= = 180, overall mean =
MSW = =303 =16~ 3750|3572 85, 85ae 25 SSW=60
8.333
Feate = 350 = 2222 Souce df S8 MS D -
g Among 3 25 8.333 2222
Within -~ 16 60  3.750
Total 19 85
o . Ind.  diotA diotB dietC diotD
Example #2 - size of mice ‘ Mean 49" “mzgg ey
8. Tukey-Cramer comparison intervals 1Y 9:59 200 500/ 450

MSD = Qqar=N-1 X =4.05x =3.5074

B
Qg05,4,16 =4.05

aiij

set
value 1 2 3 .. k

Degrees of freedom

df for among groups: k =1

df for within groups:  k(n—1) =N —k
df for entire data set: N —1

SSA
MSA = — Watch our intro
k-1 @=0.05 | 1o the F-test
Ssw video for more
- bout thi
Msw N=Fk about this
MSA
Feae = yrew

Example #1 - SVL of snakes

1. Calculate overall mean and variance, group means and variances.
2. Conduct F,,, (or other) test for equality of variances.
N

Ind. siteA siteB siteC 4.667
1 32 34 35 Fax = 5—7o~=2.333,p > 0.05
2 34 35 35 2.000
3 32 36 38 s
4 30 31 36 3. The non5|gn(ﬁcanl Fax tost

32 34 36 indicates equality of variances
Vo 5 667 4667 2000  andwe can do the ANOVA.

Overall mean = 34

siteA siteB siteC
32 34 36
2,667 4.667 2.000

Example #1 - SVL of snakes - Ind,
mean

Var

7. Do Bonferroni corrected t-tests

= 0.01833 is the corrected critical value threshold.

3 tests,

«- nonsignificant difference
« significant difference
« nonsignificant difference

Example #2 - size of mice 0 g, digh dlath dtC dletd

1 120 20

2 16 23 17 23

4. Calculate SST, SSA, SSW. 3 19 21 23 21
2 4 20 23 20 18

SST = Z(x"‘ —20.5)" =85 8 19 23 21 23
mean 19 22 20 21

350 2.00 500 4.50

SSA = 5[(19 — 20.5)% + (22 — 20.5)* v . S
. |overall mean =
+(20 - 20.5)2 + (21 - 20.5)?]
=5[2.25+2.25+ 0.25 + 0.25] = 5 X 5.00 = 25
SSW = Z(*"‘ -19)% + Z("“ a4 Z(x,,3 a0}t z(x“ )t
=14+8+20+18 = 60 |Check: 25+60=85
Ind. dietA dietB dietC dietD

mean 19 22 20
3.50 200 500 4.50

Example #2 - size of mice ’
9. Interpret results.

var

A one-factor ANOVA indicates that the mean sizes of the mice
at maturity in the 4 diet groups do not differ significantly from
one another (Fj44=2.222; p=0.1643).

125 SEs
Source df SS MS _F__ p §§ on st
Among 3 25 8.333 2222 0.1643 | o
Within 16 60 3.750 e
Total 19 85 dlelA diete diets dietd | T.C

The ANOVA Table

Data is usually
presented in an
ANOVA Table

Source df
Among groups k — 1

Within groups N —k
Total N=d Indicates if any means
are significantly different

Example #1 - SVL of snakes

1. Calculate overall mean and variance, group means and variances.
2. Conduct F,,, (or other) test for equality of variances.
3. Proceed with ANOVA or transform data values (retry step 2).

4. Calculate SST, SSA, SSW. Ind. siteA siteB siteC
5. Calculate MSA, MSW, F value. 1 32 34 35
6. Assess significance of F value. 2 34 35 35
6. If p<0.05 then do steps 7 & 8. 3 32 36 38
7. Do Bonferroni corrected t-tests 4 30 3 36

8. Compare Tukey-Cramer comparison intervals -
9. Interpret and present results.

siteA siteB siteC
mean 32 34 36
8. Tukey-Cramer comparison intervals  |var  2.667 4. 667 By 000

3.111
MSD = Quaron-k X =3.95x =3.4836|

Example #2 - size of mice 4

1. Calculate overall mean and variance, group means and variances.
2. Conduct F,, (or other) test for equality of variances.

Example #1 - SVL of snakes Ind.

%, =32 — {30.258,33.742) 34
%y = 34— {32.258,35.742) 35
% =36 {34.258,37.742) 39

28

Ind. _v_tAs'_lel_d_ﬂ_QsLﬂ_ 5.00 2.50 0.05
1 =>—=2.50,p>0

2 HEE max T 2,00 P

3 19 21 23 21

4 20 23 20 18 i

P W 23 29 2 3 'I_'he non&gnl_flcant F"‘f" test
mean 19 22 20 21 indicates equality of variances

var 50 2.00 500 4.50 and we can do the ANOVA

overall mean = 20.5

ANOVA flowchart Fallo relect iy, .|
means appear equal
Are the nof
variances e, — | is p<0.05?
equal? ves 1
nol
Transform
dataoruse | _ K\;\lIJ:\'I(iasl.
a different et Do Bonferroni t-tests &
test Tukey-Cramer comparisons

StatsExamples.com

After the ANOVA

Option 1: Bonferroni corrected t-tests

Go back to data sets and do all pairwise t-tests, but with a smaller

a value (i.e., less than 0.05) as the threshold for significance.
Usea" = ‘1‘"—05 where n is the number of t-tests

Option 2: Tukey-Cramer  yisp) = HSD = Qo aron—k X
comparison intervals g

Create £1/2 MSD intervals EE
around each sample mean. i
Non-overlapping intervals

indicate differing means. T ® 3

Example #1 - SVL of snakes

Consider a study that collects 4 snakes from
each of 3 different locations and measures
their lengths (SVL) to see if the mean SVL
in any locations differ from the others. |nd.

siteA siteB siteC

ANOVA questions: i 32 34 35

2 34 3 35

1. Are any of the mean SVL 3 32 % =
lues different?

g , 4 30 31 36

2. If so, which ones?

Example #1 - SVL of snakes Ind. siteA siteB siteC
mean 32 34 36
9. Interpret results. Var  2.667 4.667 2.000

A one-factor ANOVA indicates that the mean SVL values differ
significantly between the 3 snake populations (F,3=5.143; p=0.0324).
Bonferroni corrected t-tests and the Tukey-Cramer comparison intervals
indicate that the mean of population A is significantly smaller than the

mean of population C. i SEs
Source df SS MS F__p |8 Ll
Among 2 32 16  5.143 0.0324 |2 ig.
Within - 9 28  3.111 ‘g ,.,.
Total 11 60 steA  siten_sitec

Example #2 - size of mice

Consider a study that tests 4 different diets
for lab mice and has 5 mice in each
treatment. The question is whether the
mass at maturity differs for any of the diets.

ANOVA questions: Ind. dietA dietB dietC dietD
1. Are any of the mean mass ; fé gg 13 gg
values different? 3 19 21 23 29

i 2

2. If so, which ones? 4 20 23 20 18
5 19 23 21 23

Example #3 - self-check Il J4IA 2410 MG LD S0R
Consider the data sets shown. 2 15 18 17 13 22
3 17 17 19 13 18
ANOVA questions: 4 20 18 14 15 18
1. What is the ANOVA table? § 15 19 19 16 20
6 19 19 16 13 18

2. What are the comparison intervals?
3. Which means differ?

Answers at end of video



