One-way ANOVA



What iIs this used for?

* For comparison of more than three samples. (Recall
that t-test is usually used for two sample
comparison)

 Qur concern here Is whether there are the
statistically significant difference in the mean among
samples. In other words, the difference you
observed Is just because of sampling errors or not?

« Why “one-way”?: Just one independent variable.



Why “Analysis of Variance”?

You will use three kinds of variance: Total variance,
petween variance, and within variance.

HO: all of population means are the same.

Uy =Ho=H3=-..

H1: there Is significant difference between “at least
any two.” E.g. Hy FH, 0r P F Mg Or Py F [,y ...
The basic idea Is If between variance is significantly
bigger than within variance, you can reject HO.




Simple Example.
(Hours you worked last week)

White Black Other
10 3 4
6 4 1
5 5 6
6 2 5
7 6 8
4 5 7
5 8 9
9 7 8
8 9 12
9 9 10




What i1s HO and H1?

Some of you would ask there are three variables in the data.
There is one independent variable (sometimes called
“factor”), say race, but there are three “levels” for this
variable. What is dependent variable? Your working hour.

The sample mean is 6.9(White), 5.8(Black), and 7.0(Other).
You are interested in whether the difference among three
sample means is really significant at what level of
confidence!

HO: Myhite=Mblack=Hother
H1: not HO. (there is the significant difference between at
east any two groups)




Total Variance (SST)

First of all, you have to calculate the mean for 30 cases
(total cases!) | got 6.567.

Secondly, you have to 1) subtract the grand mean from
each score, 2) square each of these differences, and 3)
add up squared scores. a\White
SST=189.367=(10-6.567)2+...+(9-6.567)%+
(3-6.567)%+...+(9-6. 567)2+(4 6.567)>+...+(10-6.567)2

This equation Is about fhis aIcuIat|on process. \,

Blo.dg othey

SST = Z(} -7

i \7 6. 567—



Between Variance (SSB)

First of all, you have to calculate the mean for each group.
6.9(White), 5.8(Black), 7.0(Other).

Secondly, you have to 1) subtract the grand mean from
each sample mean, 2) square each of these differences, 3)
multiply each squared score by corresponding each sample
size, and 4) add UP. it of cases(ivhite) ib*k»
SSB:(@9-6.5674)%10)+(§8-6.567)2(3%+(7.0-6.567)2(10)
-8 867, white Slﬂck "(B’Gck)

: . : K . o

The following equation s ¢cp _ ZN% 7 -1’ (ﬂeyj

about what you did. bl /_ 16 563~

Rochfimple < Grond Mean




Within Variance (SSW)

First, you already have got each sample mean: 6.9(White),
5.8(Black), 7.0(Other).

Next, you have to 1) subtract each sample mean from each
score within each group, 2) square the differences) 3) add
up all of elements. Mhite

SSW=180.5=(10-6.9)+...+(9-6.9)2+
(3-5.8)2+...+(9-5.8)2+(4-7.012+...+(10-7.0)2 othey,
This calculation process™ gacl. n

is expressed as the following equation. SST = » (I;; -T;)’
K 1




What if SSB iIs big enough?

o Wow! SST=SSB+SSW=189.367=8.86/+180.5

« |f SSB Is big enough, what does this mean? The difference
between the grand mean and each group mean is big. If
null hypothesis Is true, all of sample means should be equal,
6.567. However, your sample mean is 6.9, 5.8, 7.0.

« What if each sample mean is 12, 3.85, 3.85? (Note that the
grand mean is the same as 6.567) Oh! There is big
difference between the first sample mean and 3.85. So, we
can say that as SSB become bigger, the chance of
rejecting the null hypothesis becomes higher.



What iIf SSW is small enough?

SSW is 180.5. In other words, SSW explains almost all of
variance in SST. (180.5 is much bigger than 8.867)

SSW indicates the difference between the sample mean for
each group and each score in that group. Big SSW reflects
a lot of variance in each group.

For example, If 10 cases had 7.0 for the third group (other),
then there Is no variance.

We might as well regard SSW as kind of standard error,
that is, variability from one sample to another. As the
fluctuation becomes smaller, the chance of rejecting the
null hypothesis becomes higher.



F-test and F-distribution

« ANOVA Is based on F-distribution. This distribution
has two degree of freedoms, k-1 (df for between)
and N-k (df for within). Here, k Is the number of
group, or the number of sample mean; N Is total
number of cases.

o Statistic F follows F-distribution (k-1, N-k)

« When MSB=SSB/dfb, MSW=SSW/dfw, then the
statistic F 1Is MSB/MSW.



So, What i1s the statistic F?

SST=SSB+SSW=189.367=8.867+180.5
What is df for between? K-1. What is the number of group?

3.

Therefore, dfbis 2.

What is df for within? N-k. What is the total case? 30.

Therefore, dfw=30-3=27.

W
W
W

nat Is MSB=SSB/dfb=8.867/2=4.434.
nat iIs MSW=SSW/dfw=180.5/27=6.685.

nat Is F? F=MSB/MSW=4.434/6.685=0.663.

Let’s just suppose that your confidence level is 95%.



The Statistical Table for F-
Wit distribution
CF'H:‘CEII wWalues of the F Distribution far = as betwee'h
—

1 @ a3 Fa ] [ a 12 purk more

1 16140 19950 215370 22460 230.20 23400 23590 243590 24900 254.350

2 18.51 19.00 1916 19.25 19.30 19.33 19.37 19.41 19.45 19.50

3 10.13 955 9.28 212 2.01 0.5 o.84 o.74d 0.6 0.53

£ TR 5.594 5.54 5.3 G.26 G.16 .04 281 977 263

= 5.6 .75 241 .18 2.05 .95 452 .65 .53 4.36

G 9.949 2.14 4. 76 4.53 .39 4,28 4.15 4.00 3.84 367

K 2.849 .74 .35 412 3.97 3.87 3.73 3.97 3.4 3.23

(& 232 g .46 4.07 3.84 3.69 3.5209 3.4 3.28 3.12 2.83

= .12 426 3.06 3.63 3.45 3.37 3.23 3.07 2.80 2.71

1a 4 .96 4.10 3.7 3.48 3.33 3.22 3.07 2.91 2.74 2.54

15 .54 3.60 3245 3.06 2.80 2.74 264 248 2.249 2.07

20 4.35 345 3.10 2.87 271 2.60 245 2.28 2.08 1.8

1’? 25 .24 3.35 2.948 276 2.60 2449 2.35 216 1.96 1.71
-—-ﬁSD 417 2.92 2.649 2.53 242 227 2.09 1.9 1.62
40 4.058 3.23 2.84 2.61 245 2.34 218 2.00 1.74 1.5

&0 .00 3.15 276 2.582 2.37 2.25 2.10 1.92 1.70 1.359

120 3.92 3.07 265 245 2.29 27 bz 1.83 1.61 1.25

Mmare 3.84 2.949 2.60 2.37 2.21 2.09 1.94 1.75 1.52 1.00

\— 3350appc )



What’s your judgment?

Your statistic F1s 0.663

The critical value at the confidence level of 95% Is
3.35 approximately.

The statistic Is less than the critical value. In other
words, your statistic does not fall in the rejection
F-dig

region.
So, what's your conclusion?




What 1s Eta?

One question in your homework is about Eta squared. (Min is 0; Max
IS 1)
To calculate this, use the following equation.

. _ SSB

WA
What is Eta squared? 8.867/189.317=0.0468.

Our result is very closer to 0. This implies that most of total variance
could be explained by the variance within groups (rather than the
variance between groups). In other words, the chance of rejecting the
null hypothesis might be very small.

r



Keys

Why do you prefer ANOVA (versus t-test)?
What is the grand mean?

What does alpha signify in ANOVA?

What does J signify?

SST=SSB+SSW (not SST=SSB/SSW or
SST=SSB=SSW......)

How to calculate each of them? (not computation, but
conceptually)

What are common sources of error?
MSB=SSB/(J-1); MSW=SSW/(N-J)




nat i1s the definition of F-ratio?

Ny IS this Important?

nat 1Is homoscedasticity?

nat i1s mean difference hypothesis test?

nat Is eta-square (SSW/SST)? What Is Its
range? Don’t confuse this with F-ratio
(MSB/MSW)

« \What is the purpose of post-hoc test?

S =<



One-tailed vs Two-tailed

Two-tailed test Is more conservative than one-tailed test. Why?
You split the total error equally in two-tailed test! Recall that
your test statistic will be positive or negative.

Given the same amount of error you could tolerate, say 5%...
In two-tailed test, you actually have 2.5% on one side (i.e., If
your test statistic Is positive, you apply right-side 2.5%;
negative, left-side 2.5%)

In one-tailed test, by contrast, you will apply generously right-
side 5% If your test statistic Is positive; left-side 5% if it Is
negative.

Exactly saying, your generousness is double in one-tailed test
than in two-tailed test!!!



Previous example (1)
(Another example of ANOVA.ppt)

GROUP

sophomare

junior

senior

e Three line graphs overlap
but not that much. This
means that there 1s
between variation.

« But, there Is within
variation as well because
people have a variety of
scores within a group.
(Recall the concept of
range. It is 4!)



One extreme case (1)

SSSSS [ Nl W |
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e Here Is a situation
where within variation
IS much smaller than
before.

o Little variation around
the average of each
group: 2.8 to 3.2 for
group 1; 4.8 to 5.2 for
group 2; and 6.8 to 7.2
for group 3 (Range is

0.4)
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Continued...

GROUP

r-a

[}

30 32 49 5 B3 10 72
23 31 48 &) 52 69 7

o Less overlap, which means
that, although the average
of each group Is still the
same (3, 5, 7), between
variation becomes bigger

| compared to within
variatiorﬂ

e As isshown in the narrow
width of graphs, within
variation Is much smaller.



Another extreme case (111)
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* Here Is another situation
where between variation
IS much smaller. Why?
The average Is 4, 5, and
6 (Recall the interval is
2 In example | and 11).

« But, there is still much
of within variation: 1 to
7 (group 1); 2to 8
(group 2); 3to 9 (group
3). Range is 6!
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Continued...
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* As you expected, the
degree of overlap Is
much bigger, which
means that little
between variation

e There is still much of

within variation for each
group, as It i1s shown In
the broad width of
graphs



In sum...

* The first case — we examined shortly today — Is
somewhere between the two extreme cases.
Much of between variation is found, but this Is
the case with within variation.

« Again, the main goal of ANOVA is which one
can explain more about the total variation (or
total sum of squares, SST).

e Hence, it would be interesting to check the
SPSS outcome.



ysﬁ"c'e,
3= 3 \V
Descriptives
SCORE e
K 952 Confidence Interval for

Mean N
M e atd, Deviation | std, Error | Lower Bound | Upper Bound | Minimum | Masimum
SOpnomare 10 3.00 1,155 ,365 217 363 1 5
junior 10 k.00 1,155 365 417 B8] 3 1
senior 1] / 700 1,155 ,365 B.17 1,83 h q
Total E'y R.00 2,000 365 4,75 515 ] g

e Averagelis 3, 5, 7, and standard deviation is 1.155..
e S0, this

Ifference from one group to another (e.g. 2 for
[sophomore VS junior] or [junior vs senior] or 4 for
[sophomore vs senior]) is really statistically significant?

 In other words, Is there any significant variation of the

outcome (1.e., score) across groups? (i.e., between variation Is
bigger compared to within variation)




Outcome |

b/.
ANOVA

SCORE

=um of

Squares o df PMean Sguare F —ig,
Between Eroups gL, LU <. e = RN = NN L
Within Groups 36, 000 - 27| = 1,333 | 7
Total 115, 000 =4

* Yes! We have to reject the null hypothesis! P-value under
“Sig.” 1s 0.000 which means that the amount of error you will
have if you reject the null is actually 0%. Hence, you could
reject it really really safely.

« What was the null? No difference in the average across groups.
In other words, no between variation.

 Your conclusion is that between variation (rather than within
variation) can explain more about the total variation. The
difference of the average across groups is significant.

40 - 1.7%3



Outcome Il

Descriptives

n_DRE
95% Confidence Interval for
Mean

M Mean otd, Devigtion | Std, Error | Lower Bound | Upper Bound | Minimmum | Maximum
| 10 3,000 115G 0365 2917 3,083 2.8 3.2
2 10 k000 I:,l155 0365 4,917 h.083 4.8 h2
3 10 7,000 .-‘\\\\A,l155 0365 B,917 7,083 G 8 12
Total a0 5,000 1, 6646 ,3039 4,378 b EZZ 2.8 12

o Each average is the same (3, 5,

7), but standard deviation is

0.1155 which means tRat within variation becomes much

smaller.

Your guestion again..

. this difference from one group to

another (e.g. 2 for [sophomore Vs junior] or [junior vs senior]
or 4 for [sophomore vs senior]) is really statlstlcally significant
but given the big change of within variation?

In other words, Is there any significant variation of the

outcome (1.e., score) across groups? (i.e., between variation Is
bigger compared to within variation)




Outcome Il

B
ANOVA

=_DRE —

surm of [

SguUares df Mean Sguare F =g,
Between GQroups g0, 000 | = & — 40,000 L 3000, 000 aan
Within Groups G360 | = 27| = T .m3 [
Total g0, 360 24

* Yes! You have to reject the null hypothesis again. Look at F-

wonder! Within variation 1s much much{smaller here. F-ratio
1S 40/0.013. (FYI: F-ratio is 40/1.333

 |f you have big test-statistic (whatever it is), the chance that
you have to reject the null hypothesis become higher. Why?
The chance that your test-statistic falls into the rejection region
becomes higher.

ratio! 3000. Much much bigger than ::Ogéoutcome 1). Why? No




Outcome Il

Descriptives

SCORE
Q5% Confidence Interval for
Mean

M Mean otd, Deviation | Std, Error | Lower Bound | Upper Bound | Minimum | Maximum
] 10 4,000 1,7635 YL 2,738 R 262 1.0 1.0
2 10 [ R, 000 { 1,7635 GhT8 3,738 b, 262 2.0 a0
3 10 B, IIIIIIIZI\ 1,7635 GhT8 4,738 1262 3.0 9.0
Total 30 R, 000 \\\ 1,8937 L3457 4,793 R 07 1.0 9.0

e Average changed: 4, 5, 6. Standard deviation is 1.7638, which

Is the biggest. |
between variatyon here.

[sophomore vs junior] or
[sophomore vs senior]

uch more overlap, which means we have less

Increase in within variation?

The difference from one group to another (e.g. 1 for
[junior vs senior] or 2 for
) is still statistically significant given the

In other words, Is there any significant variation of the

outcome (I.e., score) across groups? (i.e., between variation is
bigger compared to within variation)




s ORE

Outcome Il |

ANOVA

~urm of
SQUAres

df

Mean Sguare

F

Between Qroups
Within Groups
Total

200,000
a4, 000
104, 000

z
27
29

— 10000

3,111

\

3214

« Unfortunately, you cannot reject the null hypothesis. Why? If

you reject it, you will have 5.6% of error (Look at 0.056 under

“Sig.” again), which is a little bit above the max amount of
error you can tolerate (i.e., 5%).

 Within variation increased (i.e., big range) but between
variation decreased (i.e., more overlap). Given this, it is not

surprising that the ratio of MSB to MSW (i.e., F-ratio)
decreased drastically.

 Again, you do not have a big test statistic enough to falls into
the rejection region. It falls a little bit outside of that region.




How to use SPSS

 Unless | am crazy, | am not going to do this kind of
calculation again.

o Let's use SPSS.



.
Fil= Edik iy Daka Tran=Form analvze araphs=s itiliti== [ ] “HourS” IS dependent

= | = =g | -] =6 | &4l =] £3(s _

| ———— variable.
| » “Race” is independent.
e — (Factor) This has three
T levels (White, black,
R * The total cases is
- 10+10+10=30
T — i — + White is 1; black is 2;
 — i — ] other is 3.

TN e viow A7




Variable View Capture

= anova sample data - SP55 Data Editor

File Edit “iew Data Transform #Analvze Graphs Utlities Add-ons  Window  Help

=|H |3 B®B| «| | =| k]| sl Ele=| BlalEl %)

Mame Type Wiidth Decimals Label “alues
11 hours Murmeric a 2 MNone Mo
2|race Mumeric 8 2 11.00, white -] Mo
=
LAl Value Labels
2 —Walue Labels
i valE Cancel
= v alue Label:
Hel
elp
Z Add 1.00 = "white'
10 — 2.00 = "black"
= Chanas | 200 = Mother
1o Hemovwe
134

14



Analyze>Compare Means>
One-way ANOVA

Click the second tab about “Post Hoc”, and then click
'Scheffe’ in the window about “equal variance assumed.”
(You might as well choose “Bonferroni,” or “LSD” approach)

Significance level is 0.05.

Click the third tab about “option”, and then check the box
about “Means plot.”

Agalin, race Is factor (independent variable), while working
hour is dependent variable.



Ellanova sample data - SPSS Data Editor

File Edit Wiew Data Transformm Analvze Graphs  Litlities Add-ons  Window Help
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Tan-n-va sample data - SPSS Data Editor

Fil= Edit ‘Miew LDaka Transform: &nalvze Graphs  Utlities Sdd-ons Window  Help
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=0 ( v PFleans plot l
=) — Miz=ing “alues
2 * Emclude cases analvsiz by analyszis
R
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g |
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= Oneway

ANOVA
hours
Sum of
SQquares df Mean Square F Eig.
Between Groups 2.86T 2 4433 BE3S h23
Wiithin Groups 180.500 27 GB35
Total 189.367 29

« The result is the same as what | calculated before.
You cannot reject the null hypothesis. (p-value is
0.523)



Post Hoc Tests

Multiple Comparisons

Dependent “Yariakble: hours

Scheffe
Mean
Difference 95% Confidence Interval
(I race 1 race (-1 Std. Ervror Sig. Lower Bound Ulpper Bound
Wbt bilachk 110000 1.156320 B4 -1.8949 4. 0949
other -1 a0o0 1.156320 O95 -3.09493 2.8949
bl wehite -1 10000 115630 B4 -4 0949 1.8949
-1.20000 1.15630 LT -4.1949 1.79449
other whitAE Slaoan 1.156320 HGE -2 284949 209493
Black 1.20000 1156320 540 -1.7949 41949
What is so-called Scheffe test? H1 is that there is

significant o
remember?

ifference between at least any two. Do you
In a word, this test tells that there Is difference

between (w

nite, black) or (white, other) or (black, other).

The result is that all differences between any two are not

significant.

Not surprisingly, the difference between white and other Is
the most insignificant (p-value is 0.996) because two
sample means are most similar!




Means Plots

 This plot is just about the
position of each sample

7.004

6.80

6.60 o

% 640

6.20 -

6.00

2804

mean.
* The sample mean is

~__.0.9(White), 5.8(Black), and

7:Q(Other).

|
hilack
race

|
other
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