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Agenda/Content for Lecture 2
Introduction to analysis of variance (ANOVA) ‘

Introduction to one factor between-
participants design

Sources of variability in data

Calculating within-group and between-
group variances

Degrees of Freedom
Producing the F-statistic
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Introduction to analysis of variance University # ®
Why conduct an analysis o
varXJnce? vsis of \n Yhe whole SOLCM of Jrh:njg)

or e we r‘aa”
Compares means and variance

Allows analysis of group
differences for more than two
groups

Several means without inflating
Type | error rate

Source: Questionpro
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Dissertation! pancaster

ANOVA is a good weapon of choice!
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What do you need for a one factor | |
between participants ANOVA? \ \n Ye whole scheme of 4hin

or e we r‘aa”

9
Three or more separate groups

ONE categorical independent
variable (i.e., one factor)

One continuous dependent
variable (outcome measure)

Source: Questionpro
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Treatment effects
Individual differences
Random (residual) errors

Between-group variability?
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Treatment effects
Individual differences
Random (residual) errors

Between-group variability?
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Treatment effects University ® °

The effects of the independent
variable

This is what we want!

We want people who are treated
differently because of our
intervention to behave differently
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Treatment effects
Individual differences

Random (residual) errors



Vi i L ter EE
Individual differences University ® ®

Some individuals may be more
proficient in memory recall

Maybe some individuals have
experience of similar tasks

Some may have ignored
instructions or had lower
attention spans / motivation

A control group can employ their
own strategy, increasing the
variability
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Sources of variability in data

Treatment effects
Individual differences
Random (residual) errors

Lancaster Ex=
University = °
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Random (residual) errors

Ideally a participant would have a
‘true level’” at which they
perform, which can always be
measured accurately

Varying external conditions —
e.g., temperature, time of day

State of participant (e.g. tired?)

Experimenter’s ability to
measure accurately...

Lancaster e

University ©
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..Experimenter effects gancasteres

Experimenters need to minimise
these, so not to obscure the
treatment effect

Spread data away from the true
means —i.e., increase variability
and standard errors

Reduce confidence in our
estimates and a randomly
plucked sample
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Within- and between- group variability University © ®
e :”-11

Within-group variability -4 " lh. " A
. = ks - s‘\

The extent to which participants ; ] /

within a single group or population |

differ, despite receiving the same ‘_ _ & ‘ 3

treatment Within-group variability?

Between-group variability
The extent to which overall groups
differ from one another (hopefully
because of our treatment)

Between-group variability? 14
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Within- and between- group variability University © ®
High between-group variability No between-group variability Moderate between-group variability
No within group-variability High within-group variability Moderate within-group variability

GroupA GroupB GroupC GroupA GroupB GroupC GroupA GroupB GroupC
10 20 30 10 15 5 10 10 20
10 20 30 25 20 25 10 20 20
10 20 30 30 30 25 10 20 30
10 20 30 35 40 45 20 20 30
10 20 30 50 45 50 20 30 30
Mean 10 20 30 Mean 30 30 30 Mean 14 20 26
S 0 0 0 S 14.6 12.8 18.0 S 5.5 7.1 5.5

Tables adapted from Roberts and Russo (1999) 15
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Introduction to analysis of variance University

Factors and levels (Example 1)
* Factor: treatment

* 3 levels
* Medication
* Counselling
* Exercise

Level 1 | Level 2 | Level 3

l Factor (4): treatment |

Ay A, As
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Factors and levels (Example 2)
* Factor: population

* 3 levels:
* A1 Meat eater
* A, Pescatarian
* A3 Vegetarian

Level 3

Level 1 | Level 2

l Factor (4): populatlon |

19
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Factors and levels (Example 3)
* Factor: experimental condition

* 3 levels:
* A4 Verbal negative feedback
* A, Written negative feedback
* A3 Control (no feedback)

Level 1 | Level 2 | Level 3

l Factor (4): experlmentalcondltlon l
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Introduction to analysis of variance

Lancaster
University = °
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Introduction to analysis of variance

Lancaster E=

University

<
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Introduction to analysis of variance

Lancaster
University = °
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Introduction to analysis of variance

Lancaster
University < 2
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Introduction to analysis of variance

Lancaster
University = °
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Testing for differences

Hothe Null Hypothesis

Under HO, the samples come from the
same population

{4 = U, = U3 [No difference in the
population means]
Experimental effect =0

All differences are due to individual
differences + random (residual) errors

Lancaster Ex=
University = °
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Testing for differences University ©® ®

H:the Experimental Hypothesis

Under H1, the samples come from the
different populations.

Uy # U, F* Uz [Population means
are different]

Experimental effect # 0

Differences are due to individual
differences, random (residual) errors
AND the experimental effect
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Introduction to analysis of variance

between-group variance

within-group variance

Lancaster
University = °

Signal

Noise

Signal

Noise
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between-group variance

within-group variance
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between-group variance

within-group variance

treatment effects + individual differences + random (residual) errors. @ experimental error
F =

individual differences + random (residual) errors @ experimental error
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The F ratio

E S m‘-’* ]
rt'“-\l ‘

.?"742%' A ] e - ‘v,'
e Y % .\J/qt.--.sm

between-group variance

D GOk

within-group variance

treatment effects + individual differences + random (residual) errors
F =

individual differences + random (residual) errors

treatment effects + experimental error

experimental error

Lancaster E=3

University 2 #
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Introduction to analysis of variance U%%%?%fyr S

st

The more treatment effects are standing out away from experimental error —
i.e., the larger the signal is from the noise, the larger in magnitude the F value.

The larger the F, the less likely that differences in scores are caused by chance. 25

Signal

Noise

Signal

Noise
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between-group variance

within-group variance
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L x 2 . o : Total set of scores

Number of scores

L L, N W B U BN
H LW N R, Wb DS
O N W U~ N O N

Mean
36



Lancaster
University = °

A4 scores A, scores A3 scores - . .

3
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=
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5 6
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3 4
1 5
2 3
3 2
4 6
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(00]
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w
I

Group
A1
° A2

Score

* A3
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L hth Aty

3 2 5 k
2 4 4
4 5 6 Y = The grand mean of averages
5 4 4 k =number of levels
4 3 4
3 1 5

_ 2.78+3.11+4.33
2 2 3 Y =

3

1 3 2
1 4 6 Y =341
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Grand Mean (Y) TAncasicr &S

A4 scores A, scores A3 scores o ) )
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Total between-group variance %%%%?g}ﬁyf 2

Ny (A; = Y)? + Nyu (A, — V)% + Nys (A3 — Y)? (and so on)
total between group degrees of freedom

total between group variance =

Aj scores
3

2 4 4
4 5 6
5 4 4
4 3 4
3 1 5
2 2 3
1 3 2
1 4 6

A= 2.78 A= 3.11 As= 433 Y =3.41
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Total between-group variance %Jg%%?,g}teyr .

. Na1 (A1 = Y)? + Ngp(Az — Y)? + Nyz3 (A3 — Y)? (and so on)
total between group variance =

HHwambNé’

A W NN W, RN

41

| A= 2.78 | 7 =341




Total between-group variance %%%%?g}ﬁyf 2

. Na1 (A1 = Y)? + Nygp(Ay — Y)? + Nyz3 (A3 — Y)? (and so on)
total between group variance = —
total betwee.. group degree. of reedom

2 4
4 5
5 4
4 3
3 1
2 2
1 3
1 4

A= 2.78 A= 3.11 As= 433 Y =3.41

(o) BENN |
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Total between-group variance %%%%?g}ﬁyf 2

total between group variance =

. P
22
Aj scores A, scores Ajz scores

3 2 5
N,; = Number of scores for 4; , . .
=9 4 5 6
5 4 4
4 3 4
N4, = Number of scores for 4, 5 . ;
=9 2 2 3
1 3 2
N,3 = Number of scores for A5 1 4 6 . 43
9 A1= 2.78 A2= 3.11 A3= 4.33 Y=341




Degrees of freedom

Between-groups degrees of freedom
The total number of levels minus one

For example, in our experiment we
have three levels [verbal feedback,
written feedback, control]

The between-groups degree of
freedom is there 3 levels—1=2

Between-groups df = 2

LancasterE
University =

FREE

8.
L3
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Total between-group variance %%%%?g}ﬁyf 2

9(2.78 — 3.41)%2 + 9(3.11 — 3.41)? + 9(4.33 — 3.41)2

total between group variance =

& J 7.

Aj scores
3

N,; = Number of scores for 4;

2 4 4
=9 4 5 6
5 4 4
4 3 4
N4, = Number of scores for 4, 5 . ;
=9 2 2 3
1 3 2
N,3 = Number of scores for A5 1 4 8 i
A1= 2.78 A2= 3.11 A3= 4.33 Y=341

=9



Total between-group variance %%%%?g}ﬁyf 2

9(—0.63)2+9(—0.30)2 + 9(0.92)2

total between group variance =

& J 7.

Aj scores
3

N,; = Number of scores for 4;

2 4 4
=9 4 5 6
5 4 4
4 3 4
N4, = Number of scores for 4, 5 . ;
=9 2 2 3
1 3 2
N,3 = Number of scores for A5 1 4 8 §
A1= 2.78 A2= 3.11 A3= 4.33 Y=341

=9



Total between-group variance %%%%?g}ﬁyf 2

9(0.40) + 9(0.09) + 9(0.85)

total between group variance =

& J 7.

Aj scores
3

N,; = Number of scores for 4;

2 4 4
=9 4 5 6
5 4 4
4 3 4
N4, = Number of scores for 4, 5 . ;
=9 2 2 3
1 3 2
N,3 = Number of scores for A5 1 4 8 §
A1= 2.78 A2= 3.11 A3= 4.33 Y=341

=9



Total between-group variance %%%%%g}ﬁyf 2

3.60 +0.81 + 7.65

- = 6.037 (with rounding)

total between group variance =

S
L}
Aj scores A, scores Ajz scores

3 2 5
2 4 4
4 5 6
5 4 4
4 3 4
3 1 5
2 2 3
1 3 2
1 4 6

A= 2.78 A= 3.11 As= 433 Y =3.41



Calculating between-group variance University

between-group variance

within-group variance

6.037

within-group variance
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Up to now...
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F =

group variance

within

6.037

within-group variance
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between-group variance

within-group variance
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Total within-group variance %%%%%g}teyf

SS level Ay + SS level A, + SS level A;(and so on)
total within group degrees of freedom

total within group variance =

54
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A4 scores A, scores A3 scores - . .

3 2 5
2 4 4 . . ’
° 4 4 Z o — i o A2
4 3 4 N ..
3 1 5 2 . . H
2 ) 3 .
1 3 5
1 4 6
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Total within-group variance

total within group variance =

SS level A4
= Sums of squares for level 1

SS level A,
= Sums of squares for level 2

SS level A;
= Sums of squares for level 3

Lancaster
University = °

SS level Ay + SS level A, + SS level A;(and so on)

Aj scores A, scores Ajz scores

2

A= 2.78 A= 3.11

I

A W NN R, WwWw s s

5

A N W B s, 00 B

A= 4.33

total withkin groun dcyrees of freedom
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Total within-group variance %%%%?g}ﬁyf 2

Y(A; —A)?*+ (4, — A,)% + (45 — A3)? + (and so on)
total within group degrees of freedom

total within group variance =

- 0 Ay
22
Aj scores A, scores Ajz scores

3 2 5
2 4 4
4 5 6
5 4 4
4 3 4
3 1 5
2 2 3
1 3 2
1 4 6

A= 2.78 A= 3.11 As= 433 Y =3.41



Total within-group variance

Lancaster
University = °

(A, —2.78)% + (A, — 3.11)? + (A3 — 4.33)? + (and so on)

total within group variance = =

R =R N WD s~

A= 2.78

'J 7.
g _——
‘ﬂ s
~ x>
Aj scores . A, scores . Ajz scores .
3 2 5

total wicnin group degiees of freedom

A W NN R, WwWw s s
(o2 T (S B V'S R U B = S o) B =

A= 3.11 A= 4.33 Y =3.41
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Degrees of freedom

Within-groups degrees of freedom

For within-groups degrees of freedom,
we add up the number of participants
for each level -1

Mathematically this is expressed as:
=WNgp = 1)+ (Ngz =1+ (Ng3— 1)
=9 -D+0O-1)+0O -1

=24

Lancaster Ex=
University = °

FREE
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Total within-group variance

total within group variance =

3

R =R N WD s~

A= 2.78

Lancaster
University = °

(A, —2.75)% + (A, — 3.11)? + (43 — 4.33)*

2

A W NN R, WwWw s s

A= 3.11

5

A N W B s, 00 B

A= 4.33

24

o b
22
Aj scores A, scores Ajz scores

Y =3.41
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Total within-group variance

total within group variance =

3

R =R N WD s~

A= 2.78

2

A W NN R, WwWw s s

A= 3.11

42.444

5

A N W B s, 00 B

A= 4.33

24

S
L}
Aj scores A, scores Ajz scores

Lancaster
University = °

= 1.769 (with rounding)

Y =3.41
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between-group variance

within-group variance

6.037
1.769

F=3.414
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IHH' 1 2 3 4 5 6 7 8 9 10 12 151 20| 24 | 30 | 40 | 60 | 120 | ==
1 | 161 | 200 | 216 | 225 | 230 | 234 | 237 | 239 | 241 | 242 | 244 | 246 | 248 | 249 | 250 | 251 | 252 | 253 | 254

2 | 185(190| 192192193 193|104 (194 (104|104 | 104 (194|194 | 195|195 | 19.5 | 19.5 | 10.5 | 19.5 Lancaster %
3 | 101 [955)928|9.12]9.01 894880885 |881|879|874(870| 8.66| 8.64 | 8.62 | 859 | 8.57 | 8.55| 8.53 . . oW
4 | 771694659 | 639626616 (609604 600|596 591 | 586|580 | 577575572 |569|566|35.63 UnlverS].ty
5 | 661 (570541519 505|495 | 488 [ 482 477|474 | 468 [ 462 | 456 | 453 | 450 | 446 | 443 | 440 | 437

6 | 590514476 | 453|430 428 (421 | 415|410 | 4.06 | 4.00| 3.94 | 3.87 | 3.84 | 3.81 | 3.77 | 3.74 | 3.70 | 3.67

T | 559 (4744354123097 | 387|379 (373 |3.68|3.64 | 357 351|344 | 341|338 334|330 327|323
8 |532(446 407|384 | 3.69 358350344 (339|335|328(322|3.15|3.12|3.08 |3.04 | 3.01 | 2.97 | 2.93

O | 512|426 (386|363 |348|337(329|3.23|3.18|3.14 (3.07|3.01 | 204 | 200 | 2.86 | 2.83 | 2.79 | 2.75 | 2.71

10 | 496 [ 410|371 | 348 | 333 | 3.22 | 3.14 | 3.07 | 3.02 | 298 | 2.91 | 2.85 | 2.97 | 2.74 | 2.70 | 2.66 | 2.62 | 2.58 | 2.54

11 | 484 308|359 |336|3.20|3.00)3.01(295(200|2.85|2.79|272| 265|261 257253240 245|240

12 1475|389 |349 | 326 | 3.11 | 3.00 | 291 [ 2.85 | 2.80 | 2.75 | 2.69 | 2.62 | 2.54 | 2.51 | 2.47 | 2.43 | 2.38 | 2.34 | 2.30

13 | 467 | 381 | 341 | 318 | 3.03 | 292 | 283 (277 | 271 | 2.67 | 2.60 | 253 | 246 | 242 | 238 | 234 | 230 | 2.25 | 2.21

14 | 460 374|334 |3.11 | 296 | 2.85| 276 (270 | 2.65 | 2.60 | 2.53 | 2.46 | 2.39 | 2.35 | 2.31 | 2.27 | 2.22 | 2.18 | 2.13

15 | 454 368|329 (306290279271 (264 |259)254|248 240|233 | 220|225 |2.20 216 | 2.11 | 2.07

16 | 440 | 363|324 | 301 | 285|274 | 2,66 ( 2.59 | 254 | 240 | 242 | 235 | 228 | 224 | 2.19 | 2.15 | 2.11 | 2.06 | 2.01

17 | 445 (350|320 {296 | 2.81 | 270|261 255|240 | 245|238 | 231 | 2.23 | 2.19 | 2.15 | 2.10 | 2.06 | 2.01 | 1.96

18 | 441 | 355316293 | 277 | 2.66 | 2.58 [ 2.51 | 246 | 241 | 234 | 227 | 2,19 | 2,15 | 2.11 | 2.06 | 2.02 | 1.97 | 1.92

19 | 438 [ 352313290274 | 263|254 (248 (242238231 (223|206 211 | 207|203 |1.98 | 1.93| 1.88

20 | 435|349 (310 | 287 | 2.71 | 2.60 | 2.51 | 245 | 230 | 235 | 2.28 | 220 | 212 | 2.08 [ 2.04 | 1.99 | 1.05 | 1.90 | 1.84

21 | 432|347 307 | 284|268 257249242 | 237 |232|225| 218|210 2.05 (201 | 1.96|1.92 | 1.87 | 1.81

22 430|344 | 305 | 282|266 | 255246240 | 234 | 230|223 215207 | 203 (198 | 1.94 | 1.80 | 1.84 | 1.78

23 | 428 1242 1303 | 280 | 2.64 | 253|244 | 237|232 | 227|220 213 | 2.05 | 2.01 [ 1.96 | 1.91 | 1.86 | 1.81 | L.76

24 1426 340 301 | 278|262 | 251242236 | 230 | 225|208 | 211 [ 2.03 | 1.08 [ 1.04 | .80 | 1.84 | 1.70 | 1.73

25 42475552099 1276 | 260 | 249 | 240 234 | 228 | 224 | 2,16 | 2.00 | 2.01 | 1.96 [ 1.92 | 1.87 | 1.82 | 1.77 | L.71

260 | 423|337 (2098 | 274 | 259 | 247|239 232 | 227 | 222 | 205|207 [ 1.99 | 1.95 [ 1.90 | .85 | 1.80 | 1.75 | 1.69

27 | 421|335 296|273 | 257 | 246 | 237|231 | 225|220 | 2,13 | 206 | 1.97 | 1.03 [ 1.88 | 1.84 | 1.79 | 1.73 | 1.67

28 | 420|334 (295|271 | 256245236229 224 | 219 | 2,12 | 204 | 1.96 | 1.01 [ 1.87 | 182 | L.77 | 1.71 | 1.63

20 | 418 | 333 (293|270 | 255|243 235|228 | 222|218 2,10 203 (194|100 (1.85 | 1.81 | 1.75|1.70 | 1.64

300|417 (3322092269253 (242233227221 216200201 (193 189 (1.84 |1.79 | 1.74 | 1.68 | 1.62

40 [ 408 323284 | 261 (245234225218 | 212|208 | 2.00 | 1.02 | 1.84 | 1.79 | 1.74 | 1.69 | 1.64 | 1.58 | 1.51

60 | 400|315 276|253 | 237 225217210204 | 1.99 | 1.92 | 1.84 | 1.75 | 1.70 [ 1.65 | 1.59 | 1.53 | 147 | 1.39

120 | 3.92 | 3.07 | 2.68 | 245|220 | 2.18 | 2.09 ( 2.02 | 196 | 1.91 | 1.83 | 1.75| 1.66 | 1.61 | 1.55 | 1.50 | 1.43 | 1.35 | 1.25
o | 3.84 | 3.00 (260237221 210|201 1.94 | 1.88 | 1.83 | 1.75 | 1.67 | 1.57 | 1.52 [ 1.46 | 1.39 | 1.32 | 1.22 | 1.00 63

Source:  E.S. Pearson and H. O. Hartley, Biomeirika Tables for Statisticians, Vol. 2 (1972), Table 5, page 178, by permission.
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between-group variance

within-group variance

6.037
1.769

F =3.414, p = 0.05, A statistically significant test result (P < 0.05)
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Lecture 2 — One factor between-
participants ANOVA

Review of lecture 2
What is Analysis of Variance

What is a one-factor between-participants
design

Sources of variability in data

Calculated within-group and between-
group variances

Degrees of Freedom
Produced the F-statistic

Lancaster
University = °
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by Doug Savage

CAN You HELP ME
WiTH MY MATH

Check you understand today’s

lecture — repeat any parts of the
lecture you need to.

Don’t forget to ask any questions

using the Discussion Forum on
Moodle!

© 7291 By Do (- SAVAGE
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	Slide 38: Grand Mean open paren open paren cap Y close paren ̄ close paren 
	Slide 39: Grand Mean open paren open paren cap Y close paren ̄ close paren 
	Slide 40: Total between-group variance
	Slide 41: Total between-group variance
	Slide 42: Total between-group variance
	Slide 43: Total between-group variance
	Slide 44: Degrees of freedom
	Slide 45: Total between-group variance
	Slide 46: Total between-group variance
	Slide 47: Total between-group variance
	Slide 48: Total between-group variance
	Slide 49: Calculating between-group variance
	Slide 50
	Slide 51: PSYC214: Statistics Lecture 2 – One factor between-participants ANOVA – Part IV
	Slide 52: Up to now…
	Slide 53: Calculating within-group variance
	Slide 54: Total within-group variance
	Slide 55: Mean
	Slide 56: Total within-group variance
	Slide 57: Total within-group variance
	Slide 58: Total within-group variance
	Slide 59: Degrees of freedom
	Slide 60: Total within-group variance
	Slide 61: Total within-group variance
	Slide 62: The F ratio
	Slide 63
	Slide 64: The F ratio
	Slide 65: Lecture 2 – One factor between-participants ANOVA 
	Slide 66

