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From t to F, ANOVA

1 t-tests have t-statistics
| know... | am sorry.
1 ANOVA has an F-statistic

The larger the F-statistic, the more likely you are to reject
the null hypothesis

0 The idea behind the hypothesis test is still the same,
figure out your cut off score and determine if the
statistic you compute is in the critical region

Critical values are now based on two types of degrees of
freedom
m Degrees of Freedom for Sample Size (Within), N-k

N = total sample size
m Degrees of Freedom for Number of Groups (Between), k-1
k = number of groups



Degrees of Freedom
—

0 Degrees of Freedom for Sample Size, N-k

This is the degrees of freedom related to WITHIN, the
denominator
®n, +n,+n;...n =N

m df,, = N (total sample size) — k (the number of groups)

0 Degrees of Freedom for Number of Groups, k-1

This is the degrees of freedom related to BETWEEN,
the numerator

m df; = k (number of groups) — 1



Number of People (N-k)

The F Distribution

Right tail
probability = 0.05

-
0

Table D F Distribution for Values of Right-Tail Probability = 0.05

S

e 0 N 00 v & U IN -

—
o

dfy, Number of Groups (k-1)

1
161.45

10.13
7.7
6.61
5.99
559
532
5.12
4.96

2
199.50
19.00
955
6.94
579
514
474
4.46
426
4.10

21571
19.16
928
6.59
541
4.76
435
4.07
3.86
in

4
22458
19.25
9.12
6.39
5.19
453
4.12
384
3.63
348

5
230.16
19.30
9.01
6.26
5.05
439
397
3.69
348
333

6
233.99
19.33
8.9
6.16
4.95
428
3.87
358
337
32

8
238.88
19.37
8.85
6.4
4.82
4.15
373
34
323
3.07

12
24391
1941
874
591
4.68
4.00
3.57
328
3.07
291

249.05
19.45

5
453
384
341
312
29
274

25431
19.50
853
5.63
437
3.67
323
293
271

In this table:
df; refers to dfp

df, refers to dfyy.

To find a critical value
for a = .05, simply
locate the F value for the
appropriate degrees of
freedom.

What is the critical F

value for:
N=10
k=3




The F Distribution

SN
| What is the

Right tail o,
probabilty = 0.05 critical F value

for:
| 1}
0

" N=10

Table D F Distribution for Values of Right-Tail Probability = 0.05 K 3

gy 1 2 3 4 5 & % 1 M = de:3-] =2

dfy, Number of Groups (k-1)

; 1 16145 19950 21571 22458 23016 23399 23888 24391 24905 25431 CI f =1 O' 3 — 7
=N 2 1851 1900 1916 1925 1930 1933 1937 1941 1945 W
%_ 3 1013 955 928 912 901 894 885 8.53
E i 771 694 659 639 626 591 577 563 ANOVA always uses
5 579 495 482 468 453 437 .
5 a one-tailed test
> 6 428 415 400 384 367 )
5 formulation, because
o 1 387 373 357 341 323
E 532 446 407 384 369 358 344 328 312 293 the F-statistic can only
Z 512 426 38 363 348 337 323 307 29 271 be positive
10 496 410 371 348 333 32 307 291 274 254



Sum of Squares Refresher...

Deviation Deviation

(sample (sample Squared
unit) mean) =

“Squares”

Sum the “Squares”




Sum of Squares Refresher...
—

0 Remember, sum of squares (SS) is just another
measure of variability.

o0 Variance is like an average of the Sum of Squares.

SS

(Sum of Squares)

~ )

SS (Sum of Squares)

Jf = VARIANCE \
S
VARIANCE = STANDARD
DEVATION




ANOVA Table

0 This is how an ANOVA table would look if you ran

an F-’res’r This is the ratio of
This is just VARIANCE!  variance we are really

interested in.

(I apologize on behalf of the statistics naming committee...)

.
-----

Group B SSB MSB
(Be’rween) Sum of Squares Between de — 1 MSB = de MSW
Error SSW N _SSw
(Within) Sum of Squares Within dfw =N —k MSW = dfy
Total  SST =SSB+SSW dfy = dfy + dfyy

(I will not make you calculate SS by hand.)



Back to ANOVA Studying Example

Population 1 Population 2 Population 3

Sample 1 Sample 2 Sample 3
(Book Only) (Lecture Notes) (Lecture Notes and Book)
ny = 10 n, = 10 n; = 10

x, = 7.60 X, = 17.60 x3 = 19.30



ANOVA Studying Example

]
Run an ANOVA to test whether any of the true
average scores differs for the three groups, using a

significance level of & = .05.

You are given the following information:

SSB = 799.27
SSW = 158.90



Step 1: State the Hypotheses

T
Step 1:

Hy: HUBookonly = HLectureNotes — HBook+LectureNotes
OR
H,:The true mean score is the same
for each group.

Hl: .uBookOnly F ULectureNotes = HBook+LectureNotes

OR
H,: At least one of the true group means is dif ferent.



Step 2: Significant and Statistical Test

S
Step 2:

a = .05

Step 3:

use >,
- Msw o SSWy

fw



Step 4: Find the

Critical Value
I

Step 4:

a = .05
k =3 and N = 30
dfg =3—1=2
dfy = 30—3 =27

FCTit s 335

ANOVA always uses a one-
tailed test formulation,
because the F-statistic can
only be positive

Degrees of freedom in the numerator

2 3 4 5 6 7 8 9

262 42 229 220 213 208 204 200

355 306 293 271 266 258 251 246

456 395 361 338 3 310 301 293

601 509 458 425 401 38 a7 360

1039 849 746 681 635 6.02 576 556

260 240 221 218 2l 206 200 198

3520 A13 290 27 263 256 248 24

451 39 35 333 3 305 296 288

593 508 450 447 394 M7 36 38

016 828 721 662 618 585 559 539

25 238 225 216 209 206 200 19

349 30 287 271 260 251 245 239

446 386 351 329 313 301 291 284

585 494 443 410 387 370 356 346

995 80 710 646 602 569 546 524

00 | 296 257 236 23 a4 208 202 1.98 195

050 | 43 347 307 234 268 257 249 24 23

2 025 | 583 442 3R 348 325 309 297 28T 280

i 010 | 80 578 487 43 404 338 164 351 340
g 001 | 1459 971 194 695 632 588 55 531 5.1
a 100 | 295 256 235 12 213 206 201 197 193
g 050 | 430 344 305 28 266 255 246 240 234
S o 05 | s 438 318 344 32 305 293 284 276
2 010 | 195 572 482 431 399 376 35 345 335
5 001 | 1438 961 780 681 619 576 5.44 519 49
g 100 | 294 255 23 221 205 1.99 195 192
3 050 | 428 342 303 280 264 253 2 231 232
& 2 05 | 515 43 375 341 38 302 290 28l 173
“ 010 | 788 566 476 426 394 3 354 241 330
g 001 | 1420 947 167 670 608 565 533 509 489
) 100 | 293 254 23 219 210 204 198 1.94 191
A 050 | 426 340 300 278 262 281 242 236 230
05 | 512 4% An 338 345 299 287 278 270
oo | 182 561 472 422 390 367 350 336 326

001 | 1403 934 155 659 598 555 523 499 480

100 | 292 255 R 218 200 202 1.97 1.93 1.89

050 | 424 339 299 276 260 249 240 234 228

2% 05 | 569 429 369 335 303 297 285 215 268
00 | om 557 468 418 385 363 346 3R A

01 | 1388 922 45 649 58 546 515 491 471

100 | 291 152 231 217 208 201 196 . 192 1.88

050 | 423 337 298 274 259 247 230 w220

% 025 5.66 427 367 333 30 294 282 PR T
oo ]om 553 464 414 38 359 34 329 308

001 | 1374 912 136 64l 580 538 507 483 464

100 | 290 ’ 230 217 207 200 1.95 191 1.87

050 | 42t 335 296 273 2517 246 23 231 225
2025 | 563 it 365 331 308 292 280 271 263
00 | 768 549 460 4l 8 386 339 326 315

01 | 1361 902 1271 63 573 53t 500 476 457




Step 5: Calculate Test Statistic
—

1 Let’s fill in what we know...

MSB

Group

(Between) dfp =k —1 M3B = E MSW
Error SSwW
(Within) S dfw =N —k VIS =2
Total SST =SSB+ SSW  dfr =dfg +dfy
Group 799.27 399 64
(Between) SSB = 799.27 dfg = 2 MSB = > = 89
Error 158.9
(Within) SSW = 158.9 dfw = 27 MSW = —

Total SST = 958.17 dfr = 29



S’rep 5: Calculate Test Statistic

Group d _1 _799.27 399 64
(Between) fp = 2 5.89
Error 158.9
(Within) SSW dfw =N —k MSW = —
Total SST = SSB + SSW  dfy = dfy + dfy
Group SSB = 799.27 dfy = 2 MSB = 399.64 = 67.85
(Between)
Error
(Within) SSW = 158.9 dfyw = 27 MSW = 5.89

Total SST = 958.17 dfr = 29



Source of Variability?
—

0 What do you think we can be determine from this F-
statistic, before we even compare to the critical value,
knowing what you know about ratios?

0 Where is more of the variability coming from?

Between Group Variability

F = — .
Within Group Variability 67.85

Group SSB = 799.27 dfp =2 MSB = 399.64 = 67.85

(Between)

Error

(Within)
Total SST = 958.17 dfr = 29

SSW = 158.9 dfyw = 27 MSW = 5.89



Step 6: Draw Conclusions

Step 6:
Our Fg1pe = 67.85, and our F..;; = 3.35

Our Fgtyt is past our Fp.ip, so we reject Hy

We reject H. There is enough evidence to reject the null
hypothesis that the true mean score for each of the three
groups is the same. Instead, we conclude that the true
mean score is different for at least one of the groups.

Right tail Ferqr = 67.85
probabaility = 0.05

O FCTit == 3.35



Significant F-Statistic, Then What?
—

0 “We conclude that the true mean score is different

for at least one of the groups”

Do we know which group(s)?
Book vs. Lecture Notes?
(Group 1 vs. Group 2)
Book vs. Book + Lecture Notes?
(Group 1 vs. Group 3)
Lecture Notes vs. Book + Lecture Notes?
(Group 2 vs. Group 3)

p 2
=17:60




- Pairwise Comparisons



Pairwise Comparisons

0 Now we will consider each pair and see if there are
significantly different from each other

0 Various methods to do this, they differ in how
conservative (harder to reach significant) or liberal
(easier to reach significance) each test is

Tukey’s HSD

Bonferroni



Pairwise Comparisons

N
0 What can we determine from this output?

O * = significant

Multiple Comparisons

Dependent Variable: Test Score
Diffg:'zarllze - 95% Confidence Interval
(I) Group () Group J) Std. Error Sig. Lower Bound  Upper Bound
Tukey HSD Book Lecture -10.00" 1.085 .000 -12.69 -7.31
Lecture +Book -11.70" 1.085 .000 -14.39 -9.01
Lecture Book 10.00° 1.085 .000 7.31 12.69
Lecture +Book -1.70 1.085 277 -4.39 .99
Lecture +Book Book 11.70° 1.085 .000 9.01 14.39

Lecture 1.70 1.085 277 -.99 4.39




Pairwise Comparisons
_—

0 There is a significant different between:
0 Book vs. Lecture Notes

o Book vs. Book + Lecture Notes

0 The difference between Lecture Notes vs. Lecture Notes + Book was
NOT significant.

Notice how some 95% ClI
contains zero... These

Multiple Comparisons are not significant.
Dependent Variable: Test Score
Diffgll'zz:ge - 95% Confidence Interv
() Group () Group J) Std. Error Sig. Lower Bound = Upper Bolnd
Tukey HSD ook Lecture ~10.00 1.085 .000 ~12.69 /47.31
Lecture +Book ~11.70 1.085 .000 ~14.39 //-9.01
Lecture ook | 10.00" 1.085 .000 731 //12.69
Lectre +Book 2170 1.085 277 439 0 / .99
Lecture +Book sook | 11.70 |  1.085 .000 9.01 /1439

\4

Lecture 1.70 1.085 277 -99 O 4.39




Step 6: Draw Conclusions (Again)

0 The overall F-test was significant, indicating that at
least two of the different types of study material
groups were significantly different with the scores
they got on an exam (F = 67.8, p <.05).

APA: F(2,27) = 67.8,p < .05)

0 The Book Only group had significantly lower mean
score than the Lecture Notes and Lecture Notes +
Book. There was no difference in the exam scores
between the Lecture Notes and Lecture Notes +

Book.



APA Notation for ANOVA

_
F(2,27) = 67.8,p <.05)
AN

Between Within (the ratio you calculated)

APA Notation: F(df1, df2) = f-statistic, p < .05)



e



Television Viewing
N

New research suggests that watching television, especially medical shows, can result in
more concern about personal health. Surveys were administered to 18 college students
measuring their personal health concerns on a scale of 0-10. For the following data,
students were grouped based on their television viewing habits.

Test whether the true personal health concerns are the same for the three groups, using

a = .05. You are given: SSB = 36.99 and SSW = 49.

Television Viewing Habits

Little to none Moderate Substantial
3 5 6
2 7 7
1 3 6
5 4 6
3 8 8
7 6 9



Step 1: State the Hypotheses

EE
Step 1:

Hy: Upittie = UModerate = Msubstantial

OR
Hy:The true mean level of personal health concerns is the same
for each group.

Ho! ULittie F UModerate F Hsubstantial
OR
H;: At least one of the true group mean level of health concerns
is dif ferent.



Step 2: Significant and Statistical Test

S
Step 2:

a = .05

Step 3: ANOVA F-test

SSB

o _MsB _ "Claf,
- MSw SSW

[dfu




| F critical values (continued)

S t e p 4 : F i n d th e . - l 2 :92 DegreZIOf ﬁleedo:i:n - nuZé::ator 2..162 ;59 ;56
Critical Value

4,07 3.84 369 3.58 3.50 344 339
5.42 505 4.82 4,65 453 443 4.36
7.59 101 6.63 6,37 6.18 6.03 591
15.83 14,39 1348 12.86 1240 12,05 L7

301 2.81 269 2,61 2.55 2,51 247 244
5.12 4.26 3.86 3.63 348 337 329 323 318
721 571 5.08 472 448 432 4.20 410 403

10.56 8.02 6.99 6.42 6.06 5.80 561 5.47 5.35

22.86 16,39 13.90 12.56 1 1113 10.70 10.37 10.11

329 292 273 261 2.52 246 241 2.38 235
4.96 410 3 348 333 322 314 3.07 3.02
6.94 5.46 4.83 447 4.24 4,07 3.95 385 KN
X 10.04 7.56 6.55 599 5.64 5.39 5.20 5.06 4.94
001 21,04 1491 12.55 11.28 10.48 9.93 9.52 9.20 8.96

— v 100 323 2.86 2.66 254 245 2,39 2.34 2,30 221
a —_— 050 4.84 3.98 359 3.36 3.20 3.09 3.01 2,95 2.90
1 .025 6.72 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3.59

010 9.65 721 6.22 5,67 532 5.07 4.89 4.74 4.63
2001 19.69 13,81 11.56 10.33 9.58 9.05 8.66 835 8.12

Step 4:

100 318 2,81 2,61 248 239 2.33 228 224 221
050 475 3.89 3.49 3.26 3 3.00 291 285 2.80
12 025 6.55 5.10 447 4.12 3.89 KNE] 361 351 344
010 9.33 6.93 5.95 541 5.06 4.82 4.64 4.50 439
Q01 18.64 12,97 10.80 9.63 8.89 8.38 8.00 11 748

3.14 2.76 2.56 243 235 228 2.23 2.20 216
050 4.67 3.81 341 318 3.03 292 2.83 271 2.1
13 .025 641 497 4.35 4.00 377 3.60 348 3.39 331
010 9.07 6.70 574 521 4.86 4.62 4.44 4.30 4.19
L0t 17.82 12.31 10.21 9.07 835 1.86 749 7.2 6.98

.100 310 2.13 2.52 239 231 2.24 219 2,15 2.12
050 4.60 374 334 3 2,96 2.85 2.76 270 2.65
14 025 6.30 4.86 4.24 3.89 3.66 3,50 3.38 329 321

— ) 010 3.86 6,51 5.56 5.04 4,69 446 4.28 414 4,03
C ,r. i t — . 001 17.14 11.78 9.73 8.62 .92 744 7.08 6.80 6.58

3.07 a 2.49 2.36 227 221 2,16 212 2.09
! 4,54 3.68 3.29 3.06 290 279 2.11 2,64 2.59
15 028 6.20 415 3.80 3.58 341 3.29 3.20 312

010 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89
001 16.59 11.34 9.34 8.25 757 7.09 6,74 6.47 6.26

.100 3.05 2,67 246 233 2.4 218 213 209 2,06
050 449 3.63 3.24 3.01 2.85 2.74 266 259 2.54
16 025 6.12 4,69 4.08 ENE] 350 334 3.22 3.12 305
010 8.53 6.23 5.29 477 444 4.20 4.03 3.89 378
001 16.12 10.97 9.01 7.94 1.27 6.80 6.46 6.19 5.98

100 3.03 2.64 244 231 222 2.5 2.10 2,06 203
030 445 3.59 3.20 2.96 281 2.0 2,61 2.55 249
17025 6.04 4.62 401 3.66 344 328 316 3.06 298
010 8.40 6.11 5.19 4.67 4.34 4.10 393 379 3.68
001 15.72 10,66 873 7.68 702 6.56 6.22 5.96 575

Degrees of freedom in the denominator
5
(=3

o
R~
S S




Step 5: Calculate Test Statistic

]
Step 5:
Group SSB = 36.99 dfy = 2 MSB =?
(Between) B~
Error
— — =7
. SSW = 49 dfyy = 15 MSW ="

Total SST =7 dfr =7



Step 5: Calculate Test Statistic

]
Step 5:
Group SSB = 36.99 dfy = 2 MSB = 18.495 F = 5.66
(Between)
Error
. SSW = 49 dfyy = 15 MSW = 3.267

Total SST = 85.99 dfr =17



Step 6: Draw Conclusions

Step 6:
Fstar = 5.66
F..it = 3.68

Our Fiqt is past our Fp.ip, so we reject H

APA Notation: F(2, 15) = 5.66, p < .05)

We reject Hy. There is enough evidence to reject the null hypothesis
that the true mean level of personal health concerns for each of the
three groups is the same. Instead, we conclude that the true mean level
of personal health concerns is different for at least one of the groups.

We can proceed to do pairwise comparisons to check which of the
groups actually differ from the others.



Up Next
N

0 We've spend a lot of time looking at the
differences between things... We're going to switch
gears and next look at the associations
(relationships) between some variables.

Correlation



T [AnovA i



Bug Bites...
—

0 Mosquitos are an annoying fact of life we must all
live with. There are various bug sprays and
products out there that claim to protect against bug
bites, but which ones work best?

0 Let’s compare the effectiveness (as quantified by
the number of bug bites) of six different bug bite
prevention products.

0 Natural Qils, Citronelle Candles, DEET Spray,
Citronelle Spray, Picaridin, and Nothing (Control)

These are real data but made up the names.



Bug Spray Descriptive Statistics

0 Just by looking
at the
descriptive
statistics, which
products look
like they might
be significantly
different from
the others?

Which looks
like it might be
the best?

o Is there a
best?

Descriptive statistics by group
group: Natural Oils
vars n mean sd median trimmed mad min max range skew kurtosis
112 14.5 4.72 14 14.4 5,19 7 23 16 0.27 -1.13 1
212 1.0 0.00 1.00.0060 1 1 @ NaN

count
spray*

: Citronelle Candle
vars n mean sd median trimmed mad min max range skew kurtosis
112 15.33 4.27 16.5 15.6 4.45 7 21 14 -0.35 -1.04
212 2.00 0.00 2.00.06 2 2 @ NaN

vars n mean sd median trimmed mad min max range skew kurtosis
112 2.08 1.98 1.5 1.81.48 0 7 7 1.13 0.52 @
2 12 3.00 0.00 3.0 3.00.006 3 3 @ NaN

: Citronelle Spray
vars n mean sd median trimmed mad min max range skew kurtosis

112 4,92 2.5 5 4.51.48 2 12 10 1.68 2.56 0.

2 12 4.00 0.0 4 4.00.00 4 4 @ NaN

: Picaridin
vars n mean
1l 1z BiE 1lTE 3
212 5.0 0.00

sd median trimmed mad min max range skew kurtosis

3.52.22 1 ©
5.00.06 5 5

5 0.05
@ NaN

-1.41 0
NaN @

: Nothing
vars n mean sd median trimmed mad min max range skew kurtosis
112 16.67 6.21 15 16.5 6.67 9 26 17 0.39

12 6.00 0.00 6 6.0 0.006 6 6 @ NaN

count
spray* 2

se
72

NaN ©.00

se
T
.0

se

=1.56 1.79
NaN ©.00




R ANOVA Output

0 We can see our between group df = 5, so we have 6 groups we are
comparing (k-T1)

0 We have within df = 66, so we have 72 observations, (N-k)

0 Our F-value is 34.7 which comes from dividing the Mean Squares
Between (533.8) by the Mean Squares Within (15.4).

0 Our p-value is very significant.
What is our conclusion?

What should we do nexit?

Df Sum Sq Mean Sq F value Pr(GF)
spray 5 2669 533.8 34.7 <Ze-16 ***
Residuals 66 1015 15.4

Signif. codes: 0 ‘***’ 90.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 * ’ 1




Significant F-value
—

0 When we have a significant F-value, we know that
at least one of the groups differs from the others,
but our ANOVA does not tell us which groups...

0 We need to conduct a pair-wise comparison like
Tukey’s HSD.




Which groups differ significantly?

Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = count ~ spray, data

$spray

Citronelle Candle-Natural Oils 0.
.4166667

DEET-Natural Oils -12

Citronelle Spray-Natural Oils -9.
. 0000000

Picaridin-Natural Oils -11

Nothing-Natural Oils -
-13.
.4166667

DEET-Citronelle Candle
Citronelle Spray-Citronelle Candle -10
Picaridin-Citronelle Candle

Picaridin-DEET 1

Nothing-DEET 14.
.4166667

Picaridin-Citronelle Spray -1

Nothing-Citronelle Spray 11.
Nothing-Picaridin 1135

-11.
Nothing-Citronelle Candle 1L-
Citronelle Spray-DEET i\
.4166667

= bug_spray)

diff
8333333

5833333

1666667
2500000

8333333
3333333
8333333
5833333

7500000
1666667

Lwr

. 866075
.116075
282742
. 699409
.532742
. 949409
.116075
.532742
. 366075
. 866075
282742
.883925
.116075
.050591
467258

upr

.532742
. 717258
.883925
. 300591
. 866075
.550591
. 717258
.133925
032742
.532742
.116075
282742
282742
. 449409
. 866075

o B B B T~ R~ B o~ B L~

p adj

.9951810
. 0000000
.0000014
. 0000000
. 7542147
. 0000000
. 0000002
. 0000000
.9603075
4920707
.9488669
. 0000000
.9488669
. 0000000
. 0000000




Which groups differ significantly?

Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = count ~ spray, data

$spray

Citronelle Candle-Natural Oils 0.
.4166667

DEET-Natural Oils -12

Citronelle Spray-Natural Oils -9.
. 0000000

Picaridin-Natural Oils -11

Nothing-Natural Oils -
-13.
.4166667

DEET-Citronelle Candle
Citronelle Spray-Citronelle Candle -10
Picaridin-Citronelle Candle

Picaridin-DEET 1

Nothing-DEET 14.
.4166667

Picaridin-Citronelle Spray -1

Nothing-Citronelle Spray 11.
Nothing-Picaridin 1135

-11.
Nothing-Citronelle Candle 1L-
Citronelle Spray-DEET i\
.4166667

= bug_spray)

diff
8333333

5833333

1666667
2500000

8333333
3333333
8333333
5833333

7500000
1666667

Lwr

. 866075
.116075
282742
. 699409
.532742
. 949409
.116075
.532742
. 366075
. 866075
282742
.883925
.116075
.050591
467258

upr

.532742
. 717258
.883925
. 300591
. 866075
.550591
. 717258
.133925
032742
.532742
.116075
282742
282742
. 449409
. 866075

o B B B T~ R~ B o~ B L~

p adj

.9951810
. 0000000
.0000014
. 0000000
. 7542147
. 0000000
. 0000002
. 0000000
.9603075
4920707
.9488669
. 0000000
.9488669
. 0000000
. 0000000




Which groups differ significantly?

7
0 The Less Effective Groups:

The Citronelle Candle, Natural Qils, and Control group
do not differ significantly from each other.

0 The More Effective Groups:

The DEET, Picaridin, and Citronelle Spray to significantly
not differ from each other.

0 The More Effective Groups all differ significantly
from the Less Effective Group.

If you don’t want bug bites, go for DEET, Picaridin, or
Citronelle Spray.

These are real data but made up the names.



R Code For ANOVA With Data

plyr
bug_spray InsectSprays

bug_sprayispray revalue(bug_spraysspray, c("A"
"DEET", "D’ ‘Citronelle Spray”, "E' 'Pi1car

describeBy(bug_spray, group

bug_bites_anova aovicount - spray, data - bug_spray

summary(bug_bites_anova

TukeyHSD(bug_bites_anova

Data Source: R Datasets “InsectSpray”

Beall, G., (1942) The Transformation of data from entomological field experiments,Biometrika, 29, 243-262.
ANOVA Tutorial hitps://bioinformatics-core-shared-training.github.io /linear-models-r /anova.html#section 2: anova



https://bioinformatics-core-shared-training.github.io/linear-models-r/anova.html

