BIOL 208 Lab: Principles of Ecology and Evolution
Lab 6

Introduction to Analysis of Variance (ANOVA)
*Complete this exercise and hand in at the end of the lab
Section , Name
Analysis of variance is a useful statistical tool when you want to compare more than two groups
or when there are two or more independent variables. Using a two-sample test (such as a t-
test) to analyze multiple groups by testing different combinations multiple times increases is
not recommended. Every time you add a test, you increase the possibility of making Type |
error (i.e., wrongly concluding two groups are statistically different). As you all know, we use
a=0.05 to judge statistical significance. This “a” is actually the Type | error rate, meaning that
we conclude that there is statistical significance when the possibility of mistakenly finding
difference between two groups is less than 5% (everybody agrees 5% is pretty low risk). In
other words, if you run two-sample tests 100 times, 5 out of those 100 t-tests likely conclude
wrongly. Thus, by repeatedly using two-sample tests, you may eventually find a statistically
significant difference between two groups even if they are not actually different from each
other. This is why we want to use ANOVA to analyze multiple groups simultaneously.

Interestingly, ANOVA uses variances (rather than means) to test whether a significant portion of
variance in the dataset is explained by group differences. In ANOVA, total variance consists of
between-group variance (called Sum of Squares between Groups or SSg) and within-group
variance (called Sum of Squares within Groups or SSy). Understanding the difference between
SSg and SSy is a key to ANOVA. There are three important assumptions underlying ANOVA.

1. Samples must be random and independent.
2. Dataset must be normally distributed.
3. Variance is homogeneous across groups.

If you are preparing a manuscript for publication, you have to test whether assumptions 2 and 3
are met by using different statistical tests before you conduct the ANOVA. However, for 208 lab
we assume that assumption 2 and 3 are met. You still have to ask whether assumption 1 is met
based on your experimental design.

Example 1

There are 3 batches of radish seeds each weighing 1.5 g and grown under the following three
experimental conditions.

Experiment treatments:
1. Seeds placed on DRY paper towels in LIGHT B
2. Seeds placed on WET paper towels in LIGHT s (e "D "o,
3. Seeds placed on WET paper towels in DARK - o

There are 5 replicates in each treatment.



BIOL 208 Lab: Principles of Ecology and Evolution
Lab 6

The photo below showed radish growth after 1 week. Then, all plant materials were completely
dried in an oven overnight and plant biomass was measured in grams.

LUGHT, WATER
LIGHT, NOWATER : . NO LIGHT, WATER

The Null hypothesis is that light and water conditions do not affect biomass of radish seeds and
seedling. This hypothesis predicts:
Ho:1=2=3(all 1.5g)

Do you think the data will support the null hypothesis?

If not, what is your hypothesis?

Circle your prediction below and explain why you chose it.

A.1>2>3
B. 1>3>2
C.2>1>3
D. 2>3>1
E.3>2>1
F. 2=3>1
G. 2>1=3
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Ok, here are the data collected. You are ultimately calculating the F value, which will be
compared with the F critical value to determine whether the proportion of variance explained
by group differences is significant or not.

Replicates Light, No water Light, Water No Light, water
1 1.503 1.791 1.334
2 1.372 1.432 1.210
3 1.450 1.713 1.230
4 1.504 1.604 1.260
5 1.447 1.587 1.350

Now, let’s calculate the Sum of Squares between Groups (SSg) by completing the table below.

Make sure that you understand why this is called the “Sum of Squares between Groups”

Light Light No Light

Replicates No water | Water water

1 1.503 1.791 1.334

2 1.372 1.432 1.210

3 1.450 1.713 1.230

4 1.504 1.604 1.260

5 1.447 1.587 1.350

# of replicate in each treatment (Ng) 5 5 5 N=15
Sum of values in each treatment (2xi)
Treatment Mean Grand Mean =
(Treatment Mean - Grand Mean)?
Ng X (Treatment Mean - Grand Mean)? Total (SSg) =

Explain what conditions make SS; larger or smaller
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Next, let’s calculate the Sum of Squares within Groups (SSw) by completing the table below.
Make sure that you understand why this is called the “Sum of Squares within Groups”

Light Light No Light
Replicates No water | Water water
1 1.503 1.791 1.334
2 1.372 1.432 1.210
3 1.450 1.713 1.230
4 1.504 1.604 1.260
5 1.447 1.587 1.350
# of replicate in each treatment (Ng) 5 5 5 N=15

Treatment Mean

(1* - Treatment Mean)?

(2* - Treatment Mean)?

2

(4* - Treatment Mean)?

)
)
(3* - Treatment Mean)
)
(5* - Treatment Mean)?

Total Total (SSw) =
*These numbers indicate values in each replicate

Explain what conditions make SS,, larger or smaller

Calculate the degrees of freedom by completing the table below.

Degrees of Freedom (df)

Between Groups =K -1

Within Groups = k (Ng-1)
Total

K = # of treatments
Ng = # of replicates



Here’s the final stage of the ANOVA. Complete the ANOVA table below.
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SS df MS F Fcv
Between Groups
Within groups
Total
Mean Square (MS) = SS/df, F=MSg/MSw
F critical value (F cv) can be found from the next table
F Distribution Table
Degrees of Freedom for the F-Ratio numera- =8
1. 2 3 4 5 6 7 8 9 10
1 614 1995 2158 2248 230.0 233.8 2365 2386_ 2401 2421
2 1851 19.00 19.16 1925 1930 19.33 1935 19.37 19.38 1940
3 1013 955 928 912 901 894 889 885 881 879
4 771 694 659 639 626 616 609 6.04 600 596
" 5 661 579 541 519 505 495 488 482 477 474
s 6 599 514 476 453 439 428 421 415 410 4.06
S 7 5.59 474 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64
B 8 532 446 407 384 369 358 350 344 339 335
= 9 512 426 386 363 348 337 329 323 318 3.14
84 10 496 410 371 348 333 322 314 307 302 298
s N 484 398 359 336 320 309 301 295 290 285
£ 12 475 389 349 326 311 300 291 285 280 275
e 13 467 381 341 318 303 292 283 277 271 267
o 14 460 374 334 311 296 285 276 270 265 260
=¥
= 15 454 368 329 306 290 279 271 264 259 254
R 16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49
s B | 445 359 320 296 281 270 261 255 249 245
E 18 441 355 316 293 277 266 258 251 246 241
T 19 438 352 313 290 274 263 254 248 242 238
=
R | 435 349 310 287 271 260 251 245 239 235
S 22 430 344 305 282 266 255 246 240 234 230
& 24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 225
£ 26 423 337 298 274 259 247 239 232 227 222
5“ 28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 219
30 417 332 292 269 253 242 233 227 221 216
40 408 323 284 261 245 234 225 218 212 208
50 403 318 279 256 40 229 220 213 207 203
60 400 315 276 253 237 225 217 210 204 199

When your calculated F value is larger than F critical value (F cv), you would reject the null
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hypothesis and conclude that there is significant effect of the treatment on biomass of radish

seedling.

What is your conclusion?
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Now you know that there are differences in seedling mass among the treatments. However,
you still don’t know which groups are different from each other. When ANOVA suggests
statistical significance among multiple groups, we have to conduct post hoc multiple-
comparison tests. For post hoc tests, we use the Tukey test (aka honestly significant difference
test or HSD test).

The Tukey test is based on the Q statistic which is defined as follows:

_ Meanx—-Meany

Q VMSw/NR

MSw is given in your ANOVA table. Mean x is the larger and mean vy is the smaller treatment
mean. N is # of replicates.

Calculate the difference in mean between treatments by completing the table below.

Light, No water Light, Water No Light, water

Light, Nowater | -~ | | e
Light, Water | | e | e

No Light, water | | | e

Calculate the Q for each pairwise comparison by completing the table below.

Light, No water Light, Water No Light, water

Light, Nowater | - | o | e
Light, Water | | e s

No Light, water | | | e

Find the Q critical value from the table on the next page.
Qcv=

When your calculated Q is larger than the Q cv, the pair is significantly different from one
another.

Place * in the cells of the above table when pairs are significantly different from one another.

Did the results support your prediction? If not, discus why.




Q Distribution Table
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Number of means

df A 2 3 4 5 6 7 ) 9 10

1 1797 2698 3282 3708 4041 4312 4540 4738 4007
2 808 833 080 1088 1174 1244 1303 1354 1300
3 450 501 682 750 804 848 885 018 048
4 33 504 578 620 671 705 735 760 7.33
5 364 480 522 567 603 633 658 680 7.00
8 348 434 400 531 583 500 812 632 840
7 334 418 468 508 538 561 58 600 6.16
8 326 404 453 480 517 540 580 577 502
9 320 305 442 478 502 524 543 580 574
10 315 388 433 4685 491 512 530 548 560
1" 311 382 426 457 482 503 520 535 540
12 308 377 420 451 475 495 512 528 540
13 308 374 415 445 469 488 505 519 532
14 303 370 411 441 484 483 490 513 525
15 301 2387 408 437 480 478 494 508 520
18 300 385 405 433 4586 474 490 503 515
17 208 383 402 430 452 470 488 490 511
18 207 381 400 428 450 487 482 408 507
19 208 350 308 425 447 484 470 402 504
20 205 358 3086 423 444 482 477 490 501
24 202 353 300 417 437 454 488 481 4@
30 280 340 384 410 430 448 480 472 482
40 288 344 370 404 423 430 452 484 474
80 283 340 374 308 418 431 444 455 485
120 280 3368 360 3982 410 424 438 447 456
- 277 331 383 388 403 417 420 430 447
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