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Figure 13.2 Illustration of possible noninteractions and interactions

From the textbook Statistical methods for psychology by Howell (2010)



Two-factor anova

Age and memory dato

From the textbook Statistical methods for psychology by Howell (2010)

11.1 An Example

Many features of the analysis of variance can be best illustrated by a simple example, so we
will begin with a study by M. W. Eysenck (1974) on recall of verbal material as a function
of the level of processing. The data we will use have the same group means and standard de-
viations as those reported by Eysenck, but the individual observations are fictional.




Two-factor anova

Age and memory dato

- Eysenck study (1974)
- 50 older (55-65 years) participants randomly split into 5 groups (10 per group)
- 50 younger (18-30 years) participants randomly split into 5 groups (10 per group)
. All groups: read list of 27 words
- Group 1: Count letters in each word
- Group 2: Find words that rhyme
- Group 3: Add adjectives to each word
- Group 4: Imagery
- Group 5: Intentionally aim to recall words

- Afterwards: how many words from the list could the participants recall?



Two-factor anova

Age and memory dato
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Two-factor anova

Age and memory dato

Call:
Im(formula = Words ~ Age * Process, data = ds)

AGE Residuals:
20 A —©— Older Min 1Q Median 3Q Max
—©— Younger -7.0 -1.6 -0.5 2.0 9.6
e Coefficients:
. Estimate Std. Error t value Pr(>1tl)
g 16 — (Intercept) 11.6100 0.2833 40.982 < 2e-16 ***
= Agel -1.5500 0.2833 -5.471 3.98e-07 ***
§ 14 — Processl -4.8600 0.5666 -8.578 2.60e-13 ***
12 Process2 -4.3600 0.5666 -7.695 1.72e-11 ***
=z Process3 1.2900  ©0.5666 2.277 0.02517 *
2 12 Process4 3.8900 0.5666 6.866 8.24e-10Q ***
‘g Agel:Processl 1.8000 0.5666 3.177 0.00204 **
2 10 — Agel:ProcessZ 1.2000 0.56066 2.118 0.03694 *
= Agel:Process3 -0.3500 0.5666 -0.618 0.53831
Agel:Process4 -0.5500 0.5666 -0.971 0.33429
8 — _—
Signif. codes: @ ‘***’ 0.001 ‘**’ 90.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ’ 1
6 Residual standard error: 2.833 on 90 degrees of freedom

| | | | |
Counting Rhyming Adjective Imagery Intentional

Condition

Multiple R-squared: 0.7293, Adjusted R-squared: 0.7022
F-statistic: 26.93 on 9 and 90 DF, p-value: < 2.2e-16




TMA4267, 25 May 2018 — English Page 3 of 4

Problem 3

A response variable Y;; was measured, using 15 repetitions for each of four levels
of a factor. A regression model of the form Yi; = 3; + €x; was assumed, where
k=1,2,...,15, j=1,2, 3,4, and the €; were independent N(0,c?).

Another way to formulate the model is Y; = Biz;1 + BoTio + B3%i3 + Baxis + €,
i =1, 2, ..., 60, with z;; = 1 if the factor was at level j in experiment ¢ and
z;; = 0 otherwise.

a) Assuming that the factor was at level 1 for ¢ = 1, ..., 15, at level 2 for
1 =16, ..., 30, at level 3 for « = 31, ..., 45, and at level 4 for i = 46, ...,
60, explain how the design matrix X looks (including its dimensions). Show
that (XTX)™' = &1, with I a 4 x 4 identity matrix.
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The least-squares estimates of 33 and of 84 were 1.0902858 and 0.1752633, respec-
tively, and the error sum of squares was SSE = 43.04524.

b) Perform a test in which the null hypothesis is Hy: 3 = (34 and the alternative
hypothesis is Hy: 83 # [34. Use significance level 0.05. You should calculate a
test statistic and use its distribution under H to arrive at your conclusion.



Kritiske verdier i Fisherfordelingen

P(F > f().()5,1/1,1/2) = 0.05

Ua\11 1 2 3 4 5 6 7 8 9 10
1| 16145 19950 21571 22458 230.16 23399 236.77 23888 24054 24188
2| 1851 1900 19.16 1925 1930 1933 1935 1937 1938  19.40
3| 1013 955 928 912 901 894 88 885 88l  8.79
4| 771 694 659 639 626 616 609 604 600 596
s| 661 579 541 519 505 495 488 482 477 474
6| 599 514 476 453 439 428 421 415 410 406
7| 559 474 435 412 397 387 379 373 368 364
8| 532 446 407 384 369 358 350 344 339 335
9| 512 426 386 363 348 337 329 323 318  3.14

10| 496 410 371 348 333 322 314 307 302 298
11| 484 398 359 336 320 309 301 295 290 285
12| 475 38 349 326 311 300 291 285 280 275
13| 467 381 341 318 303 292 28 277 271 267
14| 460 374 334 311 296 285 276 270 265 260
15| 454 368 329 306 290 279 271 264 259 254
16| 449 363 324 301 28 274 266 259 254 249
17| 445 350 320 296 281 270 261 255 249 245
18| 441 355 316 293 277 266 258 251 246 241
19| 438 352 313 290 274 263 254 248 242 238
20| 435 349 310 287 271 260 251 245 239 235
21| 432 347 307 284 268 257 249 242 237 232
22| 430 344 305 282 266 255 246 240 234 230
23| 428 342 303 280 264 253 244 237 232 227
24| 426 340 301 278 262 251 242 236 230 225
25| 424 339 299 276 260 249 240 234 228 224
26| 423 337 298 274 259 247 239 232 227 222
27| 421 335 296 273 257 246 237 231 225 220
28| 420 334 295 271 256 245 236 229 224 219
29 418 333 293 270 255 243 235 228 222 218
30 417 332 292 269 253 242 233 227 221 216
35| 412 327 287 264 249 237 229 222 216 211
40| 408 323 284 261 245 234 225 218 212 208
so| 403 318 279 256 240 229 220 213 207 203
60| 400 315 276 253 237 225 217 210 204 199
80| 396 311 272 249 233 221 213 206 200 195
100 394 309 270 246 231 219 210 203 197 193
120 392 307 268 245 229 218 209 202 19 191
~| 384 300 260 237 221 210 201 194 18 183




A corresponding test was performed for all pairs of coefficients. The p-values are
given in the following table.

Hy Bi=P2 Br=P0 P1=Ps Bo=Ps Poa=pPs B3= /s
p-value | 0.0251 0.3698  0.0557 0.0022 0.7297  0.0060

c) What is family-wise error rate (FWER)? Suggest a method that keeps the
familywise error rate below 0.05 when performing the tests. Which null hy-
potheses are rejected?



Problem 2, exam 2010 (modified)

A study was conducted to determine whether lifestyle change could replace

medication in reducing blood pressure among hypertensives (people with very
high blood pressure).

The levels of treatment considered were

H = Healthy diet with an exercise program,
M = Medication,

N = No intervention.

12 people with very high blood pressure participated in the experiment. Four of
these (randomly selected) were put on a healthy diet and followed an exercise
orogram, four were given medication and the rest got no treatment.

Aim: Compare H and M to N. Find a suitable design matrix

Aim: Compare H to M. How?

Note: Many tests! Use Bonferroni, FWER = 0.05



