SOC 3811/5811:
BASIC SOCIAL STATISTICS

Analysis of Variance



Associations Between Variables

Between now and the 3" exam we will focus on measuring
the association between two variables, X & Y

1. When X is discrete and Y is continuous, we will use
“analysis of variance” techniques (today)

2. When X and Y are both discrete, we will use cross-
tabular and y2 analyses (thursday)

3. When X and Y are both continuous, we will use
correlation & regression analyses (next week)




ANALYSIS OF VARIANCE



Introduction to ANOVA

ANalysis Of VAriance (ANOVA) techniques compare the
mean of continuous variable Y across J populations

Such questions amount to comparing the mean of some
continuous variable Y across the J categories of some
discrete variable X

ANOVA amounts to a test of the hypothesis that all of the J
population means are equal:

Ho! == 5= .= 1
H,: Not all of the means are equal



Introduction to ANOVA

The test statistic that we use to perform the ANOVA
hypothesis test is called the F statistic

Conceptually, the more the J sample means differ, the larger
the F statistic

If Fis larger than we would expect by chance ... if the
observed value of the F test statistic exceeds a critical value
determined in advance ... then we reject H,



Introduction to ANOVA

A S

Small F Value Larger F Value



The F Statistic

-> group = 1

Varliable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 50,000 100.0316 10.04977 51 145

-> group = 2
Varliable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 50,000 100.0316 10.04977 51 145

-> group = 3
Variable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 50,000 100.0316 10.04977 51 145



The F Statistic

Group 1 Group 2 Group 3



-> group = 1

The F Statistic

Variable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 20 103.05 10.33886 81 118

-> group = 2
Variable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 20 99.9 11.15866 80 117

-> group = 3
Variable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 20 101.15 9.911583 79 116



The F Statistic

-> group = 1

Variable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 20 95.2 9.311001 77 112

-> group = 2
Variable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 20 103.7 11.59446 77 124

-> group = 3
Variable ‘ Obs Mean Std. Dev. Min Max
Y ‘ 20 97.9 11.83616 72 116



The F Statistic

700

600

o
o
]

400

300

200

100

ozt ‘2'1T)
(21T v1T)
71T ‘T1T)
[Z'TT ‘6'0T)
[6'0T ‘9'0T)
[9°0T ‘€°0T)
[€0T ‘0'0T)
(00T ‘2'6)
[£'6 'v6)
[v'6 ‘T6)
[z668)
[6'8 ‘9'8)
[9'8 ‘€'8)
[e808)
[ogz¢)
(L ve)
[veTe)
[z2'69)
[6'9 ‘9'9)
[9'9 ‘€9)
[€'9 ‘0'9)
[0929)
[£'s ‘¥s)
[v's‘zs)
[Zs 6%
67 ‘9'F)
[ov ‘€v)
[ev ‘Ov)
[ov2€)
[ ve)
[ve ‘T€)
[Te67)
[6297)
[0z €2)
[ez07)
[oz'cT)
[T vT)
[rT1TT1)
[T'T60)
670 ‘9°0)
[90c0)
€0 ‘00]



The F Statistic
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ANOVA Example

Does employee productivity—how many minutes is takes
them to perform a task—vary by how they are trained to do
the task?

To find out, a company randomly assigned 60 new
employees to get either Training A, Training B, or no training
at all and then recorded the number of minutes it took the
employees to complete the task.

Using a=0.05, assess whether the time it takes to complete
the task varies by training type in the population



ANOVA Example

Below are the mean, standard deviation, and 95%
confidence intervals for the three groups:

Training Mean s.d. 95% C.I. n
Training A 12.9 3.0 11.5t0 14.3 20
Training B 9.0 2.6 7.81010.2 20

No Training 14.7 3.4 13.1to 16.2 20



ANOVA Example

Hypothesis Testing in 6 Steps ... Just Like Before

1. State the null (H,) and alternative (H,) hypotheses

2. Check that the sample data conform to basic assumptions; if
they do not, then do not go any further

3. Choose an a probability level ... that is, a probability associated
with incorrectly rejecting the null hypothesis

4. Determine the “critical value” ... that is, how large the test
statistic must be in order to reject the null hypothesis at the
given o level

5. Calculate the test statistic ... F
6. Compare the test statistic to the critical value



ANOVA Example

State the null (H,) and alternative (H,) hypotheses

HO: MTrainingA = HTraining B~ HNO Training
H,: Not all of the population group means are equal



ANOVA Example

Check that the sample data conform to basic assumptions;
if they do not, then do not go any further

1. Thejsamples are independent random samples

2. Within each population group, Y is normally distributed

3. The standard deviation of Y is equal across the j population
groups (the “homoskedasticity” assumption)

A NAN/\VAN

Assumptions Are Hy: wi=p=15 H,: Not all Means
Not Met Are Equal



ANOVA Example

Choose an o probability level ... that is, a probability
associated with incorrectly rejecting the null hypothesis

o.=0.05

Determine the “critical value” ... that is, how large the test
statistic must be in order to reject the null hypothesis at the
given o level

The critical value of F depends on a, dfy\ (which equals J-

1), and dfeyonm (Which equals N-J), ln our example, N=60
and J=3, so dfy ux2.and df;enom



DENOMINATOR Degrees of Freedom

Critical Values of F

1 2 3 4 5 6 10 15 20 30 40 50 100 200 e o]
161.45 199.50 215.71| 22458 230.16 233.59 23677 238.88 24054 24138 24595 24501 25010 25114 25177 25304 253.68 25431
1851 19.000 19.16 19.25 1330 1933 1535 19.37 19.38| 1940 1543 1945 1546 1947 1548 1943 1949 1950
1013 955  9.28 9.2 5.01 834 8.9 8.85 881 879 870 866 862 853 858 855 854 853
771 634 653 6.39 6.26 615  6.09 6.04 600 596 586 580 575 572 570 566 565  5.63
661 573 5.4l 5.19 505 435 438 482 477 474 462 455 450 448 444 441 433 436
593 514 476 453 433 413 411 415 410 406 334 387 381 377 375 371 369 367
559 474 435 4.12 3.97 387 379 373 368) 362 351 344 338 334 332 327 325/ 323
532 446 407 3.84 3.69 358 350 3.24 335 335 322 315 308 304 302 297 255| 2.3

W o~ oWl W e

512 426 3.86 363 3.48 337 329 3.23 318 314 3.01 2.54 286 283 2.80 276 273 271
10 456 4.10 ERrt 348 3.33 322 314 3.07 3.02 258 285 277 270 266 264 259 256 254
11 484 3.98 3.59 3.36 3.20 3.09 EXI) 2495 250 285 272 265 257 253 251 246 243 2.40
12 475 3.89 3.45 3.26 i1 3.00 251 285 280 275 262 254 247 243 240 235 232 230
13 4.67 3.81 3.41 .18 3.03 2.92 2.83 .77 271 2.67 253 245 238 234 231 226 223 221
14 4.60 3.74 3.34 311 2.96 2.85 2.76 .70 265 2.60 245 2.9 231 227 224 219 2.16 213
15 4.54 3.68 3.29 .06 2.50 2.79 271 2.64 259 254 2.40 233 2.25 220 218 212 2.10 207
16 449 363 3.24 3.0 285 274 266 255 254 245 235 228 219 215 212 207 2.04 201
17 4.45 3.59 3.20 2.96 281 2.70 261 2,55 249 245 231 223 2.15 2,10 208 2.02 139 156
18 441 3.55 3.16 2.93 277 2,66 258 251 246 241 2.27 215 211 206 2.04 158 195 192
19 438 3.52 313 2.50 274 263 254 248 242 238 2.23 216 207 203 2.00 194 191 188
20 435 3.49 3.10 2.87 271 2.60 251 245 235 235 2.20 212 204 1899 157 191 ) 184
21 432 3.47 3.07 2.84 268 257 2439 242 237 23z 218 210 20m 196 154 188 184 181
22 430 3.44 3.05 282 2.66 255 246 2.40 234 230 215 207 158 1594 151 185 182 178
23 428 3.42 3.03 2.80 2.64 253 242 237 232 227 213 205 156 181 188 182 179 176
24 4.26 3.40 3.01 278 2.62 251 2.42 2.36 2.30 225 211 2.03 154 1.89 186 120 177 173
25 4.24 3.33 2.99 2.76 2.60 2.49 2.40 234 2.28 2.24 2.0 2.01 132 187 184 178 175 171
26 4.22 3.37 2.98 2.74 259 2.47 239 232 2.27 222 2.07 139 150 1.85 182 176 173 169
27 421 3.35 2.96 273 257 246 237 231 225 220 2.06 197 las 184 181 174 171 167
28 4.20 3.34 2.95 27 256 245 236 229 224 219 204 1396 1a7 182 179 173 169 165
29 418 3.33 253 2.70 2.55 243 235 228 222 218 2.03 154 135 181 1.77 171 167 164
30 417 3.32 292 269 253 242 233 227 211 216 201 153 las 1739 176 170 166 162
31 416 3.30 291 268 252 241 232 2125 220 215 2.00 152 laz 178 175 168 165 161
32 4.15 3.29 2.50 2.67 2.51 2.80 231 224 2.19 2.14 1.95 1351 13z 1.77 174 167 163 159
33 4.14 3.28 2.89 2.66 2.50 2.39 2.30 223 2.18 213 198 1.30 1381 1.76 172 166 162 158
34 413 3.28 288 265 2.45 238 229 223 217 212 1.57 1389 130 175 171 165 161 157
35 4.12 3.27 2.87 2.64 245 2.37 2.29 222 2.16 211 1.9¢ 1:z8 175 1.74 170 163 160 156
40 4.08 3 2.84 251 2.45 2.34 225 218 212 2.08 1.92 124 174 169 166 159 155 151
50 4.02 @ 2.79 256 2.40 2.29 2.20 213 2.07 2.03 187 178 1eo 163 160 152 lag 144
75 3.57 3. 273 2.49 234 222 213 206 201 156 1.80 171 161 155 152 144 139 134

100 354 3.09 2.70 246 231 219 2.10 2,03 197 153 1.77 168 157 152 148 133 134 1.28

200 3.89 3.04 265 242 226 214 2.06 1.98 153 las 1.72 162 152 146 141 132 126 115

oo EX:T 3.00 260 237 an 210 201 154 128 l1a3 167 157 146 133 135 124 117 1.00



ANOVA Example

In our example, with a=0.05, the critical value of Fis 3.18

We can thus state a decision rule:

H HTralnmgA MTrammg B “’NO Training
H,: Not all of the population group means are equal

Fail to reject H, if F<3.18
Reject H, if F>3.18



ANOVA Example

- 2
Calculate the test statistic ... F < g(‘{&V\

S = —1r~7

SSperween = 334.6 With J-1=2 df
SSyyienin = 520.35 with N-J = 57 df

F _ sSepryped) - 1 \2}\']'&/Z Z 825
T SSwimiMIN =T T 6 ZO%F]




ANOVA Example

Calculate the test statistic ... F

SSperween = 334.6 With J-1=2 df
SSyyienin = 520.35 with N-J = 57 df

_ SSBETWEEN/J —1 _ 334.6/2

Fi_in_7 = = = 18.33
J=LN=] SSWiITHIN/N — ] 520.35/57




ANOVA Example

Compare the test statistic to the critical value

1. If the test statistic is larger than the critical value, then reject
H, (with probability of o of doing so even though H, should
not be rejected)

2. If the test statistic is less than or equal to the critical value,
then do no reject H, (with probability of 3 of doing so even
though H, should be rejected)

We determined that our critical value of Fis 3.18
We observed an F statistic of 18.33

Hyo: F<3.18 Hy: F>3.13
Conclusion: Reject H,




ANOVA Example

Below are the mean, standard deviation, and 95%

confidence intervals for the three groups:

Training Mean

Training A 12.9
Training B ‘sg 9.0

No Training 14.7

s.d.

3.0
2.6
3.4

95% C.I.

11.5t0 14.3
7.810 10.2
13.1to 16.2

20
20
20






F Table Practice

With «=0.05, what is the critical value of F when...
dfyum=7, and df e op=80 ?
dfy,v=20, and dfy\opm=2,400 ?

With ¢=0.01, what is the critical value of F when...
dfyu=8, and df =982 ?
dfyuv=14, and df .y op=30 ?



{

DENOMINATOR Degrees of Freedom

Critical Values of F
(c=0.05)

NUMERATOR Degrees of Freedom

1 2 3 4 5 6 7 8 9 10 15 20 30 40 50 100 200 o
16145 199.50) 21571 22458 230.16 23399 23677 23888 24054 24188 24595 24801 25010 25114] 25177 25304 25368 25431
1851 19.00 19.16 19.25) 19.30 19.33 1335 1937 1938 13.40 19.43 1945 1946 1347 19.48) 1949 1943 1950
1013 955 928 912 901 e9s =ess| ass @81 879 870 866 862 853 858 855 858 853
771 634 653 633 626 616 603 604 600 5896 58 580 575 572 570 566 565 563
661 579 541 513 505 455 488 481 477 474 462 456 450 446 444 441 433 436
553 514 476 453 433 4328 421 415 410 406 334 387 38 377 375 371 363 367
559|474 a35| 412|397 387 373 373 368 364 351 344] 338] 334 332 327| 325] 323
532 446 407 383 369 358 350 344 339 335 322 315| 308 304 302 297| 295 293

W o~ oWl W e

512 426 3.86 363 3.48 337 329 3.23 318 314 3.01 2.54 286 283 2.80 276 273 271

10 456 4.10 ERrt 348 3.33 322 314 3.07 3.02 258 285 277 270 266 264 259 256 254

12 475
13 4.67 3.81 3.41 3.18 3.03 2.32 2.83 277 271 267 253 2.46 138 234 231 2.26 223 2.21

11 484 REE 3.59 3.36 3.20 3.09 EXI) 2495 250 285 272 265 257 253 251 246 243 2.40
& 3.45 3.26 i1 3.00 251 285 280 275 262 254 247 243 240 235 232 230

14 4.60 3.74 3.34 311 2.96 2.85 2.76 .70 265 2.60 245 2.9 231 227 224 219 2.16 213
15 4.54 3.68 3.29 .06 2.50 2.79 271 2.64 259 254 2.40 233 2.25 220 218 212 2.10 207
16 449 363 3.24 3.0 285 274 266 255 254 245 235 228 219 215 212 207 2.04 201
17 4.45 3.59 3.20 2.96 281 2.70 261 2,55 249 245 231 223 2.15 2,10 208 2.02 139 156
18 441 3.55 3.16 2.93 277 2,66 258 251 246 241 2.27 215 211 206 2.04 158 195 192
19 438 3.52 313 2.50 274 263 254 248 242 238 2.23 216 207 203 2.00 194 191 188
20 435 3.49 3.10 2.87 271 2.60 251 245 235 235 2.20 212 204 1899 157 191 ) 184
21 432 3.47 3.07 2.84 268 257 2439 242 237 23z 218 210 20m 196 154 188 184 181
22 430 3.44 3.05 282 2.66 255 246 2.40 234 230 215 207 158 1594 151 185 182 178
23 428 3.42 3.03 2.80 2.64 253 242 237 232 227 213 205 156 181 188 182 179 176
24 4.26 3.40 3.01 278 2.62 251 2.42 2.36 2.30 225 211 2.03 154 1.89 186 120 177 173
25 4.24 3.33 2.99 2.76 2.60 2.49 2.40 234 2.28 2.24 2.0 2.01 132 187 184 178 175 171
26 4.22 3.37 2.98 2.74 259 2.47 239 232 2.27 222 2.07 139 150 1.85 182 176 173 169
27 421 3.35 2.96 273 257 246 237 231 225 220 2.06 197 las 184 181 174 171 167
28 4.20 3.34 2.95 27 256 245 236 229 224 219 204 1396 1a7 182 179 173 169 165
29 418 3.33 253 2.70 2.55 243 235 228 222 218 2.03 154 135 181 1.77 171 167 164
30 417 3.32 292 269 253 242 233 227 211 216 201 153 las 1739 176 170 166 162
31 416 3.30 291 268 252 241 232 2125 220 215 2.00 152 laz 178 175 168 165 161
32 4.15 3.29 2.50 2.67 2.51 2.80 231 224 2.19 2.14 1.95 1351 13z 1.77 174 167 163 159
33 4.14 3.28 2.89 2.66 2.50 2.39 2.30 223 2.18 213 198 1.30 1381 1.76 172 166 162 158
34 413 3.28 288 265 2.45 238 229 223 217 212 1.57 1389 130 175 171 165 161 157
35 4.12 3.27 2.87 2.64 245 2.37 2.29 222 2.16 211 1.9¢ 1:z8 175 1.74 170 163 160 156
40 4.08 3.23 2.84 251 2.45 2.34 225 218 212 2.08 1.92 124 174 169 166 159 155 151
50 4.02 3.18 2.79 256 2.40 2.29 2.20 213 2.07 2.03 187 178 1eo 163 160 152 lag 144
75 3.57 3.12 273 2.49 234 222 213 206 201 156 1.80 171 161 155 152 144 139 134
100 354 3.09 2.70 246 231 219 2.10 2,03 197 153 1.77 168 157 152 148 133 134 1.28
200 3.89 3.04 265 242 226 214 2.06 1.98 153 las 1.72 162 152 146 141 132 126 115
oo EX:T 3.00 260 237 an 210 201 154 128 l1a3 167 157 146 133 135 124 117 1.00



DENOMINATOR Degrees of Freedom

W 0~ bWk e

[
[

12
13
14
15
16
17
18
19
20
21
22
23

25
26
27
28
29
30
31
32
33

35
40
50
75
100
200

Critical Values of F
(a=0.01)

NUMERATOR Degrees of Freedom

1 2 3 4 5 6 7 8 9 10 15 20 30 40 50 100 200 oo
4052.18| 4999.50| 5403 35| 5624.58) 5763 65| 5859.05 592836 598107 6022.47) 6055.85| £157.28) 6208.73| 6260.65 628678 6302.52 633411 634997 6365.85|
9850 9900 9917 9925 9930 9933 9936 9937 9939 99.40| 9943 9945| 9947 9947 9948 994s| 9949 s9s0|
34.12 30.82 29.46 2871 28.24 27.91 2767 2749 27.35 27.23 2687 26.69 26.50 26.41 2635 26.24. 26.18 26.13
21.20 18.00 lﬁ.ﬁgl 15.58 15.52 15.21 14.58 14.80 14.66 14.55 14.20 14.02 13.84 13.75 13.69 1358 13.52 13.46
16.26 13.27 lz_ﬂﬁl 11.39 10.97 10.67 10.46 10.23.  10.16 10.05 9.72 9.55 938 929 5.24 913 9.08 5.02
13.75 1092 9.78 9.15 8.75 B8.47 B8.26 8.10 7.98 7.87 7.56 7.40 7.23 7.14 7.09 6.99 693 6.88
12.25 9.55 8.45 7.85 746 7.19 65.99 6.84 6.72 6.62 631 6.16 5.99 5.91 5.856 5.75 5.70 5.65
11.26 8.65 7.59 7.01 5.53' 6.37 6.18 6.03) 5.91 5.81 5.52 5.36 5.20 512 5.07 495 4.91 486
10.56 8.02 6.99 6.42 5.[5' 5.80 5.61 547 5.35 5.26: 4.96 4.81 4.65 4.57 4.52 4.41 436 431
10.04 7.56 6.55 5.99 5.64 5.39 5.20 5106 4.94 4.85 4.56 4.41 4.25 4.17 4.12 4.0 396 391
9.65 7.21 6.22 5.67 5.32' 5.07 4.89 A4.74 4.63 4.54 4.25 4.10 3.4 388 3.81 371 3.66 3.60
9.33 6.93 5.95 5.41 5.[5' 4.82 4.64 4.50 4.39 4.30 4.01 3.86 3.70 3.62 357 347 341 3.36
9.07 670 5.74 521 4.35' 4.62 4.44 4.30 4.19 4.10 3.82 3.66 351 3.43 3.38 3.27 322 317
8.86 6.51 5.56 5.04 4.55' 4.46 4.28 4.14 4.03 354 3.66 3.51 335 3.27 322 311 3.06 3.00
8.68 6.36 5.42 4.89 4.55' 4.32 4.14 4.00 3.89 3.80 352 3.37 321 3.13 3.08 298 2392 287
8.53 6.23 5.29 A4.T7 Aa.44 4.20 4.03 3.&5' 378 3.69 3.41 3.26 3.10 3.02 297 2.86 281 2.75
8.40 6.11 5.18 4.67 4.34 4.10 393 375' 3.68 3.59 3.31 3.16 3.00 292 2.87 2.76 271 265
8.29 6.01 5.09 4.58 4.25) 4.01 3.84 3.71' 3.60 3.51 3.23 3.08 2.92 2.84 278 2.68 262 257
8.18 5.93 5.01 4.50 A4.17 3.84 377 363 3.52 3.43 3.15 3.00 2.84 276 271 2.60 255 2.459
8.10 5.85 4.94 4.43 4.10 387 370 3.56 3.46 337 3.09 294 2.78 269 2.64 2.54 248 2.42
B.02 5.78) 4.87 4.37 404 381 3.64 351' 3.40 33 3.03 2.88 2.72 2.64 258 248 2.42 236
7.95 572 4.82 4.31 399 3.76 3.59 3.45 3.35 3.26: 298 2.83 267 258 253 242 236 231
7.88 5.66 4.76 4.26 3.94 371 354 3.41) 3.30 32 293 2378 2.62 254 2.48 237 232 226
7.82 5.61 4.72 4.22 3.90 367 350 335' 3.26 317 289 274 258 249 2.44 233 227 221
.77 5.57 4.68 4.18 3.85 3.63 3.46: 332 3.22 313 2.85 270 254 2.45 2.40 2.29 223 217
7.72 5.53 4.54 4.14 3.82 359 3.42 315' 3.18 309 2.81 2.66 2.50 242 236 2.25 219 213
T.68 5.49 4.50 4.11 373' 3_55' 339 315' 3.15 3.06 278 2.63 247 238 233 2.22 218 210
764| sas| as7  a07] 375 asa) 33| a223) 312] 303 275 260  244] 235] 230 219) 213 208
760 542 asa  aoa 373 3so| 333 320 308 300 273 257 2a1] 233 227 216] 210 203
7.56 5.39 4.51 4.02 3.70 347 330 3.17 3.07 298 270 2.55 239 230 235 213 207 201
7.53 5.36 4.48 3.99 3.67 345 3.28 3.15 3.04 2.96 2.68 252 2.36 2.27 2322 211 2.04 158
7.50 5.34 A6 3.97 3.85 343 3.26 3.13' 3.02 253 2.65 2.50 2.34 235 2.20 2.08 2.02 196
T7AT7 5.31 444 3.95 3.63 341 3.24 3.11' 3.00 291 263 2.48 232 223 218 2.06 2.00 1.93
744 529 442 393 361 338 322| 30| 298 280 261 246 230 221 216 204 108 18
7.42 5.27 4.40 3.91 3.55' 337 3.20 3.07 2.96 2.88 2.60 2.44 2.28 215 214 202 196 1.89
731 5.13' 4.31 3.83 3.51' 3.29 312 Zﬂﬂl 2.89 2.80 252 237 2.20 211 2.06 1.94 187 1.80
747\ sos| 420 372) 341 319 302| 288 278) 270 2420 2270 210 201 18s| 1m2 178 1s8
699 490 40s 358 327 30s 289 276 265 257 220 213 196 187 18| 187 160 132
690 4s2| 398 351 321 289 282 268] 250| 250 2220 207 1ss| 180 17a] 180 152] 143
6.76 4.71 3_83' 3.41 3.11' Z_EBI 273 2.60 2.50 2.41 213 1.97 179 1.69 1.63 148 139 1.28
663 461 378 332 302 280 266 25| 241 232 201 188 170 1s8] 1s2| 136 125 100




Another ANOVA Example

Do the populations of people who live in cities, in the suburbs, and in rural areas own
different numbers of cars? To find out, | randomly sampled 5 urban residents, 5
suburban residents, and 5 rural residents; | asked each person how many cars they
own. Here are the responses | obtained: — (

W\—% A S

J=3

Urban residents: 0 1 1 0 0 (Yurban= @400; s, = 0.548)
Suburban residents: 2 1 1 2 1 (Ysuiburban= 1:400 ;S ,pyrban = 0.548)
Rural residents: 2 (Yrural=2.000; s, = 0.707)

For the full sample: y =1.267,(SSgzetyeen=3- 92]an SSwithin=4-40,

Test the hypothesis that in the population the mean number of cars owned is the
same for people who live in urban, suburban, and rural areas. Use a significance
level of o = 0.05. Be sure to state the competing hypotheses, compute the
appropriate test statistic, and state your conclusion about whether you reject or fail

to rEJ ect H 0 (Here, ignore the assumptions that (1) the variable must be distributed normally within each population and (2) that the amount of
variability in each group must be the same. It’s just a practice example. If this were real research, of course, we would not do so.)






