Statistical Inferences for
Population Variances



The Chi-Square Distribution

* Sometimes make inferences using the chi-square distribution
* Denoted y?

* Skewed to the right

* Exact shape depends on the degrees of freedom
* Denoted df

* A chi-square point 2, is the point under a chi-square
distribution that gives right-hand tail area a



The Chi-Square Distribution continued
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A Portion of the Chi-Square Table

A Portion of the Chi-Square Table
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Statistical Inference for Population Variance

* |f s? is the variance of a random sample of n measurements from a
normal population with variance o?

* The sampling distribution of the statistic
(n - 1) s? / 6% is a chi-square distribution with (n — 1) degrees of
freedom

 Can calculate confidence interval and perform hypothesis testing
* 100(1-a)% confidence interval for o2



Formulas

A 100(1 - &) percent confidence interval for o* is

((n—l)sz (n—l)szj
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Wecan testH, : 6° = o at « using the test statistic
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Hypothesis Testing for Population Variance

H.: o? > o} H,: 0% < of H,: 0% # of
Do not | Reject Re]et:t | Do nﬂt reject Reject | Do not | Reject
rejet_'t Hu | Hc. u re]ect HU | HCI
V\u. M\ M\Mﬁ
X1 — ot Jf1 o2 Jfaf'z
Reject HD if Reject H if Reject H; if
x> x2 X< xia X* > x&p OF
2.2
X < Xi-(w2)
p-value
I
f i p-value I j { “i
x* x* x*
p-value = area p-value = area p-value = 2A
to the right of y? to the left of y? See note for A.

Note: A is the area to the right of y2 or the area to the left
of ¥2 whichever is smaller.




F Distribution

Curve of the Fdistribution having
dfy, and df, degrees of freedom

This area is «

Figure 11.5

Curve of the F distribution having
4 and 7 degrees of freedom

This area is .05

Fos=4.12



F Distribution Tables

* The F point Fo is the point on the horizontal axis under the curve of

the F distribution that gives a right-hand tail area equal to Ol

* The value of Fo depends on a (the size of the right-hand tail area)

and df; and df,

* Different F tables for different values of OL
* Tables A.6 for oo =0.10
* Tables A.7 for o = 0.05
* Tables A.8 for o = 0.025
* Tables A.9 for o = 0.01




A Portion of an F Table: Values of F

df, Numerator Degrees of Freedom (dff,)

df, 1 2 3 4 5 6 7 8 9 10 12 15 20 24
~, 1| 1614 1995 2157 2p46 2302 2340 2368 2389 2405 241.9 2439 2459 2480 2491
T 2 1851 19.00 19.16 |9.25 1930 1933 1935 1937 1938 1940 1941 1943 1945 1945
E 3 1013 955 928 |92 9.0 8.94  8.89 885 881 879 874 870 866 B854
S 1 7.71 694 659 639 626 616 609 604 600 596 501 58 580 577
E 5 6.61 5.79 5.41 519 505 495 488 482 477 474 468 462 456 453
- 6 598 G514 476 453 438 428 421 415 410 406 400 394 387 384
° 7 ) T25— 412 397 387  3.79 373 368 364 357  3.51 3.44 341
E 8 532 446 407 384 368 358 350 344 339 335 328 322 315 3.12
> 9 512  4.26 386 363 348 337 329 323 318 314 307 3.01 294 290
2 10 496 410 3.71 348 333 322 314 3.07 302 2988 201 285 277 274
% 1 484 398 3.59 336 320 309  3.01 295 290 285 279 2.72 265 261
£ 12 475  3.89 3.49 326 3.1 3.00 291 285 280 275 269 2.62 254 251
E 13 467  3.81 3.41 318 303 292 283 277 271 267 260 253 246 242
£ 14 460 374 334 3.1 296 285 276 270 265 260 253 246 239 235
Q 5 454 368 3.29 306 290 279 271 264 259 254 248 240 233 229

Table 11.2



Comparing Two Population Variances by
Using Independent Samples

* Population 1 has variance 0,? and population 2 has
variance 0,2

* The null hypothesis H, is that the variances are the
same
* Hy: 0,2 =02
* The alternative is that one is smaller than the other
* That population has less variable measurements
* Suppose 0,2 > 0,2
* More usual to normalize

* Test H,: 0,%/0,% = 1vs. 0,%/0,2> 1



Comparing Two Population Variances continued

* Reject H, in favor of H, if s,%/s,? is significantly greater
than 1

* 5,2 is the variance of a random of size n, from a
population with variance 0,2

* 5,2 is the variance of a random of size n, from a
population with variance 0,2

* To decide how large s,%/s,?> must be to reject H,,
describe the sampling distribution of s,2/s,?

* The sampling distribution of s,2/s,% is the F distribution



Two Tailed Alternative

* The null and alternative hypotheses are:

* Test statistic F is the ratio of the larger sample variance divided by the
smaller sample variance

* df, = n-1 for sample having the larger variance and df, = n-2 for
smaller variance

* Reject if F> F, or
p-value < a m

'Fm"2
Rejact H,,
IfF=F,,
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