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Table entry for p is the critical value x* with probability p lying to its
right.

TABLEE Chi-square distribution critical values

p
df .25 .20 15 10 .05 025 02 .01 005 0025 .001  .0ODS
1 1.32 164 1207 271 184 502 541 663 788 914 1083 1212
2 77 322 1T 4461 509 738 782 921 1060 1198 1382 1520
3 411 4.64 5.32 6.25 7.81 935 984 1134 1284 1432 1627 11.13
4 539 599 674 778 949 1L14 1167 1328 1486 1642 1847 20.00
5 6,63 7.29 8.12 924 1107 1283 1339 1509 1675 1839 2051 2211
6 7.84 8.56 Q.45 1064 1259 1445 1503 1681 1855 2025 2246 2410
7 004 980 ID7S 1202 1407 1601 1662 1848 2028 2204 2432 2602
4 1022 1103 1203 1336 1551 1753 1817 20,09 219% 2377 12612 2787
9 1139 1224 1329 1468 1692 1902 1968 2167 2359 2546 2788 2967
10 1255 1344 1453 1599 1831 2048 2116 2321 2519 2711 2959 3142
11 13.70 1463 1577 1728 1968 2192 2262 2472 12676 12873 3126 3314
12 1485 1581 1699 1855 2103 2334 2405 2622 2830 3032 3291 3482
13 1598 1698 1820 1981 2236 2474 12547 2769 2982 3188 3453 3648
i4 i7.12 1815 1941 2106 2368 2612 2687 2914 3132 3343 3612 38.11
15 18.2% 1931 2060 2231 2500 2749 2826 3058 3280 3495 3770 3972
16 1937 2047 2179 2354 2630 2885 2963 3200 3427 3646 3925 4131
17 2049 2161 2298 2477 2759 30.19 3100 3341 3572 3795 4079 4288
I8 2160 2276 2416 2599 2887 31.53 3235 3481 3706 3942 4231 4443
19 2272 2390 2533 2720 3004 3285 3369 3619 3858 4088 4382 4597
20 2383 2504 2650 2841 3141 17 3502 3757 4000 4234 4531  47.50
21 2493 2617 2766 2962 3267 3548 3634 3893 4140 4378 4680 49.01
22 2604 2730 2882 3081 3392 3678 3766 4029 4280 4520 4827 5051
23 2714 2843 2998 3201 3517 3808 3897 4164 4418 4662 4973 5200
24 2824 2055 3113 3320 3642 3936 40.27 4298 4556 48.03 5118 5348
25 2934 3068 3228 3438 3765 4065 4157 443] 4693 4944 5262 5495
26 3043 3179 33143 3556 3IBEY 4192 4286 4564 4829 5083 5405 5641

7 3153 3291 3457 3674 4001 43.19 44]4 4696 4964 51227 5548 57.86
28 3262 3403 3571 3792 4134 4446 4542 4828 5099 5359 5689  59.30
29 33.71 3504 3685 39.09 4256 4572 46.69 4959 5234 5497 5830 60.73
30 80 3625 3799 4026 4377 4698 4796 5089 5367 5633 5970 6216
40 4562 4727 4924 5181 5576 5934 6044 6369 6677 6970 7340 7609
50 5633 5816 6035 6317 6750 7142 7261 7615 7949 Ble6 B666 BIS6
60 6698 6897 7134 7440 7908 8330 8458 8838 9195 9534 G961 1027
B0 88.13 9041 9311 9658 1019 1066 1081 1123 1163 1201 1248 1283
100 109.1 11L7 1147 1185 1243 1296 131.1 1358 1402 1#43 1494 1532




CHI-SQUARE GOODNESS OF FIT TEST ( 6_ ) F)
This test is used to determine if observed counts are equal to a hvpothesized distribution.
A researcher believes the Mars Company is misleading the public on its color distribution of

M&Ms. He wants to compare the color distribution from a random sample of M&MSs to the Mars
Company’s expected values:

Brown Red Yellow Green Orange Blue Purple
Sample 4 4 16 10 8 4 ¥ =50
Expected =G | =2Q00 | 2edA0m 3(5) 34 (5) T(5) | 20 (10)

H STATE NULL AND ALTERNATIVE HYPOTHESES:

Hs 1 Color it bubm of MMs 3 Same as Campony clams
Ha.: Coloc distelbudran of mphs (s oliffecen t thon Company claims

ITIONS FOR TEST ARE ACCEPTABLE:

v} ra Sam\ole vse

A DETERMINE THAT CO
¢ SRS- Unkamm.

¢ Counts (not percents)

e Every expetled\t/unﬁ“ 1 am!‘é/‘?"r =5 gge Abfﬂf{ g Z’é)

T PERFORM TEST:

a) Calculate Chi-Square statistic: 2 ,
X*=X(0;-E)YE;= (” 5‘) (‘-l-[tﬂ (L{-{o)
L‘_-’, 10 T )
2 = 1§
X G O F b) Determine Degrees of Freedom = Number of Categories — 1 = 7 - [ - (o

c) Determine P-Value

i) Using Table E
At 59, Crikical %

i) Using calculator:

21259 Sinwe 132(2.59, pL.09
[Pere| » xrcdf (t‘f 100,

c;) = 00
STATE CONCLUSION IN CONTEXT % Bls

’}\em s SJvmj evidence (Q £.05) fo vejeck Ho ond conclude
the dishilwtion of M colos 1< di Q{%reﬂ\— Yot uhal the

Company Claims
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CHI-SQUARE TEST FORr HOMOGENEITY OF POPULATIONS

This test is used to determine if a sifgle categorical variable has the same distribution in
2 (or more) distingt populations from 2 (or more) samples.

doing an excellent, good. Tairor poor job or don’t you know enough to say?".

Black Parents | Hispanic Parents | White Parents TOTAL
Excellent 12 34 22 68
Good 69 55 81 205
Fair 75 61 60 196
Poor % 24 24 72
Don’t Know 22 28 14 (5]
TOTAL 202 202 201 605

DETERMINE EXPECTED COUNTS:

\ Expected Count = (Row Total)(Column Total)/ Sample Size \

Black Parents Hispanic Parents White Parents
Actual | Expected | Actual | Expected | Actual | Expected
Excellent 12 2LE."] 34 ¢l ) 22 ?E{:‘.‘ A
Good 69 (3.5 55 bf.5 81 g.1
Fair 75 L8 U 61 (5.4 60 5.
Poor 24 24.0 24 24.0 24 5.
Don’t Know 2 [214 28 214 14 2l. 2

H STATE NULL AND ALTERNATIVE HYPOTHESES

He: Thewe. i 1o reladimshio between race and
opiniens abowt schools

Ha: There s & N(Mw'mslnip between race ondl
ppiains aboout school

A DETERMINE THAT CONDITIONS FOR TEST ARE ACCEPTABLE:

‘[SRS" Rwlmf | e
e > See Abare @2’3’

V( Counts (not percents)
/ Every expected count > | and 80% =5
Lran
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PERFORM TEST USING...

FORMULA/TABLE E:

a) Chi-Square Statistic: X *=X (O, — E,} B =

y - (), (H-689) (4. 21.3)

- .
s b%.5 213 = 22493
b) Degrees -:)I'Freednm:(;— lj(,c-\]}: (5 " ﬂ ('_)’,_ {-) - g’
Number of rows  Number of columns
in table in table
¢) P-Value
i) Table E — PL,OOS
ii) X edf (22 '—B' {00, ?) =2 P 2 OL‘I
CALCULATOR:
a) Store observed counts in a [R,C] matrix:
[MARIX| > EDIT = (AT~ 5% 3 ch?;J”’; S QUIT
b)  Perform X* Test: !K_&
et
XL:Zqu Ef‘? g 1
TESTS| > -Tes | < RS
‘P . 00

’hm 14 Slj\f\igrcqu CU\O(ﬁnOL 'h) N’. QC&' Hb
(F 004) ond conelude that ther Lé A

e lochonshhi befueen et end. ORININS abont ¢chools




CHI SQUARE TEST ASSOCIATIONHNDEPENDEN@

This test is used to determine whether there is a significfint association between 2 categorical
variables from tle same sample:

To determine of there was a relationship between smoking status and socioeconomic levels,
researchers categorized 356 federal male employees:

ACTUAL COUNTS Socioeconomic Level
High Middle Low
Current Smoker 51 22 43 b
Former Smoker 92 21 28 14
Never Smoked _ 68 1 9 1 22 _ a9
21) 52 13 350

DETERMINE EXPECTED COUNTS:

Expected Count = (Row Total)(Column Total)/ Sample Size

| EXPECTED COUNTS Socioeconomic Level
. High . Middle Low
Current Smoker (g f 15 f .94 30- 50
Former Smoker { 3 577 20 5.0 56.833
Never Smoked L€ 4. YL 25 %b

STATE NULL AND ALTERNATIVE HYPOTHESES
HO 1$ N0 aS$ac|'a—\1'm bﬁ'}w&m S'mokmra_
(}f\i SES 'ﬁ)( -E,dera,l Male (’_mPIO\{eeS

Ha: There (s maSSod&HcrY\ L)@ercm SYWo L:fn%
6rd SES %f Qoleml Male Cmplo\{eeg

A DETERMINE THAT CONDITIONS FOR TEST ARE ACCEPTABLE:

7. ses-unkawn; resulls may be. invalid

Counts (not pen,anls)
* Every expected count > | and 80% > 5

3 See Above %‘E}




b PERFORM TEST USING...

FORMULA/TABLE E:

a)  Chi-Square Statistic: X *=X (O, - E)/ E; = .

Xre (SH6ss), , (22-25%0)
($.7S 15.50

=2 {%:5

b) Degreesanl’eedDm=lr~l}(C—~]J=(3"'I) (3"’% = ‘—t‘

Pl ®,
Number of rows  Number of columns
in table in table

c) P-Value

D TableEP/_.OO\ (PL-OGB
i) xﬁcdr(m_gugol L{) 2, w000 4%

CALCULATOR:

a) Store observed counts in a [R,C] matrix:

MP\’TRIX]'—%E‘D]T [A]-;'; 2% 2% > Enpder Covnt s QlMT

b) Perform X* Test:

[STAT| = TESTS » X Te L/’kl S
- ST Tes
s ™ 0 yalve =.00099

S STATE CONCLUSION IN CONTEXT:

There &5 sty evidne o ek Ro (p = .0004¢)
(7\1““£ conclvdl G RS S0LIe N C)Cfssrc, bti‘www
Smoking sed SES S fedarnl mate employees




