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5181

63.17
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96.58

1185

384
599
781
949
1no7
1259
14.07
15.51
16.92
18.3
19.68
2103
2%

26.30
27.59
28.87
30.14
3.4
267
33.92
BT
36.42
37.65
36.89
40.11
1.4
42.56
4377
55.76
67.50
79.08

101.9
124.3

106.6 108.1 123 116.3 1201 124.8 1283
1296 1311 1358 1402 144.3 149.4 1532

Table C: Chi-square distribution critical values T-4

502 5.41 663 768 944 1083 1212
7.8 782 921 10.60 1198 13.82 15.20
9.35 984 1134 1284 1432 1627 1773
11.14 167 1328 14,86 16.42 1847 20.00
1283 1330 1508 1675 1839 2081 2219
1445 1508 1881 1855 2025 2246 2410
1601 1662 1848 2028 2204 2432 200
1753 1817 2008 2185 2377 2612 2747
19.02 19.68 2167 2359 2546 27.88 29.67
2048 2116 N 25.19 2 29.59 31.42
2192 262 2472 67 873 3NW¥ B
2334 2405 2622 2830 3032 3091 3482
2474 2547 2769 2982 3188 3453 3648
2612 2887 2004 3132 3343 3612 %A1
2749 2826 3058 3280 485 I /72
2885 2063 3200 3427 3646 2025 4131
30.19 31.00 3[4 3_.72 3795 40.79 42 88
31.583 235 M| ar.ie 3942 2.1 44 43
3285 3360 3619 3858 4088 438 4587
3417 3502 3757 4000 4234 4531 4750
3548 3634 3893 4140 4378 4680 490
378 3786 4020 4280 4520 4827 5051
33.08 /a7 41.64 44.18 46.62 49.73 52.00
3096 4027 4208 4556 4803 5118 5348
4085 4157 4431 4693 4944 5262 5495
4192 4286 4584 4820 5083 5405 5641
4310 4414 4696 4964 5222 5548 5788
44,46 4542 4828 5009 5359 56.89 50.30
4572 4669 4958 5234 5487 5830 6073
4698 4796 5080 5367 5633 5070 6216
5034 6044 6369 6677 6970 7340 7609
7142 7281 76.15 79,48 B2.66 B6.86 89.56
8330 8458 8838 9185 9534 9961 1027
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CHI-SQUARE GOODNESS OF FIT TEST

This test is used to determine if observed counts are equal to a hypothesized 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&M:s to the Mars
Company’s expected values which are 10% brown, 20% red, 20% yellow, 10% green,

10% orange, 10% blue and 20% purple.

Brown | Red Yellow Green Orange Blue Purple _
Sample 4 - 16 10 8 4 - -
Expected 5 |0 10 5 5 & L0

H STATE NULL AND ALTERNATIVE HYPOTHESES:

thThe color distcibucdims of s we the Same as the Company claims
Ha- The oo distabihims of MMs are dfEernl than the Lmpon Claims

A DETERMINE THAT CONDITIONS FOR TEST ARE ACCEPTABLE:

‘/ Random - sa\js SO
4 Every expected count =5 Sff ﬂ-bﬂ't‘"e ’hc'"

e Independent ”‘)BI‘J(IQ > 500 MM in Uﬂdrlt?k v’

T  PERFORM TEST: } Qaf-_’['és-l- m Qalcu.la-l—o( ]

a) Calc

late Chi-Square tdll'mllb
(49 (- Dy , U0-9) 9, (8- s) (q-s) (4-1) <
)d" 5 lo “To TS5 10
b) Determine Degrees of Freedom = Number of Cdlbg(}he‘-u 1 = '?_.l - G

c) Determine P-Value
i) Using Table C:
pe.ol

Using calculator:

l ISTP\\—) XCd? (1€ 100 6] 7P 000

S STATE CONCLUSION IN CONTEXT
At o= .0t ther vty qood evideacs [[L 004 ) b (eect He
Gﬂd. LML[UGI{ ‘H\E Cb‘l)f‘tit‘?{nbwhﬂ‘ﬂs oir MHQ( 14 O‘tggfren& H‘\Gﬂ
what the compony eleips
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CHI-SQUARE TEST FOR HOMOGENEITY OF POPULATIONS

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

To de e —a-association belwcen race .md uplmom about athuol*. reaedrchers

doing a ot job or dr.}n 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 24 72
Don’t Know 22 28 14 64

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 % By 34 77.7 22 17.b
Good 69 55 L.y 81 (r§.!
Fair 75 L5 4 61 LS. Y 60 b5. 1
Poor 24 14.p 24 1.6 24 714.9
Don't Know 22 114 28 214 14 11.%

STATE NULL AND ALTERNATIVE HYPOTHESES

“These s No a(pqyince, ‘()f,bﬂﬂfff\ cack ond dpfﬂ I &L)D\tl’Sd\ob(S
4 & difference, between (ace ond opinians abwt schools

A DETERMINE THAT CONDITIONS FOR TEST ARE ACCEPTABLE:

{ Random- randem Samples used

L by pastcomizs See fbove & &

W A— Np) 5 10(102/} >7620 | N > 10(202) > 2020
Nw>10(201) > 2010 | Respmes lndfpmolenlc




T PERFORM TEST USING...

FORMULA/TABLE C:

a) Chl -Square Statistic: X2 =% (0,-E) /B =

. (n-ua) , (ea-685) (4-21.3) 21.3)
Xo= 705 LE5 o T = Jase
b) Degrees of Freedom = (r (e - 1) 6 l) '; \ {

Number of rows 1'\Iumbt.er of columns
in table n table

c) P-Value

i) Table C

P2 065

i) Calculator:

Xedf (243,100, €) = goy

CALCULATOR:

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

MNQ!X‘-—? Eor - [Al=> 5 ¥ ?) > EnkeData

b) Perform X* Test:

ST | TESTS = X Tesk = X =224 P= 00

NOTE:

g7 B\] =Data then EP;'L = ExPeako{ Covnts
S STATE CONCLUSION IN CONTEXT:

There 1 §|ﬂnxﬂcm$— Shatishical ewolenu_ P ootﬂ ‘l’D
ré’jemL H, ond conclude there 8 & diftfounce between

(Gce and opinians about schog




X

Probability

Table C: Chi-square distribution critical values T-4

Table entry for p is the point x* with probability p lying to its right,

P

@ @8 M A A8 W AN B s 001 .0005

1 132 184 207 271 384 5@ 541 @83 788 014 1083 1212

2. 7 32 AWM. 48 SWM 73 TR ey WM e 1Em 150

8 411 484 5 625 78T 935 984 1% 1284 MR 1627 117
4 53 580 6T 778 949 114 1167 1328 1486 1642 1847 2000

§ 663 720 812 924 1107 1283 1339 1500 1675 1839 2051 2211

6 784 856 945 1064 1259 1445 1503 1681 1855 2025 2246 2410

7 9.04 8.80 10.75 12.02 14.07 16.01 16.62 18.48 028 04 2432 26.02

8 102 1108 1203 1336 1551 1753 1847 2008 %12 28
9 1139 1224 1320 1468 1692 1902 1968 2167 2359 2546 2788 2087
10 1255 1344 1453 1599 1831 2048 2106 2021 2519 2111 2059 314
M 1370 483 1577 1728 1088 2182 2262 2472 2676 2873 3126 3AM
12 M85 1581 1699 1855 2103 2334 2405 2622 2830 3032 3291 M&
13 1598 1698 1820 1981 2236 2474 2547 2769 2082 3188 3453 3648
11712 1815 1941 2108 2388 2612 2687 29 R 3343 312 31
15 1825 1931 2080 2231 2500 2748 2826 3058 3280 485 I N7
16 1937 2047 2179 2354 2630 2885 2983 G200 3427 3646 3925 419
7 2048 2181 2208 2477 2750 3019 3100 3341 3572 9795 4079 4288
18 2160 2276 2416 2599 2887 3153 3235 MBI 06 W42 23 443
19 272 2% 253 2720 014 3285 369 3619 858 4088 4382 4597
20 2383 2504 2650 2841 3141 3417 3502 75T 4000 4234 4531 4750
21 2483 2617 2766 2062 3267 3548 0634 33 4140 4378 4680 4001
2 2804 2730 2882 3081 3BE2  WIB G766 4020 4280 4520 4827 5050
23 2704 2843 2998 3201 397 308 3897 4164 4418 4882 4973 5200
24 2824 2955 3113 3320 3642 0936 4027 4298 4556 4803 5118 5348
25 2034 088 3228 3438 765 4065 4157 431 4693 4044 5282 5495
2% G043 3178 3043 3556 3889 4192 4286 4564 4820 5083 5405 5641
27 a5 G291 ST 9674 4011 4319 4414 4606 4064 5222 5548 57.86
28 262 3403 3671 3792 4134 446 4542 4828 5089 5359 %689 590
20 W71 35 3685 3909 4256 4572 4669 4950 5234 5497 5830 6073
30 3480 9625 3799 4026 4377 4698 4796 5089 5367 5633 5070 6216
0 4562 4727 4924 5181 5576 5034 6044 6369 6677 6970 7340 7609
50 5633 5816 6035 6317 6750 742 7261 7615 7940 8266 8666 8956
60 6698 6897 7134 7440 7908 €330 G458 6838 0185 9534  gesl 1027
80 B813 9041 GAM 9658 1019 1066 1081 1123 1163 1201 148 1283
100 108.1 ni7 1147 1185 1243 1296 131.1 1358 140.2 1443 1494 1532
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CHI SQUARE TEST OF ASSOCIATION/INDEPENDENCE

This test is used to determine whether there is a significant association between 2 categorical

variables from the 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
_Former Smoker 92 21 28
Never Smoked _ 68 9 22
211 52 A5
DETERMINE EXPECTED COUNTS:
Expected Count = (Row Total)(Column Total)/ Sample Size
EXPECTED COUNTS Socioeconomic Level
~ High Middle Low
Current Smoker '['%75 H.‘M 50-30
Former Smoker §3.57 20.60 3L.¢3
Never Smoked €. L% 9. b PR SL

STATE NULL AND ALTERNATIVE HYPOTHESES

Ha;/l}we 15 no assaamkm bf)(we»er\ SES C{\A_ gmoL;n?r

in the Pbpwhﬂw‘m of {ederad male employees

Ha.: Ther. & an asSoL o, beteen SES Cod Smokmz{

I %kei&iguld'm o Gedlenl male em elaqeﬁﬁ

A DETE THAT CONDITIONS FOR TEST ARE ACCEPTABLE:

?- Random - Ut\]LAOUMI NSUI'\‘S Mﬁ.\.{ bf, l‘f\\jﬁ-l]ﬁ&

.,[ Every expected count > 5 gce’ A [3() M g} 2‘2"}}'

N

7 e Independent

N> 10 (35%) > 3560 (el male eaplovjee 5




T PERFORM TEST USING...

FORMULA/TABLE C:
a) Chi-LSquarc Statistic: X~ =X (0;- E)/ E;
L (51- 6¢.79) . (12-25.8)" _ (¢ 5]
X RS 2556
b) Degrees of Freedom = (r— 1)(c - 1) = (3-—0 (?,--]) = L-(
7o ®
Number of rows  Number of columns
in table in table

¢) P-Value

i) Table C:

PL.0ol
ii) Calculator: ] Ba5
edd (1651, 100, 4) = 0009¢
CALCULATOR:
a) Store observed counts in a [R,C] matrix: En J‘-e('
\ MATRIX [~ EDIT > [A] ~ 3%23 5 [Huats

b) Perform X° Test:

[TesTs]-» X lest =¥ " =18.51, 0= 00099

ILF [;\}ﬁbsc&i&\,'n{s , (pl- EYPCcka (ovats

S STATE CONCLUSION IN CONTEXT:

There ¢ veey SWSBUfMa ([)1000‘1‘6\ b ¢ject Ho
aed. conclode Jhee % an 6SSociatim befween Smk;n&

(Gind. SOCiELanamiC SHatus ﬁmmﬂ Q:oltravl male QmP\n\{uS




X

Probability

Table C: Chi-square distribution critical values T-4

Table entry for p is the point x* with probability p lying to its right,

P
@ 25 20 15 a0 .05 025 .02 of 005 0025 Loor 0005
1 13 184 200 oM 3 502 541 663 788 9 1083 1212
2 217 3.22 am 461 599 738 782 821 10.60 11.98 1382 1520
3 4N 464 532 6.256 7.81 8.35 9.84 11.34 12.84 14.32 = ~
4 53 580 6m 778 94 16 1167 1328 14me ek (sar 2000
5 66 72 812 924 107 1283 1330 1500 1675 1839 2081 2211
B 7.84 856 945 10.64 12.59 14.45 15.03 16.81 18.55 20,25 2246 2410
7 a.04 980 10.75 1202 14.07 16.01 16.62 18.48 20.28 22,04 24.32 26.02
8 102 108 1208 1336 1551 1753 1847 2009 2195 287 2612 28
9 139 1224 1320 1468 1692 1902 1968 2167 2350 2546 2788 2067
10 12.55 13.44 14.53 15.99 1831 20,48 21.18 23.21 25.19 2 2959 31.42
W 1370 483 1577 1728 1088 2192 2262 2472 2676 2873 8126 330
12 W85 1581 1699 1855 2103 2834 2405 2622 2830 3032 21  Me
13 1598 1698 1820 1081 2236 2474 2547 2769 208 3188 459 3648
W 1742 1815 1941 2106 2388 2612 2687 2014 3R 3143 2812 3811
5 1825 1931 2080 2231 2500 2743 2826 058 3280 M9 I W72
16 19.37 2047 21.79 2354 26.30 2885 29.63 3200 34.27 36.46 38.25 41.31
17 20.49 2181 2208 24.77 2758 30.19 31.00 33.41 35.72 3785 40.78 42.88
18 21.60 276 24.16 2580 2887 31.53 32.35 3481 716 39.42 423 44 43
19 22.72 2390 2633 27.20 30.14 32.85 33.69 36.19 ae58 40.88 4382 4597
20 2383 2504 26.50 28.41 na M7 35.02 arsT 40,00 42,34 453 47.50
21 2493 2647 2768 2962 67 48 0634 3893 4140 4378 4680 4901
2 2604 2730 288 3081 3892 0678 3766 4020 4280 4520 4821 5051
7 2714 243 2098 3201 3517 3808 3697 4164 4418 4682 4973 5200
54 2824 2055 3113 320 342 9936 4027 4298 4556 4803 5108 5348
25 2034 088 3228 38 765 4065 4157 4431 4693 4044 5262  BASS
2% 30.43 .79 134 35.56 38,89 4192 42 B8 4564 48.29 50.83 54.05 56.41
27 3150 8291 45T 9674 4011 4310 4414 4606 4064 5222 5548  57.86
% 3262 03 3T I 4134 4446 4542 4828 5099 5350 5689 590
29 B3N 35,14 36.85 3909 4256 45.72 48.69 4959 5234 54.97 58.30 60.73
30 34,80 3B25 37.99 40,26 4377 46.98 47 .96 5089 53.67 56.33 59.70 62.16
W0 4562 4727 4924 5181 5678 5034 G044 6369 6677 6970 7340 7609
50 5633 5316 6035 6317 G750 7142 7261 7615 7949 8266 9666 8956
60 6698 6897  TI34 7440 7908 8330  B4S8 6838 9185 9534 9961 1027
B0 B8.13 04 a3 96.58 018 106.6 108.1 123 1163 120.1 1248 128.3
100 1091 117 1147 1185 1243 1206 1311 1358 140.2 144.3 149.4 1532




