Chapter 26 Chi-Square Tests

m Goodness of fit: df = #cells of table - 1 (C-1 for cells arranged in a row).
m Homogeneity-Independence: df = (R-1)(C-1). Analyzed the same.

m Homogeneity is when "row counts are sampled separately."
m
m

(obs — cxp}2

Chi-Square Statistic is always calculated ) .iis of a table of counts = 0.

exp
Significance level (P-value) = probability of getting chi-square statistic that is at

least as large as your data gave if the null hpothesis is correct.

m Using a chi-square table:

P-value
df 0.0145
30 49 34 Prob(chi-sq with df 30 > 49.34) =0.0145

—

m Require all expected counts > 5. Not required of observed counts!
m Can merge cells to achieve = 5 requirement.
m Can add independent chi-square statistics to combine experimental results.

Add df to get the applicable df for the combined data.
m Remember: If you choose to "reject Hy whenever P < 0.001" then your type I error
probability is 0.001. That is, if Hy is true then you will "reject Hy" with probability
0.001 (error of type I).
m Chance of error of type II —» 0 with lots of data. That is, if H,, is false you are
nearly certain to reject H with enough data.



Goodness of fit example: Is the coin fair? Eroer we
o o ; , &
Suppose we find 63 heads in 100 tosses? fm;/é;' ~ 3~
7Es] (KoM
Hy: p =05 H:p+05 rH 7T
Data : 63 heads in 100 tosses.
7 o 0.63 g=1-p il 0.37
) = — = U.DI, = — = =i
f 100 1 $ 100
test statistic = R, Zif Hyis true (i.e.p = 0.5)
nh < Jo TP
Reject 1f test statistic 1 too far from 0 (2 — sided test).
- P = Po 0.63-0.5
Test statistic evaluates to = = 2.60.
EP Po o 0.5x0.5
AT e "
P—value = 2P (Z > 2.60) = 2(1 — 0.9953) = 0.0094. X7 .o/ ///Z) -
g‘y%vﬂ
Conclusion : Itisaround 1 % likely that a fair coin would produce either < 37 or THIS
> 63 heads. The data does exhibit a rarely seen departure from 0.5. WEZ (L



Is the coin fair? Apply chi-square instead of z-test. } )(1 Floom
28

Same data as above (P = 0. 0094) but analyzed by chi - square.

heads tails
expected counts under Hg : 50 50
observed counts 63 37
obs - exp)?
chi - square statistic = Z ( P) = 6.76
exp
cells
(63 - 50)2 (37 - 50)2
+ = 3.38 + 3.38 = 6.76
50 50
DF = C-1 =2-1 =1 P= 0.0093
table of chi - sg: df 0. 0093<)
1 6.76 —— F 5747/577(3

a. The P-value, using the z-test of chapter 19, 1s 0.0094.
b. This closely agrees with the P-value 0.0093 found using the

chi-square test of Chapter 26.
Either the coin is fair and this data is ““luck of the draw bad”
or the coin is not fair. We may never know which.



Can students act like equal probability selectors?
Apply chi-square goodness of fit to their choice-data.

HO: choices 1, 2, .3, 4 are equally likely. ﬁﬂfﬂ Faont
H1: not equally likely 010
1 2 3 4 i
expected % % % % total 55
observed 8 277 12 8 total 55
chi - square statistic = Z telils (obsexgxp} ’ -17.8 2/[@
(8— 55/4)> + (27— 55/4)> + (12— 55/4)* + (8—55/4)* 17.8 ?ﬁ/ f/ £ N‘ZY
55/4 55/4 55/4 55/4 [gw\/? o 7
yV/
DF=C-1=4-1=3 P =0.0005 / i5EK
2k
table of chi-sq:  df 0.0005 T c /&
3 17.73 = & V77

It students choose with equal probability, a chi-square at least
as large as our 17.8 would only be seen with probability 0.0005.
Which 1s 1t?7 We may never know for sure.



Is full moon statistically related to incidence of crime?

L ///wflﬂ[w[/y(‘f///
FULL MOON NOT FULL :l/JfL /./OW/\/E/_T/-
violent @ p) % //4/0?(
property 17 21 38
drugs 27 19 46
abuse 11 14 25
other 9 6 '
&8 7
(1.9130 1.7971 )
/38
18.1739 17.0725 (KZ‘//(”/)
expected 22. 20.6667 | df=(-1@1)=4
11.9565 11.2319

\ 7.17391 6.73913 )

a. Some expected counts are less than 5.

b. Possible “confounding factors.” _ ,
£ 9. /MooN P;%ﬂft‘s' I EHT (OINCIOE W/ TR Aol /R)s

oR * CAmtE NIGRTS,” AN THUS W7 T CIRIMIES,



Merge cells to meet the ‘“minimum of 5 requirement.

FULL MOON NOT FULL
[E—
ent 2 2 4 merge with abuse
property 17 21 38

drugs 27 19 46
abuse 1142 =/ 1442 = /¢  25+4
other 6 '

o

88 729

/38 —~ 18-1739 17.0725 )
2. 20.6667 (’@ﬂ(&/}

eXpeCted df = (4-1)(2-1) = 3
13.8696 13.029

\ 7.17391 6.73913

(obs - exp) ?
exp

chi - square statistic = Zcells = 3.528 (merged)

MNOGOENENCE —
P =0.317 (no evidence against the hpothesis of homogeneity)

Seems that we don’t have to worry over confounding factors.



Hepatitis C No Hepatitis C

tatoo parlor 17 35 52
tatoo no parlor 8 53 61
no tatoo 22 491 513
47 579 626
EXPECTED
Hepatitis C No Hepatitis C
tatoo parlor 52477626 NoT 52579/626 52
(3.904) = > S (48.096)
tatoo no parlor 6147 /626 61 579/626 61
(4.580) (56.420)
no tatoo 61 513 /626 5135797626 3513
(38.516) (474.484)
47 579 626
chi - square statistic = Zcells (DbSEXEXP) : -5791
P << 0.0001
table of chi - sq : df 0.0001

(3-1)(2-1) =2 18.42

But wait! Are all of the expected counts at least 5? Mo-



Independence/Homogeneity

_CE OBSERVED
e Hepatitis C No Hepatitis C
tatoo parlor 17 35 52
{tatoo no parlor 8} =) 53 ]88 o173
no tatoo 22 491 513
47 579 626
EXPECTED
Hepatitis C No Hepatitis C
tatoo partor- /5 _ L
Tareo } 17055 -85y 12225 - oysy
tatoo-ne-parlal
no tatoo Ll — - ’ = 77
§26 LK 28 sl

4
(HECE THAY mnAald§/wAL FOTALS oF "Expcc7e0 TABLE
A RE TNE SAre As THE AVES FOR 2 O+ Kﬁ&ﬁﬁﬂ({.
chi - square statistic ,Q—J, 47 /__,./37;. ¥7 5/3 _ 97 {Z(f 57
€16 Y €26 _

P L s(Heesig)
.oco00/ //V:Z%ng %37

table of chi - sq : df
R-DC-1)=1)@)= | 5K QST opr THE TANE /

Are all of the expected counts at least 53?'vz. 7 ., poo/. A2~



