February 14, 2019

Are people who are prone to sudden anger
more likely to develop heart disease?

An observational study followed a random
sample of 8474 people with normal blood
pressure for about four years.
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Are people who are prone to sudden anger
more likely to develop heart disease?

An observational study followed a random

sample of 8474 people with normalblood
pressure for about four years.
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Each person took the Spielberger Trait Anger Scale
test. Researchers also recorded whether each
individual developed coronary heart disease (CHD).

Anger level
Low |Moderate | High Total

Yes 5 | 110 | 27 | 1%
CHD stat
SAWs o | 3057 | 4621 | 606 | 8284

Total | 3110 | 4731 633 | 8474 = l
0 Low

Do these data provide convincing evidence of
an association between the variables in the
larger population?
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Tests for Independence: Stating Hypotheses

H,: There is no association between anger
level and heart-disease status in the
population of people with normal blood
pressure.

H,: There is an association between anger
level and heart-disease status in the
population of people with normal blood
pressure.

An equivalent way to state the hypotheses is

Hy: Anger and heart-disease status are
independent in the population of people
with normal blood pressure.

H,: Anger and heart-disease status are not
independent in the population of people
with normal blood pressure.
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Tests for independence:
Conditions and Calculations

Conditions for Performing a Chi-Square Test
for Independence
e Random: The data come from a random sample fro

population of interest.

oniy
* 10%: When sampling without replacement, n < 0.10N. L e .
O“hid
e Large Counts: All expected counts are at least 5. C
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Chi-Square Test for Independence

Suppose the conditions are met. To perform a test of
Hg: There is no association between two categorical variables in the
population of interest
compute the chi-square test statistic:
(Observed count — Expected count)?

X% =
Expected count

where the sum is over all cells (not including totals) in the two-way table.
The P-value is the area to the right of %2 under the chi-square density
curve with degrees of freedom = (num. of rows — 1)(num. of columns - 1).
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Chi-Square Test for Independence
Suppose the conditions are met. To performatestof

There is no association between two categorical varlables in the
population of interest

compute the chi-square test statistic: =~
(Observed count — Expected count)?

Expected count

X% =

where the sum is over all cells (not including totals) in the two-way table.
The P-value is the area to the right of 2 under the chi-square density
curve with degrees of freedom = (num. of rows — 1)(num. of columns - 1).
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Are gender and favorite class independent? Lesson 11.2 Day 2:

&pEndish Y5 -FURRE

Is there an association between gender and preference of English or math class? Below is
the data for a random sample of 114 senior students. Do we have convincing evidence that
gender and favorite class are associated?
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Are gender and favorite class lndependenﬂ Lesson 11.2 Day 2:

@ English

Is there an association between gender and preference of English or math class? Below is
the data for a random sample of 114 senior students. Do we have convincing evidence that
gender and favorite class are associated?

1. Describe what it means for two events to be independent. (Chapter 5)

Is there an association between gender and preference of English or math class? Below is the data
for a random sample of 114 senior students. Do we have convincing evidence that gender and
favorite class are associated?

1. Describe what it means for two events to be independent. (Chapter 5)
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2. Calculate the expected counts. Qﬁ

\4

Observed: Expected:
English Math Total i Math Total

Female 43 22 65 Female (OS

Male 21 28 49 Male 49

Total 64 50 114 Total 4 | S0 d11D
N

3. Do the data provide significant evidence that there is an association between gender and
preference of English or math class? Use ¢ =0.05

STATE: Hypotheses: Significance level:

2. Calculate the expected counts.

Observed: Expected:
English Math Total English Math Total
Female 43 22 65 Female ?D(Q HY 75| (05
Male 21 28 49 Male 2751 2149 (49
Total 64 50 114 Total CD ‘( S50 | l‘—(

3. Do the data provide significant evidence that there is an association between
gender and preference of English or math class? Use «=0.05

STATE: Hypotheses: o Significance leve
H,: There 1S N6 assocition betw Gender 4 favarite clos
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PLAN: Name of procedure: chi-square test for independence
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AP® Exam Tip |

When the P-value is very small, the calculator will report it
using scientific notation. Remember that P-values are
probabilities and must be between 0 and 1.

If your calculator reports the P-value with a number that
appears to be greater than 1, look to the right, and you will
see that the P-value is being expressed in scientific notation.
If you claim that the P-value is 4.82, you will certainly lose
credit.

<OOOOL(& 4%2@5*5




February 14, 2019

CONCLUDE:

@@CO\USQ WL‘(WQ P*VO\lU\Q = O Olg 2 N = OO@))
v reject

e have convincing evidence of
an assoctadion pefween  gender and
WC(A\IOHXVQ closs 1N fhe Wg\“ school

Chi-Square Test for Independence

Important ideas: W hrCh /‘-
l/lozmﬂe 5 QQf on G‘OF
QA550C Gl 1oN /)C | el
bolueeh o | gamp\ ar\ e\t
Homo enQﬂ\ﬁ
H jbtfw 5 ahn aij?mbq X Zf g;mL\gmkﬁavv«Q€
Weenn — own
X for Tndependende

\ SO\‘N\P TV




February 14, 2019

Using Chi-Square Tests Wisely

The chi-square test for homogeneity and
the chi-square test for independence are
very similar.

Using Chi-Square Tests Wisely

The chi-square test for homogeneity and
the chi-square test for independence are
very similar.

The best way to distinguish these two
tests is to consider how the data were

produced.
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Using Chi-Square Tests Wisely

The chi-square test for homogeneity and
the chi-square test for independence are

very similar.
The best way to distinguish these two
tests is to consider how the data were
produced.

If the data come from two or more
independent random samples or treatment
groups in a randomized experiment, then
do a chi-square test for homogeneity.

The chi-square test for homogeneity and
the chi-square test for independence are

very similar.

The best way to distinguish these two
tests is to consider how the data were

produced.

If the data come from two or more
independent random samples or treatment
groups in a randomized experiment, then
do a chi-square test for homogeneity.

If the data come from a single random
sample, with the individuals classified
according to two categorical variables, use
a chi-square test for independence.
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1. Shopping at secondhand stores is becoming more popular and has even attracted the
attention of business schools. A study of customers’ attitudes toward secondhand stores
interviewed separate random samples of shoppers at two secondhand stores of the same
chain in different cities. The two-way table shows the breakdown of respondents by gender.

Store
A B Total
Male 38 68 106
Female 203 150 353
Total 241 218 459

94 2 -Por Homogemit«j
2 agparate Yandem Samples

4. variable (30\6@(‘)

2. The General Social Survey (GSS) asked a random sample of adults their opinion about
whether astrology is very scientific, sort of scientific, or not at all scientific. Here is a two-

way table of counts for people in the sample who had three levels of higher education:
Degree held

Associate’s | Bachelor's | Master's | Total

Not at all
Opinion about _Scientific
astrology Very or sort

of scientific

Total 234 321 132 | 687

169 256 114|539

65 65 18 | 148

2% for Thdeperdence_
A yvandom Somple

7. variobles (d“%&f&;m)




February 14, 2019

3. Casinos are required to verify that their games operate as advertised. American roulette
wheels have 38 slots—18 red, 18 black, and 2 green. In one casino, managers record data
from a random sample of 200 spins of one of their American rouletie wheels. The table

displays the results. Color Red  Black  Green
Count 85 99 16
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Scary Movies and Fear

Are men and women equally likely to suffer lingering fear from watching scary movies as children? Researchers
asked arandom sample of 117 college students to write narrative accounts of their exposure to scary movies
before the age of 13. More than one-fourth of the students said that some of the fright symptoms are still

present when they are awake. The following table breaks down these results by gender.

Yes
Fright toms?
right symptoms No

Gender
Male | Female | Total
7 29 36
31 50 81
Total 38 79 17
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litions for performing inference are met. Minitab output for a chi-square test using the:s

Chi-Square Test: Male, Female
Expected counts are printed below observed counts
Chi-Square contributions are printed below expected counts

Male Female Total
Yes 7 29 36
11.69 24.31
No 50 81

26.31 54.69

0.837
Total 79 117
Chi-Sq % 4.028, P-Value = 0.045

[

are test for independence or a chi-square test for homogeneity be used in this setting?

é

—y—

(a) Should(a chi-square test for md@r a chi- square test for homogeneity be used i m this setting?
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(c) Write the null hypothesis.

Ho: Theve i 16 asseciadion batween gender and whether or
ot collge Studems have. Kirgering £right Symptems,

~ . —

(c) Which cell contributes most to the chi-square test statistic? In what way does this cell differ from what t
null hypothesis suggests?

WAV ARV YT AR

Chi-Square Test: Male, Female
Expected counts are printed below observed counts
Chi-Square contributions are printed below expected co

OBQYVCO( Male Female Total
Yes £ ywoe 7 29 36
\0(&%@1)7 iy 16 24.31
o™
o K,‘f((. No 3 50 81
.\o{s\ 26.31 54.69
9 0.837 0.403
Total 38 79 117

Chi-8q = 4.028, DF = 1, P-Value = 0.045
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(c) Which cell contributes most to the chi-square test statistic? In what way does this cell differ from what th
null hypothesis suggests?
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