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Which color M&M is the most common?

LR

= nd

The company that makes milk chocolate M&Ms claims the following distribution:
13% Brown, 14% Yellow, 20% Orange, 16% Green, 24% Blue, and 13% Red. Is this true?

1. Observed values: Brown: Yellow: Orange: Green: Blue: Red:

Total number of M&Ms:

The company that makes milk chocolate M&Ms claims the following distribution:
13% Brown, 14% Yellow, 20% Orange, 16% Green, 24% Blue, and 13% Red. Is this true?

1. Observed values: Brown:(O(O Yellow:(p \ Orange: \ DzGreen:pf/7 Blue:ﬁ 5 Red:HZ
Total number of M&Ms: H \

2. As a class, write down hypotheses for a significance test.

He  [he Cowmku}ﬁ's claned AtStribudion 1 True
He The cletmed cdor disteib . 1= ot Trae
3. Let's suppose that M&Ms claimed distribution is correct. If they are correct, how many of each
color would we expect to get in our sample. 0 V\\
— — 5 !
Expected values: Browan' HYeIIowb%j&’ Orange:%38 Green:<77‘ﬂ BIue:\OO’ Red:y)b\
e 19" 20'® 16" o 3o

(37 f
919
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(\, 0

-|Use the table to calculate the test statistic. _T/)L’L
(Observed — Expected)’
Observed | Expected | (Observed - Expected) (Observed - Expected)? Expected
Brown G)@ S4.47) //KSB [ 529409 2 )
Yellow é) / 7%6& ? '}4 S, A/ 766 O OC?%
orange | /0 | 83.8 /82 5] 2 [
Green 65 67 0Y — / ?.O g JAL DG ,
Bue | 9O /0056 — 759 S 7699 \
Red | A | SFELT — 29 /S5 500
[ 2¢077

Add up all the numbers in the last column. This is our test statistic:

- b

4. What value would we get for the test statistic if our sample was very
close to what is expected? Explain.

T+ would be cleee o O

5. What value would we get for the test statistic if our sample was very
far from what is expected? Explain.

hs

17L Wom\d BQ ’a\f%&
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ESSENTIAL QUESTION How do we perform significance
tests for distributions of categorical variables and for
relationships between categorical variables?

The Chi-Square Test Lor Gecdnew of Fiv
5 & 6i3hi-pioanae test that can help det@rming
i a distreioution D¥ ac\aimac} \ODP\A\Q:Hen

K'COW\WN‘:\ e\Bimed 13 Brown J\‘—l"'?e\\ow)'le"'omnqe aa’tc] differs

_q_‘(om a e)m‘p\e_ diﬁ?\‘\b \N“\'OU .
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The Big Picture:
Where Chapter 11 Fits

Chapter 11: Inference for Distributions
of Categorical Data

11.1 Chi-Square Tests for Goodness of Fit 2 Days
11.2 Inference for Two-way Tables 2 Days
Review, FRAPPY, and Test 2 Days

which puts the Ch. 11 test on
next Friday, Feb 21st
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Chapter 11: The Big Ideas

* Chi-square tests are about categorical variables

* Three types of chi-square tests

* Goodness of Fit: Distribution of 1 categorical
variable in 1 population

* Homogeneity: Distribution of 1 categorical
variable for 2 or more populations/treatments

* Independence: Relationship between 2
categorical variables in 1 population

No  ConFiderce Whevvals this chapher
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Jtodo:ﬁ .

(\/ STATE appropriate hypotheses and COMPUTE the expected
counts and chi-square test statistic for a chi-square test for
goodness of fit.

v'STATE and CHECK the Random, 10%, and Large Counts
conditions for performing a chi-square test for goodness of fit.

v CALCULATE the degrees of freedom and P-value for a chi-square

test for goodness of fit.
®

Stating Hypotheses

Ho : The distribution of color in the
large bag of M&M’S Milk Chocolate
Candies is the same as the claimed
distribution.

Ha: The distribution of color in the large
bag of M&M’S Milk Chocolate Candies is
not the same as the claimed distribution.
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Tn s C\’\a}ﬂ—ef}‘\‘h@,‘rﬁ wll e nep +we -sidal
Tests O

The aWernative hd?o*heroié will always
be " ihe nal hypehesis 15 et corvect"

We can also write the hypotheses in symbols.

.pbmwn= 0.125, prcd= 0.125, pycllow= 0.125, pgrecn= 0.125,pomngc L
= 0.25,phluc= 0.25
(Hb: At least two of the p;’s are incorrect

where p....= the true proportion of M&M’S Milk Chocolate
Candies in the large bag of that color
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Lesson 11.1: Day 1: Chi-Square Test: Goodness of Fit
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AP Exam Tip
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Comparing Ubserved and Expected Counts:

The Chi-Square Test Statistic

Count

ig a . Observed
16 . Expected
14
12 4
10
s =

6 -
4 -
2 -
-

Brown Red Yellow  Green

Color

How likely is it that differences this large or larger would occur just by
chance in random samples of size 60 from the population distribution

claimed by Mars, Inc.?

Orange

Blue

Color Observed Expected
Brown 12 7.5
Red 3 7.5
Yellow 7 7.5
Green 9 7.5
Orange 9 15.0
Blue 20 15.0
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Count

f: : [l ovserved Color Observed Expected
16 - | B Expected Brown 12 75

14 Red 3 7.5

:(2) : Yellow 7 7.5
. Green 9 75

6 Orange 9 15.0

‘: i Blue 20 15.0
0

Brown  Red  Yellow Green Orange  Blue
Color

How likely is it that differences this large or larger would occur just by
chance in random samples of size 60 from the population distribution
claimed by Mars, Inc.?

The statistic we use to make the comparison is the
chi-square test statistic y2.

The chi-square test statistic is a measure of how far the
observed counts are from the expected counts. The formula for
the statistic is

2 _ (Observed count — Expected count)?

X_

Expected count

where the sum is over all possible values of the categorical
variable.
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The chi-square test statistic is a measure of how far the observed counts
are from the expected counts. The formula for the statistic is
(Observed count — Expected count)?

Expected count

X2 =

where the sum is over all possible values of the categorical variable.

A typical calculation, by hand, look like this:

,_(2-752 (3-75?* (7-75? (9-75? (9-157 (20-15)

75 75 7.5 75 15 15
i T .
Cotegory @ 3 3 e

|

The chi-square test statistic is a measure of how far the observed counts
are from the expected counts. The formula for the statistic is

(Observed count — Expected count)?
Expected count

2 _

where the sum is over all possible values of the categorical variable.

For Jerome’s data, we add six terms—one for each color category:

2

_(12-75)2 (3-75)* (7-75)? (9-75)?% (9—15)? (20— 15)2
"7.5+7.5+7.5+7.5+15+15

=27+27+0.03+030+24+1.67
=98

q\w ayS Postiive \
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The Chi-Square Distributions and P-Values

If we used software to simulate taking 1000 random samples of size 60
from the population distribution of M&M’S Milk Chocolate Candies given

by Mars, Inc. Here are the values of the chi-square test statistic for these
1000 samples.

The Chi-Square Distributions and P-Values

If we used software to simulate taking 1000 random samples of size 60
from the population distribution of M&M’S Milk Chocolate Candies given

by Mars, Inc. Here are the values of the chi-square test statistic for these
1000 samples.

T T
0 5 10 15 20 25

Simulated z? test statistic
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The Chi-Square Distributions and P-Values

If we used software to simulate taking 1000 random samples of size 60
from the population distribution of M&M’S Milk Chocolate Candies given
by Mars, Inc. Here are the values of the chi-square test statistic for these

1000 samples.

Larger values of 2 give more
convincing evidence against
Hyand in favor of H,.

T T
20 25

““Illl'll"..o.. oo oo °
I()

Simulated y? test statistic

We used software to simulate taking 1000 random samples of size 60 from
the population distribution of M&M’S Milk Chocolate Candies given by
Mars, Inc. Here are the values of the chi-square test statistic for these

1000 samples.

Larger values of 2 give more
convincing evidence against
Hyand in favor of H,.

In 87 of the 1000 simulated
samples, the value of the
chi-square test statistic was
at least 9.8—the observed
test statistic from Jerome’s

“ I class.
‘ ||IILI||"'-.. oo oo .

Our estimated P-value is
87/1000 = 0.087

T
20 25

Simulated z? test statistic
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Lesson 11.1: Day 1: Chi-Square Test: Goodness of Fit
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A chi-square distribution is defined by a density curve that takes only
nonnegative values and is skewed to the right. A particular chi-square
distribution is specified by its degrees of freedom.

* As the degrees of freedom

Chi-square distribution

withdf = 1 (df) increase, the density
. o curves become less skewed.
Chi-square distribution . .
" withdf=4 * The mean of a particular chi-
Chi.square distribution sqt'Jare distribution is equal
with df =8 to its degrees of freedom.

e For df > 2, the mode (peak)
of the chi-square density
o 2 4 6 8 10 1 u 16 curve is at df — 2.
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There are 6 color categories for M&M’s® Milk Chocolate Candies,
sodf=6-1=5,

The P-value is the probability of getting a %2 value of as large as or larger
than 9.8 when H, is true.
N vest stATIGINC

Gistrttion df .15 10 .05
e 4 674 778 949
5 812 924 1107
6 945 1064 1259

The P-value for a test based on Jerome’s data is between 0.05 and 0.10.

Conditions for Performing a Chi-Square Test
for Goodness of Fit

Random: The data come from a random sample from the population of
interest.

10%: When sampling without replacement, n < 0.10N.

Large Counts: All expected counts are at least 5.

N v

\ 6}(&“ \/O?\OK
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Carrie made a 6-sided die in her ceramics class and rolled it 90 times to test if each side was
equally likely to show up. The table summarizes the outcomes of her 90 rolls.

Outcome of roll 1 ? 3 4 5 6 Total
Frequency 12 28 12 13 10 15 90

(a) State the hypotheses that Carrie should test.

(b) Calculate the expected count for each of the possible outcomes.

(c) Calculate the value of the chi-square test statistic.

Carrie made a 6-sided die in her ceramics class and rolled it 90 times to test if each side was
equally likely to show up. The table summarizes the outcomes of her 90 rolls.

Outcome of roll 1 ? 3 4 5 6 Total
Frequency 12 28 12 13 10 15 90

(a) State the hypotheses that Carrie should test.

Ho’ Thé Claimed O bud®on Ow(\ /léo Pro\a (3¢ each roH% true

(b) Calculate the expected count for each of the possible outcomes.

(c) Calculate the value of the chi-square test statistic.
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Carrie made a 6-sided die in her ceramics class and rolled it 90 times to test if each side was
equally likely to show up. The table summarizes the outcomes of her 90 rolls.

Outcomeof roll 1 ? 3 4 5 6 Total
Frequency 12 28 12 13 10 15 90

(a) State the hypotheses that Carrie should test.

1.8 The claimed O bul®n of /‘(g prob Rr cach roll & tra
11,8 The claimed distbution is nof frue (die isnt {air)

(b) Calculate the expected count for each of the possible outcomes.

(c) Calculate the value of the chi-square test statistic.

Carrie made a 6-sided die in her ceramics class and rolled it 90 times to test if each side was
equally likely to show up. The table summarizes the outcomes of her 90 rolls.

Outcome of roll 1 ? 3 4 5 6 Total
Frequency 12 28 12 13 10 15 90

(a) State the hypotheses that Carrie should test.

Ho’ T'WQ Claimed CRﬁW‘Y\bUﬁ’OY\ Ow(\ /léo Pro\a {r ead\ ro”% true
1,® The claimed distbution is not rue (dre isnt {air)

(b) Calculate the expected count for each of the possible outcomes.

\G <90 = 19 Hor eac

(c) Calculate the value og\the chi-square test statistic.j\
(1), (5-15)"
- .., ——— =
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Carrie made a 6-sided die in her ceramics class and rolled it 90 times to test if each side was
equally likely to show up. The table summarizes the outcomes of her 90 rolls.

Outcome of roll 1 ? 3 4 5 6 Total
Frequency 12 28 12 13 10 15 90

(a) State the hypotheses that Carrie should test.

1.8 The claimed O bul®n of /‘(9 prob Rr cach roll & tra
11,8 The claimed distbution is nof frue (die isnt {air)

(b) Calculate the expected count for each of the possible outcomes.

\G X qO — [L\) ‘Q}( QQC\/\

(c) Calculate the value of the chi-square test statistic.

n, ([2 -\5>1 1 e (\5;\3\;\ SN
- H—\’S—" ' \6 o

(d) Which degrees of freedom should you use?
6 3\(00\76 df:@_\ =Y

(e) Use table C to find the p-value. What conclusion would you make?

ﬂom Tc\b]e C —B P—\lq\\m 5 In baﬂdwv\
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