Math 243 Sections 3.2 and 2.3 Categorical Data and Contingency Tables

Overview
e Frequency and Relative Frequency Tables

e Pie Charts and Bar Charts
e Contingency Tables

e Marginal, Joint and Conditional Probabilities
e [ndependence Test

Displaying a Single Categorical Variable - Frequency and Relative Frequency Tables

Activity 1. A frequency table uses category names for each row and records the total count of each
value. A relative frequency table gives the percentage in each category.

a. Using our class data, create a frequency table and relative frequency table with “Award” as the
categorical variable.

Award Frequency (Count) Relative Frequency (%)
| (-
Academy Award b -;Es' = 1 or ?/9470
Olympic Gold l %/.,, = B %70
. 1
Nobel Prize IS E';)' =z ,S" 5’3‘70
32 @
None 5 23 - \370

=

Bar Charts

b. Create the above frequency table in Excel and create a bar chart and a relative frequency bar chart
from the data. Add axis labels and a title. Note the difference in the vertical scale. Also note that there
should be space between the bars for categorical data. (Histograms for numerical data should not

have spaces between the bars) /

Pie Charts

c. Use Excel to create a pie chart from the data.

v4

d. You cannot use a pie chart when... /4 hWave & (& RJOYL(,-./? '\)(l'f\a\’)\'e/
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Examples from Excel. Label both axes and give your graph a descriptive, meaningful title.

Jnnkt
W

Freguency {Count)
Bonch
o

60%

Relaitive Frequency
i
-
;‘3\‘:

Choice of Award for Math 243 Students |
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Academy OClympic Nobel None

Type of Award

Choice of Award for Math 243 Students

......................................................................................................................................................................................................................................................................

Academy Olympic Nobel None
Type of Award

=

# Academy = Olympic = Nobhel # None
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Comparing Two Categorical Variables - Contingency Tables with Counts

Example 1. Researchers randomly assigned 72 chronic users of cocaine into three groups:
desipramine (antidepressant), lithium (standard treatment for cocaine) and placebo. Results of the
study are summarized below. Source: Alip//www.oswego.egu/~sip/stats L way Wl 1.atm

Marginal Probabilities (Margins or Totals)

a. If we selected a participant at random, what s the

probability that they had a relapse?

HE€

pr——

71

b. What is the probability that a participant did not
have a relapse?
LSEN 70

24

— 'L,L;,Q?/, o (07 ‘70

ol

| no
| relapse relapse | total
desipramine | 10 14 24
lithium B 6 24
placebo o 4 24
total 72

These are called marginal probabilities because we use the numbers in the margins. We use
the row or column total over the total of all participants.

Joint Probabilities (And)

c. What is the probability that a participant took
desipramine and had a relapse?

% 5B v 14 7o

d. What is the probability that a participant had the
placebo and had a relapse?

2 7 Amk

el
—

o ’L‘Sjo

| no

' relapse relapse | total
desipramine | (10 \ 14 | 28
lithium | - 48 6 24
placebo 20 4 - 24
total 48 24 | @—

These are called joint probabilities because they are the intersection between two variables.
They are “and” probabilities. (Notice we don't multiply like we did for independent events)

Contingency Tables with Proportions

e. Let’s rewrite the table in terms of proportions or
percentages so that the joint and marginal probabilities
can be read right from the table.
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| no

| relapse relapse | total
desipramine | , |4 BE e e
lithium 225 ok 1139
placebo e B ols oW
total b7 3% | 1.00




Conditional Probabilities (If or Given)
F_——-—"—-———'

@ person took desipramine, what is the probability no
that they had a relapse. | relapse relapse | total
} - o
P(Relapse|Desipramine) = fb s \(0} le*gmﬂw_ﬂ_ﬁlithwﬂ
T e - 1 ) 24
ad \I"i;w*’ \ ou o
o 1

S ag

g@that a person had lithium, what is the probability that they had a relapse? Write the
probability statement and the answer.
1S  er.] ST

h. What s the probability that someone had a relapse@hey were n the placebo g-roup? Write the
probability statement and the answer.
,$95%

((relagse | placehod =

_—

o §31
"t O

These are called condlitional probabilities because we are given one of the variable values. We
only use a single row or column to find the conditional probab!lity.

Conditional Probability Formula: For events A and B,

P(B|A P(B and A) CQWSc A o\LSL?wm\M> 10
= ————————
T o P( d(%lewvmo5

Note: this (s exactly how we calculated the conditional probabllities using the table so you do

not need to memorize this formula.

bbbl
L. Given that a person had a relapse what is the :,(?H' no
probability that they were in the pfacebo group? /relapse| relapse | total
7 desipramine || 10 | 14 24
ac \OZ)\(QI&C‘-'}E' ww—»—-_-#. N sy |
?(P § \ B LFQ Lﬂ { lithium | 18 | 6 24
“49 %  placebo | 20 /| 4 24
J- What is the probability that a person in the total w > w
relapse group took lithium?
|V 'CW 7
- P ([ Hhium l f‘fla?%s "f'8’ B o SR 58

k. W.hat ls the probability that a person took desipramine if they had a relapse?

PC A.e si?mm&uez \ N\a\’)scb

—

“4 ¥
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Example 2. In a Math 243 class, 82% said they like chocolate, 59% said they llke expresso, and 53%
like both. We can use these three proportions to complete the rest of the contingency table.

Chocolate and Espresso leablgty’féﬁ\Math 243 Class

Does not llke $9-.$3=.0 o
_ [ chocolate Total
E Eslgl:eessso o.,OKa Q_Sg/ 82~.55%21
eb Does not like AV ,, D-"\ \ LDO —, Sal = |
espresso [ — l.oo— Q2= (8§
Total 0. (R LL_?B/ o(~.29 =

a. What's the probability that a randomly selected student likes espresso given that they like
chocolate? Write a probability statement and find calculate the answer.

S = x.3 0
?( ’ l C’B | cgz L’b\(o% A\QQCW eS‘l“S

b. What's the probability that a randomly selected student likes espresso given tfat they do not like \CN'W
chocolate? Write a probablllty statement and find calculate the answer.

] .
P(E|C) = 95 . aag o Sl
s o X8

c. What's the overall probability that students like espresso? Write a probability statement and find N
calculate the answer.

? (C\> . '“’*‘S—c}“ —_ o S_ b\

...----li"'"

gu—

%Independence Test - Is liking chocolate independent of liking expresso?

If the conditional row or column probabilities are equal all the way across (or not significantly
different), the variables are independent.

If P(B|A) = P(B), then A and B are independent. This means knowing that event A occurred
does not affect the chance of B occurring.

d. We can compare the probabilities that we found in parts a-c. Fill in the numbers and state your
conclusion. Are liking chocolate and espresso independent for this class?

IsP(E|C) = P(E|C®) = P(E)? equal &> ,(\WNLWL
P ;U"'Hag 1-4.?)3% %.ﬁ y\_a'(f‘ e1u.4,Q &> y\o-“— \W{}(M
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Example 3. Here are the results from a Psychology class where 80% like Chocolate, 40% like Espresso
and 32% like both.

Chocolate and Es 0 LtkabLLtty fora Psychology Class

.r"r:

Likes \ / [ Does not like
e

Chocolate| | chocolate \| / Total
Likes | i
Espresso 032 || 0oOF | 040
| |
. i |
Does not like 04 % L 8.9 \ 0.0
espresso | \_ -
\ | 1
\
Total 0.80 1‘1 0.2 / I 0°

\/ \/

a. What's the probability that a randomly selected student likes espresso given that they like
chocolate? Write a probability statement and find calculate the answer.

P(E‘CB - &-L,_ - o.4 0O
SV

b. What's the probability that a randomly selected student likes espresso given that they do not like
chocolate? Write a probablltty statement and find calculate the answer. i -

gl
Er ks ; D O U
I — o . \.{ ku/

N ¥

R —

c. What's the overall probability that students like espresso? Write a probability statement and find
calculate the answer

d. Are the events liking chocolate and liking espresso independent for this class? Fill in the numbers
and state your conclusion. Are liking chocolate and espresso independent for this class?

Is P(E|C) = P(E|CS) = P(E)?

p \-lc/ e . L\(\_) e . L&-C' 1“ M?vaﬁlﬁ/b\/l\;

Independence Test - What does independence look like visually?

e. Open the Excel Template in D2L and create a clustered bar chart for the math class and the
psychology class. How can you tell whether the variables are independent?
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Practice 1. Going back to the cocaine addiction no
. treatment experiment, do the treatments and having a relapse relapse | total
relapse appear to be independent of eac_:h other? Does mdél‘-siprai:ﬁ"ine g 4 4
one of the treatments seem more effective than the lithium /18 8 / 24
others? Tt fle vowes or tolumy
e placebo | L 20 4 24
mSlP“ lO 7 ]l*_ ? 2'_\ LA total . 48 24 72
9 24 72 82 b 72y

2__ _aamnl—
12053 F 'S833 i (3335 48~ 24 e

575 S+ ,3333
?mba\o;\\m ave notthe_ ase a3 ‘ L
S anwe for cac &WU—P S The Htatments a ViAo Ve-\.a\DSWLd_.(LY‘C VLO\W

Practice 2. How are the smoking habits of students related to their parents’ smoking? Here is a
contingency table of data from a survey of students in 8 Oregon high schools.

Two parents One parent  No parents

smoke smokes smoke Totai
Student Smokes 400 416 188 loo‘—[
Student does 1380 1823 1168 L.t 37 l

not smoke

- Nes - 2389 - Sk [ 519

Find the following probabilities.

() P(student smokes) -:-—_l__OEj_ - 12K (b) P(no parents smoke) —:ﬁi(? s 3802
531 S373
() P(atleast 1 parent smokes)? (d) P(student smokes and 1 parent smokes ) ?
= |780 t2239  4oq_ 4l o
—_——= - 1907 = — = 0
Sy s3TS $37S 114

(e) P (student smokes and no parents smoke) (f) P(student smokes & at least 1 parent smokes )

%% _ Yoot4dle g1 _ 151

=315 T 1035P sy SN

(g) What s the probability that a studerﬂ who smokes has no parents that smoke?

P(ro paveats | siodowky = 188 eqa

Smo\te ] oo\-l
(h) What is the probability that if two parents smoke, their child will smoke?
i PC i\ smokn | 2 pareds smeke = 50
(1) Do parents smoklng and the student smoking appear to be independent of each other o\
o A '—H'o 3 A glw% pw\adbt\t J \3’
.0 . = £.ev\
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Practice 3. Using our class data, make a contingency table of award vs. gender identity. Is the type of
award desired dependent on gender identity for our class? Show mathematical proof using the
independence test and look at the clustered bar chart.
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