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1. Housekeeping

Unit 1: Introduction todata

4. Introduction to statisticalinference

Sta 101 - Spring 2019

Duke University, Department of Statistical Science

Dr. Ellison Slides posted at
https://www2.stat.duke.edu/courses/Spring19/sta101.001/

Coming up... Research

» Lab Assignment 1 is due Thursday just before your lab - I
section time. g °
» Problem Set 1 is due Friday night (11:55pm) u EStI o n ° S
[ ]
yawning
[ ]
contagious?

» Performance Assessment 1 is due Sunday night
(11:55pm)

» Readiness Assessment 2 is next Monday, so start
reviewing resources for Unit 2, don’t wait till Sunday!

» We will start grading for clickers on Monday!




2. Case study: Is yawning contagious?
1. Competing claims
2. Testing via simulation
3. Checking for independence

What are the variables in this research

question?
*  Which is the and which is the
variable?
* Are these variables categorical or
numerical?

*  What sample statistics can we calculate?

Study Type
* Is this an experiment or an observational
study?

Is yawning contagious?

An experiment conducted by the MythBusters tested if a
person can be subconsciously influenced into yawning if
another person near them yawns.

https://www.youtube.com/watch?v=bCCCxV3nNgsé&feature=youtu.be

Original Sample Data Collected

Tabulating Data
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Experiment summary

50 people were randomly assigned to two groups:

>
>

Total
Yawn 10 14
Not Yawn 24 12 36
Total 50
% Yawners

Experiment summary

%

Dsaw yawn = 0.29 ‘ Daidnt see yawn = 0.25

4% Difference!

Experiment summary

50 people were randomly assigned to two groups:

Total
14
24 12 36
Total 50
% Yawners | —= 029 | == 0.25

Interpreting 4% Difference:

Is a difference of 4%
or more big enough
to suggest yawning is
contagious?

OR

Could it be the case
that yawning is NOT
contagious and a 4%
or more difference
was just due to
random chance?
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What do we expect this to be
centered at?

All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS

m‘ j ﬂﬂkxs .

% of Yawners in Treatment (size 34) - % of Yawners in Control (size 16)

Interpreting 4% Difference:
What if we had this
'/information?

Is a difference of 4%
or more big enough
to suggest yawning is
contagious?

All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS

I{!IE;; |

S0 f Yauners in Treaument (size 34) "% or vaunersin ountrm (size 16)

OR

Could it be the case
that yawning is NOT
contagious and a 4%
or more difference ‘ 8 ‘

was just due to
random chance?

What do we expect this to be
centered at?

All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS

m‘ l‘ Hﬁb& .

% of Yawners in Treatment (size 34) “ssof vaumers n Control (size 16)

Interpreting 4% Difference:
What if we had this
'/information?

Is a difference of 4%
or more big enough
to suggest yawning is
contagious?

All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS

*I!IE& ek
oo 4%

% of Yawnerﬁ in Treatment (size 34) - % GF Yawners in Cuntru\ (size 16)

OR

Could it be the case
that yawning is NOT
contagious and a 4%
or more difference ¥ ﬁ ‘

was just due to
random chance?
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Interpreting 4% Difference:
What if we had this
'/information?

Is a difference of 4%
or more big enough
to suggest yawning is

All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS
contagious?

OR

Could it be the case

that yawning is NOT

contagious and a 4%

or more difference ; :; l
was just due to

Iklka |

0. [I[I
S0 f Yauners in Treaument (size 34)- % u'rv—wners in ountrm (size 16)

random chance?

Interpreting 4% Difference:
What if we had this
'/information?

Is a difference of 4%
or more big enough
to SUgg.eSt yaWnlng Is All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS
contagious?

OR

Could it be the case

that yawning is NOT
contagious and a 4%
or more difference

e e 1o o Liiil[é‘ gi& L. .

-0.04 0. ‘[I[I 0.04
random chance? % of Yawners in Treatment (size 34) - % of Yawners in Control (size 16)

Interpreting 4% Difference:
What if we had this
'/information?

There is NOT enough
evidence to suggest
that yawning is

All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS
contagious and a 4%

or more difference
could just be due to
random chance.

i:i; li *ltlgiu. .
oo 4%

% of Yawnerﬁ in Treatment (size 34) - % GF Yawners in Cuntru\ (size 16)

Interpreting 4% Difference:
What if we had this
'/information?

Is a difference of 4%
or more big enough
to SUgg.eSt yaWnlng Is All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS
contagious?

OR

Could it be the case

that yawning is NOT
contagious and a 4%
or more difference

e e v I . &iihlé; ét&. e )

-0.04 0. EI[I (
random chance? 9% of Yawners in Treatment (size 34) - % of Yawners in Control (&gge)
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Interpreting 4% Difference:
is a diff ¢ 4% What if we had this

or more big enough e information?
to suggest yawning is
contagious?

All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS

OR

Could it be the case

that yawning is NOT

contagious and a 4%

or more difference : ; ;; I[
was just due to o ‘
random chance? % ufgg:mers in Treatment (size 32)['? 9% of Yawners in Control (94.22/36)

Main Goal in Randomization
Testing

What would be great to have
(but we don’t) Randomization Distribution

Al % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS

Simulate

] this ‘
B uzklﬂ

% of Yawne

Interpreting 4% Difference:
What if we had this
A difference of 4% or

more is big enough '/ information?
to suggest yawning is
contagious.

All % Differences we Would Expect to See IF YAWNING WASNT CONTAGIOUS

i . uihlé; éfﬁ@

-0.04 0.00
% of Yawners in Treatment (size 34) - % of Yawners in Control (&gge)

Main Goal in Randomization
Te Sti n g (for two categorical variables):

Step 0: Set up two competing claims/hypotheses.
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Main Goal in Randomization
Te Sti n g (for two categorical variables):

Randomization Distribution

Step 0: Set up two competing claims/hypotheses.

Step 1: Generate a simulated histogram or dot
plot that shows us the expected differences in E [El
S d i

sample proportions we might see IF the variables
are independent in the population (le: the

EE[E -

population proportions are equal!)
This distribution is called a Randomization
Distribution.

Let’s perform
randomization testing for
yawhning experiment!

Main Goal in Randomization
Te Sti n g (for two categorical variables):

Randomization Distribution

Step 0: Set up two competing claims/hypotheses.

Step 1: Generate a simulated histogram or dot
plot that shows us the expected differences in
sample proportions we might see IF the variables .

are independent in the population (le: the
population proportions are equal!)

This distribution is called a Randomization
Distribution.

Step 2: Use Randomization Distribution and our
actual observed differences in sample
proportions to make an inference about the
relationship between two variables in the

nonulation

Randomization Testing

Step 0: How do we set up
null and alternative
hypotheses?

Ho:
Ha:

1/23/2019



2. Case study: Is yawning contagious?
1. Competing claims

Two competing claims

"There is nothing going on."

'"There is something going on."

Seeing someone yawn and
yawning are independent.

Seeing someone yawn and
yawning are dependent.

ons

= In the population there is no In the population the proportion of
@ difference in the proportions of yawners who did see a yawn is
gyawners who did and did not see greater than those who didn’t.

‘Eavyawn.
£ 2 s

The observed difference in the  The observed difference in the
proportion of yawners in the proportion of yawners in the
treatment and control is simply  treatment and control is not due to
due to chance. chance.

Two competing claims

'There is nothing going on."

Seeing someone yawn and
yawning are independent.

ions

+« In the population there is no
@ difference in the proportions of
gyawners who did and did not see

‘c ayawn.

The observed difference in the
proportion of yawners in the
treatment and control is simply
due to chance.

Randomization Testing

Step 0: Set up null and
alternative hypotheses.

HO: Psaw yawn = Pdidnt see yawn
Ha: ps

aw yawn > Pdidnt see yawn
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Hypothesis testing is natural

Step 1: Formulate hypotheses/claims.
Hy: Your partner isn’'t cheating.
Hy: Your partner is cheating.

Hypothesis testing is natural

Step 1: Formulate hypotheses/claims.
Hy: Your partner isn’'t cheating.
Hy: Your partner is cheating.

Step 2:
Collect the evidence -

Evidence:

. Partner isn’t saying your
Step 3: name on the phone.
Judge the evidence: “Could these *  Partner isn’t saying “I love

you” on the phone.

. Every other word is “uh
huh... yeah ok” on the
phone.

data plausibly have happened by chance
if the null hypothesis were true?”

Judge the Evidence
e Shady!

Hypothesis testing is natural

Step 1: Formulate hypotheses/claims.
Hy: Your partner isn’t cheating.
Hy: Your partner is cheating.

Step 2:

Collect the evidence .
Evidence:

. Partner isn’t saying your
name on the phone.

. Partner isn’t saying “I love
you” on the phone.

. Every other word is “uh
huh... yeah ok” on the
phone.

Hypothesis testing is natural

Step 1: Formulate hypotheses/claims.
Hy: Your partner isn’t cheating.
Hy: Your partner is cheating.

Step 2:
Collect the evidence .

Evidence:

. Partner isn’t saying your
Step 3: name on the phone.
Judge the evidence: “Could these «  Partner isn’t saying “I love

you” on the phone.
. Every other word is “uh
huh... yeah ok” on the

data plausibly have happened by chance
if the null hypothesis were true?”

phone.
Step 4: .
Make a decision: “How unlikely is )
unlikely?” Judge the Evidence

e Shady!

1/23/2019



Step 1: How do we
generate the
randomization
distribution that allows
us to judge the
evidence for our two
competing claims?

Randomization Distribution

Simulation setup

Generating the Randomization Distribution (two
categorical variables).

1. Write the dependent variable values from the
sample data on index cards.

2. Do the following many times:
a) Shuffle the index cards 7 times. Randomization Distribution
b) Deal the index cards into two groups:
a) “Treatment Group” (# of cards =
Treatment Group Size)
b) “Control Group” (# of cards = o mlgﬁ
Control Group Size) i
c) Note the difference in proportions between
the treatment and control groups and plot
the difference in a dot plot.

2. Case study: Is yawning contagious?

2. Testing via simulation

Simulation setup

Generating the Randomization Distribution (two
categorical variables).

1. Write the dependent variable values from the
sample data on index cards

2. Do the following many times:
a) Shuffle the index cards 7 times. Randomization Distribution
b) Deal the index cards into two groups:
a) “Treatment Group” (# of cards =
Treatment Group Size)
b) “Control Group” (# of cards = . fﬁlﬁé
Control Group Size) At
c) Note the difference in proportions between
the treatment and control groups and plot
the difference in a dot plot.

1/23/2019
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Simulation setup

Generating the Randomization Distribution (two
categorical variables).

1. Write the dependent variable values from the
sample data on index cards

2. Do the following many times:
a) Shuffle the index cards 7 times. Randomization Distribution|

b) Deal the index cards into two groups:
(# of cards = 24)

(# of cards = 1) & h;lgﬁ

c) Note the difference in proportions
between the treatment and control
groups and plot the difference in a dot plot.

What do we expect
this randomization
distribution to be
centered at?

Randomization Distribution

. hiig
St ownrsin

What do we expect

this randomization

distribution to be

centered at? I g
i

Randomization Distribution

Ellhi .

See R simulation
*  Simulate the Yawning Experiment under the
assumption of independence 500 times.

i:;! !f Hﬂ@a 2|

000
% of Yawners in Treatment (size 34) - % of Yawners in Cumru\ (size 16)

1/23/2019
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Outline
Step 2: Once we have our
randomization Randomization Distribution

distribution, how do we
use this and our observed
difference to make an

inference about the
relationship between two

all graduates

variables in the
population? ;_%
Clicker question Q W

Do the simulation results suggest that yawning is contagious,

i.e. does seeing someone yawn and yawning appear to be
dependent?

(Hint: In the actual data the difference was 0.04, does this
appear to be an unusual observation for the chance model?)

(@) Yes (b)No

Randomization Distribution
il M{Ed Ilﬂhf! |

02
% of Yawners in Treatment (siz 34) % of Yauners in Contro \( e 16)

2. Case study: Is yawning contagious?

3. Checking for independence

Inference:

* Randomization Distribution
500 total dots =
500 simulated %
differences we would 199/500 =39.8% of
expect to see IF SEEING A simulated differences
YAWN AND YAWNING aregd% or above.
WERE INDEPENDENT. 2 0ehue

$333

000 4%

.

% of ‘(awmers in Treatment (size 34) - % of Yawners in Cnntrn\ (size 16)

1/23/2019
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Inference: /Pv—value

500 total dots =

500 simulated %
differences we would
expect to see IF SEEING A
YAWN AND YAWNING
WERE INDEPENDENT.

[ J 1

[ ] ]

[ ] 1

! @ ]

$ o ]
025

Randomization Distribution

199/500 ~0.398 of
simulated differences
aregd% or above.

il,ﬁk L,
000 4% 25

- 0
% of Yawners in Treatment (size 34) - % of Yawners in Control (size 16)

P-value is High = There is NOT enough evidence to suggest seeing someone
yawn makes you more likely to yawn (yawning is contagious)(yawning and

seeing someone yawn are dependent).

Outline

Research Question:
Does caffeine intake
increase tapping rate?

3. Case study: Tapping on caffeine

Tapping on caffeine

» In a double-blind experiment a sample of 20 male
college students were randomly assigned to two
groups of 10 students each.

» Each student drank the equivalent of about two cups of
coffee, which included about for the
students in one group, but was for the
second group.

» After a two hour period, each student was tested to
measure (taps per minute).

1/23/2019
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—— Q¥Q

.. What type of plot would be useful to visualize the distributions
Original Sample Data Collected of in the

(a) Bar plot
(b) Mosaic plot
(c) Pie chart

Visualizing Data (d) Side-by-side box plots
(e) Single box plot

N oUW N e

20

- . Exploratory data analysis
Cikarposion Q¥Q L ommsmans
What type of plot would be useful to visualize the distributions
of inthe Compare the Difference
distributions of tapping

(a) Bar plot rates in the caffeine and SD 2.21 239 -0.18
(b) Mosaic plot no caffeine groups. median | 248 245 3

. IQR 35 4.25 -0.75
(c) Pie chart N
(d) Side-by-side box plots 1 '
(e) Single box plot S

3 a
13 14

14



Randomization Testing

Step 0: Set up null and
alternative hypotheses.

Ho:
Ha:

l Clicker question 5 l & .

We are interested in finding out if increases
. Which of the following are the correct set of hypotheses?

(a) HU Y Heaff = Hno caff
HA * Heaff < Hno caff
(b) Hl " Heaff = Hno caff
[_[A * Heaff > Hno caff
(C) HU : 3"caff = Tno caff
HA : Tl‘caff > Tno caff
(d) HU * Heaff > flno caff
H,: Heaff = Hno caff
(e) HU * Heaff = Hno caff
Hy : Heaff # Hno caff

Clicker question

We are interested in finding out if increases
. Which of the following are the correct set of hypotheses?

(a) HU * Heaff = Hno caff
HA - Heaff < Hno caff
(b) HU Y Heaff = Hno caff
HA © Heaff > Hno caff
(C) HU : icaff = Zno caff
HA : chaff = i'no caff
(d) HO  Heaff > fno caff
HA Y Heaff = Hno caff
(E) HO : ,“ca.ff = Hno caff
Ha : preagr # Hno caff

QLIQ

Clicker question Q ‘W Q

We are interested in finding out if increases
. Which of the following are the correct set of hypotheses?

(a) HU > Heaff = Hno caff
HA © Heaff < Htno caff
(b) hT“ P Heaff = Hno caff

Hy - fleaft > Hno coff ...for a much larger

{erHo+Feaft="Trmeafr— L—» population than 20
Hos— ey >—Fmocary college males.

(d) HU * Hecaff > o caff
Hy: Heaff = Hno caff
(e) HU * Heaff = Hno caff
Kt Heaff # Hno caff

1/23/2019
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Randomization Testing

Step 1: Generate
randomization
distribution.

Simulation setup

Generating the Randomization Distribution (one cat.
variable/one num. variable)

1. Write the dependent variable values from the
sample on index cards.

2. Do the following many times:
a) Shuffle the index cards 7 times.
b) Deal the index cards into two groups:
a) “Treatment Group” (# of cards = 10)

Randomization Distributio

b) “Control Group” (# of cards = 10) {EI!
. h‘ £

c) Note the difference in means (or medians)
between the treatment and control groups
and plot the difference in a dot plot.

Simulation setup

Generating the Randomization Distribution (one cat.
variable/one num. variable)

1. Write the dependent variable values from the
sample on index cards.

2. Do the following many times:
a) Shuffle the index cards 7 times.
b) Deal the index cards into two groups:
a) “Treatment Group” (# of cards =
Treatment Group Size)
b) “Control Group” (# of cards = ig
Control Group Size) . IS
c) Note the difference in means (or medians)
between the treatment and control groups
and plot the difference in a dot plot.

Randomization Distributio

-

What do we expect
this randomization
distribution to be
centered at?

Randomization Distribution

1/23/2019
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What do we expect
this randomization

Randomization Distribution

distribution to be

centered at?

Making a decision

Below is a randomization distribution of 100 simulated
differences in means (x. — x,.).Calculate the p-value for the

hypothesis test evaluating whether increases average
tapping rate.
Difference
mean | 248.3 244.8 85
Randomization
Distribution
(assumes null hypothesis is true)
T | T | 1
-4 -2 0 2 4

(fc - J?nc)
Size 10 Size 10

Randomization Testing

Step 2: Use the randomization
distribution and observed
sample difference to calculate
the p-value to determine if
there is enough evidence to
suggest the alternative
hypothesis.

Making a decision

Below is a randomization distribution of 100 simulated
differences in means (x. — x,.).Calculate the p-value for the

hypothesis test evaluating whether increases average
tapping rate.
Difference
mean | 248.3 244.8 SIS
Randomization
Distribution

(assumes null hypothesis is true)

| T T T 1
-4 -2 0 2 35 4
(Xc — Xnc)

17100 = 0.07 p-value  size10  size 10 "

1/23/2019
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Making a decision

Below is a randomization distribution of 100 simulated
differences in means (x. — x,.).Calculate the p-value for the

hypothesis test evaluating whether increases average
tapping rate.
Difference
mean | 248.3 244 .8 BI5

Randomization
Distribution

(assumes null hypothesis is true)

-2 0 2 35 4
P-value is Low = There IS enough evidence to suggest caffeine
increases average tapping rate. 17

Testing for the median

Describe how could we use the same approach to test whether
the median tapping rate is higher for the caffeine group?

Use the same simulation scheme but record the difference
between the medians instead of the means, and calculate the
p-value as the proportion of simulations where the simulated
difference in medians is at least 3.

Testing for the median

Describe how could we use the same approach to test whether
the median tapping rate is higher for the caffeine group?

18

Caffeine | No Caffeine | Difference
median 248 245 3

-4 -2 0 2 4
19

1/23/2019
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4. Application exercise

Application exercise: 1.4 Randomization testing

See the course website for instructions.

20

1/23/2019
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