Hypothesis tests for two or
more means



Outline for today

Review of permutations tests for two means
Parametric tests for two means (t-test)

Tests for more than two means



Announcement: Final projects

All final project presentations are due at 11:59pm on
Sunday April 30th

* A week from this Sunday
5 minute presentations: 3 slides

Final project written reports are due the Sunday
after the last day of class (May 7th)



Big Data Baseball — Q&R

“Tampa Bay is believed to be one of the first teams to employ PITCHf/x
data to monitor its pitchers’ health and predict and preempt injury...
Tampa Bay had only one pitcher in the entire organization undergo
Tommy John surgery from late 2005 to mid-2009” (pg 189).

Question: Do we believe that Tampa’s program is contributing to
fewer pitchers having Tommy John surgery?

From the MLB website, on average, 30 pitchers have Tommy John
surgery per year.

Considering that there are around 360 pitchers in the MLB (assuming
that there are 12 pitchers per team), this means that about 8% of
pitchers get Tommy John surgery per year.

To account for the 4 years, we can assume that there were 48 pitchers
on Tampa Bay who could have had to undergo Tommy John surgery



Big Data Baseball — Q&R

Step 1:
* Hy:m=.08H,:m=.08

Step 2:
e 1/48=.021 (ork=1)

Step 3:

e Binomial distribution n =48, 1t =.08

Step 4.
 sum(dbinom (0:1, 48, .08)) = .0945

What can we conclude?
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Hypothesis tests for two means

—»

Question: How can design an experiment to test if this pill is effective?

‘ Participant pool ‘

A/%andom Assignmen\A

Treatment group ‘ ‘ Control group

Question: What hypotheses are we testing?
e Write down null and alternative hypotheses using symbols
* Hot by =pc O Pr-pc =0
* Hpyipr > e or M - >0



2. Compute the statistic of interest

Kamath, et al, 2003, suspected that drinking tea might help
boost one’s immune system

To test this hypothesis recruited 21 healthy volunteers:
* 11 volunteers were assigned to drink 5 to 6 cups of tea a day
* The remaining 10 were assigned to drink that much coffee

After two weeks they measured immune system response
(interferon gamma levels) which showed:

Tea 5 11 13 18 20 47 48 52 55 56 58

Coffee| O 0 3 11 15 16 21 21 38 52

State the null and alternative hypotheses for this
experiment and compute the statistic of interest




3. Creating a null distribution

Question: how can we create a null distribution here?

Under that null hypothesis there is no difference between the
tea and coffee drinks, so we can generate a null distribution by:

1. Combining the data from both groups together

2. Randomly selecting 11 subjects to simulate the tea drinkers and the
remaining 10 subjects to simulate the coffee drinkers

3. Calculating the difference between the means of these two shuffled
groups

4. repeating this process 10,000 times to get a full null distribution



3. Creating a null distribution
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Review: Comparing two means

Have baseball games gotten longer in the past 50 years?

We can use a hypothesis tests to assess whether the mean
length of games in 2014 is longer than those in 2014

1. The null and alternative hypotheses using symbols
* Hot My014 = Higes or K014 = Miges = O
* Hal Mo014 > Higes or K14 = Higes > O

2. The observed statistic:
* Xpos = 187.64 X4, = 154.21 X014 - Xioea = 33.42 minutes



Hypothesis tests for two means

How can we create a null distribution?



Hypothesis tests for two means

How can we create a null distribution?

Null distribution

300

200
|

Frequency

50 100

0

\ \ \
0 2 4

ﬁﬂﬂmﬂz % Hﬂﬂmhm ,,,,,,,

Difference in game length (mins)

Do the results seem statistically significant?
* Observed difference of 33 minutes is not even close to being on this figure

* Conclusions?



Frequency

Parametric tests for differences in means

Tea and coffee example Game duration example
Null distribution
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Notice both these distributions appear close to Normal
Distributions



Game Duration example

Randomization distribution Normal distribution: N(O, SE)
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Where is 33 on this plot?



Parametric tests for differences in means

Let’s look at the tea and coffee example again
 tea<-c(5, 11, 13, 18, 20, 47, 48, 52, 55, 56, 58)
e coffee<-¢(0, O, 3, 11, 15, 16, 21, 21, 38, 52)

Let’s use the following notation:

* X; isthe mean of the tea data i.e., mean(tea)

* X isthe mean of the coffee data i.e., mean(coffee)
* s; is the standard deviation of the tea data i.e., sd(tea)

* s. isthe standard deviation of the coffee data  i.e., sd(coffee)

* n; isthe number of points in the tea data i.e., length(tea)

* nc. isthe number of points in the coffee data i.e., length(coffee)

We can then define a ‘t-statistic’ as: f— T — 1

82 82
Compute the t-statistic for this data! T + C
nT nC



Parametric tests for differences in means

Suppose the null hypothesis Hy: pr = p=0is true

Then our t-statistic will come from a t-distribution

* with de%rees of freedom approximately equal to the smaller
of n,—1andn,-1

* j.e., our null distribution is a t-distribution!

dnorm(x, 0, 1)

N(O, 1), , df =5, df=15



t-test for differences in means

Tea example

t-statistic = 2.071




t-test in R

# difference in the means
mean.diff <- mean(tea) - mean(coffee)

# pooled standard deviation
pool.sd <- sgrt(var(tea)/11 + var(coffee)/10)

# t-statistic
t.stat <- mean.diff/pool.sd

# p-value
p.value <- pt(t.stat, df =9, lower.tail = FALSE)

LT —XC

2 2
ST 4 5C
np - ng



Does taking an examine increase your pulse rate?

Students pulse rates were measured during lecture and
while taking an examine to see if pulse rate goes up while

taking an examine
 What are the null and alternative hypotheses?

The data for the 10 students are:

Student 1 2 3 4 5 6 7 8 9 10 Mean Std. Deyv.
Quiz 75 52 52 80 56 90 76 71 70 66 68.8 12.5
Lecture 73 53 47 88 55 70 61 75 61 78 66.1 12.8

Does pulse rate increase while taking an exam?
load('/home/shared/baseball_stats 2017/QuizPulsel0.rda')

¢ = - A2
sP s pt(t.stat, df = (n — 1), lower.tail = FALSE)




Answer In R

quiz <- QuizPulse105SQuiz
lecture <- QuizPulsel10SLecture

mean.diff <- mean(quiz) - mean(lecture)
pool.sd <- sgrt(var(quiz)/10 + var(lecture)/10)

t.stat <- mean.diff/pool.sd

pt(t.stat, df =9, lower.tail = FALSE)



Quiz vs. lecture null distribution

p-value =.322




