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Outline

1. Hypothesis Testing
2. T-Test
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Hypothesis Testing

In general parlance:
When claiming a causal effect we want to ensure that the mean of
our sample is indeed different to that of the population.

We therefore test whether we can reject the H0 which states that:

H0: µ = x̄
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Hypothesis Testing

However in real life we often expect a directional effect. Our
dependent variable either increases or decreases our independent
variable.

H1: µ > x̄ or
H1: µ < x̄
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Hypothesis Testing

Our Hypothesis is then the alternative hypothesis H1:

H1: µ 6= x̄
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Hypothesis Testing

When deciding whether we can reject our H0 we choose a level of
significance (α)

The most common levels are α = 5% and α = 1%.
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T-Test

To test whether we can reject our H0 we can use a t-test.

t = X̄−µ
σ̂/
√

n

X̄ = sample mean
µ = population mean (hypothesised)
σ̂ = sample std. deviation
n = observation
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T-Test Manually

set.seed(1592)

pop <- rnorm(10000, mean = 100, sd = 15)

# Create two samples
sample1 <- sample(pop, size = 75)
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T-Test Manually

t-test for sample 1
X̄ = mean(sample1)
µ = 100 (we hypothesis that the population mean is 100)
σ̂ = sd(sample1)
√

n =
√
75 = sqrt(nrow(sample1))

df = n - 1 = 74
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T-Test Manually

t1.sample1 <- (mean(sample1) - 100)/
(sd(sample1) / sqrt(75))

t1.sample1

## [1] 0.09321249
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Exercise

Calculate the t-value for a sample with 100 observations.
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Testing the Null Hypothesis

t.crit <- qt(p = 0.05/2, df = 74)
t.crit

## [1] -1.992543

t1.sample1 < t.crit

## [1] FALSE

t1.sample1 > t.crit*-1

## [1] FALSE
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Exercise

Calculate the t-value for sample ?

Can we reject H0?
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T-Test Table
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T-Test Table

Figure 1: T-Table
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T-Test

tsample = 0.09

tcritical = 1.99

tsample < tcritical →

we fail to reject H0
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Exercise

What is the critical value, if our sample has 500 observations?
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T-Test in R

sample2 <- sample(pop, size = 250)
t.sample <- (mean(sample2) - 100)/

(sd(sample2) / sqrt(250))

t.sample2 <- t.test(sample2, mu = 100,
alternative = "two.sided")

t.sample

## [1] 0.9529825

t.sample2

##
## One Sample t-test
##
## data: sample2
## t = 0.95298, df = 249, p-value = 0.3415
## alternative hypothesis: true mean is not equal to 100
## 95 percent confidence interval:
## 99.05545 102.71550
## sample estimates:
## mean of x
## 100.8855
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T-Test in R

Do a t-test for three samples with 50, 30 and 15 observations
respectively.

Can you reject a H0?
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T-Test in R

sample3 <- sample(pop, size = 15)
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T-Test in R

t.sample3 <- t.test(sample3, mu = 100, alternative = "two.sided")

t.crit <- qt(p = 0.05/2,df = 14)
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T-Test in R

t.sample3

##
## One Sample t-test
##
## data: sample3
## t = 0.37284, df = 14, p-value = 0.7148
## alternative hypothesis: true mean is not equal to 100
## 95 percent confidence interval:
## 94.39052 107.97012
## sample estimates:
## mean of x
## 101.1803

t.crit

## [1] -2.144787
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