
Statistical Techniques 
for CS/BIT



Today:

Lectorial (meeting #8)

• Lecture    CH 4 (4.2) 

10:45-11:30
• Break 

11:30-11:45
• Tutorial 

11:45-12:30
(online: join the Teams channel of Katharina for questions)
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Test for the population mean µ, σ2 unknown 
Test for the population mean µ, σ unknown 

A search engine is designed to carry out web searches, to supply the search 
results with a response time of 0.50 seconds. Researchers want to investigate 
whether this search engine always reaches this response time. 

Researchers test hundred times for the response time. They arrive a mean 
response time of 0.64 seconds with a variance of 0.38. It follows from the data 
that the assumption of a normal distribution is realistic.  

Does the search engine achieve the expected response time? 

Do we conclude that this search engine does not carry out the web searches 
within the expected response time? 

Perform the test with significance level 0.01.
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Test for the population mean µ, σ2 unknown 

�𝒙𝒙=0.64 s, 𝒔𝒔𝟐𝟐= 0.38, n=100

1. Model: the response times 𝑋𝑋1,…, 𝑋𝑋100 ~ N(µ, σ2) i.i.d., µ and σ2 unknown

2. 𝐻𝐻0: µ=0.50, 𝐻𝐻1: µ>0.50 , 𝛼𝛼 = 0.01

3. Test Statistic: 𝑇𝑇 = 𝑋𝑋 −0.50
⁄𝑆𝑆 100

• 𝑇𝑇 measures to what extend �𝑋𝑋 deviates from 0.50, normalized by ⁄S n
• If 𝐻𝐻0 is true, then 𝑇𝑇 has a known distribution: tn−1
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Test for the population mean µ, σ2 unknown 

�𝒙𝒙=0.64 s, 𝒔𝒔𝟐𝟐= 0.38, n=100

1. Model: the response times 𝑋𝑋1,…, 𝑋𝑋100 ~ N(µ, σ2) i.i.d., µ and σ2 

unknown

2. 𝐻𝐻0: µ=0.50, 𝐻𝐻1: µ>0.50 , 𝛼𝛼 = 0.01

3. Test Statistic: 𝑇𝑇 = 𝑋𝑋 −0.50
⁄𝑆𝑆 100

4. If 𝐻𝐻0 is true then 𝑇𝑇 has a t99 distribution: 𝑇𝑇~ t99

5. Observed value: 𝑡𝑡 = 0.64−0.50
⁄0.62 100

≈ 2.258

6. Right-sided test, P(𝑇𝑇99 ≥ 𝑐𝑐) = 0.01
c = 2.364

Rejection Region/Critical Region: "Reject 𝐻𝐻0 , 𝑖𝑖𝑖𝑖 𝑇𝑇 ≥ 𝑐𝑐𝑐
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Test for the population mean µ, σ2 unknown 

�𝒙𝒙=0.64 s, 𝒔𝒔𝟐𝟐= 0.38, n=100

1. Model: the response times 𝑋𝑋1,…, 𝑋𝑋100 ~ N(µ, σ2) i.i.d., µ and σ2 unknown

2. 𝐻𝐻0: µ=0.50, 𝐻𝐻1: µ>0.50 , 𝛼𝛼 = 0.01

3. Test Statistic: 𝑇𝑇 = 𝑋𝑋 −0.50
⁄𝑆𝑆 100

4. If 𝐻𝐻0 is true then 𝑇𝑇 has a t99 distribution:𝑇𝑇~ t99

5. Observed value: 𝑡𝑡 = 0.64−0.50
⁄0.62 100

≈ 2.258

6. Right-sided test, P(𝑇𝑇99 ≥ 𝑐𝑐) = 0.01, c= 2.364
Rejection Region/Critical Region: "Reject 𝐻𝐻0, 𝑖𝑖𝑖𝑖 𝑇𝑇 ≥ 𝑐𝑐𝑐

7. Statistical decision: t = 2.258 < 2.364, fail to reject 𝐻𝐻0
8. There is insufficient statistical evidence that this search engine does not carry out the 

web searches within the expected response time.  
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Right-sided Test          Left-sided Test               Two-sided Test
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𝐻𝐻0: µ=µ0, 𝐻𝐻0: µ= µ0, 𝐻𝐻0: µ= µ0,

P(𝑇𝑇𝑛𝑛−1 ≥ 𝑐𝑐) = 𝛼𝛼 P(𝑇𝑇𝑛𝑛−1 ≤ 𝑐𝑐) = P(𝑇𝑇𝑛𝑛−1 ≥ −𝑐𝑐) = 𝛼𝛼 P(𝑇𝑇𝑛𝑛−1 ≥ 𝑐𝑐) = 𝛼𝛼2

𝐻𝐻1: µ> µ0 𝐻𝐻1: µ< µ0 𝐻𝐻1: µ≠ µ0



Questions ? 
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Thank you!
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