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Lecture 2b  The Central Limit Theorem
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𝑍 =
𝐷𝐼𝐹𝐹 − (𝜇1 − 𝜇2)

2 ×
𝜎2

𝑛

−−−≫ 𝑍 =
𝐷𝐼𝐹𝐹 − 0

2 ×
𝑠2

𝑛

The Null or Chance Hypothesis is Δ = μ1 − μ2 = 0.

The population or theoretical variance σ2 is replaced by sample
variance s2. It is not appropriate if sample size n is small.
Recall the three questions:

- How large is the mean difference between groups?
- How many patients were in each group ?
- How large is the Variation in response among patients?  
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𝐓𝐄𝐒𝐓𝐈𝐍𝐆 𝐓𝐇𝐄 𝐍𝐔𝐋𝐋 𝐇𝐘𝐏𝐎𝐓𝐇𝐄𝐒𝐈𝐒
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Student T ratio =
𝐷𝐵𝑃2 − 𝐷𝐵𝑃1 − Δ

1
𝑛1

+
1
𝑛2

𝑠𝑃𝑜𝑜𝑙𝑒𝑑
2

=
𝐷𝐵𝑃2 − 𝐷𝐵𝑃1 − Δ

2 × 𝑠𝑃𝑜𝑜𝑙𝑒𝑑
2

𝑛

Pooled Variance 𝑠𝑃𝑜𝑜𝑙𝑒𝑑
2 =

(𝑛1 − 1) × 𝑠1
2 + (𝑛2 − 1) × 𝑠2

2

(𝑛1 − 1) + (𝑛2 − 1)
=
𝑠1
2 + 𝑠2

2

2

𝑖𝑓 𝑛1 = 𝑛2 = 𝑛
Δ = 𝜇2 − 𝜇1
𝐷𝐹 = 𝐷𝑒𝑔𝑟𝑒𝑒𝑠 𝑜𝑓 𝐹𝑟𝑒𝑒𝑑𝑜𝑚 = 𝑛1 − 1 + 𝑛2 − 1 = 2 × 𝑛 − 1
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STUDENT TTEST TO COMPARE UNPAIRED MEANS



COMPARING STUDENT T PROBABILITY (PROBT)WITH 

THE GAUSSIAN PROBABILITIES FOR EXCEEDING 1.96

P(|Z| > 1.96) = P(Z > 1.96 OR Z < -1.96) = 0.05

n1 n2   PROBT      n1  n2    PROBT

3  3   0.1216      61  61   0.0523    

5  5   0.0857     101 101   0.0514

7  7   0.0736     181 181   0.0508

NOTE: n1 and  n2  are  the  number  of  subjects in each group.
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4. How large is the mean DBP difference between groups?

5. How many patients were in each group ?

6. How large is the variation in response among patients?  

7. Are the two groups comparable ? 

NOTE:  DBP  =  Decrease in blood pressure. 
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RECALL THE LAST FOUR QUESTIONS



BEFORE CONSIDERING THESE FOUR  
IMPORTANT QUESTIONS 

LET US CONSIDER A FEW IMPORTANT   
STATISTICAL SUMMARIES
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𝐷𝑎𝑡𝑎: 𝑌1 = 4 𝑌2 = 22 𝑌3 = 18 𝑌4 = 9 𝑌5 = 7

Ordered Data: 𝑌(1) 𝑌(5) 𝑌(4) 𝑌(3) 𝑌(2)
4 7 9 18 22

Rank:  1       2      3      4       5

𝑀𝑒𝑑𝑖𝑎𝑛 = 𝑌(4) = 9

𝑆𝑎𝑚𝑝𝑙𝑒 𝑀𝑒𝑎𝑛 = 𝑌 =
σ𝑗=1
𝑗=5

𝑌𝑗

𝑛
=
4 + 22 + 18 + 9 + 7

5
=
60

5
= 12
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𝐌𝐄𝐀𝐒𝐔𝐑𝐄𝐒 𝐎𝐅 𝐋𝐎𝐂𝐀𝐓𝐈𝐎𝐍



Ordered Data: 𝑌(1) 𝑌(2) 𝑌(3) 𝑌(4) 𝑌(5)
4 7 9 18 22

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 = 4 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 = 22 𝑅𝑎𝑛𝑔𝑒 = 18

𝐹𝑖𝑟𝑠𝑡 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 = 7 𝑇ℎ𝑖𝑟𝑑 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 = 18

𝐼𝑛𝑡𝑒𝑟𝑞𝑢𝑎𝑟𝑡𝑖𝑙𝑒 𝑅𝑎𝑛𝑔𝑒 = 18 − 7 = 11
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TWO SUMMARY STATISTICS OF VARIATION



MEAN OF DEVIATIONS ABOUT SAMPLE MEAN

=
(8 − 20) + (14 − 20) + (22 − 20) + (26 − 20) + (30 − 20)

5

=
−12 − 6 + 2 + 6 + 10

5
=
0

5
= 0

𝐴𝑙𝑤𝑎𝑦𝑠 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 𝑧𝑒𝑟𝑜 𝑠𝑜 𝑛𝑜𝑡 𝑎 𝑢𝑠𝑒𝑓𝑢𝑙 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 𝑜𝑓 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔.
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CALCULATING A MEASURE OF VARIATION USING ALL OF THE DATA



𝑀𝐸𝐴𝑁 𝑂𝐹 𝐴𝐵𝑆𝑂𝐿𝑈𝑇𝐸 𝐷𝐸𝑉𝐼𝐴𝑇𝐼𝑂𝑁𝑆 𝐴𝐵𝑂𝑈𝑇 𝑆𝐴𝑀𝑃𝐿𝐸 𝑀𝐸𝐴𝑁

=
8 − 20 + 14 − 20 + 22 − 20 + 26 − 20 + 30 − 20

5

=
12 + 6 + 2 + 6 + 10

5
=
36

5
= 7.2

𝑁𝑖𝑐𝑒 𝑡𝑟𝑦 𝑏𝑢𝑡 𝑛𝑜 𝑐𝑖𝑔𝑎𝑟!!
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CALCULATING A MEASURE OF VARIATION USING ALL OF THE DATA



𝑆2 =
(8 − 20)2 + (14 − 20)2 + (22 − 20)2 + (26 − 20)2 + (30 − 20)2

5 − 1

=
144 + 36 + 4 + 36 + 100

5 − 1
=
320

4
= 80

𝑆2 𝑖𝑠 𝑎𝑛 𝑈𝑁𝐵𝐼𝐴𝑆𝐸𝐷 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝜎2 𝑤ℎ𝑖𝑐ℎ 𝑤𝑒 𝑠𝑎𝑤
𝑤𝑎𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑚𝑜𝑢𝑠 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛.

𝑊𝑖𝑡ℎ 𝑛 = 4 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑒𝑛𝑜𝑚𝑖𝑛𝑎𝑡𝑜𝑟 𝑖𝑛𝑠𝑡𝑒𝑎𝑑 𝑜𝑓 5 𝑡ℎ𝑖𝑠 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑜𝑓 𝜎2

𝑏𝑒𝑐𝑜𝑚𝑒𝑠 𝑈𝑁𝐵𝐼𝐴𝑆𝐸𝐷.
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THE SAMPLE VARIANCE S2 IS THE MEAN OF THE
SQUARED DEVIATIONS ABOUT THESAMPLE MEAN



𝑆2 =
(8 − 22)2 + (14 − 22)2 + (22 − 22)2 + (26 − 22)2 + (30 − 22)2

5 − 1

=
196 + 64 + 0 + 16 + 64

5 − 1
=
340

4
= 85 > 𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑜𝑓 80

𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑠𝑞𝑢𝑎𝑟𝑒𝑠 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛𝑠 𝑖𝑠 𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒𝑑 𝑤ℎ𝑒𝑛 𝑡ℎ𝑒 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛𝑠
𝑎𝑟𝑒 𝑎𝑏𝑜𝑢𝑡 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛. 𝑇ℎ𝑎𝑡 𝑖𝑠 𝑤ℎ𝑦 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛 𝑖𝑠 𝑐𝑎𝑙𝑙𝑒𝑑 𝑡ℎ𝑒
𝐿𝑒𝑎𝑠𝑡 𝑆𝑞𝑢𝑎𝑟𝑒𝑠 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑜𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑢𝑒 𝑚𝑒𝑎𝑛.
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SUM of SQUARED DEVIATIONS ABOUT 22



Next up in Part 1 Lecture 3: Association
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