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Descriptive statistics

Probability

Inferential statistics





Estimation

Hypothesis testing

1/8



Three Distributions

Population
Distribution

Population parameters

µ, σ2,σ

Sample
Distribution

Sample statistics

x̄, s2, s

Sampling Distribution
of The Sample Mean

Parameters

µX̄ , σ2
X̄ ,σX̄

1. The exact sample statistics are not of our interest. More important: what the sample

represents.

2. How to choose an appropriate test? All you need to ask: what is the sampling distribution of

the test statistic. 2/8



What’s Next?

• Plot the raw data

• Look at the data from all sorts of different angles

• Care about effect sizes

• Practice, read and use what you have learnt

• Bayesian statistics

• Learn a programming language
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Anscombe’s Quartet

By Francis Anscombe in 1973

x1 y1 x2 y2 x3 y3 x4 y4

10 8.04 10 9.14 10 7.46 8 6.58

8 6.95 8 8.14 8 6.77 8 5.76

13 7.58 13 8.74 13 12.74 8 7.71

9 8.81 9 8.77 9 7.11 8 8.84

11 8.33 11 9.26 11 7.81 8 8.47

14 9.96 14 8.1 14 8.84 8 7.04

6 7.24 6 6.13 6 6.08 8 5.25

4 4.26 4 3.1 4 5.39 19 12.5

12 10.84 12 9.13 12 8.15 8 5.56

7 4.82 7 7.26 7 6.42 8 7.91

5 5.68 5 4.74 5 5.73 8 6.89

x̄ = 9.0, ȳ = 7.5, s2x = 10, s2y = 3.75

Ordinary Least Square regression: y = 0.5x+ 3
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Simpson’s Paradox
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Effect Size

Two education companies (A & B) have developed their own learning programmes.

They both think their programme can improve the test scores of students. Company A

has more resource so they recruited many volunteers. Company B has limited resource

so they only recruited a small number of volunteers. The results of the test scores are

summarised below:

Results from Company A

Control A Programme A

sample size 1000 1000

mean 99.90 104.81

variance 94.59 96.75

Results from Company B

Control B Programme B

sample size 20 20

mean 97.85 114.22

variance 96.53 99.23

Question: which programme do you think is more effective?
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Huge Amount of Data In Modern Biology

Nature, 381: 620-3 (1996) Nature, 577: 566-571 (2020)
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Huge Amount of Data In Modern Biology

Nature, 381: 620-3 (1996) Nature, 577: 566-571 (2020)

Figures &

panels
4 figures (8 panels)

4 figures (33 panels) + 10 supplemen-

tary figures (82 panels) + 2 GEO sub-

missions

Experiments
Cell culture, Xenopus cap, gene re-

porter assay, immunofluorescence

2 mouse models, RNAi screen, ChIP-

seq, RNA-seq, organoid culture, ...

Statistics No A lot !
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