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Statistical inference
Summary



Concept summary
• Statistical Inference

• Properties of an estimator

• Optimality

• Accuracy (unbiasedness)

• Sufficiency

• Consistency

• It has the objective of knowing the properties of a population through 
information  observed on a sample level.



Confidence Interval 
• Let 𝑿𝑿 be a Gaussian variable with unknown expectation 𝜇𝜇 and known variance 𝝈𝝈𝟐𝟐 .

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 −1.96 <
�𝑋𝑋 − 𝜇𝜇
𝜎𝜎
𝑛𝑛

< 1.96 = 0.95

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝜇𝜇 − 1.96
𝜎𝜎
𝑛𝑛

< �𝑋𝑋 < 𝜇𝜇 + 1.96
𝜎𝜎
𝑛𝑛

= 0.95 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 �𝑋𝑋 − 1.96
𝜎𝜎
𝑛𝑛

< 𝜇𝜇 < �𝑋𝑋 + 1.96
𝜎𝜎
𝑛𝑛

= 0.95

Probability interval Confidence interval



Gaussian Distribution

• Standard Normal Distribution N(0,1)

• Values with probability α of being exceeded.

𝜶𝜶 0.25 0.2 0.15 0.1 0.05 0.025 0.01 0.005 0.0005
𝑧𝑧 0.675 0.84 1.03 1.28 1.64 1.96 2.32 2.57 3.27



Confidence Interval 
• Let 𝑿𝑿 be a Gaussian variable with unknown expectation 𝜇𝜇 and unknown variance 𝝈𝝈𝟐𝟐 .

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 �𝑋𝑋 − 𝑡𝑡𝑛𝑛−1,𝛼𝛼2

𝑆𝑆
𝑛𝑛

< 𝜇𝜇 < �𝑋𝑋 + 𝑡𝑡𝑛𝑛−1,𝛼𝛼/2
𝑆𝑆
𝑛𝑛

= 1 − 𝛼𝛼

• With 𝒕𝒕𝒏𝒏−𝟏𝟏,𝜶𝜶/𝟐𝟐 value of the Student distribution  with n – 1 degrees of freedom and 
probability 𝛼𝛼 of being exceeded.



Student Distribution
• Student distribution 𝑇𝑇𝑛𝑛 with n  degrees of 

freedom

• Values with probability α of being exceeded



Estimation of a proportion

• If 𝐧𝐧 < 𝟓𝟓𝟓𝟓

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑓𝑓 − 1.96
𝑓𝑓 1 − 𝑓𝑓

𝑛𝑛
< 𝑝𝑝 < 𝑓𝑓 + 1.96

𝑓𝑓 1 − 𝑓𝑓
𝑛𝑛

= 0.95

• 𝐧𝐧 is the size of the sample 



Estimation of a proportion
• If 𝐧𝐧 ≥ 𝟓𝟓𝟓𝟓 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑝𝑝𝑚𝑚𝑚𝑚𝑛𝑛 < 𝑝𝑝 < 𝑝𝑝𝑚𝑚𝑎𝑎𝑎𝑎 = 1 − 𝛼𝛼

𝑝𝑝𝑚𝑚𝑚𝑚𝑛𝑛 = 𝑓𝑓 − 𝑈𝑈𝛼𝛼
𝑓𝑓 1 + 𝑓𝑓
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𝑝𝑝𝑚𝑚𝑎𝑎𝑎𝑎 = 𝑓𝑓 + 𝑈𝑈𝛼𝛼
𝑓𝑓 1 + 𝑓𝑓

𝑛𝑛

𝑝𝑝𝑚𝑚𝑚𝑚𝑛𝑛 =
𝑛𝑛

𝑛𝑛 + 𝑈𝑈𝛼𝛼2
𝑓𝑓 +

𝑈𝑈𝛼𝛼2

2𝑛𝑛
− 𝑈𝑈𝛼𝛼

𝑓𝑓 1 + 𝑓𝑓
𝑛𝑛

+
𝑈𝑈𝛼𝛼2

4𝑛𝑛2

𝑝𝑝𝑚𝑚𝑎𝑎𝑎𝑎 =
𝑛𝑛

𝑛𝑛 + 𝑈𝑈𝛼𝛼2
𝑓𝑓 +

𝑈𝑈𝛼𝛼2

2𝑛𝑛
+ 𝑈𝑈𝛼𝛼

𝑓𝑓 1 + 𝑓𝑓
𝑛𝑛

+
𝑈𝑈𝛼𝛼2

4𝑛𝑛2

= 0.95

• Approximation when 𝒏𝒏 → ∞



Estimation of a proportion
• If 𝐧𝐧 ≥ 𝟓𝟓𝟓𝟓 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑝𝑝𝑚𝑚𝑚𝑚𝑛𝑛 < 𝑝𝑝 < 𝑝𝑝𝑚𝑚𝑎𝑎𝑎𝑎 = 1 − 𝛼𝛼

𝑝𝑝𝑚𝑚𝑚𝑚𝑛𝑛 =
𝑛𝑛

𝑛𝑛 + 𝑈𝑈𝛼𝛼2
𝑓𝑓 +

𝑈𝑈𝛼𝛼2

2𝑛𝑛
− 𝑈𝑈𝛼𝛼

𝑓𝑓 1 + 𝑓𝑓
𝑛𝑛

+
𝑈𝑈𝛼𝛼2

4𝑛𝑛2

𝑝𝑝𝑚𝑚𝑎𝑎𝑎𝑎 =
𝑛𝑛

𝑛𝑛 + 𝑈𝑈𝛼𝛼2
𝑓𝑓 +

𝑈𝑈𝛼𝛼2

2𝑛𝑛
+ 𝑈𝑈𝛼𝛼

𝑓𝑓 1 + 𝑓𝑓
𝑛𝑛

+
𝑈𝑈𝛼𝛼2

4𝑛𝑛2

= 0.95
1. Factor 1
2. Factor 2
3. Factor 3
4. Factor 4



Problems



Problem 1:
- One has 9 core samples with total copper grade assays (in %):

0.52 0.63 0.70 0.47 0.39 0.12 0.21 0.55 1.38
- Determine a confidence interval for the average copper grade of

the population from which the samples were taken. Assume that
the grade variance of the population is equal to 0.15.
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- Determine a confidence interval for the average copper grade of
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the grade variance of the population is equal to 0.15.

Problem 2:
- The same previous exercise, but in this case assuming that the grade 

variance is unknown.



Problem 1:
- One has 9 core samples with total copper grade assays (in %):

0.52 0.63 0.70 0.47 0.39 0.12 0.21 0.55 1.38
- Determine a confidence interval for the average copper grade of

the population from which the samples were taken. Assume that
the grade variance of the population is equal to 0.15.

Problem 2:
- The same previous exercise, but in this case assuming that the grade 

variance is unknown.

Problem 3:
- One has 1000 draw points in a block cave mine. From 50

observed draw points, 13 had some failure.
- ¿How many draw points (in total) in the entire mine could be

failing?
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