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About this course...

🔵 More on principles & ideas rather than recipes

🔵 The exercises will support with hands on practical examples

🔵 Selection of topics mostly based on personal interests (and previous courses)

🔵 …. but it should all be very relevant
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Schedule: Thursday, 1 October
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Schedule: Friday, 2 October
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Schedule: Monday, 5 October
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Schedule: Tuesday, 6 October
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Schedule: Wednesday, 7 October
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Statistics (1665)

John Graunt, Bills of Mortality

Probability Theory (≈ 1654)

Pascal + Fermat, How to fairly end a game
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Statistics (1665) Probability Theory (≈ 1654)

Love Child: Mathematical Statistics
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What's in a name?

Statistics

🔵 Same root as State, Status, and Station

🔵 The term Statistical Science has been coined as more suitable

🔵 “Standard” statistical modelling is sometimes known as Frequentist Statistics

🔵 Another approach (with many similarities and some differences) is known as Bayesian Statistics

🔵 Mathematical Statistics is heavy on mathematical theory, sometimes with applications in mind…

🔵 Data Science is a term stolen by people with a 2 week course in Python programming and linear 

regression (but now claimed by some statistics departments)

🔵 Statistical Learning combines machine learning techniques with statistical modeling

🔵 Machine Learning (and AIs) are quite heavy on the computational side.
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Why Medical Statistics?
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Statistics in the Medical Field

New England Journal of Medicine

Editorial, Jan. 6, 2000, p. 42-49

The eleven most important developments in medicine over the past millennium

🔵 Elucidation of human anatomy and physiology

🔵 Discovery of cells and their substructures

🔵 Elucidation of the chemistry of life

🔵 Application of statistics to medicine

🔵 Development of anesthesia

🔵 Discovery of the relation of microbes to disease

🔵 Elucidation of inheritance and genetics

🔵 Knowledge of the immune system

🔵 Development of body imaging

🔵 Discovery of antimicrobial agents

🔵 Development of molecular pharmacotherapy
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Randomization in clinical trials

Before randomization

Apparent treatment effect = True treatment effect
+ Effect of observed confounders
+ Effect of unobserved confounders
+ Random noise

After randomization

Apparent treatment effect = True treatment effect
+ 𝐍𝐨𝐢𝐬𝐞 𝐟𝐫𝐨𝐦 observed confounders
+ 𝐍𝐨𝐢𝐬𝐞 𝐟𝐫𝐨𝐦 unobserved confounders
+ Random noise

Ronald Fisher
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A digression into

Statistical Software
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Relevant software

🔵 R

🔵 Many users find RStudio helpful:

Free, open-source version https://posit.co/products/open-source/rstudio/

🔵 Some simple GUIs are also available:

https://r4stats.com/2022/06/20/updated-comparison-of-r-guis/

🔵 BUT: With AIs, writing sensible R code has become much easier

🔵 Stata

🔵 Stata commands, manuals, and documentation are in general of AMAZING quality!

🔵 SPSS (Statistical Pseudo Science System)

🔵 SAS

🔵 Python

🔵 Julia
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R users
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SPSS users
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What type of “Restaurant” is your Favorite Software?

🔵 STATA

🔵 Michelin restaurant

🔵 Excellent, detailed menu and top quality

🔵 Can meet the cooks or attend cooking classes
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What type of “Restaurant” is your Favorite Software?

🔵 STATA

🔵 Michelin restaurant

🔵 Excellent, detailed menu and top quality

🔵 Can meet the cooks or attend cooking classes

🔵 R

🔵 YOU ARE THE COOK…

🔵 All the tools & ingredients are there for you to use

🔵 The sky is the limit…

🔵 (…or it all ends in a total mess)
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What type of “Restaurant” is your Favorite Software?

🔵 STATA

🔵 Michelin restaurant

🔵 Excellent, detailed menu and top quality

🔵 Can meet the cooks or attend cooking classes

🔵 R

🔵 YOU ARE THE COOK…

🔵 All the tools & ingredients are there for you to use

🔵 The sky is the limit…

🔵 (…or it all ends in a total mess)

🔵 SPSS

🔵 McDonald’s

🔵 Motto: “More than just Burgers & Fries!”
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What type of “Restaurant” is your Favorite Software?

🔵 STATA

🔵 Michelin restaurant

🔵 Excellent, detailed menu and top quality

🔵 Can meet the cooks or attend cooking classes

🔵 R

🔵 YOU ARE THE COOK…

🔵 All the tools & ingredients are there for you to use

🔵 The sky is the limit…

🔵 (…or it all ends in a total mess)

🔵 SPSS

🔵 McDonald’s

🔵 Motto: “More than just Burgers & Fries!”

🔵 But how about SAS, then?
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Yes, how about SAS, then?
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R: Wonderfully clear & pedagogical help pages

Excerpt from an R help page for the frequently used apply function

If each call to FUN returns a vector of length n, then apply

returns an array of dimension c(n, dim(X)[MARGIN]) if n > 1.

If n equals 1, apply returns a vector if MARGIN has length 1

and an array of dimension dim(X)[MARGIN] otherwise. If n is 0,

the result has length 0 but not necessarily the "correct"

dimension.

If the calls to FUN return vectors of different lengths, apply

returns a list of length prod(dim(X)[MARGIN]) with dim set

to MARGIN if this has length greater than one.

In all cases the result is coerced by as.vector to one of

the basic vector types before the dimensions are set, so

that (for example) factor results will be coerced to a

character array.
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Google Scholar hits, by software
http://r4stats.com/popularity
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Google Scholar hits, by software (minus SPSS, SAS)
http://r4stats.com/popularity
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Number of R packages on CRAN, cumulative
http://r4stats.com/popularity
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Number of R packages (on CRAN), cumulative
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Other Software

🔵 Python

🔵 (Closer to) a compiled language

🔵 Inherently faster, strong on very large data files

🔵 Suited for larger software development projects

🔵 Two weeks’ course in Python ⟶ “Data Scientist”(??)

🔵 Julia

🔵 A “modernized” R

🔵 Just-In-Time (JIT) compiled

🔵 Faster and better structured than R

🔵 Can use R, Python and other libraries

🔵 Will it catch on?

Håkon K. Gjessing (NIPH) Course Opening, Medical Statistics Kathmandu, Thur. 1 Oct., 2026 29 / 46



Statistical Learning
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Bootstrap and Empirical Bayes

Håkon K. Gjessing (NIPH) Course Opening, Medical Statistics Kathmandu, Thur. 1 Oct., 2026 31 / 46



Machine Learning / AI

🔵 Typically computationally highly demanding

🔵 Typically very data hungry

🔵 Have been developed for decades, but now expands along with

the recent huge increases in available data and computing power

🔵 Often appears like a “Black box”

🔵 Typically focused purely on prediction, and less on structured models

🔵 … but a lot of recent work tries to provide more structure, transparency and control

In contrast to, for instance, Causal Modeling:

🔵 Highly structured modeling approach to provide (if possible) a causal interpretation of results
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Recommended reading ahead of course

🔵 Pretty decent

🔵 Wide (but shallow) coverage of important topics

🔵 Good as a reference text
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Data types
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Random variables, probability
A bit about notation

A Random variable 𝑋
🔵 𝑋 is discrete or continuous (or both)

🔵 Typical examples are Binomial and Poisson (discrete) and Normal (continuous)

🔵 𝑃(𝑋 = 15) is the probability that 𝑋 is equal to 15, say.

🔵 OK for discrete distributions, e.g. a Poisson distribution

🔵 Not useful for a continuous distribution since

𝑃(𝑋 = 15) = 0 in all continuous distributions!

🔵 For continuous distributions, intervals make more sense: 𝑃(𝑋 > 15), 𝑃(𝑋 ≤ 15) etc.

🔵 E.g. birth weight: 𝑃(𝐵𝑊 < 2500) is the risk of Low Birth Weight

🔵 Conditional probability:

𝑃(𝐵𝑊 < 2500 | 𝐺𝐴 = 258) is the probability of being Low Birth Weight

conditional on Gestational Age at birth being 258 days.
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Normal distribution
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Binomial distribution

n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15

p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1p = 0.1

E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5E(X) = np = 1.5

SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16SD(X) = 1.16
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Binomial distribution

n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15

p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3p = 0.3

E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5E(X) = np = 4.5

SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77SD(X) = 1.77
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Binomial distribution

n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15n = 15

p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5

E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5E(X) = np = 7.5

SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94SD(X) = 1.94
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Binomial distribution

n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360

p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5

E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180

SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49

0.0

0.1

140 160 180 200 220
X

P
ro

ba
bi

lit
y

n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360n = 360

p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5p = 0.5

E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180E(X) = np = 180

SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49SD(X) = 9.49

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

140 160 180 200 220
X

C
um

ul
at

iv
e 

pr
ob

ab
ili

ty

Håkon K. Gjessing (NIPH) Course Opening, Medical Statistics Kathmandu, Thur. 1 Oct., 2026 40 / 46



Expected value, standard deviation

🔵 Expectation 𝐸𝑋 is the mean of 𝑋
You often see

🔵 𝜇 (mju) in a population

🔵 𝑋 in a sample

🔵 𝜇̂ = 𝑋 since 𝜇̂ means an estimate of 𝜇

𝑋 = 1
𝑛

∑
𝑛

𝑖=1
𝑋𝑖 = 1

𝑛
(𝑋1 + 𝑋2 + ⋯ + 𝑋𝑛)
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Expected value, standard deviation

🔵 𝑆𝐷(𝑋) is the Standard deviation of 𝑋

You often see

🔵 𝜎 (sigma) in a population

🔵 𝑠 or 𝑆𝐷(𝑋) in a sample

🔵 𝜎̂ = 𝑠 = 𝑆𝐷(𝑋) since 𝜎̂ means an estimate of 𝜎

𝑠2 = 1
𝑛 − 1

∑
𝑛

𝑖=1
(𝑋𝑖 − 𝑋)

2
= 1

𝑛 − 1
{(𝑋1 − 𝑋)

2
+ (𝑋2 − 𝑋)

2
+ ⋯ + (𝑋𝑛 − 𝑋)

2
}
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Student's t-tests

Traditionally,

🔵 One-sample t-test

🔵 Two independent samples t-test

🔵 Two paired samples t-test (take difference and use one-sample)

🔵 With small sample sizes, say, less than 30, a t-distribution (with degrees of freedom) is used instead 

of a Normal distribution

Today often replaced by regression models

🔵 Larger sample sizes are the norm

🔵 Software chooses distribution automatically

🔵 More flexible in terms of adjustments etc.

🔵 Paired samples t-test replaced by mixed-effects models
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Parametric versus non-parametric
The Good, The Bad, and The Ugly

The good(?), old days:

🔵 Small sample size

🔵 Test for Normal distribution

🔵 If not very Normal, choose non-parametric (for instance the Wilcoxon-Mann-Whitney test)

🔵 Else use t-test

Dilemma, model choice:

🔵 Test for Normal distribution insensitive when 𝑛 small

🔵 When 𝑛 is big, a normal distribution will often be rejected regardless

🔵 … BUT when 𝑛 is big, the Central Limit Theorem helps you, so you usually don’t need to assume a completely normal 

distribution anyway, and there is less need for the non-parametric

Dilemma, power:

🔵 When 𝑛 is small, parametric tests have little power…

🔵 … but non-parametric tests are even worse…

🔵 And non-parametric tests usually only provide p-values
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Parametric versus non-parametric
The Good, The Bad, and The Ugly

Conclusion:

Get over it. Get more data.

(Having said that, used in the right places, non-parametric and semi-parametric methods can actually be 

great! Particularly when 𝑛 is big!)
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In conclusion

“Those who ignore Statistics

are condemned to reinvent it.”

— Bradley Efron
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