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The scientific method 
from Aristotle to Galileo

• Galileo Galilei 1564 – 1642

• Scientific Method (Oxford 
English Dictionary)

– a method or procedure that has 
characterized natural science 
since the 17th century, consisting 
in systematic observation, 
measurement, and experiment, 
and the formulation, testing, and 
modification of hypotheses.



The scientific method 
from Aristotle to Galileo

Hypothesis
(Introduction)

Experiments
(Methods)

Data
(Results)

Findings
(Conclusions)

Scientific 
Method
Reproducible



Repeatability
Is really a problem?

[1] Science (80- ) 2015;349:aac4716–aac4716. doi:10.1126/science.aac4716. Estimating the reproducibility of psychological science

[2] Prinz F, Schlange T, Asadullah K. Nat Rev Drug Discov 2011;10:712. doi:10.1038/nrd3439-c1. 
Believe it or not: how much can we rely on published data on potential drug targets?



• Scientific integrity:
– it is becoming more and more difficult to identify a researcher 

committing fraud.

– 27 fabricated articles published in two years, including in Science and 
Nature[1]

– 172 fabricated articles over a whole career[2]

– No need to look far [3] Her ERC research grant of €2 Million remains 
suspended (2017)

[1] Jan Hendrik Schön scandal

[2] Yoshitaka Fujii scandal

[3] Susana González under investigation

Repeatability
Is really a problem?



Repeatability
Is really a problem?

• The reputation of the scientific community is 
already damaged and its public support 
undermined[1]

• Machine learning 'causing science crisis’[2]

[1] The Economist, Trouble at the Lab 2013

[2] Science correspondent, BBC News, Washington 2019



Repeatability
Difficult and Important

• Important
– Base of modern science definition

– Starting point for future science

– Check point of the scientific – society
• Verification of error and base for 

discussions

• Difficult
– Technical problems 

• modern data collection and distribution

– Bad Intellectual Property policy

– Bad Behaviour

– Bad Statistics
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Type of misconduct

Thomas Lüscher. Eur Heart J 2013 
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Bad Statistics

• “Education is a key element in this approach: 
many scientists do not receive adequate
training in statistics and other quantitative
aspects of their subject.”

• Nat Chem Biol. 2013;9: 345. doi:10.1038/nchembio.1269



Bad Statistics
Importance of the right error

H0 true H0 false

Accept H0 Correct 
(probability 1-α)

Type II error 
(probability β)

Reject H0 Type I error
(probability α)
“False Positive”

Correct 
(probability 1-β)
Power

α=5% β=20%



Bad Statistics
Importance of the right error



Education
The key to prevention

Ethics

Methods



Statistics
When?

To consult the statistician after an
experiment is finished is often
merely to ask him to conduct a
post mortem examination. He can
perhaps say what the experiment
died of.

Sir Ronald Fisher (17 February 1890 - 29 July 1962 )



Statistics
When?

DoE

• Design of Experiment

• Experiment Plan

• Identification of Dependent and Independent Variables

Measures

• Experiment

• Set of practical measurements

• Development of models/code

Analysis

• Linear Regression

• ANOVA

• GLM

Methods



Framework of lesson 0:

• Definition of General Linear Model

• Introduction to normal distributions

–Concept of “average/mean”

–Concept of “Standard Deviation” and 
“Variance”



Summary of Regression

• Linear regression models the linear relationship between a
single dependent variable, Y, and a single independent variable,
X, using the equation:

Y = βX + c + ε

• The regression coefficient, β, reflects how much of an effect X
has on Y

• ε is the error term and is assumed to be independently,
identically, and normally distributed (mean 0 and variance σ2)



Summary of Regression

• Multiple regression is used to determine the effect of a number
of independent variables, X1, X2, X3 etc, on a single dependent
variable, Y

• The different X variables are combined in a linear way and each
has its own regression coefficient:

Y = β1X1 + β2X2 +…..+ βLXL + ε

• The β parameters reflect the independent contribution of each
independent variable, X, to the value of the dependent
variable, Y.

• i.e. the amount of variance in Y that is accounted for by each X
variable after all the other X variables have been accounted for.



Matrix Formulation

• Write out equation for each observation of variable Y from 1 to J:

Y1 = X11β1 +…+X1lβl +…+ X1LβL + ε1

Yj = Xj1β1 +…+Xjlβl +…+ XjLβL + εj

YJ = XJ1β1 +…+XJlβl +…+ XJLβL + εJ

Y1

Yj

YJ

=
X11 … X1l … X1L

Xj1 … X1l … X1L

X11 … X1l … X1L

◼We can turn these simultaneous equations into matrix form to get a single 
equation:

β1

βj

βJ

+
ε1

εj

εJ

Y =               X x      β +     ε

Observed data Design Matrix Parameters Residuals/Error



General Linear Model

• This is simply an extension of multiple regression

• Or alternatively Multiple Regression is just a simple form of 
the General Linear Model

• Multiple Regression only looks at ONE dependent (Y) variable

• Whereas, GLM allows you to analyse several dependent, Y, 
variables in a linear combination

• i.e. multiple regression is a GLM with only one Y variable

• ANOVA, t-test, F-test, etc. are also forms of the GLM



Generalized Linear Model

• GLM+ link function

• Polynomial regression
– Yi = α + β1Xi + β2X2

i+ εi

– Xi = Xi1 and X2
i = Xi2

– Yi = α + β1Xi1+ β2Xi2 + εi

• Exponential-response data, scale parameters
– logYi = α + β1Xi1 + β2Xi2 + β3Xi3 + β4Xi4 + εi

– Yi* = logYi

– Yi*= α + β1Xi1 + β2Xi2 + β3Xi3 + β4Xi4 + εi



GLM

• Average or Regression



Normal Distribution

• A distribution is called Normal when assumes the typical 
bell shape (Gaussian distribution)

• The center of the bell distribution is its Mean (or Average)
• All the parametric statistic is based on the assumption of 

Normal Distribution
– A parametric test (like t-test) applied to a not-normal 

distribution gives wrong results.



• The average human being has one testicle and 
one breast

• The number of testicles and brests is not 
normally distributed
– It is wrong to compute the average.

Normal Distribution: Example
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Normal Distribution: Average and 
Standard Deviation



Normal Distribution: Average and 
Standard Deviation

• Arithmetic mean (or mean, or average). In
statistics, the term average refers to any of the
measures of central tendency. The arithmetic
mean is defined as the sum of the numerical
values of each and every observation divided
by the total number of observations.

• μ =
1

𝑛
σ𝑖=1
𝑛 𝑎𝑖



Normal Distribution: Average and 
Standard Deviation

• The standard deviation (SD, also represented by
the Greek letter sigma σ or s) is a measure that
quantify the amount of variation or dispersion of
a set of data values. A standard deviation close to
0 indicates that the data points tend to be very
close to the mean of the set.

• It is defined as the root mean square of the
variance



Normal Distribution: Variance

• Variance measures how far a set of numbers 
are spread out. A variance of zero indicates 
that all the values are identical.

σ2 =
1

𝑛


𝑖=1

𝑛

(𝑥𝑖 − μ)2

σ2 =
1

𝑛 − 1


𝑖=1

𝑛

(𝑥𝑖 − μ)2

Whole population (n very high)

Sample taken from a bigger Population

Degrees of Freedom



Example

• The heights (at the shoulders) are: 600mm, 470mm, 
170mm, 430mm and 300mm.

• Find out the Mean, the Variance, and the Standard 
Deviation.

• First step is to find the Mean:

• Mean=
600+470+170+430+300

5
=

1970

5
= 394𝑚𝑚



Example

• Now we calculate each dog's difference from the Mean:

• To calculate the Variance, take each difference, square it, and then 
average the result:

• 𝜎2 =
2062+762+(−224)2+362+(−94)2

5
= 21704𝑚𝑚2



Example

• And the Standard Deviation is just the square 
root of Variance:

• 𝜎 =
2
21704 = 147𝑚𝑚

• So, using the Standard Deviation we have a 
"standard" way of knowing what is normal, and 
what is extra large or extra small




