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Course introduction
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Introduction to hypothesis testing 

Introduction to reproducibility 

Introduction to basic tests 

We can take a break whenever you like!

Today
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The course focuses on statistical hypothesis testing and reproducibility in 
science 

You will learn: 

• how to develop and test hypotheses 

• perform basic statistical tests 

• apply this knowledge to reproduce (and potentially improve) published 
results in your assigned groups 

About this course
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The goal is to reproduce the statistical results of a published scientific article 

On Fri 08 May 26 (14:00-17:00) each group will present their findings 

Use this Google Slides Template and guidelines to prepare your presentation 

Within your group, make as much progress as you can today and on Mon 13 
April 26

Course evaluation
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https://docs.google.com/presentation/d/1Z3RekIrHsS4-oqRluidL1kNbYLjBMT8CeUDf4szyPQo/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1IJbtdQ-KDsJPKNBlwaGw7zQPG9BbBA9FGfKTNFFHbVk/


Not necessarily 

The focus is on the concepts behind hypothesis testing and reproducibility, 
not programming, but both things are (probably) easier if you use R 

It's up to each group how you divide the tasks

Will I have to use R?
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Here to help!

8



Discussion
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Why does paleobiology involve so 
much statistics? 

•  Why do we need statistics? 

•  What is your experience using    
   statistics so far? 

•  When might statistics be useful  
   or important?



Statistics is the science of learning from data - "the 
discipline that concerns the collection, organisation, 
analysis, interpretation, and presentation of data"
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Humans are biased 

Living systems are complicated 

It is deeply intertwined with research design 

Where there's data there's statistics! → It makes the literature more accessible 

Having some knowledge of statistics gives you a superpower 🦸

Why study statistics?
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Reading group
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Group exercise 

In your groups, discuss the following: 

•  What is your paper about? 

•  What was the general aim? 

•  What were the study's findings? 

Prepare a brief summary 📝



Quick break?
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Recap 
Types of variables
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Stats and R: Variable types and examples

https://statsandr.com/blog/variable-types-and-examples/
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https://www.allisonhorst.com/


Recap 
Distributions and functions
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Learn more about the tiny giraffes @ tinystats.github.io

http://tinystats.github.io


Imagine we’ve collected data 
for two populations that live on 
two different islands, like the 
tiny giraffes 

Teacup giraffes
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Shows the range of values of your 
variable (e.g., height)  

It captures: how often each value 
occurs 

+ The shape, centre, and amount of 
variability in the data

A distribution
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μ - the mean or expectation 

 σ - the standard deviation  
   or σ2 - the variance 

Parameters of the normal distribution
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σ2



Are associated with 4 standard functions: 

dnorm(x, mean = 0, sd = 1) - probability density function 

pnorm(q, mean = 0, sd = 1) - cumulative distribution function (% of values < than q) 

qnorm(p, mean = 0, sd = 1) - quantile function (inverse of cumulative distribution) 

rnorm(n, mean = 0, sd = 1) - generates random numbers 

Continuous distributions in R
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What do you predict will 
happen if we increase the 
number of random draws? 

e.g., n = 100, n = 1000 etc. 
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 μ = 0 

 σ = 1 

 n = 10
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Recap 
Standard deviation and variance
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Learn more about the tiny giraffes @ tinystats.github.io
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The first step of any analysis 
is often to visualise the data 

If we want to avoid undue 
influence of the outliers, the 
range is not good measure.

Spread of the data - range
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The standard deviation (σ) and variance (σ2) account for outliers 

We need a good understanding of this to grasp the mechanics of common 
statistical tests

Spread of the data
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A measure of the amount of variation 
or dispersion in a set of normal 
distributed values 

How do we calculate this? 
→ See Variance and Standard Deviation

Standard deviation
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The 68–95–99.7 rule - a property of the normal distribution

https://tinystats.github.io/teacups-giraffes-and-statistics/04_variance.html
https://en.wikipedia.org/wiki/68%E2%80%9395%E2%80%9399.7_rule


Interpreting the standard deviation
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Introduction to hypothesis testing
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Learn more about the tiny giraffes @ tinystats.github.io



Objectives

• Research hypotheses vs. statistical hypotheses 

• Null vs. alternative hypotheses 

• Significance and p-values
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Hypotheses testing is 
an integral part of the 
scientific method
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A clearly formulated question about a phenomenon that can be answered 
using data 

Identifies a relationship, difference, or pattern we want to understand and 
defines the scope of our investigation 

It’s about real world data and phenomena, not parameters 

Helps guide what data need to be collected

A research question
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Your proposed answer to the research question 

A testable prediction about the relationship between real world variables, 
stated in conceptual terms 

Translates a research question into a falsifiable claim about a relationship 
between variables 

It is grounded in theory, and prior evidence. It can be wrong!

A research hypotheses
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Question: Does temperature influence species richness across elevation 
gradients? 

Hypothesis: Species richness decreases with increasing elevation. 

Question: Is sedimentation rate associated with fossil preservation quality? 

Hypothesis: Higher sedimentation rates lead to better fossil preservation.

Examples
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Reading group
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Group exercise 

In your groups, discuss the following: 

•  Can you identify a clear research     
   question? 

•  What is the the research  
   hypothesis? 

Make a note 📝



Research question: a clearly formulated question about a phenomenon that 
can be answered using data 

Research hypotheses: a testable statement that provides a specific, 
directional expectation about the answer to the research question 

Statistical hypothesis: formalises our prediction in terms of parameters 

⚠ A statistical hypothesis (or test) is a test of the statistical hypothesis, not 
the research hypothesis!
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Imagine we have a hypothesis about the average height of giraffes from one of 
the Islands



My hypothesis: the average height 
of a giraffe from Island 1 is 10 cm

Example 
hypothesis

39

Teacup Giraffe Heights



What if, I collect 20 giraffes and the 
average is 8.9 cm 

How much doubt does this cast on 
my hypothesis?

My hypothesis: the average height of a giraffe from Island 1 is 10 cm
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How likely is it, that this sample is randomly less that the true mean?

 
Say, I collected 20 giraffes and the 
average is 9.7 cm  

How much doubt does this cast on 
my hypothesis?



The null hypothesis H0 is μ = 10 cm 

The alternative hypothesis H1 is μ ≠ 10 cm 

Is our sample mean (x)̄ far enough away from 10 cm for us to reject the null 
hypothesis? 

Statistical hypothesis testing
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10 cm

H0 is μ = 10 cm 

H1 is μ ≠ 10 cm

Where does the sample mean (x)̄ lie? 

Hypotheses establish critical values beyond which, we can say, ‘we reject H0’ 

Rejection 
regions



My hypothesis: the average age of first semesters students is 21 

Based on a sample of 5 students, the average age is 24 

How much doubt does this cast of my hypothesis? 

Based on a different sample of 200 students, the average age is 24 

How much doubt does this cast of my hypothesis?

Another example
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If H0 is true, how extreme is our 
sample?
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Intuitively, we are more likely to reject H0 if: 

• sample difference is greater 

• number of observations is greater



We can never disprove the null hypothesis. It’s always possible to get an 
extreme sample 

There’s always a possibility of incorrectly rejecting it
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10 cm

H0 could still be 
true, even if the 
sample mean is here



A type I error occurs when we reject a null hypothesis that is true  
Prob = α 

A type II error occurs when we accept (don’t reject) a null hypothesis that is 
false  
Prob = β (also known as the power of the test) 

Type I and type II errors are always possible

Type I and II errors
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α is a predetermined threshold 

The p-value is the probability of observing the results if the null hypothesis is 
true. This calculated from the data 

If the p-value is less than or equal to alpha, the result is considered 
statistically significant

p-values
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Option 1: you can state only that p < α for a significance level that you chose in advance,  
e.g., p<0.05. 

But this means we're treating p=0.051 in a fundamentally different way to p=0.049 

Option 2: just report the actual p-value and let the reader make up their own mind 

If you get p=.062, it means that you have to be willing to tolerate a type I error rate of 
6.2% to justify rejecting the null. If you find 6.2% intolerable, you can retain the null

Reporting p-values
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The (student’s) t-distribution and t-test
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Described by William Sealy Gosset in 1908 under a pseudonym ‘A student’ 

Overcomes the problem of ‘small sample statistics’ 

Assumes the underlying distribution is normal (e.g., height). Used when the 
true standard deviation is unknown

t-distribution and t-test
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My hypothesis: the average height 
of a giraffe from Island 1 is 10 cm 

H0 is μ = 10 cm 

H1 is μ ≠ 10 cm 

If H0 is true, we would expect the 
sample mean (x)̄ minus the 
population mean (μ) to be zero
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Teacup Giraffe Heights

→



The t-statistic
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→

Sample mean minus 
our reference value 

Standard deviation

If our hypothesis is true 
the mean of t will be zero

The parameters of the distribution are degrees 
of freedom (n - 1), accounts for uncertainty in s



We can look up the critical 
regions in a table  

Highlighted: the value of t at α = 
0.05
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https://numiqo.com/tutorial/t-
distribution
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https://numiqo.com/tutorial/t-distribution
https://numiqo.com/tutorial/t-distribution


Performing a t-test in R 

  demo
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t.test(heights, mu = pop_mean)



Independent samples t-test 

Is there a significant 
difference between the 
heights of giraffes on Island 
1 and Island 2?

Differences between samples
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We have two sample means for Island 1 and Island 2 

The null hypothesis H0 is ??? 

The alternative hypothesis H1 is ??? 

Defining hypothesis 
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We have two sample means for Island 1 and Island 2 

The null hypothesis H0 is there is no difference between the means 

The alternative hypothesis H1 is that the means are different 

Defining hypothesis 

61

→ →

The degrees of freedom are (n1 - n2 - 2), taking into account the sample size of each group



Performing an independent t-test in R 

  demo
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t.test(group_a, group_b)
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Break?
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Tools for exploring the normal distribution 

Compare two normal distributions 

Plot the normal distribution 

Learn more about s.d. and variance  

Variance and Standard Deviation: Why divide by n-1? Zed Statistics 

Standard deviation (simply explained) DATAtab

Resources
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https://academo.org/demos/gaussian-distribution/
http://Plot%20the%20normal%20distribution
https://www.youtube.com/watch?v=wpY9o_OyxoQ
https://www.youtube.com/watch?v=esskJJF8pCc

