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Don’t hesitate to raise your hand 
during lectures if you have any 
questions. 

I also try to “read the room” and will 
step in when I sense that students 
may be unsure or have questions 
they haven’t yet voiced.
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Statistics in the science of 
supporting decision-making under 

incomplete information / 
knowledge
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We can’t measure everything:
statistics are based on samples!

Biologists are relatively small: we collect smaller 
number of things to generalize to all things!

- From Chris Lortie
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Source - https://www.independent.co.uk/environment/how-many-
trees-are-there-on-earth-10483553.html
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Statistics are based on samples!

A central goal of statistics is to learn about an 
entire population (e.g., the average height of 
a plant species) using information from a 
sample - a smaller subset of observations or 
individuals drawn from that population.

Biologists are relatively small

e.g., = exemplī grātiā (for the sake 
of example!) 
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A central goal of statistics is inference: drawing conclusions 
about unknown population quantities (e.g., average height of 
a tree species in a forest) from sample data.

Inspired by https://www.cliffsnotes.com/study-guides/statistics/sampling/populations-
samples-parameters-and-statistics

We want to know about a large 
number of trees

Population

Population mean height
(here the parameter of interest)

Selected (sampled) trees
to measure height

We have these trees
to work with

Sample

Sample mean height

Inference

A sample is a subset of observations or individuals drawn from a 
larger population, used to learn about that population.

6



2026-09-02

3

Source: https://marketbusinessnews.com/financial-glossary/jargon-definition/

Today focuses on definitions!!

In most disciplines, learning the language comes before learning the 
methods.
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Some jargon is key to optimize communication & 
understand concepts more clearly

Jargon gets an unfair treatment but learning 
and working in most fields would be very 
difficult without it.

Jargon is a real time saver!

What is a population, a sample, an 
observation, a variable, a parameter? 
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Statistical inference is based on samples!

The central goal of statistics is inference: drawing 
conclusions about unknown population quantities 
(e.g., average height of a tree species in a forest) 
from sample data.

Infer an unknown quantity =
use a sample to produce information (e.g., an 
average value) about a chosen statistical population 
of interest (e.g., trees in a forest; potato-chip bags 
produced by a factory in a year).

9



2026-09-02

4

Statistical (important) definitions: POPULATION

A population is the entire collection of individual units (or 
observation units) that share a common property or set of 
properties. 

It is from this group that we aim to generalize knowledge 
about unknown quantities (e.g., mean of the population) 
based on a subset of individual units, known as a sample.

Examples - 

- Coffee drinkers in Quebec.
- Coffee drinkers in Canada.
- Coffee drinkers in Canada that run in the morning. 
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Statistical (important) definitions: POPULATION

What is the average height and average weight of coffee 
drinkers in Canada that run in the morning?

Individual unit (or observation unit) = someone living in Canada 
that drinks coffee and runs in the morning.

A population is the entire collection of individual units (or observation 
units) that share a common property or set of properties. It is from this 
group that we aim to generalize knowledge about unknown quantities 
based on a subset of individual units (observation), known as a sample.
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Statistical (important) definitions: POPULATION

What is the average height and average weight of coffee 
drinkers in Canada that run in the morning?

Individual unit (or observation unit) = someone living in Canada 
that drinks coffee and runs in the morning.

Properties = Live in Canada, drink coffee and run in the morning.

A population is the entire collection of individual units (or observation 
units) that share a common property or set of properties. It is from this 
group that we aim to generalize knowledge about unknown quantities 
based on a subset of individual units (observation), known as a sample.
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Statistical (important) definitions: POPULATION

What is the average height and average weight of coffee 
drinkers in Canada that run in the morning?

Individual unit (or observation unit) = someone living in Canada 
that drinks coffee and runs in the morning.

Properties = Live in Canada, drink coffee and run in the morning.

Observation (or data point) = set of one or more quantities 
(measurements) on a single observation unit; ex. the weight and 
height of someone living in Canada that drinks coffee and run in the 
morning.

A population is the entire collection of individual units (or observation 
units) that share a common property or set of properties. It is from this 
group that we aim to generalize knowledge about unknown quantities 
based on a subset of individual units (observation), known as a sample.
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Statistical (important) definitions: POPULATION

What is the average height and average weight of coffee 
drinkers in Canada that run in the morning?
Individual unit (or observation unit) = someone living in Canada that drinks coffee 
and runs in the morning.

Properties = Live in Canada, drink coffee and run in the morning.

Observation (or data point) = set of one or more quantities (measurements) on a 
single observation unit; ex. the weight and height of someone living in Canada that 
drinks coffee and run in the morning.

Sample = subset of observation units from all possible observations 
in the population.

A population is the entire collection of individual units (or observation 
units) that share a common property or set of properties. It is from this 
group that we aim to generalize knowledge about unknown quantities 
based on a subset of individual units (observation), known as a sample.
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Individual unit (or observation unit) = a Canadian that drinks coffee and 
runs in the morning.

Observation (or data point) = set of 
one or more quantities 
(measurements) on a single 
observation unit; ex. the weight and 
height of someone living in Canada 
that drinks coffee and run in the 
morning.

TWO different observations are in red 
squares.

A sample of 11 individuals from the target population (PROPERTIES: Canadians 
that drink coffee and run in the morning); target population = population of 
interest.

15
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Statistical (important) definitions: POPULATION

The size of a population is often unknown. For example, we 
may not know how many people in Canada drink coffee and 
go for a run in the morning. 

In many cases, the population can be so large that it is 
considered 'infinite' for practical purposes (we will explore 
this concept further later in the semester). 

Additionally, populations are dynamic, meaning they can 
change over time.
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Source - https://www.independent.co.uk/environment/how-many-
trees-are-there-on-earth-10483553.html
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Let’s pause and think:

If the number of trees is revised 
upward (from 400 billion to 3 trillion), 
should we automatically conclude 
that earlier estimates of the average 
tree size were wrong?

18
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Let’s pause and think:

If the number of trees is revised upward (from 400 
billion to 3 trillion), should we automatically conclude 
that earlier estimates of the average tree size were 
wrong?

Not necessarily. A higher population size changes 
how many trees exist, but it doesn’t automatically 
change the average size - that depends on which 
trees are being counted and how the average was 
estimated.
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In biology, a population refers to all organisms of the 
same group or species that live in a specific 
geographical area.

In statistics, a population is a set of similar items, 
whether living or non-living, that are of interest for 
answering a particular research question.

For clarity, it's best to refer to it as a 'statistical 
population' when the goal is to infer quantities from it.

Statistical populations versus biological 
populations (let’s not mix the two)
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Let’s take a break – 1 minute

21
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Statistics is the science of supporting decision-making under 
incomplete information, most often by analyzing samples 
drawn from populations of unknown size.

In other words: Statistics is the science of inference and 
decision-making under uncertainty, using samples to learn 
about populations we cannot fully observe.
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Statistical (important) definitions: POPULATION

Examples -

Stars in the sky (“infinite”)
Sand in a river (“infinite”)
Countries in Europe (finite)
Bags of potato chips in a factory (finite)

Again, to avoid confusion, we often use the term 
“statistical population” instead of just “population”; and 
some refer to “statistical universe”. 
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- From David Heath, An Introduction To Experimental Design And Statistics For Biology

Statistical populationObservational unitQuestion

POPULATIONS AND SAMPLING UNITS

ofof

of the

What we want to know determines what we measure and 
which statistical population we are studying.

24
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A parameter is a quantity describing a statistical 
population, whereas an estimate (or statistic) is 
the same quantity but calculated from a sample.

What is the average height of trees 
across all species worldwide?

The parameter of interest (unknown) is the 
average height of all trees. 

The estimate of interest (known) is the average 
height of a smaller group of trees (sample).

25

Inspired by https://www.cliffsnotes.com/study-guides/statistics/sampling/populations-
samples-parameters-and-statistics

We want to learn about these trees
(which, in most cases, we don’t even 

know how many there are).

Population

Population mean height
(the parameter of interest to be 

inferred)

Selected  (sampled) trees
to measure height

We have these trees
to work with

Sample

Sample mean height

Inference

A central goal of statistics is inference: drawing conclusions 
about unknown population quantities (e.g., average height of 
a tree species in a forest) from sample data.
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Population

Sample

Inference about
the population

(e.g., average height)

Selection of
observational units
(sampling design &

process) 

parameter

estimate

A central goal of statistics is inference: drawing conclusions 
about unknown population quantities (e.g., average height of 
a tree species in a forest) from sample data.

27
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A variable is any characteristic, number, or quantity that can be 
measured or counted and varies among observation units. 
Examples of variables include height, weight, age, gender, and 
eye color.

Recognizing the type of variable is crucial, as it often 
determines the appropriate type of statistical analysis.

Variables (e.g., height, biomass) differ among observation units 
(e.g., individual trees).

Variables!

28

Individual unit (or observation unit) = a Canadian that drinks coffee and 
runs in the morning.

An observation unit (or simply 
observation) contains the values 
of all variables of interest, such 
as the height and weight of a 
Canadian who drinks coffee and 
runs in the morning.

TWO different observations.

A sample of 11 individuals from the target populations (PROPERTIES: Canadians 
that drink coffee and run in the morning).

VARIABLES

29

CATEGORICAL VARIABLES - describe membership in a 
category or group; characteristics of observations that do 
not have magnitude on a numerical scale. They can be:

- Survival (alive or dead),
- Method of disease transmission (e.g., water, air, animal vector),
- Eye colors (amber, blue, brown, gray, green, hazel, or red),
- Breed of a dog (e.g., collie, shepherd, terrier).

- Life stage (e.g., egg, larva, juvenile, adult),
- Snake bite severity score (e.g., minimal, moderate, severe),
- Size class (e.g., small, medium, large).

Nominal (name):

or Ordinal (ordered):

Types of variables 

30
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These variables (e.g., Day of the week or month of bird observation) describe 
time-related categories, and how they are treated statistically depends on the 
question being asked.
Weekdays and months have a natural (cyclical) order (Monday → Sunday; 
January → December), so they are technically ordinal variables. 

However, the numerical distance between days is not inherently meaningful; 
coding Monday = 1 and Tuesday = 2 does not create a meaningful “distance” 
between them, i.e., the difference between Monday and Tuesday is not 
intrinsically the same kind of quantity as the difference between Tuesday and 
Friday.
If one wants to quantify time differences, a continuous measure such as hours 
(or days) should be used instead.
For this reason, weekdays and months are often treated as categorical variables 
in practice - either nominal (when only category matters) or ordinal (when their 
ordering is relevant to the analysis).

The case of MONTHS and WEEKDAYS as 
categorical variables  [revised slide] 
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NUMERICAL VARIABLES - characteristics of observations 
have magnitude on a numerical scale.

- Core body temperature (e.g., degrees Celcius, oC),
- Territory size of a bird (e.g., hectares),
- Size of fish (e.g., cm)

Continuous (can take any real-number value)

- Age at death (e.g., years),
- Number of amino acids in a protein,
- Number of eggs in a bird nest.
- Confusing but true: 0.5 mg/mL, 1.0 mg/mL, and 1.5 mg/mL. These 

data are discrete because the researcher only used these specific, 
predetermined concentrations, not any value in between.

Discrete (only take indivisible units though they can be non-
integers, i.e., cannot be subdivided into smaller, meaningful units 
while maintaining their discrete nature)

Types of variables [revised slide] 
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Years (e.g., year of bird observation) describe time-related values, and how they 
are treated statistically depends on the question being asked.
Years follow a natural, linear order (… → 2022 → 2023 → 2024 → 2025), and -
unlike months or weekdays - the spacing between years is consistent.
The numerical distance between years is inherently meaningful: the difference 
between 2020 and 2021 represents the same amount of time as the difference 
between 2023 and 2024.

For this reason, years are typically treated as a numeric (interval) variable, and 
differences between years can be used directly to quantify time change (e.g., 
trends, rates, or durations).

NOTE: In contrast, “day of the month” cannot generally be as a numeric variable 
because months have different lengths and the scale is cyclical; it is therefore 
usually treated as a categorical (ordinal or nominal) variable unless converted 
into a continuous measure such as day of year.

The case of YEARS as a numeric variable  [new slide] 
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NUMERICAL VARIABLES [new slide] 
Length, Numbers Between an interval & Cardinality

Length (or distance) - a measurement of change = |b - a|

Examples: Length from 1 to 2 → 2 - 1 = 1  Length from 2 to 2 → 2 - 2 = 0

Length tells you how far apart two numbers are on the number line, not how many 
numbers are between them.

Length is the most important in statistics; it measures how much something 
changes, and length (distance) is what measures change, whereas “how many 
numbers are between” and “cardinality” mostly describe how we label or count values.

Discrete variables (e.g., counts, number of trees, number of students) - length 
corresponds to how many units have changed. Example:
2 trees → 5 trees; length = 3 → an increase of 3 individual trees

Continuous variables (e.g., time, temperature, height). Length corresponds to how 
much change occurred on a continuous scale. Example:
2 seconds → 5 seconds; length = 3 → 3 seconds of time passed

There are infinitely many possible intermediate values for continuous variables, but 
that does not change the meaning of length.

34

NUMERICAL VARIABLES [new slide] 
Length, Numbers Between an interval & Cardinality

Numbers between an interval: it depends on whether numbers are discrete or 
continuous. “numbers between” is usually irrelevant statistically (important but no 
need to know for BIOL-322).
Discrete variables (i.e., discrete numbers) and for an interval [a,b], the formula is: 
Number between = max (0, b - a - 1)
Examples:
[1,2] → 2 - 1 - 1 = 0
[2,2]→ 2 - 2 - 1 = -1 → 0; remember max (0, b - a - 1)
[2,4] → 4 - 2 - 1 = 1 → (only number 3) 
Note again: a discrete variable doesn’t have to made of integer numbers.
Continuous variables (i.e., real numbers)
Examples:
[1,2]→ infinitely many real numbers
[2,3] → infinitely many real numbers
[2,2] → zero, because the length is 0

With continuous numbers, “having space” (positive length) automatically means 
infinitely many numbers inside.
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NUMERICAL VARIABLES [new slide] 
Length, Numbers Between an interval & Cardinality

Cardinality of an interval: the number of elements in a set and depends on whether numbers 
are discrete or continuous. “cardinality” is usually irrelevant statistically (important but no need 
to know for BIOL-322).

Discrete variables (i.e., discrete numbers) and for an interval [a,b], the formula is: Number 
between = max (0, b - a - 1)
Examples:
Set {1,2} → cardinality = 2; discrete intervals are contained by { } - curly brackets
Set {2,3,4} → cardinality = 3

Continuous variables (i.e., real numbers)
Examples:
(1,2) → infinitely many real numbers → infinite cardinality
(2,3) → infinitely many real numbers → infinite cardinality
If the interval has positive length, like (1,2) or (2,3), its cardinality is infinite.

Confusing but true: The only case where cardinality is not infinite in the continuous world is 
when the interval has zero length, like:
[2,2] → length 0 → cardinality = 1: interval closed ([]) at both ends, but the ends coincide.
(2,2) → length 0 → cardinality = 0 (empty set): interval open () at both ends, , and because the 
endpoints coincide, nothing is included.
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NUMERICAL VARIABLES [new slide] 
THE CASE OF TIME: Length, Numbers Between an interval & Cardinality 

Length (what matters most in statistics)
Length = |b-a|: measures change in time, expressed in a unit (e.g., seconds).
2 s → 5 s ⇒ length = 3 seconds (real duration).

(Physics note): below Planck time (~5.4\times10-44 s), time may not be divisible; 
“continuous time” is a mathematical idealization; in physics, time is not assumed to be 
divisible forever.

Numbers between (depends on discrete vs continuous)
Discrete seconds: number between = max(0, b-a-1).
                                Between 2 and 5 s → 2 (3 and 4).
Continuous seconds: any interval with positive length contains infinitely many real 
numbers in seconds.
                                Between 2 and 5 s → infinitely many values (2.1, 2.01, …).
What is infinite is the number of numerical labels in seconds, not the time (still 3 s).

Cardinality (size of the set)
Discrete interval in seconds: {2,3,4,5} → cardinality = 4.
Continuous interval in seconds: (2,5) → infinite cardinality; [2,2] → 1; (2,2) → 0.
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Discrete variables: it’s possible to assign a probability to a specific value in a 
series of discrete numbers.
Continuous variables: the probability of any exact value is zero:
The probability that someone is exactly 1.700000000000… m is 0..). 
Asking for the probability that someone is exactly 1.700000… m tall is like asking 
for the probability of picking one specific grain of sand from all the sand on a beach 
- it’s so small that we treat it as zero.

Discrete versus Continuous Probability [new slide]

Instead, probabilities are defined over 
intervals between two values. In statistics, 
this means that for continuous variables we 
ask questions like: what is the probability 
that someone’s height lies between 1.70 m 
and 1.71 m?
  
Since there are infinitely many possible 
heights between 1.70 m and 1.71 m, 
probability gets spread so thinly across 
them that the chance of any one exact 
height is effectively zero — and in any case 
too small to be useful.
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Statistical variables – important note

Variables are defined by their type (e.g., height, 
length), not by their measurement units (e.g., 
cm).

As such, arm length and leg length can be both 
measured in centimeters, but they are TWO 
different variables.
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Source: https://marketbusinessnews.com/financial-glossary/jargon-definition/

Enjoy your definitions!
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