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Probability and Statistics
Probability and statistics are deeply connected because all statistical statements are at bottom
statements about probability. Despite this the two sometimes feel like very different subjects.
Probability is logically self-contained; there are a few rules and answers follow logically from the
rules. In statistics we apply probability to draw conclusions from data.
Probability Example:
Let us now imagine a fair coin that has an equal chance of giving head or tail when tossed. Now we
toss it 100 times. Our question in this example would be what is the likelihood of 60 or more heads.
There is only one answer to this question and we will learn how to compute it.
Statistics Example:
In this example we again have a coin, however, we don’t know whether it is fair or constructed to
yield more heads (or more tails). We again toss this coin 100 times and count 60 heads. Our question
now is to what conclusion can we draw from this data. There are many ways how we can answer this
question both in terms of the form the conclusion takes and the probability computations used to
justify the conclusion.
What we Learned from the Examples?
In the first example the random process is fully known. We know that there is 50% percent chance of
getting a head or a tail in each toss. What we are trying to find out is a probability of a specific
scenario (at least 60 heads) that would arise from this known random process. In the second
example we are working with a specific scenario (we got 60 tails) and our objective is to use this to
describe an unknown random process.

1. Statistics
Oxford Learner’s Dictionary defines statistics as a collection of information shown in numbers.
Statistics is also the science of collecting and analysing statistics, i.e. collecting and analysing a piece
of information shown in numbers. As the most basic example of statistics, we can just open a
newspaper and go to the sports section. Let’s say it is now a period when Wimbledon is being played
and we find in the sports section the following information:

We can see the statistics of the final match between Simona Halep and Serena Williams played in
2019. Every single number has its own “story” behind it. In the top right corner, we can see a little
matrix with both first and second column stating 2:6. Each column represents a respective set played
and each row states how many games each one of the players won. Below in the shaded are we can
see a more comprehensive information about the match. We can interpret these numbers as
answers to specific questions about the match:
● How many aces did Serena Williams serve?
o Answer: 2
● How double faults could we see from Simona Halep?
o Answer: 0
● What was the percentage of Simona’s successful first serves?
o Answer: 76%
● How many games did Serena Williams win?
o Answer: 4 (which matches 2 in the first set and 2 in the second set that we saw in
the matrix in the top right corner)
In the above example we illustrated collection of data during one particular match. We may also be
interested in knowing answers to different questions, such as who won the most women’s singles
titles in the period from 1968 to 2019. To answer this question, we shall use a different type of an
illustration:

Our second example illustrates a collection of data through time. We are interested in knowing who
won the women’s finals match between 1968 and 2019, grouping the years by the names and
sorting these groups by the number of years in them.
Typical steps a statistician would do in her work:
1. The collection of data:
● Collection of Women’s finals winners between 1968 and 2019
2. The organisation of data into tables, charts, graphs
● Grouping by names of the players telling us how many years did each player win
3. The drawing of conclusions from an analysis of this data
● Above chart showing us that the player with most wins was Martina Navratilova
When these three steps, which describe and summarise a set of data, are included in a statistical
study, we shall call the study descriptive statistics. Raw data often takes the form of a list, array or
database of labels and names.
How do we collect the raw data?
As we saw in the examples, character of data we work with can take many forms. We can look at the
data as a result of:
1. A Questionnaire
● A list of questions in which a person can check one of several categories as an
answer or fill in a written response
● Example: census, election polls
2. A Log
● Or a diary, in which a person records information on a regular basis

●

Example: hospital charts (medication given every 8 hours), outdoor temperature
(7am temperature every day), wins on Wimbledon (female singles finals winner
once a year)

Census is a good example of how we collect information from the observed population. Based on
the data from the census, the leadership of the country can adopt decisions such as distributing a
higher share of the budget to more populated areas etc.
However, in most of the cases we are not able to reach the entire audience of our research. Let us
consider an advertising company that is interested in knowing which shows are most watched. With
this information the company can purchase advertising time during the breaks of these shows and
maximise the audience reached. Surely, it would be very costly and time consuming to mimic a
census and attempt to reach every viewer. This study would only demand what we call a sample. A
sample is a portion of the “population” that is being considered.
Choosing samples or sampling needs to be done carefully and follow some logical intuition:
1. The sample must be fair and represent the entire population being studied
2. The sample must contain a reasonable number of items being tested or counted
3. Patterns of sampling or random selection should be employed in a study

FIND SOME MEANINGFUL EXAMPLE OF SAMPLING AND POLLING (YOUGOV MIGHT WORK) AND
EXPLAIN IT IN SIMPLE WORDS!!!!!
The advertising company hires YouGov to help them understand what times would be optimal for a
specific product placement within the UK
YouGov then prepares an online questionnaire that is sent to their panel of registered users, who
represent all ages, socio-economic groups and other demographic types (currently 1 million users in
the UK)
How do we present the raw data?
We have gotten a glimpse of the data organisation in the beginning of this section. We used two
examples of data description based on results from Wimbledon women’s finals matches.
Let us now consider a more traditional example. A class of 32 students wrote an exam with the
following results:
82, 90, 61, 80, 88, 96, 58, 74, 69, 82, 53, 78, 72, 58, 54, 95, 99, 86, 80, 95, 99, 88, 83, 51, 65, 77, 28,
82, 70, 73, 100, 19
Threshold for passing is 50 points. Every student who scores above 50 points (but not 50) will pass
the subject and will be assigned a grade based on the grading intervals. Below we use various tools
that help us organise and plot our data:
1. Organisation into a Table:
Grade
A
B
C
D
E
FX

Score
100 - 91
90 – 81
80 – 71
70 – 61
60 – 51
50 – 0

# of Students
6
8
7
4
5
2

% of Students
19%
25%
22%
13%
16%
6%

2. Plotting Using a Line Chart:
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3. Plotting Using a Bar Chart:
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4. Plotting Using a Pie Chart
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What do the mean, the median and the mode tell us?
We have already shown how to collect, organise and present our data. Looking at the charts, we can
already read some information about which grades were most frequent. To assess other types of
information, we shall explain what mean, median and modus mean.
1. The mean:
● In statistics what we before defined as an arithmetic average, shall be called the
mean
● In our example we might be interested in knowing what was the mean of the overall
test scores or the mean of the scores for each grade
● To calculate the mean of a set of N numbers, we shall add all these numbers and
divide this sum by N
● Therefore, the first mean will only require us to sum up all the scores ( = 2,385) and
divide this by the number of students taking the test ( = 32); The resulting mean of
the overall scores will be equal to 74.53
● The mean of the scores for each grade will require an additional step
● In this step we shall look at the individual scores that students achieved for each
grade (for A it is: 96, 95, 99, 95, 99 and 100)
● Once we have this information, we shall apply the same calculation as before; sum
the scores and divide this sum by the number of the scores (i.e.
(96+95+99+95+99+100)/6 = 97.33)
Grade
A
B
C
D
E
FX
Overall

Mean Score
97.33
85.13
76.29
66.25
54.80
23.50
74.53

2. The median:
● Rather than looking at the mean, we might be interested what is the value of the
number in the middle of our data
● The median is the middle score in the set of arranged data in the numerical order;
For the sequence with an even number of elements, the median will be equal to
the arithmetic average of the two middle numbers
● Why would we be interested in knowing this number alongside the usual mean?
● Let us imagine five plates with cookies; there are five cookies on four of them and
the last plate is empty
● Five children come to the kitchen and each one grabs one plate and eats the
contents of the plate
● What mean says in this case is that we had (5+5+5+5+0)/5 = 4 cookies per child
● However, we know that one of the children did not have any cookie and she would
certainly disagree with a statement that on average she ate four cookies
● The median of these plates is going to be the middle value of the following
sequence: 0, 5, 5, 5, 5 => median = 5
● Mean below the median number tells us that one or more plates had less than five
cookies and therefore some children still might be hungry

●

●
●

On the other hand, we might have four empty plates and one with five cookies; The
mean tells us that each child had one cookie (0+0+0+0+5)/5 = 1, but the median
gives us more realistic picture
In this case, the mean would be equal to 0, therefore we may need to look closely
at how the cookies were distributed and how many children are still hungry
Below we can see medians for each grade and an overall median for all scores; what
can we observe from the results?
Grade

Median Score

A
B
C
D
E
FX

97.50
84.50
77.00
67.00
54.00
23.50

Overall

79.00

3. The mode:
● Analysing our data, we may also ask ourselves which score appears most often; such
score is called mode
● To find a mode we again arrange the data in the numerical order and look for the
number that repeats most often times
● In our example this number was 82; there were three students who achieved the
score of 82, there were two students who achieved the score of 58, 80, 88, 95 and
99
● What would happen in a scenario where three students score 82, but also three
students score 58?
● Under this scenario, we would say that the set of number has two modes or that it is
bimodal
● Now what if every student achieves a different score? (i.e. each number appears
only once in the sequence)
● If every number in the set of data appears the same number of times, there is no
mode

Sources:
https://www.statista.com/statistics/280393/womens-tennis-players-with-the-most-victories-atwimbledon/
https://yougov.co.uk/about/panel-methodology/
Dressler and Keenan: Integrated Mathematics (Second Edition)
(https://books.google.sk/books/about/Integrated_Mathematics_Course_1.html?id=h4oiXcjGT3oC&r
edir_esc=y)

