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Introduction    



This course: Quantitative Methods

• 12 weeks (12 credits): 

• 6 with me (Quantitative Methods I) (17 September - 24 October), 

• 6 with prof. S. Grassi (Quantitative Methods II) (5 November - 12 December)

• Weekly appointments: 3 classes (2 hours each)

• Additional practice lectures (one per week)

THIS MODULE

• Classes: Tuesday-Wednesday-Thursday (I4), 16:00-18:00 

• Practice: Wednesday 18:00-20:00

• Office Hours: Ask for an appointment by email.

You can reach me here: marco.stefanucci@uniroma2.it

Introduction 2

mailto:marco.stefanucci@uniroma2.it


Quantitative Methods: final exam

•  Exam  structure
- Closed-book written exam, including open questions, multiple 
choices questions, exercises on the entire program (Quantitative 
Methods part I & II) 

• Exam rules 

- 5 dates, you can attend only 1 in each session

- No mid-term exam 

- Remember to book for the exam: students not booked will not 
be allowed to take the exam 

- Final marks on Delphi (typically within one week)
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Quantitative Methods: classroom rules 

- Students chatting and talking will be invited to 
leave the room
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Quantitative Methods: program 

•  4 sub-parts: 

1.Part I: Descriptive Analysis

2.Part II: Probability and main distributions

3.Part III: Inference

4.Part IV: Regression Analysis 

Part I and Part II (Quantitative Methods I)

• Textbook: Introductory Statistics (8th Edition), 

by Prem S. Mann, edited by Wiley 

• Slides and other material on the website. 
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Quantitative Methods I: program 
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The course provides the basics of data analytics for economics and

business, dealing with understanding, summarizing and

representing statistical information, both univariate and

multivariate, measuring association, and the essentials of

probability theory and calculus.

The latter is at the basis of statistical inference and learning, which

will be the topic of Quantitative Methods 2.



Quantitative Methods I: Syllabus 
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1. Descriptive Statistics and data analysis

• Data structures and sources, variables and their measurement

• Tables and plots: frequency distributions and graphical representation of

data

• Measures of central tendency and dispersion. Measures of association of two

variables

2. Probability theory

• Basic concepts and set theory. Definition of probability, axioms and

theorems. Conditional probability and independence. Bayes’ theorem

• Random variables and probability distributions. Discrete random variables,

continuous random variables, sampling distributions.



Statistics: meanings

1. Statistics as a numerical fact 

2. Statistics as the science of collecting, analyzing, presenting, 

and interpreting data, as well as of making decisions based on 

such analyses (educated guess)

3. Statistics has been defined as the art (or science) of learning 

from data

“Statistics is the art of learning from data. It is concerned with the 

collection of data, their subsequent description, and their analysis, 

which often leads to the drawing of conclusions”  (S. Ross)
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Statistics: meanings

1. Statistics as a numerical fact 

…six people dead and more than 450 
suffering from serious pulmonary 
disease across America…

…a recent study of 53 cases in Illinois 
and Wisconsin found the median age 
was just 19.

“Information from a survey became 
a fact”
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Each day we have decisions 

based on statistical data: 

we have a data-driven life
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Every Number Counts

In today’s data-driven world, the application of statistics in 

everyday life is an ever-present reality that touches all aspects of 

society.

Though the field of statistics originated centuries ago, the impact 

has exploded in recent years as modern statisticians have 

advanced applications of statistics through innovative, problem-

solving approaches.



Statistics everywhere

Statistics has become more popular than ever - newspapers and 
magazines are filled with statistics and graphs summarizing data 
- and is now used in almost all professions 

https://hbr.org/2012/10/data-scientist-the-sexiest-job-of-the-21st-century 

https://www.economist.com/news/briefing/21721634-how-it-shaping-up-data-
giving-rise-new-economy 

https://www.indeed.com/jobtrends/q-%22Data-Scientist%22.html 
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Statistics as the science: types

1. Descriptive Statistics consists of methods for organizing, 
displaying, and describing data by using tables, graphs, and 
summary measures

2. Probability concerns the measurement of the likelihood that an 
uncertain outcome will occur

3. Inferential Statistics consists of methods that use sample 
results to help make decisions or predictions about a 
population.
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Descriptive Statistics: Data and data structures

Descriptive statistics, or data analysis, deals with presenting,

organizing and summarizing data.

We will assume that data are available or have been collected for a

research question.

Note that statistics is also concerned with data collection: the

procedures by which data are collected is crucial to be able to address

the main research question. The design of surveys and censuses is

integral part of the statistical methodology.



Population and Samples

• Population: all elements – individuals, items, or objects – whose 
characteristics are being studied (also called target population). 

• Sample: portion of the population selected for study  

Example: 

Population ➔ this class

Sample ➔ a random sample of 10 of you 
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Descriptive Statistics: concepts

We are interested in obtaining information about a total collection of

elements, which we refer to as a population (e.g., All the students

enrolled in the second year of BAE, Waiting times for bus n. 20, House

prices in Rome municipality during 2021).

A subgroup of the population that is selected for data collection is a

sample. A representative sample is tipically obtained through

randomization, so that each unit has a non zero known probability of

being selected.

The elementary units making up the population or the sample are the

statistical units.
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Let 𝐶 denote a population or a sample and let u denote the units.

The profile of the units u1, u2, . . . , is provided by their

characteristics, which is a set of measurements that we call

variables.

In sum, we consider a set of units, making up a population or a

sample, described by a set of variables.

The most commonly available data structure is a matrix, a rectangular

array of measurements according to rows and columns, where the rows

pertain to the statistical units and the columns to the variables.

Units and their characteristics



Summing up 

Introduction 19

1. Population  vs sample 

• 2. Parameter   vs  sample statistics  

A subset of the units/subjects of interest The set of all the units/subjects of interest 

Numerical summary of the sample takenNumerical summary of the population 

A subset of selected residents in NYAll  residents in NY

Average number of books ready last year by 
1000 selected residents in NY  

Average number of books ready last year by 
ALL of residents in NY  



Parameters and sample statistics

Many samples might be taken from the same population ➔ many 

sample statistics might result. 

Ex: parameter is number of books read last year

Suppose this is the population.. ➔ parameter is: 8

..and this possible sample ➔ sample statistics is: 0.5 
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Parameters and sample statistics

Many samples might be taken from the same population ➔ many 

sample statistics might result. 

Ex: parameter is number of books read last year

Suppose this is the population.. ➔ parameter is: 8

..and this possible sample ➔ sample statistics is: 17.5 
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Parameters and sample statistics

Many samples might be taken from the same population ➔ many 

sample statistics might result. 

Ex: parameter is number of books read last year

Suppose this is the population.. ➔ parameter is: 8

..and this possible sample ➔ sample statistics is: 7.5 
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Parameters and sample statistics

Many samples might be taken from the same population ➔ many 

sample statistics might result. 

Ex: parameter is number of books read last year

Suppose this is the population.. ➔ parameter is: 8

..and this possible sample ➔ sample statistics is: 14 
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Parameters and sample statistics

Many samples might be taken from the same population ➔ many 

sample statistics might result. 

Ex: parameter is number of books read last year

Suppose this is the population.. ➔ parameter is: 8

..and this possible sample ➔ sample statistics is: 4.6
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Parameters and sample statistics

Many samples might be taken from the same population ➔ many 

sample statistics might result. 

Ex: parameter is number of books read last year

Suppose this is the population.. ➔ parameter is: 8

..and this possible sample ➔ sample statistics is: 13

➔ the sample statistics CHANGES with the sample!
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Survey 
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Collection of information (variables) on the elements of population or 

sample (observations).

Census: data collected on every member of the population (not 

necessarily people, it could be agricultural, housing, banking…)

See e.g.: https://www.istat.it/en/censuses 

Sample Survey: data collected on a subsample of members, see e.g.: 

http://www.bancaditalia.it/statistiche/tematiche/indagini-famiglie-

imprese/bilanci-famiglie/ 

https://www.istat.it/en/censuses
http://www.bancaditalia.it/statistiche/tematiche/indagini-famiglie-imprese/bilanci-famiglie/
http://www.bancaditalia.it/statistiche/tematiche/indagini-famiglie-imprese/bilanci-famiglie/


Samples
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Representative: it reflects the main characteristics of the population

Simple Random Sample:  each element of the population has same 

chance of being selected

With replacement:  each time the element drawn from the population 

is put back in the population ➔ if we do several draws, we may select 

the same item more than once

Without replacement: the selected element is not put back in the 

population (each time, the size of the population is reduced by one) ➔ 

if we do several draws, we never select the same item more than once



Samples: examples 
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Consider a box that contains 25 pencils of different colors: you draw a 

pencil, record its color, and put it back in the box before drawing the 

next pencil. 

Every time we draw a pencil from this box, the box contains 25 

pencils ➔ This is sampling with replacement.

Q: consider the rolling a die many times. Is this with or without 

replacement? 

 



Samples: examples 
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Consider a box that contains 25 pencils of different colors: you 

extract a pencil, record its color, and DO NOT put it back in the box 

before extracting the next pencil. 

Before the second extraction, the box contains 24 pencils, before the 

third, 23, etc.. Every time we extract a pencil from this box, the box 

contains one pencil less ➔ This is sampling without replacement.

Q: you drink a bottle of soda from a 12-bottle box and you record the 

taste. Is this extraction with or without replacement? 
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A statistical dataset or database is a set of measurements taken 

on the statistical units making up our population or sample.

The information is obtained by measuring variables on the units.

Let X denote a variable (gender, age, income, etc.). A measurement 

involves attributing a value of X according to some rule and with a 

given content. In other words, we make the  association

u → x

where x is the value of X associated with unit u.

The values of X are exhaustive and mutually exclusive.

Statistical dataset
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Data and measurement scales

To analyze a dataset, you first need to determine what type of 

data you’re dealing with.

Fortunately, to make this easier, all types of data fit into one of 

four broad  

categories: nominal, ordinal, interval, and ratio data.

While these are commonly referred to as ‘data types,’ they are 

really different scales or levels of measurement.

The nominal and ordinal data are known as categorical data. 

The interval and ratio data are both types of numerical data.
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Categorical Data

Nominal data is the simplest data type. It classifies data purely 

by labeling or naming values e.g. measuring marital status, 

hair, or eye color. It has no hierarchy to it.

Ordinal data classifies data while introducing an order, or 

ranking. For instance, measuring economic status using the 

hierarchy: ‘wealthy’, ‘middle income’ or ‘poor.’ However, there is 

no clearly defined interval between these categories.
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Numerical Data

Interval data classifies and ranks data but also introduces 

measured intervals. A great example is temperature scales, in 

Celsius or Fahrenheit. However, interval data has no true zero, 

i.e. a measurement of ‘zero’ can still represent a quantifiable 

measure (such as zero Celsius, which is simply another 

measure on a scale that includes negative values).

Ratio data classifies and ranks data, and uses measured 

intervals. However, unlike interval data, ratio data also has a 

true zero. When a variable equals zero, there is none of this 

variable. A good example of ratio data is the measure of height -

you cannot have a negative measure of height.
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Variables

• Variables: characteristics of interest collected on the elements of 
population or sample (observations).

Example: colour of the eyes, number of brothers and sisters, credit 
on the mobile phone, height, weight, mark at the last exam, etc…

Introduction 35



Types of Variables

1. Qualitative (or Categorical) : cannot be measured numerically  

Ex: colors of the eyes, gender, brand of a car, place of birth, etc..

2. Quantitative : can be measured numerically 

• Discrete: countable values (no intermediate values between 
integers) 

Ex: nr. of cars held, nr. of people visiting a bank branch every day, number of 
students in a class, …

• Continuous : assume any numerical values 

Ex: height, weight, time to reach TV, income (and all monetary amounts),… 
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Types of Variables
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Discrete and continuous quantitative 
variables

Let X be a quantitative variable. We can further distinguish 

between

• Discrete variables: the values x that X can take are either  

finite or countably infinite, i.e., nr. of children per family, nr. of 

students in a class, nr. of citizens of a country.

• Continuous variables: X can take on an uncountable set of  

values x, i.e., the amount of time required to complete a project, 

the height of children, the amount of rain, in inches, that falls 

in a storm, the square footage of a two-bedroom house, the 

weight of a truck, the speed of cars.



Types of Variables: Exercise
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Classify the following variables:

 

VARIABLE TYPE 

The time a student spends studying for an exam (in 
hours)

The amount of rain last year in Rome (in ml)

The arrival status of an airline flight at an airport 

(early, on time, late, canceled)  

The price of a BigMac in 10 different cities



Types of Variables: Exercise
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Classify the following variables:

 

VARIABLE TYPE 

The time a student spends studying for an exam (in 
hours)

Quant. 

Continuous

The amount of rain last year in Rome (in ml) Quant. 

Continuous

The arrival status of an airline flight at an airport 

(early, on time, late, canceled)  

Qualitative

The price of a BigMac in 10 different cities Quant. 

Continuous



Types of Variables: Exercise
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Classify the following variables:

 

VARIABLE TYPE 

The amount of gasoline put into a car in a gas station 

The number of clients in a bank branch

The brand of a car 

The number of coffees drunk in a day 



Types of Variables: Exercise
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Classify the following variables:

 

VARIABLE TYPE 

The amount of gasoline put into a car in a gas station Quant. 

Continuous

The number of clients in a bank branch Quant. 

Discrete

The brand of a car Qualitative

The number of coffees drunk in a day Quant. 

Discrete
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Types of Variables: Stocks and Flows

According to the time stamp of the measurement we distinguish also:

• Stock variables: they can be measured only with reference to a

specific time point (residents in a country, value of capital stock,

wealth, marital status, employment status, etc.)

• Flow variables: they can be measured only with reference to a

time interval (production, sales, income, etc.)
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Stocks and Flows variables

• Wealth is a stock, income is a flow

• Kilowatt hours (e.g. stored in a Tesla battery) are a stock, Kilowatts 

are a flow (e.g. current charging or discharging the battery)

• The amount of gold in a reserve is a stock, the mining of it is a flow

• The population of a country is a stock, birth rates, death rates and 

migration rates are flows

• The inventory in a warehouse is a stock, orders taken from it are 

flows



Types of Data 

1. Cross-Section: data are collected for many elements (n = 1, 2, 3, 
…, N) in the same period of time (t=1)

2. Time-Series: data are collected for the same element (n =1) at 
different points in time (t= 1,2,3,…,T)

3. Panel Data: data are collected for many elements (n = 1, 2, 3, 
…, N) at different points in time (t= 1,2,3,…,T)
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Cross-section: Example  

1.Cross-Section: data are collected for 
many elements (n = 1, 2, 3, …, N) in 
the same period of time (t=1)

Percentage of people at risk of poverty or social exclusion 
by group of country of birth (population aged 18 and over), 
European countries (n=1,…,27), t=2020 

https://ec.europa.eu/eurostat/databrowser/bookmark/626f6
b49-a809-46a2-883d-169d19359f3c?lang=en 
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Time-Series: Example  

2. Time-Series: data are collected for the same element (n=1) at 
different points in time (t= 1,2,3,…,T)

Monthly data on arrivals in accommodation 
establishments in Italy (n=1), from 2021-06 
to 2022-06 (t=2021-06,2021-07,…, 2022-06) 

Ex. 
http://dati.istat.it/?lang=en&SubSessionId=2
c85fd67-7c39-4c50-8bfa-bed39a447064 
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Panel Data: Example  

3. Panel Data: data are collected for many elements (n=1, 2, 3, …, 
N) at different points in time (t= 1,2,3,…,T)           
Ex.https://ec.europa.eu/eurostat/databrowser/bookmark/fe477a47-8142-4d9b-ba80-ba2e6b55a71d?lang=en 
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