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Introduction

Main aims of the course

* This course is an intensive course designed to provide a foundation in
guantitative research methods for students planning to conduct
research in the social sciences.

* The goal is for students unfamiliar with quantitative research
methods to learn basic statistical terminology, concepts, tests and
techniques.



Introduction

Main contents

* The course is realized as both introductory lectures and as basic
statistical exercises using excel, as well as self-study, over a period of
4 days.

Day 1: Introduction to statistical inference

Day 2: Basic statistics and key figures

Day 3: Cross tabulation + Three way cross tabulation (elaboration)
Day 4: Tests of significance and correlation



Introduction

Evaluation and requirements

e Students will be evaluated based on a "survey study" completed in
pairs or you can do it alone if you prefer
 See file “Survey study instructions” —file for more information

* Note: the three exercises during and after demo sessions are not evaluated,
but they exist to teach the methodology needed for the survey study and to
cultivate basic statistical skills

e Evaluation scale: Pass/Fail

* Software required: Microsoft Excel



Introduction

Evaluation and requirements

 If you feel like all the topics in this course are “easy peasy lemon
squeezy”, you can take the “skip this course exam” found in moodle

* Send it to my email, eokaro@utu.fi and I’ll evaluate, if you possess
skills so badass, that you can just skip this introductory course

* Please, do not take the exam just to be lazy

e Evaluation scale: Pass/Fail


mailto:eokaro@utu.fi
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What if you are not familiar with Excel?

* As this is not Excel course, here, have some Youtube tutorials if you
have never used any spreadsheet program:

* https://www.youtube.com/watch?v=rwbhoQCgEAE

* https://www.youtube.com/watch?v=Ixqg 46nY43g

* https://www.youtube.com/watch?v=BkmxrvIfDGA



https://www.youtube.com/watch?v=rwbho0CgEAE
https://www.youtube.com/watch?v=lxq_46nY43g
https://www.youtube.com/watch?v=BkmxrvIfDGA
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Behind the voice: Player card

e Esa Karonen, University of Turku, Project Researcher

* Work: In the Beyond 4.0 project funded by the European Union
Horizon2020

* Research interests: income, consumption and wealth
differences, economic asymmetry, generation differences,
criminology, simulation models

* Methods: multilevel models; age, period, and cohort patterns;
micro-simulation models; Agent Based Modeling; machine
learning

e Dissertation: Economic cycles and changes in economic
inequality over the life cycle

* Upper-Secondary Mathematics Grade: C (Short Mathematics)




Introduction to statistical inference
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Why do science?

* Have you ever had an opinion,
which you thought to be true
out in reality, was based on
oersonal bias or lack of
Information?

* Unlike people like to think, not
everyone has infallible
reasoning skills

* Don’t worry, we have science
to be less wrong!

Thinking at
school

Thinking
while trying
to sleep

THINKING
WHILE
SHOWERING




Basics of statistics

Why do statistical analysis?

Half are aTainst policy X

* The question is: How to get
from armchair reasoning to
(statistical) empirical research?

* As previously stated, everyday
reasoning and the so-called The
“good-ol’ common sense”
suffers from selectivity

VS. selective
observer

~
ell everybody
Ise Is against
too...

/

W
e
It
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Pitfalls of generalizing

* The selective observer of the previous slide makes the mistake of
generalizing his/her observation to apply “everyone”

* Another common mistake is indiscriminate observation:
in this case, for example, those who happen to come across the
street are asked for their opinion without thinking about how well
they represent “everyone”.

* The sampling frame does not cover the whole population
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Scientific solution to generalizing

* Generalization requires that either:
A) Everyone is interviewed to find out (which is rare)

Or

B) Observations are made in such a systematic way that the
observations can be relied on to represent "all"
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Scientific solution to generalizing

e The above is not limited to statistical research but is critical to all
research and rational thought.

* Even if our observation differs from the systematic observation
(and often it justifiably deviates!), We should be aware of the
possibility of bias associated with this.

* A systematic research approach is a requirement in order to
generalize research results from a larger number of people
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The idea of empirical research

* The scientific method is an empirical method of :
acquiring knowledge: Gbservé}ﬂ%
/; / question

1. Itinvolves careful observation, applying
rigorous skepticism about what is observed, Report Research
iven that cognitive assumptions can distort conclusions topic area
ow one interprets the observation _ -
2. Itinvolves formulating hypotheses, via Scientific
induction, based on such observations
3. Experimental and measurement-based testing method
offdeductior(ls dr?wn from ;che]c hﬁ/pcr)]thes%s; and Analyze
refinement (or elimination) of the hypotheses -
based on the experimental findings. data ) GVDOth889
* These are principles of the scientific method, as Test with
distinguished from a definitive series of steps experiment

applicable to all scientific enterprises
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Statistics in @ nutshell

* The so called statistical inference is the process of using data analysis
to deduce properties of an underlying distribution of probability.

* Probability of what and where?

* Inferential statistical analysis aims to deduce properties of a population, for
example by testing hypotheses and deriving estimates.

* These quantitative branches are called descriptive research and explanatory
research

* Thus, statistics aims to utilize observed data set which is sampled
from a larger population
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Statistical research in social science

* Quantitative social science can be divided into two main categories:

1. Descriptive research
* When you want to describe a certain phenomenon or data, e.g. direct distributions, averages.

 May be based on data description (not generalized) or statistical reasoning (generalization of
the result to the whole population)

 How many percent of Finns have basic education?
* How many children do Finns have on average?

2. Explanatory research
* When you want to estimate whether something is related to another thing / phenomenon

* It is always based on statistical reasoning, i.e. the aim is to generalize the results to
population
. Nf?TE! Most of the explanatory analyzes of correlations therefore talk about correlations not
effects.
* Isthe income of the parents related to the length of the child's education?
* |s unemployment related to the number of children (fertility) in Finland?
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Statistics in @ nutshell

* Let’s assume we are interested
how tall people are in certain city

* It would be unwise to go around
and try to ask hundreds of thousands
of people on their height or try to
observe random people on the street

* Instead, we can gather a representative sample of the population,
which is the city we are interested in
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Statistics in @ nutshell

-
-
_——
_—_
—-——
—__
_—_
———
_——
_—_
-

Ll

155cm 160cm 165cm 170cm 175cm 180cm 185cm

* All statistics can be thought as
distributions of observations, such
as number of people in certain
height
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Statistics in @ nutshell

* All statistics can be thought as
distributions of observations, such as
number of people in certain height

* As we order people by their height
and know how many people are at
certain height, we can estimate the
average height

* Assuming, the our sample of people
represents the population correctly,
we cah assume that this estimation
also reflects what is true among
population
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Statistics in @ nutshell

* In this sample, we found that
mean height is 170cm

* This is what we call descriptive
analysis, as we made an
estimation of people’s height
among general population

* Explanatory  analysis  would
instead consider if there is link
between several variables

* For example, is calorie intake
associated with height? Are

genetics associated with height?
etc.

 Thus, we would search an
explanation for the variation

Largest number of
people at this height

Number of persons

1 1 1 1 1

155cm 160cm 165cm 170cm 175cm 180cm 185cm

i
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{‘ sl T
St?tik;tic_g__ﬂa nutshigll

*That’s it, | can
do science a
win that Nobel? ¢
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NOPE
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Statistics in @ nutshell

* Have you ever heard the phrase, “correlation does not equal
causation?” Here, have some examples:

Number of people who drowned by falling into a pool

correlates with

Films Nicolas Cage appeared in

Correlation: 66.6% (r=0.666004)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

140 drownings 6 films
[
[=1s]
£
=
S 120 drownings 4films £
5 =X
S &
3 - &
= 100 drownings [ . 2 films 9
£ ¢ ’
=
v

80 drownings 0 films

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-8 Nicholas Cage -# Swimming pool drownings

tylervigen.com
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Statistics in @ nutshell

* Have you ever heard the phrase, “correlation does not equal
causation?” Here, have some examples:

Total revenue generated by arcades
correlates with

Computer science doctorates awarded in the US

Correlation: 98.51% (r=0.985065)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
$2 billion 2000 degrees

N

o

3

o $1.75 billion 2
2 1500 degrees F_f-;r
w 7]
= 0,
[1H] e o
= $1.5 billion S
] 'l
= m
S o
&‘f 1000 degrees )
$1.25 billion 3

S

[4+]

(]

$1 billion 500 degrees
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-8 Computer science doctorates -4 Arcade revenue

tylervigen.com
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Statistics in @ nutshell

* Have you ever heard the phrase, “correlation does not equal
causation?” Here, have some examples:

CORRELATION IS NOT CAUSATION!

M ICE CREAM SALES
B SHARK ATTACKS

* Here, a classic!

JAN MAR MAY JUL SEP NOV

Both ice cream sales and shark attacks increase when the weather is hot
and sunny, but they are not caused by each other (they are caused by
good weather, with lots of people at the beach, both eating ice cream

and having a swim in the sea)
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Statistics in a nutshell

 While causation and correlation can exist at the same time, correlation
does not imply causation.
* Causation explicitly applies to cases where action A causes outcome B

* On the other hand, correlation is simply a relationship. Action A relates to
Action B—but one event doesn’t necessarily cause the other event to happen

e Correlation and causation are often confused because the human mind
likes to find patterns even when they do not exist

* We often fabricate these patterns when two variables appear to be so
closely associated that one is dependent on the other
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Statistics in @ nutshell

Variable = Something that varies or is
subject of our interest (ice cream,

weather, Nicholas Cage’s appearance
in movies etc...)

* A correlation between variables, does not automatically mean that the

change in one variable is the cause of the change in the values of the
other variable.

e Causation indicates that one event is the result of the occurrence of the
other event

* i.e. there is a causal relationship between the two event
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Statistics in @ nutshell

* To go back to our height
example, in this sample, we
founa that mean height is
170cm

* This would be a descriptive
observation

* Explanatory analysis  would
instead consider if there is link
between several variables

e As in, if there is causal or
correlative factors linked to height

* Correlative factors are more
easily revealed, but causal links
require experiments or more in
depth research (more on that
later)

Largest number of
people at this height

Number of persons

1 1 1 1 1

155cm 160cm 165cm 170cm 175cm 180cm 185cm

9o ¢ ¥ Gic

(=)

-




Terminology

Term:

. . Cases
Basic terminology e

Sample

* Now we know the basic gist of it, but what are all these Variable
terms mentioned in previous slides? Observation

* Five key concepts to understand statistics:
* Observation / cases

Population

Sample

Variable

Observation matrix

* We can catch up with rest as they come along '
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Term:

Basic terminology Cases

* Cases are persons, countries, companies, etc. that are the subject or an object
of the research

* For example one individual or a household could one observation unit or a case



Terminology

Term:

Basic terminology

Population

Population
Sample

E—— o
g _
2 ' « ' i Sample
I
Population: Sample:

. , : * The set of observation units for which all observation
Population (target population) units have a greater than zero probability of being
from which the study seeks to selected.

draw conclusions. * Random sampling refers to a set (observation unit)

that is randomly selected from a population.

* The validity of statistical tests depends on how well the
sample selection has been performed.



Terminology

Term:
Basic terminology
] ] Variable
* Variable = thing to be measured.
Position Education Tenure Track
. . . Substitute Teacher | High School Diploma No
* Th 1S Co_u Id b.e fOI |OWI ng * ge n d € r’ Adjunct Faculty Associate's Degree No
Ed U Cat I O n, IN CO m e, N U m be I Of Associate Professor Bachelor's Degree Yes
ti m es N iC h O I a S Cage h a S As&is;an;mee&mr }Ta;:er': D:gree E&s

appeared in movies etc.

* Any measurable thing that gets varable
different values (variation = S S
something that vary, duh!). Cir

1ty

Service location
Anti-anxiety/sedative drug

e Usually encoded in numeric form Enjoying of job
e i.e. female = 1, male = 0. Education

Second job
Shiftwork schedule



Terminology

Term:

Basic terminology

Variable

* Lets think this in practical manner, you, yes, you dear

listener as a variable!

Age N of credits Faculty N of minutes on mobile phone




Terminology

Term:
Basic terminology
Variable
* Lets think this in practical manner, you, yes, you dear
listener as a variable!
Age N of credits Faculty N of minutes on mobile phone

25 120 4 125

Lets say, that 4 stands for social policy
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Term:
Basic terminology
Variable
* Lets think this in practical manner, you, yes, you dear
listener as a variable!
Age N of credits Faculty N of minutes on mobile phone

25 125
Value Value Value Value

Variable Variable Variable Variable
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Term:
Basic terminology
* Observation matrix is a set of values arranged in rows and columns
Observation matrix
to be analyzed.
 Each observation unit as its own row, each variable as its own
column.
 All statistical programs use this format
4| A , B , C . D , E , F ] G ‘ H _ I , J , K ‘ L ‘ M LN ]
Newspaper
1D Last Name First Name City State Gender S::::;‘ Major Country Age SAT sc::::ag:de) Height (in) readership
1| | g (times/wk)
2 | 1 DOEO1 JANEO1 Los Angeles  California Female Graduate Politics us 30 2263 67 61 5
3| 2 DOED2 JANED2 Sedona Arizona Female Undergraduate Math us 19 2006 63 64 7
4 3 DOEO01 JOEO1 Elmira New York Male Graduate Math us 26 2221 78 73 6
5 | 4 DOE02 JOE02 Lackawana New York Male Graduate Econ us 33 1716 78 68 3
6 | 5 DOE03 JOEO03 Defiance Ohio Male Graduate Econ us 37 1701 65 4l 6
7| 6 DOE04 JOEO4 Tel Avv Israel Male Graduate Econ Israel 25 1786 69 67 5
8 | 7 DOE05 JOEO5 Cimax North Carolina Male Graduate Politics us 39 1577 96 70 5
9| 8 DOEO3 JANEO3 Liberal Kansas Female Undergraduate Politics us 21 1842 87 62 5
10| 9 DOE04 JANEO04 Montreal Canada Female Undergraduate Math Canada 18 1813 91 62 6
1) 10 DOE05 JANEO5 New York New York Female Graduate Math us 33 2041 7 66 5
12 1 90806 JOE9§_ ﬂot Coffe Misgigsippi h_dale _ l:lndt_zfgtaduate _E_cqn !JS 1§ 1ZSZ 82 6:! §
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Meaning of random sample e whole Finnish

population
Pr ducing Data
* The set to which the results are to be generalized is =
called the base set

Population

* We are often interested in the size of a certain
characteristic (eg income, level of education, etc.)
in the population, but do not get to ask about the

Exploratory Data
Analysis

Data

income of every age (because 5.5 million Finns)
* Thus, generalizability requires random sampling : Eggﬁix random sample of the

* j.e. ESS Dataset

 Randomness = when sampling, members of the population have a pre-determined
probability of being sampled



Statistical resoning

Uncertainty or certainty of solutions is
expressed in probabilities

* The answer to a research question can only be approached with a certain
probability

* This is expressed as a numerical value between 0 - 1
* E.g. “phenomenon occurs at 0.25” = “phenomenon occurs in 25% of all
cases”
* More clearly, participants in the course will have a red shirt

* The basic idea of reasoning: what do the randomly selected cases “tell”
about the population?
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Statistical reasoning

* The aim is to estimate population’s parameters from a sample

Population Sample

Parameter Estimation
i.e. the mean height of total Finnish e.g. estimated mean height from a sample (from a
population dataset) for the Finnish population

* In general, research is interested on values of population, which are
estimated and tested through represetative sample

* For example, by calculating people’s height from a sample, we can
estimate the range of mean height of Finnish people
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Statistical reasoning

Sample

Main rationa

 The sample is used to calculate an
estimate of the mean and an estimate of
the standard error
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The True Population Mean
(This is unknown and
we’re trying to estimate it)

Population ”
The Population

Distribution

Statistical reasoning :

The Sample
Distribution

Interval Estimate of the Population Mean
based on sample data

Main rationale:

* The sample is used to calculate an * This information is used to
estimate of the mean and an estimate of ~ estimate where the mean of the
the standard error population is likely to be



Statistical resoning

Statistical reasoning ;
The True Population Mean .
(This is unknown and :
J 8 = 2 |
Three samples (red distributions) and WeenyingoEstmateyy :
true population distribution (blue distribution) - 4
3 !
S o
{ -,
," ‘I"
o | The Sample
p | : Distribution
o ‘;“" i ‘\“',‘ 3 5
5 ) 1 .......
— — X v
o T T — 1 | auausaas
165 170 175 180 Interval Estimate of the Population Mean
Height (cm) based on sample data

Main rationale:

* The sample is used to calculate an * This information is used to
estimate of the mean and an estimate of  estimate where the mean of the
the standard error population is likely to be
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Statistical reasoning: step by step

The purpose of statistical reasoning is to test the hypothesis

Choosing the hypothesis
* Null hypothesis Hy means that there is no association between two variables which are the interest of the research
e Alternate hypothesis I/, means that there is an association between variables
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Statistical reasoning: step by step

The purpose of statistical reasoning is to test the hypothesis

Choosing the hypothesis
* Null hypothesis Hy means that there is no association between two variables which are the interest of the research
e Alternate hypothesis I/, means that there is an association between variables

1. Choosing the right statistical test
* Choosing right statistical test for the research question and problem, which tests the probability of null hypothesis



Statistical resoning

Statistical reasoning: step by step

The purpose of statistical reasoning is to test the hypothesis

Choosing the hypothesis
* Null hypothesis Hy means that there is no association between two variables which are the interest of the research
. means that there is an association between variables

1. Choosing the right statistical test
* Choosing right statistical test for the research question and problem, which tests the probability of null hypothesis

2. Choosing the confidence intervals (usually 0.05 = 5 % risk level)
* Means that we accept that the possibility of error is 5 %, or in other words, 5 % probability for null hypothesis
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Statistical reasoning: step by step

The purpose of statistical reasoning is to test the hypothesis

Choosing the hypothesis
* Null hypothesis Hy means that there is no association between two variables which are the interest of the research
. means that there is an association between variables

1. Choosing the right statistical test
* Choosing right statistical test for the research question and problem, which tests the probability of null hypothesis

2. Choosing the confidence intervals (usually 0.05 = 5 % risk level)
* Means that we accept that the possibility of error is 5 %, or in other words, 5 % probability for null hypothesis

3. Doing the analysis aka. doing the statistical test
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Statistical reasoning: step by step

The purpose of statistical reasoning is to test the hypothesis

Choosing the hypothesis
* Null hypothesis Hy means that there is no association between two variables which are the interest of the research
. means that there is an association between variables

1. Choosing the right statistical test
* Choosing right statistical test for the research question and problem, which tests the probability of null hypothesis

2. Choosing the confidence intervals (usually 0.05 = 5 % risk level)
* Means that we accept that the possibility of error is 5 %, or in other words, 5 % probability for null hypothesis

3. Doing the analysis aka. doing the statistical test

4. Decision on abandoning/accepting the null hypothesis

* Decision on validating or invalidating null hypothesis, or in simple manner, is there association or not between
variables

» |f the statistical test is smaller that the choosen risk level, the null hypothesis is invalidated and
is validated (there is a association between variables)
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Statistical reasoning: experiment

The purpose of statistical reasoning is to test the hypothesis

Choosing the hypothesis

* Null hypothesis H there is no association between amount of water and sprout growth on plants

. there is an association between amount of water and sprout growth on plants
* How to find causal links? Independent variable: Dependent vartable:
How these would be ameunt of water fraction of seeds that sprout

tested? /
* By doing experiments / \

910 seads 010 seeds
e [f we assume we can 535 sprout sprout
control all variables in — — TRV
laboratory environment, ' |
we can introduce new Cosier] e

variable and measure it’s

effect

Experimental Control
group group
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Statistical reasoning: experiment

The purpose of statistical reasoning is to test the hypothesis

Choosing the hypothesis

Null hypothesis H there is no association between amount of water and sprout growth on plants
there is an association between amount of water and sprout growth on plants

° Control group |S |eft Independent variable:

amount of water

WIthOUt treatment, fraction of seeds that sprout
which is the watering / \ / \

Dependent variable:

QM0 seeds 010 seeds

 Thus, we can compare sprout sprout
the effect of water by 3 o | o— 3 | a—
observing differences e o
between control and
eXperlmentaI group Experimental Control

group group
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Statistical reasoning: experiment

The purpose of statistical reasoning is to test the hypothesis

Choosing the hypothesis

* Null hypothesis H there is no association between amount of water and sprout growth on plants

. there is an association between amount of water and sprout growth on plants
* As you can see, experimental Independent variable: 0 dent varlable:
group has sprouts and control amount of water raction o« e that :'F;mm
group does not / - TN

 This means that null

hypothesis is invalid 5{-5 910 seeds | 010 seeds
sprout sprout
. . oo S Al B —
. : s in
effect: there is association [rvisier] Cower] e thar] T

between amount of water
and sprout growth

Experimental Control
group group
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Statistical reasoning: experiment

The purpose of statistical reasoning is to test the hypothesis, and replicated multiple times

Choosing the hypothesis
Null hypothesis H there is no effect between amount of water and sprout growth on plants
there is an effect between amount of water and sprout growth on plants

¢ If the experiment |S independent variable: Dependent variable:

amount of water

replicated mu Itlple / fraction of seeds that sprout
times and we can /\

surely say that all

QM0 seeds 010 seeds

possible variables are sprout sprout
controlled, we can T | e [ o | T 7| ek | cm—
state that water has Coge] e
causal effect on sprout

growth Experimental Control

group group
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Statistical reasoning: experiment

The purpose of statistical reasoning is to test the hypothesis, and replicated multiple times

Choosing the hypothesis

Null hypothesis H there is no /effect between variables
there is an /effect between variables

e Of course, in social sciences we cannot put universe in a laboratory, thus
usually correlative research can be only compromise

* For example, in the height example previously, we cannot reduce individuals calorie
intake by force for decades to measure it’s effect on height, as it would be unethical

* |t is to be noted that experiment is the gold standard, as we should seek to control all
variables, to gain most causal explanation possible

* Note the language in the hypothesis
. implies correlation between variables
* Effect implies causality
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Levels of measurement

Categorical variables

Statistical resoning

Nominal scale:
Classification / membership

Ordinal scale:
Comparison / level

Continous variables

Interval scale:
Difference / affinity

Ratio:
Magnitude / amount
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Levels of measurement

Categorical variables

Nominal scale:
Divide the observation units into groups according to their features.
Classification / membership; e.g. sex, education level

What is your gender?  What is your hair color?

= M- Male » 1 - Brown
. F-Female 1 2 - Black
' 3 - Blonde
| 4 - CGray
5 - Other

Where do you live?
[+ A - North of the equator

. B - South of the equator

€ - Neither: In the international space station
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Levels of measurement

Categorical variables

. How do you feel today? How satisfied are you with our service?
Ordinal scale: = 1 - Very Unhappy (»' 1 -Very Unsatisfied
Observations that can be ranked. 2~ Unhappy o 1 T L
Comparison / level; e.g. Likert scale (1-5). 3-0K 3 - Neutral

4 - Happy | 4 - Somewhat Satisfied
5 - Very Happy . 5 - Very Satisfied

Movie rating by number of stars

# - Did not like the movie
sk - The movie was tolerable
sk - Liked the movie
sk - Liked the movie a lot
stk - Loved the movie
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Levels of measurement

mlMales OFemales
1000 -

900 -
800

700 -

600

500 -

Continous variables

Number of animals

400

Difference / affinity; e.g. year of birth el

The values are at regular intervals from each other 200 1 ‘H
lIIll||||||

Interval scale: 300 ‘ ‘ ‘ |
3338

11]l‘h|‘ l
%5%338?&8%EEQQSE?R&E%m%wngcSmSQQ 33885383383889559
QNPT RRARRRRDRRRRIRRST2RIRRDDRA2222IZEEIISSRILRRR

Year of birth
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Levels of measurement

Continous variables

Ratio:

Ratio scales can be described as specifying "how much or how many" of
something, including a meaningful zero point.

Magnitude / amount; e.g. income

Real Disposable Household Income by Income Decile, United Kingdom
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Source: Incomes across the Distrbution Database (Nolan, Thewissen, Roser) in levels (2016)
OurWorldinData_orgfincomes-across-the-distribution/ - CC BY
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Levels of measurement

Categorical variables

Nominal scale:
Divide the observation units into groups according to their features.
Classification / membership; e.g. sex, education level

Ordinal scale:
Observations that can be ranked.
Comparison / level; e.g. Likert scale (1-5).

Continous variables

Interval scale:
The values are at regular intervals from each other
Difference / affinity; e.g. year of birth

Ratio:

Ratio scales can be described as specifying "how much or how many" of
something, including a meaningful zero point.

Magnitude / amount; e.g. income

Next variable type
includes previous
variable type’s
conditions



