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Masurarea si
colectarea
datelor




Masurare vs. colectarea datelor

* Masurarea: transformarea fenomenelor in variabile
* Tnaltimea = un numar de cm
* Greutatea - un numar de kg
* Temperatura - un numar de grade

* Colectarea datelor: organizarea & stocarea datelor din:
* Masuratori proprii
* Masuratori din surse diferite

* Heterogenitatea datelor: fiecare sursa poate avea propria
metodologie

* Armonizarea datelor din surse diferite



Indicator 1

Indicator 2

The Rise of the Chart in the Newspaper

The # of Charts in a September Issue of the New York Times (Checked Every Five Years)
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https://priceonomics.com/when-did-charts-become-popular/

Masurarea trecutului prin prezent

Like an ice age, in reverse; CO, levels are far higher than previous

interglacial periods, and have risen remarkably fast 400
Enospheric CO; levels, parts per million
Source === Vostok ice core === LawDomeice core === Mauna Loa Observatory
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Masurarea CO2 cu mii de aniin

urma prin CO2 actual in ghetari
e (CO2in trecut = constructul
e (CO2in prezent, in ghetari =
indicatorul

+ Armonizarea si agregarea datelor din
surse diferite
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https://www.economist.com/briefing/2019/09/21/the-past-present-and-future-of-climate-change

Doua competente centrale in DS

Sa facem diferenta intre: Sa tinem cont mereu de:

[

Variab
ilitate

Procesul /
fenomenul

v Procesul masurarii:
masurat

Indicatorii (proxy)

Tendinta

centrala
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Distributii

Niveluri de masurare




Indicatori: niveluri de masurare

* Nivelul nominal: judetul, numele de familie, zodia
* Valorile sunt cuvinte
 Valorile nu pot fi ordonate
* Permite numarari, clasificari, dar nu operatii algebrice (modul)
* Nivelul ordinal: satisfactia cu calitatea aerului, perceptia coruptiei
 Valorile sunt cuvinte: foarte mult, mult, putin, foarte putin (scala Likert)

 Valorile pot fi ordonate (permite calculul medianei si al modului)
* Uneori traduse in numere

* Nivelul numeric
* Valorile sunt numere
e Permite calcul algebric (medie)



Most Used Ingredients

Brazilian
salt
onions
olive oil
lime
water

0% 25% 50%

French
salt
sugar
all—purpose flour
unsalted butter

British
salt

all—purpose flour
butter

milk
eggs

Greek
salt
olive oil
dried oregano
garlic cloves

olive oil feta cheese crumbles
Jamaican Japanese

salt s0y sauce

onions salt

water mirin

garlic sugar

ground allspice water
Russian Southern US

salt salt

sugar butter

onions all—purpose flour

all—purpose flour sugar

SOUr cream large eggs
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Cajun Creole
salt
onions
garlic
green bell pepper
butter

Indian
salt
onions
garam masala
water

ground turmeric

Korean

SOy sauce

sesame o1l
garlic

green onions
sugar

Spanish
salt
olive oil
garlic cloves
extra—virgin olive oil

onions

Chinese

S0y sauce
sesame o1l
salt

corn starch

sugar

Irish
salt
all-purpose flour
butter
onions

potatocs

Mexican
salt
onions
ground cumin
garlic

olive ail

Thai
fish sauce
garlic
salt
coconut milk

vegetable oil

Filipino
salt
garlic
onions
‘water

SOy sauce

Italian
salt
olive oil

garlic cloves

grated parmesan

garlic

Moroccan
salt
alive oil
ground cumin
onlons

garlic cloves

Vietnamese

fish sauce
sugar

salt

garlic

water

Most Cuisine-Specific Ingredients

Brazilian
sw. cond. milk
coconut milk
lime
tomatoes
onions

0 20

French

shallots

unsalted butter
large eggs
all-purpose flour

Jamaican
allspice
ground allspice
thyme
fresh thyme
dried thyme

] 50

Russian
bects

fresh dill
sour cream
potatocs
flour

0 B0

British
milk
heavy cream
baking powder
unsalted butter

flour

Greek

feta cheese

feta cheese crumbles
cucumber

dried oregano

fresh lemon juice

0 B0

Japanese
sake
mirin
rice vinegar
S0y sauce

scallions

I
] 120

Southern US
buttermilk
baking soda
baking powder
vanilla extract

milk

Cajun Creole
andouille sausage
creole seasoning
cajun seasoning
celery ribs

celery

1} 120

Indian

garam masala
ground turmeric
cumin seed
tumeric

green chilies

I
1} 150

Korean
Gochujang basc
kimchi

toasted sesame seeds
sesame sceds

sesame oil
i i

1] 1000

Spanish
extra—virgin olive oil
dry white wine

red bell pepper

fresh parsley
tomatocs

0 4

Chinese
hoisin sauce
oyster sauce
sesame o1l
corn starch
peanut o1l

I

]
0 4

Irish

baking soda
potatoes
buttermulk
baking powder
milk

Mexican
corn tortillas
salsa
flour tortillas
black beans
avocado

0 250

Thai
lemongrass
fish sauce
coconut milk
peantits

lime juice

Sursa

Filipino
cooking oil
bay leaves
ol
fish sauce
SOy sauce

Italian
grated parmesan
fresh basil
e.v. olive onl
olive oil

grnd. black pepper

0 20

Moroccan
couscous
chickpeas
ground ginger
ground cinnamon

ground coriander
i

[0 140

Vietnamese
fish sauce
beansprouts
lemongrass
cucumber

rice vincgar

0 20

10


https://flowingdata.com/2018/09/18/cuisine-ingredients/

Masurare
ordinala:
satisfactia cu
viata

Sursa

7/18/2024

Self-reported Life Satisfaction, 2018

Life satisfaction is self-reported as the answer to the following question: “Please imagine a ladder, with steps
numbered from O at the bottom to 10 at the top. The top of the ladder represents the best possible life for you and
the bottom of the ladder represents the worst possible life for you. On which step of the ladder would you say you

personally feel you stand at this time?”

P <

A tﬁﬂ ?x =t
A LS Y
QK =%¢ 1
e p;

Nodata 0 1 2 3 4 5 6 7
1 L i I — ]

OurWorldIinData.org/happiness-and-life-satisfaction/ « CC BY

Source: World Happiness Report (2019)
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https://ourworldindata.org/happiness-and-life-satisfaction

Nominal: unde ai absolvit generala si liceul?

Liceul % Generala

Generala
In Bucuresti | Intr-o localitate rurald | Intr-un altoras | Total
Liceul In Bucuresti Column % 98.6% 22.2% 3.8% 43.1%
In alt3 localitate  Column % 1.4% 77.8% 96.2% | 56.9%
Totzl Column % 100.0% 100.0% | 100.0% | 100.0%

(Sondaj studenti Sociologie, 198 respondenti, 2023, esantion de disponibilitate la licenta, masterat, doctorat)



Ordinal — ordonat prin marimea localitatii

Liceul * Scoala generala Crosstabulation

% within Scoala generala

Scoala generala
00 Intr-o ) )
localitate 1.00 Intr-un 2.00 In
rurala alt oras Bucuresti Total
Liceul .00 In alt3 localitate 77.8% 96.2% 1.4% 56.9%
1.00 In Bucuresti 22.2% 3.8% 98.6% 43.1%
Total 100.0% 100.0% 100.0% 100.0%




Ordinal aproximat numeric {0, 1} si {0, 1, 2}

Correlations
Scoala generala @ Liceul
Scoala generala Pearson Correlation 1.000 @ .672
Sig. (2-tziled) .000
N 198 197
Liceul Pearson Correlation 672 | 1.000
Sig. (2-tziled) .000
N 197 197




Distributii

Descrierea datelor

Tendinta centrala
Variabilitate
Cazuri exceptionale

Distributia normala
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Descrierea distributiilor prin masurare

* Prin masurare putem vedea:
* Tendinta centrala a fenomenului (cum este in linii mari)
* Media, mediana si modul
* Variabilitatea
* Exceptii, outliers
* Percentile
* Indici sintetici ai variabilitatii



Tendinta centrala si variabilitate

* Fie X = {xq,%x9, ..., x5} sin = | X|
* Tendinta centrala

n 'l
i=1 Xi

¢ MEdie: Ux = o
* Mediana: separa 50% cazuri la stanga, 50% cazuri la dreapta
* Mod: este cea mai frecventa valoare din distributie

* Percentile (cuartile, cvintile etc): separa x% din cazuri
* Variabilitatea: cat de mult variaza fata de medie
n . 2
* Variatia o5 = Z‘=1(x7; 22

* Abaterea standard o, = 2\/0§ (sau deviatia standard)




Distributia normala

68%

3 <1 2 0 +1 +2 43 -3

68% of all values are within 1 95% of all values are within 2
standard deviation of mean value standard deviations of mean value

2 Investopedia

Image by Sabrina Jiang © Investopedia 2021

*¥1 42 +3 +1 +2 +3

99% of all values are within 3
standard deviations of mean value

18



Distributii diverse

1.0
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0.2

0.0
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Ste e Otl p U ri » Stereotipurile sunt adesea si corecte, si gresite

v  ,Barbatii sunt mai inalti decat femeile”
VS. Masurare » ,Femeile sunt mai putin agresive decat barbatii”

7/18/2024 20




Inaltimea si genul

Height distribution of husbands and wives

U.S., 2009
ha -Husbands: {Median: 5 11:'}
* Aproape intotdeauna sotii 12 AWhves (Medam&'S)
sunt mai inalti decat sotiile o 10
* Cuplare selectiva ia_
* Dar suntintotdeauna barbatii £,
mai inalti decat femeile? ;
4
2_
ul:"! — (b un e i ™ [ ] uw e fai — i P ] oy
? 2 8 % 5 8 2 & 3 3 8 2 & F & @ g
Inches
The Atlantic
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https://www.theatlantic.com/sexes/archive/2013/01/why-its-so-rare-for-a-wife-to-be-taller-than-her-husband/272585/

AgreSIVItatea > genul *Distribution of Aggressiveness

among Men and Women

* Inchisorile detin mult mai Female mean _ Male mean
. v . N . .

multi barbati decat femei
pentru infractiuni violente

e Rezulta ca femeile nu sunt

violente?
* Distributia violentei
extreme
C e e u . . o e
* Discriminari celnfluenteaza Low / Aggressiveness \ High
»masura rea” V|O|ente| prin Men who are less aggressive Women who are more aggressive
se nti nte than half of all women than half of all men

Sursa

Sursa: Miller
7/18/2024 22


https://www.google.com/imgres?imgurl=https%3A%2F%2Fslideplayer.com%2Fslide%2F4691965%2F15%2Fimages%2F45%2F%252ADistribution%2Bof%2BAggressiveness%2Bamong%2BMen%2Band%2BWomen.jpg&imgrefurl=https%3A%2F%2Fslideplayer.com%2Fslide%2F4691965%2F&tbnid=A2aYdxNWnJoV3M&vet=12ahUKEwjflPbdkp7tAhVLtKQKHY2vAIUQMygAegQIARBN..i&docid=XV-ca-1N-THUSM&w=960&h=720&q=distribution%20of%20aggression%20men%20women&safe=active&ved=2ahUKEwjflPbdkp7tAhVLtKQKHY2vAIUQMygAegQIARBN
https://www.statista.com/chart/11573/gender-of-inmates-in-us-federal-prisons-and-general-population/

The Prison Gender Gap

Gender of inmates in U.S. federal prisons compared to the general population

Gender of federal inmates” Gender of all U.S. citizens™

@ 93.2% Male

@ 49.2% Male

® 6.8% Female

@® 50.8% Female

Number of federal inmates Number of U.S. citizens (in m)
Total number of inmates
Female Jjj 12,700 185.500 Male BER Number of
' citizens
308.7m
Male |GG 72500 Female 156.9m
@ @ @ * As of September 23, 2017; no state prisons or local jails included
** 2010 Census .
@statistaCharts Source: BOP, U.S. Census Bureau StatISta 5 Sursa
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https://www.statista.com/chart/11573/gender-of-inmates-in-us-federal-prisons-and-general-population/

Schimbarea climatica si extremele

- A hotter planet is a more extreme one; some regions become unliveable

Effect of changes in global temperature

Increase in mean Increase in variance Increase in mean and variance

Fewer cold More hot More cold More hot Less impact on More hot
extremes extremes extremes extremes cold extremes extremes
Cold Average Hot Cold Average Hot  Cold Average Hot

Source:

The Economist

24


https://www.economist.com/schools-brief/2020/05/16/damage-from-climate-change-will-be-widespread-and-sometimes-surprising

Tendinta centrala:
medie vs. mediana

Media este mai influentata
de valorile extreme

Extremele tip top 1% trag
in sus media averii
gospodariilor

7/18/2024

Cumulative Growth in Mean and
Median Household Market Income

(Percentage change in income since 1979, adjusted for

inflation)
B0 80
&0 I~ | 60
40 - - 40
Mean Household Median Househald
il IHW )
T
_zﬂ I.J.l_l: | 1 Ll 1. 1 IJ 1.1 & J 1B 1 1 I L1 10 & l L1 _m
1280 1985 1990 1995 2000 2005

aowrce: Congressional Budget Office.

The Atlantic

25


https://www.theatlantic.com/business/archive/2011/10/income-inequality-is-not-a-myth/247389/

Percentile:

Intelegerea
dinamicilor
cresteri
venitului

Sursa

7/18/2024

Real Average Household Income

By Quintile and Top 5 Percentin 2018 Dollars
With Recessions Highlighted

Household 2018 Mean
Segment Income !f i
|Top5% $416,520 K
Top Quintile 5233,895 re -~ ’J'I
|2nd Quintile $101,570 AN L e
Middle Quintile $63,572 ,7 ™
ath Quintile $37,293 o
{Bottom Quintile $13,775 i
Source: Census Bureau, 1967-2018 !"
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https://www.advisorperspectives.com/dshort/updates/2020/09/17/updated-u-s-household-incomes-a-50-year-perspective

Variabilitatea
averii:

Coeficientul
Gini

7/18/2024

Gini Coefficient

Gini coefficient = A’(A+B)

_ (area between 45-deqr ee line and Lorenz curve)
(area under 45-degree line)

:

45-degree

Lorenz
curve

cumulative percentage ot national mcome

0%

0% 20% 40% 60% 80%  100%
cumulative percentage of population (poorest to richest) 27



Variabilitatea
variabilitatii iz
venitului &

Gini Index Q\‘ -

(Income equality = 0)
25-30
30-35
35-40
40 - 45
45 - 50
50 -55
55 -60
60 - 66
No data

Wikimedia
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https://commons.wikimedia.org/wiki/File:2014_Gini_Index_World_Map,_income_inequality_distribution_by_country_per_World_Bank.svg

Modele de
masurare

Modelul reflectiv

Modelul formativ




Indicator 1

Indicator 2
Indicator 1
Indicator n
Indicator 2
Indicat =
naicator n S
h .
-IJ; Indicator 4
c
o
o
Modelul reflectiv: Modelul formativ:
Constructul este cauza indicatorilor Indicatorii cauzeaza / compun constructul

Indicatorii coreleaza puternic Indicatorii pot sa nu coreleze
Analiza factoriala: identificarea factorului latent Suma / medie ponderata etc




Exemple

e Ce masoara notele? Trebuie notele sa fie normalizate?

68% 95% 99.7%

L] ] ]

3 <1 <2 0 +1 +2 +3 3 -1 2 0 %1 +2 43 3 «1 2 0 +1 +2 +3

68% of all values are within 1 95% of all values are within 2 99% of all values are within 3
standard deviation of mean value standard deviations of mean value standard deviations of mean value

2 Investopedia

Image by Sabrina Jiang © Investopedia 2021
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Testul 1

Testul 2

Testul n

Model reflectiv — competenta latenta

Constructul este cauza indicatorilor
Testele reflecta competenta latenta
(invizibila) Tn stiinta datelor

Toate testele masoara imperfect aceeasi
competenta

Notele la teste sunt corelate (imperfect)
Notele sunt distribuite normal

Test - Tematica 4

Model formativ — cunostinte

Indicatorii compun constructul

Testele masoara fiecare o alta tematica
Cele 5 tematici acopera cunostintele de
stiinta datelor

Notele la teste pot sa nu fie corelate
Notele pot fi distribuite variabil (eg toti
studentii au cunostintele cerute)



Ce modele de masurare au...

* Inflatia
* Inteligenta (1Q)

33



Ce este inflatia?

III

,Cosul” de bunuri de consum

Fiecare produs din acest cos are un
pret care poate varia in timp.

Rata anuala a inflatiei este data de
pretul cosului integral intr-o
anumita luna comparat cu pretul
acestuia in aceeasi luna a anului
precedent.

Ponderi diferite pentru categorii
diferite

- Ponderi mari pentru produsele
pentru care cheltuim mai mult

Sursa

Cresterea pretului
la imbracaminte

34


https://www.ecb.europa.eu/ecb/educational/explainers/tell-me-more/html/what_is_inflation.ro.html

Ce este IQ7

Components of General Intelligence

Working memory Visual-spatial processing

Fluid reasoning

Knowledge

Sursa

-

i ()

=
HHOIOI0I0I0I0I0I0
A

Jpg a8 )} ) o ) o ) ) o
5 o) [= 2] 2] |2

An illustration of John B. Carroll's three stratum theory, an
influential contemporary model of cognitive abilities. The
broad abilities recognized by the model are fluid
intelligence (Gf), crystallized intelligence (Gc), general
memory and learning (Gy), broad visual perception (Gv),
broad auditory perception (Gu), broad retrieval ability (Gr),
broad cognitive speediness (Gs), and processing speed
(Gt). Carroll regarded the broad abilities as different
"flavors" of g.

Sursa


https://en.wikipedia.org/wiki/John_B._Carroll
https://en.wikipedia.org/wiki/Three_stratum_theory
https://en.wikipedia.org/wiki/G_factor_(psychometrics)
https://www.verywellmind.com/what-is-general-intelligence-2795210

Frori de
masurare

Erori sistematice si aleatorii
Validitate si fidelitate




Calitatea masurarii

e \Valoarea masurata - valoarea reala = eroare

 Tipuri de erori in functie de directia lor:
* Erori aleatorii

* Erori sistematice: de ex., dezirabilitatea sociala
e Orientarea sexuala
* Preferintele politice

* Masurarea timpului:
* Ochiometric, clepsidra: erori aleatorii
* Un ceas care ramane in urma: erori sistematice

7/18/2024
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Ce fel de erori de masurare?

* VVenitul masurat prin declaratiile depuse la
Fisc

* Temperatura masurata punand mana pe
frunte

* Popularitatea unui candidat politic
masurata prin sondaje de opinie

* Talentul unui copil masurat intreband
parintii

* Riscul de accident masurat prin teama
pasagerilor intr-un avion

7/18/2024 38



Erori: Validitatea masurarii

* En. validity

e Ce vrei sa masori vs. ce
masori de fapt?

* EX.:

* Masoara pretul calitatea
produsului?

* Masoara un test gamificat
abilitatile candidatului?

7/18/2024

Gamified Assessments Numerica Verbal Inductive Critical Thinking Personality Questionnaire See all assessments >

A MindmetriQ

MindmetriQ™
Gamified
Assessments

Professional gamified assessments built with serious
science.

Valid, reliable, and fair gamified assessments which
predict job performance. Using established research
and cutting-edge technology, the MindmetriQ™
gamified assessment series helps you select the best
candidates.

39



Erori: Fidelitatea masurarii

* En. reliability
e Cat de repetabil este rezultatul?
* Masuratori repetate pentru acelasi nivel

dau aceeasi valoare?
* Masurarea temperaturii scotand capul pe

[y l

HHLHTT

geam
* Masurarea temperaturii cu un termometru

40

7/18/2024



Alta conceptualizare:
acuratetea si precizia

* Acuratetea: cat de apropiate
sunt masuratorile de valoarea
adevarata

e Similar validitatii
e Erori sistematice
* Precizia se refera la cat de

apropiate sunt masuratorile
intre ele

 Similar fidelitatii
e Erori aleatorii




Scenarill

accurate not accurate
repeatable repeatable

Temperatura Ora [ceas care o ia
[termometrul] fnainte]

- Erori aleatorii Orientarea sexuala
reduse [chestionar]

- Erori sistematice dar
7/18/2024 estimari stabile

accurate
not repeatable

Ora
[capul pe geam]
- Erori aleatorii mari

not accurate
not repeatable

Propria inteligenta Sursd
[auto-estimare]

- Erori sistematice si

valori instabile

42


https://xeryon.com/technology/understanding-precision/

Masurarea zodiei prin data nasterii

* Foarte precis
* Foarte repetabil

e Cat de valid?

» Este data nasterii un
indicator valid pentru
constructul ,zodie”?

Taurus Gemini Cancer
Apr 20 - May 20 May 21-Jun 20 Jun 21-Jul 22

Leo Virgo Libra Scorpio

Jul 23 - Aug 22 Aug 23 - Sep 22 Sep 23 - Oct 22 Oct 23 -Nov 21

Sa gittarins Capricorn A quarius Pisces
Nov 22 - Dec 21 Dec 22 -Jan 19 Jan 20-Feb 18 Feb 19 - Mar 20

7/18/2024



Masurarea

orientar
sexuale

|
orin

chestior

7/18/2024

dal

Number of countries where homosexuality is legal, 1791 to 2019

Countries where same-sex sexual acts are not considered a criminal offence. Some countries never contained a
criminalising provision in the Penal Codes, while other consciously removed the criminalising provisions.

World
120
100
80

60

40

20 ‘.—._.,,-f'

/—-—’—-’—r

0
1791 1850 1900 1950 2000 2019

Source: OWID based on Kenny & Patel (2017) CCBY
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Facebook vs.
variabilitate culturala

* Trasaturi personale pot fi inferate

pe baza like-urilor Facebook
[Kosinski et al.]

* Validare pe un lot de voluntari din
SUA

e (Cat de valide sunt inferentele
pentru utilizatori din Romania?

7/18/2024

Single vs.
In Relationship

Parents together at 21

Smokes Cigarettes

Drinks Alcohol

Uses drugs

Caucasian vs.
African American

Christianity vs. Islam

Democrat vs.
Republican

Gay

Lesbian

Gender

I 1 1
0.00 0.25 0.50 0.75 1.00
Area Under Curve

Fig. 2. Prediction accuracy of dassification for dichotomous/dichotomized
attributes| expressed by the AUC.
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https://www.pnas.org/content/110/15/5802

Masurarea
cresterii GDP 1n
state
democratice
sau autoritare

Change in GDP, 2002-21, %*

Reported < Autocratic countries reported
GDP growth of 147% on average. 400
Sat_elllte-based Satellite imagery suggests the
estimate true figure is 76%
350
GDP in 2021, $trn'
0.1 2 10 300
Not free
250
» Ethiopia 5
Ghana . China
India Average .
Ireland l 150
Average Bangladesh “Rwanda
L
@
Peru o Turkey 100
Philippines .'
Average Poland Nigeria | 1 **“Kazakhstan
@ South Korea Colombia | | ‘ 1e0® .
Australia | l..;'l'. i =
- @ T and
Hungary " ia
Brita United States Mexico l )
tain | | 0
Tapan i .
Greece Lebanon ® Zimbabwe
Libya e Yemen
-50

n 2021 Tln 2021 § at market exchange rates, assuming

Sursa:
The Economist 46


https://www.economist.com/graphic-detail/2022/09/29/a-study-of-lights-at-night-suggests-dictators-lie-about-economic-growth

Alte tipuri de erori pentru masurarea opiniel

e Stilul de raspuns

* Preferinta pentru a raspunde
,Da” (agreeabilitate,
aquiescenta)

* Preferinta pentru a raspunde
,Nu stiu”

* Alegerea scalei

e Cu punct de mijloc sau fara
punct de mijloc?
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Fathers are well suited for looking after children

4 Strongly disagree
m 3 Disagree
W 2 Agree
B 1 Agree strongly
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Homosexual couples are as good parents as other couples

100%
90%
80%
70%
60% B 5 Disagree strongly
W 4 Disagree
50% . .
B 3 Neither agree nor disagree
A40% m 2 Agree
B 1 Agree strongly
30%
20%
10%
0%

France Germany Italy Romania Sweden

World Value Survey, 2017-2020
48



Concluzii

Fenomenele sunt masurate prin indicatori
Diferenta: fenomenul masurat vs. procesul masurarii

Doua modele de masurare
 Modelul reflectiv: constructul cauzeaza indicatorii
* Modelul formativ: indicatorii compun constructul

Tendinta centrala si variabilitate

Erori de masurare
e Sistematice (validitate) vs. aleatorii (fidelitate)
* Stilul de raspuns
* Tipul de scala

7/18/2024
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