(01) Charakteristiky polohy a variability, grafické zndzornenie dat

1. Priemerny pocet bodov z pisomky |.

VSeobecne znama situacia — piSeme pisomku a zaujima nas priemerny pocet bodov
(aritmeticky priemer).

e Pisomku pisalo pat studentov, ich bodovy zisk bol 90,65, 74, 39, 52 - priemerny pocet
bodov je (90 + 65+ 74 + 39 + 52)/5 = 62.

e Patdesiat Studentov pisalo na za zaciatku cviCenia rozcvicku, z ktorej sa da ziskat 0, 1
alebo 2 body. Vysledky su zhrnuté: 12 studentov ma 0 bodov, 21 studentov 1 bod, 17
Studentov 2 body. Priemerny pocet bodov je (12x0 + 21x1 + 17x2)/50 = 1.1. Kvoli
moznému zapisu (12/50)x0 + (21/50)x1 + (17/50)x2 = 1.1 mbézeme hovorit o vaZzenom
priemere Cisel 0, 1, 2 s vahami 12/50, 21/50, 17/50.

2. Priemerny pocet bodov z pisomky Il.

Obrézok:
Zbanék Kubdcek: Matematika pre 3. rocnik gymnazia a 7. rocnik gymndzia s osemro¢nym Stddiom, 1. ¢ast

Priklad zobrazenia vysledkov pisomky: zoradime Studentov podla poc¢tu bodov, spravime
stipcovy graf. Vyznaéime priemer, vidime, kto mal podpriemerny a kto nadpriemerny podet
bodov.

ARITMETICKY PRIEMER
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Priemerny pocet bodov z pisomky bol 5.4.

V Pythone (Cast predchadzajucich dat s rovnakym priemerom):



import matplotlib.pyplot as plt

import numpy as np

studenti=["Erik", "Matej", "Petra", "Valentin", "Vlasta"]
body=[5, 6, 5, 5, 6]

priemer=np.mean(body)

usporiadane=sorted(zip(body, studenti))
usporiadane_body, usporiadane_studenti=zip(*usporiadane)

plt.bar(usporiadane_studenti, usporiadane_body)

plt.axhline(priemer, color="red", linestyle="--", label=f'priemer:
{priemer:.1f}")

plt.ylabel("poCet bodov")

plt.legend()
plt.title("Vysledky pisomky™)
plt.show()
Vysledky pisomky
6 1 ——- priemer: 5.4

pocet bodov

Erik Petra Valentin Matej Viasta



3. Priemerny plat I. + ¢o je to median
Priemer nemusi vzdy dobre vystihovat data, priklad z knihy Darrel Huff: How to lie with statistics

You, I trust, are not a snob, and I certainly am not in the
real-estate business. But let’s say that you are and I am
and that you are looking for property to buy along a road
that is not far from the California valley in which I live.

Having sized you up, I take pains to tell you that the
average income in this neighborhood is some $15,000 a
year. Maybe that clinches your interest in living here;
anyway, you buy and that handsome figure sticks in your
mind. More than likely, since we have agreed that for the
purposes of the moment you are a bit of a snob, you toss
it in casually when telling your friends about where you
live.

A year or so later we meet again. As a member of some
taxpayers’ committee I am circulating a petition to keep
the tax rate down or assessments down or bus fare down.
My plea is that we cannot afford the increase: After all,
the average income in this neighborhood is only $3,500 a
year. Perhaps you go along with me and my committee
in this—you're not only a snob, you're stingy too—but you
can't help being surprised to hear about that measly
$3,500. Am 1 lying now, or was I lying last year?

You can't pin it on me either time. That is the essential
beauty of doing your lying with statistics. Both those
figures are legitimate averages, legally arrived at. Both
represent the same data, the same pcople, the same in-
comes. All the same it is obvious that at least one of
them must be so misleading as to rival an out-and-out lie.



My trick was to use a different kind of average each
time, the word “average” having a very loose meaning. It
is @ trick commonly used, sometimes in innocence but
often in guilt, by fellows wishing to influence public opin-
ion or sell advertising space. When you are told that
something is an average you still don't know very much
about it unless you can find out which of the common
kinds of average it is—mean, median, or mode.

The $15,000 figure I used when 1 wanted a big one is a
mean, the arithmetic average of the incomes of all the
families in the neighborhood. You get it by adding up
all the incomes and dividing by the number there are.
The smaller figure is a median, and so it tells you that
half the families in question have more than $3,500 a
year and half have less. I might also have used the mode,
which is the most frequently met-with figure in a serjes,

4. Median - priklady a vypocet

7-diiovy priemer a kfza

7-driowy priemer @ Kizavy median
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Paméatame si z obdobia kovidu:

7-diiovy priemer a kizavy medi

7-driovy priemer @ Kizavy medign

Pri uvolhovani opatreni prijatych v boji proti pandémii na Slovensku sa pocita
kl'zavy median z denného poctu novych nakazenych za uplynuly tyzden
ocisteny o novych nakazenych v karanténnych centrach.

Priklad: Ako vypocitat' median?
Ak mame takéto ¢isla: 10, 15, 13, 81, 9, 21, 2
a usporiadame ich vzostupne : 2,9, 10, 13, 15, 21, 81

potom median je ¢islo 13.

Zavriet

https://web.archive.org/web/20220207054440/https://spravy.pravda.sk/domace/clanok/615989-online-slovensko-patri
-do-prvej-desiatky-v-pocte-nakaz-na-milion-ludi/

Median rozdeluje data na “lepSiu polovicu” a “menSiu polovicu”.
Aspon polovica hodnét je mensia alebo rovna medianu, aspon polovica hodnét je
vacsia alebo rovna medianu.
e Hodnoty usporiadame:
o V pripade neparneho poc¢tu hodnét je medianom hodnota v strede
o V pripade parneho poctu hodnét vyhovuje definicii medianu kazdé ¢€islo medzi
dvoma prostrednymi — berie sa ich priemer

Priklad s pisomkou — kto je v lepSej polovici a kto je v horSej polovici:
Obrazok: Kubacek: Matematika
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Sportové vysledky — &as potrebny na umiestnenie v prvej polovici $tartového pola
Obrazok: Kubacek: Matematika

MEDIAN - hodnota, ktora subor rozdeli
na lepSiu a horsiu polovicu

Vysledkova listina

1. | MATUS Jan 00:37:37
2. | KOCIAN Konstantin 00:38:36
3. | SVEC Milan 00:38:43
30. | ZUSCAK Frantisek 00:49:21
31. | SCHULZ Eric 00:49:24

60. | FERREIRA Framlisco 01:02:44
61. | YILDIZ Deniz Can 01:05:40
62. | KUSTAN Orava 01:08:12

Na umiestenie v prvej polovici Startového pola behu
na 12 km bolo potrebné mat kvalifikacny ¢as lepsi ako 49' 24",



5. Priemerny plat Il.

Numericky priklad z knihy How to lie with statistics (na nasledujlcej strane obrazok z knihy)

Median nie je citlivy na extrémne hodnoty, ak by v nasich datach bola namiesto hodnoty 45
hocijaka ind hodnota vacsia ako 3, median by sa nezmenil (priemer ano).

——- priemer = 5.700
——- median = 3.000

pocetnost

10 20 30 40
plat (v tisicoch libier)

import numpy as np

plat=[45, 15] + [10]*2 + [5.7] + [5]%3 + [2.7]%4 + [3] + [2]*12
plat=[x*10e8 for x in plat]

print(np.mean(plat))

print(np.median(plat))

5700.0
3000.0



$10,000

ﬁ ¢ARITHMETICAL AVERAGE

$5,700

$3,700
Y MEDiAN (.'?j“_: i he il

BEIRTRATS

29 5\MODE
$2,000 - ﬁi(ﬁ“b“"“%



6. Modus

Priemer ani median nemusia vystihovat’ “typické” pozorovania z datového suboru.

Vysledky Studentov AIN z predmetu Programovanie (1) podla
https://sluzby.fmph.uniba.sk/infolist/SK/1-AIN-130.html (19. 9. 2025)

Prehl’ad hodnoteni:
A:29.29% B: 11.45% C: 10.44% D: 7.41% E: 12.12% FX: 29.29%

Celkovy pocet hodnoteni: 1188

Zhoda percent pre A a FX nie je dana zaokruhlfovanim:

1188%0.2929

347.9652

[round(n/1188, 4) for n in range(347, 350)]

[0.2921, ©.2929, ©.2938]

pocty=[348, 136, 124, 88, 144, 348]
znamky=["A", "B", "C", "D", "E", "FX"]
plt.figure(figsize=(5, 3))
plt.bar(znamky, pocty)
plt.xlabel("znamka")

plt.ylabel("pocet Studentov")
plt.show()
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https://sluzby.fmph.uniba.sk/infolist/SK/1-AIN-130.html

Po prevedeni na Ciselné hodnoty je priemerna znamka medzi C a D:

znamky numericke=[1, 1.5, 2, 2.5, 3, 4]
print(round(np.average(znamky numericke, weights=pocty), 3))

2.394

Modus je najCastejSie sa vyskytujuca hodnota v datach

V pripade znamok z programovania dva modusy: 1 a 4.
Ak ich je prili§ vela, nie je to uZito€na informacia

Priklad z rovnakej knihy:

Altogether too much housing, for instance, has been

planned to fit the statistically average family of 36 persons.
Translated into reality this means three or four persons,
which, in turns, means two bedrooms. And this size family,
‘average’ though it is, actually makes up a minority of all
families. ‘We build average houses for average families,’ say
the builders ~ and neglect the majority that are larger or
smaller, Some areas, in consequence of this, have been over-

built with two-bedroom houses, underbuilt in respect to
smaller and larger units, So here is a statistic whose mis-
leading incompleteness has had costly consequences. Of it a
large public-health group has said: “‘When we look beyond
the arithmetical average to the actual range which it mis-
represents, we find that the three-person and four-person
families make up only 45 per cent of the total. Thirty-five
per cent are one-person and two-person; 2o per cent have
more than four persons.’

Common sense has somehow failed in the face of the
convincingly precise and authoritative 3-6. It has some-
how outweighed what everybody knows from observa-
tion: that many families are small and quite a few are

large.

Ang. mode, vyznaceny na obrazku z knihy na predchadzajucej strane



V Pythone:

import statistics

data=[1, 2, 2, 3]
modus=statistics.mode(data)
print(modus)

2

data=[1, 2, 2, 3, 3]
modus=statistics.mode(data)
print(modus)

2

data=[1, 2, 2, 3, 3]
modus=statistics.multimode(data)
print(modus)

[2, 3]
7. Tabulka pocetnosti

Videli sme ju v pripade znamok z programovania.
e Absolutne pocetnosti — pocet vyskytov
e Relativne pocetnosti — napr. 0.15 znamena 15 percent

Priklad pre data zo stranky

from google.colab import files
uploaded = files.upload()
df = pd.read _csv("wo_men.csv")

df .head()

Browse... | No files selected. Upload widget is only available wi
Saving wo_men.csv to wo_men.csv

time sex height shoe_size

0 04.10.2016 17:58:51 woman  160.0 40.0

1 04.10.2016 17:58:59 woman  171.0 39.0

2 04.10.2016 18:00:15 woman  174.0 39.0

3 04.10.2016 18:01:17 woman  176.0 40.0

4 04.10.2016 18:01:22 man  195.0 46.0



men_shoe sizes = df[df[ 'sex'] == 'man’']['shoe _size']
count_table = men_shoe sizes.value counts().sort index()
print(count table)

shoe size
41.0
42.
44,
46.
48,
50. 1

Name: count, dtype: inte4

2 e ®
[l N RV I 8

e value counts ()d4 absolutne po€etnosti (vidime hore)

® value counts (normalize=True)da relativne poCetnosti

8. Pouzitie relativnych pocetnosti na odhadovanie pravdepodobnosti

marilynvossavant.com

> home > ask a question > discussions > about marilyn > idea box

Marilyn would love to hear .

from vou! Ask a Question

To send her a question or comment, fill out the Name:"* Email:*
form on the right, then click "Submit.”

Marilyn vos Savant bola isty ¢as v Guinessovej knihe rekordov ako ¢lovek najvyssim 1Q. Vo
svojej rubrike odpovedala na rézne otazky Citatelov, niekedy to boli matematické ulohy. Jedna z
nich:

A high school student who hadn’t opened his American history book in weeks was dismayed to
walk into class and be greeted with a pop quiz. It was in the form of two lists, one naming the 24
presidents in office during the 19th century in alphabetical order and another list noting their
terms in office, but scrambled. The object was to match the presidents with their terms. The
completely clueless student had to guess every time. On average, how many did he guess
correctly?

e “Guess”budeme interpretovat tak, ze kazdému prezidentovi priradi prave jedno obdobie,
pricom kazdé takéto priradenie ma rovnaku pravdepodobnost.



e “On average” budeme interpretovat tak, Ze nas zaujima, aky priemerny pocet bodov by
Student ziskal, ak by pouzival takuto stratégia na vel'a pisomiek tohto typu.

import random

def pisomka (pocet otazok):
odpovede=range (1, pocet otazok + 1)
tip=random.sample (ocdpovede, pocet otazok)
pocet spravnych=sum(a == b for a, b in zip(odpovede, tip))

return pocet spravnych

e Parametre random.sample — z ¢oho a kolko hodnét vyberdme (bez ndvratu)
e Typicky priebeh simulacii:
o nahodnu situdaciu velakrat opakujeme:

pocet prezidentov=24
pocet simulacii=10**5

simulacia=[pisomka (pocet prezidentov) for  in range(pocet simulacii)]

o apotom sa vo vysledkoch pozrieme na to, ¢o nas zaujima:

import pandas as pd

import numpy as np

# zo zadania

print (np.mean (simulacia))

# odhady pravdepodobnosti
rel pocetnosti=pd.Series(simulacia) .value counts (normalize=True) .sort inde
x ()

print (rel pocetnosti)

# zo zadanla
print(np.mean(simulacia))

©.99974



# odhady pravdepodobnosti
rel pocetnosti=pd.Series(simulacia).value counts(normalize=True).sort_index()
print(rel pocetnosti)

8.36859
©.36683
0.18398
0.06186
8.91517
0.00293
0.00050
©.080106
0.00002
0.08002
Name: proportion, dtype: floate4a

WO o~ U R Wk RE®

Ak chceme pravdepodobnosti pre vSetky hodnoty 0-24:

mozne_hodnoty=range(@, pocet prezidentov + 1)
rel pocetnosti2 = pd.Series(simulacia).value counts(normalize=True).reindex(mozne_hodnoty, fill value=0)
print(rel pocetnostiz)

(7] 9.36859
1 9.36683
2 ©.18398
3 0.06186
4 9.01517
5 ©.00293
6 0.00050
7 0.00010
8 0.00002
9 0.00002
10 0.00000
11 0.00000
12 0.00000
13 0.00000
14 0.00000
15 0.00000
16 0.00000
17 0.00000
18 0.00000
19 0.00000
20 ©.00000
21 ©.00000
22 0.00000
23 ©.00000

24 0.00000
Name: proportion, dtype: floate4



9. Zobrazenie dat s vacsim poctom réznych hodnét, histogram

Tabulka ani stipcovy graf nie je prehladny - pouZiva sa napriklad histogram. Namiesto
pocetnosti jednotlivych hodnét sa zobrazuju pocetnosti hodnbt zo zvolenych intervalov.

Priklad s datami zo stranky https://datalab-12.ics.uci.edu/dataset/186/wine_gquality

PohodlIné nacitanie do Pythonu:

(‘_ﬁ—.;__ UC Irvine
DU :‘“‘»\ Machine Learning
lb i

“URepository

] Login

DOWNLOAD

X Wine Quality

Donated on 10/6/2009

==

PORT IN PYTHON
=t
S——

Two datasets are included, related to red and white vinho verde wine
samples, from the north of Portugal. The goal is to model wine quality... CITE
W

#9 1 citations

Dataset Subject Area Associated Tasks © 631154 views
Characteristics Business Classification,

Multivariate Regression Keywords
Feature Type # Instances # Features

Real 4898 11

Install the ucimlrepo package 0

pip install ucimlrepo

Import the dataset into your code D
from ucimlrepo import fetch_ucirepo

# fetch dataset
wine_quality = fetch_ucirepo(id=186)

# data (as pandas dataframes)
X = wine_quality.data.features
¥ = wine quality.data.targets

# metadata
print(wine_quality.metadata)

# variable information
print(wine_quality.variables)



https://datalab-12.ics.uci.edu/dataset/186/wine_quality

alkohol = X["alcohol"]
plt.hist(alkohol, bins=20)
plt.xlabel('obsah alkoholu")

plt.ylabel( 'poCetnost")
plt.show()
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10. Kvantily

e p-kvantil datového suboru je taka hodnota, ze
o px100% hodndt je mensich alebo rovnych tejto hodnote
o (1-p)x100% hodnét je vacsich alebo rovnych tejto hodnote
e Pre p=0,5 dostavame median
e Analogicky ako v pripade medianu, ak nie je kvantil ur¢eny jednoznacne, berieme priemer
krajnych bodov

Casto sa pouzivaju kvartily:
e 0.25-kvantil = 1. kvartil (Q1)
e 0.5-kvantil = median (Q2)
e 0.75-kvantil = 3. kvartil (Q3)
V Pythone:

np.quantile (alkohol, [0.25, 0.5, 0.75])



import numpy as np
kvantily=np.quantile(alkohol, [8.25, 0.5, ©8.75])

print("Q1:", kvantily[e])
print("Q2 (median):", kvantily[1])
print("Q3:", kvantily[2])

Q1: 9.5
Q2 (median): 10.3
Q3: 11.3

q95=np.quantile(alkohol, ©.95)
print(qo5)

12.7

“Skuska spravnosti”:

print(sum([x <= q95 for x in alkchol])/len(alkohol))
print(sum([x »= q95 for x in alkohol])/len(alkohol))

©.955216860969678313
09.0547945205479452

Grafické znazornenie v histograme:
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Obrazok + text:
Kubacek: Matematika

alnan,

5 DO
% % % %

prvy median treti
kvartil kvartil

PouzivANIE MEDIANU ZAVIEDOL V POSLEDNEJ
STVRTINE 19. sToroc¢IA F. GALTON, KTOREHO
MYSLIENKY VYZNAMNE OVPLYVNILI ROZVOJ
MATEMATICKEJ STATISTIKY. ANTROPOLOGOM
SKUMAJUCIM KMENE DOMORODCOV
ODPORUCAL, ABY NECHALI NAGELNIKOM
ZORADIT SVOJICH LUDI PODLA VYSKY A ZISTILI
VYSKU V STREDE (MEDIAN), V PRVEJ A TRETEJ
STVRTINE (PRVY A TRETI KVARTIL).

11. Zobrazenie dat s vacsim poctom roznych hodnét, krabicovy graf
(boxplot)

https://xkcd.com/539/

IM NOT YoUR BUT YOU SPEND TWICE AS MUCH | YOUR MATH 1S
BOYFRIEND! TIME WITH ME AS WITH ANYONE. | IRREFUTABLE.
%”EM;E‘:??EW | ou TOmLY ARE. ELSE. TM ACLEAR OUTUER. EACE IT—IH
' I™M CasvALLY YOUR STAMSNCALLY
\ DATING A NUMBER SIGNIFICANT OTHER.

OF PEOPLE. HH -

ool Y




Na tretom obrazku je boxplot:

plt.boxplot (alkohol)
plt.ylabel ("obsah alkoholu™)
plt.show ()
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e Krabica (box):

o

O
O
O

spodny okraj krabice: 1. kvartil (Q1)

¢iara vo vnutri: median (2. kvartil, Q2)

horny okraj krabice: 3. kvartil (Q3)

z toho sa spocita medzikvartilové rozpatie (IQR) ako Q3 - Q1

e 'Fuazy" (whiskers):

o

siahaju k najniz$im a najvyssim hodnotam, ktoré nie su odlahlé (vysvetlenie v
dalSom bode)

e (Odlahlé hodnoty (outliers, “outliery”):

o

@)
©)
O

pod dolnou alebo nad hornou hranicou
Standardna dolnda hranica: Q1 - 1.5 x IQR
Standardna horna hranica: Q3 + 1.5 x IQR
obvykle sa kreslia ako malé kruzky



12. 0Odlahlé hodnoty (outliery)

e ajvSeobecnejsie, nielen na boxplote, rozne metddy na ich identifikaciu
e hodnoty, ktoré “su iné” ako ostatné
e rbzny povod

Priklad 1: kovid, testovanie

Priebeiné vysledky skriningového testovania

&3

UVZ: Informécie o vysokej pozitivite (26,8 %) v okrese Stara l'uboviia po $tvrtom dni testovania v
okrese Stara LLubovna teda nie su spravne, mozno ide o désledok chybne spracovanych dat. Ak
by sme vzali do uvahy len pozitivitu oséb z celkového poctu vykonanych laboratérnych vysetreni
antigénovym testom za uvedené obdobie, iSlo by 0 1,66 %.

Lubovnianske noviny: Podl'a nasich informacii, chyba nastala na jednom z odbernych miest. Pri
zadavani Statistik boli zamenené udaje poctu testovanych a pozitivnych. V tomto pripade teda
zlyhal f'udsky faktor.

Priklad 2: znamky z matematiky (0-20) portugalskych stredoskolskych Studentov

https://archive.ics.uci.edu/dataset/320/student+performance
student-mat.csv


https://archive.ics.uci.edu/dataset/320/student+performance
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13. Charakteristiky variability: disperzia a Standardna odchylka

e Hovorili sme najma o charaketeristikach polohy — kde sa data nachadzaju.

e Zaujima nas vSak aj to, nakolko su data rozptylené - to vyjadruju charaketristiky
variability. Tuto vlastnost ma napriklad medzikvartilové rozpatie, ktoré sme uz
spominali. NajznamejsSie charakteristiky variability su disperzia (iné nazvy: rozptyl,
variancia) a Standardna odchylka

Zakladna myslienka disperzie:

e Budeme si vsimat odchylky dat od priemeru.

e Ak chceme vediet, nakolko su data rozptylené, nemézeme uvazovat len samotné
odchylky, lebo kladné a zdporné sa navzajom zrusia (I'ahko sa ukdaze, Ze stcéet odchyliek
od priemeru je presne nula).

e Preto ich umocnime na druhu, tym sa strati znamienko a zachova sa len to, Ci je
odchylka velka alebo mala.

e Zoberieme priemer z tychto druhych mocnin.



Poznamka:
e Akide o disperziu z Uplného(tzv. zakladného) datového suboru, pouzije sa presne tento
priemer z posledného bodu.
e Ak ide o vyber, suCet sa nedeli po¢tom pozorovani, ale hodnotou o jednotku mensou
(neskor si vysvetlime, preco) - hovori sa aj o vyberovej disperzii.

Rozdiel medzi zakladnym a vyberovym suborom (angl. population, sample):
e zakladny subor: volby
e vyberovy subor: prieskum volebnych preferencii
Cielom je vediet na zaklade vyberového suboru povedat nieco uzitoéné o zakladinom subore.

import statistics
data=[1, 2, 3, 4, 5]

sample variance=statistics.wariance(data) # vyberova disperzia
population variance=statistics.pvariance(data) # disperzia celej populacie

print(sample variance)
print(population variance)

2.5
2

Naozaj sa tu deje to, o sme hovorili:

import numpy as np

priemer=np.mean(data)
n=len(data)
kvadraticke odchylky=[(x - priemer)**2 for x in data]
print(sum(kvadraticke odchylky)/(n - 1))
print{sum(kvadraticke odchylky)/n)
2.5
2.0
Standardna odchylka je odmocnina z disperzie.
Motivacia:

e ak su data napriklad v metroch, disperzia ma jednotku meter Stvorcovy (vznikne

umocnenim), a teda Standardna odchylka ma rovnaky rozmer ako pévodné data

e ma teda zmysel hovorit napriklad o tom, aky podiel dat je v intervale “priemer plus/minus
dve Standardné odchylky”



sample std=statistics.stdev(data)
population std=statistics.pstdev(data)

print(sample std)
print(population_std)

1.5811388300841898
1.4142135623736951

Vygenerované data, na ktorych budeme vidiet rozdiel:

datal

100 4

80 -

60 -

pocetnosti

40 -

20 4
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data2

200 4

150 ~

100 -

pocetnosti

=20 -10 0 10 20 30 40
hodnoty

varl=statistics.variance(datal)
var2=statistics.variance(data2)

print(f"variancia suboru datail: {varl:.2f}")
print(f"variancia suboru data2: {var2:.2f}")

variancla suboru datal: 96.01
variancia suboru data2: 24.94
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