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[TNYEC LAIKOU

* Alagaveleg Kal aoknoelg tou Theophanis Tsandilas (National
Institute for Research in Digital Science and Technology, INRIA,
CaAAIQ)

e AlOQAVEIEC KOl AOKNOEIC TOV 2ZTTVPOL MaAatoida (Tp.
Adaooloyiac & Aloxeiptong MepiBaiiovioc & Puaikwy Mopwv,
AMNO)




Early beginnings

450 ec Hippias of Elis
uses the average value

400 ec In the Indian epic the Mahabharata, King Rtuparna estimates the

of the length of a king’s é number of fruit and leaves (2095 fruit and 50000000 leaves) on two great
reign (the mean) to work 8 branches of a vibhitaka tree by counting the number on a single twig, then
out the date of the first S multiplying by the number of twigs. The estimate is found to be very close to
Olympic Games, some 300 g the actual number. This is the first recorded example of sampling - “but this
years before his time. E knowledge is kept secret”, says the account.
:.t‘.t‘.it.t‘ t‘ttt‘t‘t‘t-‘ti"t‘t‘t‘t‘ttt‘t‘t“it“i“ti:

431 ec Attackers besieging Plataea in the Peloponnesian
war calculate the height of the wall by counting the
number of bricks. The count was repeated several times
by different soldiers. The most frequent value (the mode)

was taken to be the most Likely. Multiplying it by the
height of one brick allowed them to calculate the length
of the ladders needed to scale the walls.




Mathematical foundations

1560 Gerolamo Cardano

calculates probabilities

of different dice throws
for gamblers.

i5tock/Thinkstock

. 1654 Pascal and
. Fermat correspond
1560 1580 about dividing stakes

in gambling games

and together create

the mathematical
theory of probability.
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1761 The Rev. Thomas
Bayes proves Bayes'

theorem - the cornerstone

of conditional probability

and the testing of beliefs
and hypotheses.

L
1713 Jacob Bernoulli's Ars :
conjectandi derives the law of 1749 Gottfried Achenwall o
large numbers - the more often coins the word “statistics” (in . 808 G th
you repeat an experiment, German, Statistik); he means % cnntriilbutinn?uf:(i%’lmg lace
the more accurately you can the information you need to . derives the normal distr];']buti;cm
predict the result. run a nation state. s _ the bell-shaped
. e bell-shaped curve
= = . fundamental to the study of
= SRRML ST it variation and error.
] '1'?20 1?40 o-----o--t-:
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Gregor Mendel

e To TIPWTO BIOAOYIKO TIEIPAUO

* ATIO TO ATIOTEAECHOTO
(OVOAOVYIEC TTOPOTNPIOEWVY)
KOTEANEE 0T Bewpia

e AVOKOAUYE TN CWHATIOIOKI) Kl
dLOBIKN LON NG
KANPOVOUIKOTNTAC

* AgV EKOVE OTATIOTIKA aQVAOALCON |
Y10 EAEYXO0 TwV avaioyiwv 1:3 St andebaresl

* Eixe dikio! VARW /A .

plump vs.  round vs. greenvs. green v, white vs.
wrinkled pod wrinkled  yellow yellowpod  purple flower
pea pea



Charles Darwin

e TepIEYPAYPE TOV PNXOVIOUO TNC
(PUOIKNC ETIIAOYNC 0NV €€EAIEN

e OgUENWOE PIO QLVAUIKN
eEEAIKTIKN Bewpia

* A&V XpPNOIUOTIOINOE KABOAOU
LoOnuatika

e Agv €€NyNOE TOV UNXAVIOUO TNC
KAnpovounaong

Charles Darwin (1809-1882)



Francis Galton

e JTOTIOTIKOC, PUXOAOYOC, KOIVWVIOAOYOC,
aVOPWTIOAOYOC, EEEPELVNTIC, YEVETIOTNC

e 1dpLTAC TNC “ELYOVIKNC” KAl TOU “KOIVWVIKOU
dapBIviouon”

o MEeAETNOE TIC BIOPETPIKEC dIAPOPEC OTOUC
avOPWTIIVOLE TIANBLCPOUC

* [pOteve EVOANOKTIKY Bewpia
KANPOVOUIKOTNTAC aTto auth Tou Mendel

(BIOJETPIKT) OXOAN)

Francis Galton (1822—-1911)

e AVOKAAULYE TIC EVVOIEC “OLOXETION” KOl
“TtaAivopopnon”




Karl Pearson

e YTiepaoTuothC (10pUTNC) TNE BIOPETPIKAC
OXOANC KOl ONUAVTIKOC OTTI0d0C TNC EVYOVIKIG

e AVETITUEE ONUOVTIKEC OTATIOTIKEC PEBOOOUC
(TEOT X?, TUTTIKN OTTOKAION)

e KaBIEPWOE TOLC OLUVTEAEOTEC “OLOXETIONC” KAl __
“TtaAivopopnong” \J

e [lopd TNV ELYOVIKI], TOUTOXPOVU CUVETEAEDE :
OTNnV TIPO0A0 TNE ETIIOTHMNG KAl OTOV -

KOIVWVIKO TNQ pO)\O Karl Pearson (1857-1936)



William Bateson

e YTIEPUOTIOTHC TNC MEVOEAIKNC OXOANC,
1OPUTNC TNC YEVETIKNC ETIIOTHMNCG

- Madi pe toug Charles Davenport Kat
Wilhelm Johannsen

* Tn dekastia Tov 1930 o1 aTtOWYEIC TWV
BIOPETPIKWV EiXOV TIAEOV OTIOPPIPTEI KAl N
HEVOEAIKI) KANPOVOUNON KUPIOPXEI

William Bateson (1861-1926)



‘EAgyxo¢ vTto0coewv Kot ANOVA

Biological Question ?

* Tpaupikn dAyeppa,
MEIKTA HOVTEA
(YEVETIKN BeATiwoN

(WWV Kl QUTWV) Hypothesis HO

e 'EAEYXOC LTTOBECEWV _ ,
Design Experiment

e AvdaAuon dlakopavong
(ANOVA)

: Collect Dat _
* Fishers Exact Test ol
- Statistical Methods for g b
Research Workers Compute p-value ) LR T
(1925) R.A. Fisher (1890-1962)
* The Genetical Theory of Conclusion

Natural Selection (1930)



H “vea obvBeon”

* Epunveia g €€EAIKTIKNC Bewpiag Tou AapBivou pEoa aTto TN
OTOTIOTIKI] TWV PEVOEAIKWV

* H BioAoyia Kal N YEVETIKN €ival TIOOOTIKEC ETUIOTAMEC

R.A. Fisher (1890-1962) R.A. Write (1890-1962) J.B.S. Haldane (1892-1964)



H otatioTiKn

* O KAOOOC TNC ETIOTNUNG TIOU AOXOAEITAL [E:
— To oXedIAOoPO TNC TLUAAOYIC OEQOUEVWIV

- Tnv opyavwar), ETeéepyaaia Kal Ttapouaciaan d€d0OUEVWV
KOl OTTOTEAEOHATWVY ETIEEEPYATING

— Tnv avaAvon Twv dA0UEVWVY, TN dIOTUTIWON
OUUTIEPACUATWY KAl TN ANYn artopacEwy

——

il /
| |
} ? 7Z 7

114 ,
l/ J ﬂ” _Eml_ ‘L




BloOTOTIOTIKN

ﬂ“alys's Samplemferences .IIL

0 uI a lonpremsmnresearch :
bk makedlchotomollljls R ; 2 ;
atoomes plostatistical e
classified generalizeable  endp X
subsethlstogramprevalencequestmn

range categorical random
chartanalyses

Frequency
50 100 150

0

* H e@appoyn Twv KaOVOVwV Kal TwV EPYOAAEIWV (MEBOOWV) TNC
OTOTIOTIKNG VIO TNV ETIEEEPYATIO EPWTNHATWY BIOAOYIKOU XOPOKTI PO
- Yyeia - 10TPIKN
— AypOTIKI] TIOpaywyn
- OlKkoAoyia - BloTtoIKIAOTNTA



AplOuol Kol 0d0opEV
* Ot aplBpuoi gival agpnpnuéva cLUBOAA TIOL XPNOIUOTIOIOVUE VIO HETPNOEIC KAl
TIAPATNPNOEIC

 To dedopéva (data) avTITIPOCWTIEVOLY TIPAYHATIKEC OVTOTNTEC TOU (PUOIKOU
KOOMOU

— Ta dedopEVA UTTOPED Va €ival Kal aplBuoi

quantities

numbers \ ) - information
What Is

facts - Data? —— graphs

£ 9N

observations measurement




AplOpoi Kot “TtepIEXOUEVO”

* Mia og1pa apIBUwV aTto POV TNE OV £XEL VvONnua
- .X.81081214 1312 13
* [1po0oBETOVTOC TTEPIEXOHUEVO OTOUC OPIBUOLE, aUTOl YivovTal
OEAOPEVA YIATI ATIOKTOLV vonud, TT.X.
- OI nAIKieC 8 TtaIdIv
- O1 BaBpuoi 8 padntwv / padntpiwv

- O ap1Buog Twv oaApaTwy o€ 100 Tteipauata TTou Kateypayav 8
EPELVNTEC/EPEVVNTPIEC

— To YAKOC 8 dIAPOPETIKWVY PUAAWV EVOC PUTOU



AsiypoatoAnyia

e To TIEPIEXOUEVO (VONUO) agpopd TN dlodIKOoio TIapaywyng TV OEO0UEVWV
* TANBLVOMAC: TO CLVOAO TWV POVADdWVY TNC HEAETNC

e Agiypa: eva UTTOOVVOAO TOU TIANBLOPOU YIA TO OTIOI0 CUYKEVTPWVOVTAI
OEAOPEVA KAl YiVOVTOl OVAOAVCEIC

Target Population

Sample

e H deiypatoAnyia gival KEVIPIKA €VVOIA YIO TNV KATOVONOT TNE OTATIOTIKNC Kal
OEPEAIWOEC TLUOTATIKO TWV TIEPICCOTEPWV OTATIOTIKWY AVOAVTEWV



2TOTIOTIKN

e To dciypa, oav LTTOOLVOAO TOU
TIANBLo POV, dEV Eival aTIAPAITNTO VA
gival aVTITIPOOWTIEVTIKO

* H mtAnpo@opia tov dEiypaToc gival
KATIOIEC POPEC aBERIN

* O pOAOC TNG CTOTIOTIKNG Eival N
OVTIMETWTTION (010p0WON) OVTAC
NG afefaioTntog




AKpPIBela Kol aélOTTIOTIO TWV HETPOEWV

R * AKpiBela (accuracy) givai n
High precision EYYUTNTO TWV PETPNOEWV
TIPOC TNV aANBIVr TIUNA TOL
UTTO JEAETN XOPOAKTNPIOTIKOU

Low accuracy
Low precision

e AdloTuoTia (precision) n
eTTavoAnPIUoOTNTA

High accuracy (repeatability) ivai n

righ precision gyyuTNTO PETAED

aveEAPTNTWVY PETPNOEWVY TOU

D10V XOPAKTNPIOTIKOL, OTAV

LETPIETOI KATW OTIO TIC IDIEC

TIPOUTIOOECEIC KAl OUVONKEC.

High accuracy
Low precision




AKpiBeia Kol agloTUOTIO MIOC OYKOMETPIKNC TUTTETOC

Comparison of Four 100 pL Pipettes
(Target Dispense = 30 L)

60

i
o

Ja
o

Volume Dispensed (ulL)
S &

[y
o

Pipette 1 - Accurate AND  Pipette 2 - Accurate but  Pipette 3 - Precise but NOT Pipette 4 - Not Accurate OR
Precise NOT Precise Accurate Precise



BeAtiooon akpiBelag Kol a&IOTTIOTIOG

e [w¢ PTTOPOVE VO BEATIWOOLE TNV aKPiBEIO Kal TNV aloTiioTia
OTO TIPONYOUMEVO TIOPADEIYUA;

e [w¢ PTTOPOVE VO BEATIWOOVUE TNV aKPIBEI Kat TNV aéloTiioTia
O€ pIa OslypotoAnyia;




MOavotnteg

* H aBeBaiotnta ouvriBwC TIOCOTIKOTIOIEITAL KAl OTIOOIOETAl WG
Tudéavotnto

 H ruBavotnta va cLUPEL Eva yEYovocg UTIOPEI va ypa@pTei we P(x)
n Pr(x)
- Maipvel Tipeg armo 0 we 1
e Mia AoyIkn (OAAG OX1 povOadIKN) EPUNVEIN pIag TIIBAVOTNTOC:

— N OXETIKI OLUXVOTNTA PE TNV OTIoIO EVa YEYOVOC X EUQAVIETAl O€
BaBoc¢ xpovou



‘Eva Ttapadsiypo: piyn VOUIoHOTOC

* OewPOLUE Eva TEIpaApa PIYNC YE Eva “owaTo”
VOUIoua
- MokpottipoBeopa (Tt.xX. TG arto 1.000.000
OOKIMEC), Ba £xouue Evav (TIEPITIOV) i00 APIBUO
TWV OVO0 YEYOVOTWV
* Kopwva 1 ypaupota
- Pr(Head) = Pr(Tail) = 0,5

* [pIv oLVEXIOOVUE TIPETIEI VO OOVUE TNV EVVOIN TOU
“TtAnBuopov”




2TOTIOTIKOC TtAnOuo o (population)

* Eival Eva oa@w¢ KaBopIopEVO aUVOAO 1 OAOTNTA YIO TO OTIOI0
EVOIOPEPOPOAOTE KOl ATIO TO OTIOI0 OLYKEVTPWVOUHE dEAOUEVA
— O1 KAToIKOIl TNC AAEEOVOPOLTIOANC OE PO EPELVD YVWUNC

— O1 000EVEIC PIaC XWPOC VIO MO CUYKEKPILEVN OOBEVEIN, TOUG
OTTOIOUC TTAPAKOAOUBOUE Kal KATOYPAPOUUE TNV TIPO0OO

— OI TTEAEKAVOL PIOC Aigvng, Y10 TOUC OTIOIOVC KOTOYPAMOUUE (PUAO,
NAIKIO KOl CWHATIKEC DIOOTATEIC

— To dEVTPA €VOC €IO0UVC OE PIA TIEPIOXH], ATIO T OTToIA HOEVOVE
I0TO Y10 YEVETIKEC OVOAVCEIC

— Ol KaTaxwpPNoeIg o€ Jia Baon dedopevwy (cases)



2TOTIOTIKEC MOVAOEC & UEAN TOU
TtIAnOuopov (statistical units, cases)

* qtopa (BloAoyika OV1Q)
* OVTIKEIPEVO P

* ETUQPAVEIEG &rﬂg@@ﬁ
* onueia ag};-‘!«‘;ﬁ.
* yeEyoOVOTO %

3 G
W X
%, P 55 o ey
AV A ¥, fh_



e 2TO TIAPASEIYUO TOL VOUiopaTOC (YEYOVO(), 0 TIANBLOUOC
I00OUVOEL PE EVO ATIEIPWC PEYAAO KOl UTTOBETIKO deiyua

e Mo KOAQ OXEBIOIOPEVN £PELVA, B XPNOIUOTIOIEL PO
dladIkaoia OelypaTtoANYIiog TIoL OXETI(ETAI UE TOLC OTOXOULC NG
EPELVOC AUTNC

* H dladikaaoia detypatoAnyiog sival cuvriBwe ateAnC, T.X. AOYw
uepoAnyiag oto deiyua

— Mia KOAO OXEQIOOUEVN HEAETN OO EAAXIOTOTIOIOEI TOV AVTIKTUTIO
TETOIWV TIPOLBANUATWVY



‘Eva Ttapadsiypo: piyn VOUIoHOTOC

e Mia €pELVNTIKA OUAdO OTOXEVEL VA EKTIMNOEL TNV
TIOAVOTNTA TOL YeyovoToC “kKopwva” Pr(Heads) o€
LI o€Ipd VOUIOPATWVY (TT.X. 10)

— [lolo¢ €ival 0 oTATIOTIKOC TTANBLOUOC;

— [Molieg gival ol TIIBavEC TINYEC HEpOANYIaC o€ Eva
oeiyua;

- Meprypagte pia diadikaoia deypatoAnyiag mou Ba
EAAXIOTOTIOIEI TNV ETTIOPAON TETOIWV PEPOANYIWV




Meye0oc dsiypaToCg

* To pEye0oOC TOL dEiypOTOC N ival 0 aplBPOC Twv
TIOPOTNPINOEWV O€ EVa dEIyUa

e 000 PEYOAUTEPO gival TO pEyeBOC N evocg TTANBLOUOL,TO00
AlYOTEPEC TIANPOPOPIEC (AVOAOYIKA) TIEPIEXEI EVA OEIYUD
LUEYEBOLC N

* H IKavOTNTO YEVIKELONC TWV CUUTIEPACUATWY TIOU TIAIPVOUUE
OTTO TO dEiyUa yIa TOV TIANBLOPO, E€0PTATAI ATIO TNV ETIAPKEIN
TNC d10dIKaiac dEypIATOANYPIag O€ OXEON PE TOLC OTOXOULC NG
EPELVOC



Moapadelyya

* Eival apketo eva dciyua 100 vyelwv avepwTiwy (€BEAOVTWVY)
TIOU PWTAPE O€ OPOPO TNC Oe0COAOVIKNG av €ival dIaBETIUOL;

« E&aptdtal arto To EpWTNUO TNE EPELVAC:
— MTIOPEL VA Eival ETIOPKEC EAV 0 TOXOC €ival va a&loAoynBei n
ETTIOPOON TNC KAPEIVNG GTOV XPOVO avTidpaanc
* [IPETIEI VO TOUC KEPACOULUE EVAV KAPE!

— €IVal QVETIAPKEC €AV 0 OTOXOC Eival va aéloAoynBbouv ol
TIOPEVEPYEIEC MIOC VEOC PUPUOKEVTIKIC 0UaIaC

— €ival aVETIOPKEC YO va a&IOAOYIOEl TO HECO EI00ONUA TNC
EAANVIKNC OIKOYEVEINC



AVECAPTNTEC KOl EEUPTNHEVEC TTOPATNPNOEIG

e Ol TTOPATNPNOEIC OE EVa dEIyUa UTTIOPOLV va BEwPNBoLY w(
aVEEAPTNTEC OV Ol TIANPOPOPIEC VIO KABE TTapaTr)pnan OV TIAPEXOLV
TIANPO@OPIEC VIO AAAEC TIOPOATNPHOEIC

e AUO TIOPATNPNOEIC Eival EEXPTNHMEVEC (1] CUOXETIOUEVECG) AV Eival KOTA
KATIOIO TPOTIO OLVOEDEUEVEC
— O1 310TPOPIKEC CLVNADBEIEC TWV PEAWV TNC iBIOC OIKOYEVEINC
- EmavaAauBavopeva TeoT Pvipng TIoL Eyivav aTto To id1o ATtouo
— To PKo¢ ToL PUAANOU PECO OTO D10 (PUTO
e € TIOIO KATNYOPIO QVIKEl TO TIAPAdEIYUA TNE PIYNE TOL VOUIOUOTOC;

- Kal KAtw aTto ToleC TIPOUTI0BETEIC;




2TOTIOTIKN) MOVTEAOTIOINON

e Ta deiypata oXetidovial KaTd KATIOI0 TPOTIO PE TOV TIANBLOPO aTTO TOV
OTIOIO TIPOEPXOVTAI

* O 0T10X0C¢ TNC OTATIOTIKNC PMOVTEAOTIOINONC €ival VO KOTOAABOULUE TN
dladIKaTia TTOV dNUIOLPYNOE TA TIAPATNPOVPEVO dEAOUEVA KAl VO
TIPOPBAEYOULE VEEC TIAPATNPIOEIC

o Mia €10IKN TIEPITITWON OTATIOTIKAC MOVTEAOTIOINONC EIVAL O EAEYXOC
VTT00E0EWV. MNMapadeiypata LTIOBETEWV:
- O1 Avdpec €ival TIo PnAoi aTto TIC YUVAIKEC
- H mtpodofacn otnv tpItoBabuia ekmaidevan Ttnpeadel BETIKA TO El00dNUa

- H avayvwon armo Xapti odnyei o€ KOAUTEPN ATIOPVNOVEUCT] OTIO TNV
avayvwar aro tablet.



Why learning statistics?

5,7 % de la population seraient
infectés par le Covid-19 au 11 mai

Part de la population qui pourrait étre
infectée par le Covid-19 4 la date du 11 mal
an France metrog A 1

Dans la population totale

Confinement

Comments by readers

Mickadl B, 14082020 - 03H29
9.9 % (marge da §,6 & 15,7 %) des habitanis d'lle-de-France auraient & contaminés au 11
mmai ot 9,1 % (marge 6.0 & 14,8 %)

A ca niveau ce ne sont plus des marges, mals des abymas
La marge complent pour plus dun Bers du pouncentapes calculé.

Kasquer la réporse Fépondre Signaler un Bbus

Erlc B 14/05/2020 - 11H40

Au mains cas incediudes som dvaluées proprament. Avez-wous des
données qui panmatiraient de réduire celte inceniluda? Jimagne que non...

Le Maonde, 2142020




Mot eivol Xpnoiun n oToatioTiKN;

e [1oAAOI IOXUPIOUOI KOl TIETTIOIBAOEIC AAAA KOl TIPOKOTOAAWPEIC KAl
OTEPEOTUTIO BaaidovTtal 0€ ATUTIO CUUTIEPACUOTO OTATIOTIKAC

— 2UXVa Baoidovial o€ AVETIOPKN 1 HEPOANTITIKN delypatoAnyia
— 2uXVa pe Baon eAMTIN 11 AavBaouéva JOVTEAD

— 2ZUXVA OTIOTUYXAVOULV VO SIOKPIVOLVY PETOEL CUOXETIONC KOl
AITIOTNTOC

* [1OAU oLXVA, CNUOVTIKEC ATIOPACEIC TIOL AU [avovtal oTnv
TIOAITIKY) Baaoilovtal o€ aAnBei¢ (1 PeLOEIC) OTATIOTIKEC
OTTIOOEIEEIC



Where Climate
2022

«80.c | Change Deniers Live

Countries with highest share saying they think climate
change is not real or humans are not responsible

+0.75°C B Climate is not changing

M Climate is changing, but humans are not responsible
Global average temperature
Compared with mid-20th century +0.50°C

D

\

Indonesia #

LS.

+0.25°C Saudi Arabia

Egypt |

| =

© 60 h

India

Mexico ()

-0.25°C Thailand ==

"

15%

Australia @ 14%

[ | | | I 0 5 10 15 20 25
1880 1900 1820 1940 1960 1980 2000 2020

26,000 people in 25 countries surveyed July 30-Aug 24, 2020
Source: NASA Goddard Institute for Space Studies Source: YouGov
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Thelongread

How statistics lost their
power - and why we should
fear what comes next

The ability of statistics to accurately represent the world is declining. In its wake,
anew age of big data controlled by private companies is taking over - and putting
democracy in peril

by William Davies




nature........_ [oti ival Xpnoipn n

1 4
Home | News & Comment | Research | Careers & Jobs | Current Issue | Archive | Audio & Video | For A GT“T l GTI Kn u
News & Comment M September ,

- * H otatioTIKn Elval va
Over half of psychology studies fail reproducibility & AV 8)\[d)68§ epya)\eio
test : ,
EPELVOC YIO TIOAAOLC

Largest replication study to date casts doubt on many published positive results.

ETUOTNUOVIKOVC KAODOOUG

27 August 2015

— ...0AAd OKOWUN KOl 0TNV
| | | EPELVA, TIOAL CLUXVA
[ion tt trust everztl::gtyc-)u read;n the psychology m y , ,

literature. I fact, two thirds of it should probably 2 y[\)g'[al K(]Kr] Xpn()'r]

R Rights & Permissions

be distrusted. = "
X4
In the biggest project of its kind, Brian Nosek, a A

social psychologist and head of the Center for
Open Science in Charlottesville, Virginia, and 269
co-authors repeated work reported in 98 ariginal
papers from three psychology journals, to see if
they independently came up with the same
results.

Bri




Open access, freely available online

Why Most Published Research Findings

Are False

John P.A.loannidis

Summary

There is increasing concern that most
current published research findings are
false. The probability that a research claim
is true may depend on study power and
bias, the number of other studies on the
same question, and, importantly, the ratio
of true to no relationships among the
relationships probed in each scientific
field. In this framework, a research finding
is less likely to be true when the studies
conducted in a field are smaller; when
effect sizes are smaller; when there is a

greater number and lesser preselection
of tested relationships; where there is
greater flexibility in designs, definitions,
outcomes, and analytical modes; when
there is greater financial and other
interest and prejudice; and when more
teams are involved in a scientific field

in chase of statistical significance.
Simulations show that for most study
designs and settings, it is more likely for
aresearch claim to be false than true.
Moreover, for many current scientific
fields, claimed research findings may
often be simply accurate measures of the

factors that influence this problem and
some corollaries thereof.

Modeling the Framework for False
Positive Findings

Several methodologists have

pointed out [9-11] that the high

rate of nonreplication (lack of
confirmation) of research discoveries
is a consequence of the convenient,
yet ill-founded strategy of claiming
conclusive research findings solely on
the basis of a single study assessed by
formal statistical significance, typically
for a pvalue less than 0.05. Research
is not most appropriately represented
and summarized by pvalues, but,
unfortunately, there is a widespread
notion that medical research articles

It can be proven that
most claimed research
findings are false.

should be interpreted based only on
prvalues. Research findings are defined
here as any relationship reaching

is characteristic of the field and can
vary a lot depending on whether the
field targets highly likely relationships
or searches for only one or a few

true relationships among thousands
and millions of hypotheses that may

be postulated. Let us also consider,

for computational simplicity,
circumscribed fields where either there
is only one true relationship (among
many that can be hypothesized) or

the power is similar to find any of the
several existing true relationships. The
pre-study probability of a relationship
being true is R/ (R + 1). The probability
of a study finding a true relationship
reflects the power 1 - B (one minus
the Type II error rate). The probability
of claiming a relationship when none
truly exists reflects the Type I error
rate, .. Assuming that ¢ relationships
are being probed in the field, the
expected values of the 2 x 2 table are
given in Table 1. After a research
finding has been claimed based on
achieving formal statistical significance,
the poststudy probability that it is true
is the positive predictive value, PPV.

H epyaoia pe TIg
TIEPIOCOTEPEC
OVO@POPEC
TIAYKOO HiWC



2 KOTTOC TOUL HOORMOTOC

e H katavonon Baolkwv vwolwy TNE OTATIOTIKAC Kal N avtiAnyn
TNC OTATIOTIKNG TIPOOEYYIONC VIO TA BIOAOYIKO dEdOUEVA

e Katavonorn oTatioTIKWY PEBOOWV TIPAKTIKOU EVOIAPEPOVTOC OTIC
BIOAOYIKEC ETIIOTAMEG

e ATIOKTINON EUTIEIPIOC TIAVW O€ TIPAYUOTIKA BIOAOYIKO dEdOUEVA

Eéoikeiwon pe TN R




Moti va padw R;

To R €ival pia yYAwood TIpoypapUoTIoNOoU KOl AOYIOUIKO
OVOIXTOU KWOIKA, OAAQ Kal TIEPIBAAAOV YIO OTATIOTIKOUC
UTTOAOYIOMOUC Kal ypa@nuata

Eival d1aB8£01u0 yId TIC TIEPICCOTEPEC TIAATPOPHUEC 4
vTtoAoylotwv (Windows, Mac OS, Linux)

YTIAPXEl EVO VPV PACHO OTOTIOTIKWVY TIOKETWVY
VYPAUMEVWY o€ R. KAAUTITOUV 0XEOOV OAO OGO UTTOPEI
VO XPEIOOTEITE YIA TIC OTATIOTIKEC 0OC OVAAVOEIC.

To R XpNOIUOTIOIEITAI EVPEWC ATIO TNV EPELVNTIKNA
KOIVOTNTO




MelovekTnuata tng R

e ATIOITNTIKA EKPAONoN kat n xprion CLI yia TToAAoUC, o€
OUYKPIOTN PE EUTIOPIKO OTATIOTIKO AOYIOUIKO UE YPOAPIKO
TiepIBAANoV, OTtw¢ SPSS, Statistica kat IMP

* To R uttootnpilel apKETOVC OXETIKOUC TUTIOVC OEQOUEVIV
(AioTteg, dlavoopata, UNTPEC, TIAAIOIO) Kal Eival EDKOAO VO
UTTEPOEVTEI KAVEIC

* H dnuiovpyia evog KaAOL ypa@nUaToC UTIOPEL va Eival OPKETA
ETTITIOVN, TT.X. UTTOAOYI{OVTAC TIOPAUETPOUC

* Opwg yio OAd Ta TIOPATIAVW, PE TNV TIPO0O0 TNE XPHong tou R,
Ol QLUOKOAIEC EETTEPVIOLVTAI
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Getting Help with R

Helping Yourself

Before asking others for help, it's generally a good idea for you to try to help yourself. R includes
extensive facilities for accessing documentation and searching for help. There are also specialized
search engines for accessing information about R on the internet, and general internet search engines
can also prove useful (see below).

R Help: help() and ?

The help() functionand ? help operator in R provide access to the documentation pages for R
functions, data sets, and other objects, both for packages in the standard R distribution and for
contributed packages. To access documentation for the standard 1m (linear model) function, for
example, enter the command help(lm) or help("1m") ,or ?1m or ?"1m" (i.e., the quotes are
optional).

To access help for a function in a package that's not currently loaded, specify in addition the name of
the package: For example, to obtain documentation for the rim() (robust linear model) function in the
MASS package, help(rlm, package="MASS") .

Standard names in R consist of upper- and lower-case letters, numerals ( 8-9 ), underscores ( _ ), and
periods ( . ), and must begin with a letter or a period. To obtain help for an object with a non-standard
name (such as the help operator 7 ), the name must be quoted: for example, help('?') or ?"?" .

You may also use the help() function to access information about a package in your library — for
example, help(package="MASS") — which displays an index of available help pages for the package
along with some other information.

Help pages for functions usually include a section with executable examples illustrating how the
functions work. You can execute these examples in the current R session via the example()

rommand an evamnlalTmd

-~

L



The Comprehensive R Archive Network

Download and Install R

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of these versions of R:

+ Download R for Linux (Debian, Fedora/Redhat, Ubuntu)

CRAN
Mirrors « Download R for macOS
What's new? « Download R for Windows
Search R is part of many Linux distributions, you should check with your Linux package management system in addition to the link above.
e Source Code for all Platfoxms
M 'Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The sources have to be
%}@EE[ compiled before you can use them. If you do not know what this means, you probably do not want to do it!
e R Journal

Soffi « The latest release (2023-10-31, Eye Holes) R-4.3.2.tar.gz, read what's new in the latest version.

oftware
R Sources « Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).
R Binaries
Packages + Daily snapshots of current patched and development versions are available here. Please read about new features and bug fixes before filing
Task Views corresponding feature requests or bug reports.
Other

« Source code of older versions of R is available here.

Documeniaiion « Contributed extension packages

Manuals
FAQs Questions About R
Contributed
; «+ If you have questions about R like how to download and install the software, or what the license terms are, please read our answers to frequently
Donations asked questions before you send an email.
Donate

Supporting CRAN

+ CRAN operations, most importantly hosting, checking, distributing, and archiving of R add-on packages for various platforms, crucially rely on
technical, emotional, and financial support by the R community.

Please consider making financial contributions to the R Foundation for Statistical Computing.

What are R and CRAN?

Ris ‘GNU §', a freely available language and environment for statistical computing and graphics which provides a wide variety of statistical and graphical techniques: linear and nonlinear
modelling, statistical tests, time series analysis, classification, clustering, etc. Please consult the R project homepage for further information.

CRAN is a network of ftp and web servers around the world that store identical, up-to-date, versions of code and documentation for R. Please use the CRAN mirror nearest to you to minimize
netwark lnad.



KoateBaoTte Kol EYKOTOHOTOTE

R
R Studio




Toxaia & pn TVYXOia dslypoTOANYia

Probability Non-probability

m&

Judgement

Systematic




ATIAN TUXOIO OEIYHOTOANYI

* KaBe peAoC Tov TTAnBuopoL i
EXEl TNV 1Ol TIIBOVOTNTO VO i
ETUAEYEI OTO OEiypa

* H “tuxoiotnTa” TIPETIEI VA
dlao@aAileTal avotnpda,

G)\)\l(b( éXOUUS “snowball H tuxalotnta amaitei pEyoAuTEpPA

dEiypaTa yio va gival

sampling” QVTITIPOCWTIEVTIKA N

. , ., , delypatoAnyia, yi' auto
I G,LI)CY&SI yua. epevva KO,’ Ul 00NyoLPOOTE OE OTPWHATWHEVN,
yvwun¢ ag 1000 avBpwitoug OUOTNUATIKE, KATT.

atnv AAeEavOpoUTIOAN




2UOTNHOATIKE dslypotoAnyia

e KaBe viooTto (n™) HEAOC TOL TIANBLOPOL ETUAEYETOI OTO dEIyUN

* [IPETIEI VA LTTAPXEI YVWON TIOPAUETPWV TOU TIANBLCHOU, TL.X.
UEyeBOC, TTLKVOTNTA

* [lapadciyua: ovAAoyn ocyuatwy aro 100 6evrpa g€ eva 60(00(
yia avaAuaeli¢c DNA S T R I O

Every 2™ record is chosen




2TPWHOTWHEVN OslypoTOANYi

* 'Eva otpwpa (stratum) gival Eva UTTOCUVOAO TOU TTANBLGPOUL TTOU
XOPOKTNPIETAL OTIO VA KOIVO OTOIXEIO (TT.X. PUAAO), TIOU Eival ONUOVTIKO
yid TNV €PELVA oG

e [ivetal Tuxaia dEYpATOANYIO HECO OE KABE OTPWHA, ETOI WOTE TO
OUVOAIKO d€iypa va gival avTITIPOOWTIEVTIKO W TIPOC TNV EKTIPOCWTINCN
TWV OTPWHATWVY

e [lapadelyua: 10 BAPOC Kal TO VYOG UIAG OUadAC avBpPwWITTWV

Male subset

............ i

Female subsat



TOTTOl OEOOULEVWV

ZT1¢ WpE £YE COloR AKTING GROUPS
\ \ | L
\ NOMi“ﬂ\ A&jm J \ Or.lim\ A&"‘\ J
\ 1

\ I
]

Quolilobive  data -7

~
-

Dola {'va € TIOl0 KaTNyopia
T = OVIKOUV T
’ ‘I Quantitative  data ) BIOAOYIKG
\ . OEOOMEVQ;
\Di&on‘kt dakg J \ Cowtinuous data \
Numbli?]: OF NUMBER oF TERERKTURE HETGHT
oL LDREN BUGS

@Iuminousmen.com



TUTTOl OEOOUEVWIV

Qualitative %3 » @
Discrete
Data< ® ’ﬁ aoR

(# of bugs)

Quantitative o

Contmuous




Moo OTIKO dsdOUEVA

e AIOKPITA TIOOOTIKA OEQOUEVD

e [pOKUTITOLV ATIO
arapidunon

* lMapadeiypata:

— AIWVULUIKA OEAOPEVA TIOU
Adupavouv povo dLo
duvateg TipEC (0,1)

— 2ZUXVOTNTEC I TIYEC
KOTOPETPNONG




2UVEX TTOOOTIKO OEOOMEV

/N
e [POKUTITOLV ATIO s /‘“‘\\
METPNOEIC ;%
e KaBe petpnon i
14 r E
uttaivel o éva S: ] Pos .
OlACTNHA TIHGWV 338 323888¢¢e
- Kai 6x1 o€ éva 28825888 ¢ge k¢t
OUYKEKPIUEVO HEIGHT (cm)
O-r”"lslo FEATURES OF CONTINUOUS VARIATION:

o NO DISTINCT CLASSES OR CATEGORIES EXIST

o CHARACTERISTICS CAN BE MEASURED AND FALL WITHIN
A RANGE BETWEEN TWO EXTREMES




KAIpHOKEC pETPNONG

e OVOMOOTIKEC * TOKTIKEC
- MrTtopouv va - Alatnpouv v
OVOTIOPAOCTABOUV Kal PE TIANPOPOPIC OXETIKA UE
OpPIOUOUC OANG OEV TO OXETIKO (OXI OTTOAUTO)
LTTAPXEL IEPAPXNON uEyeBoC avtoL TIov

LETPIETOI
* HAIKIOKA opada (Ttandi,
epnpol, EVAAIKEQ)

e Xpwud, ETIAYYEAUO




—Categorical—

Nominal

7/

Pen Pencil

&

y
~|

Dog

Ordinal

Excellent Good Bad

S =
E Vo

Fantastic Okay Don'tlike




B1. Which of the following video-communication tools do you currently use or have
you used in the past? *

Une seule réponse possible par ligne.

never rarely  occasionally frequently

Skype O O O 9 O
Zoom ) ) @ &
Jiti O O O 92 O
Google Meet () ) D )
Blackboard CH D D )
Discord (D D C) )
Teams O O O O




1. The website has a user friendly interface.

O ) O O O
strongly agree neutral disagree strongly
agree disagree

2. The website is easy to navigate.

e e e am A Tt TOTIOL PETPOEIC £XOVME OTIO TIC OTIOVTHOEIC
agree disagree

NG EPWTNONG AUTNG;

3. The website's pages generally have good images.

O O O {2t O
strongly agree neutral disagree strongly
agree disagree

4. The website allows users to upload pictures easily.

) ) )
ﬁ S U U O
strongly agree neutral disagree strongly
agree disagree

5. The website has a pleasing color scheme.

O O & O O
strongly agree neutral disagree strongly
agree disagree



2UXVOTNTEC YOVOTUTIWV KOl
OAANAOHOPPWV

e AIOKPITA OEDOUEVA EiVAl Ol CUXVOTNTEC YOVOTUTIWV KOl
OAANAOUOPEWVY O€ €VA YOVIdIO OE evav TIANBLOUO

e TiLTOTIOL OEAOUEVA EiVaI TO YEVETIKA OEOOMEVA;

> genotype = c("AA","Aa",6"aa","Aa","’




2UXVOTNTEC YOVOTUTIWV KOl
OAANAOHOPPWV

e 210 R, Ol KOTNYOPIKEC METAPBANTEC Aeyovtal factors

> genotypeF = factor(genotype)

= igvell

e [pa@nNUO CLXVOTITWV YOVOTUTIWVY
(loToypapua) N —

= plot(genotypeF)




2UXVOTNTEC @OIVOTUTIWV

1 . T '}" o -l_ -l_ ow n = n ";,-" a -l_ -l_ ow ] : n .::rl, o -l_ -l_ ow 1 ; ", w -
[ -'1 :i | SRR | ::.rlll. ] Y o |1 ::.rlll. 1 L LY o L1 ::‘,'.I' 1 i Y ' L1 : e '.I' L 1 .Erfr_—:'-l_ "I- t::l.l,'\ll i 1 .3,“'_;! '.I- 'l- :::I.Irl|lll 1 n -|‘.rll El -l_ -l_ t::l.li'\ll ]
[9] ]
3 7
> plot(phenotypeF) o
= green yellow




Kotatoén o€ KATNYOopPIEC

¢ I 8F)apxl K(’x (ran kl n g) K-Means Clustering

— TL.X. KAIVIKI] EIKOVO O€ IO | |
OUVYKEKPIPEVN 00BEVEID

X
e Katataén o€ ovoTAdEC/OUADEC
(clusters/groups)

° 8 : Predicted Cluster
x Cluster 1

Petal Width
S

Cluster 2

- TLX. UTTAYWYN O€ YEWYPOAPIKEG
OMAOEC

— TL.X. UTTOYWYI] O€ I

TIPOPBAETIOUEVEC BIOAOYIKEC
OMAOEC



KAIpHOKEC pETPNONG

* AlGotnua « Avaloyia
- AlOTNPEi CUVEXEIC, YPAMMIKEG — AIGOTNUO TIOU EXEl «OANBIVO» PNV
OX£OEIC HETAEL auTOL TTOU . K i ¢ Kelvin
LETOIETON Oepuokpaaoia og Baduovg Kelvin,

BApog o€ KIAG

— Ol oTI00TACEIC METAEL TWV
ETIOPEVWV CNMEIWVY TNG
KAIPOKOC €ival i0€C

- H mopovuaoia tou pndevog ival Interval Ratio
aoaen
ene ) ) ) Well-defined intervals YES YES
- Ogppokpaaoia os Babuoug KeAaiov P . -
* Ogpuokpaacio og Babuovg Keaiou the absence of a quantity
Difference measured in YES YES
terms of distance

Difference measured in

terms of ratios NO YES




Difference Between
Interval and Ratio

Scale
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Zl')VOlIJI’] LEVELS OF MEASUREMENT

[ Ratio )
Named

+
Ordered
+

Propotionate
interval

Interval

Named  petween variables
+
Drdfred can accommodate
( Ordinal ] Propotionate absolute zero
interval
Named between variables
+
Ordered variables

( Nominal )
Named variables




KAIpJOKEC pETPNONC

* Ol KAipaKeg TIEPIOPIdOLY TIC HOBNUATIKEC TIPAEEIC TTOV
ETUTPETIOVTOI OE OEDOUEVO OUYKEKPIPEVOU TUTIOU:
— To OVOUOOTIKGO dEdOPEVA TIEPIOPI(OVTAI O TIPAEEIC OTIWC N
KOTOPETPNON
— Ta TaKTIKG dedopeva Tieplopilovtal o€ TIPAEEIC OTIWC N KOTATAEN

- Ta dedopeva dOCTAMATOC ETUTPETIOVV ETTIONC TNV TIPOCHBEON Kal
TNV aeaipean (0AAG Ox1 TOV TIOAAATIAOCIOOUO 1 TN dlaipeon)

— Ol KAJOKEC avOAOYiIaC ETUTPETIOVV TO TIANPEC EVPOC TNC
OPIOUNTIKAC AEITOLPYIOC KOl ETUTPETIOVV OVAAOYIEC PETAEL
aplBuwv (10/5 = 2 onuaivel 6t to 10 gival V0o POoPEC
MEYOAUTEPO OTIO TO TIEVTE)



Thank you




