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1 Recap

« statistical vocabulary
— variation: the outcome of a sample varies randomly
— uncertainty: lack of knowledge of about a true value
— trial: the realization of an experiment
— population: all possible events or items
— population parameter: the true value

e calculating probabilities, probability tree

e experiments with 2 outcomes: binomial distribution

OMHOX XMu9J93p caHamcapryil Gaiiibin xo€p Tas 06osiox TOHOPXOiryil 6aiimas/uncertainty/ 6Gosion
Bapuail/variation/-piH Tasiaap aB4 y3caH 06reel; 300C LWIUJIX KULIIIL ALMUIVIAH TOUOPXOMAryil Gaiiibid
Tajgaap, CaBHAAC OOMOOIOTHIT raprayk aBaxX JKHUIIIIT AIMUTIIAH BAPUAIBIH TAJIAAP TYC TYC SPUICAH Oaiiraa.
DAra3p KUIIIIH 139D OU 300CHIT TOITCOH TOOTOOP OJIOH yIaa JABTAH XasdX, KUMrIHL 100 ym1aa XagxbIr HIT
trial rak HIPIIK 6OSIOX OOrOe.T SHY Hb TYPIIMITHIH HIT YAAATARH XIPITAKUAT [ICIH yTTaTall YT IOM I'I/I3T Ta-
naap 6ac apbcan Oaiiraa. TyprmuaTeia trial-yyapir XuiicH99p OUI HAIT yIAArHiH TYPIIHITHIH trial 6oomH yitn
SABJJIBIH O0JIOM2KHUT OYyX YpP AyHD OarraacaHn CTATHCTUK X OJIOHJIOTUUT MIIIPXUNJICIH OIOrIJINNAT Iy Iy yJIAar.
CTaTuCcTuK [YH MAHXKWAITYD XUUXIID IYTIAYYACAH OrerIIe0cee X OJIOHJIOTUHH TMapaMeTpUilH Tajgaap OJIK
M379X Hb GUIHWI 30puiro oM. Jlan rani Yl BTy yIbIH MaraJJiajibll’ YP AYHIHAH XOCTIOITO / yPIKYYIIX/
XIPXIH HITTIIX TAJAAp OOJIOH YKUIIII Hb H 300CHIT JTAPAAJIAH XAAXAT J0P XaskK 3 yaaa Cyimddp OyyX racaH



COHMPXOJITON X3, XJIPH Y/l ABJJIbIH MAra/jiajibll XIPXIH $aK HIITIIX Tajaaap Cypd M3JACIH. Dunomwuiin
TapXAJITHII 30BXOH 2 YP AYHTIH TYPIMUITHIH CTATUCTUK 3arBapPU/IAJ, AIATIAXK OOJIOXBIT OUT XapCaH.

2 Handedness Inventory

e Please fill in the questionnaire during this lesson
e Return questionnaire at the end
e We will use this data for the next lessons

Wpsx 107100 XOHOTHHH XU AP AIMMUITIAX IHIXYY ACYYATBIH XYYIACHIT OOIIOXK OTHO VY. Bu 5HY acyy/arbiH
XYVACHIT aJib X3AUIH Ta OYXdHI TapaacaH Oafiraa 66rees X3pIB Ta XapaaxXaH aBaaryil ODaiiraa 6o Haarmraa
UP3JI aBHA Vy. OHOOAPUHH XUUINHAH TOTCro 6eriee 0ynaarK orue vy. ACyy/IrbiH XyyAChiH Tajaap TaHI
sIMap HITIH aCyyxK TOAPYyJIax 3y Oaituna yy? Bum 33 erergauiir XyMyyc ajib rapaa TYIXYY aIluriagar 3CX
€pPOHXUIT XaHAIArbIH TAIAap AYH MIHHAKIAD XUHAX31 0010H MOH R-1 erermmumitH JyH IIHHKAITD XUAXIT
amuriiax 60JIHO.

3 Age Guessing



Please indicate which hand you use for each of the following activities by putting
a + in the appropriate column, or ++ if you use would never use the other hand
for that activity. If in any case you are really indifferent, put + in both columns.
Some of the activities require both hands. In these cases the part of the task, or
object, for which hand preference is wanted is indicated in parentheses.

Jaanrapap (Task) 3yyH (Left)

3eB (Right)

Buunx
Writing

3ypax
Drawing

umdx
Throwing

Xaity
Scissors

IynHui cois
Toothbrush

Copaoryii xyTra
Knife, without fork

Xanbara
Spoon

Hoapc, 1931 rap
Broom, upper hand

XayupxaJytaid TIMIIH, TIMIPIHUHT Gapbk Oyt rap
Striking match (hand that hold the match)

Hoonruitn xaiiprar (Taruidr He Oapbaar rap)
Opening box (hand that holds the lid)

HUUT OYH
Total
Right — Left = Right + Left = Right - Left

Right + Left ~

Create a Left and a Right score by counting the total number of + signs in
each column. Your handedness score is (Right — Left)/(Right + Left): thus, a
pure right-hander will have a score of score (20 — 0)/(20 + 0) = 1, and a pure
left-hander will score (0 — 20)/(0 + 20) =—1.




3.1 Data Collection

actual age.

Guessing ages. For each card your group is given, estimate the age of the
person on the card and write your guess in the table below in the row

corresponding to that numbered card. Later, you will be told the true ages
and you can compute your errors. The error is defined as estimated minus

Team-ID:

No. team members:

Card

Estimated
Age

Actual
Age

Error

10




Toitm crarucTtuk 6a rpaduKiiH TATaaApPXH OHOOIPUNH XUIIUNAT Ou Ta OYXdH XYMYYCHITH HACBIT X3p CailH
Taaxk daamar OOJIOXBIr XapaxX OAIXaH TYPHIMITAAP SXJIYYIIXWHAT Xycd Oaiina. IDxumam ta Oyxdu 10 Gart
xyBaargana yy.lapaa #p 6ar Tyc Oyp Oarumita rumryyauits Tooroo 6udnd yy. Omo00 6u b6ar Tyc OypT HIT HIT
XYHHH 3yprufir Tapaazk erex 6osHo. bar 6yp 3ypar m3px XyHHit HaChIl SPUINAXK, TaaHa yy. bar Oyp HAr
3ypar 93P HAD JI TaaMarjiaj JPBHIyyidx écroit. 'spas 3ypar Gyp ayraapraii Gaitraa. 3ypruita myraaprait
raapd Oyit MOPeH]| TyXallH 3ypruiiH Tajaapxu TaaMmarjacan Hacaa Oudms yy. " Estimated Age " racsn
OaranaJ, Taamarsiacan macaa ouans. lapaa ub “A” 6ar rapas 3ypraa “B” 6art, “B” 6ar “C” 6art mamKyyJaax
I'9X MITIIp 3ypraa daryym X0OpoHIOO maMxKyyiaHa. “J” Gar rapasa 3ypraa “A” bart mamxkyymiaaa. lapaa Hb
Japaaruita 3ypruifHxaa HACHI TaaXK, 3yPTUMH AyTraaphil MAJraa], TaaMarjacal Hacad XYCHITTIH TOXUPOX
razap Hb Opyy/K Owund yy. Bar tyc 6yp 10 3ypruiir Oyramiir Hb Xap:K Iyycax XypPTJdd YYHUUT JaBTaH
xuitHd. 20 MUHYTBIH 1apaa JyycraHa yy.

Bu yp ayaryyaumiir XypaaHryiijgax XyCHITTHAT camOap 193D 3ypcaH Oaiiraa. Bu 0100 Mpaj 3ypryya I93px
XYMYYCHHH KUHXIHI HACHIT X3JIK orbe. 2KHHXIHY HACKIT OrOrIJINIH Xy yACAHIaa Xy Y/IK OUdIad, Tyc Oypuiin
anzaar TOOIMOONHO yy. AJgaar TOOIMOOMK JAyycaal ajjlaaHbXxaa JYHIKHUT TOONOOJHO yy. YyHuUil mapaa
rapd upa37 cambap J193p Oaliraa XypaaHryiaax XYCHIITIHI yp JYHD Xyyk omans yy. Omoo xapxk Oaiiraa
YP AYHLYYAMIHX?3 Tajaap spuinaHa yy. DBuagspg sutard Gaitwa yy? XycHSTUfiH yp JAYHIYYI Hb TaHbBI
Xys99K Oaiican yp AYHT?H HUMNIXK OaitHa yy? M>mos/iuitH Tasaap TaHbl ayKUTJIACAH €6p 3Yill Daiina yy?
Orermenuiir MyrIyyJaCaH apra Hb Yp AYHI HOJIOO K 00/I0X yy? Oreramuiir canaMmcapryil TyyBpuitH X37109p33p
My TIIyyJICaH yy?

4 Stem-Leaf Plot

Consider the following data points:

20, 14, 16, 18, 22, 38, 61, 52, 52, 55, 76, 84, 79, 81, 82

##

## The decimal point is 1 digit(s) to the right of the |
##

# 1 | 468
# 2 | 02
## 318
## 4 |

# 5 | 225
## 6|1
# 7 | 69
## 8 | 124

o Create a steam-leaf plot of the averaged errors



Guessing ages. For each card your group is given, estimate the age of the Team-ID:
person on the card and write your guess in the table below in the row

corresponding to that numbered card. Later, you will be told the true ages
and you can compute your errors. The error is defined as estimated minus No. team members:
actual age.

Card Estimated Actual Error
Age Age

10

Opmoo 6m Ta OYX39HZ ereraIuitH Daribr XI9PXdH rpaduKaap HITTTIH AYTHIX 3apUM OOJIOMIKYYIBIH Taaaap
TAHUIIYY/Ibs. JIYH NIMHKUAT? XUAXUAT Xycd Oyil anuBaa ererjuiitan Garnpraa BU3yardaax siBIaJl Hb yYp-



I9JK Mall 9yxaJt 6adigar. Orermiir BU3yandiax Hb TAHbl OrOIJIHIH OArIbIl OMJINOX, OTOTJIUITH AP XYPII,
OTOrIJINIH XIJI0IPUNAT XyPAaH Xapax, oTerae. [MyTIyyaIaxal sMap HIT aj1ad rapCaH CIXUNT MIIIXIT TYCAII-
mar. Toon erermimiir Bu3yaJrdjiax Mail SHruiH apra 6os "urn-aaB4uasl rpaduk" om. Uin-waBans rpaduk Hb
1-pT TOOHYYABIT OYISLT aHTHIAX Oa 2-pT OYIdT Tyc OYPT XaMaapax OrerIuiH IRTYYARKH TOOT TOOIOXK Tap-
ragar rpaduk oM. Bymsr 6ypuiir ryxaiin TOOHBL 3XHUI 1Md P,/ TOOHBI OPOH /-99p TOAOPXOiIHO. Orernuiin
II3T 3CBJI TOO Hb MKHUJIXIH OY/IITIIIX Jyraapaap 3x3JC3H 001 TOmOpXoit HIr Oysidrt xamaapHa.Epenxuiinee
GYII9TII9X Iyraaphir aXHuH HAT 1idp/OpOH 3CBAM 3XHUT X0€p, rypeaH mudp/opoH Gaiixaap COHNOXK GOJIIOT.
OH3 TOXMOIIONT SXHUI 1P /OpOH-MHAT COHNOCOH Gerees sxHWT Mep Hb Ouz 14, 16, 18 racsn ererymiin
IPrYYATII Oaifraar Xo/K erd OaifHa.

Acyyx 3yiin Gaitaa yy? 0100 XypaaHTyHICAH XYCHITTIH J3X ATJAAHDBI JYHIAXK YTTYY/bIH UII-HABYHBI IPa-
buKUHr yycrans yy. DHIXYY Orerjiniin xypaaHryir ous xapxsH raiinbapiazxk 600X B3?

5 Histogram

5.1 Introduction

o stem-leaf plot only works for numbers, not for categories

o stem-leaf plots are always based on digits

o count data in terms of intervals/ bins (e.g. width=5): (0,5], (5,10], (10,15] ... (80,85], (85,90], (90,95],
(95,100]

Example: 20, 14, 16, 18, 22, 38, 61, 52, 52, 55, 76, 84, 79, 81, 82

20 (15,20] 38 (3540] 76 (75,80]
14 (10,15] 61 (60,65] 84 (80,35
16 (15,20] 52 (50,55] 79 (75,80]
18 (15,20] 52 (50,55] 81 (80,85]
22 (20,25] 55 (50,55] 82 (80,85]

interval ~ (10,15]  (15,20]  (20,25]  (35,40]  (50,55]  (60,65]  (75,80] (80,85

count 1 3 1 1 3 1 2 3

Mb>ma3/utniie OaribIr BU3yaadaax 6ac HIT WYY YsSH XaTaH 00J0M¥K 0O0JI THCTOTpaM 3ypax sSBIAJ oM. ['uc-
TOrpaM Hb CTATUCTUK IMTUHKUJITIIHUN CyTep IyXaJl XIPITCIJI 06reen YYHUUT caiiH OMITOXK aBax Maapiia-
rarait. ['axm193 989 Hb Oac erermmiir OYIIIIK, Japaa Hb OYIdr TyC OYpUiiH OrerIniiH IRTYYAUHH TOOT
TOOITOOJI?K TAPraJar yupaac HII-HABYHBI rpadukTail TecTdii oM. ['mcrorpam maxp Oyaryyamir “bins” rax
HIp3A3T. “bin” Hb MATEMATHKHUIH XyBbJ XaraCc XaaaTTall Xarac HIIJITTI HHTEPBAIbIT X3aHd. “‘bins”’ Gyioy
MHTEPBAJLY Y/l Hb TOOH OIOIAJIUMIH ajlb LUITUIr OyJsrisxuiil Togopxoisaor. “bins”/uHrepBastyyi-blH XIMAKII
“bin” /MHTEpPBAJI-BIH OPTOH 'K HAPJFIAT. ['mcrorpaM 3ypaxaac eMue “bin”/MHTEpBAJ-BIHXaa OPTOHUIAT TITHIi-
JI9X X3PITTI. OMHOXTIH MKUJ TOOHBI JTAPAAJIBIT JAXUH aBY Y3be.

DuJ xapargazk Oaiiraa XyCHIIT3H/J, ajb TOO aJib MHTEPBaJJ XaMaapaxbll' Xapyyias. LHcrorpaM yycraxuiin
TYJ11, MHTEpBaJ OypT XaMaapax ererjjiMiH uaryyauiin roor roounoosno. Oposimordgooc acyyx acyynir: bu-
1A 50-55 XyPT3J/IX MHTEPBAJLI X3I3H OrerIniin uar Oaiina B37

Xo0ép Jaxb XYCHIITIIC O yp AVHT Xap:K OomHo. 2Kwummanban 15-aac 20 xypraax marepsanasn 14, 16, 18
OCOH 3 ererIuitt 1mer OaitHa.

O100 6wz 9HY CYYTUMIH XYCHIITIIC THCTOrPAM Yycrak 0osHO. ['mcrorpam Hb THTIT OHIEITUHH Tpaduk
oM. Torm enuerruiin epred Hb bins/uHTepBaLyyJAblH X3M2K33 OyI0y ©prouTsil mKkui yrraraii Gaiina. X
TIHXJIAT IIIPX TITII OHIOTTHIHH Oaiipiaa Hb TOIOPXO0# mHTepBaaTail Toxupu OaitHa. Tarimn eHIerTuitn eHIep
Hb TyXailH WHTEPBAJIJ, TOOICOH OTOTIJINIH IITYYAURH TOOTONH TOXUpY OaifHa. X3IPIB MUCTOTPAMBIT TOOICOH
OOIUT TOOTOOP 3YPCAH OO YYHHHAT aDCOMIOT JABTAMMKUNH IpaduK K HIPIIIT. VXIBUIdH abCOTIOT TOO Hb



TuiiM 9 COHUPX0JTOI Oadigarryit. Bus uxsswisn Topopxoil bin/unrepsasi-u 6aiix ereriuiin 93/9X XyBuiir
MJTYY COHMPXIOT.

OHD 30pUITOOp OOIUT TOOHBI OPOH/I OTOTIJINAH IFTYYAUNH XyBUIT TOAOPXOH MHTEpPBAJ Oaifx HUIT ererI-
JIUHH TRTYYIURH TOOHOOC XabapXaH TOOIMOOIOX DOTOMKTOM. TArin eHIerTiitH eHIep Hb OTOrIIUIH IPTYY-
Juiin Gyrapxail TOOTOI,/ ©4yyXdH X3C3rTil Toxupy Gaiiraa rucrorpaMbil XapblUAHIYil JaBraMzKuiin rpaduk
K 6ac HIpadaar. Tarmr eHnerT 6ypuilH @HIPUAT TOMTMOJI TOOTOOD TOIOPXOHUJICOH YUPAAC TATII OHIIOTTHINH
XapbI@HTY Il OHIOD OOPUIOTIOOTYH TYJI THCTOIPAMMBIH DOIUT X3JI09D ©OPUIOTIAOOTYi OOTOXBIT AHXAAPHA VY.

5.2 Exercise
Create your own histogram

1. Plot the error values as a histogram

2. Choose a bin width/ size

3. Draw the histogram on the blank plotting sheet
4. Present your histogram

Try to answer and discuss the following questions:

1. How does the histogram change with different bin widths?
2. How accurate is age guessing?

3. Does guessing accuarry vary across age?

4. What is the variance/ spread of the error?

0100 Tanbl 33mK 60mm00. ['paduk 3ypax XoocoH maac aBaan rucrorpamaa 3ypaapait. Cambap m335p Oaitraa
OOUT AJITAAHBL YTTY Yy IbIH OPOTIIHAT BU3ya daaa yy. JLyHmaxK yTreir Ouin xapua 60T alJaanbl YTy yIAbID
amumriaapai!

T'ucrorpamaa 6ycaz OpOJIIIOrd 01 TAHUIIILY yraxa/ 09711913 yy. Hac TaanT Hb X9p OHOBUTOI, X3p UX siraaTait
GaifHa IICOH aCyyITaH [ XapHyJIaXbll XHI99r99pail. bin/MHTEpBaI-BIHXAA XIMKIIT saraa i COHroXoop GOICHOO
TaitmoapiaHa yy.

6 Multiple Variables



6.1 Scatter plot

80-

20 40 60 80
age



20 40 60 80
age

Win-naBaasl rpadukyyn 6a rECTOrpaMyy/l Hb HIT XyBbCATIHIH OTOTIIHNAT Xapyyaax OOOMAKYYI I0OM. XI9PIB
61/ 2 XyBbCArYUIAl BU3yasId/IaXbil' XyCBIJI HUiTTiIor rpadukuiin repes Hb scatter plot / rapxanrbin rpadpuk
oM. 300C MMUIIX TYPITAJITHIH TAJAAP SAPUINCAH 1-p XUTIIT I99p OWJ alb XIAUNH TapXaaThiH rpadukuiir
y3cou. Tyxaiin XyHUIT r9p3J1 3ypruiiH HIC TOOIOOJICOH HACHBI YTTaJ, XaMaapax Idr Oypuir Xapyy/acaH dHI
TApXaJThIH TPpadUK J93D Ta IRTYYARAT Xap:K OaifHa. DHIXYY rpaduK A39PX OJOOTHIH OrOrIIHAT 30XHOMIO0D
yycracau 6omuo. IIdr Tyc OypuitH XyBbJ X TOHXJST A93pX Oaipsan Hb 3ypar aBaxXyyJCaH XYHHH >KIHXIHD
Hacraii Toxupd OafiHa. y TOHXJST A93pX OafipInmi Hb TOOIMOOJCOH HacTait Toxupd OaftHa. Tambl xapk
Oaiiraa<iaH KUHXIH HACHBI yTra OYPT YPrajizK OJOH TOOHBI TOOIOOJICOH yTra OaiiHa. X3p3B TOOIOOJICOH
yTra Hb TOTC OOTOe. XKUHXIHD YITYyATall TIHIYY Oatican 601 OYX MITYy/a TapXaaThiH rPpadUKT Y3YY/ICIH AT
Hasyy 1-Toit mymayyH nryraMm g33p Oaiipsiax Gafica.

IIyrambia gooryyp 3cBaj A33ryyp Oaiiraa uaryyauiin taitibap oy 6aiizk 6os0x B3?7 X3p3B LRLYYH ILy-
TaMbIH JOOT'YYP 3CBIJI JI93TYYP Hb CHCTEMTIUrIIp Oaiipsazk Oaiiraa 00/ CTATHCTUKAWH XIJLIITIIP YYHUNUT
bias/x9Buiix Gaiizam roHs. DH ToXHOIIONT 60 HAC XYPCIH XYMYYC HACHAACAA 3aJIyy Xaparaax XaHzararaf
T3C3H YT IOM.

7 Summary

e Always visualize your data set before analysing it!
« data collection & experiment: randomization, random sample
e descriptive statistics: mean, error, standard deviation, variance, bias
o statistical graphics: stem-leaf plot, histogram, scatter plot
e bins:
— too narrow: loss of shape
— too wide: missing the details
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