N cTpaxumsauku
U HayYHU pan



LLiTa je Hayka?

LliTa je uctpaxnsamwe?
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Hayka

Hayka (11at: scientia - 3Hawe; rpyku: "episteme”;
dopaHLUyCKU U eHrneckun: "science"; italijanski: "scienza",
Hemadku: "Wissenschaft") je ckyn cBux metoanyku
CaKynIbeHUX N CUCTEMATCKN CpeNeHnX 3Hawa, Kako OMnLTUX
Tako U OHMX Y HEKOM cneunuyIHOM Noapy4jy Unun acrnekrty
CTBApPHOCTMW.

Hayka je jeanHCTBO OoTKpuha 1 gokasa, Metoda u cuctema,
UCTpaxuBawa 1 n3narama.

Hayka je 06jekTMBHO, NOrMYKmn apryMmeHToBaHO U
CUCTEMAaTU30BAHO 3HaHE O 3aKOHUTOCTUMA, YNHEHULLIAMA,
y3poLuma 1 nojaBama y CTBapHOCTU, CTEYEHO U NMPOBEPEHO
ersakTHUM NnocMaTpaH-eM, NOHOBIbLUBUM eKCNEePUMEHTOM U
BarbaHUM pasMuULLIbaH-EM.


http://sr.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8_%D1%98%D0%B5%D0%B7%D0%B8%D0%BA
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VIcTpaxxmnBame

Hay4yHO uctpaxuBame je c1cTemaTcko, NaHCKO U
00jeKTUBHO UCMNTUBAHE HEKOT Npobriema, npemMa
oapeheHnmMm MeToL010LKMM NpaBuUnnma, 4uvja je cepxa ga
ce NpyXun noysaaH un npeunsaH o4roeop Ha yHanpeAa
NOCTaBIbLEHO NUTaHbLE.

CBaKko Hay4HO UCTpaxuBake nma suie mehycobHo
NornM4yHo noee3aHux gasa. Victpaxknsare 3anoymme
doopmynaunjom npodriema n uurba NCTpaxXuBaka,
neuHucawkemMm OCHOBHUX Bapunjabnn, xmnotesa, nsbopa
y30pKa, Kao U METOAa N TEXHUKA UCTPaXnBaka.

http://sr.wikipedia.org/wiki/ cTpaxusare


http://sr.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC
http://sr.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B1%D0%BB%D0%B5%D0%BC
http://sr.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4
http://sr.wikipedia.org/w/index.php?title=%D0%9E%D0%B4%D0%B3%D0%BE%D0%B2%D0%BE%D1%80&action=edit&redlink=1
http://sr.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B1%D0%BB%D0%B5%D0%BC
http://sr.wikipedia.org/w/index.php?title=%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B0&action=edit&redlink=1
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VIcTpaxxmnBame

Kpajisu pesyntaTt Hay4yHOr UCTpaXmBaka je NMcaHu Hay4Hu
pag, YnaHak nnm moHorpadwuja, y Kojem ce Ha npernenaH,
obyxBaTaH, KOHLUM3aH U NpeLnsaH Ha4vMH caornwTaBajy
pes3ynratu ucTpaxuBakwa 1 aajy objallHera
NCTPaknBaHe nojase.

codTBEP? NNatdopma? nogaumn?

http://sr.wikipedia.org/wiki/ cTpaxusare
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Research

Research (http://en.wikipedia.org/wiki/Research)

@ an active, diligent, and systematic process of inquiry in order to
discover, interpret or revise facts, events, behaviours, or theories, or to
make practical applications with the help of such facts, laws, or theories.

@ a collection of information about a particular subject.

Research (Higher Education Funding Council for England)

Original investigation undertaken In order to gain knowledge and
understanding

Ynopeau ca oeuHULMOM Ha CPNCKOM
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Pe3ynTtatu Hay4yHor paga
Hay4yHu pan
Teopwuja, 3akrby4ak, 3anaxame, obdjallHEHsE, ...
MeTogonoruja
CodtBeEp
ba3a nogataka
[logauu
KomeHTapu
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3HaHe

@ higher level understanding of things

@ represents our understanding of the ‘why' instead of the mere ‘what’

@ Interpretation of information in the form of rules, patterns, decisions,
models, ideas, etc.

Knowledge (Davenport et al. 1998)

|

@ a fluid mix of framed experience, contextual information, values and
expert Insight that provides a framework for evaluating and
Incorporating new experiences and information.

@ information combined with experience, context, interpretation, and
reflection

@ high-value form of information that is ready to apply to decisions and
actions
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Teopwuja

OpraHusyje Hay4YHO 3HaH€e

Theory (http://en.wikipedia.org/wiki/Theories)

A body of (descriptions of ) knowledge is usually only called a theory once
It has a firm empirical basis, that is, It

Q Is consistent with pre-existing theory to the extent that the pre-existing
theory was experimentally verified, though it will often show
pre-existing theory to be wrong in an exact sense,

Q Is supported by many strands of evidence rather than a single

foundation, ensuring that it probably i1s a good approximation If not
totally correct,
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Hay4yHu/uctpaxumeadkm Mmetoq

MeToaonormja nctpaxumsaka — Kako ce UCTpaxyje

Kopuctehu onaxxarwa 1 pe3oHoBake, UCTPpaXnBayiu
pa3Bujajy HOBE TEXHOSIOIMje 1 npeanaxy objallHera
npmpoaHmnx deHoMeHa y obnnky xmnoTesa.

Te xmnoTtes3e ce garbe Tectupajy y3 nomonh
eKcnepumMmeHara.

AKO Cy eKCrnepuMeHTV NO3UTUBHM 1 Kaaa ce yTBpaM Aa je
XMNoTe3a pa3yMHa, OHJa OHa NocTaje Teopwuja.



HaCTaBak
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Hay4yHu/uctpaxumeadkm Mmetoq

CBaka ybeasrbmBa xmnoresa koja ce MoXe KOpUcuTK 3a
npegsuhake NoHallaka ce oHaa TecTupa 3a MoryhHocTu
NOHOBHUX (MCTUX) pesynTtaTa (reproducibly).

EkcnepuMeHT noHekad MOXe YKIby4mMBaTh U TeCTUPaHe
ynoTpebom nornykor anapara



HaCTaBak
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Hay4yHu/uctpaxumeadkm Mmetoq

Hay4yHn meTtog (MeTogonoruja) ogpehyje samaHocT
NcTpaxmeama

Oa nu BepujemMo ogpeneHnm 3akrbyyumma
OCHOBHE KapaKTepucTmke Hay4yHor metoaa

OpPUIrMHanHocCT

00jeKTUBHOCT

NOHOBSLUBOCT

NPUMEHSLUBOCT Ha ApYyre KOHTEKCTe
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OpUrMHanHoOCT UCTPpaXXnBama

Areas of originality (Cryer 1996)

@ Exploring the unknown
Investigate a field that no one has investigated before

@ Exploring the unanticipated
Obtaining unexpected results and investigating new directions in an
already existing field

@ [he use of data
Interpret data in new ways

@ Tools, techniques, procedures, and methods
Apply new tools/techniques to alternative problems
Try procedures/methods in new contexts




vladaf@matf.bg.ac.rs 14/32

OBjeKTUBHOCT UCTpaKnBama

Pe3yntatun cy npeactaBrbeHN TA4YHO OHAKO KakBUM jecy
dep BpeaHoBake (eBanyaumja)
HNP. Cry4vajHu, penpe3eHTaTUBHN y30pak
HENnpUCTpacHoO ouerwnBawe pesyrnraTa

MTOHOBJ/LUBOCT

penpoaykoBaTu LLEO UCTPaXXMBAYKKU NpoLec n oooutu
ncte (CNn4yHe) 3akrby4yke
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VicTpaxmBadyke metoae

KBaHuTaTuUBHE
YKIby4yjy HEKO “Mepemne”
TecTupare Xxunotesa WUnu Kpempawe onakaka 3a
MHOYKTUBHO 3aKIby4ynBaH-€
MoryhHOCT noHaBIbaka ekcnepmmMmeHTa o CTpaHe
APYyrnx
O6u14YHO y NpUpOgHNUM HayKama



HaCTaBak
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VicTpaxmBadyke metoae

KBanutatuBHe
ObunyHo cTyaunje cny4yajeBa, npernegn uta.

Lilnrs je oa ce gobpo pasyme ogpeheHa obnacTt, BuLIe
Hero ga ce oHa “objacHu”

YecTo je TeLKo NOHOBUTU UCTU eKCNEPUMEHT
O6GMYHO Yy APYLUTBEHUM HayKama
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TunnoBu Uctpaxmeaka

Teopujcka nctpaxueama

pa3BOj Teopwuja, HNpP. MaTemaTunka
[eckpuntuBHe ctyaunje

aHanusa noctojehux ctyauja, ynopegHe aHanuse
Exploratory studies (ncnmtmnBame)

NcTpaxnBare NoTrnyo HoBe obriactn unu npobnema

Explanatory studies (objawHaBame€)
NnojawHeH-e NocTojehnx peHoMeHa
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TunnoBu Uctpaxmeaka

Y3po4yHo-nocnegunyHe ctyguvje

pasmMaTpare y3pOYHO-NocCNneanyHnX Besa
HopmaTueHe ctyguje

npenopyke, ctaHgapau, npasuna, uUta.
Ctyaunje peluaBana npobrnema

npobnem unun HoBO-HacTana cuTyauuja; yHanpehemwe
CTtyaunje crniyyaja

aHanunsa cneumdundHor cny4aja, obMYyHo camo Kao
NCNUTUBAHE



HaCTaBak
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TunnoBu Uctpaxmeaka

Pa3BojHe 1 npumereHe ctyauje
HOBW aliaTu
HOBE NpUMeHe

MynTtu-gucumnnuHapHe ctyguvje
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OCHOBHU €ENEMEHTU UCTPaKMNBaHa

KapakTtepusaumnja npobnema
Onaxahba, Mepera, nocmaTpama - Mogern

[ledbnHncarbe xmnortese
XunoTteTnyka objallhera onaxaka, Mepera

ExcnepumeHT

TecTupame, npoBepa
[lpegBuhaxa

Ha oCcHOBY HeKaKBOrI pe3oHOBaHa
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Xunortesa

UecTo gedpuHuLLE OPUrMHANHOCT UCTPaXuBaka

Aicka3 Koju MoxXe BUTK ONBPrHyT TOKOM UCTPaXkmBaka U
ekcrnepuMeHarta

[Tpumepun xmnoTeasa

EdumkacHOCT aHanuse: oBaj anroputam je y Npoceky
6p>xn oa npeTxoaHor

[1puknagHocT nHTepdejca: KOPUCHULK CYy 3a40BOSbHU|U
HOBOM BepP3nNjoM

[Toy3gaHocT: HoBM KnacudmkaTtop je TadaH y 70%
cly4yajeBa
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EKcnepumeHT

TecTnpare xmnoTese

EkcrniepnmeHT mopa outn “nOHOBILUB™ (YaK M ako HUje
OETEPUMMNHUCTUYKN)

Tun ekcnepmumMmeHTa 3aBucK o Tuna npobrnema

OOMYHO YKIbyYYje NpuKynIrbake nogataka u eBanyaumjy Ha
KOHKPETHUM npuMepuma

4YeCTO CTaTUCTUYKM Ha Yy30pKYy (frequentist view)
KOJINKO Benukn Tpeba aa byge eBanyumoHn y3opak?
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BpeoHoBawe pesynrarta

Kaga je jedaH ekcnepuMeHT ycnewaH?
NedunHniie 06jeKTUBHOCT NCTPaXXmnBama
Pa3He MeTpuKe, 3aBUCHO oA rnpobnema
precision, recall, accuracy
efficacy, memory requirements, complexity
Interestness, usefulness
user-friendliness

CTaTucTtn4yka 3HavajHoCT pesynrarta?
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Moaenu nctpaxmBadkor npoieca

CeKBeHLUWjanHu
KPY>XHU
€BONyLUNOHNK
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CekBeHuUujanHu moaern

[TogpobHa aHann3a obnactu
Kpeupare Teopuje (mogen)
TecTnpawe mogena

MHTerpauuja ca npeTxogHum 3Hakem 1 aHanusa y
LLIMPEM KOHTEKCTY
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Kpy>XHN moaen

Conceptual
g Framework ~
( (theory, literature)
Data Analysis Research Question
\_ Empirical Observation J

Data Collection
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EBonyumoHn moaen

EBonyumoHn mogen nogpasmeBa ga ce u
MeTo4osnornja Mesa ToOKoM paja
IcTpaxunBaykm Unrb M nogaum Mory ga ce npomMmeHe
HoBu npucTtynu, napagurme noctajy 4OCTYMNHU

Hnp. ooka3 maTemaTuydke TeopemMe ynotpebom padvyHapa
(Hnp. 3a pewasane 100,000 nuHeapHUX
onTUMM3aLnMoHux Nnpobnema)
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Kako ce ncrtpaxyje?

[lpumeHa meTogonormje ucTpaxmneama
Kpenpawe xmnorese

HajKpeaTUBHUjN OEO0

Ha|TeXN 0eo, HapO4YnTO Y MOAEPHO] HayUX
N300op ogrosapajyhe metoae/TexHuke/anata

cneyndunyHo 3a gaTty obnacrt
Aobpo no3HaBawe obnacTu
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Hay4yHu/uctpaxumeadkm Mmetoq

Hay4yHn meTtog (MeTogonoruja) ogpehyje samaHocT
NcTpaxmeama

Oa nu BepujemMo ogpeneHnm 3akrbyyumma
OCHOBHE KapaKTepUCTUKe

OPUrMHANHOCT

00jeKTUBHOCT

NOHOBSLUBOCT

NPUMEHSLUBOCT Ha Apyre KOHTEeKCTe
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VIcTpaxxmnBame

OpwurunHanHo
HOBO pellueH-e Unm noborsluane nocrtojeher
naejHo KoMmbnHoBake nocTtojehux pewerwa
npMMeHa y HOBOM KOHTEKCTY, Ha HoBe npobneme

O0jekTBHO

BpeOHOBaH-€ 1 eBarnyauunja pesynrarta je dep u
pe3ynraTtu cy npeacTtaBrbeHU ball OHaKBUM KakBU jecy
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VIcTpaxxmnBame

MTOHOB/LUBO

MeToorornja mopa fa 6yae nosHarta Tako ga ce
eKCnepuMeHT MOXXe MOHOBUTU 1 pe3ynTaTii NPOBEPUTU

MpnmeHmbUBO Ha Apyre npobneme
reHepanusauuja n ancrtpakymja



vladaf@matf.bg.ac.rs

3axBanHuua

Cappkaj Koju je YKIby4eH y OBY npes3eHTauunjy je
npeyseT N3 HacTaBHUX MaTepujana 3a npegmeT
,MeTogonornja Hay4Hor u CTpy4Hor paga“ Ha
MaTtemaTuykomMm dpakynteTy YHMUBep3nTeTa y
beorpaay, koju je npunpemuno npod. ap opaH
HeHeaun.

3axBarbyjem ce ['lopaHy HeHagmnhy Ha nomohw.

32/32



