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Pe3ume

CrarucTukaTta € Jienl o] MaTeMaTHhKaTra Koja ce
3aHMMaBa CO COOMpae, aHATM3HPAbE, HHTEp-
MpeTUpame U Mpe3eHTupame Maca (roiem 6poj
MPUMEPOLIN ) HYMEPUYKH TIOAATOIM CO e J1a ce
W3BJICYAT PENICBAHTHU 3aKIy4OLH O]l HCTaTa.
Crarucrukara e popma Ha MaTeMaTHYKa aHAIIH-
3a KOja KOPUCTH KBaHTH(UKYBAHU MOJEIH, Pe-
MPE3CHTAllMK ¥ CHUHOIICHCH 3a AaJieH Opoj eKc-
MePUMEHTATHA TI0/IaTOLM WIH HCTPaKyBamba
KOH C€ CIIPOBEeIyBaaT co xuBa matepuja. Cry-
JICHTUTE W MIIAJUTE UCTPaXKyBaud BO OHOMETH-
LMHCKUTE HAayKH Kako M BO CIelUjajHATa ely-
Kallhja U pexaOMiIUTalrja YeCTO TO UCKaKyBaaT
CBOETO MHCJCHE Jieka oj0pane Ja ce 3aluIiaT
Ha THE CTYAWH MOpPAJd TOA LITO HE MOCEeIyBaar
roJIeMO 3HACHC MM HHTEPEC 338 MaTeMaTHKa.
Toa e TaxxHa u3jaBa, HO IMa U BUCTUHA BO Hea.
Llenta Ha OBOj eAWTOPHjaT € J1a UM MOCITYKH H
Jla UM TIOMOTHE Ha MIIaJUTE UCTPAXyBauH Ja ja
ondepaT HajCOOJBCTHATA TEXHUKA 32 CTATHUC-
TH4Ka 00paboTKa Ha MOAATOIHUTE KOoja Ke COO-
BETCTBYBa HA ILIEIIUTE U YCIOBUTE Ha OJpe/eHa
ananu3a. HajBaKHUTE CTATHCTHYKU TECTOBU Ke
OunaT NpuUKa’kaHu BO OBOj TPYA.
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Abstract

Statistics is mathematical science dealing
with the collection, analysis, interpretation,
and presentation of masses of numerical data
in order to draw relevant conclusions.
Statistics is a form of mathematical analysis
that uses quantified models, representations
and synopses for a given set of experimental
data or real-life studies. The students and
young researchers in biomedical sciences and
in special education and rehabilitation often
declare that they have chosen to enroll that
study program because they have lack of
knowledge or interest in mathematics. This is
a sad statement, but there is much truth in it.
The aim of this editorial is to help young
researchers to select statistics or statistical
techniques and statistical software appropriate
for the purposes and conditions of a particular
analysis. The most important statistical tests
are reviewed in the article.
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EDITORIAL

Ha 3Haem kako Ja ro oabepem MpaBUIHUOT
CTaTUCTUYKHA TECT € MHOTY Ba)KHAa OJJIyKa BO
JeToT Ha 00paboTkaTa Ha TOOMEHUTE MOJATOIH
U BO MUIIYBaKETO HA HAYYHHUOT TPyHA. Muamure
UCTpaXXyBaul U aBTOpH Om Tpebajo na 3Haar
KaKo J1a TH 010epaT 1 Kako Jja T'M KOPUCTAT OBHE
CTaTUCTUYKA MeTonu. KOMITeTeHTHHOT HCTpa-
JKyBay Mopa Jla TocelyBa OJIpelleH CTEleH Ha
3HAaCHE BO OJJHOC HA CTATUCTHYKUTE MPOLEAY-
pu. Tyka Moxe a ce moapa3oupa Kypc 3a BOBEI
BO CTaTHCTHKATa M, c€ pa3dupa, KOPHCTCHETO
Ha J00ap y4eOHHK IO CTaTUCTHKA. 3a OBaa Ied,
moctou norpeda mpeameToT CraTUcTUKA 1a Ou-
Jie 33J0JDKHUTENICH IpeMeT BO HacTaBHATA MpO-
rpama Ha MHCTHTYTOT 3a AedekrToioruja mpu
dunozopekuot paxynrer Bo Ckomje. Mnanute
UCTpaXKyBaud UMaaT MmoTpeda o/ JOMOTHUTETHH
KYPCEBH 32 Jia ce 31001jaT CO TIOrojieMO 3HACHE
BO oOiacTa Ha cTaTHCTHKara. THe Mopa jaa ce
o0ydJar 3a Ja KOPUCTAT CTATUCTHYKH KOMIIjy-
TEPCKH MPOTPaMHU Ha COOJIBETCH HAUMH.

Knyunu 360posu: Cmamucmuuka cerexyuja Ha
mecn, CImamucmuka, Hayyen mpyo,
CMAMUCMu4Ky npoepamu

Bosed

CrartuctukaTta € Jed o1 MareMaThkaTa Koja ce
3aHUMaBa CO coOmpame, aHaJIM3Hpame, WHTEp-
IpeTHpame U MPEe3eHTUpamke Maca (roieM Opoj
MPUMEPOLIN ) HYMEPUYKH TIOATOIH CO IEN JIa ce
W3BJEYAT PEJIEBaHTHU 3aKIyYOlH Of HCTaTa.
Crarucrukata € (hopMa Ha MaTeMaTHIKa aHAJIH-
3a KOja KOPUCTH KBaHTH()HUKYBaHU MOJEIH, pe-
Mpe3eHTallul U CUHOIICUCH 3a JaJieH Opoj eKc-
MEPUMEHTAITHA IOJATOII WM HUCTPaXKyBarba
KOH CE CIIpOBeayBaaT co kuBa marepuja. Cta-
TUCTHKATa C€ KOPUCTH BO HEKOJKY Pa3IHMIHH
JTUCHHIINHN (KaKO HAyYHH Taka U Kaj OHHE KOU
HE ce 3aHMMaBaaT CO Hayka) 3a JOOHMEHHUTE IO-
JIATOIM Ja ce cBenmaT Ha 3akimydor (1).

CTyIeHTHTe W MIIQANTE UCTPaXKyBaud BO OMO-
MEIUIIMHCKUTE HAYKH KaKO M BO CIICIHjATHATa
eAyKalja 1 pexaduiuTaiuja, 4yecto o0jaByBaar
U TO MCKa)XyBaaT COINCTBEHOTO MUCICHE IeKa
onbpaie a ce 3amuiiaT Ha THE CTYJUH IOpaan
TOA IITO HE MOCETyBaaT roJIeMO 3HACHHE MITH HH-
Tepec 3a MaTeMaTHWKa. 1oa e TakHa H3jaBa, HO
¥Ma ¥ BHCTHHA BO Hea. Tue 4ecTo He 3HaaT Ka-
KO J1a ja U3BpILAT CTaTHCTUYKaTa 00padoTKa Ha
IOOWEHUTE TOMATOLUN OJf HCTPaXyBameTo 3a
HUBHHTE JOAUIUTOMCKH, TIOCIIEIUTLIOMCKY, T1a U
JIOKTOPCKHM CTYJHH, TIa 3aToa HajuecTo Oapaar
MOMOIII O] CTATUCTUYAPH. 32 0Baa Iell, THE MO-
pa Ia miaraT oapencHa cyma mapu. Hajaecto Bo

Knowing how to choose right statistical test
is an important asset and decision in the
research data processing and in the writing
of scientific papers. Young researchers and
authors should know how to choose and
how to wuse statistical methods. The
competent researcher will need knowledge
in statistical procedures. That might include
an introductory statistics course, and it most
certainly includes using a good statistics
textbook. For this purpose, there is need to
return of Statistics mandatory subject in the
curriculum of the Institute of Special
Education and Rehabilitation at Faculty of
Philosophy in Skopje. Young researchers
have a need of additional courses in
statistics. They need to train themselves to
use statistical software on appropriate way.

Keywords: statistical test selection,
statistics, scientific article, statistical
software

Introduction

Statistics is mathematical science dealing
with the collection, analysis, interpretation,
and presentation of masses of numerical data
in order to draw relevant conclusions.
Statistics is a form of mathematical analysis
that uses quantified models, representations
and synopses for a given set of experimental
data or real-life studies. Statistics is used in
several different disciplines (both scientific
and non-scientific) to make decisions and
draw conclusions based on data (1).

The students and young researchers in
biomedical sciences and in special education
and rehabilitation often declare that they
have chosen to enroll that study program
because they have lack of knowledge or
interest in mathematics. This is a sad
statement, but there is much truth in it. They
often do not know to make their statistical
processing of data for its undergraduate,
master's and doctoral theses, and seek help
from a statistician. For this purpose, they
have to pay certain amount of money. There
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PErOBOP

HUBHHTE TE3W MMa TOTPEIIHO OAOpaHHU CTaTUC-

TUYKH METOIU KOW BOJAT KOH ITOTPEIIHU 3aKITy-

goru. Cenekifjara Ha IPaBIITHHOT CTATUCTHY-

KM METOJl WM TEXHHKA MOXE Ja MPEeTCTaByBa

roJieM MpoOJeM 3a MJIaJUTe HCTpaKyBauw. Bo

UCTPaKYBAkETO, 3HAYAJHUTE 3aKITYUYOI[H MOXKAT

Ia OuAaT W3BEACHU Ol COOpAaHHUTE MOJATOLUHN OJI

BaJIMJICH HayudeH IU3ajH KOPHUCTEJKH TO COO-

BETHHOT CTATUCTUYKU METO/] MJIH TCXHHKA.

Bo omHOC Ha cenekiyjaTa Ha CTaTUCTUYKHOT

METOJI KOj OM ce KOPHCTEII, HajBaXXKHOTO Iparia-

Be ¢ ,,Koja e rraBHaTa XUmoTe3a Ha HCTPaXKyBa-

wmeTo?* Bo Hekou ciydan HeMa TiiaBHA XUIIOTe-

3a; HCTPa)XKyBayoOT Camo caka Jia ,,BUAH IITO UMa
tamy“. Ha npumep, Bo cTynuja 3a npeBajeHIdja

HEMa XUIIOTe3a Koja O ce TecTHpaia, W Tojie-

MHHATa Ha CTyAWjaTa € OJpeaeHa O]l TOa KOJKY

MPEII3HO HMCTPAXXyBadoT caka Ja ja OOpean

npeBaleHnyjaTa. JIOKOJIKy HeMa IOCTaBEHO

TJIaBHA XHWIOTe3a, TOralll HeMa CTATUCTUYKU

TecT. BaxkHO € ymTe mpen 1a ce 3amovHe co Hc-

TPaXXyBambEeTO KOM XWUIOTE3H O Ce MOTBPIMIC

KaKo TOYHH (Toa ce OJHECyBa Ha HEKOHM 3a He-

KOM BPCKH 32 KOM C€ MpPETHOCTaByBa JieKa Ou

U3JIETOJI TAKOB PE3YNTaT) U Kou O Ousie mpenu-

MUHApHU (MHIWLOUPAHU O JOOMEHHUTE MOIATO-

I O] HCTPAXKYBAKETO) (2).

Bo uctpaxkyBauku CTyIUH KOPHCTSHETO HA IMO-

TPEIIHUTE CTATHCTUYKA TECTOBH MOXE Ja ce

BUJIM BO roJieM Opoj cilydau, Kako KOPHCTCEHETO

Ha TECTOBH 3a MapeH Opoj Ha IIOJATOIH Kaj I1o-

JaTOIM JOOMEHU O] HemapeH Opoj WM KOpHC-

TEHETO Ha MapaMEeTPUCKH CTATHCTUYKH TECT 3a

00paboTka Ha MOAATOLMTE KOj HE ja CIeTu HOp-

MaJlHaTa AUCTPUOYyNHja WM HEKOMIIATHOWJICH

CTaTUCTUYKH TECT 32 JOOWEHHUTE IOAATOIN OJ

HCTPaxyBameTo (3).

JocranHocTa Ha pa3IMYHA THUIIOBU CTaTUCTHY-

KH MPOTpaMu, IO MPaBU H3BEIYBAKETO HA CTa-

TUCTHKAaTa U CTATUCTUYKUTE TECTOBH MHOTY

JIECHO, HO M300pOT HA COOABETHHOT CTATHCTHY-

KM TECT WJIM METOJ] C¢ YIITE MPETCTaByBa Mpo-

6nem. HajmoGap mpuctam € 4ekop MO 4YeKop

CHCTEMAaTCKH Jia ce J0je 0 O/UTyKa Ha KOj Ha-

YUH J1a Ce aHaIM3HUpaaT MOOMEHUTE IOJaTOIIH.

Ce nipenopadyBa Jia ce cieqar opue Yekopi (4).

e 5a ce oxpeau u creruduimpa Bo dopma
Ha Tpalllake MITO CakaMe Jia MOCTHTHeME
CO UCTPaXKyBaAETO;

e  1a cc MOCTaBM MpallamkeTo BO (opma Ha
CTaTUCTHUYKA HYJITA XHIOTE3a U Ja CE H3-
JBOjaT aJTCPHATUBHHU XHUIIOTE3W OJ TJIAB-
HaTa WIN HyJTaTa XUII0Te3a;

e  Ja ce oIpenaT KOW Bapujadiin ce pesieBaHT-
HU 3a MpallamkeTo;

e  Ja ce oJpeaH Of KOj THII € ceKoja Bapujald-

are in the theses very often wrong selected
statistical methods which then lead to
erroneous conclusions. Selecting the right
statistical test may represent a huge problem
for younger researchers. In research,
meaningful conclusions can only be drawn
based on data collected from a valid
scientific design using appropriate statistical
tests.

Regarding to selecting a statistical test, the

most important question is "what is the main

study hypothesis?" In some cases there is no
hypothesis; the investigator just wants to

"see what is there". For example, in a

prevalence study there is no hypothesis to

test, and the size of the study is determined
by how accurately the investigator wants to
determine the prevalence. If there is no
hypothesis, then there is no statistical test. It
is important to decide a priori which
hypotheses are confirmatory (that is, are
testing some presupposed relationship), and
which are exploratory (are suggested by the

data) (2).

In research studies wrong statistical tests can

be seen in many conditions like use of paired

test for unpaired data or use of parametric
statistical tests for the data which does not
follow the normal distribution or
incompatibility of statistical tests with the

type of data (3).

The availability of different types of

statistical software makes performing of the

statistical tests to become easy, but selection

of appropriate statistical test is still a

problem. Systematic step-by-step approach

is the best way to decide how to analyze
data. It is recommended that you follow

these steps (4):

e Specify the question you are asking.

e Put the question in the form of a
statistical null hypothesis and alternate
hypothesis.

e Determine which variables are relevant
to the question.

e Determine whatkind of variable each
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JIa MOCeOHO; one is.

e  Ja ce Au3ajHUpa CTyaHja KOja I'M KOHTPO- e Design a study that controls or

JIMpa WK TH pacIpenenyBa ClydajHuTe Ba-
pujadnu;

Ja ce ozxbepe HajmoOpPHOT CTAaTHCTHUYKH
TECT WM MeTox Oa3zupaH Bp3 OpOjoT U BHU-
JIOT Ha BapHjabinTe 3a Aa ce YTBPIH AaIN
OUYCKYBaHHUTE pE3YNTaTd OArOBapaaT Ha
MPETIIOCTABKUTE KOW CME TH ITOCTAaBHUIIE BO
HapaMeTpUTe U Jia Ce TECTHPaaT XUIOTE3H-
T€;

JIOKOJIKY € MOJKHO, J]a Ce HalpaBH MpeT-
XOJIHa aHaJIi3a 3a J1a ce OJPEAH TOJIeMHUHa-
Ta Ha MPUMEPOKOT KOj K€ Ce HCIHUTYBa BO
HCTPaKyBarbETO;

Jla Ce HAIPaBH MCTPaKyBabETO;

Jla ce mperyiefaar J0OMEHUTE MOAATOLH U
Ja ce YTBPIM JajM COOJBETCTBYBAaT CO
MPETHOCTaBKUTE OJf CTAaTUCTUYKUOT TECT
Koj ¢ on0OpaH. JIokomKy HE ce COOIBETHH
ToramI ce 6apa II0COOIBETEH TECT;

Jla ce CIPOBEE CTATUCTUYKHUOT TECT KOj Ke
ce TOKa)Ke KaKo HajCOOJIBETEH W Jla Ce MH-
TepIpeTHpaaT pe3yITaTHTe 1

Jla ce Mpe3eHTHpaaT JOOMEHHUTE pe3yITaTH
e(eKTUBHO, HAjueCTO CO TpaUKOHU WM
Tabenm.

Marusteri u Bacarea ykaxyBaat ¥ Ha JIpyTrd yc-
JIOBY KoM OM Tpebaio J1a ce 3eMaT IIpeABU Kora
BpIIMME aHaju3a Ha JOOMEHMTE IOJATOLM O
OJIpEZIEHO UCTPAXKYBAFHE:

OCHOBHO HUBO Ha ITO3HaBamk¢ Ha OazwdHa-
Ta CTATUCTHYKA TEPMHUHOJIOTH]jA W KOHIIETI-
T™H;

Jla ce TMOoCceyBa 3HACHE 32 HEKOJIKY acIeK-
TH TIOBP3aHU CO IOJATOINTE KOM CME TH
JIo0mie 3a BpeMe Ha HCTPaKyBameTo / eKe-
MEPUMEHTOT (TIp. KaKOB THI Ha ITOAATOLH
cMe J00mie — HOMHHAIHH, OpIUHAIHH,
UHTEPBAJHUA WIN pa3MEpHH CKanu (CKaiu
Ha OJTHOCH) KaKO CE€ OpraHu3upaHu Jooue-
HHUTE TIOAATOLH, KOJIKY HCTPaXyBauKH TPy-
U ce ondateHn (0OMYHO EKCIIEPUMEHTAI-
Ha ¥ KOHTPOJIHA IpyMa), Jald TPYIHTE Ce
BO Map WJIX HEmap, Malu MPUMEPOKOT HIIH
NpUMEpOLIUTe TpHUIaraaT Ha HOpMalHa
mucTpudyupana / ['aycoBa nomynanuja);
no0po pa3bupame Ha IenTa 3a HamaTa
CTaTUCTUYKA aHAJIH3a,;

no0pa aHanmM3a Ha IENHOT CTaTUCTHYKH
MPOTOKOJ BO €l€H M00ap CTPYKTypUpaH,
pasrpaHeT, aJrOpUTAMCKH HAYHMH, CO IIENT
Jia ce u30erHaT MOXKHHU Tpemku (5).

Ilenta Ha 0OBOj eAUTOPHjaII € 1a UM IIOMOTHE Ha
MJIAJIUTE UCTPAXKYBAYM J]a MOXKAT Ja TH 00epar

CTaTUCTHYKHUTC TCXHUKHU HIH

CTaTUCTHUYKHU

randomizes the confounding variables.
Based on the number of variables, the
kinds of variables, the expected fit to the
parametric  assumptions, and the
hypothesis to be tested, choose the best
statistical test to use.

If possible, do apower analysis to
determine a good sample size for the
study.

Do the study.

Examine the data to see if it meets the
assumptions of the statistical test you
chose. If it doesn't, choose a more
appropriate test.

Apply the statistical test you chose, and
interpret the results.

Show your results effectively, usually
with a table or a figure.

Marusteri and Bacarea mentioned other
things we should have in our mind when we
are analyzing the data from some study:

Decent understanding of some basic
statistical terms and concepts;

Some knowledge about few aspects
related to the data we collected during
the research/experiment (e.g. what types
of data we have - nominal, ordinal,
interval or ratio, how the data are
organized, how many study groups
(usually experimental and control at
least) we have, are the groups paired or
unpaired, and are the sample(s) extracted
from a normally distributed/Gaussian
population);

Good understanding of the goal of our
statistical analysis;

We have to parse the entire statistical
protocol in a well structured - decision
tree /algorithmic manner, in order to
avoid some mistakes (5).

The aim of this editorial is to help young
researchers to select statistics or statistical
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PErOBOP

KOMIIjyTEePCKH MPOrpaMu Kou Ou Ouie coonBeT-
HU BO HCIOJHYBAaWETO HA ICTHUTE W yCIOBUTE
Ha o/ipe/icHa aHann3a. Hekonky on oBue 4yekopu
ke OuaaT mojeTasHo 00jacHEeTH BO JOJyHaBee-
HUOT TEKCT.

BupoBu ckanu

[Ipen na MmoxkeMe 1a ja cripoBeeMe CTaTUCTHY-
KaTa aHaJIn3a, MOpaMe Ja U3BPIINME MEePEHe Ha
3aBHCHAaTa Bapujabiia. HaunmHOT Ha KOj ce BpIIH
MEpEeHETO K€ 3aBHCH LENOCHO O TUIOT Ha
BapHja0iara Koja € BKIydeHa IpU camara aHa-
nu3a. Pa3nuvHu THTIOBH ce MepaT Ha pa3iIHicH
HaunH. Mako mporenypure 3a Mepeme ce pas-
JMKyBaaT €IHa O] APYTra Ha MHOTY HaYMHU, MO-
kKaT Ja Ouaat kiacupuUIMpaHd KOPHUCTEjKU He-
KOJKYy (yHIaMeHTalIHU KaTeropuu. Bo cekoja
KaTeropyja CUTEe MPOLEIypH MeI'yceOHO cIofe-
JTyBaat Jen oX Baxuute ocoomnu. [locrojar ge-
TUPHU TUTIOBHU CKAaJIH.

Homuran+u ckanu

Kora mpu Mepemara ce KOPHCTH HOMHHAIHATA
CKaJla, TOTalll caMO Ceé WMEHYBaaT WIIM KaTero-
pusupaar paneHu oxarosopu. Ilom, Opauen
CTaTyc, OMUJICHa 00ja, KaKO M PEIIUTUCKA OTpe-
nenba ce MpUMEpH Ha BapujabIM U3MEPEHHU CO
HOMHWHANHA cKana. EceHmujanHarta men Ha HO-
MUHAJHATE CKaJH CE€ COCTOHM BO TOA IITO THE HE
BpIIAT MOJpPEAYBakE Ha JAJCHH OJTrOBOPU OI
cy0jeKTUTe KOM ce HucmuTyBaaT. Ha mpumep,
KOTa TH KIacH(UIEpaMe JIyreTo CIopea HUBHA-
Ta oMmJieHa 00ja, HEMa CMHCJIa Kora IjpBeHaTa
0oja e craBeHa mpen xonrtara. OAroBopHTE ca-
Mo ce kateropusupaar. Co HOMUHAITHUTE CKaJId
CE OTEJIOTBOPYBAaT HAjHUCKUTE BUIOBU MEPCHa
BO cTaTucTuKaTta (6).

OpduHanHu ckanu

HcTpakyBad Kkoj caka Jga W3BpIIA MEPEHE Ha
BapHjabiara KOJKY C€ 3aJIOBOJHH POIUTCIUTE
Ol TPETMAaHOT HAa HUBHOTO J€T€ BO TEKOT Ha
HACTaBaTa, MOXKE JIa UM IOCTaBU CHENU(PUIHO
npaiame 3a Toa KaKo Ce YyBCTBYBAaaT: ,,MHOTY
HE3aI0BOJIHO®, ,,MAJIKy HE3aJOBOJHO®, ,,MaIIKy
3aJI0BOJIHO, ,,MHOT'Y 33J10BOJIHO". BO 0BOj ciy-
4aj BapujabIUTe ce MOJAPElICHH, PAaHTUPAJKH O]
HajMaJIKy JI0 HajMHOTY 3ajoBoiHH. OBa € oc-
HOBHATa pa3iiKa MMoMel'y OpIUHapHATa U HOMH-
HalHaTa cKajga. 3a pa3iuka OJf HOMUHATHHUTE
CKaJI, OpJMHAPHUTE CKAJIHM JO3BOJIyBaaT Ja ce
HaIpaBH criopeada 0 KOj CTEIeH IBa Cy0jeKTn
KOM C¢ WCIUTYBaaT ja IMOCEAyBaaT 3aBHCHATA
Bapujabia. Ha mpumep, Hamiero 3aJ0BOJICTBO

techniques  and  statistical ~ software

appropriate for the purposes and conditions
of a particular analysis. In the following text
it will be explained some of these steps.

Types of scales

Before we can conduct a statistical analysis,
we need to measure our dependent variable.
Exactly how the measurement is carried out
depends on the type of variable involved in
the analysis. Different types are measured
differently.  Although procedures for
measurement differ in many ways, they can
be classified using a few fundamental
categories. In a given category, all of the
procedures share some properties that are
important to know about. There are four
types of scales.

Nominal scales

When measuring using a nominal scale, one
simply names or categorizes responses.
Gender, marital status, handedness, favorite
color, and religion are examples of
variables measured on a nominal scale. The
essential point about nominal scales is that
they do not imply any ordering among the
responses. For example, when classifying
people according to their favorite color,
there is no sense in which red is placed
“ahead of” yellow. Responses are merely
categorized. Nominal scales embody the
lowest level of measurement (6).

Ordinal scales

A researcher wishing to measure satisfaction
of parents with treatment of their child in
regular classroom might ask them to specify
their feelings as either “very dissatisfied,”
“somewhat dissatisfied,” “somewhat
satisfied,” or “very satisfied.” The items in
this scale are ordered, ranging from least to
most satisfied. This is what distinguishes
ordinal from nominal scales. Unlike nominal
scales, ordinal scales allow comparisons of
the degree to which two subjects possess the
dependent variable. For example, our
satisfaction ordering makes it meaningful to
assert that one person is more satisfied than
another with their microwave ovens. Such an
assertion reflects the first person's use of a
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EDITORIAL

MpU KyIyBamke Ha MUKpPOOpaHOBa IeYka MOXKeE
Jla € TMOroJIeMO O/ OHa Ha Apyru KymyBauu. On
Jpyra cTpaHa, CO OpAMHAIHUTE CKaJIU HE MOXKe-
Me Ja Th JobmeMe BaKHUTE MH(POPMALUH KOU
ce MPUCYTHH Kaj OpYyruTe BUIOBH ckamu. Ha
IpUMep, pa3jivkara nomely JBe HUBOA Ha e€Ha
OpAMHAJHA CKajla HE MOXKE Jia Ce MPETIOCTaBU
JeKa ke OMJaT UCTH Kako M pasjiKaTa momery
Ipyru nBe HUBOA. Kaj ckammre co KoM ce Mepu
3aJI0BOJICTBOTO, HA MPUMEp, pasjiuKara nomery
OJITOBOPUTE ,,MHOTY HE3aJOBOJIEH W ,,MaJKy
HEe3aJI0BOJIEH CUTYPHO HE € €KBHMBAJICHTHA Ha
pasnukara ToMery ,MajKy He3aJ0BOJIEH” W
,,MaJIKy 3a1oBojieH". Huiito mro € Bo Hamiara
npolieiypa 3a Meperme He MOXKE J1a HH JIETCPMHU-
HUpA JalH JBETE Pa3lUKH ja pedraexTupaar uc-
TaTa pa3JifKa BO IICUXOJIOIIKO 33JOBOJICTBO (6).

WumepsanHu ckanu

WuTepBanHuTe CKaM c€ HyMEPUYKH CKalH KOU
BKJIydyBaatr: BO3pacT (TOIWHH), TeXHWHA (KT)
WIN JOJDKWHA Ha KOCKa (IIM), BO KOja UHTEpBa-
JWTE ja UMaaT UCTaTa MHTEPHpETaIja HU3 Ie-
7arta ckana. VIHTepBaIHATE MONATOIH Ce TIOApE-
JICHN TI0 3HAYaeH pPEeIociie M TO IOCeayBaat
KBAJIMTETOT KOj € CIHAKOB CO MHTCPBAINTE HAIl-
paBeHU TOMery MepemaTa U ja IMpeTcTaByBaaT
HCTaTa MPOMEHA BO KBAaHTUTETOT HA TOA IITO IO
MepuMe. Ho kaj oBHE THTIOBH ITOJATOIH HE TTOC-
ToM npupoana Hyna. Ha mpumep, Bo Llensnyco-
Bara ckana 3a temmnepatypa. Bo LlemsuycoBara
CKayla, He TIOCTOW MPHUPOJHA HYJIa, TaKa IITO HE
Moxeme Ja kaxeme jgeka 50°C e aymio on
25°C. Kaj uHTepBaIHUTE CKAIH HYyJITa TOYKATa
MOJXe J1a Ouje mocraBeHa apouTpaxHo. [Q-tec-
TOT UCTO Taka MPETCTaByBa MOAATOK 3a UHTEP-
BaJiHa CKaja Kaj Koja He TOCTOW MPHUpOJHA (am-
conyTHa) Hyna (7).

PasmepHu ckanu

PasmepHara ckana 3a Mepeme Ha JOOWCHH II0-
JIATOIM COJPXKHU HajrojeM Opoj wHpopMaInuu.
Toa e nHTEepBaIHA CKaJia CO JOMOJHUTEIHA OCO-
OMHa KaJie ITO MoJoKOaTa Ha HyJlaTa MOCOvYyBa
Ha OTCYCTBO O]l KBAaHTHTETOT IITO CE MEpH. 3a
pa3MepHara ckajla MOKe J1a ce Kaxxe JieKa € Coc-
TaBeHa OJ] CHTE TPH MPeTXOnHU ckamu. Kako u
HOMHHAaJIHaTa CKaja, HU JaBa HUME HJIM KaTCro-
pHja 3a oznpeneH 00jekT (OpoeBUTE CITyKaT Kako
obenexja). Kako kaj opauHanHaTa ckana, 00jek-
THUTE c€ TMOIpeAcHH (Kako MoIpeayBame Ha
Opoesn). Kaj pasMepHaTa ckana ucrata pasimka
HA JIBE MECTa I'0 UMa MCTOTO 3HAYCHE, KAKO U
Kaj MHTepBayHaTa cKajxa. Ho mcro Taka, HCTHOT
pasMep Ha JIBE MeCTa Ha CKajara HOCH HCTO

verbal label that comes later in the list than
the label chosen by the second person. On the
other hand, ordinal scales fail to capture
important information that will be present in
the other scales we examine. In particular, the
difference between two levels of an ordinal
scale cannot be assumed to be the same as the
difference between two other levels. In
satisfaction scale, for example, the difference
between the responses “very dissatisfied” and
“somewhat dissatisfied” 1is probably not
equivalent to the difference between
“somewhat dissatisfied” and ‘“somewhat
satisfied.” Nothing in our measurement
procedure allows us to determine whether the
two differences reflect the same difference in
psychological satisfaction (6).

Interval scales

Interval scales are numerical scales
including: age (years), weight (kg) or length
of bone (cm), in which intervals have the
same interpretation throughout. Interval
data has a meaningful order and also has the
quality that equal
measurements represent equal changes in
the quantity of whatever is being measured.
But these types of data have no natural
zero. Example is Celsius scale of
temperature. In the Celsius scale, there is no
natural zero, so we cannot say that 50°C is
double than 25°C. In interval scale, zero
point can be chosen arbitral. 1Q test is also
interval data as it has no natural zero (7).

intervals between

Ratio scales

The ratio scale of measurement is the most
informative scale. It is an interval scale with
the additional property that its zero position
indicates the absence of the quantity being
measured. You can think of a ratio scale as
the three earlier scales rolled up in one.
Like a nominal scale, it provides a name or
category for each object (the numbers serve
as labels). Like an ordinal scale, the objects
are ordered (in terms of the ordering of the
numbers). Like an interval scale, the same
difference at two places on the scale has the
same meaning. And in addition, the same
ratio at two places on the scale also carries
the same meaning. Example of a ratio scale
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3Haueme. [Ipumep 3a pasMepHa ckaja ¢ KOJIUIH-
HaTa Ha Mapu Koja ja ©UMaTe BO OBOj MOMEHT
(500 nenapwm, 1000 nenapu utH.). [Tapute ce me-
patr co pa3MmepHa ckaja, OMIejKku, TOKpaj Toa
IITO TM ©MaaT OCOOMHUTE Ha MHTEPBAJIHA CKaJa,
MOCTOM BUCTHHCKA HYJTa TOYKA: JOKOJKY UMa-
TE HyJla JICHApH, OBa ITI0OCOYYBa HAa OTCYCTBO Ha
nmapu. bunejku mapute mMaaT BUCTHHCKA HYJTa
TOYKAa, UMa CMHCJIA Ja Ka)keMe NeKa HEeKOj CO
1000 neHapu uMa ABamaTH MOBEKE OTKOJKY He-
k0j co 500 nenapu (unm gexa Mapk LlykepoOepr
MMa MWJINOH TIaTH TIOBEKE Mapy OTKOJKY IITO
nmare Bue) (6).

Hopmanna guctpubyuuja unu He

Oga e ymire eneH npobiaeM Ipu celeKijaTta Ha
MPAaBUIIHUOT CTATHCTHYKU TecT. JIOKOIKY 3Hae-
TE KaKOB € BHIOT Ha MOAATONUTE (HOMUHAIHH,
OpIWHATHH, UHTEPBAJIHU WIN Pa3MEpHU) U HIC-
TpuOylMjaTa Ha ToaaronuTte (HOpMaaHa IHuC-
TpuOylMja WIM HEHOPMAaJHA JTUCTPHOYIH]ja),
CeJIeKIIMjaTa Ha CTaTUCTUYKHUOT TECT € MHOTY
necHa. Hema notpeba na ce mpoBepyBa AUCTPH-
OyuujaTa Kaj OpJHMHAIHUTE 1 HOMHUHAJIHHUTE CKa-
M Ha TOJATOLX JOOHMEHH O] UCTPAKYBambETO.
HuctpuOynujata oOMYHO ce TMpOBEpyBa CaMo
Kaj MHTCPBAJIHN WK pa3MEpHH MONATOIH. AKO
BalllUTe MOJATOLH ja clemaT HOpMalHaTa IIUC-
TpuOynrja, OM OWI KOPHUCTEH IMapaMeTPUCKH
(cranmapau3upaH) CTATUCTHYKH TECT, TOJeKa J0-
KOJIKy HE ce ClIeJli HOpMalHaTa JUCTpUOyIyja,
TOoTall OM ce KOPUCTET HeMapaMeTPUCKH TeCT.
[TocTojaT pa3nuyHu METOAM 3a Ja Ce MPOBEpH
HOpMaJHaTa JAUCTPUOYLHja, HEKOM OJ HUB
MPeKy Pa3IHYHH BUIOBU HA XHCTOTPAMU, Mepe-
€ Ha UCKPUBEHOCT Ha KPUBATa M KyPTO3HC, Ka-
KO Ha TPUMeEp, CTATUCTUIKHUOT TECT Ha HOPMAJ-
HocT (KommoropoB-CmuphoB Tect, Illammpo-
Bunk-tecror utH.). @OpMaTHUTE CTATHCTHYKH
TecToBU Kako KonMoropoB-CMHpPHOB-TECTOT U
[anmpo-Bunk-TecToT HajuecTo ce KOpucTar 3a
Ja ce mpoBepu OUCTpUOylMjaTa Ha AOOHEHUTE
nonatouu. CuTe oBUE TECTOBH ce 0a3upaHu Ha
HyJTaTa XUIOTEe3a JIeKa TMOAATOIUTE Ce 3EMCHU
OJ1 TIOTyJIaIMja Koja ja CJIeJIM HOpMaJTHaTa JIUCT-
pubynuja. P BpemHOCTa ce OOpeayBa 3a Ja ce
yBUIM aida rpemkara. JJokonky P BpeaHOCTa €
nmomana ox 0,05, toram goOMEHHMTE IMOAATOLIM
HE ja cllefaT HOpMaJHaTa AUCTpUOyIUja U BO
OBOj city4yaj Ou Tpebayio Ja ce KOPUCTHU HEeCTaH-
Japau3upaH TecT. JJOKOJIKy mpUMEpoOKOT KOj ce
HCIHTYBa € IOMaJ, BEpOjaTHOCTA 3a HEHOP-
MajHa aucTpudyuuja ce 3rojaemysa (7).

is the amount of money you have in your
pocket right now (500 denars, 1000 denars,
etc.). Money is measured on a ratio scale
because, in addition to having the properties
of an interval scale, it has a true zero point:
if you have zero money, this implies the
absence of money. Since money has a true
zero point, it makes sense to say that
someone with 1000 denars has twice as
much money as someone with 500 denars
(or that Mark Zuckerberg has a million
times more money than you do) (6).

Normal distribution or not

This is another issue for selection of right
statistical test. If you know the type of data
(nominal, ordinal, interval, and ratio) and
distribution of data (normal distribution or
not normal distribution), selection of
statistical test will be very easy. There is no
need to check distribution in the case of
ordinal and nominal data. Distribution
should only be checked in the case of ratio
and interval data. If your data are following
the normal  distribution, parametric
statistical test should be wused and
nonparametric tests should only be used
when normal distribution is not followed.
There are various methods for checking the
normal distribution, some of them are
plotting histogram, plotting box and
whisker plot, plotting Q-Q plot, measuring
skewness and kurtosis, wusing formal
statistical test for normality (Kolmogorov-
Smirnov test, Shapiro-Wilk test, etc).
Formal statistical tests like Kolmogorov-
Smirnov and Shapiro-Wilk are used
frequently to check the distribution of data.
All these tests are based on null hypothesis
that data are taken from the population
which follows the normal distribution. P
value is determined to see the alpha error. If
P wvalue is less than 0.05, data is not
following the mnormal distribution and
nonparametric test should be used in that
kind of data. If the sample size is less,
chances of non-normal distribution are
increased (7).
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MapameTpuCKu M HenapameTPUCKK
npoueaypy

CraHgapau3upaHUTe CTATHCTUYKUA MPOLEAYPU
C¢ OCHOBaHM Ha TPETIOCTaBKH 3a (opmara Ha
quctpuOynujata (ce MmpeTrnocTaByBa HOpMaliHa
JUCTPUOYIIMja) BO OCHOBHATA IMOMyJalyja U 3a
(dopmara Ha TapaMeTpUTE KOHW C¢ 3eMCHHU (Ha-
YUHH W CTaHJAPIHU JCBHjalldH) OJ MPETIOCTa-
BeHaTa JUCTpuOyIHja.

Hecranmapausupanute CTATHCTUYKH TPOICIYPH
ce MOTKpEIyBaaT Ha HEKOJKY IPETHOCTABKUA BO
oIHOC Ha (popMaTa Ha MapaMeTpUTe Ha IIOIyIa-
IUCKaTa JUCTPHOYIIHja O/ KOja CaMHOT MPUMEPOK
o1 n3BieveH (8). HecrannapansupannuTe METOIH
OOMYHO ce MoCcIadu 1 MoMalKy (UISKCHOMIHU 3a
pasnuka of1 cranaapauzupanute. Cranaapauupa-
HHUTE METOIHM CE KOPUCTAT TOraml Kora HpeTroc-
TaBKUTE MOXKEME Jia TH ompasaame. Hekoraimr Mo-
JKeMe Jia HampaBuMe TpaHchopMaluja Ha JTo0wue-
HUTE MTOJATOLH 3a Ja M3BPIINME OIPaBIyBamke Ha
MIPETIIOCTABKUTE, KaKO TpaHCopMalija Ha THEB-
HUK (9). Tabena 1 HU ja mokaxyBa ymoTpebaTa Ha
CTaHIApAM3UPaHA U HECTAHIAPIM3UPAHU CTATHC-
THYKH MCTO/IH.

Parametric and non-parametric
procedures

Parametric statistical procedures rely on
assumptions about the shape of the
distribution (assume a normal distribution) in
the underlying population and about the form
or parameters (means and = standard
deviations) of the assumed distribution.
Nonparametric statistical procedures rely on
no or few assumptions about the shape or
parameters of the population distribution from
which the sample was drawn (8). Non-
parametric methods are typically less
powerful and less flexible than their
parametric counterparts. Parametric methods
are preferred if the assumptions can be
justified. Sometimes a transformation can be
applied to the data to satisfy the assumptions,
such as log transformation (9). Table 1 shows
the use of parametric and non-parametric
statistical methods.

Tabena 1. [apamempucku Hacnpomu HenapamempucKu mMmemoou/

Table 1. Parameteric vs non-parametric methods

Parametric Non-parametric
Assumed distribution Normal Any
Assumed variance Homogeneous Any
Typical data Ratio or interval Ordinal or nominal
Dataset r lationships Independent Any
Usual central measure Mean Median
Benefits Can draw more conclusions Simplicity; Less affected by outliers
Tests
Choosing Choosing parametric test Choosing non-parametric test

Correlation test Pearson

Spearman

Independent measures,
2 groups

Independent-measures t-test

Mann-Whitney test

Independent measures,
>2 groups

One-way independent-measures ANOVA

Kruskal-Wallis test

Repeated measures,
2 conditions

Matched-pair t-test

Wilcoxon test

Repeated measures,
>2 conditions

One-way repeated measures ANOVA

Friedman’s test

ApuTMeTHYKa cpeauHa (WM TIPOCEK) TIPET-
CTaByBa Mepeme Ha JIOKaIlMja OJf eAHa Ipyra
BPEIHOCTH JOOMEHH IPEKy MOAATONUTE; CyMaTa
Ha cuTe T0OMEHM MMOIaTOLH TojiesieHa co OpojoT
Ha eJeMeHTU Bo auctpubyuujara. [Ipuapyxen
CIIEMEHT Ha MEpEHe KOj ja e apUTMCTHIKA-
Ta cpenuHa OOMYHO € CTAHAApPAHATA JAeBHja-
nmja. 3a pa3nuka oJl MeaMjaHaTa U MoJaaTa, He
€ COOZIBETHO J1a c€ KOPHCTH OBOj THI HA MEPEH-E
3a Jia ce KapakTepu3upa WIN OMUIIE HCKPUBEHA
(HeHOpMaITHa) TUCTPUOYIIHja.

Arithmetic Mean (or average): a measure of
location for a batch of data values; the sum of
all data values divided by the number of
elements in the distribution. Its accompanying
measure of spread is usually the standard
deviation. Unlike the median and the mode,
it is not appropriate to usethe mean to
characterize a skewed distribution.
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Menujanara e ymTe eJHO MEpEHEe Ha JIOKaIfja
Kako W apuTMeTHYKaTa cpeauHa. BpeaHocra
KOja ja Jienmu IUCTpuOyIrjaTa Ha ppeKBeHIjaTa
Ha CpelMHa KOTra CUTE MOJATOLHU Ce MOJIpeaCHH
o penocien. Kaj oBoj TN Ha Mepema ce riena
JIeKa He TIOCTOW CEH3WUTHBHOCT KoOra ce mepaT
Majd OpOEBH BO €KCTPEMHO TOJIEMH pPE3yJITaTH
BO €7lHa MUCTpUOyIMja. 3aTtoa, Taa e npedepu-
paHa MepKa 3a Meperhe Ha IICHTpaJlHaTa TCH/ICH-
Mja Kaj UCKPUBEHA TUCTPUOyIHja (Kajae apuT-
METHYKaTa CpeldHa € MPHUCTPacHa) U OOHYHO
Ol 32€JTHO CO MHTEePKBapTAJHHOT paHr (dQ)
KaKo MpHUIpPYKHA MEpKa 3a PacrT.
HNurepkBaprtanen panr (dQ) e mepka Ha pact
Y € CIIPOTHUBHA Ha CTaHJapJHATa JCBHjalHja Kaj
WCKpPHBECHA WM HEHOpMAaJlHa JAUCTpUOYIMja Ha
nogaronute. dQ e pacTojaHHETO MOMEl'y TOPHH-
Te 1 goyHuTe KBapTaau (Qu- Q).

Bapujanca ¢ HyMepuuyka BpeIHOCT Koja ce
KOPHCTH 32 Jia € YTBPJH U YKa)XKe Ha Toa KOJKY
WHIMBHIYUTE HA €JHA TPyNa Ce pa3InKyBaaT
WJIM Bapupaar BO OJIHOC HA HEKOU OCOOMHH KOH
HHE T MepuMe. AKO HHIUBHUIyajHaTa OTicepBa-
[{ja ce paslMKyBa MHOTY O]l CpeIHaTa Bpe.-
HOCT J00MeHa 3a rpymara, TOTall pa3jiuKara ¢
rojema; ¥ o0OpatHo. MHOTY € BayKHO Jia ce Tpa-
BH pa3jIMKa IIoMery pa3liikaTta BO €llHa TOITyJia-
n¥ja ¥ pa3iuKara Kaj eJeH npumepok. Tue ce
3a0eNIeKaHy Ha pa3jIndeH HAYMH, U [MOJATOLIUTE
3a CEKO0j o HHB ce 00paboTyBa moceOHO. Bapu-
jaOuiIHOCTa Kaj ToIyianujara ce 00eIexKyBa co
6°, a BapHjaGIIHOCTA HA ELCH MIPUMEPOK Ce
o0eIexxyBa co 5%

Crannapana aesujanmja (SD) mnpercraByBa
MEpKa 3a MEpehe Ha OJPEACH CET MOJATOIM U
HUBHHOT pacT. 3a pas3jiuka oJi BapHjaHcaTa Koja
¢ U3pa3eHa BO KBaJpaTHU eauHuI, SD ce uspa-
3yBa BO MCTUTE CAMHHUIIA KaKO M OPUTHHATHUTE
MOJaTONM JOOMEHW oA wucTpaxyBamero. Ce
MPEeCMETyBa CIIOPEJ OTCTallyBamaTra IoMery
CEKOj TOJATOK MOEAMHEYHO KaKO M O] apuTMe-
THYKATA CPeMHA HA IPUMEPOKOT. Toa e KBaj-
PaTHHOT KOPEH O] BapujaHcaTa. 3a pasIduuHU
e, n (IIeTOCHHOT Opoj Ha BPEIHOCTH) WU N-
1 MOXe J1a ce KOPUCTH MPH NTPECMETYBamBETO Ha
BapujadminHocta/SD. JIoKoIKy ja mMare Ipec-
MetraHo SD jenejku ja co n HO cakaTe Ja ja
nperBopuTe Bo SD U 7ga oAroBapa Ha UMEHUTE-
JOT Ha n-1, Toramr ce MHOXH pPe3yaTaToT CO
KBaJpaTHUOT KopeH o n/(n-1). JIOKOAKY Ouc-
TpubyIijata Ha SD e morojiemMa o] apHTMe-
THYKATA CPeAUHA, TOTAlll apUTMETHYKATa Cpe-
JMHa HE € aJieKBaTHa Kako pEeNpe3cHTaTHBHA
eMHMIIA 32 MEPEH-C Ha I[CHTpaIHaTa TCHICHIIN-
ja. 3a mojaTony KOM MMaaT HopMaliHa JUCTPH-

Median is another measure of location just
like the mean. The value that divides the
frequency distribution in half when all data
values are listed in order. It is insensitive to
small numbers of extreme scores in a
distribution. Therefore, it is the preferred
measure of central tendency for a skewed
distribution (in which the mean would be
biased) usually paired with
the interquartile  range (dQ)as the
accompanying measure of spread.
Interquartile range (dQ) is a measure of
spread and is the counterpart of the standard
deviation for skewed distributions. dQ is the
distance between the upper and lower
quartiles (Qu-Qvr).

Variance is a numerical value used to

and is

indicate how widely individuals in a group
vary. If individual observations vary greatly
from the group mean, the variance is big; and
vice versa. It is important to distinguish
between the variance of a population and the
variance of a sample. They have different
notation, and they are computed differently.
The variance of a population is denoted by ¢7;
and the variance of a sample, by s>.

Standard deviation (SD): is a measure of
spread (scatter) of a set of data. Unlike
variance, which is expressed in squared units
of measurement, the SD is expressed in the
same units as the measurements of the
original data. It is calculated from the
deviations between each data value and the
sample mean. It is the square root of the
variance. For different purposes, n (the total
number of values) or n-1 may be used in
computing the variance/SD. If you have a SD
calculated by dividing by n and want to
convert it to a SD corresponding to a
denominator of n-1, multiply the result by the
square root of n/(n-1). If a distribution's SD is
greater than its mean, the mean is inadequate
as a representative measure of central
tendency. For normally distributed data
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Oyruja, mpuOIMKHO 68% 0N IUCTpUOyIHjaTa
npunara £1 SD ox apurmMeTHuKaTa CpeauHa,
95% on muctpuOyumjaTa npumnara Ha =2 SD on
apuTMeTH4KaTa cpeauHa, u 99.7% on auctpu-
Oynujara mpunara Ha = 3 SD o apuTMeTndkaTa
cpeanHa (EMITMPUCKO MPABUIIO).

Crangapana rpemka (SE) mim kako mTo u ce
HapeKyBa CTaHAap/Ha I'pelika Ha apUTMETHYKA-
ta cpeauna (SEM) e Mepka Koja BpIIM MEpPEHmE
3a Jla C¢ BHJM JIO KOja MEpKa IMOJATOIMTE JO-
OMEeHHU 3a MPUMEPOKOT KOj Ce UCTPaKyBa ce pas-
JHKYBa OJ BUCTUHCKATA HO HEIO3HATA IIOIyJIa-
LMCKa apuTMETHYKa cpeanHa. Taa e cTaHaapa-
HaTa AeBujaumja (SD) ox ciyuajHo oxOpaHu
MPUMEPOL TIPH OMCTpHOyIMjaTa Kaj apuTMe-
THYKaTa CpearHa (T.e. apuTMETHYKa CPEANHA Ha
MMOBEKE MPHMEPOLH OJ HCTaTa IOMyJIalHja)
Kako TakKBa, Taa ja MEpH IPELM3HOCTA Ha CTa-
THCTHKATa KOja ce ymoTpeOyBa KakKo IpOICHKA
Ha ojapeleHa momyianuja. IIpoleneraTa Bpen-
noct SE/SEM 3aBucH 0o rojaeMHUHATa Ha IIPH-
MepokoT. Taa € TOBp3aHa CO KBaJIPATHHOT
KOPEH OJ] ToJieMUHAaTa Ha IPUMEPOKOT: (IIporie-
nero) SE =SD / (N)”z. BucrtuHckaTa BpegHOCT
Ha SE Mo3xe 1a Ouje mpecMeTaHa caMo JOKOJIKY
SD Ha momyiaijata HU € mo3Harta. Kora ce xo-
puctu SD Ha npuMepokoT (CKOpPO CceKorar),
TOa MPETCTaByBa MpOICHAa U O Tpedamo ma ce
BHKa IIpoleHa Ha cTaHzapaHa rpemka (ESE).
Kora ronemMuHaTa Ha IMPUMEPOKOT € PEIATHBHO
ronema (N > 100), mpumepokoT Ha SD HU 0BO3-
MOXYyBa J100pa notkperena npoiena Ha SE (10).
CratucTuyapuTe KOPUCTAaT HMHTEPBAJ HAa [10-
Bep0a Co I Ja TO u3pas3aT CTEIEHOT Ha HeCH-
TYPHOCT KOj € TMOBP3aH CO CTATHCTHKAaTa Ha
MpUMepoKoT. MHTepBaioT Ha goBepba e mporie-
Ha Ha MHTEpBal KOMOMHHpaHa CO HM3jaBa 3a Be-
pojatHocT. Ha mpumep, na mpermocTaBuMe JAeKa
CTATUCTHYAPOT CIIPOBEIYBa aHKETA M MMa Ipec-
METaHO IPOILICHAa Ha HMHTEPBAJIOT Oa3upaHa Ha
MOJIATOIUTE JOOMEeHH OJ1 aHkerara. CTaTHUCTH-
4apoT MOXE Jia T0 KOPUCTH HUBOTO Ha JIoBepOa
3a J1a ja OIHMIIE HECUTYPHOCTA KOja € acoI[UpaHa
CO IpolieHaTa Ha MHTepBaloT. Toj / Taa MOXe
Jla ja OIHUINAT IIPOLIEHATAa Ha MHTEPBAJIOT KaKo
,95% wunTepBan Ha moBepOa“. OBa O 3HAYEIIO
JIeka JOKOJKY IO KOPUCTHME HMCTHOT METOJ 3a
Jla CeJIeKTUpaMe APYTH MPUMEPOILH U Ja Ipec-
MeTaMe TpOoIieHa Ha MHTEPBAJl 3a CEKOj OJ1 TPH-
MEpOIMTe, TOoraml OW MOJKele Ja OuYcKyBame
BUCTHHCKHOT IapameTap Ha IOmyJalujara aa
ce Haora Bo paMkuTe Ha 95% ox mpolieHara Ha
HHTEPBAJIOT BO KO¢ OMJIO 1afaeHo BpeMe. HTep-
BalIUTE Ha J0BepOa ce mpedepupanu 3a aa mo-
coyaT KOH MPOILIEHU W TPOICHH Ha HWTEPBAJIH,

values, approximately 68% of the distribution
falls within =1 SD of the mean, 95% of the
distribution falls within =2 SDs of the mean,
and 99.7% of the distribution falls within + 3
SDs of the mean (empirical rule).

Standard error (SE): or as commonly called
the standard error of the mean (SEM) is a
measure of the extent to which the sample
mean deviates from the true but unknown
the standard
deviation (SD) of the random sampling

population mean. It is

distribution of means (i.e., means of multiple
samples from the same population). As such,
it measures the precision of the statistic as an
estimate of a population. The (estimated)
SE/SEM is dependent on the sample size. It is
inversely related to the square root of the
sample size: (estimated) SE = SD / (N)"2. The
true value of the SE can only be calculated if
the SD of the population is known. When the
sample SD is used (as almost always), it is an
estimate and should be called estimated
standard error (ESE). When the sample size is
relatively large (N> 100), the sample SD
provides a reliable estimate of the SE (10).

Statisticians use a confidence interval to
express the degree of uncertainty associated
with a sample statistic. A confidence interval
is aninterval estimate combined with a
probability statement. For example, suppose a
statistician conducted a survey and computed
an interval estimate, based on survey data.
The statistician might use aconfidence
level to describe uncertainty associated with
the interval estimate. He/she might describe
the interval estimate as a "95% confidence
interval". This means that if we used the same
sampling method to select different samples
and computed an interval estimate for each
sample, we would expect the true population
parameter to fall within the interval estimates
95% of the time. Confidence intervals are
preferred to point estimates and to interval
estimates, because only confidence intervals

14 JOURNAL OF SPECIAL EDUCATION AND REHABILITATION 2016, 2016; 17(3—4):5-28

DOI: 10.19057/jser.2016.7



PErOBOP

OuIejKu caMO HHTEPBAJIUTE Ha J0BepOa ja MmoKa-
JKyBaaT (a) Mperu3HOCTa Ha mpoleHaTa U (0)
HECUTypHOcTa Ha nporenara (11).

Cute OBHE TECTOBH 32 MEPEHE Ha BapujabIuTe

indicate (a) the precision of the estimate and
(b) the uncertainty of the estimate (11).
All those statistical tests for measurement

ce pUKa)kaHu BO Tabena 2.

variables are shown in table 2.

Tabena 2. Cenekmuparbe Ha Cmamucmuyku mecm 3a mepiugume eapujabnu/
Table 2. Selecting statistical test for measurement variables (4)

Test Measure | Purpose Notes Example
-ment
varibles
Arithmetic 1 description of central / /
mean tendency of data
Median 1 median height of trees in
o forest, if most trees are short
description of central more useful than mean for .
tendency of data very skewed data seedlings and the mean
would be skewed by a few
very tall trees
Range 1 description of used more in everyday life /
dispersion of data than in scientific statistics
Variance 1 forms the basis of many /
description of statistical tests; in squared
dispersion of data units, so not very
understandable
Standard 1 in same units as original /
deviation description of data, so more
dispersion of data understandable than
variance
Standard 1 description of accuracy / /
error of the of an estimate of a
mean mean
Confidence 1 description of accuracy / /
interval of an estimate of a
mean

Xwu-KBaapart (xz) TeCT € CTaTUCTHYKU TecT KOj
HAjueCcTO ce KOPHCTH 3a Ja Ce M3BPIIH criopenda
HAa TTOIaTOIUTE JOOUCHH OJ1 HAOJbYAYBAKETO CO
MOJIaTONUTEe Kou OW OouekyBayie Ja TU nobueme
cropen crnemuduyHa xumnoresa. Ha mpumep,
ako, cropea MeHaenoBUTe 3aKOHH, BUE OUYEKY-
Bare 10 ox 20 mera na OMmaT MaIIky a BUCTUH-
CKUOT HaOJpynyBaH Opoj € 8 Maliku Jena, To-
ram MoxeOu O cakajie 1a 3HaeTe 3a pa3iiuKaTa
moMery HaOJbyAyBaHOTO M O4YeKyBaHOTO. Jlamm
JneBUjanuuTe (pasmuKuTe ToMery HalOJbyayBa-
HOTO M OYEKYBAaHOTO) C€ PE3yNITaT Ha OApE/ICHA
IIaHCA WM Ce Pe3yiTaT Ha Jpyru (akTOpH.
Konky npeBuwjaniuu Ou Mokene nga ce ciydaT
mpell UCTPaXyBayoT Ja 3aKIy4dd JeKa MOCTOU
HENITO JPYTro OCBEH 0OWYHA LIaHca MITO TO Mpe-
IM3BHKYBa HaOJbYAYBaHOTO JIa CE Pa3IUKyBa O]
OYEKYBAHOTO. ’-TECTOT CEKOTall ja CTaBa Ha
TECT HYJTaTa XUIOTe3a, Koja IJach IeKa He
ITOCTOM CTATHCTHYKA 3HAYajHa pasiinKa MoMery
04EeKyBaHOTO U HAbJBbYIYBAHOTO. {- € CyMaTa Off

Chi-squared test is a statistical test
commonly used to compare observed data
with data we would expect to obtain
according to a specific hypothesis. For
example, if, according to Mendel's laws, you
expected 10 of 20 offspring from a cross to
be male and the actual observed number was
8 males, then you might want to know about
the "goodness to fit" between the observed
and expected. Were the deviations
(differences between observed and expected)
the result of chance, or were they due to
other factors. How much deviation can occur
before you, the investigator, must conclude
that something other than chance is at work,
causing the observed to differ from the
expected. The chi-square test is always
testing what scientists call the null
hypothesis, which states that there is no
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KBaJpaTHaTa pa3jivka Ha HabJbyayBaHuTe (0) U
OueKyBaHHTE (€) TMOJaTOIH (MM JCBHjalyjaTa,
d), momemeHO CO OYEKYBaHHWTE IIOJATOIM BO
CHUTE MOKHHU KaTETOPHH.

G-cTaTHCTHKA € alUTHKalyja Ha pa3MepHa Be-
pojaTHa cTATHCTHKA 32 XHWIIOTe3aTa Ha Hesa-
BHCHOCTA Kaj ¥ X ¢ Tabena Ha KOHTHHICHIIH]A.
HcTo Taka MOXe 1a ce KOPUCTH 3a Jia ce TeCTH-
pa U TPUKIATHOCTA HA MPHUMNAAHOCT. G-TECTOT
61 TpealIo 1a ce KOPHCTH MOBEKe O ) ~TECTOT
Kora 3a Koja Omimo kieTka BOo Tabemata, %2 O-
EY% > E. Jluctpubymmjata Ha X -TECTOT ¢ 00Hd-
HO rociaba W MOCHpOMAIIIHA BO OJHOC Ha CTa-
TrcTHakHOT TecT G kage N/rc e momal o met
(npedepadbmmao  Ha XZ—TCCTOT kaj Hardy-
Weinberg exkpumnopuym (HWE) tecT cé noneka
OBOj YCJIOB € HCIIOJIHET).

@dumepoB TeCT HA TOYHOCT € TECT 32 TOYHATA
3HAYAJHOCT 3a aHaJn3a Ha 2x2 Tabenau 3a Koja
O0wio romemmHa Ha mnpuMepok. IlorpemHo e
MUCJICEETO KA OBOj TECT € COOJIBETEH CaMo 32
Mayia Tpyma Ha npuMepok. OBa MOTEKHYBa O
rojemara morpeda 3a MPEeCMETKH Kaj IpUMepo-
1A CO rojieM OpOj MCIUTAHUIIH, IITO MOBEKE HE
nperctaByBa mpoOineM. Toa € eIWHCTBEHHOT
TecT 3a 2x2 Tabenia Kora O4eKyBaHHOT Opoj BO
KOja OMJIO OJT KIIETKUTE € TTIOMaJ Of 5.
Koxpan-ManTtesa-XaH3ea TecT € TecT 3a HyJ-
TaTa XUIOTe3a Kaje Hema ceorn(aTHH BPCKU BO
cepuu oJ1 2x2 Tabeiu 3a CTpaTU(HUKYBaHH HOAA-
TOLM KOM JT0araaT WK O] KOXOPTa WM O]l KOH-
TposnHa cTyauja. OBOj TECT 03BOJYBa aHAIM3H
Ha 3aTBOPEHU NPHMEPOLUH W [aBa MPHUJIAT0-
JeH pa3Mep WIN pelaTHBCH pU3uK. Moxke 1a ce
KOPUCTAT MOJATOIX OJ ONIpElCcHA KaTeropmja
WM KaTerOpU3UpaHH TIOJATOIM CO OApelCHA
TpajHOCT. TecToT e BamuAeH caMo Kora Bapuja-
OmnHOCTa Ha HaOJByyBaHUTE MOJATOIHU € > 5.
He e coonBereH kora aconujamnujata qpaMaTHy-
HO Ce MEHyBa HHU3 CTPaTyMOT (XETeporeHocTa
obuuHO ce Tectupa co bpesnos—Jlej Tect). Ho
MefyToa MHOTY JIECHO MOXKE Ja ce YIoTpeOyBa
Kaj CETOBHM Ha TOAATOIM KOW HEe ce NOOUCHH
npeky UT-HampaBu Kaje MTO acHMITOMAaTHY-
HATa TeopHja He ¢ MojIpKana 3a G° CTATHCTH-
KaTta Ha TecToT, M” HMa pHGIIKHO ) AHCTPH-
oymuja co df =1 (10).

OBue ce HajKOPUCTCHUTE CTATUCTUYKU TECTOBH
32 HOMHHAJIHH BapHjabIil U ce MPHKaKaHU BO
tabemna 3.

significant difference between the expected
and observed result. Chi-square is the sum of
the squared difference between observed (0)
and the expected (¢) data (or the
deviation, d), divided by the expected data in
all possible categories.

G Statistics is an application of the log-
likelihood ratio statistics for the hypothesis
of independence in anr X ¢ contingency
table. It can also be used to test goodness-of-
fit. The G-test should be preferred over Chi-
squared test when for any cell in the
table, 2 O-E'2> E. The Chi-squared
distribution is usually poor for the test
statistics G* when N/rc is smaller than five
(preferable to the Chi-squared test in Hardy-
Weinberg Equilibrium (HWE) test as long as
this condition is met).

Fisher's exact test is an exact significance
test to analyze 2x2 tables for any sample
size. It is a misconception that it is suitable
only for small sample sizes. This arises from
the demanding computational procedure for
large samples, which is no longer an issue. It
is the only test for a 2x2 table when an
expected number in any cell is smaller than
5.

Cochran-Mantel-Haenszel test is test for a
null hypothesis of no overall relationship in a
series of 2x2 tables for stratified data derived
either from a cohort or a case-control study.
It allows analysis of confounding and gives
an adjusted odds ratio or relative risk. It
can be used on categorical or categorized
continuous data. The test is only valid when
the variance of observed data is> 5. It is
inappropriate when the association changes
dramatically across strata (heterogeneity is
usually tested by Breslow-Day test). It is,
however, applicable for sparse data sets for
which asymptotic theory does not hold for
G’. The test statistics, M?, has approximately
a Chi-squared distribution with df =1 (10).
These most used statistical tests for nominal
variables are showed in table 3.
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Tabena 3. Cenekmuparbe cmamucmuyku mecm 3a HOMUHasHU eapujabnu/

Table 3. Selecting statistical test for nominal variables (4)

Test Nominal Purpose Notes Example
variables
Exact test for 1 test fit of observed use for small count tl_w number qf red, pm_k
goodness-of-fit . . and white flowers in a genetic
frequencies to expected | sample sizes (less .
frequencies than 1000) cross, test fit to expected 1:2:1
ratio, total sample <1000
Chi-square test 1 test fit of observed use for lgrge count the number Qf red, p1n}<
of goodness-of- frequencies to expected sample sizes and white flowers in a genetic
fit frequencies P (greater than cross, test fit to expected 1:2:1
d 1000) ratio, total sample >1000
G—test of 1 used for large count the number of red, pink
test fit of observed . . . .
goodness-of-fit . sample sizes and white flowers in a genetic
frequencies to expected e
frequencics (greater than cross, test fit to expected 1:2:1
1000) ratio, total sample >1000
Repeated G- 2 test fit of observed count the number of red, pink
tests of frequencies to expected / and white flowers in a genetic
goodness-of-fit frequencies in multiple cross, test fit to expected 1:2:1
experiments ratio, do multiple crosses
Fisher's exact 2 count the number of live and
test test hypothesis that de.ad patients after treatment
. use for small with drug or placebo, test the
proportions are the sample sizes (less | hypothesis that the proportion
same in different P P! 1¢ prop .
oups than 1000) of live and dead is the same in
group the two treatments, total
sample <1000
Chi-square test 2 count the number of live and
of independence test hypothesis that use for large dgad patients after treatment
. . with drug or placebo, test the
proportions are the sample sizes . .
. hypothesis that the proportion
same in different (greater than . . .
roups 1000) of live and dead is the same in
& the two treatments, total
sample >1000
G—test of 2 count the number of live and
independence test hypothesis that . dgad patients after treatment
. large sample sizes | with drug or placebo, test the
proportions are the (greater than hypothesis that the proportion
same in different & P 1¢ prop .
OUDS 1000) of live and dead is the same in
group the two treatments, total
sample >1000
Cochran- 3 count the number of live and
Mantel- alternate dead patients after treatment
Haenszel test test hypothesis that . with drug or placebo, test the
. hypothesis is a . .
proportions are the consistent hypothesis that the proportion
same in repeated direction of of live and dead is the same in
pairings of two groups difference the two treatments, repeat this
experiment at different
hospitals

Student-oB t-Tect € cTaHzapau3UpaH TECT 3a
MIPECMETYBAbE HAa CTATUCTUYKA 3HAYAJHOCT II0-
Mery JIB€ BPEAHOCTH (IBOEH MPUMEPOK t-TecT)
WIA TOMery elHa MpecMeTaHa apUTMETHYKa
CpeArHa W XHUIIOTETH3MpaHaTa BpenHocT. Exna
MPETIIOCTaBKa € NIeKa OICEPBAMUTE MOXKE Oa
OMIaT HOPMAITHO TUCTPUOYHpAHH, U JeKa pa3-
MEpPOT Ha BapHjabMITHOCTA Kaj JBa MPUMEPOIH
He Ou Tpebamo ja e moBeke oa Tpu. JlokomKy
MPETIOCTaBKUTE HE Ce TOYHW, TOTalll HeMa Ma-

Student's t-test: a parametric test for the
significance of the difference between
means (two-samples t-test) or between a
mean and a hypothesized value (one-
sample t-test). One assumption is that the
observations must be normally distributed,
and the ratio of variances in two samples
should not be more than three. If the
assumptions are not met, there are non-

HEDEKTOJIOLUIKA TEOPHJA U ITIPAKTHKA 2016; 17(3—4):5-28
DOI: 10.19057/jser.2016.7

17



EDITORIAL

pPaMETPUCKHU €KBUBAJICHTU Kajie OU ce KOpUCTeN
t-TectoT (BuikoxcoHoB TecT). He € coonBeTHO
Jla Ce KOPHCTHU t-TECTOT 3a rojem Opoj crope-
IyBama Kako MOCT XOK TecT. T—TecToT 3a He-
3aBUCHUTE TPUMEPOIH JAJIM JIBE BPETHOCTH CE
WM HE ce 3HAYajHO Pa3INYHH MoMery cebe, HO
caMo ITOKOJIKY TOa C€ CAMHCTBEHUTE JIBa IIPHUMeE-
pOKa KOH ce 3eMEHH MpeABHI.

Ennonacouna ANOVA mnpercTaByBa TEXHHKA
CO KOja ce BpIIM CHOpEIyBame Ha CPCTHHUTE
BPEAHOCTU OJ TPU WM MOBeke MpuMepouu (Ko-
pucrejku ja F-mucrpubynujata). OBaa TeXHHKA
MOJXE JIa c€ KOPHUCTH caMo 3a 00paboTKa Ha HY-
Mepuuku nonatouu. ANOVA Bpiiu mpoBepka
Ha HyJITaTa XUIoTe3a JIeKa JBE WU TOBEKe Ipy-
U Ce M3BIICUCHH O] TOITYJIAIIMN CO MCTH CPEA-
HU BPETHOCTH. 3a J1a ce HalpaBH OBa, IBE MPO-
IIEHU CE IpaBaT 3a BapHujaOWUIHOCTA Ha IMOIyJia-
nujata. OBUE TPOLCHH CE OCHOBAAT HA Pa3IHd-
uu nipernoctaBkd. Co ANOVA TecToT ce 1o0u-
Ba F-cratucruka, pa3zMepoT Ha BapujabUITHOCTA
M3MEpeHa ToMery BPEIHOCTHTE IO BapHjaOuiI-
HOCTa KOja Ce Haora BO CaMHUTE MPUMEPOIH.
AKO cpeJJHUTEe BpeJHOCTH Ha rpynara ce nooue-
HU O]l TIOMYJIAlIMU CO MCTU CPETHH BPETHOCTH,
BapHjaHcaTa IOMEry CPEIHHTE BPEAHOCTH Ha
rpynara 6u Tpebaso Ja € MOHKCKA O]l BapujaH-
caTa Ha TPUMEPOINTE, CIEACiKH ja Teopemara
3a IEHTPAIHO orpaHmdyBame. [loBuCOK pazmep
YKaKyBa JeKa HMPUMEPOINTE C€ H3BICUCHH O]
MOMYJIAIUK CO PA3JIMYHU CPEAHU BPETHOCTH.
Tunuuno, eqnornacounara ANOVA ce kopuctu
3a J]a ce MPOHAjaT Pa3IHKHUTEe IMoMery Oapem
TpH Tpynu, OMIEjKU CTyauja cO ABE IPYNH MO-
e J1a ce TecTupa co t-rect. Kora mma camo iBe
BpPEIHOCTH 3a KOMIapanuja, t-tecToT u F-tecror
ce eKBUBaJIeHTHH; onHocuTe oMery ANOVA u
t ce nobusa co F' = £ JlogaTok Ha eTHOHACOYHA
ANOVA e ananm3a Ha BapHjaHcaTa BO JIBE Ha-
COKHM KOja IO HMCTpaKyBa BIIMjaHHETO Ha JBE
Pa3IM4YHU KaTeTOPHCKH HE3aBUCHU BapHjadiIH
Bp3 €/IHa 3aBHCHA BapHujalia.

JABonacouna ANOVA mpeTcTaByBa CTaTUCTHY-
KU TEeCT KOj ce KOPUCTH 3a Jia ce ojpenu edek-
TOT Ha JIBE HOMHUHAIHU MPEIBUJIUBU BapHjaod-
JIM Ha TIPOJIOJDKCHA BapHjadiia Koja Mpou3jeryBa
on camuot pesynrat. J[Bonacounata ANOVA
ro aHaiumupa e(PeKTOT Ha HE3aBUCHUTE BapH-
jabyu Bp3 OYEKYBAaHHOT HCXOI 3a€AHO CO HHB-
HUTE MeryceOHH OJHOCH KOH CaMHOT HCXO/I.
Hauzmennunu (akropu Hemaar CTaTUCTUYKO
BIIMjaHUE BP3 OIPEICH CET MMONATOIH, HO Tpeha
Ja ce 3eMe IpeIBH] JeKa CUCTeMaTCKuTe (akx-
TOpHW UMaaT cTaTUCTHYKa 3HadajHoCT (11).

parametric equivalents of the t-test to use
(Wilcoxon's Test). It is inappropriate to use
the t-test for multiple comparisons as a post
hoc test. The t-test for independent samples
tests whether or not two means are
significantly different from each other but
only if they were the only two samples taken.
One-way ANOVA: is a technique used to
compare means of three or more samples
(using the F distribution). This technique
can be used only for numerical data. The
ANOVA tests thenull hypothesis that
samples in two or more groups are drawn
from populations with the same mean
values. To do this, two estimates are made
of the population variance. These estimates
rely on various assumptions. The ANOVA
produces an F-statistic, the ratio of the
variance calculated among the means to the
variance within the samples. If the group
means are drawn from populations with the
same mean values, the variance between the
group means should be lower than the
variance of the samples, following
the central limit theorem. A higher ratio
therefore implies that the samples were
drawn from populations with different
mean values. Typically, the one-way
ANOVA is used to test for differences
among at least three groups, since the two-
group case can be covered by a t-test. When
there are only two means to compare, the t-
testand the F-testare equivalent; the
relation between ANOVA andtis given
by F=r. An extension of one-way
ANOVA is two-way analysis of
variance that examines the influence of two
different categorical independent variables
on one dependent variable.

Two-way ANOVA: a statistical test used to
determine the effect of two mnominal
predictor variables on a continuous outcome
variable. A two-way ANOVA test analyzes
the effect of the independent variables on the
expected outcome along with their
relationship to the outcome itself. Random
factors would be considered to have no
statistical influence on a data set, while
systematic factors would be considered to
have statistical significance (11).
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[Mapupan t-TecT mpeTcTaByBa CTATUCTUYKA
TEXHHKA KOja Ce KOPUCTH Ja C& U3BPIIH CIOPE-
0a momMery J1Be CpeIHHU BPEAHOCTH Ha JBE IOITY-
Jaluyd BO CIydaj Kaje aBaTta IPUMEPOIH ce BO
MmefyceOHa kopenanuja. [lapupanuor t-tect Ha
MIPUMEPOLN Ce KOPUCTH BO CTYIUH IIPEJ H II0-
TOA, MJI KOTa MPUMEPOIIUTE CE CIIOCHH MAPOBH,
WM KOTa CTaHyBa 300p 3a CTynuja Ha KOHTPOJ-
HU cioydan. Ha mpumep, IOKONKY Ha OXpencH
BpabOTEH BO KOMITaHMjaTa My ce OApKH 00yka
Ha OJ[pe/icHa TeMa U JIOKOJIKY cakaMe Ja 3HacMe
Jand obykaTa uMmala WM HeMala BIIMjaHhe BO
OJTHOC Ha e(pUKACHOCTa BO paboTaTta Ha TOj pa-
OOTHHK, MOXKEME JIa TO KOPUCTUME ITAPUPAHUOT
t-Tect Ha npumepouu. Cobupame MoaaTonu O
pabOTHUKOT Ha CKajla Of CEeIyM IHOHYICHHU Of-
roBopH, npeq oOykara u mo odykara. Co kopwuc-
TCHETO HAa MAPUPAHHOT t-TECT Ha MPUMEPOIIH,
HUEC MOKEME CTATHUCTHUYKH [1a 3aKIydIuMe Jain
oOyKaTa uMaJia WJIM HeMaja BIIHjaHue Bp3 ehu-
KacHOCTa BO paboTaTa Ha TOj AajeH paOOTHHK.
Bo menuimHaTa, co KOPUCTEHETO HA TApUPAHH-
OT t-TeCT Ha MPUMEPOIH, MOXKEMe [1a JOjaeMe
JI0 3aKITy4OK AT OJIPEICH TPETMaH, JeK MOXKe
Jla ja u3jeKyBa OoJecra.

BUJIKCOHOBHOT TeCT 3a PaHT ce KOPHUCTH 3a J1a
Ce M3BpIIU cropenda Ha ABa MapUpPaHH TPUME-
poIH Kora JOOUSHHUTE MOJATOLN Ce WM UHTEp-
BaJHH, HO MPETIIOCTABKUTE 32 ITAPUPAHUOT t-
TecT (HOPMAJIHOCTA BO BHATPCIIHHUTE PA3IIHKH)
HE Ce 3a/I0BOJIUTCIIHU UITH CE€ KOPHCTHU OPIHHA-
Ha (paHTHpaHa) cKkajna. XHIoTe3ara Koja ce cra-
Ba Ha TECT € Jallil pa3jIhKaTa BO MEIUjaHUTE €
Hyna (Kako CIPOTHBHATA pa3liuKa Kaj CpeJHaTa
BPEIHOCT Kaj mapupanuoT t-tect) (12).

Mopaean Ha JuHeapHa perpecuja: Bo koH-
TEKCT Ha MOJCIUTE Ha JHMHEapHa CTATHCTHKA,
»JIMHEAPHO* 3HAUM JINHEAPHO MOJApEICHH Mapa-
MeTpH (Koe(DUITUEHTH), a He 3a BapHjaldiInTe KOH
ro paeaaT objacHyBameTo. OOjacHyBayKUTE
Bapujabiau MoxaT Aa OumaTr TpaHchOpMHPaHU
(1a pedeme y°), HO MOZENOT c& yiuTe ke Gme
JWHEapeH IOKOJIKY KOS(MHUIMEHTOT OCTaHE JIH-
HeapeH. Kora ceondarnara ¢pynkuuja (Y) ocra-
HE KaKo CyMma OJi TEPMHHH 3a KOj cekoj ¢ X-Ba-
pyjabia MOMHOXKEHA CO KOC(PHIMEHTOT, (PyHK-
nyjata Y ce BEIH JieKa ¢ JIMHeapHa BO Koe(H-
LUCHTHUTE.

MMupconoB koepunueHT HA Kopenamuja (r):
Co 0BOj KOe(UIIMEHT ce MEpH CHIIHATa CTpaHa
Ha JIMHEapHaTa BPCKa MOMery JIBE KBAHTHTATHB-
HU Bapujabmu. [TlaBHaTa mpeTnocTaBka € HOp-
MajJHaTa AUCTpuOylMja Ha Bapujadnure. AKO

Paired samples t-test: is a statistical
technique that is used to compare two
population means in the case of two
samples that are correlated. Paired sample
t-test is used in ‘before-after’ studies, or
when the samples are the matched pairs, or
when it is a case-control study. For
example, if we give training to a company
employee and we want to know whether or
not the training had any impact on the
efficiency of the employee, we could use
the paired sample test. We collect data
from the employee on a seven scale rating,
before the training and after the training.
By using the paired sample t-test, we can
statistically conclude whether or not
training has improved the efficiency of the
employee. In medicine, by using the paired
sample t-test, we can figure out whether or
not a particular medicine will cure the
illness.

Wilcoxon signed rank test: is used to
compare two paired samples when data are
either interval scale but assumptions for the
paired t-test (normality of within-pair
differences) are not satisfied or ordinal
(ranked) scale. The hypothesis being tested
is whether the median difference is zero (as
opposed to mean difference in the paired #-
test) (12).

Linear regression models: in the context
of linear statistical modeling, 'linear' means
linear in the parameters (coefficients), not
the explanatory variables. The explanatory
variables can be transformed (say, x%), but
the model will still be linear if the
coefficients remain linear. When the overall
function (Y) remains a sum of terms that
are each an X variable multiplied by a
coefficient, the function Y is said to be
linear in the coefficients.

Pearson's correlation coefficient (r): a
measure of the strength of the 'linear'
relationship between two quantitative
variables. A major assumption is the normal
distribution of variables. If this assumption
is invalid (for example, due to outliers), the
non-parametric equivalent Spearman's
rank  correlation should be  used.
The r represents C* obtained from the 2x2
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OBaa TPETIIOCTaBKa HE € TOYHA, TOTrall OM Tpe-

0ano Ja ce KOPUCTH HEmapaMEeTPUCKHUOT CKBH-

paicHT Ha ChnupmaHoBaTa KopeJjamnuja 3a

panrosu. Bo 0Boj ciyuaj r ro mpercraysa C

Koe ¢ Jo0ueHo o 2X2 TabemuTe, KOe € HMCTO

Taka KOPUTHPAaHO 3a IIEJOCHATa TOJIEMHHA Ha

MPUMEPOKOT. Moke Ia ce TmpecMera Kako

i(CZ/N)”z. OBaa (opmyna ¢ eKBHBAJICHTHA Ha

KOBapHjaHcaTa IIOJIENEHA CO TIPOM3BOJOT IIO-

mery -1 u +1; nogexa 0 3Ha4M Jieka HE MOCTOU

JIMHEapHa Bpcka (MokeOu c€ yuTe HeMa CHIIHA

JIMHeapHa BPCKa WU MOBP3aHOCT). AICOIyTHA-

Ta BPEIHOCT HA I' ja MOKa)KyBa CHJIHATA CTpaHa

Ha Bpckarta. AconupaHara P BpeJHOCT MOXe Ja

Ce TpecMeTa 3a CTaTUCTHYKa 3Ha4ajHOCT (Majia

P BpemHOCT HE MOpa Ia 3HAUM JAEKa IOCTOH

CHJTHA BpCKa ImoMmery BpenHoctute). KBaaparna-

Ta BPEHOCT HA T € I” (I — HA KBAJAPaT WIH Koe-

(puuHeHT Ha TeTepMUHALMja) KOj OrOBapa Ha

BapHjaOMIIHOCTa KOja € o0jacHeTa co Jpyrara

MOBp3aHa Bapujadia).

MyartunHa perpecuja: 3a 1a MOXXKeMe J1a KBaH-

TUPHUIIpaMe OApeneHa BPCKAa MOMETY HEKOJIKY

HEe3aBHUCHU (KOW JaBaaT o0jacHyBam€) BapHjald-

U W 3aBUCcHUTE (Mcxonmot) Bapujabnu. Koedu-

nuentute (a, by 10 by) ce mpoleHyBa co METO-

JOT HA HAjMAJIKY KBAJIPaTH, KOj ¢ CKBUBAJICH-

TEH Ha MAKCHMAJIHATA 1IaHca 3a nporeHa. [o-

BEKEKPAaTHHOT MOJET Ha perpecHja € M3TpajcH

Bp3 TPH TJIaBHU IPETIIOCTABKH:

e Bapujabmata Ha OATOBOPH € HOPMAIHO
JTUCTpUOyHUpaHa.

e  Pesugyannata BapujaHca HE Bapupa Kaj
MaJId WU TOJIEMH BPETHOCTH (KOHCTaHTHA
BapujaHca).

e  Usppiienute HabJbyayBama (BapujabauTe
3a 00jaCHyBambe) C¢ HE3aBHCHH.

MynrtramHaTa perpecuja € IpOTOTHII 33 TeHepaJ-

HUTe JIMHEAPHH MoJeu OHIejKu BapujabiaTa

Ha OJrOBOp OM Tpebajo aa Ouje HOPMAITHO JIHC-

TpuOynpaHa U He TTOCTON (PYHKIMja HA MOBP3Y-

Bame, JI0JIcKa CTHOCTABHATA JIMHEAPHA PErpecH-

ja e moceOeH ciy4aj Ha reHepaJTu3upaHu JUHe-

apHu Moleau. JlomaTOKOT Ha MyINTHITHATa pe-
rpecHja o MyJITUBapHjaHTHA aHAJM3a Ha TI0J]a-

TOLIM c€ HapeKyBa KaHOHCKA KOpeaIyja.

Jloructuuka (dunapua) perpecuja: OBaa cra-

TUCTHUYKA aHaJIHM3a HajueCcTO T'M OIHIIYBa BPCKH-

TE MoMery NUXOTOMHUTE (OMHapHU) Bapujadiu

Ha Ucxol (Kako 3IpaBW WM 3a00JICHH;, MPTBH

WM KuBH; Oojiecta ce TOBpaTIia WIH HE) U

€IeH ceT Ha BapHjaldiM Kou JaBaaT oOjacHyBa-

me (Bo3pacT, XJIA THM, KpBEH HPUTHCOK, BHJ

table, corrected for the total sample size. It
can then be calculated as +(C%N)"% This
formula is equivalent to covariance divided
by the product of the standard deviations of
the two  variables.  The correlation
coefficient, r, can take any value between -

1 and +1; 0 meaning no "linear"

relationship (there may still be a strong

non-linear relationship). It is the absolute
value of r showing the strength of
relationship. An associated P value can be

computed for the statistical significance (a

small P value does not necessarily mean a

strong relationship). The square of the r is

1* (r-squared or coefficient of

determination) which corresponds to the

variance explained by the correlated
variable).

Multiple regression: to quantify the

relationship between several independent

(explanatory) variables and a dependent

(outcome) variable. The coefficients

(a,b; tob;) are estimated by the least

squares method, which is equivalent

to maximum likelihood estimation. A

multiple regression model is built upon

three major assumptions:

e The response variable is normally
distributed,

e The residual variance does not vary for
small and large fitted values (constant
variance),

e The observations
variables) are independent.

Multiple regression is the prototype
for general linear models because the
response variable should be normally
distributed and there is no link function,

whereas, simple linear regression is a

special case for generalized linear models.

The extension of multiple regression to

multivariate data analysis is called

canonical correlation.

Logistic (binary) regression: a statistical

analysis most frequently models the

relationship between a  dichotomous

(binary) outcome variable (such as diseased

or healthy; dead or alive; relapsed or not

relapsed), and a set of explanatory variables
of any kind (such as age, HLA type, blood

(explanatory
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Ha TpeTMmaH, (a3a Ha Oonecta utH). Mcro Taka
MOJXKE JI1a Ce KOPHCTH KOra BapujalOjuTe Ha HC-
XOJ ce TONUTOMHYHH (HEKONIKY KaTeropuu Ha
MPOTHO3aTa, BKIIyJyBajKd 'l OPIUHATHUTE OX-
TOBOPH KaKO M OpJMHAIIHATA JIOTHCTUYKA Perpe-
CHja WJIX MOJEJOT Ha MPONOPIHOHAIHHU pa3Me-
pH) ¥ KOora MMa HEKOJKY BapHjalbiy Ha HCXOX
(MyNTHHOMUHAITHA JIOTUCTUYKA perpechja —
CrelMjajHa Kjlaca Ha JIMHEApHU MOJeNn). AHa-
Jm3ara Ha MOJNATOIUTE OJl KOHTPOJTHO-EKCIEePH-
MEHTAJIHA CTy[Hja MPEKY JIOTUCTHYKA PETPecH)ja
MOJXKaT Jia ce 00paboTyBaaT Ha MCT HAYMH KaKO

u xoxoptHuTe cTyauu (10).

FOpeHaBe)leHI/ITe KOM6I/IHI/IpaHI/I HOMHUHAJIHU H
CTaTUCTUYKU TECTOBU 3a MCPCH-a MOXKAT Ja CC

BUIAT BO Tabena 4.

studies (10).

find in table 4.

Tabena 4. Cenekmuparbe cmamucmu4Ku mecm 3a HOMUHasTHU U Mepusu 8apujabnu KoMOUHupaHo/

Table 4. Selecting statistical test for nominal and measurement variables combined (4)

pressure, kind of treatment, disease stage
etc). It can also be used when the outcome
variable is polytomous (several categories
of the prognosis; including ordinal response
'ordinal logistic regression' or 'proportional
odds ratio model'), and when there are
several outcome variables (multinomial
logistic regression - a special class of
loglinear models). Analysis of data from
case-control studies via logistic regression
can proceed in the same way as cohort

The above mentioned combined nominal
and measurement statistical tests you can

Test Nominal Measurment Purpose Notes Example
variables varibles
he hypothesis that th .
test the hypothesis that the blindfold people, ask them to
One-sample mean value of the o .
/ 1 . / hold arm at 45° angle, see if
ttest measurement variable equals . 5
. - mean angle is equal to 45
a theoretical expectation
test the hypothesis that the just another
name for one- compare mean heavy metal
Two-sample mean values of the .
1 1 . way ANOVA content in mussels from
ttest measurement variable are the .
. when there are Nova Scotia and New Jersey
same in two groups
only two groups
test the hypothesis that the compare mean heavy metal
content in mussels from
One-way mean values of the . .
1 1 . / Nova Scotia, Maine,
ANOVA measurement variable are the .
same in different groups Massachusetts, Connecticut,
New York and New Jersey
compare mean heavy metal
after a significant one-way content in mussels from
Tukey- 1 1 ANOVA, test for significant / Nova Scotia vs. Maine,
Kramer test differences between all pairs Nova Scotia vs.
of groups Massachusetts, Maine vs.
Massachusetts, etc.
compare standard deviation
test the hypothesis that the usually used to of heavy metal content in
standard ﬁ];viation ofa see whether musse;/syfrom Nova Scotia.
Bartletts test 1 1 measurement variable is the data fit one of Maine, Massachusetts ’
same in different groups the assumptions Conne,cticut New YO;k and
fan A A >
of an ANOV New Jersey
compare mean heavy metal
. i Is fr
test hypothesis that the mean content in TMUSSETs from
Nova Scotia, Maine,
values of the measurement .
. . subgroups must | Massachusetts, Connecticut,
Nested variable are the same in .
2+ 1 . be arbitrary New York and New Jersey;
ANOVA different groups, when each
ST (model II) several mussels from each
group is divided into . .
subgroups location, with several metal
measurements from each
mussel
test the hypothesis that compare cholesterol levels in
Two-way different groups, classified blood of male vegetarians,
2 1 two ways, have the same / female vegetarians, male
ANOVA .
means of the measurement carnivores, and female
variable carnivores
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just another
name for two-
test the hypothesis that the way ANOVA compare the cholesterol level
Paired # 1 means of the continuous when one in blood of people before vs.
test variable are the same in nominal after switching to a
paired data variable vegetarian diet
represents pairs
of observations
Wilcoxon fest the hypothesis that the uged when the compare the cholesterol level
. differences of in blood of people before vs.
signed-rank means of the measurement . o
1 . . pairs are after switching to a
test variable are the same in .
aired data severely non- vegetarian diet, when
P normal differences are non-normal
measure chirping speed in
see whether variation in an crickets at different
. . temperatures, test whether
independent variable causes T
some of the variation in a variation 1n temperature
Linear . . causes variation in chirping
. 2 dependent variable; estimate | / .
regression the value of one unmeasured speed; or use the estimated
. . relationship to estimate
variable corresponding to a .
measured variable temperature from chirping
speed when no thermometer
is available
measure salt intake and fat
see whether two variables intake in different people's
Correlation 2 cova / diets, to see if people who eat
Yy a lot of fat also eat a lot of
salt
test the hypothesis that an
Polynomial 2 equation with Xz, X3, etc. fits
regression the Y variable significantly
better than a linear regression | / /
first test the
homogeneity of -
slope sg i thtg measure chirping speed vs.

. . pes; y temperature in four species
Analysis of test the hypothesis that are not of crickets. see if there is
covariance 2 different groups have the significantly sionifican t,varia tion amon:
(ANCOVA) same regression lines different, test ghiiicant v &

the the species in the slope or Y-
homogeneity of intercept of the relationships
the Y-intercepts
fit an equation relatin measure air temperature,
Multiple q . & humidity, body mass, leg
. 3+ several X variables to a /
regression single Y variable length, see how they relate to
chirping speed in crickets
fit an equation relating an give different doses of a drug
Simple independent measurement (the measurement variable),
logistic 1 variable to the probability of | / record who lives or dies in
regression a value of a dependent the next year (the nominal
nominal variable variable)

. fit an equation relating more record height, weight, blood
Multiple than one independent ressure. age of multinle
logistic 2+ measurement variable to the | / p » 28 ihple
o . babili people, see who lives or dies

gression probability of a value of a in the next vear
dependent nominal variable Y

IMocneanata rpyma TECTOBH Kako INTO Ce. Tec-
TOT Ha Tokasatenu, Kpymkan—Banuc tecTtoT u
CrnmpMaHOBaTa paHrMpaHa Kopelaluja ce mpu-
Ka)kaHu Bo Tabena 5.

Tect Ha moka3zaTejn: OBa e TeCcT K0j € 0a3upan
Ha BEPOJaTHOCTA Ja C€ I0jaBaT PasJuyHH MCXO-
A 3a KOj OMIo Opoj Ha IIIyCEBH M MUHYCH, T.€.
HaOJbyIyBaHUTE BPETHOCTH Jla CE MOJ WM Haj

The last group of tests such as: Sign test,
Kruskal-Wallis test, and Spearman rank
correlation are shown in table 5.

Sign test: a test based on the probabilities
of different outcomes for any number of

pluses and minuses, i.c., observations below
or above a prespecified value. The sign test
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MpeaeTePMUHIPAHAaTa BPEIHOCT. TeCTOT Ha Io-
Ka3aTejim MOXe Jia Ce KOPHCTH 3a J1a C€ MCIIHTa
3HAaYajHOCTa Ha pa3iuKaTa moMely MeaujaHara
U HEJ3MHATa creuu(uIHa BPEIHOCT, WU IIOME-
'y HaOJbyAyBaHUTE IOJI/TPAHCMUCHOHU OJHOCH
kako u 50:50 ouekyBaHa BpemHocT. McTo Taka
MOKE J]a C€ KOPHMCTH M 3a IapUpaHH I10JaTOIH.
Cera, pa3nukara 1nmomery mapoBHuTe Ke Ouae nin
HEraTMBHA WIIM IMMO3MTHBHA, W KOJKY € IoMala
Ol JBETE€ TOTAJIHW HEraTHBHHM WIH IO3UTHBHHU
IUIYCEBH, TOTAIl TOTAJIHHOT OpOj Ha IAapoOBH Ke
ro opopMH CTaTHCTHYKHOT TecT. Ha mpumep,
Kora BKYITHHOT 0poj € 20, ako OpojoT 3a momai-
Ky (PEKBEHTHUOT ITOKA3aTe] € 5 WU IMOMAJIKy
P <0,05. TecT Ha moKa3aTenu KOj € MPUKPHUEH €
MekHeMap-TecTOT, KOj e KOPUCTH 3a Mapupa-
HM IIOJATOIM Kaj JMXOTOMHHU OATOBOPH.
Kpymkaa Baauc-tecror (egnonacouna ANO-
VA Ha panrosu). OBa ¢ elIeH OJ HemapameT-
PHCKUTE TCCTOBHU (CIIO0OIHA AUCTPHOYLHja) U
ce KOpHCTH Kaj mpeTtnocTaBku kage ANOVA ne
MoXe na Oume ymorpedena. OBOj TeCT BpIIHA
MPOIICHA Ha XMIIOTE3UTE KaZe Pa3InyHU IIPHUMeE-
poIY IIPY HHUBHA KOMIIapalja KOu ce JOOMEHHU
Ol MCTa JUCTPHOYIIHja WIIH OJ JUCTPHOYIIH|a CO
ncra Meadjana. Moke Ja ce KOPHCTH 3a J1a ce
aHalM3WpaaT OpaMHAIHWTE Bapujadbim. Toa e
monatok Ha Man ButHu (U) TecToT (ce Kopuc-
TH Kaj JBa HE3aBHCHU IpuMepolu). MHatepnpe-
tanujata Ha Kpyiikan Bamuc TecToT € naeHTHY-
Ha Kako co exHonacounata ANOVA, Ho ce 6a-
3Upa Bp3 PAHTOBHMTE, a HE CIIOPEJ IMPOCEIUTE.
Kako u cute HemapameTpHCKH TecToBH Kpyii-
Kan Bamuc-TecToT HEe € JHOBOJHO MOKEH KakKo
ANOVA-TecTOT.

CnupMaHoBa KopeJandja Ha PaHroOBH € He-
MapaMEeTPUCKHA  KOPeJalHCKH KoehHIHeHT
(rho) xoj ce mpecMmeTyBa co IIMPCOHOBHOT KO-
pejanucku KoedunueHT (r) 3a acoldjampjaTa
IoMery paHroBUTE KOja € JajJeHa IPeKy Bpel-
HOCTHTE O Bapujabimre Ko ce kopucrar. Ce
KOPHUCTH Kaj OPAHNHAIIHH [IOIATOLH U Kaj HHTEP-
BAJIHU U pa3sMEPHH MoJaTonH (ITogaToI 1o0ue-
HH IIpeKy oBHE ckaiu). He e coompeTHO na ce
3eMe KBajparHara BpeaHocT o1 CIIMpMaHOBHOT
Kopenanucka koeduimenT rho 3a ma ce modbue
KoeMUMEHT HA JAeTepPMHHHMpaHOCT ().
CnupMaHoBaTa Kopejanuja rmomMery aBe Ba-
pujabnu e enHakBa Ha [IupcoHOBaTa Kopealu-
ja ToMery BpPEeIHOCTH Ha PaHTOBH OJ THC JBE
Bapujabim; momeka IIupcomoBaTta Kopenaldja
BPIIU MPOIICHA Ha JTWHeapHUTe BpckH, Crmpma-
HOBAaTa Kopelalyja BpIIX MPOIcHA Ha MOHOTO-
HUYHHUTE BPCKU (0€3 pas3iuKa Aaiu ce THHEapHU
nin He). JIOKOJIKYy HeMa BPEIHOCTH Kaj I0JaTo-
[IUTe KO CE MOBTOPYBaaT, ce oopMyBa COBp-

can be used to investigate the significance
of the difference between a population
median and a specified value for it, or
between the observed sex/transmission ratio
and the 50:50 expected value. It can also be
used for paired data. This time, the
differences between the pairs will be either
negative or positive, and the smaller of the
two total negatives or positives plus the
total number of pairs will form the test
statistics. For example, when the total
number is 20, if the number for the less
frequent sign is 5 or smaller, P < 0.05 (two-
tailed). A sign test in  disguise
is McNemar's test, which is used for
paired data for dichotomous response.
Kruskal-Wallis test (One-way ANOVA by
ranks): it is one of the non-parametric
(distribution free) tests and is used when the
assumptions of ANOVA are not met. This
test assesses the hypothesis that the
different samples in the comparison were
drawn from the same distribution or from
distributions with the same median. It can
be used to analyze ordinal variables. It is an
extension of the Mann-Whitney (U)
test (for two independent samples). The
interpretation of the Kruskal-Wallis test is
identical to that of one-way ANOVA, but is
based on ranks rather than means. Like all
non-parametric tests, the Kruskal-Wallis
Test is not as powerful as the ANOVA.
Spearman's rank correlation: a non-
parametric correlation

coefficient (rho) that is calculated by
computing  the Pearson's  correlation
coefficient (r) for the association between
the ranks given to the values of the
variables involved. It is used for ordinal
data and interval/ratio data. It
is not appropriate to take the square of
Spearmen’s correlation coefficient rho to
obtain coefficient of determination (1)
The Spearman correlation between two
variables is equal to the Pearson
correlation between the rank values of those
two variables; while Pearson's correlation
assesses linear relationships, Spearman's
correlation assesses monotonic
relationships (whether linear or not). If
there are no repeated data values, a perfect
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meHata CrupMaHoBa Kopenanuyja of +1 wmm -1
KOra cekoja oI BapHjaOiuTe MpeTcTaByBa IIEp-
(hexTHA MOHOTOHA ()YHKIIMja HA JIpyrata BapH-
jaobma (10).

MokHocT, P-BpeaHOCTH M NpoLeHTH

IIpen ma ce 3amoYHe CO UCTPAKYBAHETO BAXKHO
€ Jla Ce HampaBH IPECMETKa 3a rojieMHHaTa Ha
MPUMEPOKOT 34 JIa C€ YBUAHW Nald K€ MMa JI0-
BOJIHO MOKHOCT Jia C€ JETEKTHpaarT 3HadajHUTe
paznmuku (13). AHaanM3uTEe HA MOKHOCT CC JIH-
PEKTHO TOBP3aHU CO TECTHUPAHETO HAa XHUIIOTC-
sute. Jlogeka ce cmpoBemyBaaT TeCTHpama Ha
XUITOTE3UTE, UCTPAKYyBA4OT MOKE Ja HalpaBH
JIBa BMJIa TPEIIKa: THII | Ipelka | TUI 2 Tpell-
ka. CTaTHCTHYKAaTa MOKHOCT IJIaBHO CE 3aHHMMa-
Ba co Tun 2 rpemku. bu Tpebango ga ce 3aderne-
JKA O]l CTpaHa Ha HCTPaXyBadoT JcKa KOJKY €
IoroJjieMa rojleMMHaTa Ha IIPUMEPOKOT, TOJKY €
MOJIECHO 3a MCTpaxkyBadoT ga nooue 0,05 HuBO
Ha CTATUCTHUYKA 3HAYajHOCT. JIOKOJNKY MpHMe-
POKOT € NPEMHOTrYy MaJjl, TOTall MCTPaKyBadyoT
Ou MOXKeJd Ja HalpaBH THI 2 TpeliKa Iopaau
HEMAmETO JTOBOJIHO TOJeMa MOKHOCT. AHalIn3a-
Ta Ha MOKHOCTa HOPMAJIHO C€ CIIPOBEAYBa IIPEN
coOMpameTo Ha mojaToInTe. I J1aBHATA 11T Kaj
aHaJIM3UTEe Ha MOKHOCT € Jja My C€ IIOMOTHE Ha
HCTPaXyBadyoT Ja Ir'o OJAPEIN HAjMaJIHOT IIPHUME-
POK KOj OM OHJ COOJBETEH 3a Ja ce JAETEKTUpa
epekToT Ha KOj OMIIO JaJeH TECT Ha ITOCaKyBa-
HOTO HMBO Ha CTaTUCTUYKA 3Ha4ajHOCT. [Tpuun-
HaTa 3a aljIMIdpamk-e Ha aHajIn3aTa 3a MOKHOCT
e OMIejKH, UAEaTHO TJIEAaH0, HCTPaKyBadoT ca-
Ka IOMaJl IPUMEPOK 3aIITO T'OJIEMHUTE IPUMEPO-
I YeCTO C€ IOTEIIKHA 3a 00paboTKa OTKOJIKY
MainuTe mnpuMeporn. IlomamuTe TPUMEPOLH
HCTO TaKa BpIIAT ONTUMU3AIlHja Ha 3HAYajHOCTA
Ha TecTHpameTo (14).

Hcro Taka, yecTo € moTpedHO Aa ce KOMOHHUpa-
aT KaTerOpHHUTE 3a Ja ce I00HjaT JTOBOJIEH OPOj
BO CEKOja oJf rpymIuTe 3a Kommnapanuja. Ha mpu-
Mep, 3a Y-KBaJapaT TECTOT Ja MMa BaJIUIHH pe-
3yJITaTH, TIOTPEOHO € 1a MMa O4YeKyBaHa (Ppek-
BEHIIM]a BO CceKoja KjeTKa morojiema ox 5. Kora
ce IUTHUpaaT MPOIEHTU OJ TojJeMa Ba)KHOCT
HCTO TaKa Ce IUTHUpa U OPOUTEIOT WA WMEHH-
TEJIOT 3a Ja OHAe jacHO KakKo ce IpecMeTalie
npouenture. Ilpouenture OasupaHd Bp3 Mald
O6pojku, kako momManky o 10, HajuecTo He ce
CTAaTUCTUYKH 3Ha4yajHu. HuBo Ha 3Ha4ajHOCT (P-
BPEIHOCT) CE CMETa 3a 3HadajHa JOKOJIKY € IT0-
mana ox 0,05. JloBoiHO ¢ na ce mutupa P-Bpea-
HOCTa 10 ABE AEHMMAId IJOKOJKY € IIOorojemMa
ox 0,01. Meryroa nokonky P-BpenHocTa € MHO-
ry maja kako Ha npumep: P < 0,0001 Toramr uc-
Tata Ou Tpebaio u na ce kopuctH (12).

Spearman correlation of +1 or —1 occurs
when each of the variables is a perfect
monotone function of the other (10).

Power, P values, and percentages

Before undertaking a research study it is
important to make a sample size calculation
so that the study will have sufficient power
to detect significant differences (13). Power
analysis is directly related to tests of
hypotheses. While conducting tests of
hypotheses, the researcher can commit two
types of errors: Type I error and Type Il
error. Statistical power mainly deals with
Type II errors. It should be noted by the
researcher that the larger the size of the
sample, the easier it is for the researcher to
achieve the 0.05 level of significance. If
the sample is too small, however, then the
investigator might commit a Type II error
due to insufficient power. Power analysis is
normally conducted before the data
collection. The main purpose underlying
power analysis is to help the researcher to
determine the smallest sample size that is
suitable to detect the effect of a given test at
the desired level of significance. The
reason for applying power analysis is that,
ideally, the investigator desires a smaller
sample because larger samples are often
costlier than smaller samples. Smaller
samples also optimize the significance
testing (14).

In addition to this it is often necessary to
combine categories so that there are
sufficient numbers in each group for
comparison. For example, for the chi-
square test to have valid results there needs
to be an expected frequency in each cell of
more than 5. When quoting percentages, it
is essential to also quote the numerator
and/or the denominator so that it is clear
how the percentage has been calculated.
Percentages based on small numbers such
as less than 10 are not meaningful. A
significance level (P value) is considered
significant if it is less than 0.05. It is
sufficient to quote P values to two decimal
places if greater than 0.01. However, if the
P value is very small then P < 0.0001
should be used (12).
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Tabena 5. Cenekmuparbe cmamucmu4ku mecm 3a HOMUHaIHU U paHeupaHu eapujabiu KOM6UHUpaHo/
Table 5. Selecting statistical test for nominal and ranked variables combined (4)

Test Nominal | Measurment Purpose Notes Example
variables varibles
compare the cholesterol
test randomness of level in blood of people
Sign test 2 1 d@rection of . / before vs. after syvitching
difference in paired to a vegetarian diet, only
data record whether it is higher
or lower after the switch
test the hypothesis 40 cars of corm .(8 from
Kruskal— that rankings are often use.d as a non- each of 5 Varle.tles) are
Wallis test 1 1 the same in parametric alternative | ranked for tastl.ness, and
different groups to one-way ANOVA the mean rgnlf is compared
among varieties
Spearman see whether the often use{d as a non- 40 ears‘of corn are rat}ked
rank / 1 ranks of two parametrlc_: alternative | for tastiness and prettlnes§,
correlation variables covary to regression or see whet.her prettier corn is
correlation also tastier

KomnjyTepcku nporpamu 3a npecMeTyBatbe Ha
CTaTUCTUYKKM noaaToLn

Cute morope HaBeJICHU CTATUCTUYKU TECTOBU
MOXAaT na OumaT TMpecMETaHH CO IOMOII Ha
KOMIIjYTePCKH IPOTPaMHU 32 HUBHO IIPECMETYBa-
e, kako mTo ce: SPSS, SAS/STAT, LISREL,
BILOG-MG, STATA wutH. Bo nponomkenne ke
OunaT HaBeJCHH HEKONIKY KapaKTEpHUCTHKH Ha
OBHE MTPOTPAMH.

SPSS (http://www.spss.com/)

Kommjyrepckara nporpama SPSS (Craructuuku
MaKeT 3a MPEeCMETYBamkE MOAATOIM O OIIITEeC-
TBEHUTE HAYKH) 3a MpBHAT Oelle ynoTpedeHa Bo
1968 u e eqHa O HAJIIIMPOKO KOPHCTSHHUTE TIPO-
rpamMH 3a CTaTHCTHYKU aHAIN3U BO paMKHUTE Ha
OMIITECTBEHUTE Hayku. Hea ja kopuctat ucrpa-
JKyBaud Ha Ma3apoT, MCTPaKyBayl Ha 3ApaB-
CTBOTO, KOMIIAaHWU KOW CIIPOBEIYBaaT aHKETH,
BJIaIUTE, HCTPaXKyBaud BO OOpa30BAHUETO H
HacTaBaTa W Jpyrd. Bo mpwior Ha CTaTUCTHY-
KHTE aHAJM3U HA OBaa IMpOTpamMa, ce COApKaHU
U YIPaByBameTO CO TOAATOIM (CeleKuuja Ha
ciydad, npedopmyiaiuja Ha MOJATOLH, oOpa-
00TKa Ha JOOHWEHHWTE MOJATOLHN) U JOKYMEHTH-
pameTo Ha MOJATONHTE (PEYHHKOT Ha METaro-
JIATOILIUTE CE 3a4yByBa BO PAMKUTE Ha TIaBHATA
0a3a Ha IMOJATOIN) KOW C€ OCHOBHH KapaKTepH-
CTHKH Ha TIaBHHOT codTBep. OBaa mporpama e
JI0CTa KOPUCHA U TIOPaad Toa MOXe Ja ce MpH-
MEHyBa U BO OMOMEAWIIIHATA U BO OMIITECTBE-
HUTE HAYKH.

SAS/STAT (http://www.sas.com/)

On TpaAMIOHATHH JECKPUIITHBHU CTATHCTHKH,
t-TECTOBH, aHANM3W Ha BapHjaHCA/Pa3IMKA U
MOJIENIH Ha MPEIBUUTUBOCT JI0 €T3aKTHU METOH
Y BU3YEJHO CTaTUCTHUKU TexHukH, SAS/STAT-
nmporpamara o0e30eyBa ajJaTKu W 3a CIelyja-
TU3UPAHATE U 33 aHAJUTHYKUTE MOTPEOH HAa TI0-
HIMPOKAaTa jaBHOCT.

Statistical Software Packages
All the statistical tests mentioned above

could be measured with statistical software
packages such as: SPSS, SAS/STAT,
LISREL, BILOG-MG, STATA, etc (15).
Bellow are listed some characteristics of these
software.

SPSS (http://www.spss.com/)

The computer  program SPSS  (originally,
Statistical Package for the Social Sciences)
was released in its first version in 1968, and is
among the most widely used programs
for statistical analysis in social science. It is
used by market researchers, health
researchers, survey companies, government,
education researchers, and others. In addition
to statistical analysis, data management (case
selection, file reshaping, creating derived
data) and data documentation
(a metadata dictionary is stored with the data)
are features of the base software. It is very
useful software which is widely applied in
biomedical and social sciences.

SAS/STAT (http://www.sas.com/)

From traditional descriptive statistics, t-tests,
analysis of variance, and predictive modeling
to exact methods and statistical visualization
techniques, SAS/STAT software provides
tools for both specialized and enterprise-wide
analytical needs.
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LISREL
(http://www.ssicentral.com/lisrel/index.html)
Bo nocnenaute 30 roauHN, MOIENOT, METOJIUTE
u copreepor LISREL cranaa cuHOHHUM 3a
CTPYKTYPaJTHOTO MOJEIUPake Ha pPaBEHKUTE
(SEM). SEM M 0BO3MOXXYyBa Ha UCTPAKyBadn-
T€ O]l OMINTECTBEHUTE HAYKH, HAYKUTE 3a Me-
HalUMEHT, OMXEjBUOPAIHUTE HAyKH, OMOJIOLIKH-
TC HayKH, HAyKUTe 3a OOpa3oBaHHETO U BO
IpYTH TOJNHRA, 32 EMIINPUCKO MOTBPAYyBamkbe HA
HUBHHUTE Teopuu. OBUE Teopuu ce GpopMyiHpa-
HU KaKO TEOPETCKH MOJCTH Ha HaOJbyITyBaHUTE
" jareHTHHTE (0€3 MOXKHOCT 332 HaOJbYAyBame)
Bapujabiamu. AKO MOJATOLUTE Ce OJHECYBaaT Ha
BapHjaliuTe KOU ce HaOJbyAyBaHU BO PaMKHUTE
Ha TeopeTckuoT Mmojen, nporpamata LISREL
MOXeE J1a ce KOPHCTH 32 MPUIaroayBame Ha MO-
JEN0T CO MOJATOLIUTE.

BILOG-MG
(http://www.ssicentral.com/irt/index.html)
BILOG-MG ce crpaByBa co MmoBeke TPyIH, TO-
BeKe TIOTTECTOBU W MOBeke (pOpMU HA TECTOBH
BO PaMKHTE Ha €JlHA aHAJIM3a W COJPXKHU TMOe.-
HocTaBeHH (opMmu Ha cnenudukanuure. Juct-
pubynujata Ha HOPMAJIHHUTE W CMITUPUCKUTE
JIATEHTHU TIOJaTOIM MOXKe Jia Ouze creruduim-
paHa of cTpaHa HA KOPHUCHUKOT, TaKa IITO MPO-
[eHaTa Ha PE3YNTaTUTE OJf CKaJIUTE MOXE aa
Oune HampaBeHa 3a KOHKPETHA Tpyla WIH Iie-
nocHo. Ce mpecMeTyBaaT KPUBUTE M CTATUCTHY-
KHTE TONATOIM cropex ¢opMara W CIOpen
TecToT. KOPHCHUKOT MOXE 1a W3BEIC CIMIHH
MPECMETKHU 32 KaKBU OWJIO MPOW3BOIHO CEJICK-
THUPAHH TOATPYNN HA TIPEIMETUTE.

STATA (http://www.stata.com/)

STATA e uenocHa, UHTETpajdHa KOMIIjyTepcKa
Mporpama 3a CTaTUCTHYKA aHaIn3a Koja 00e30e-
JyBa C€ IUTO € MOTpeOHO 3a aHaIu3Upame Ha
MOJATOIM, MCHAMPamke Ha MONATOIM U Tpa-
(bUYKHU TPUKA3H.

3akny4yok

3Haejku Kako Ja ce n3bepe BUCTHHCKHOT CTa-
TUCTHYKHU TECT € rojieMa MPeaHOCT BO 00paboT-
KaTa Ha MOJATOINTE KOU ce IOOMEHH CO MCTpa-
JKYBAmbCTO U MPH MHIIYBAETO Ha HAYYHH TPY-
noBU. MiagnuTte HMCTpakyBadW M aBTOPH Tpebda
Jla ©MaaT MMO03HaBama 3a Toa Kako aa m30epar u
KakKo Ja ' KOpHUCTAT CTATUCTUYKUTE MCETOIHU.
Bo nmenemHo Bpeme, morojeMuTe W3laBayd Ha
HAayYHU CIIHCaHWja UMaaT YPEOHUK 3a CTaTHC-
THUYKATE aHAJHM3H, IITO HE € CIIydaj BO IIOToJIe-
MHOT Opoj CIIMCaHHUja KO ce H3/aBaaT BO JpxkKa-
BU cO ciaba eKoHOMHja (Ha mpumep, OaikaH-
CKHUTE JIP>KaBH).

LISREL
(http://www.ssicentral.com/lisrel/index.html)
During the last thirty years, the LISREL
model, methods, and software have become
synonymous  with  structural  equation
modeling (SEM). SEM allows researchers in
the social sciences, management sciences,
behavioral sciences, biological sciences,
educational sciences, and other fields to
empirically assess their theories. These
theories are usually formulated as theoretical
models  for  observed and latent
(unobservable) variables. If data are collected
for the observed variables of the theoretical
model, the LISREL program can be used to
fit the model to the data.

BILOG-MG
(http://www.ssicentral.com/irt/index.html)
BILOG-MG handles multiple groups,
multiple subtests, and multiple test forms in
one analysis, and it includes a simplified
forms specification. Both normal and
empirical latent distributions can be specified
by the user. Bayes estimation of scale scores
can be done with a group-specific or global
prior. It computes information curves and
statistics by form as well as by test. The user
can perform similar computations for any
arbitrarily selected subset of items.

STATA (http://www.stata.com/)

Stata is a complete, integrated statistical
package that provides everything you need
for data analysis, data management, and
graphics.

Conclusion

Knowing how to choose right statistical test
is an important asset and decision in the
research data processing and in the writing
of scientific papers. Young researchers and
authors should know how to choose and
how to use statistical methods. Nowadays,
bigger journal publishers have statistical
editor in their editorial office, which is not a
case in most of the journals from low
income countries (for example, Balkan
countries).
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[HoTpebHo € 106po Aa ce 3Hae co KaKBU MOJATO-
U pacmojaraMe, Kako THE IONATOIM CE Opra-
HU3WPAHH, CO KOJIKY TIPUMEpOIH/Tpynu Tpeda
Jla ce CIpaBMME M Tl ce BO MapoBH WIN HeE.
Mopa nma ce 3ampamame Jald MOJaTOLUTE Ce
W3BIICUCHU 3a TIOMyJalyjara Koja M IpHIara
WU He mpumara Ha ['aycoBara KpuBa W Jajiu ce
HCTIOJTHETH TOTPEOHUTE YCIOBH, CO IIET J1a ce
u30epe eAHOHACOYEH TeCT (BO criopeada co aBO-
HACOYHHUOT TECT, KOj € HajuecTo MpernopadaHa
¢dopma Ha ymorpeba). Bp3 ocHOBa Ha TakoB BHI
MTOJATOIH, HAE MOXKEME J1a ja CIICIUME COONIBET-
HaTa CTaTHCTUUYKA I'PaHKa, KOPHCTEJKU aJIrOpHUT-
MHWYKU HAYUMHH KOU I,(e HC JOBE€AaT A0 BHCTHH-
CKHOT TeCT, 0e3 Jia ce HalpaBH TPelIKa BO IPo-
[eCOT Ha M30Hparmbe Ha COOIBETHUOT TECT.

Enen koMIteTeHTeH HCTpakyBad MOTPeOHO € 11a
UMa MO3HaBama O] 00acTa Ha CTAaTUCTHYKHTE
mocranku. Toa MOXe Ja BKIy4yBa Kypc 3a BO-
Be€Jl BO CTATUCTUKATa K MOpa J1a KOPUCTU 100pu
KHUTH 3a CTaTHUCTUYKa 00paboTKa Ha TOaTOIH-
Te. 3a Taa men, MoTpedHO € KypCeBHTE 3a CTa-
THCTHKA Jia OMJaT 3a/JI0JDKUTENIHH 33 CUTE CTY-
JICHTH, KaKko IITO M Oelle BO MPeTXOaHara CTy-
Iucka mporpama Ha Ouiao3o(ckuoT (akynTer
Bo Cxormje. MiaanTe UCTpakyBadl WMaaT IIOT-
peba oJ1 TOTIOTHUTEITHN KYPCEBHU 32 CTaTHCTHKA.
Tue Mopa Aa I'M ycOBpILAT CBOUTE BEIUTHHU 3a
Jla MOKaT MPABUIIHO Ja TH KOPUCTAT CTATUCTHY-
KHTE ITPOTPaMH.

WznaBaunte Ha HayYHU CIIUCaHU|a BO Maxkemo-
HHja Tpeba moBeke a ce MOoTpyHaT 3a Ia obe3-
OemaT MaTepHjaiHUd U (DMHAHCUCKH CPEACTBA 3a
Jla MOXKaT Iia BpaboTaT YPEeIHUK 3a CTATUCTUY-
KHTe momatonu. Ha Toj Ha4WH, riaBHUTE ypen-
HUIIM MOXKE J]a Ce HaJeBaaT Ha IOroyieMa 3Ha-
YajHOCT Ha HUBHUTE TPYIOBH U ITOTOJEMA IIUTH-
paHoCT mTO 61 6UIo J0Oap MPeayCloB 3a J00u-
Bamb¢ HA HMIAKT-(PaKToP.

KoHhnukm Ha uHmepecu

ABTOpPOT M3jaByBa JeKa HE MOCTOU KOHMIUKT
Ha UHTEPECH.
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