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Abstract

The reliability of research instruments represents a critical foundation in
quantitative research, with internal consistency reliability being the most widely
employed approach. Two statistical measures are commonly utilized: the Kuder-
Richardson Formula 20 (KR20), designed specifically for dichotomously scored data
(0 or 1), and Cronbach's Alpha Coefficient, applicable to both rating scales and
dichotomous data. However, many researchers routinely apply Cronbach's Alpha to
analyze all data types, including dichotomous responses, often remaining uncertain
whether this practice aligns with established psychometric principles.

This article aims to explicate the mathematical relationship between KR-20
and Cronbach's Alpha, demonstrating that when instruments employ binary scoring
(0 and 1), reliability coefficients calculated using both formulas yield identical values.
This equivalence exists because both measures are grounded in Classical Test
Theory and employ identical computational principles based on item variance and
total test variance. Specifically, item variance in the KR-20 formula, derived from the
Bernoulli distribution (pg), equals item variance in Cronbach's Alpha when applied

to dichotomous data. The article presents mathematical proofs, empirical
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calculation examples, and analytical demonstrations using Jamovi statistical
software to confirm that these formulas are interchangeable for dichotomously
scored instruments. By providing theoretical justification and practical application,
this work clarifies appropriate selection and implementation of these reliability
statistics, thereby enhancing methodological rigor and strengthening the validity of
educational research findings. Researchers can confidently employ either measure
for dichotomous data, understanding that their mathematical equivalence validates
interchangeable use in psychometric assessment.

Keywords: Reliability, Cronbach’s alpha, KR-20, Research Instrument

unin

Tun153 7818 eUT w1 (Quantitative Research) “ A ATNYBILAT 83187

- a Y] o v A Ao A A A A a9 ¥ ¥
LU?U‘ULall@u%"]ﬁl"\]a']W‘QJIV]"\]WU’JG]F]'JWNUWLGIIE]Q@?J@QGU@QUWU ﬁqﬂLﬂiaﬁﬂiamﬂL?ﬁ?UﬁjﬂJﬂ@Ha

lunazduiuuasunuvsauuuneaeurinauA MilNzay nadnsTilagauIneIy

o a

wuuguazlueiaiiluensdle dely dnidedndunswmsvasunuaui@nidnda
(Psychometric Properties) lniAsauaguisaunse (Validity) i o8 uduiias oeile

ausinlansanuingussanrainisin uazAues (Reliability) vesn3wliaidy

aa v

LB UTUAUAILEUAIINVDINANITIA (F3TY N1QYaUINE, 2556; Fraenkel et al., 2019)

v A

wmaunsiuananiRniddyiian unanuissnduidunuaudfidowm
fiasmanon1dulszdns anunsalagnss ninied esflevinanuiiisaaziaiany
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14715348 Ae Kuder-Richardson 20 (KR-20) fistaunlme Kuder wag Richardson lud

1937 wag Cronbach’s Alpha fistamuinesonlay Lee Cronbach Tui 1951 adasgns

Honaoularanenenniui1gIUILI Inuienizal lnednivsuuziing KR-20 iy

Y

dwiuveyauuuninia (Dichotomous) L¥u YeaeuiilvaziuY 0 (AaUin) 1i3e 1 (ney

N

=

gn) luvauen Cronbach’s Alpha mangfuu1nsinUseuina (Rating Scale) Ly
LuvasuauinAuAniuseviruaRludn vz 5 sEaU (5 = unfign, 4 = 1N, 3 =
dunany, 2 = ey, 1 = ueeiign)

[ P~

poarunTvedUsunsudnsasunailudagiu dnidedunuaniden
flagludnda Cronbach’s Alpha Tuﬂﬂﬁmiwﬁ%aa&aﬁqﬂﬂizmm iwﬁa%aagal,wu 0 wag
1 Tnganadslummuiusaninisnssyhdanandaiugnassmundnismsnielu vie
Jufisseuazaanlunmsleluswnsumniu Symiidaannsienarsmisivinis
andlvaginiiauegnsuazmislsruvesisaeadftuenaintu vanisdenleduii
Falpseastanieadina1ans ” (Mathematical Structure) 7 un 235 4 (Cortina, 1993;
Tavakol & Dennick, 2011)
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X=T+E
a9 X WU Azhuundsunnle (Observe Score) MSaALLULN LRAINNIITNAZDU

T w1 AZLUUATA (True Score) VisaAzLULTKARUAITIEIARUNG L]

E WU AzLkUUAuAaIn@aay (Error Score)
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(Method error) Manefs UWaweIAINLABIALARBUTIANIINEaIUNISAUNITNAREY L1
syuuRpLimesTnves Wienesdeusowiuly FwnumaimndousaesUssanilay
FlmARANLANANSEMI AT LULT U aS st UAsLUUA dannle (Salkind way Frey,
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ATLULNAUNALA = AZILULAT + (ANUARALARBUIINYEBU + ANUARIALATEUIINNNTIA)
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Wigsmsiiandaun 0.70 TulU Feaziionnseusule (Acceptable value) (Taber, 2018;

Tavakol & Dennick, 2011)

mmuﬁmhﬂ%’qm KR20

nsUszanueaudisdlaglygns KR-20 Waunlae Kuder and Richardson
Tud 1937 gms KR-20 Tyfuveasuiidnismsaalviazuuuuuy 2 A1 (Dichotomous
Scoring) g 0 (RoURA) iU 1 (RaUYN) qmﬁmﬂmaﬂﬁsﬁmLﬁuqmﬁﬁmiﬁwmmmmﬂ
Y9IWOFOULNFIUIAY Imaé’méaumaa%ﬁmugﬂ Ao p LLazé’mﬁaumaaﬁgﬁmauﬁm Ao g

(Kuder and Richardson, 1937 gwﬁﬂu Cronbach, 1951) I@Eﬂ%qm

;i=1,2,..,n

KR — 20 = " <1_ZiPiCIi>
n—1

2
Ot

Toeft i unu vedeuTed |
p; Wy é’mé’mmaq%ﬁmaugﬂ (lnpzuuy = 1)
qgi=1—p; wnu é’méauﬁuawﬁmuﬁm (iﬁuﬂmuu =0)
o} wnu AU UUTILY AL LNT TR T

n Y UIUVDFOU

=] % Y a £
augslagldgnsduyseans
n1sUsranuaaigdlaglygasdudsedniusariasouuin Wauilay
Cronbach Tud 1951 ans 1Jugnsnsdiialy (General form) ve3gns KR-20 Tyriu
YOAOUTNLN157TINALULULLUY 2 A1 (Dichotomous Scoring) Aiv 0 AU 1 wazkuy
gounilnsivlnazuuumatsal (Polytomous Scoring) 1 LWUUABUAINLIATUTZIUE
A1 (Rating Scale) (Cronbach, 1951) duusz@nsvesusaninsauuinazdniuszaia
A o ' o A . P ¥ & ¢ =
Anuigswugiaafnelleveyaidulunmuvennandenu 2 Uszns fie Usznis
uwsn Yedeunaddauanyaiuy (Essentially Tau-Equivalent) Femvualnyedaaunne

Tuias olladnneelin1uintnesnUsenau (Factor Loadings) tN1fiU Li21AIAIIM

LUSUSIUVBIANUARIAAABY (Error Variance) kazuaaghananeny kazusen15iasd
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AINARTIALAE DUTDIN1S TRl NTUS U (Uncorrelated Errors) (Cronbach, 1951:
Graham, 2006; Novick & Lewis, 1967; Jouve, 2025) lnglugns

g 1_ZiVi
TL—]. Vt

Tnefl i unu vodeuedl i

V; wnu auulUTINYewosedeuTei |

V, unu euuUUsIuesazuLLT IRty

n uNU S1UIuYeEeY

Tnevhlumniiasanamegasnisdunlnglumesnnudenlss azidiungns
MIMAANLITBIYeY KR-20 Wazgnsduyszansusannseutiafizuuuudinnaiu un
idealvgysuin dlenssnismaianuiissesuuugeuiuuidennou (Wuusdou
Ustle) Sadunuvasuiilnazuuudios 2 a1 fo 0 fu 1wy awnsoTnseneya
peTUTuNTUANSIFUNIAERA 1u Jamovi w3 SPSS Tnslufdsrseunaueanlaiae
eaglamanuilssfionmiumasiuinmegns KR-20 wof

wnrafiaAisisasitiniu isgisaosgnsivinmaieaty Ae i
ATULUTUTILYDIALLTDABULARETD WAz uuUTUTIuTesAzuuLT TRty
Tunsfunn yilsuazedusanuduiusmeadnmanivosisaeagns Wouandvidiu
11 “Weuvuasulnazuuiios 0 AU 1 ArAissuInaIngns KR-20 wag

LEANIATIUUIAILNAULELD” A9l

AMUAUNUSTZHIN9 KR-20 AU Cronbach's Alpha Coefficient
shvetiaziausnsigaunndnmansifiouanan nnesnsmAuisses
LLUUﬂE]UﬁISLV;JﬂzLLNULLUU 0,1 ﬂ'm’nmﬁ'mmmqm KR-20 v Cronbach's Alpha
Coefficient afiauvnfiu wsoufuuansiaessnisiuuiiolnyeruiunmdniauiu
ﬁwiu@mﬁ'ﬁawﬁﬁu WNWANTANERSTD9 KR20 wag Cronbach's Alpha Coefficient
w1 arwdutuey ieuulsusunete Swudugns KR20 AnuuUTIuTIE90

A9 p;q; ehuqm Cronbach's Alpha Coefficient AruuUsUTILNTBVDRAD V;
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HUNNI ANNLUTUTIUSI8V0URIEAT KR20 inAU pig; 11INNTAIUIN
¥ Ao o oA & ) ¥ =
YouaNHanuvaEIUU 2 A1 Av 0, 1 MNuaulaandevesgns KR-20 A1enauinIsuan
WAz Tl 1191NN15NeYaTiNTHANLIUUKUTUAR (Bernoulli Distribution)
4{ o ! dy v fd' a a’fg = ! & o & (Y] 'o I3
FaNsHANIFUTFUL aulanadns AT 2 a1 Ao @33 (Success) AU ludusa
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gn-Rn asanalnasiuy madnsninazdidios 2 Auninu laun 1 Azuuy Wenay

A way 0 ATLUY Wenauin (Foster, 2021)
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ety el weseunuuidenneu Aifimsasislvaziuu 2 a1 fe 0, 1 stjyaaﬂa
maﬂﬁmausz]}aaauﬁlé}%ﬁé’ﬂwmmma}mmmmw%ﬁ%aﬁ' (Bernoulli Distribution) 111
fo fmunln p UNu mimausz]/aaaugﬂ 1o 1 Azuuu waz g =1—punu nsmneu
vodouiin la 0 AzLLY ImamimﬂLLWLLUULLU%W?{ srflanade (W) iU p uae
AuLUTUTIUN (02) Wity pq

91ngm3 Cronbach's Alpha Coefficient 1199 niUAsudydnuaifauysi
WUALUUSUTILYDITRAEULAAZYD 97N V; 1u 07 Lagmnuuususiuueingiuy

Ry 90 V; 1du o axlagasidu

n < Zi0i2>
a= 1-—
n—1 of

91N@nT KR20 NiINsanuasusyad awladn Anuwdsusiu = of = pq

AAUwlTUsIU 0f = pq unulugns a

| !

. (1_21 l): <1_21plql):KR_20

n—1 of n—1 of

yilulan

UuAe a = KR — 20 %30 AULY 83gm3 Cronbach's Alpha Coefficient
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A3ty gns Cronbach's Alpha Coefficient 3udunsdivilures KR20 #3anana
dndenilsdin KR-20 iunsaifiiwuns Cronbach's Alpha Coefficient
neluiidudreeansmuiuaanuisaniegns KR-20 uazans Cronbach's

Alpha Coefficient Hun1sANWIMAILTeYadeUsEInwia o iun W TRRuAY

o/ 1 o 1 a 14
AIDYNNITATUIUAINMNNGINWEAT KR-20
Avualriuuaaui 91w 5 ve duaeu 399U 10 AU wuvasuatuding

asaalnazuudu 0 (maulln) AU 1 (maugn) femsng

Weou | Yol 992 | 93 | 494 | o5 AZUUUTIN
1 1 0 0 0 0 1

2 0 0 0 0 0 0

3 1 1 0 0 0 2

4 0 0 1 0 0 1

5 1 1 1 0 0 3

6 1 0 0 0 0 1

7 1 1 1 0 0 3

8 1 1 1 1 0 4

9 1 1 1 1 1 5

10 1 1 1 1 1 5

p; 0.8 0.6 0.6 0.3 0.2 o? = 2.85
qi 0.2 0.4 0.4 0.7 0.8

pig; | 016 | 02¢ | o024 | 021 | 016 leiqi = 1.01

i

ﬁ]’]ﬂ%ﬂ@]i KR-20

KR —20= —(1 - —lez‘%>
n—1 of
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Lmuéﬂuqm n=>5,Y;p;q; =101, 0% =2.85

azla

KR —20 = — (1 1'01> 2 (1 1'01) — 0.807
T 5-1 2.85) 4 2.85)

o
Y

f9tU KR-20 = 0.807 %u18A1171 LAsBsdloaluilin1Auiieaniiu 0.807 &
ganannandusnieeusula Ae 0.70 (Taber, 2018; Tavakol & Dennick, 2011) W@
mananazneulniuinaIediedideatuiiiinuieseglussiviivnzauiaziinanin

a ~ o K < ¥ a
digaweiazthlulylunisiiusiusinveyadss

A79819N1IANUIUAIAULTNENRIBEAS Cronbach's Alpha Coefficient
MIAMIUAILEAS Cronbach's Alpha Coefficient Tyveyayaiieniufiugns Kr-

20 A9RNSN

Keau 49 1 9o 2 40 3 U0 4 40 5 AZIUUTIM

1 1 0 0 0 0 1

2 0 0 0 0 0 0

3 1 1 0 0 0 2

4 0 0 1 0 0 1

5 1 1 1 0 0 3

6 1 0 0 0 0 1

7 1 1 1 0 0 3

8 1 1 1 1 0 q

9 1 1 1 1 1 5

10 1 1 1 1 1 5

o-l.z 0.16 0.24 0.24 0.21 0.16 O'tz = 2.85
Zio-f 1.01
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v ¥ Y A

UBEAILNA ANULUIUSTIUYREDUYEN 1
91ngn3 Cronbach's Alpha Coefficient g2 =0.16
dalUSeuiiguiunsAIMmegns KR-20 auniy

p1q; = 0.16 Uy

Wan1 of = 0.16 = p;q; ¥38Na13LAI1 ANUUUTUTIUTIBVRTIAIUIUALEY
gn3 Cronbach's Alpha Coefficient ifuaNNWUTUTIUSI8VBNANIUATIEENT KR-20
dmsuAuLUTUTINTRRNY NAnmilouwe 1

91ngns Cronbach's Alpha Coefficient

n < Zi0i2>
a= 1-—
n—1 of

L.muh’ﬂuzjm n=5, Y0 =101,02 =285

e

_ 5 (1 1.01)_5(1 1.01)_0807
¥T5 7 285) 4 285) "

I
Y

A3ty Cronbach's Alpha Coefficient = 0.807 wandlviiuaasoiafinunin

sglunaumiausulauazinnuuidetis anunsathlufiusiusiuveyanslule

Y 1 a ¢ = b4 .
f29819N193LATIZRANNYIR W TUSUNTH Jamovi

Nnveyayaiisaiu eluinnsimenaiissmelusungy Jamovi lag
19111 Factor = Scale Analysis = Reliability Analysis = Scale Statistics =

Cronbach's Alpha (The jamovi project, 2025)
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jamovi - reliability

Variables Analyses
o u] m] m] ]
Q 029 / o = fatal O 0% ()
Exploration T-Tests ANOVA Regression  Frequencies Factor SEM snowlRT snowRMM
&® id & item 1 & item 2 &b item 3 &b item 4 &b item 5
1 1 | 1 0 0 0 0
2 2 0 0 0 0 0
3 3 1 1 0 0 0
4 4 0 0 1 0 0
5 5 1 1 1 0 0
6 6 1 0 0 0 0
7 7 1 1 1 0 0
8 8 1 1 1 1 0
B 9 1 1 1 1 1
10 10 1 1 1 1 1
0 v v
= o e
AN 1 NMSUUNYaYaNan1Inauvedau (0, 1) aslulusunsu
NOVI - Tellabilty
Edit
u] a m] m]
m | ﬁﬁb D ] D m) D O
quencies Factor SEM snowlIRT snowRMM

. Scale Analysis
& ite

- Reliability Analysis 9 @
Data Reduction —
Principal Component Analysis Q TCIE
& item 1
Exploratory Factor Analysi
xploratory Factor Analysis & item 2
Confirmatory Factor Analysis & item 3
& item 4
&b item 5
Scale Statistics Item Statistics
Cronbach's o 9 D Cronbach's a (if item is dropped)
D McDonald's w D McDonald's w (if item is dropped)
D Mean D Mean
[:] Standard deviation D Standard deviation
—

& o

ANA 2 LNEﬂ’]iiLﬂi’]gﬂﬂﬁﬂ’J’mmﬂﬂ
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Results

Reliability Analysis

Scale Reliability Statistics

Cronbach's a

scale 0.807 | AIAMNLTLY = 0.807

[3]

Al 2 nadnsfilannmstiesginarniissnielusunss Jamovi

MnuamTiaTziveyanslusunsy Jamovi Tnglwgns Cronbach's Alpha i
0.807 %ﬁL.vhﬁurmﬁ’lmmﬁaﬂgqamqm

Haiu ndegamsfaumALisme s UTiinInTTlnAzuLLLUY 2
ﬂl’1 Ao 0,1 o;as@m KR-20 e Cronbach's Alpha Coefficient %’Lﬁmﬂmmﬁmwhﬁ’u
e 0.807 Fadumaua ‘1/?’11&1LiﬁﬁLﬂi’]zﬁﬂ’]ﬁﬁﬂ?’lmﬁmg’aEJIUiLLﬂiiJﬁWL%ﬁ]EiJVIN
afmlnelagmns Cronbach's Alpha uwnule iseisaesfegnaiiedtu Waunsudusasy
yeaii@ 1y SPSS nie Jamovi Jeiiluideniiiesgnaifies Ao Cronbach's Alpha

Coefficient tialuaunsalyAIuIuAIAIILLTNE9UBIAS DI DI TINUNITHIID AL UL

wUUNANEATLA

RN

Tumsiinmeivoyanielusunsudniazuneada aulngaednmsmeaua
mmﬁlaﬂu'gﬂmaq Cronbach’s Alpha tJuwdn mmzﬁqm Kuder-Richardson
Formula 20 (KR-20) sinlasngidusidenamelugenauwaivild ﬁm%’umaﬁﬁﬁﬂlaaﬂa
fidnwausiduuuugesnn (dichotomous) Ao NISMAZULULUL 0 Wag 1 NF51897UAN

lﬂl ! ¥ o = Q’Jl ng o ! lﬂl
ﬂ'J’]ﬂJLV]ENﬂ'J’iﬁ%U;J']I%%@i KR-20 ATUAANNTINIINEG Y] Metanusaranlusunsy
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ﬁﬂmmﬁyqum Cronbach’s Alpha inssstuumila iWesin KR-20 iunsdifiewros
gm3 Cronbach's Alpha Lﬁa%ayjal,ﬂuuwaaum

Tunsndunu Mﬂﬂ%@gﬁlﬂ(’ﬁyﬁ)@ugﬂl,l,uu 0 uaz 1 vaidunzuuuLULTATEAY
(polytomous) mii’]amuﬁwmmLﬁﬂaawuﬁiai%qms Cronbach’s Alpha Coefficient

lalnenss iWesanidugasiunsand miuveyausenndingin
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