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Permutation Test for the Equality of Several Independent

Cronbach’s Alpha Coefficients
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Abstract

The statistical inference of Cronbach's alpha measure of internal reliability is known to be

inaccurate when sample size is small and the assumption of normality is violated. In this paper, we

describe the permutation method in which we compute resampling p-values for testing the difference

between two or more independent Cronbach’s alpha coefficients. When the over—all permutation test

is significant,

we also make pairwise post-hoc comparisons using permutaion method. The

permutation tests for the equality of two independent Cronbach’s alpha coefficients and three

independent Cronbach’s alpha coefficients are illustrated with an example analysis of survey data.
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[I. Test of independent alpha coefficients

1. Test of two independent alpha coefficients
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2. Test of more than two independent alpha
coefficients
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1. Example 1

Table 1. Survey data on female college students’ consumption
propensity

item

college subject
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A | AIR= Table 33 2t} F A4 BAXE 23108(F,,
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Table 2. Observed alpha coefficients(oz\, aAB)

college alpha coefficients
A a, = 0.3780
B ag = 0.7308

Table 3. p values for testing equality of two alpha coefficients

tests statistics p values
F test Fi,14=2.3108 0.1290
permutation test - 0.1485

2. Example 2

Table 4% o= Z58h 2,343 AL Al S &
Qa7 SJell 54 Hwe] HALETERAE de dloJgjelrt
(m=3, n,=12, n,=10, n,=10, k=5). FFelo]d H#HL 93
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#=9 U5 AFE 247} a, = 0.8858, ay = 0.4369, a. =
0.184424 28hde] Alade] 71 =3 48hdo] 7P Wb
A EE BAtHTable 5). Al shde] 4} A4S Alel9] 5Y
Aol 3t Feldt, Woodruffo} Salih®] Zhol Al 742l EA1A
T x5=7.2648, p#=0.026450]11, Hakstian¥} Whalen©ll 2]&
S7% HW=8.3282, p#k=0.01554 o|=& Al &3} 7|4 Alo]
ol frelek 2ozt Qe Ao bt Al&siA F 7ol 9
3 ARERA S AN S o 28hd T} 38R AbololA] AlF T
2}o] 7Hp#t=0.02362>0.05/3=0.0167) §lat, 33hd3} 43hd A}
ol & AE = 2ol 7Hpak=0.5899> 0.0167) §lo} 28
Wb 48hd AlelolMrt AEme]  fog xjol(pik
=0.00640<0.0167)7F VreRstTh. Al #felo] el ok
Al A= pt=0.0100401 28 A L} Al Alele] 9]
3k 2pol7) Qlom W FH oM AR F4& 28hdw} 43hd Afo]
ol Agk A1 =) F2)& 2o (pgh = 0.01046 <0.0167)7F ATk
(28hd%} 38hd W] H&k pk = 0.03512>0.0167, 28hd 7}
38hd wlae] i3k pgk = 0.6321>0.0167).
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Table 4. Survey data on primary school students’(2"4,374 4" grade) sociality

subject item subject item subject item
(2" grade) 1 2 3 4 5 (39 grade) 1 2 3 4 5 (4™ grade) 1 2 3 4 5
1 5 5 5 3 5 1 2 4 2 4 4 1 2 1 2 2 2
2 5 2 4 4 5 2 2 4 4 4 3 2 2 3 3 3 3
3 2 4 4 2 3 3 3 4 5 3 4 3 3 4 2 2 3
4 1 3 1 4 1 4 1 4 2 2 1 4 1 3 3 1 2
5 1 1 4 1 2 5 2 1 4 3 4 5 3 4 2 1 4
6 4 5 5 5 4 6 2 4 4 4 2 6 2 1 5 1 1
7 1 1 1 1 1 7 3 4 4 4 2 7 3 2 3 3 2
8 2 2 3 1 1 8 4 2 4 4 4 8 2 2 2 1 1
9 2 3 4 2 3 9 4 2 4 3 5 9 2 4 2 2 2
10 4 4 4 4 4 10 2 1 4 2 2 10 2 2 4 2 3
11 2 2 4 1 2
12 3 2 2 3 3
Table 5. Observed alpha coefficients(c,. ag, ac)
grade alpha coefficients . o < . o
; = A(resampling test)& FHo| A7)0 #AAIGlo] AFE Sl
n «, = 0.8858 - ~ . _
2 7} FESAE & #e L) s 489 paks AT
rd =  — - - —
3 Op = 0.4369 i = AE FEHeld HAS A fa ®ie] A
o o = 0.1844 717k 42t 0,=15, n,=158] 2014 dolElm=2)st n,=12,
n,=10, ny=10%1 AFaA dlolE{(m=3)& <A vlo|H & AH&-3t
Table 6. p values for over—all test and post-hoc test gom 7} glolElo) A AAEE wde] 47} mje FEE [ =
tests statistics p values 1,000,0009] ZHE% 7&@% é-l}\] 3]’95151'. iﬂ] }‘6]63: HIO]HQ/] 78]
over-all test(Feldt, Woodruff & Salih) | x3=7.2648 | 0.0265 S0l = HFeo]A pgh(=0.1485) > F A4 <] pgh(=0.1290) >
over—all test((Hakstian & Whalen) HW=8.3282 0.0155 a=0.05 o]B2 F Jfo] A8uls Ayl A4 Apold] xfol7) &l
M grade vs. 3¢ | Fy o499 | 0.0236 v Ao® uvepgrh Ak dlolEoE FFEH A pgt
post-hoc test | 204 grade vs. 4" grade | Fi1.9=7.1408 0.0064 (=0.01004) < Xg A9 p7k(=0.02645 T+ 0.01554) < «
3 grade vs. 4" geade | Fyo=1.4484 0.5899 =0.05 o] =& Al 7jo] AEnts &u} AlG Atolel] xfe]7}k Q=

Table 7. Resampling permutation p values for over—all test and
post—hoc test

tests p values

over—all permutation test 0.0100

24 grade vs. 39 grade 0.0351

post—hoc q th
permutation test 2'¢ grade vs. 47 grade 0.0105
3" grade vs. 4" grade 0.6321
V. Conclusion
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