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MINIMUM SAMPLE SIZE FOR CRONBACH’S COEFFICIENT ALPHA:
A MONTE-CARLO STUDY

CRONBACH ALFA KATSAYISI iCiN MiNIMUM ORNEKLEM GENISLIiGi:
MONTE-CARLO CALISMASI

Halil YURDUGUL"

ABSTRACT: The coefficient alpha is the most widely used measure of internal consistency for composite scores in
the educational and psychological studies. However, due to the difficulties of data gathering in psychometric studies, the
minimum sample size for the sample coefficient alpha has been frequently debated. There are various suggested minimum
sample sizes for the robust estimate of the population coefficient alpha. This research indicates that the performance of an
estimator of the coefficient alpha depends not only on the sample size but also on the largest eigenvalue of the sample data
set. Thus, when the largest eigenvalue increases, unbiased estimation of the population coefficient alpha is possible, even
though the sample size is small. The simulations in this study were based on Monte-Carlo method with bootstrap technique.
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OZET: Egitimsel ve psikolojik galigmalarda birlesik Slgmelerin giivenirliginin hesaplamasinda yaygin olarak
Cronbach (1951) tarafindan gelistirilen alfa katsayisi kullanilmaktadir. Ancak bu tiir ¢alismalarda veri toplamanin zorlugu
nedeniyle alfa katsayisi i¢in gerekli olan minimum 6rneklem genisligi tartisma konusudur. Evren alfa katsayisinin saglam
kestirimi i¢in gerekli olan minimum 6rneklem genisligi i¢in farkli 6neriler vardir. Bu ¢alismanin sonuglarina gore; yansiz ve
tutarl bir alfa kestirimi drneklem genisliginin biiyiikliigli kadar ayn1 zamanda 6l¢gmelerin birinci 6zdegerinin biiyiikliigiine
baghdir. Buna gore, birinci 6zdeger biiylidiikge, diisiik drneklem genisliklerinde alfa katsayismin yansiz bir kestirimi
olanaklidir. Bu ¢aligmada kullanilan simulasyonlar bootstrap teknigi ile birlikte Monte-Carlo yontemi lizerine kurulmugtur.

Anahtar sézciikler: Giivenirlik, drneklem genisligi, alfa katsayisi, Monte-Carlo, simiilasyon

1. INTRODUCTION

A major issue in psychometric studies is the precision of measurement, which is frequently
quantified by the reliability coefficients. The coefficient alpha, developed by Cronbach (1951), is the
most commonly used index for estimating the reliability of measurement instruments such as scales,
multiple item tests, questionnaires, or inventories (Raykov 1997) in the fields of psychology,
education, statistics, sociology, medicine, counselling, nursing, political science, and economics
(Cortina 1993). Cronbach (2004) reported that his 1951 article had been cited no less than 5,590 times
and, in recent years, had been cited approximately 325 times per year in the Social Sciences Citation
Index (Liu & Zumbo; 2007). In some of those studies, the sample coefficient alpha in Peterson’s meta-
analysis study (1994) on coefficient alpha is obtained from a small sample size (#<200). The general
view on this subject is that the sample coefficient alpha obtained from larger samples tends to produce
a more accurate estimate of the population coefficient alpha. In reliability literature, Kline (1986)
suggested a minimum sample size of 300, as did Nunnally and Bernstein (1994). Segall (1994) called
a sample size of 300 “small”. Charter (1999) stated that a minimum sample size of 400 was needed for
a sufficiently precise estimate of the population coefficient alpha. Charter (2003) has noted that with
low sample sizes alpha coefficients can be unstable. However, minimum sample size for the sample
coefficient alpha has been frequently debated due to the difficulty of data collection in psychometric
research.

Factor analysis prompts a similar debate. In factor analysis, there are several suggestions about
necessary sample size. However, MacCallum et al. (1999) declare that necessary minimum sample
size for factor analysis is dependent on the level of communalities of item variables. The approach by
MacCallum et al. (1999) can also be applied to the reliability coefficient in terms of principal
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component analysis or PCA. This current study investigates the effects of sample size and of the
magnitude of the largest eigenvalues obtained from PCA on the performance of an estimator of the
population coefficient alpha.

1.1. The Coefficient Alpha
The coefficient alTha, o, is used as a measure of internal consistency for a scale with k items.

Suppose X = [X 1 -+ X, | denotes a vector of k£ responses. The population coefficient o of the test is

k
given by

. k {1 ~ tr(Z)}

k-1 1'x1

where X is the variance-covariance matrix of the population data set, and 1 is a kx1 vector of 1s. The
sample counterpart of the population coefficient alpha is given by

G=_F [1_r®)
k-1 181

where S is the unbiased sample covariance matrix. The coefficient ¢ is also the maximum likelihood
estimate of the coefficient alpha when data are multivariate normal. Under the assumption of a
multivariate normal distribution, van Zyl et al. (2000) obtained the asymptotic distribution of the & as

Jn(@ -a)~ N0, §).

Here

2k’
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where n denotes sample size and & is the MLE of o (van Zyl et al. 2000; Yuan and Bentler, 2002).

The reliability coefficients (e.g. coefficient alpha) for composite tests are also a measure of first-
factor saturation of the data set (Crano and Brewer; 1973). Thus, standardized alpha based on a
correlation matrix of item scores is directly related to the eigenvalue of the first unrotated principal
component (Cortina 1993). Depending on this relation, Armor (1974) developed the coefficient theta,
6, as a version of the coefficient o

o=k |- L
k=1 4,

where 2, is the largest eigenvalue obtained from principal component analysis (PCA). Essentially, the

coefficient alpha is also calculated from the correlation mean ( p ) of (2} :

5
. —
1+ p(k—-1)
The magnitude of p is related to A, . In this study, the performance of the coefficient & was

investigated for different sample sizes and different values of ﬂ:] .

2. METHOD

2.1. The Design of Simulation

For sample size studies, Yuan et al. (2003) recommended that bootstrap estimates be used to
compute the & rather than asymptotic estimates. The bootstrap method uses raw data, whereas the

asymptotic method uses a covariance or correlation matrix that does not include any information
regarding sample size. Therefore, the bootstrap method was used and Likert-type normal data was
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generated by Box-Muller (1958) transformation in the simulation phase of this study. In the first stage
of simulation, D=10000 population data were generated (each of which included N = 5000
observations and different numbers of randomly determined variables) and the coefficient o and A,
obtained from PCA was calculated from each population data set. In the second stage of simulation,
for each population data set, 100 samples were drawn by simple random sampling with replacement
for each n=30, 100, 300, and 500. For each sample data set, bootstrap estimators of the coefficient a
and of the A; were computed. In the last stage of simulation, the relative bias (R-Bias) and relative root
mean square error (R-RMSE) were computed for every 100 samples (replication) in each sample size
level. The relative bias and the relative RMSE were computed for each estimator.

R - Bias(d ;) = ﬁi {—(aw - ap)}

J=1 b4
and
. 1 & (4, -a,)
R -RMSE(4,,) = —Z( w=%)
M = a,

where @ ,; is an estimator of the &, for the jth replication and ith sample size (i = 30, 100, 300, 500)
in the pth population data set (p = 1, 2,..., 10000), and M is the number of replications. In this study,
when the values of relative bias were less than 0.01 and the values of relative RMSE were less than
0.05, the estimator for the parameter was deemed acceptable. In this way, the performance of & for
each sample size (r=30, 100, 300, 500) may be observed. Another issue is the item numbers regarding
population data sets. Even though the item numbers were randomly determined in the simulation,
lower and upper limits for item numbers were determined in advance. Accordingly, they are partially

controlled as 5 < k < 20. Table 1 presents the frequency of item numbers in the D = 10000 population
data set generated.

Table 1: Item Numbers of Generated Data in Simulation

k frequency £k frequency k& frequency & frequency
5 621 9 637 13 627 17 594

6 623 10 661 14 634 18 652
7
8

627 11 614 15 610 19 621
635 12 620 16 630 20 594

The simulations in this study were performed the SIMREL software (Yurdugul, in press). A
modified form of this software application was developed for the simulation phases of this study. The
algorithm of this application is constructed as Figure 1. This software application, developed for
Microsoft operating systems, is coded in Visual Basic programming language. The more details of
SIMREL can be seen in Yurdugul (in press) by researchers.
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Figure 1: The simulation algorithm of SIMREL
3. FINDINGS

The results of the simulation were examined in two different ways. In the first approach, the

/il was considered as a continuous variable, 1 S/il < co. Thus, the behaviors of the R-RMSE and the
R-Bias values of coefficient alpha estimates were observed for each /il value in different sample sizes.

In the second approach, the A, values were categorized as discrete variables in order to investigate the
effects of both sample size and levels of the A, on the performance of the estimator.

In Figure 2, the relative bias increases with a decrease in sample size and in the largest
eigenvalue. The accuracy of the coefficient oo improved with larger sample sizes and higher values of

the j.l. According to the values of R-Bias (Figure 2) and R-RMSE (Figure 3), when n=30, the
magnitude of ﬂ:l had a critical role due to the robust estimator of coefficient alpha. Although the
suggested sample size for coefficient alpha is 300 in psychometric literature, it is observed in this
study that when n=300, the estimator coefficient alpha is biased for the small values of /il (Figure 2

and 3). However, when n = 500, whatever the value of il , the estimated coefficient alpha is more
precise.
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Figure 2: The performance of sample coefficient alpha with relative bias.
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Figure 3: The performance of sample coefficient alpha with relative RMSE.

In the second approach, the A, values were arbitrarily categorized as “small” when A <3,

“moderate” when 3 < 1 <6, and “large” when A > 6. The R-Bias and R-RMSE of the coefficient o
estimates were treated separately as dependent variables in the design of the ANOVA. In each
analysis, the independent variables were a) sample size, b) number of items (Table 1), and c) level of

the A, (/). Table 2 presents the results of the three-way ANOVA for R-Bias and R-RMSE, including
effect-size estimate (®) values.
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Table 2: Analysis of variance results for the R-Bias and R-RMSE in Monte Carlo study

Bias as dependent variables RMSE as dependent variables
Source df SS F P ® SS F P ®
n 3 345  2197.65  0.000 0.142 0.243 304295  0.000 0.186
k 15 0.04 5.55  0.000 0.002 0.002 484  0.000 0.002
/ 2 2.19  2093.86  0.000 0.095 0.179  3359.96  0.000 0.144
nxk 45 0.08 332 0.000 0.004 0.004 3.15  0.000 0.004
nx/ 6 1.69 53945  0.000 0.075 0.112 697.68  0.000 0.095
kx! 27 0.31 22.21 0.000 0.015 0.028 39.10  0.000 0.026
nxkx! 81 0.42 9.81 0.000 0.020 0.030 14.07  0.000 0.028
Error 39820  20.81 1.061

SS: Sum of squares; P: probability; w: effect size estimations, n: Sample size; k&: Numbers of item; /: Level of first eigenvalue

As seen in Table 2, all main effects and interactions were significant. The largest effect-size was
of sample size (o, = 0.142 for R-Bias and ®, = 0.186 for R-RMSE), followed by the level of
eigenvalue (®,= 0.095 for R-Bias and m,= 0.144 for R-RMSE).

As for interactions, the largest effect-sizes were observed in the sample size x level of first
eigenvalue interaction (w,; = 0.075 for R-Bias and o, = 0.095 for R-RMSE). The other effect-sizes
for the interactions and main effects were small, but they were statistically significant. Instead of the
post-hoc analysis for interactive effects, the graph of the interaction between sample size and the level
of the first eigenvalue for relative bias is given in Figure 4.
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Figure 4: The performance of sample coefficient alpha in levels of first eigenvalue.

According to the simulation results of this study, when A,;>6 (Level 3), the estimates of
coefficient alpha are unbiased for each sample size. However, the estimates of coefficient alpha are
only unbiased for data sets whose eigenvalue is 3<A <6 (Level 2) when n>100. Similarly, the
estimates of coefficient alpha are unbiased if sample size is larger than 300 when A, <3 (Level 1). On
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the other hand, when sample size is 500 or larger, the performance of the coefficient alpha estimator
behaves independently from the largest eigenvalue of the sample data set. When the sample size is
smaller than 500, the performance of the sample coefficient alpha also depends on the first eigenvalue
of the data set.

4. CONCLUSION

In literature regarding reliability, necessary minimum sample size for coefficient alpha is
commonly suggested as 200, 300, or 500. In this study, minimum sample size for estimating
coefficient alpha is dependent on the level of the first (largest) eigenvalue obtained from PCA. If the
value of that first eigenvalue of the sample data set is higher than 6.00, the sample coefficient alpha,
even when #=30, is an especially robust estimator of the population coefficient alpha. Similarly, if the
first eigenvalue is between 3.00 and 6.00, the required minimum #=100 will be adequate for an
unbiased estimator of coefficient alpha.

One of the limitations of this study is that the simulation is based on normal data. Yuan and
Bentler (2002) reported that the asymptotic distribution for the coefficient alpha estimates, obtained
based on a normal sampling distribution, is valid within a large class of non-normal distributions.
Given this, the findings of this study can further be extended for non-normal sampling distributions.
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GENISLETILMIiS OZET

Egitimsel ve psikolojik arastirmalarda Olgme araglarimin/sonuglarmin giivenirligi nemli
konulardan birisidir. Ozellikle birlesik 6lgmelerde tek bir teste iliskin ictutarliik anlamindaki
giivenirligin elde edilmesinde Cronbach (1951) tarafindan gelistirilen alfa katsayisinin yaygin bir
sekilde kullanildig1 goriilmektedir. Oyle ki; Cronbach (1951)’1n orijinal makalesine 2004 y1li itibari ile
5590 kere referans verilmis (Cronbach, 2004) ve Social Sciences Citation Index kapsamindaki
makalelerden ise yilda ortalama 325 kere referanslar verilmektedir (Liu ve Zumbo; 2007). Ancak
Peterson (1994)’1n Cronbach alfa katsayisina iliskin yaptig1 meta-analiz ¢caligmasinda bu katsayisinin
kiiclik 6rneklem genisliklerinden elde edildigini rapor etmistir. Oysa ki 6rneklem alfa katsayisinin
evren alfa katsayisini yansiz bir sekilde kestirebilmek icin bilyiik 6rneklem genisliklerine ihtiyag
duyuldugu ifade edilmektedir (Charter; 2003). Alfa katsayisina iligkin ideal minimum O6rneklem
genisligi konusunda da ilgili literatiirde yapilan oneriler ise; Kline (1986) bu 6rneklem genisligini (n=)
300 olarak agiklamis ancak Nunnally ve Bernstein (1994) ile Segall (1994) ise n=300 genisligini
“kiiclik” olarak nitelenmdirmislerdir. Diger taraftan Charter (1999) ise bu 6rneklem genisliginin 400
olmasi gerektigini ifade etmistir. Bu tartigmalarin temelinde ise egitimsel ve psikolojik alanda veri
toplama gligliigli yatmaktadir.

Diger taraftan; benzer bir tartisma uzun sitiredir faktor analizi i¢in yapilmigtir. Faktor analizi igin
yapilan farkli onerilerden sonra MacCallum vd. (1999) bu tiir mutlak 06l¢ii ile verilen 6rneklem
genisliklerinin bir kavram yanilgisi oldugunu, 6rneklem genisgliklerinin aslinda Slgmelerin ortak
varyanslarmin (communality) bir fonksiyonu oldugunu ifade etmistir. Oyle ki; kaliteli dlgmelerde
(yiiksek ortak varyansa sahip 0l¢meler) diisiik 6rneklem genisligi yeterli olabilmektedir (MacCallum
vd., 1999). Bu calisma da benzer sekilde ayni tartismay1 giivenirlik hesaplamasinda alfa katsayisi igin
yapmay1 amaglanmistir. Ancak bu ¢alismada MacCallum vd. (1999)’in aksine ortak faktor analizine
dayali olarak degil, alfa katsayisina iliskin 6rneklem genigliginin temel bilesenler analizinden elde
edilen en biiyiik 6zdegerin bir fonksiyonu olmasi {izerine kurulmustur. Bunun en 6nemli nedeni ise;
aslinda giivenirlik katsayilarinin 6zelikle 6lgme kiimesinin ilk faktdriinii 6l¢mesi (Crano and Brewer
1973) ve diger taraftan alfa katsayisinin ilk dondiiriilmemis 6zdegerin fonksiyonu olmasindan (Cortina
1993) kaynaklanmaktadir.

Caligmanin amacima uygun olarak, bootstrap yontemine dayali Monte-Carlo simiilasyonu
kullanilmigtir. Yuan vd. (2003) bu tiir orneklem genigligi ¢alismalarinda bootstrap yaklagiminin
asimtotik yaklasima gore daha gecerli oldugunu ifade etmistir. Simiilasyonlarda her biri N=5000
gbzleme sahip D=10000 adet normal dagilima uygun likert tiirii veriler elde edilerek bu veri kiimeleri
evren (population) olarak adlandirilmig ve her biri i¢in evren alfa katsayisi elde edilmistir. Daha sonra
her bir evrenden her bir 6rneklem genisliginde »=30, 100, 300, 500 basit rastgele 6rnekleme yontemi
ile 500 orneklem ¢ekilerek orneklem alfa katsayisi elde edilmis ve evren alfa katsayisi ile 6rneklem
alfa katsayist arasindaki tutarlilik incelenmistir. Bu incelemeler goreli yan (relative bias) ve goreli hata
(relative RMSE) degerleri ile gozlenmistir. Burada kestirimlere iliskin yanlilik ve hata degerleri 0
degerine ne kadar yakin ise 6rneklem alfa katsayisi, evren alfa katsayisinin o denli saglam kestiricisi
(robust estimation) oldugu ifade edilir. Bu ¢alismada yanlilik 6lgiitii olarak 0,01 ve RMSE 6lg.iitii ise
0,05 olarak alinmugtir.

Simiilasyon sonuglar1 iki asamali olarak incelenmistir. Bunlardan ilkinde farkli 6rneklem
genisliklerinde alfa kestiricisinin yanlilik ve hata degerlerinin veri kiimesinin birinci 6zdegerine gore
davranisi incelenmistir. Elde edilen sonuglara gore; Cizim 1 ve Cizim 2’de goriildiigii gibi; 6rneklem
genisligi en diisiik #=30 oldugunda eger birinci 6zdeger diisiik degerleri ise bu durumda alfa kestiricisi
saglam bir kestirici (robust estimator) ve/veya tutarli bir kestirici olmadig1 goriilmektedir. Ancak #=30
olmasina ragmen birinci 6zdeger artikca alfa kestiricisi daha saglam kestirici 6zelligine yonelmekte ve
daha tutarli davranmaktadir. Ozellikle birinci 6zdeger > 10 oldugunda &rneklem genisligi n=30 olsa
bile 6rneklem alfa katsayisinin evren alfa katsayisi ile ayni degeri almakta oldugu goézlenmistir.
Benzer sekilde; birinci 6zdeger 1’e dogru yaklastikga n=30 6rneklem enisliginde ¢ok tutarsiz sonuglar
elde edilmistir. Cizim 1 ve Cizim 2’nin diger grafiklerinde de goriildiigii gibi; 6rneklem genisligi
arttikca, 6zellikle =500 oldugunda tiim alfa kestirimleri yaklasik hatasiz olarak elde edilmistir.
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Calismanin ilk asamasinda birinci Ozdegerin siirekli bir degisken olarak kabul edildigi
durumlarda 6rneklem alfa katsayisinin tutarligi incelenmisti. Calismanin ikinci asamasinda ise; birinci
0zdegerin degerleri (yorumlamayi kolaylastirmak ve etkileri/etkilesimleri inceleyebilmek amaciyla)
yapay bir sekilde kategorik hale getirilmis ve orneklem alfa katsayisinin tutarligi {izerindeki cesitli

faktorlerin etkileri incelenmistir. Bunun igin birinci 6zdeger a) diisiik (;21 <3),b=orta (3 < /il <6),

ve ¢) genis (ﬂ:] > 6) olarak smiflanmistir. Buna gore; birinci 6zdeger 3 farkli diizeyde (/=diisiik, orta,

genis), orneklem genisligi (n=30, 100, 300,500) 4 farkh diizeyde ve madde sayilari ise 16 (Tablo 1)
farkli diizeyde ele alinarak 6rneklem alfa kestirimlerindeki yanlilik ve RMSE degerlerine gore etkileri
varyans analiz (ANOVA) yontemi ile incelenmistir (Tablo 2). Elde edilen sonuglara gore; drneklem
alfa katsayisinin tutarli kestirimleri {izerinde test edilen tiim degiskenler istatistiksel olarak anlamli
iken en 6nemli etki ve etkilesimlerin sirasiyla 6rneklem genisligi (n) ve birinci 6zdeger diizeyi (/) ve
her iki degisken arasindaki etkilesim (n#x/) oldugu gdriilmiistiir. Bu sonug bir dnceki agamada elde
edilen bulgular1 tamamen desteklemektedir.

Sonug olarak; 6rneklem alfa katsayisinin evren alfa katsayisinin tutarl bir kestirimi i¢in gerekli
olan minimum 6rneklem genisligi i¢in mutlak bir deger dnerilemeyecegi, ciinkii saglam ve tutarli bir
kestirimin 6rneklem genisliginin yani sira 6lgme kiimesinin birinci 6zdegerine bagli oldugu ortaya
konmustur. Bununla birlikte yapilan simiilasyon sonucunda eger birinci 6zdeger > 6,00 ise n=30,
birinci 6zdeger 3,00 ile 6,00 arasinda ise =100, birinci 6zdeger<3,00 ise n>300 6rneklem genislikleri
yansiz bir alfa katsayis1 kestirimi i¢in yeterli olarak goézlenmistir.

Bu caligmadaki veri kiimesi normal dagilima uygun olarak {iretilmistir. Yuan ve Bentler (2002)
asimptotik yaklasima dayali ve normal veriler iizerinde yaptiklar1 simiilasyon c¢alismasinda elde
ettikleri sonuglarin normal olmayan dagilimlar i¢inde gegerli oldugunu ifade etmislerdir. Benzer
olarak; bu caligmada elde edilen sonuglarda normal olmayan veri kiimeleri i¢in genigletilebilir.



