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Introduction

Across education research, Cronbach's alpha (a) [1]
has been our default estimator of ‘internal consistency’
and ‘reliability’ (henceforth: r), despite longstanding
critique including from Cronbach himself ([2], p. 397):
“It is an embarrassment to me that the formula became
conventionally known as Cronbach's a.” Basically, a is
a function of the number of items or assessors (k) and
the intraclass correlation (ICC):

a¼ ðk � ICCÞ=½1þ ððke1Þ � ICCÞ�

The idea behind ICC here is that differences between
respondents create a constant standard deviation (SD) of
scores across k and a constant correlation (r) across
pairs of k proportional to these differences. The benefits
of this compound symmetry (CS) structure e being
simpler and less sample-size demanding than more
flexible alternatives e are often outweighed by inade-
quate ICC- and r-estimates.

Underestimated r, overestimated k

Although r and a are widely interpreted as measures
of consistency, r ¼ 1 results in a ¼ 1 only if all k have
the same SD; apart from this unrealistic case, we find
horrors. For two items A and B with r ¼ 1, we find

a¼ 0.960 if SDA is 1.5 times SDB and a¼ 0.889 if SDA

is 2 times SDB. For a measure of consistency, which
should equal 1 if r ¼ 1, this tendency is deeply unset-
tling. Furthermore, when k > 2 (as usual), heterogeneity
in r across pairs of k constitutes a second source of
distortion in the estimation of r by a. In practice, both
types of heterogeneity often result in r being under-
estimated and, consequently, k needed to achieve a
desired r being overestimated (i.e., more items or as-
sessors than needed). Several alternatives to a have
been proposed (for an overview, see Ref. [3]). Here, I
focus on two alternatives that are easy to compute in
software packages that also report a. One of these is
McDonald's omega (u) [4], and another is a variant of a
that allows SD to vary across k (henceforth: aSDA). This
structure is also known as CS heterogenous (CSH).

Adjusted a and McDonald's u as alternatives to a

The aforementioned problem of two items with r¼ 1
resulting in a < 1 due to varying SD can be easily cir-
cumvented by using aSDA: using CSH instead of CS, we
find a ¼ 1 if r ¼ 1 regardless of the difference in SD
between items. If k > 2 and differences in r across item
pairs are small, aSDA provides an easy alternative to a;
they will yield very similar results whenever SD dif-
ferences are small but can differ substantially when SD
differences are moderate or large. For instance, for two
items with r ¼ 0.7, we find a ¼ 0.824 with equal SD,Peer review under responsibility of AMEEMR: the Association
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a¼ 0.786 if SDA is 1.5 times SDB, and a¼ 0.719 if SDA

is 2 times SDB. Using aSDA, we find 0.824 in all cases.
Using a, to achieve r ¼ 0.9, we would recommend:
k¼ 4 with equal SD, k¼ 5 if SDA is 1.5 times SDB, and
k ¼ 8 if SDA is 2 times SDB. Using aSDA, our (correct)
advice would be k ¼ 4 in all cases, half the number of
items or assessors compared to a if SDA is 2 times SDB.

We can compute aSDA through a mixed-effects linear
model using CSH or by computing a on standardized
item scores. In the mixed-effects approach, the esti-
mated ICC can be used as input in the aforementioned
a-formula. In the standardization approach, we simply
transform observed item scores into z-scores, after
which all items have the same SD (i.e., 1). These two
methods should yield the same result when k¼ 2, while
the mixed-effects approach tends to be slightly more
accurate when k > 2.

Although aSDA accounts for varying SD, it does not
account for heterogeneity in r across item pairs. If the
latter is moderate or large, aSDA may also result in
inappropriate estimates of r, and u provides a better
alternative that is available in various statistical pack-
ages including the zero cost Open Source Jamovi [5]
and JASP [6]. However, greater flexibility (i.e., ac-
counting for heterogeneity in both SD and r) comes at
the cost of a higher demand on sample size. Although
there is some discussion on recommended sample sizes,
and sample size demands tend to increase with the
number of items, it is probably better not to use u when
the sample size is N < 100, even if only three or four
items are concerned. However, where sample sizes are
much smaller than that, r estimation may altogether
become tricky business. Finally, one vital assumption
underlying a and its alternatives is that the items over
which it is computed can be conceived as indicators of
the same variable of interest, and this assumption is to
be tested with psychometric methods such as item
response theory or factor analytic models. Computing
a, aSDA or u over items that measure different things
(e.g., knowledge vs. skill, or a series of different OSCE
stations for that matter) is generally not recommended.
For a more detailed technical discussion of this matter,
see for instance Chapters 3 and 13e17 in my new
book [7].

Recommendation

All statistics have in common that they are useful
under a set of assumptions but can become useless in the
face of substantial departures from at least one of these
assumptions. Although a, aSDA, and u may yield very
similar r-estimates (i.e., differences in the third or

fourth decimal) whenever departures from CS are
small, they tend to diverge when departures from CS are
more substantial. While aSDA provides an easy alter-
native to a in the face of substantial SD differences, u is
probably the best alternative when there is substantial
heterogeneity in r and the sample size is large enough.
When in doubt, report all three coefficients, along with
item SDs and a correlation matrix, and let the reader
decide which coefficient to trust.
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