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Statistics notes
Cronbach’s alpha

J Martin Bland, Douglas G Altman

Many quantities of interest in medicine, such as anxiety
or degree of handicap, are impossible to measure
explicitly. Instead, we ask a series of questions and
combine the answers into a single numerical value.
Often this is done by simply adding a score from each
answer, For example, the mini-HAQ) is a measure of
impairment developed for patients with cervical
myelopathy.' This has 10 items (table 1) recording the
degree of difficulty experienced in carrying out daily
activities. Each item is scored from 1 (no difficulty) to 4
(can’t do). The scores on the 10 items are summed to
give the mini-HAQ score.

When items are used to form a scale they need to
have internal consistency. The items should all measure
the same thing, so they should be correlated with one
another. A useful coefficient for assessing internal con-
sistency is Cronbach’s alpha.* The formula is:
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where £ is the number of items, s? is the variance of the
ith item and s}is the variance of the total score formed
by summing all the items. If the items are not simply
added to make the score, but first multiplied by weight-
ing coeflicients, we multiply the item by its coefficient
before calculating the variance s;. Clearly, we must have
at least two items—that is 2>1, or a will be undefined.

The coefficient works because the variance of the
sum of a group of independent variables is the sum of
their variances. If the variables are positively correlated,
the variance of the sum will be increased. If the items
making up the score are all identical and so perfectly
correlated, all the s? will be equal and s} = #° 5%, so that
¥s¥/s3=1/kand a = 1. On the other hand, if the items

Table 1 Mini-HAQ scale in 249 severely impaired subjects

Item Mean score 8D of score s,
Stand 2.96 1.04

Get out of bed 2,57 11

Cut meat 2.91 112
Hold cup 2.4 1.06
Walk 2,64 1.04
Climb stairs 3.06 104
Wash 325 i 1.0t

Use toilet 259 1.09
Open a jar 2.86 1.02
Enter/leave car 2.80 1.03
Mini-HAQ 28.06 ;=880

are all independent, then 5= Xs; and a = 0. Thus «
will be 1 if the items are all the same and 0 if none is
related to another.

For the mini-HAQ example, the standard devia-
tions of each item and the total score are shown in the
table. We have Ys?=11.16, s3=77.44, and &k = 10.
Putting these into the equation, we have

u__x(l 1116) 09

which indicates a high degree of consistency.

For scales which are used as research tools to com-
pare groups, a may be less than in the clinical situation,
when the value of the scale for an individual is of inter-
est. For comparing groups, a values of 0.7 to 0.8 are
regarded as satisfactory. For the clinical application,
much higher values of a are needed. The minimum is
0.90, and ¢ =0.95, as here, is desirable.

In a recent example, McKinley et al devised a ques- 3
tionnaire to measure patient satisfaction with calls
made by general practidoners out of hours This :
included eight separate scores, which they interpreted
as measuring constructs such as satisfaction with com- :
munication and management, satisfaction with doc-
tor’s attitude, etc. They quoted a for each score, ranging Q
from 0.61 to 0.88. They conclude that the question- i
naire has satisfactory internal validity, as five of the S
eight scores had a >0.7.In this issue Bosma ef al report 1
similar values, from 0.67 to 0.84, for assessments of >
three characteristics of the work environment. *

Cronbach’s alpha has a direct interpretation. The
items in our test are only some of the many possible
items which could be used to make the total score. If we
were to choose two random samples of % of these pos-
sible items, we would have two different scores each
made up of % items. The expected correlation between
these scores is a.
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