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164 Coefficient of Concordance 

of measurement uses, and consequently it should

be viewed within a much larger system of reliabil—

ity analysis, generalizability theory. Moreover,

alpha focused attention on reliability coefficients
when that attention should instead be cast on

measurement error and the standard error of
measurement.

For Cronbach, the extensiou of alpha (and clas-

sical test theory) came when Fisherian notions of

experimental design and analysis of vat'ial‘iCe were

put together with the idea that some “treatment"
conditions could be considered random samples

from a large universe, as alpha assumes about item

sampling. Measurement data, then, could be col-
lected in complex designs with multiple variables

(e.g_., items, occasions, and rater effects) and ana-

lyzed with random—effects analysis of variance

models. The goal was not so much to estimate

a reliability coefficient as to estimate the compo

nents of variance that arose from multiple vari-
ables and their interactions in order to account for

observed score variance. This approach of parti-

tioning effects into their variance components pro-

vides information as to the magnitude of each of

the multiple. sources of error and a standard error

of measurement, as well as an “alpha—like" reliabil~

ity coefficient for complex measurement designs.

Moreover, the variance—ctnnponent approach

can provide the value of “alpha" expected by

increasing or decreasing the number of items {or
raters or occasions} like those in the test. In addi-

tion, the proportion of observed score variance

attributable to variance in item difficulty (or, for

example, rater stringency} may also he com-

puted, which is especially important to contem—

porary testing programs that seek to determine
whether examinees have achieved an absolute,

rather than relative, level of proficiency. Once

theSe possibilities were envisioned, coefficient

alpha morphed into generalizability theory, with

sophisticated analyses involving crossed and

nested designs with random and fixed variables

{facets} producing variance components for

multiple measurement facets such as raters and

testing occasions so as to provide a complex
standard error of measurement.

By all accounts, coefficient alpha—Cronbach's

alphafihas been and will continue to be the mosr

popular method for estimating behavioral

measurement reliability. As of 2004, the 1951
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coefficient alpha article had been cited in more

than 5,000 publications.

jeffrey T. Steedle and Richard]. Sbaeelson

See also Classical Test Theory; Generalizability Theory;

Interim] Consistency Reliability; KR-ZO; Reliability;

Split-Half Reliability
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COEFFICIENT OF CONCORDANCE 

Proposed by Maurice G. Kendall and Bernard

Babington Smith, Kendall‘s coefficient of concor—

dance (W) is a measure of the agreement among

several (ml quantitative or scmiquantitative varis

ables that are assessing a set of n objects of inter-

est. In the social sciences, the variables are often

people, called judges. assessing different subjects
or situations. In community ecology, they may be

species whose abundances are used to assess habi—

tat quality at Study sites. In taxonomy, they may

be characteristics measured over different species,

biological populations, or individuals.

There is a close relationship between Milton

Friedman‘s two—way analysis of variance without

replication by ranks and Kendall‘s coefficient of
concordance. They address hypotheses concerning

the same data table, and they use the same x3 sta-

tistic for testing. They differ only in the formula~

tion of their respecrive null hypothesis. Consider
Table l, which contains illustrative data. In Fried‘

man‘s test, the null hypothesis is that there is no

f 
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Coefficient of Concordance 165 

Table I ll|u5trative Example: Ranked Relative Abundances of Four Soil Mite Species (Variables) at 10 Sites (Objects)
Rtmks (coiunm-ttuse) Sun: of Ranks 

  
Species 1 i Species 1-? Species 1.5 Species 2.3 R,

Site 4 S 6 3 5 19.1}

Site 9 111 4 8 J. 24.1}

Site 14 7 8 5 4 24.0

Site 23 8 It) 9 2 29.0

Site 31 ii 5 7 6 24.0

Site 34 9 3’ 10 7" 33.0

Site. 43 3 3 2 8 16.0

Site 53 1.5 2 4 9 16.5

Site 61 1.5 l l 2 5.5

Site 69 4 9 o 10 29.11

.‘irmrce: Legendre. P. 12005} Species associations: The Kendall coefficient of concordance revisited. journal! of.—1gricnimml,

Biological. (3‘ Environmental Statistics. 11?. 231}. Reprinted with permission from thcjonrnal rif'Agrit'nlmnn'. Biological. ci-
lim'i'rwmicntm' Statistics. Copyright 21105 by the American Statistical Association. All rights reserved.

Notes: The ranks are computed colnmnwisc with ties. Right-hand column: sum of live ranks for each site.

real difference among the H obiects (sites, rows Of

Table 11 because they pertain to the same Statisti—

cal population. Under the null hypothesis, they

should have received random ranks along the vari—

ous variables, so that their sums of ranks should

be approximately equal. Kendall's tCSt focuses on

the or variables. 1f the null hypothesis of Fried-

man’s test is true, this means that the variables

have produced rankings of the obiects that are

independent of one another. This is the null

hypothesis of Kendall’s test.

Computing Kendall‘s W

There are two ways of computing Kendall‘s W sta-

tistic {firsr and second forms of Equations 1 and

2); they lead to the same result. S or S’ is computed

first from the row-marginal sums of ranks R,

received by the objects:

I!

5 : Elli—iii]: mst l ;:R-= 55R {1)

where S is a sum-oi-squarcs statistic over the row

sums of ranks Ry, and F is the mean of the R,

values. Following that. Kendall‘s W statistic can be

obtained From either of the following formulas:

l 23
W = —-—.—--——-—-

mliir‘ # it} — mi"

01'

W = 125’1f3iriln(ri 4- Hi {2)
”Pin" — n1 — mT

where n is the number of objects and m is the
number of variables. T is a correction factor For

tied ranks:

.k'

T = Zn; —rn. (3i11-..1

in which It. is the number of tied ranks in each (it)

of g groups of ties. The sum is computed over all

groups of ties fOund in all or variables of the data
table. T = 0 when there are no tied values.

Kendall‘s W is an estimate of the variance of the

row sums of ranks R,- divided by the maximum

possible value the variance can take; this occurs

when all variables are in toral agreement. Hence

0 5 W5 1, 1 representing perfect concordance. To

derive the formulas for W {Equation 2), one has to

know that when all variables are in perfect agree—
ment, the sum of all sums of ranks in the data table

(right—hand column of Table l) is mntn + 11/2 and

that the sum of squares of the sums of all ranks is

mini” + ”1fo i 1116 (without ties).

There is a close relationship betWeen Charles

Spearman's correlation coefficient r3- and Kendall‘s

W statistic: W can be directly calculated from the

f 
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