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The coefficient of variation (V) is a statistical measure commonly used for com-
paring diversity in work groups. It has been employed by organizational research-
ers to index the relative internal variability of top-management teams, task
groups, boards of directors, departments, and other social aggregates on numer-
ous dimensions. Commenting on its widespread application, this article reviews
cautions and pitfalls associated with its use for this purpose. Research implica-
tions associated with using V are also discussed.

It is generally recognized that workforce diversity in the United States will increase
well into the next century. Accordingly, organizational researchers have turned their
attention to developing ways of identifying and accentuating the positive benefits
while simultaneously minimizing the negative effects of demographic diversity on
work group dynamics (e.g., Milliken & Martins, 1996; Pelled, 1996; Shaw &
Barrett-Power, 1998; Tsui & Gutek, 1999). In doing so, researchers have conceptual-
ized and measured diversity in various ways (Lawrence, 1997). The purpose of this
article is to highlight cautions and pitfalls associated with the use of a popular statisti-
cal index, the coefficient of variation (V), for comparing diversity across work groups.
We suggest that the selection of this index for measuring relative variation between
groups appears to be based on common practice rather than sound methodological
considerations. As we will show, failure to appreciate these cautions and pitfalls could
have research implications.
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The Coefficient of Variation Defined

According to Williams and O’Reilly (1998), V is among the most commonly used
statistics for assessing the consequences of group-based demographic differences in
organizations. As an indicator of diversity, V has been used by organizational research-
ers to index and compare the internal variability of top-management teams, task
groups, boards of directors, departments, and other social aggregates on numerous
dimensions. As typically estimated, V for a sample is defined as a proportion, V = s/x
(Equation 1), where s designates the sample standard deviation and X is the sample
(arithmetic) mean such that x # 0." Thus, V indicates how large within-group differ-
ences among scores on a response variable tend to be in comparison to their average
magnitude. In finite populations or samples, V has a lower bound of zero, indicating
complete uniformity, and a natural upper bound defined by Equation 1, which as dem-
onstrated by Martin and Gray (1971, Equation 4) simplifies to vn —1, where n is sam-
ple size, when all cases have zero values save one (i.e., a social aggregate in which only
one member possesses the dimension under consideration). Because s/x may be a
small quantity, some sources express V as a percentage by multiplying the right-hand
side of Equation 1 by 100. This, however, may be inappropriate because, as a function
of n, V can exceed unity (Martin & Gray, 1971).

In so much as the variance and standard deviation of a frequency distribution are
dependent on the magnitude of their corresponding data, they are considered absolute
measures of dispersion. In counterpoint, V was specifically invented to eliminate the
influence of absolute size on variability (e.g., to compare variability in the body weight
of males and females; Pearson, 1897). It does so by indexing the dispersion of adata set
relative to its own mean. Furthermore, in that s and x are expressed in identical units, V
is divorced from any scale or unit of measurement; that is, given that the numerator and
denominator for V are dimensionally equivalent, their units of measurement cancel
(Simpson, Roe, & Lewontin, 1960, p. 90). The fact that V has no units underscores that
it is a relative measure and considered a pure number, independent from units of any
measure.

Sensitivity to Scale

Given that Vis scale free, multiplying each input (x) from which Vis computed by a
constant (k) will leave its value unchanged (i.e., x — kx, k > 0). This occurs because
uniform increases (or decreases) in scale (e.g., changing measurement units from
inches to centimeters) do not constitute a real change in a frequency distribution’s
shape or form. Correspondingly, as all inputs are increased by the same proportion,
their relative differences remain the same and, thus, so does the value of V (Stine,
1989).

Sensitivity to Location

Whereas V is invariant under multiplication by a constant, it is not invariant to scale
transformations that involve adding (or subtracting) a constant to each input (i.e.,x —>x
+ k, k# 0). When a positive constant is added to the inputs from which V is computed,
the mean of each input increases, yet the standard deviation of the inputs’ underlying
distribution remains the same. Consequently, although the degree of dispersion is
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unchanged, Vdecreases as the mean value of its inputs increases relative to their under-
lying distribution’s standard deviation. For this reason, it is generally advised that V
may be meaningfully calculated only for ratio-scale variables, such as annual income
in dollars, having a true (i.e., naturally occurring) fixed zero-point (Allison, 1978). V
may yield a spurious value when applied to variables measured on an interval scale,
such as political attitudes or occupational status, whose means and standard deviations
are established by arbitrary convention, or variables measured on either an ordinal
scale, such as rankings, or a nominal scale, such as race or religion, for which ratios
between numbers are meaningless (Agresti & Agresti, 1977; Allison, 1982).

The Coefficient of Variation: Problems in Application

As an index of diversity, V has been widely used in the fields of economics and soci-
ology to compare social inequality across nations, cities, and other social aggregates.
Inspired by Pfeffer’s (1981, 1983) theoretical essays describing the likely effects of
demographic diversity on work group dynamics, organizational researchers have since
compared the consequences of different demographic distributions on a wide array of
work-related outcomes (see, e.g., Carroll & Harrison, 1998). In addition to measuring
income inequality, V has been used by organizational researchers to compare variation
across work groups on such ratio-scale variables as employment levels (measured as
number of employees), and demand stability and return on assets (both measured in
dollars). Our review of the demographic diversity literature suggests, however, that
although Vhas been used appropriately in such instances, both analytical and theoreti-
cal considerations have been seemingly overlooked in other applications. We address
two analytical considerations: using V with datareflecting a less than ratio-level struc-
ture, and adjusting for differences in n when using V to compare diversity across differ-
ent size groups. Commenting on the theoretical underpinnings most commonly used
to explain demographic diversity effects, we then question whether V should be used to
index the relative internal variability of work groups.

Level of Measurement

As measurement techniques are transmitted over time, details relating to their
application are sometimes inadvertently omitted, new information is overlooked, and
errors in reporting become solidified (Bedeian, Armenakis, & Randolph, 1988). The
impact of these errors may remain undetected as they are disseminated throughout a
discipline, even in the face of counterfactual information. The unqualified notion that
V is an appropriate measure for interval-level data appears to be such a case.

Interval-level measurement allows for the analysis of differences between vari-
ables, but does not generally permit the study of their proportionate magnitudes (i.e.,
ratio comparisons).> Allison (1978), among others, has noted that this typically rules
out the use of V with interval-level data, which by definition have arbitrary zero points
and ranges. Confusion over this in the demographic diversity literature seems wide-
spread. For example, one finds V described as “a measure of dispersion for inter-
val-scaled data” (Wiersema & Bird, 1993, p. 1010). Interestingly, Allison (1978) is
often cited to support the assertion that because V is scale invariant, it is preferred to a
sample’s standard deviation or variance for use with interval-level variables (e.g.,
Boeker, 1997; Jackson et al., 1991; Wiersema & Bantel, 1992). Although Allison
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(1978) acknowledges that standard deviation and variance statistics are not scale
invariant, he does not conclude that Vis preferred for variables measured on an interval
scale.

In organizational research, common perceptual and attitudinal variables such as
intended turnover or job involvement are generally measured at best on an interval-
rather than ratio-scale. Using V to describe work group variability with regard to inter-
val-scale datarelating to such response variables is a case in point. For example, Harri-
son, Price, and Bell (1998) presented results of an investigation into the impact of atti-
tudinal diversity on group social integration. They hypothesized that time would
enhance the effects of attitudinal diversity (i.e., variability in a work group’s overall
satisfaction, organizational commitment, satisfaction with supervision, and work sat-
isfaction) on group cohesiveness and used V to index group variability on all four atti-
tudinal variables. Elsewhere, in a study of the relationship between values and organi-
zation structure, Hinings, Thibault, Slack, and Kikulis (1996) computed V scores to
assess within-group unanimity across 35 amateur sports organizations for a set of
seven organizational values (e.g., commitment to professional involvement, commit-
ment to government involvement).

Although the application of Vto variables measured on an interval-level for the pur-
pose of comparing relative variation between groups is generally inappropriate,
Allison (1978) does show that even in the absence of identical means, such compari-
sons can be valid under certain circumstances. These circumstances arise in compari-
sons of inequality for two distributions that are each measured from the same arbitrary
zero point and on a common interval scale. Moreover, it must be assumed that there is a
non-negative ratio scale underlying the interval scale being observed. Given that spe-
cific algebraic inequalities are satisfied, a test for differences in relative variation
across distributions can be conducted (Allison, 1978; Equation 14). As an example,
Allison (1978) cited the case of social power (i.e., occupational status) measured on an
interval scale. He suggested that whereas zero power or powerlessness is a meaningful
concept, negative power or occupational status is not. Accordingly, he concluded that
it is reasonable to assume that a non-negative ratio scale underlies the measurement of
social power when operationalized as occupational status. Using data on racial
inequalities, Allison (1978) showed that occupational status was more unequally dis-
tributed among a sample of Black females than among a sample of White females.
Once again, this assumes that a non-negative ratio scale underlies occupational status,
an assumption with which some may not agree.

Although the preceding discussion has focused on instances where interval-level
data were involved, examples may also be cited wherein nominal-level and dichoto-
mous measures have been used to calculate and compare Vs for such variables as edu-
cational background (e.g., Haleblian & Finkelstein, 1993) and heterogeneity of
top-management team tenure (e.g., Wiersema & Bantel, 1992). Whereas diversity
measures for nominal data are available, it is generally recommended that they not be
considered equivalent to measures applied to ratio-level data. Not being scale invari-
ant, their values are quite sensitive to the number and construction of their underlying
categories and are, thus, more similar to measures of dispersion than diversity
(Allison, 1981).
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Comparisons of Variability Across Groups of Differing Size

Depending on one’s theoretical perspective, a second potentially problematic con-
sideration involves comparing Vs across groups of differing size. Because the maxi-
mum value of V'is a function of n, some have suggested normalizing or adjusting such
comparisons for differences in sample or group sizes (Martin & Gray, 1971). Given
that the upper limit of Vis +'n —1,awork group in which N= 5 may thus receive a lower
variation value than a larger group in which N = 10 simply due to its size and, conse-
quently, because the upper limit of Vis 2.00 in the first group but 3.00 in the second. At
the same time, as Smithson (1982) notes, when using V for comparative purposes, the
point is not to simply set an upper limit, but to ensure that the same variation value is
obtained when comparing groups whose sole difference is sample size. This prompted
Smithson (1982) to create V”, defined as follows:

(g

(o))

where Q; equals the ith data value in a set of researcher specified N values that produce
the maximum variation in a response variable. V” ranges from zero to unity and, thus,
may be interpreted as a proportion of its maximum possible value. Moreover, because
V” is normalized with respect to n, it yields the same value when comparing groups
that differ only in sample sizes.

Accessing the literature indexed by UnCover and in the Web of Science using
“coefficient of variation” as a key term, as well as cross referencing bibliographies and
literature reviews (e.g., Tsui & Gutek, 1999; Williams & O’Reilly, 1998), we were
able to identify 36 studies published between 1984 and 1999 on work group diversity.
V was used as a measure of diversity in 29 of these studies. The studies may be charac-
terized as focusing on top-management teams, work groups/units, and project/product
teams. Table 1 summarizes the attributes included in these studies, as well as the spe-
cific effects analyzed. Tenure (organization and team) was the most often analyzed
attribute, with age being the second most frequently studied. Other attributes investi-
gated included cultural values, functional background, attitudinal diversity, and edu-
cation level. Mean group sizes and standard deviations varied across all studies for
which this information was provided. None of the studies corrected for n in computing
Vs for groups of different sizes.

To appreciate the impact of sample size on V across groups (e.g., work teams, where
nusually varies), consider the relative diversity of four groups with identically distrib-
uted scores (on a 7-item ratio measure with anchors thatrange from 0 to 5) but differing
sample sizes. The sample size, scores, mean, and standard deviation for each group are
given in Table 2 and are as follows: Group A (x = 28.0, s = 7.00, n. = 3); Group B (x =
28.0,5=6.26,n=6); Group C (x=28.0,5=5.99, n=12); GroupD (x=28.0,5=5.84, n
=24). Despite having the same central tendency and score distributions, their varying
sample sizes result in different standard deviations and, thus, varying Vs. As also
shown in Table 2, calculating Vs for the four groups yields the values .25, .22, .21, and
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Table 2
The Impact of Sample Size on V Across Groups

Group n Scores M SD \Y V(n) v

A 3 21,28, 35 28.0 7.00 .25 .18 44
6 21, 21 28.0 6.26 .22 10 44
28, 28
35,35
C 12 21,21, 21, 21 28.0 5.99 21 .06 44
28, 28, 28, 28
35, 35, 35, 35
D 24 21, 21,21, 21 28.0 5.84 .20 .04 .44
21,21, 21, 21
28, 28, 28, 28
28, 28, 28, 28
35, 35, 35, 35
35, 35, 35, 35

.20, respectively. For comparison purposes, these values were divided by vn—1 to
account for their conventional maxima (Martin & Gray, 1971), yielding normalized Vs
or V(n) values of .18, .09, .06, and .04, respectively. This contrasts with sample-size
corrected Vs (i.e., V”s) for all four groups that equal .44. Thus, when used for compara-
tive purposes, V (whether normed or unnormed) may misrepresent the actual unifor-
mity among groups whose sole difference is sample size.

With groups in some studies ranging widely in size and in other studies group size
not reported, it is possible that the reported Vs offer a different picture of the diversity
present within the groups than would V”. As the preceding illustration demonstrates,
as sample sizes across groups increase, corrections for n exert less influence. The
grand mean of the sample sizes reported in Table 1 is 6.69, a small enough r such that
V” would differ from V. Of course, the exact conditions under which using V” instead
of V would impact study results needs further investigation, preferably in controlled
simulations. Our position is simply that, because the group size adjustment is avail-
able, its computation would be recommended until such time that simulation results
suggest otherwise.

Should V Be Used to Assess Demographic Diversity?

Growing out of the organizational demography research tradition, diversity studies
have tended to focus on generic demographic variables, such as age, race, gender, ten-
ure, and education, that traditionally have been theorized to correlate with behavior.
Because individuals can differ along myriad dimensions, other variables (e.g., income,
marital status, exempt/nonexempt, religion) have also been considered by researchers
studying organizational diversity.” The theoretical underpinnings most commonly
used to explain diversity effects, social integration and cognitive diversity (see Carroll
& Harrison, 1998), are rooted in the idea that demographic variability systematically
influences members’ social or task interactions so as to affect work group functioning.
In calculating empirical associations between demographic variability and such out-
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comes, organizational researchers have sought to determine which differences make a
difference in group functioning.

The exact details of how these differences affect particular work group outcomes
are seldom articulated (Lawrence, 1997). Moreover, as observed by Carroll and Harri-
son (1998, p. 637), many of the explanations that have been advanced are seemingly
based on “questionable and unstudied assumptions.” For instance, when organiza-
tional researchers employ V to compare diversity in age, tenure, or education across
work groups, they are implicitly treating age/tenure/education at opposite ends of a
frequency distribution as different in order or magnitude, essentially implying that
diversity in these attributes has a negatively accelerating effect (D. A. Harrison, per-
sonal correspondence, January 22, 1999).

To illustrate this point, consider the use of V to index age diversity across two work
groups. Suppose two groups are of the same size and their age scores have identical
standard deviations, 4.0. In the first group, the mean age is 21 years; however, in the
second, the mean age equals 55. Applying the formula for V, one finds that despite
identical standard deviations (within-group dispersion), the resulting values for V will
be different, .190 and .073, respectively, indicating that age diversity in the younger
group is more than 2.60 times that in the older group. This means that to have the same
impact in diversity terms, as gauged by V, there must be greater age differences (i.e.,
greater dispersion) among a group of older workers as compared to a group of younger
workers. Mathematically, the reason for this result is obvious. Whereas the groups’
standard deviations (which measure each group’s internal variability) are identical,
their age scores (which in no way measure internal variability) cluster around different
means.

There may be cases in which there are theoretical reasons for assuming that age
diversity has a negatively accelerating effect. In such cases, because there is support-
ing theory, scale invariant indices such as V may be useful. In the absence of theory
explaining why “units of age” for younger workers have a different meaning than for
older workers, however, using V is inappropriate. Of course, although we selected age
to demonstrate conceptual problems with using V, the same caution applies to other
demographic variables (e.g., tenure, years of education, months of experience in an
industry or with a company).

As noted, the theoretical framework most commonly invoked to explain diversity
effects, social integration and cognitive diversity, are based on the notion that demo-
graphic variability systematically influences members’ social or task interactions so as
to influence work-related outcomes. Within these theoretical perspectives, demo-
graphic distinctions among individuals reflect differences without implying order or
magnitude. As a consequence, the empirical relations underlying such distinctions
cannot be mapped onto groups to form a meaningful numerical structure (Stine, 1989).
Thus, despite differences, groups cannot be arrayed in terms of the dimensions on
which diversity is calculated, because the dimensions themselves cannot be arranged
in a defined order that connotes more, higher, or greater. This is easily understood in
connection with variables like gender, which may be coded as either male or female,
with neither designation reflecting an inherent ordering nor inequality. It is not as eas-
ily seen with variables like age or tenure, which are measured in units (e.g., calendar
years) for which group differences (e.g., mean group age) are readily calculable, What
must be remembered is that unless there is theory that specifies how age maps onto a
numerical structure representing order or inequality among groups (e.g., more is
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better), then the units used to measure age are just as arbitrary as numerical designa-
tions for male or female.

Conclusion

Using V with datareflecting a less than ratio-level structure is generally inappropri-
ate except under certain conditions. Moreover, given that Vis a function of sample size,
itmay be useful to adjust for differences in n when using V to compare diversity across
different size groups. Furthermore, those organizational researchers who, in the
absence of theory, have used V as a relative diversity index seem to have unwittingly
assumed that individual attributes are arranged in some defined order that is meaning-
ful across groups. In doing so, it appears that they have implicitly treated attributes like
age or tenure as having a negatively accelerating effect on work group outcomes. We
reiterate the importance of remembering what V is and being sure that it is employed
within a sound theoretical framework. For as Simpson et al. (1960, p. 90) have noted,
although “Vis in every case a good measure of relative dispersion, relative dispersion
is not always a good measure of variability.”

Whereas the present discussion focuses on the coefficient of variation, Tsui and
Gutek’s (1999) summary of the relevant literature reveals that other diversity measures
have been employed by organizational researchers. Second in popularity to V,
Taagepera and Ray’s (1977) generalized index of concentration (C,) has also been
employed as a measure of relative dispersion. C,, however, does not adjust for differ-
ences in sample or group sizes and implies some defined order of individual attributes,
asdo Vand V”. There are, of course, numerous other measures of diversity. Drawing on
different mathematical models, Coulter (1989) presents 31 intragroup inequality mea-
sures, 6 intergroup indexes, and 3 inequity indexes that have been used under various
circumstances to gauge diversity. In doing so, he critiques their operational similarities
and differences and clarifies their theoretical underpinnings. All 40 measures Coulter
(1989) reviews have both desirable and undesirable properties depending on the theo-
retical context. Once again, the key point to be deduced is the importance of matching
theoretical concept and statistical measure.

Unless there is a theoretical rationale suggesting that certain advantages accrue to
individuals occupying specific points along the continua of typically assessed diver-
sity variables (i.e., age, tenure), basic dispersion indices might well be considered.
Thus, using an attribute’s standard deviation as a diversity index would be an option, as
would be using an attribute’s average deviation index (average of absolute value of
deviations from the mean) when extreme deviations were judged to unduly influence
its standard deviation. Of course, this suggestion applies only to attributes that are
assessed using at least an interval-level scale. In the end, the choice of a measure
should rest on acknowledged analytical considerations. For, as we have shown, the
interpretation of results stemming from the selection of one measure over another may
be influenced as much by the measure chosen as by true orreal differences in diversity.

Notes

1. Although Equation 1 defines V for a sample distribution such that ¥ 0, Vis most meaning-
ful for variables from population distributions that take only positive values. Accordingly, in the
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discussion that follows, zero is excluded to eliminate social aggregates in which no member pos-
sesses the characteristic under consideration.

2. The following discussion is based on the representational theory of measurement in which
arelation between measurement scales and statistical procedures is implied. For a consideration
of this and alternative theories of measurement, see Michell (1986).

3. For a multivariate extension of a diversity index for use with nominal variables, see
Lieberson (1969). For a discussion of ordinal dispersion statistics, see Blair and Lacy (2000).
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