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Comparative studies of occupational sex segregation have employed a variety of
measures to estimate the extent of segregation across labor markets. In this article, the
authors focus on two intrinsic limitations of the ratio index, which is derived from the
log-linear framework: singularity for totally segregated occupations and sensitivity near
the extremes. To capture the real essence of gender occupational segregation, it is nec-
essary to examine rather detailed occupational categories. Such detailed occupational
classification poses a problem for the ratio index since small occupations are more
likely to be mono-gender occupations. The authors propose an alternative modified
index that resolves both the singularity and the sensitivity problems by employing the
“first-order approximation” of the logarithmic function. The modified index makes it
possible to compute measures of microsegregation for detailed occupational categories.
The advantages of the proposed index for comparative microsegregation analyses are
illustrated and discussed.

Keywords: segregation index; gender segregation; comparative analysis

The two most frequently used measures in comparative studies of
gender occupational segregation were the index of dissimilarity (e.g.,
Duncan and Duncan 1955a, 1955b; Blau 1977; Blau and Hendricks
1979) and the size-standardized index of dissimilarity (e.g., Gibbs
1965; Gross 1968; Jacobs and Lim 1992). The properties, advantages,
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and limitations of these indices have been discussed extensively in
the literature (e.g., Fossett and South 1983; Fossett 1984; James and
Taeuber 1985; Semyonov, Hoyt, and Scott 1984; Charles and Grusky
1995; Watts 1998a, 1998b). A decade ago, Charles (1992) and Charles
and Grusky (1995) proposed a new measure—the ratio index—for
estimating gender-occupational segregation. According to their con-
tention, the ratio index overcomes limitations associated with pre-
vious indices. The ratio index, which is derived from the log-linear
model, is “margin free” and, in this respect, can be regarded as the
measure of preference for the “future generation” of comparative seg-
regation research. Despite its apparent advantage, the ratio index has
already attracted some criticism (e.g., Watts 1998a, 1998b; Semyonov
and Jones 1999).

In this article, we address two limitations of the ratio index—
singularity for totally segregated occupations and sensitivity with
regard to the inclusion of ultra-segregated occupations—and propose
an alternative modified index that overcomes these limitations. In
the final section, we use data for American cities to demonstrate the
implications of using different indexes.

The ratio index is defined as follows (Charles 1992:489):!

1 f; L~ (fi
S UCHR EPICH] ST

i=1

where [ is the total number of occupations in the market, i indexes
occupation-specific identification, and f; and m; are the numbers
of women and men, respectively, in the ith occupation. The ratio
index resembles the variance formula in the sense that it measures
the spread of the gender composition of the specific occupations
(expressed by the natural logarithmic function) around their average
(R).? Since the ratio index measures dispersion, calculated results do
not have a simple intuitive interpretation. Hence, a given result should
be evaluated in a comparative context. Its innovative feature is that it
simultaneously eliminates both forms of margin dependence. Hence,
from the margin-free paradigmatic perspective, the ratio index can
be regarded as the most appropriate index for comparative segrega-
tion research. It is mainly for this reason that its limitations should be
considered and alleviated.
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INTRINSIC LIMITATIONS OF GENDER SEGREGATION
QUANTIFICATION BY THE RATIO INDEX

Although the margin-free ratio index has apparent advantages over
previous measures of segregation, it suffers from two noteworthy
limitations: singularity for mono-gender occupations and sensitivity
to extreme values (ultra-segregated occupations).

Singularity occurs when one gender group is absent from an occu-
pation. In such a situation, the logarithmic function attains plus or
minus infinity (In 0 = —), and the segregation index cannot be
computed. Paradoxically, the index cannot handle what are arguably
the most meaningful observations of the segregation phenomenon.
This is particularly true when the units of observation are detailed
occupational categories or jobs. Grusky and Charles (1998) empha-
sized that zero cells convey usable information, referring scholars to
“well-developed methods for ransacking incomplete or sparse arrays”
(p- 500). In general, these are external procedures. Weeden
(1998:478), for example, inserted the expected values from a log-
linear model that constrains segregation to be constant over adja-
cent decades, but only in those occupations with empty cells.?
However, for cross-sectional analysis there is no equivalent to “adja-
cent decades.” Thus, Weeden’s procedure cannot be applied to cross-
sectional analysis of occupational segregation.

Ignoring the possibility of excluding all mono-gender occupations
from the computation, two distinct strategies can be employed to over-
come singularity. First, mono-gender occupations may be grouped
within broader occupational categories. This strategy is unsatisfac-
tory since the fundamental character of the concept of segregation is
embedded in what we define as microsegregation. This is due to the
fact that contrasting segregation patterns in small categories nested in
broad occupational categories may offset each other. Therefore, the
use of large and inclusive occupational categories does not capture
the real essence of segregation.* It is likely to underestimate the rate
of segregation’ since aggregated categories may include small, highly
segregated, even mono-gender occupational categories. Indeed, Watts
(1998) has criticized the ratio index on these grounds, noting that
it “inhibits researchers from gaining insight into differences in the
pattern of gender segregation” (p. 491).
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The second strategy, which is typically employed, requires the
researcher to manipulate the data array, most commonly by adding a
trivial constant value (0.001) to the (empty) cells. This strategy has
the advantage of including all occupations in the index construction;
yet, it is problematic since it imposes an external solution, and the
computed measures are highly sensitive to the values at the extremes
of the distribution. That is, the margin-free index is not free near
the margins of the distribution, where the phenomenon of segrega-
tion is most meaningful. Specifically, when occupations with very
small numbers of either men or women (ultra-segregated occupa-
tions) are included in the analysis, the ratio index becomes highly
unstable. Indeed, the sensitivity problem is most evident near the
extremes.

To illustrate the sensitivity of the ratio index, we compressed
the original values of the ratios f;/m; in the labor market of two
metropolitan statistical areas (MSAs)—Abilene and Albany—by
adding a small constant in several steps until the index obtained sta-
ble results.® The compression procedure was preformed symmetri-
cally on both edges of the ratio distribution.” The original ratio index
graphs for both cities, resulting from the progressive and accumu-
lative nine-step compression procedure, are displayed in Figure 1.
The “knee” form of both graphs, which tends to stabilize only after
several compression steps, clearly illustrates the sensitivity magni-
tude of the ratio index. This procedure permits us to examine the
sensitivity of the ratio index (f(x)) to small, constant accumulating
changes in the ratios f;/m;(x). As illustrated by the figures, the func-
tion ( f(x)) expressed by the ratio index is quite sensitive to changes
in the ratios f;/m;(x)® near the extremes. Figure 1 also illustrates
the difference in results derived from the compression process as
compared to the common solution. In Abilene, adding +0.001 to all
data (according to the common method) leads to a calculated ratio
of R = 5.1 (and R = 4.6 in the case of Albany), whereas the com-
pressed ratio index for Abilene convergesto R = 2.4 (andto R = 2.2
for Albany).

The two features associated with the ratio index—singularity and
sensitivity—are intrinsic measurement deficiencies.” The extremes
(meaning absolute segregated occupations, as well as ultra-segregated
occupations), which are the phenomenon’s core, cannot be captured
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Figure 1: Values of the Ratio Index Obtained Through Different Compression Limits
Demonstrating the Sensitivity to Data Manipulation

adequately by its quantification and yet cannot be dismissed as a
marginal phenomenon.

The problem of singularity and sensitivity at the extremes is
quite prevalent in the study of occupational segregation across local
labor markets. To illustrate the scope of this problem, we refer to a
sample of 10 MSAs drawn from the 1990 census, which are listed in
Table 1. For each Metropolitan Statistical Area (MSA), we present the
number of occupations that are mono-gender (i.e., all male or all
female) and their percentage of the total number of occupations in the
local labor market, listed at the detailed three-digit level. The data in
Table 1 do not leave much doubt that mono-gender occupations com-
prise a large share of all occupations in the labor market. In Dubuque,
Iowa, for example, 42 percent of the (three-digit) detailed occupa-
tions are mono-gender (75 percent of those are exclusively male').
In Albuquerque, New Mexico, “only” 22 percent of the occupations
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are mono-gender. Indeed, such a substantial number of mono-gender
occupations can affect the results when applying indexes that ignore
the problems of singularity and sensitivity. The actual extent of the
“empirical-zero” problem should not be ignored or underestimated.

MODIFIED INDEX: FIRST-ORDER APPROXIMATION
FOR THE LOGARITHMIC FUNCTION

To remedy the limitations associated with the ratio index and espe-
cially to overcome the singularity problem, we propose a modified
index that replaces the logarithmic function by its first-order approxi-
mation (FOA). The desirable feature of the modified index, proposed
here, is that it does not require prior manipulation of the data that
may lead to inconsistency in findings and conclusions. It is a built-
in solution (unlike other strategies, such as compression, shifting, or
aggregating occupations, which are external to the index definition),
and it is not sensitive to singularities.
The FOA of Inx near x = 1 is
x—1

~1l=Inx~?2 . 2
* nE x+1 @

Inserting this into the In f;/m; term of the ratio index, we arrive at

fiom =V fimmi  fi—m
n ~2— ~?2 ~ —
mi Ly fi +m; >

3)

Contextually, r; is the ratio of the difference between women and
men in the ith occupation to the value that could be considered as the
Ideal — Expected:'" %

For an exclusively male occupation (complete absence of women),
fi = 0; therefore, r; = 2;—2 = —2 (instead of minus infinity, which
would obtain in the ratio index).

For an exclusively female occupation (complete absence of men),
m; = 0; therefore, r; = 2? = +2 (instead of plus infinity according
to the ratio index).

When an occupation is gender balanced—namely, f; = m;,

ri = 2i =0.
2fi
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When the FOA is applied, the R formula takes the following form:

I G fi-—m LK fi—m
R=722— 2

i=1 fitmi 1 o Jitmi

“)

By confining the function to the range of —2 through +2, we solve
the singularity problem of “surfing” toward the — o< direction (which
characterizes the In function). This transformation enables the index to
incorporate all cases (including the most extreme cases). It should also
be noted that the numerical computation of this function is much easier
than that of the original ratio index; hence, it also saves computation
time. The FOA is advantageous since it solves both the singularity
and the sensitivity problems and is symmetric with clear upper and
lower bounds.

EMPIRICAL ILLUSTRATION

The different treatment of mono-gender and extremely segregated
occupations by the ratio index and the modified index proposed here
may lead to different findings and theoretical conclusions. To illus-
trate the consequences of using the alternative indices of segrega-
tion for empirical analysis and interpretation of the results, we apply
the measures to data for 284 MSAs in the United States using the
Public Use Micro Samples (U.S. Bureau of the Census 1990). For
each MSA, we computed the ratio index!? and the modified index
(using the FOA) for 509 occupational categories (three-digit occu-
pational classification). Although the correlation between the two
measures is rather high (r = 0.937), it also indicates some differences
that may be of substantive importance.

In Table 2, we present the two segregation measures for 10 MSAs
randomly selected from the list of 284 MSAs. Along with the nomi-
nal values, we present the rank order of each local labor market,
ordered from the least to the most segregated MSA. While the
values of the two segregation measures are not directly comparable,
Table 2 does indicate that the relative ranking of the cities’ level of
segregation is dependent to some extent on the choice of method.
For example, Bryan—College Station, Texas, is ranked 255 of the
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284 cities when using the ratio index. This means that it is one of the
most gender-segregated labor markets in the United States. However,
it is ranked 156 when using the FOA index, which places it in the
middle of the distribution. In the case of Birmingham, Alabama, the
opposite occurs; it is ranked higher when using the FOA index (60)
than when using the ratio index (52). Yet, in the case of Dubuque,
Iowa, the relative rank is hardly affected by the choice of index. Thus,
despite high correlations between the two measures, it is evident that
the relative rank of communities may fluctuate substantially.

DETERMINANTS OF GENDER-BASED
OCCUPATIONAL SEGREGATION

In what follows, we examine the extent to which the use of the
FOA and the ratio indices leads to different conclusions regarding
the sources of segregation in American labor markets. To this end,
we estimate two regression equations. In each equation, segregation
is a function of structural characteristics of the local labor market.
The structural characteristics are those traditionally used in models
predicting gender-based occupational segregation (e.g., Abrahamson
and Sigelman 1987). They include (a) women’s participation rates,
(b) percentage of children younger than age five, (c) female’s edu-
cational level, (d) percentage employed in services, (e) population
size, (f) population growth, (g) unemployment rate, (h) percentage
nonwhite, and (i) region. Information on these local labor market
characteristics was available for 182 MSAs on which we perform the
analyses.

The findings of the analysis are presented in Table 3 and reveal
meaningful differences with regards to the determinants of segre-
gation (note that the correlation between the two measures for this
sample reduces to » = 0.894). Both population size and female labor
force participation exert similar and significant effects on segregation
in both models. Segregation (regardless of the measure used) tends
to be lower in large cities and in cities with high rates of female labor
force participation. Other factors affect segregation differently in the
two models. Segregation is more pronounced in MSAs located in the
South when the FOA is used, while region has no effect on segrega-
tion when the ratio index is used. The conclusions about the effect of
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the proportion of nonwhites in the MSA are opposite; the proportion
of nonwhites has a negative effect on gender segregation according
to the FOA measure and a positive effect according to the ratio index.
The percentage of children younger than age five is not significantly
related to segregation measured by the FOA index but has a positive
effect on segregation when using the ratio index. Female education
is not related to the ratio index but is negatively associated with the
FOA index. The size of the service industry is not related to FOA
but is positively related to the ratio index. The conclusion that can be
drawn from this analysis is that, when estimating micro-occupational
segregation, the two measures lead to different findings and to dif-
ferent conclusions regarding the relative level of segregation and the
determinants of segregation. This reinforces the previous argument
that external procedures for computing the index may lead to incon-
sistency in its results. In this regard, the FOA proposed here has the
advantage of being an inbuilt solution.

SUMMARY AND DISCUSSION

Measures of segregation are designed to capture the magnitude of the
phenomenon. Yet, measures that employ broad, aggregated, occupa-
tional categories are problematic since they mask the actual extent of
segregation. Therefore, to be valid, measures for segregation should
commensurate with detailed and meaningful occupational units.'?
The margin-free ratio index computed within the framework of the
log-linear model, introduced by Charles and Grusky (Charles 1992;
Charles and Grusky 1995; Grusky and Charles 1998), has clear
advantages over previous measures. However, it has two intrinsic
limitations—singularity and sensitivity. It cannot incorporate mono-
gender and ultra-segregated occupations without some manipulation
of the data, which may result in biased estimates or instead use large
occupational categories.

The data presented in this article demonstrate that mono-gender
occupations comprise a large share of local labor markets in the
United States. The problem of singularity and sensitivity, therefore,
is not trivial when the ratio index is employed. Indeed, the problem of
singularity is more significant than is generally recognized by gender
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TABLE 3: Unstandardized Coefficients (Standard Errors) of Regression Equations
Predicting Segregation (Calculated by the Ratio Index and the First-Order
Approximation [FOA] Index) in 182 Metropolitan Statistical Areas (MSAs),
1990 (Three-Digit Occupational Categories)

The Ratio The Modified
Predictor Index(+0.001) Index(FOA)
Region (South = 1) 0.001 0.017**
(0.044) (0.007)
Nonwhite (percentage blacks, Asians, 0.002* —0.000*
Hispanic, other) (0.002) (0.000)
Size (population size [logged]) —0.772** —0.078**
(0.027) (0.004)
Child 5 (percentage of children younger 0.070* 0.000
than age five) (0.038) (0.006)
Popgrow (population growth [1980-1990]) 0.001 —0.000
(0.001) (0.000)
Femalepr (female participation rate) —0.038** —0.002**
(0.007) (0.001)
Unemp90 (unemployment rate) 0.003 0.002
(0.020) (0.003)
Feduce (female’s mean educational level) 0.026 —0.026**
(0.060) (0.009)
Service4 (percentage employed in services?) 0.008* 0.000
(0.005) (0.001)
Constant 12.258 2.338
R? 0.868 0.776

a. Public administration, health services, insurance and real estate, and wholesale and retail
trade.

*05<p<.10

*p <.01.

segregation researchers. The multivariate analyses pointed out that
the different indices of segregation lead to inconsistent findings and,
hence, to different conclusions.

The FOA for the logarithmic function, which we proposed and dis-
cussed earlier, has several advantages. First, it provides an ingrained
remedy to both the singularity and the sensitivity limitations asso-
ciated with the ratio index. As such, it is better able to capture the
microsegregation phenomenon across small social units (e.g., detailed
occupations, jobs, etc.). Second, it is a symmetric measure with clear
upper and lower bounds, and it is easy to compute.'* On the basis of
these qualities, we advocate its use in future comparative research of
segregation.
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NOTES

1. It should be noted that in a later version of the ratio index, Charles and Grusky (1995;
Grusky and Charles 1998) employed the root mean square (RMS) formula and retermed it as
the Association Index (Charles and Grusky 1995:945, no. 18):

() [ )]

Nonetheless, it preserves the same fundamental features of the notation presented here
(equation (1)). These two versions are extremely highly correlated (r = 0.996).

2. The RMS version (Charles and Grusky 1995) is even more closely related to the variance
formula. Yet, it should be noted that squaring the values in the variance equation confers
more weight to large deviations (to the ultra-segregated occupations). Calculating the absolute
deviation from the mean neutralizes that bias.

3. Weeden (1998) points out that “this procedure generates a conservative estimate of change
over the relevant decades, because occupations with empty cells do not contribute to observed
changes in segregation across those decades” (p. 478).

4. Bielby and Baron (1986:767-8) demonstrate this principle.

5. The problem of the potential bias is further amplified since the ratio is a nonweighted
index. Therefore, it is possible that a large part of the relevant occupational distribution is
characterized by total segregation, yet the index R would not reveal this fact.

6. The data were taken from the U.S. Bureau of the Census (1990), using the three-digit
occupational classification.

7. We implemented the following algorithm (first step): if (female > O or male > 0);
ratio = female/male; if (ratio < 0.001) then ratio = 0.001; if (male = O or ratio > 1000) then
ratio = 1000; Ift = log (ratio).

8. The reader may ask whether the sensitivity feature is actually a deficiency or rather
an advantage. The index is highly sensitive to the inclusion of few women in a large male-
predominated occupation. For example, an addition of one woman that shifts the ratio value
from 1/1000 to 2/1000 has a high leverage, while practically it is almost negligible. This
statistical feature is associated also with public policy aspects, as it corresponds to the false
notion of significant “revolution” that derives from the disproportional effect of “breakthrough”
processes. Consequently, policymakers are exposed to the temptation of manipulating decisions.

9. The sensitivity deficiency is even further amplified by the RMS version of the ratio index
(i.e., the Association Index [A]) since it also squares each specific-occupation deviation from
the mean. Hence, it confers more leverage to the large deviations (i.e., the hypersegregated
occupations). This means that A inflates the leverage of ultra-segregated occupations twice
(by the In function and by squaring).

10. It should be noted that all-female occupations tend to be systematically fewer than
all-male occupations.

11. This is as a result of our argument that the benchmark from which the gender composition
of occupations is measured should be associated with 50 percent men and 50 percent women.

12. As customary in studies using the ratio index, we added a constant factor of 0.001 to
avoid the problem of singularity.

13. By focusing on detailed occupational categories, the analysis attends also to the vertical
dimension (considered by scholars as inequality). As much as occupational categories are
detailed, they are overlapping the hierarchical gender distribution within (a broad) occupation
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since they are distinctively representing the upper tier (e.g., high school teachers) and the lower
tier (e.g., elementary school teachers) of a given occupation.

14. In light of the growing emphasis in the sex segregation literature on the requirement
for measures of segregation patterns, we would like to point out that the suggested first-order
approximation (FOA) is a valid index for this purpose as well.
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