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Introductory Statement

The Center for Sog¢ial Organization o£ Schools has &0 primary
objectives: to develop a scientific knowl=iige of how schas is affect thetir
students, and to use this knowledge to dewelnp better scb  practi:c -s

-

and organization. .

The Center works tirrough four prog=—ams to achieve (s objectdves.

The Policy Studies in School Desegrégati’o:x program appliz=s the basic
théories of social orgarrization of schools to study the .iatermal conditices
of desegregated schools, ~he feasibility of alternative de=segregation
poli/cies, and the interresiation of schlool desegregation % ‘= otTher equa’.y

_issues such as housing amd job desegregation. The Schoc: i{~mman-zd lion

progfam is currently corc-erned with authority-contr61 st —uctr—=ss, ta. .
structures, reward systems, and peer group proc,es"ses in schoo.s. (£ wugs
produced a large-scalw« s-ucy of the effects ’ofl open schools, nas ®evele cd
Sthdent Team Lez~=ing Imstzmctional processes for teaching va—ioms smidt<ts
in elementary and seccadary schools, and has produced a compuz=rized

system for school wide artendance monitoring. The Scrocl Processs amd

Career Developmens program is studying transitions from high scamdt to

post secondary ims -itur‘ions and the role of schooling in the develo. gent
of ‘career plans =:» thz actralization of labor market outcomes. Trie

Studies in Delimmeency amd School Environments program is examioimg the

interaction of srmool emwiromments, school experiences, aud individual
characteristics ix relz- on to ir-school and later-1life delinquen-v

This report. prepared by the Policy Studios in Schocl Desexvegatio
program, furt_h‘érs the sciimntific measurement of racial and etanic sa . &=
gati‘on by cdfnparing the arility of two measures--the Index of Disiumi.. vity

_and the S'égregation Indzx,

o



Abstrac-t
3 ‘

Most measurements oif racial and ethnic segregation;-;arpicularly
cggga;&tive anaiyses Acrassrciziesr-haxe relied_on the Indéx of
Dissimilarity ('"D"). Recemtly, however, it has been demoqétrate&
that cities with different racial compositions also have dlfferent

expected values of I under a random distribution of whites and blacks.,

Here we compare D.with another, increasingly used, segregation

index which we call "S". Applied to measurement of school segregation, /
_ ) -
S equals the proportional underrepresentation of black students in the

school artemded by Ehe average white student in fhe district, A
principz. v:lue of S is thatuI:s expected value is independent of racial
composit-on and rapicly approaches zefo, even for modest-sized unité of
analysis. Also, S cam be "decompcsed" into segregation within subsets
of entitie~ and segregation betweer subsets,

The dechavior of S and D are explored with data on segregation in
higher edn.zation ahd segregation of workers across different places of

!

" employmen=.

111 S
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Mean .ugs :f "Segregation : o |

The' te:#m '"g=gregation' has a vaviety - ° spe.ir:: mea=:i-w . both in
evewiday ' scomrse and in sociél scientific wnc poricy rese arm Most
ot:m, it is wus=d to describe a single establi. xer:z cr env. -om i (that
is a achet, = workplace, a neighborhood).

t=: example, a place may be considered  =zregater 1if =er ..cs Df a

soc’ 'y sal::nt category constitute either a- rerwhelm: agl~ aare
ore: - ior == the members or inhabitants (e.g. 95% black) ¢ - o=
axc “aLaf v =mall proportion (e.g., 5% black). The s «r ficzr leature

of suw¢fn a pla-e is that both the experience oif - -ing :m  hc=pgemeous

o

si... "ilovz amd the experience of life as part oI 3 timy '"Minc-tyy' have
icportamit comsequences for individual attitudes socia: &stic— . or

sz zuc urg. events.

nother use of the term "segregation" dre=s¥s attent:on t a specific

P 4t deviates markedly from the averagc group mecmbershin composition
Ca '~ wwz of places in a certain universe. TFor ex umple, placé

m'y . tsitiered segregated if its raéial compr itlc. ig 50% bdlack and

Se .2 because the places in this particu. mniverze average oﬁly

z ack and 80% white. Here the significar .- atur: is the inequality

‘1: places in the experience of group het=mg=zateitr. The "segregated"

ry

- ; are those which most deviate from the #z- 2ge z=xperience in the

= v -rse of places.
In contrast to both of these uses of th= t=m '"segregation," the

worc ! 5 also applied to a collection or aggregz:-e o° collective units

I3
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such as a school district, s city divided into census tracts, or al

the places of husinesses wizhim a particular indostry, Whken so used,. the
empha;is'is usually on the.ﬂa~*eefof variation among ti= units
within zhe aggregate. For example, the schools in.cin' * may be
considered more segregated t= 1 city B's if there is mr= variation :z
the '"percent black" among the schools in city A =xan mmmg the schooii:
in city B. City A may have . more ethniqally hetza: »geenemus total
enrollmenc than ;ify B, but —he distribution of ~:'pi _s “rom the variou:
ethnic groups across the schcols in city A is i= ‘iform.

Generally, the use of the tefm "gsegregatiz— i: social
scientific research has been closer to thislla de:..ition than it has
becn to the others, For more than a decade, z :ingle measure of
segregation, the "dissimilariiy index," has dcm.aate. the research

literature on regregation.

The Index of Dissimilarity

The dissimilarity index, D, is based on —e unevenness of the
univariate distributions of two groups (e.g., blacks and non;blacks)
among unitsxsqch as schools cr places of business. Witb the:dissimilarity
index, the meaﬁurement of unevenness is represented by a;Lorenz curve,

To understand D and the Lorenz curve, conéidef a set of mutually
exclusive colledgive units like schools or places of bu§ine55. -First,
array each of these ﬁnits in aécending orderhaccording to the proportions
of their members (students, emplbyges) who are in a particular group

(e.g., their percent black). A Lorenz curve, in this case, is

O

ERIC 1T .
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given by gr=ephing the cumulative proportion of all nom-blacks in the
aggregate.umoyﬁelong to those units considered 'up to that.point against
the cumulative proportion of all blacks in those same units. (Figure 1 -
illustrates <his curve.) In a completely infegrated aggregate, if a

umit conta;;adTIOZ of all the.people in’ category X, it would also

ccntain 107 xf all of the category X's (non-X's). ﬁﬁder segregation, | N
units that zzre '"overrepresented' among one group's population are
necessarily underrepreseqted among the residual group.

The vaiue of the dissimilarity index is.given by the vertical
distance between the Lorenz curve and the point along the 45° diagonal
(representing a completely integrated aggregate) at tha point where the
curve is tangent to a line parallel to‘the 450 line (see Figu;e 1).

This vertical distance represents the acéumulated underrepresentation A/}
of one group's population-up to the point where the next unit added

is the one which has a proportionate allocation of éembers to the two
groups considered, Thus, the dissimilarity index is Fhe minimum

proportion of members of a giveﬁ gro:up, presently located in units "un&er-
represented"” in that group, who would have to move or be transferred to

units where such persons are overrepresented in'order for each unit to

contain the identical fraction of cach groups’ population.

Where one is dealing with two exhaustive groups (such as-plack5~
'

and non-blacks), D is given by: {

Z. n, lpi - PI ' whe re n, = total persons, i‘th unit;
= 12 Nl. P (1-P) > S, P, = percent black, i'th unit;
P~ = overall percent black;
' N = total persons =



g . N\

3ecause D is based on' a single point in the bivariate cumu... Zve distribution

{the point of proportionate representation among the ordeﬂéa::nzits), it
: ¢
does not distinguish between various degrees of segregat:.ur zmong the

"overrepreégnted" or among.fhe "underrepresentfed' units. I= Figure 1, the‘
dashed line represents a differént unjverse where no one is found in an
exctusively black or non-black ugit,Cbut which has the seme= D score as the
universe shown by the solid line.

The concept of dissim{Earity and its measurement zre not limited

LA

to situations of exhaustive dichotomies. The same notiocm of under- and

overrepresentation can be applied to any two mutually exclusive groups
i

-

(e.g.; Hispanics and blacks). Under these circumstances D has the

following algebraic representation:

where Hi = # Hispanics, i'th census tract;
? B, = # blacks, i'th cemsus tract;

Z’ HL B
D = 1/2 - ....]; - _2'.
i|H B i
H,B corresponding sums & H, s Z B, .

. il i’i

The dissimilarity index has been in use for over twenty years
(e.g., Taeuber and Taeuber, 1965; Marshall and Jiobu, 1975; Simkus,
1978). It has a number of important anq useful properties: it ranges
in value from 0 (no seg;egation) to 1 (domplete segregation); its
value can be calculated indepeﬂdently of the overall combosition of
different groups in the agéregaie as a whole (e.g., oVefall percent
black>; it is applicaSle to situétioﬁs where two groups are not
exhaﬁstive of the bopul&tion; its value 'is easy to calculate, and it
has an éﬁjf}y interpretable verbal descr}p;ion»#s well as a graphical

one.

O
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Expected vValue of D -

Recently, hoWever, poth Cortese, Falk and Cohen (1976) and Winship
(1977) have described a major drawback of the dissimilarity index. A
- principal use of Segregation indices is to compare different aggregates

4 .
of establishments or environments With respect to their relative degree

: SN ‘
of segregation. For example, are blacks and whites more segrégated in
the first two years of college or in the last-two years; are black and
white managerial-level personnel more segregated from one another into

different places of work than are black and white machine operators?

In the calculation of tﬁé segregation of a given‘aggregate, a
certaln degree of Segregatlon may be produced by "chance." That is,
a random allocatlﬁn of‘the ava}lable blacks and whites to the establish-
ments in the aggrégate would not produce exactly the same racial
dlstrlbutlon at each establishment. Clearly, if the establishments are

quite small,'although blacks might cons;itu;é only about 10% of a

v

given population, even a random distribution might produce units that
g ————

are 507 black.
Cortese, Falk %Pd Cohen, and later Winship, showed that the expected

value of the dissimilarity index--that is, its value under a condition .

— A
of randomly produced segregation alone--ls not only dependent on the

size of(the units in the aggregate, but also is highly dependent on the

group composition (pProportion black) of the aggregate. In particular,

¥
the exPeCted value of D is larger ls~the agoregate increases in homo-
\

geneity, and smaller as the two STO“PS Con51dered become more similar

N

\ ‘.>w'.ﬂ__,_.-' ,

‘ . S | \\ 0




in total numbers. Table 1, adapted from Cortese, Falk, and Cohen
(1976), shows the large magnitude of the dependency of the expected
vé}uébbf D on "percent black" and on the sizes of the units comprising

-
the universe.

. For exaﬁple, industry A with a minority population éf 30% and an
average of 100 wbrkers per establishment would have an expected value
of ;ﬁs dissimilarity indéx, E[D], of only .09; on the other hand,
industry B with only a 5% minority concentration and an average employee
population of 50 would have an expected value of .26 to its dissimi-

larity index, { If the actual diésimilafity index for industry A was .25

Y

‘and that for industry B was .30, it would seem more appropriate to
consider industry A the moré segregated even though its dissimilarity
index was lower. . 1

-

The Coleman Segregation Index

There is an alternative measure of'segregation to the dissimilarity

\

iﬁagx--one‘tﬁat\has many of the advantages of that index including its
0 to 1 range, common- sense interprefations,fand its ease of calculation
C- ut ‘which is not near1§ so subject to misleading results because dfr
fhe "unequal expected value'" problem, Tﬁis index has.bél. independehtly
discove?éd'on a numbér.of occasions, as early as 1947,2 but most
- recently by Coleman, Kelly, and Moore (L976) in their studies of racial
segregation of public schools. Althougﬁlfhis index goes by no common
 designation, we refer to ih‘as the Coleman segregation index because
of its genesis for our own %se; However, where Coleman designated it

: v, .
. .as "r", we designate it as."S" for '"segregation.”




S is the proportional underrepresentation of one group in the

environment of the average member of another group. It .indicates the

- ———

difference between the actual cross-racial experience of a group and
the cross-racial experience that would exist under perfect integration
of the two groups; that is, if all establishments had-the same Jistri-

bution of the two groups. Thus, it is a measure of lack of exposure

given availability. -

For example, in 1975, the privately employed iébor force in the

U.S. was 10.7% black. However, in the average (non-Hispanic) whifq»

Lo

worker's place of employment, oniy 8.7% of the wofkers were biack.

Therefare, the degree of segregation according to the Coleman S index

.

was: _ 10.7 - 8.7 _ ' _

‘ S = 107 = 19 percent . .19.
Algebraically, the average percent %“!:. '+ Jhites is given by the sum
of the propoftion of blacks iﬁ eack . .m.7 % twent, weighted by the

number of whites at that establishment, divided by the total number of

whites, Thus: .
# whites, i'th unit
P = . (establishment);
blw £¥ | . = % blacks, i'th unit
(establishment).

i(wi x pi) where W,

o
=
]

\,
N

The segregation index, then, is: AN

g = P- P~b|w -1 \\P blw
- P TP

R ‘where P = overall 9 black:

The S index is not restricted to the case where the two groups considered
form an exhaustive set of the groups in the universe. That is, "percent
black” can refer ?% the proportion of blacks among all people in the

particular unit, including those who are neither white nor black.



However”;in such situations, the S index between two non-exhaustive
groups--for example, between H1span1cs and blacks--will differ depending

" on whether it is calculated based on the percent "X" for the average.f
""" or the percent ryn for the average "X." However, the two S values
in this‘case are usually reasonably close. For example, the employment
segregation between'black workers and Hispanic workers is either .05 or
.06 depending on whether it is calculated from "percent black for |
Hispanics' 6 or from ""percent Hispanics for blacks "

" In contrast to the,dissimilarity index there is novcomparable
graphical interpretation to the S Index. However when the two groups
'considered form exhaust1ve categor1es (blacks and non- blacks, for example),

S has several interesting properties. To begin with, S equals the "between-

establishments" proportion of the variance in the dichotomous ind1V1dual-

Yo

- level variable, race; measured over alllpersons in the:aggregate;

That is: X 2

. 2 where
B 8 - between SS - § niP; - NP N = # establishments;
e . total 8§ .+ NP (1 - P)°’ P = overall 7 black;
‘ ~ < . sp.= corresponding values .

S : . .of the i establishments.
This relationship is derived in Appendix 1. ' -

;s : ‘Secondly, when the two groups are exhaustive, there is‘an additional
. v - S ’ ' . .
interpretation of S. Namely, for:blacks and non-blacks, for instance,

L
o

T it is the difference between the,average>percent black for blacks and
the average percenthblack for non;blacks{ In other words, if the
average racial- environment for blacks/1s 40% black and the average for
'non-blacks in the same est;blishments is lOZ black then S = .40 - .10

"= .30, The derivation of this, relatiodpiép\is shown in Appendix 2,

LI . : « ) /

& : . v
~ i . :




Thus, the Coleman Segregation Index has three interpretations:

»

it’is the‘proportional underrepresentation of one group.in the environ-

ment of the other in comparison to a situation of perfect integration?

-

"and when dealing with exhaustive categories, it is both the "between-

. st

establishments" proportion of the variance in the dichotomous variable //

distinguishing individuals in the two groups, and it is the absolute /

difference/between the within-group environment for one group and the

’ e -

e - .
cross-group environment for the other, expressed as proportions., "

Definitions of "Eggal" Segregation and the Dependency on P in Calculating

S~ Index Scores f

-

* Taeuber and Taeuber (1965) have objected to. indices similar to the -

fColeman segregation index because the group (racial) composition of the

universe (P% isfexplicitly used in the derivation of index scores, ‘In
L ! , . L
contrast, theidissimilarity measure is calculated independently of P,

'They suggest that the‘dependency on‘f in. the calculation of‘an index
& .
makes it possible for different index,yalues to be associated with

Py

situations that are equally segregated".but which vary in B,

It is true that two universes withfidentical Lorenz curves but
different values of P would have identical dissimilarity scores while ‘
uthe Ebleman S scores for these two universes would not be the same,”

'*(The closer P becomes to 507, the higher the § value would be.)

_y;ﬁ’” However this point rely moves the question of what constitutes
— '

"equal segregation" back a step. The Lorenz curyy, 1t may be recalled,
_— is based on the distribution Within each racial category across units
of analysis. For example, consider two hypothetical "cities" uith a ;-'

- R o .
- .
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total of three "census tracts" eaep (Table 2). 1In both cities, one-
tenth of all whites live in one t%;ct along'with half of a11 blacks.
Ina secon%”tract, 40%_of all whites and 40% of all blacks reside;
and in the third tract, the regaining whites (half of.all ehites) and?
the. remaining blacks (10% of all blacks) live. .

In thia.situation, regardless of the relative puﬁbers of whites
: and:bIacks, the dissimilarity index would be the same fD=.40); In
~contrast, the S score\wogld vary:depending on the value of P. S would
equal ;37.where P=;50;rfor example, and would equal .22 where P=:09~-m—ﬂ——~vi
)(erlwhere4P#.91)f ‘However, although from the perspective of the

~ distribution within racial categories across tracts these. two §ituatiqn5v'

—

are equivalent, it is not clear chat one would normally consider the

sltuations_to be "equally segregated." , !
v d i S

- Table 2.shows the breakdown of blacks and whites by tracts in
two hypothetical universes, In the‘first, where P=.09, the three tracts

‘have racial compositions’of'Z%,gB%, and 50% black. In the'universe

where P=.50, the three tracts are 9%, 50%, and’ 91% biack Variations

in the racial’ compositlon are clearly 1arger on an absolute scale in
the latter universe, and the between-tract proportlon of tPe total
variabillty of "race" is 1arger in the latter 51tuat10n as we11, as

//shown by the larger S value for that universe." From this perspective,'

then, the two situations are not equivalent and one would not want a

,segregatioh ihdex»to.produce equal yaluesyfor them, /)
a ”v> - . ] \ ! ’ ‘
Thus, the invariance of the two indices of. segregation, D and S,

across situations of "equal degrees of_seéregation“ depends totally
. ' ’ . ..

. - . : . . -
, o
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—

‘on the'definition of equal segregation that is used. It is net clear
that the definition of}equal Lorenz-curve inequality is.necessarily
superior‘te one based on erplicit variability_in éroup compesition
-(e;é.,'percent blacE) ofythe different.units.3 In any event, the mere
utilization of g’in the calculation of the segregation index dees not

‘ invalidate its utility er the appropriateness-of the definition on
which it is based.,

Perhaps instead, the indices‘should be compared on other grounds,

ﬁxpected Value of §

- We saw earlier that a major problem with the dissimilarityfird~y
- /

) Was that its expected value differed markedly according to. the number
of people in each unit and according to the relative overa11 hetero-

’/f{;-geneity in the universe._ How, then, does the expected value of S vary

as a function of these two parameters7

B et /'

)

———————— ~— ~In Appendix 3 Twe derive an. approximation4 for the expected value

o

of §, E[S] k/N, where k is the number of units (establishments)

in the universe and N is the total number of pversons in the universe.

|
~rr

This/é/iution applies to universes whose , units vary in size' but in
- adéition, where all umits are of equal size n, n-= N/k and 80 E[S]

_ simplifies to.1/n. Thus, where schools in a district axe a11 size 500,

or where _they average size 500, E[S] ¥ .002, <z

SR Two conclusions are: apparent . First, the expectdd value of S, in
contrast to that for theydissimilarity index, is not/a function of P,

B \\ . . o . ————
the proportion of the universe population in group

{. Secondly; the

oF




expected value is much smaller relative to the range of'possible values
than is the case for E[D] and rapidly approaches zero for even moderately-
sized‘aversge unit sizes. For example, whére n = 25, E[S] ¥ .04,

whereas E[D].ranges between .16 and .79 (for .01<$p £.,99). For n = 100,

E[S] ¥ .01; E[D] varies between .08 and .37.

’

Empirical examples | .

- 24 across these 2 393 aggregates. . _';_.

Although the dissimilarity index and the segregation index are

derived from different definitidns of segregation, they are measures of

‘roughly'similachoncepts.. Given appropriate conditions, their correla-

.

~ tion across different aggregates should be subs stantial.  For example,

Zoloth (1976) found that the respectlve measures of between-school
rac1al.segregatlon-of students correlated .87 across 2,393 school
districts with at least a 5% m1nor1ty student populatlon.

However, there are situations where D and S have been found to be

‘““negatiVEIYMcorrelated with “one’ another. "For example, in the same study

-referred to above, Zoloth found that the two . 1nd1ces of-segregatlon

used to measure between-school faculty rac1al segregatlon correlated -

L

v

~"Theddlfference between these two results,is probably'due to. two
factors- wthe significantly smaller size of the faculty populations
at each schoql in comparlson to' the student popi atloniiz and th& fact
that the school distr1cts 1ncluded 1n the study were subject to a

restriction that at least 5% of the1r student populations be from

minority groups while there was no ;;Qparable restriction regarding the

faculty ethnic composition.j Thus tre-district-ﬁlde.faculty'varied

s

over a wider rangevof "percent minority."

c



In Table 3, we present data frmg/another situation where the
/

‘ dissimilarity index and the Coleman,s tndex are not highly correlated

The data are from a study of. rap}él segregation across places of

employment for workirh in the s
r operative. ' The study covers a represen-

/

general occupational category such

as manager, clerical worker

tative sample of 7 483 sepafate establishments in the.private sector .;

each of ‘which employs at léast 25 workers (Becker 1978)

r/ -
Measures of racial segregation fdr the nine separate occupational
. - , N
catogories are shown in the table. The dissimilarity index scores vary
// : N

ir. -the narrow range fybm .48 to 64 The .Coleman S statistic varies

N
$\ ‘ between .14 .and L 40, / (The fact that the S scores are nearly: always
lower is not signif{cant because S is based on proportions of sums-ofu

. squares, while D ié based on proportions of cases )

However, acr/ss these nine universes (occu ational categories),
Pa o

the .overall correlation between D and S is only +.26

gories with the'’ lowest segregation measure by the Coleman S standard--

-~

The two, cate-

managers and pnofessionals--have two of the highest dissimilarity index

These are also the ‘two occupational categories with the lowest

*As we indicated'earxier, where’ there is a small propor-

SCOI'ES.

: percent:blackg

-tion in the ﬂminority“ group, the.expedted value of the dissimilarity
index is particularly large (see Table 1). Thus, the expected‘value

of D for professional workers is approximately 45 while the expected

Value of D for laborers, for example, is only about lS._ If one were
i

" to subtract’the expected value of D from the actual scores (or "alter-

nately useyaz-score transformation approximation- suggested by Cortese,

‘. !‘1 ;;.. g F‘-[

.ol
o

C i ' N - . . :

g ' | ‘ ' o ‘ :
e . i - 18 o
ERIC = . o . -8
JAFuitext provid: o a i e . - N ., ) 2

"
-
o
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Falk and.Cohen), the resulting ordering of segregation by occupation‘i
category would be similar to but not identical with the ordering obtained
from the“Colfman'statistic.' ' i ; R e f’f

Applyiﬁg a correction factor for the expected value to the'Coleman

N ‘ |
S index (i.e. s''=S§ - k/N) does not change the relative ordering of

'{the:occup tional categories. . However, it does increase the 'distance

between them: managers and professionals become even more distinctively

H
' .

the categories with the- least racial segregation and QEgregation among

operatives becomes more similar.to the other lesser-skilled blue collar

\

categories which have the highest degrees of segregation--labsrers and

' -5
service workers,

It is instructive to:note that \the T leman index:values are highly
. : i oy o
correlated with the-percent black in the occupational category-éthe

greater the/proportion of blacks in a category, the h1gher-the segre*a-

"'tion inde value. ‘We also found ‘this relationship to be true in measuring

3
i

the racia1 segregation of students across inst1tutions of: h1gher educa-

' \
- tiomn. When institutions are clustered by/state, the higher the - black

proportion of the college population in ‘a given state, the ligher the

racial segregation among institutions within that state. (See Table 4,

see also Thomas, et al., 1976. ) ')

N

_ i .
We have seen, though; that the expected value of the Coleman

v

segregatyfon index is independent o the racial composition of the‘universe,

'

and so se relationships must be produced by forces'other than chance.

It would be interesting to speculate about the causes;of this associa-

"tion between percent black and the segregation index S but we leave

~ o7
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that for another:paper;u-Here we only wish to =oserve that<the index"
._that appears to pe contaminated by the relatiw. group proportions in
the.populatidn is in fact free of such bias (i_=., the Segregation
';ndex): wnile the indem which appears empirically to be less correlated
nith-the "percent black" factor and which is calculated independently

of it (the Dissimilarity Index), is in fact the one whose expected value

is strongly affected by this variable.

Decomposition of Segregation Indices--Controlling on Other Variables

N

'One important property. of a segregation index, as we have  seen,

-is the resistance of its expected value to irrelevant variations among
lthe ‘aggregates whose, internal segregation is being compared (such as
‘averame unit size and overall grpup heterogeuwity), A second important.
property of.a\segregation index is its amenamility to the,decomposition
"of segregation into that portion_that. is.betseen sub-classes of units

within the aggregate and that portion that remains after controlling .

on the variable forming these sub-classes.

~.

For example, how much of the observed black-white residential

eegregation is attributable to income differences between the races. and

€
.

how much to segregation within income  classes? Or, how much of-the

racial segregation.in“employment is due to unequal distribution of
" o e
black am-white workers across the various occupational categories and

how much is due to place-of;wprk segregation within occupational

. !

categories?
Win-borpugn.(l974) showed how -the diesimil;iity index can be

decompomed into “within" and "between" components. However, ia this

. !
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decompositlon there is.a third component that cannot be allocated to
either "withlnjcoopositional-category" segregation or !between-composi-
tional-category" segregation.. He describes it as ”the differences in
composition evaluated over tne'differences in composition-specific

distributions" (p. 3)

Coleman s segregatlon index can also be decomposed when the two

groupq under consideratlon form exhaustive categorles Decomp0s1tion
" of the segregation’index can be seen as an application of multi-level

hierarchical analysis of variance. In the two-level version of this
. : ; ) -\ - . . 9 . H
model, we have, - for example, students within schools, schools'within

/

. states, and States within a'single region. The total sums of squares
(equal to N*P*\l P)) can be- dlvided into- portlons representing varlatlons

within schools, between schools of the ‘same state, and between states

" e

within Fhe region. The proportlon of the totalusums of squares that is
“betweé;-schools/within-states" can be'interpreted as the“degree of

/ ‘
segregat10n due to the varying group composltion of the 58l001s within
tne same stdte. The proportian offthe total sums of squares that is
;ﬁpetween-xtateS" indicates the segregatlon due to variation in the group
composition across~states. Tahle" 5 presents the formulas from the two-

 level hierarchical ANovA model applied to the measurement'of segregation.

Applying this method to thE\data on racial segregation of workers

by place of emp oymEn: and by occupational category (Table 3), ‘we flnd

the following results.a””



A, Racial segregation by place'of uork for workers
of all occupation categor1es combined.......... - 190 (from Table 3)
B. Racial segreg?tion into different occupational

categories and different places of work........ .301

(1) Segregation between occupational

3

categories.....:.......;............;..J. .047
(25 cegregation between;piaces of work |
within occupational»categories;.........; .254
In this example, we are using each worker's occupationai category\
as the variable to split up the universe of establishments into different

"between-"”and "within-" groups. Although this seems 11ke a different

ot
I

-situation than the examnle of sﬂrdents-within‘schools,'schools-w1th1n-
states, states-within-a-region,rthe principle is identical.
Result "A" is.reprinted fron line.l‘of Tab!e 3; it refers to/segre-
gation measured when'a11'workersnatﬁeach-piace'ofvembio}ment arehﬁ
combined. In result-B,.we‘neasure the segregati;nfof workers both by

place of employment and by occupational category. The level ofﬁsegrega-
. ¥

il

tion in result B is higher than that for resu1t A. Part of this increase

is due to the different rac1a1 proportions in the various occupational

/

categories. Thus, resu1t-B(1) ind1cates that there is. some racial'

segregation in employment across occupationalucategories. " This is
-- ’ ‘ .‘ 2 .o ' -
the segregation we .are most aware of: i.e.,’blacks concentrated in

service and‘blue collar catEgories. However by far the greatest . -
/

!

segregation in emponmeht is across ‘the various p1aces o? business

!

'within each occupationa1 category (resu1t B{“\) This measure of

segregation is even higher than that given in A; that is, the racial

i
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segregation among workers in particular occupational categories is

higher than the overall racial segregation of workers as a whole. -
Discussion and Conclusion

3
% ’
‘In this paper we have examined some of the characteristics of two

statistical measures of the concept "sEéfegation" as itvhas been applied
to aggregates of collective units such'asdéthool districts containing
schools, cities containing census tracts, and labor marketé containing
.places of employment. ' .{éi, \ .

One of the two measures, the index of dissimilarity, or D, has

been more widely used -4f sSocial scientific analysis of Segregation than
any‘other index.- This index, however, has been previously shown to
possess a maJor disadvantage for the comparative study of segregation

| across different aggregates-Fnamely-thatnits'expected value varies
accordiné to the size of the units in the aggregate‘and according.to i

-

the'group (racial) compositionrin the aggregate as. a whole. In com-
pariSOns where agéregates vary sharpiy in racial conposition and where
the units tend to he.smail;-for:exaﬁple,;measuring'segregation of .
different categories of workersﬁacross:pleces‘of enpioyment--this N

characteristic of the dissiﬁilarity index can generate quite misleading

-~

results:concerning the relative segregation,of‘different aggregates.

0f course, where these conditions do not apply--for example, when
~ . -

!

' !
' using large census tracts as units of analysis--this attribute poses-

.much‘less of a.problem. However, other probLems with the dissimilarity

index--forlexample, its insensitivity to differences in segregation
N ‘ N .

-amonglthek“over-represented"'units or among those "under-represented”

N
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by & group under d199u3sion--may-still preveht this'indox.of derivations
of it from bcing the index of cholce (Winshin, 1978).

1In COntrast, the alternative segregation index that we have dis-
cussed in this paper—-the index referred to as the Coleman Segregation
Index, or_§--seems to have few nf these drawbacks.

To summarize, S is the weighted average of cross-racial experience

relative to the racial_composition of the aggregate as a whole. It has

several other verbal interpretations:
(1) s is the proportional underrepresentation of one group in the
| environment uf the average member of another group;

() S.is'the‘betﬁeen~estaelishmente proportion of the variance
in the diéhétémoue individuax-le;el variable, race, measdred
over all persons in the aEE;egatg; ;ﬁd\

(3) when'two’groﬁps are exhaustiVe,.it is the difference between
the ayefage Within-rae; expgrdence of one group and the average
'crosa-race experience of the Other group; | -

« - In contrast to the often substantial expected value of the dis-

1milarity index when people are randomly assigned to different unlts,

t

,the expected value of S approaches zer0O under nearly all circumstanées.

-

Also, it is independent &f the racial Pr0portions in the aggregate,

N
~

whereas E[D] .ig not.

The fact that ‘E[D] and E{S] behave so differently can account for :

[ ‘_-._\__A BN ORI

a number of instances wﬁere D and S produce values that areﬁeither h

\

negatively correlated or only slightly positively related, Following

; 1

‘up one of thege ingtances; it was suggested that the observed association

»

~/

of S %ith'the proportion Black in an aggregate-may be indicative of a
’ / - -
./ . . "
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' 1oed

relationship of svbstantive importance--namely, that segregation is
greater in universes with larger black proportions even when the measure-
. . I\ 0

ment is standardized for racial composition.

Finally, it was shown that S can be decomposed into segregation

between sub-classes of.establishmeﬁts'in an aggrégate-and segreg;tion
- between establishmentg within each sub-class. Racial segregation in
employment'provided oﬁe.empirical-exaﬁple: segregation of wérkers of
i the same ocFupationaI category iﬁtq different places pf wérﬁ is of much
greatér magnitudg than the often-observéd racial segregation that exists

- between occupational categories. »y

Thué;.although the é indgx has not had as wide a usage as has the
Jdiséﬁnilafity index, it does appear.to be comparaﬁle or superior to the
N : = R N - . )

AN

dissimilariﬁy indéi in its interprétabilicy,'its ease of.meaigrement,'

it§ decomposability, and especially in its robustness for inter-aggregate

‘.x :. o
comparisons. Future research in this area should consider the segregation

index used recently berolehan, Kelly, and Moore, especially when "

' -

comparing the relative segregation of aggregates that vary greatly in

their overall group composition and where sizes of units under study are

W@ite sma11. | | | : T
_ o , |
I

'

- . . .
~ \/ .
. . . . N o

wa
'
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Note's

: 1; Taéuber and Taeuber (1976), commenting on the Cortese, Falk and
Cohen paper, pgintedsout that muchAof the reason for the high
veipectedlvalue of the dissimilarity measure under conditions of low'
percent minority has to do with the miniﬁum value that the dissimi-

larity index -can reachﬁgiven the few persons that must be o (

)

spread around the large number of units. Under these conditions, /

perfect integration is not possible. However, this fact illustrates ///
the difficulty of using the index to compare the relatiive segregation

of two different universes whose initial conditions vary so greatly.
R . 3 .

What is necessary,for comparisons is an index whose expected values

'

are invariant over such situations. See also Massey (1978) and

Cortese, Falk, and Cohen (1978). - \~ |

2.\_Dnncsn and Duncan (fQES) refer to several discoveries including
its discussion in Jahn, et al (1947) and Be117(1954).“}They refer

to the index as the "eta" index while Taeuber and Taeuber (1965)

1]

discuss it as:the Bell index,

3. Winship (1977), comparing D witﬁlrwo other measures--D - E[D] "

and an index identical to S--suggests that the comparison point of “//~

randomly produced segregation should be used when examining segre-

gation as a dependent variable, but that study of the "effects of

° segregation" should employ D since "if makes littlé difference
whether segregation is random ‘or non-random.". This is generally

0
reasonable, except that the effects ‘for individuals of the experience
. »

» of tacialjﬁsolation (Winship 8 example); are perhaps .better measured

by the individual's own specific racial experiences, and for the

.. group.as a whole, by “percent;x for the average Y." ‘e

® .
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The need for the approxlmatlon symbol derives from the fact thatiln

the theoretical model one is sampling units without replacement

whegeas the calculation of the approximate expected value assumes - -
independent.samples with feplacement Falk, Cbrtese and Cohen (1978)

have apparently found what they feel to be ma jor dlscrepancies between

In contrast to the calculations for Table 3, where the denominator

the hypergeometric model (samp ng without replacement) and the

- binomial model (sampling with re lacement) for their analysis of

E[D], particularly when the n, vary in magnitude. On the basis of

a’feadihg of their published results, however, the discrepéncy

‘seems not to be sizeable; in any event, it is not clear that

- the sdme problem existslregarding the. S index.

/
J

./ c
Another correction’ procedure, the use of a standard score

gt =3 ; E SJ *  would be superior to S. This is the
g°[s] - ' ' =

procedure employed bf Cortese, Balk, and Cohen (1976) to try to save

the dissimilarity measure, Unfortunately, we have\got obtained a

solution to the value 62[81 at this point, although -Monte Carlo

‘methods suggest themselves as a first step.

2

includes blacks, non-Hispanic whites and all others, these calculations

B )
N

consider 6nlx"black ahd'non-Hispanic white workers to preserve the
exhaustivemdichotomy required for the ANOVA‘iﬁterpretagion.

In particular, we have workers of a given occupation (cf, students)

' wbrkihg among others of the sémefoccupationai catégory at a place

of:work (cf, schdbls), which is one of the universe of such '"work
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3

groqps" of similarly employed workers (cf, states), which, when
combined with the other "work groups' of the other occupational
categories, produces the entire labor market (aggregate)‘under

study (cf, regibn).
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'Figure 1: Lorenz Curve and The Dissimilarity Index

LY

A \

. looz ‘ . — —— )

80%

D=.,69~,27=.42 ‘

Cumulativé.proportion of all blacks
' in the aggregate

0%

20%, 40% 60% 80% . 100%

Cumulative proportion of all non-blacks in the aggregate °
*

*Units in aggregate ordered by '% black' in unit.

S
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Table 1: Expected Value of the Dissimilarity Index )
under Random Distributién of "Majority" -and "Minority" Populations
across the Units in the Universe (exhaustive groups)

Expected Value of D:

v

Where the "minority's' And the number of "minority" plus 'hﬁjority"
/ proportion in the | ‘people in each unit in the universe is . , .-
- universe is . . . 10 25 . 50 100 1000
01 91 .79 L6l 37 .13
.02 _ | - .83 .62 .37 .23 ,09
- .05 - o .63 .37 .26 A8 04
20 ¢ .39 27 .18 .13 .04
20 ol e .20 A4 -0 . ,03
T30 Y a8 .2 .09 .03
, 50 : 25 .16 11 .08 .02

Adapted from: Charles F. Cortese, R. Frank Falk, and Jack K. Cohen,
D "Further Considerations on the Methodological Analysis
- - of Segregation Indices,'" American Sociological Review.
41 (August, 1976): 630-637, '
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Hypothetical Situations

Situation I: Péfcent black = 50%
Percenﬁ of all '.Number of Per¢ent

Blacks Whites | Blacks ° Whites Black
Tract A 50% 10% . | 250 25 917
Tract B 40% 407, 1225 225 507
Tract C  °10% 507, " 25 250 9%
Total, | VU
city I 109% 100% A 500 509 507
Situation ,II: Percent black = 9%

" Percent of all - " ‘Number of : ‘Percent

Blacks Whites | Blacks Whites Black
Tract D 50%  10% 50 50 507
Tract E 407 407 40 450 8%
Tract ¥  10% 507, 10 500 2%
Total, . o
City II 100% 100% 100 1000 9%

33

Segregation Indéxes

D
S

Percent black for

average white =

D
‘S

3l.67

-

- " Segregation Indexes

. 4\]
.22

Percent black for

average white =

7.1%
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Tablq\3- Segregation of Non-Hispanic Whites and Blacks

across Places of Employment in the Private Sector,

by Occupational Category

<

Coleman

Segregation
Index
All employees . W19
Managers W15
Professionals 14

Technical Workers .20

VSaléstorkg;s . 21
Clerical Workers .20

' craft Workers .16
Operatives "/,,—".23
Laoorerso - .40
Service Workers " .38

Dissimilarity

* PRercent

Index Black
.48 10.7%
.64 3.1%
.59 3.0.
.57, 6.5
.56 5.6
.48 9.7
.49 7.1
.51 14,3
.62 21,0
s+ +58

22,5

Mean Number Workers

in this Category
per .Establishment*

201

22
33._ ~
25
31
37
45

69
41
32

*
among establishments with one or more workers in this OCCLpationa]
categoty.

—

Source:

<

Equal: Employment Oppottunities Commission. 1975.
of>Private Bnployers., -

1

Annual Survey

34
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Table 4: Segregation of Whites and Blacks (others exéluded) /
- in 4~Year Colleges by State, Southern U.S. Region

Coleman - _ .
‘Segregation Percent
Index Black
Southern States . : .60 17.3 j
- Alabama ‘ ‘ .65 24.9
§\ o Atkanégs T - ‘ SR .39 | 17.5
District of Columbia a1 43s
Delaware P 45 s .
" Florida - 47 - 1206
Georgia ; : .64 ‘_f 22.8.
Kentucky ! ' S >‘ ‘ .21 7.6
i Louisiana ‘ 4" . . | :57\ ' 25.9
,Ma;yland v ) ) . .52 . 19.4
Mississippi | ‘ T ' .69 | V 33.4 ,
:North Carolina. ' I n‘ 6 - 21.2
" Oklahoma | | S
HSouth Carolina R .62 21.6
Iennessee‘ . _ | ) .49 - 14,60
“Texas - .51 s
Virginia ‘ | .75 16.8 N
- West Virginia . . <;0§4 5.5

Source: Office of Civil ﬁights, DHEW. 1976. Enrbl}mghts in
Higher Education. ‘
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: Table 5:.

of’ﬁié‘rarchica‘l.Analysis of Variance (2-level ANOVA example)

Decompoéition of the Cdleman Segregation Index by Application

1

Source of Variation

36

ceneral Biample v ‘Sums of qut.lalf'eVS Xijk = [0: }]‘ . Segregation Measure
' o 2\ ¢ 2 2
., Between between ' _ ‘"mean-corrected $ X5 . (I Xi.'k) Ei NiP: - NP
- Sub-aggregates states between": T |F" — 5 V(- D)
, i i P
‘ between . - . 53 2 2
Between units schools . between schools - ¢ 3 X2 i/xz 14 MiPig - g NPy
Within . - ! -~ iT‘ - i'- g 1 -
: within between 'states: g (==L i]=— NP( P)
~ Sub-aggregates states ; nij lNi
: Between within total - l;etween:” ¢ X2
.. Individlals ;chools ' schools: RS X2 - 22 Ll
within units o ijkiijk 1] By
Total - Tot;I Z/ii ¥ (222)(1 ‘k)2
, Pik gk T =i
. / :
wﬁere N = 2. 2 = Z = Z 'i = i
. T % Vo= Fny %07 5 % Kk et 13k

37
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Appendix 1: S as Between—Est:ablisInnent:s Proport:ion
- of Sums-of-Squares .

~.
-

&np(1-p) _;_ Emp - Snp2
P(%0, (1 - 7)) B(€n_(1 - p))

We have that S =1 -

. But Znipi_\: NP  and Zni(l - p) =N(1 - P)

So .
s & 1.N- Znp,
P+ N:(1 - B)
. 2)
s NP(1 - P) - (NP -Znipi )
NP (I-P)
: 2 2
s s = P - NP -NP+Znp,
NP 1 - P
2 2
s = inipi -_NP
e . NP (1 - P)

' : ~
. Y 1 iff black \\ |
From the_anal:,sw of variance of Xij = {0 L£f non—b:lack} .

Sum of squares due to mean = C = (% j iy’ = NP

Between-e stablishment s 2 , '
Sum Squares = g( jxi]) -C= i 2 2

;ni

Total sum of squares = §\§ xij2 -Cc'=NP - NP2 = NP(l - P)

) " (since x 2 _ xij for x = [0, 1])

ij

op2.
betweenSSBiii-—'___.s(ed)
" T total sS NP (L-P) q-e-¢-
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Appgndix.Z: S as Difference,betweeanB'B !ﬁ’ A : -

The Within- and Cross-Group Environments

_Let_qi =1 - éi’ the proportion of non-blacks in unit i, and Q=1-7P

q )
an PB

=8P Enpg
3 g n.q

- LBP _ Sapipy g b
B|B =5 S BB

Then P

Lnpy L EnRqy
NP N

AEnp’) - PEap - p) L aEapd) - MEnp) Y mEnp,h

- NPQ . K ) .‘ NPQ . - ‘ -
_ P+Q(Znp%) - R(Enp))
' : Nm

. 2 ' -
1+ (Snp,") - PNP
NEQ

2 9 , )
- Zuipi - NP . |

NP(1 f P)

be tween-establishment SS
. total sum-of-squares
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Appehdix 3: E[S], The Expected Value of S, Equals E,
_ The Average Number of Persons per Unit or Estab11Shment

(Using a Blnom1a1 Approxxmatlon--Sampllng with Replacement--

E[S]

Also, var pi<;

Then E[S]

]

E

1 -

1 -

"W Elp2] =

-

to the True Hypergeometric Distribution)

, k’
. 2 . 2 .
NP - ~ n p. k
1 - =l 1 = . (N =3 n.)-
. NP (l-P) B 5
, , : |
NP ~ E [Zn,p.“] 4 g
wa s | %5 ) | |

- f , | .
"(NP -YE[]- E[pizl - (Si;ice n;

independently'qistriﬁqted.)
{

1

and p; are
NP(1 - P)

| | |
P(1 - P) _ Elp, - p1? - E[Pil - 2-p-l§[Pi] + 8 = E[Pil - F

n
~ . ; . ° ol

2.

L NP - §k: n (—i——lp' 1-p '+P2))

" NP(L - P) o i n,

4

) 1 - 2 .
l-m(NP-AkP(_l-P)-NP) \

NP(1 - P) = NP(1 - P) +k P(L - P)

NP(1 - P)
X
N
)
E Y
o
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