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The théotj’ﬁnderlyiog‘ERCO_is founded in ordering thefry (A1ra51an &

Bart, 1972), with its interpretation of dominance relatioqs following logical
implicatives gimilar to Boolean algebra. The redefinition of dimensionality
using bbth the notion of dominance relations-and that of . gogicalﬁprerequisities
can more pptly be id¢ntified with the definition of a Guttman order, thereby
placing emphasis on the developmental aspects of recovered sets of dimensions.
It is this interprétation that allows for the duality of relationships between
P4rsons and items. The resulting placement of bath persons and items on the
same unidimensional- construct presents the researcher with the opportunity to
observe direct relations between the two. - .

A preliminary attempt to utilize ‘the apparent advantages associated with
the extraction procedure based on dominance relations,/order analysis (Krus,
‘Bart, & Airasian, 1975) is used. This is done both to further' explicate the
implications of ordering theory as well as to point out the issues ,with which
a dimensionalizing procedure of this type‘must concerz itself. (thls discus-
o acquaint
the reader with the obstacles that an alternatlve approach must overcome.
.Premier among these is the failure of order analysis/ to consider the true natur
of mult)dgmen51ona11ty in a dominance matrix context. This appears in the
order analytic assumption that counter dominance relations are merely a pro-
duct of error, rather than being marnifestations of /the multidimtensional. nature
of the data. The alternative procedure (ERGO) is evelobed by dealing with

this essential point,

‘The key to the dimension extraction problem ERGO rests in the formulatl
of an index of dimension consistency that-is comp rable to classical measures
such as the Kuder-Richardson formulae (1937) and the LOW"‘nger homogeneity
indices (1947). CI{ff (1975b), by demonstrating fthe reiation between these
classical indices and their redefinition in a doginance matrix - context, lays *=
the foundation for the development of an alterna ive procedure. Thus, by
adopting a consistency measure developed there,fERGO" iteratively adds items
together, resulting in the constructjion of variqus sets of implicative chains
representing dimensions. Having constructed tHese chains, the ERGO procedure
orders the chains in terms of maximal number of items contributed. The chain
evaluation procedure can best be explained as ah attempt -tg ‘maximize the
number of items accounted for in a given dimensfional solutien. '

To give additional understanding of both ghe ERGO process and the poten-
tial advantages a procedure of this type offerg, an empirical example which
utilizes sicinl distance items (Bogardus,—1925) paired 'individually with
three ethnic groups was analyzed for sespondents representing four ethnic
groups. Emphasized__jn the solytion was the duplity of relat1onsh1ps inhergnt’
In a procedure such’as this, that is based updn the principles underlying
Guttman orders. The results demonstrated the Jability of ERGO to (1) group
items referring to the same c¢thnic group; (2) Juncover hicrarR:ically graded
orders within each chain; (3) selec¢t the thre
three ethnic groups; and (4) cluster ‘individe
their scores, I v
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~ " INTRODUCTION
The extmction of factors or dimensioz_:ls.fr_om ‘a data matrix has
5 'preoccupied_many a ps‘ychometric‘ia.n, and methods developed to accom--
plish this task have taken miny forms. From the‘ir flmdamentai b_ega:.n:
/nings in factor’analytio th'eory'(Speema.n, 1904) to the more recent,
multidimensional scaling procedures (MDS) (Shepa.rd, 1962), to the most
recent, ordering theory (Airasien & Bart, 1972), all” methods have the
. common concern of. the rdeni;ification of unrdimensional stmctures o
. within a postulated multid:i,mehsional context. .To date, more tradi-
‘tional methotis of factor analysis and multidimensional scaling have
.fallen short in attacking the dimensione.lity problem-specific to the
“binary matrix (Horst, 1965). Isolﬁting -unidimensional hierarchies
within a binary structure hes recently dndergone revi‘.sio\n based upon a -
|-ur11que theoretical conceptualization known' as order ‘ap!i&sis (Krus,
’ :Bart, & Aimsia.p,' 1975) . T | '
| . Instead of creating "artificial” measures of essocia.tion, e.g.,
~—% ‘common correlati'on‘coeffic-ient or distance measures, order analysis
P utilizes a logic model. It attempts to isolate the lqgical, orders
7N

among variablef a.nd thus produces unid:.mensmnal components ‘commonly

knownms Guttman scales (Guttman, 191+1+) Using the terminology of

. ‘ Horslz (1965) and Laqarsfeld (1958), ofder anjlysis can be descr/bed

'. . _ )
N

B /
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' broadly as the process of isolating the‘undeflying‘strUéﬁures of latent

entities and attributes within a given response sti.

Logjcal procedures for uncovering:hierarqhical graded orders

.'via the congtruction.of unidimensional scaies have both practical as , -

. well aé_theofeticax'Eignifibance. The controversial issue of examining
] N .

the binary relations in a test item by person response matrix serves to .
illustrate this problem. ‘Though notab;y haﬁpered by distributional

v .
assumptions apd also by the choice of an inter-item measure of associ-

.

ation, thé use of classical faétor analysis persists as the principal
,Eype of dimehsionaiiiing pr?cedure. Far more serious than the above

"mentioaed drawbacks, however, is the failure of the factor analytic -
pé)cedures to take into account the diffic;lty prder of _the i;e;éf ' 'f ;
Because'of the -fundamental role of item difficulty in test theory,
this.failure.excludesvfactor analysis as a desired alternative, anq

' suggesté the use‘of a di;engionalizing syé%em that takéé ;nto acéount :
tke item difficulties. 1qu,present érticle suggests sucﬁ'a procedure,
based upon sougd measurement principles underlying thé dhttman s;mélex.
* The value of relying'oﬁ such a fundamental notion as Guttman-
typeAscaleé offers another, and potentially evenﬁ@ore signifitant, ﬂ

'l'.aAVanﬁng. Instead ofﬁrégarding items, ﬂhrtigulariy dttitﬁdinai_ . .

itemsi in a non—theoretical ﬁénncr as)would be the case with;factor
~a.nalysis, the possibility oftinferring a qualipﬁtive structure among

variables is appealing. This possibility, stemming frbmlthe develop-

mental notion-upon which Guttman scales rely, diffgrs from the com-

pensdatory theory of behavior upon which factor analysis necessafily

. 6 -
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. rests. Thus, Guttman-type scales allow for the considerétion of

various logic models of behavior, i.e., those of a conjunctive or dis-
 Junctive nature (Levy, 1973). Logic models such as these allow for

the_identifiéation of the developmental prerequisites to attitudes,

1]

and, at the same time, allow foZ;different developﬁental orders.

" ,
- : Recently, the developmeht cf-a dimensionalizing system that

works with the logical relationship of a Guttman simplek—fordering

.

L - . )
theory--has been proposed (Krus, Bart, & Airasian, 1975). Its

acceptance, " however, has been forestalled by a number of procedural

‘ shortcomings. Forewost among these is the failure to develop consist-

ency indices which rxglate to other more common cpnsistency desc;ip—

*tives, such as the familiar KuderfRicha%dson formulae (19571 and the N

.  Loevinger homogeneity indices (1947). A solution to this problem has
! been'formali'ed by Cliff (l975b2 in the devélépment Qf/d sceries gf

) 0 S |
measures constructed from the- item-by-item domi‘ce matrices. Impor-

R " tantly, these measures of consistency constructed from dominance
'Ar- ﬁatrices parallél their counlerpart in classical ggstétheory. The
' . . ._'i; ‘
appleation of these consistency measures pffers‘alialternativé -7
O ) . )
methodology, based on sound mfasurement principles, for thé-iQpntifir

: . .
cation of unidimehsidnal stfuofure within an item-person context. In .

e the present stud&, a ﬁéw'factor extraction method founded' in the logif
> - ] "

of ordering theory‘éh;le also incorporatiné éliﬁf)s.(1975b) consist)
o ) oy ] 4 . ‘
ency indices will be presented. ‘An quirical example using Guttman-

lika social distance ;§%ipﬁdb itehs will be examined in an attempt to

evaluate how well the model perforhs. . - ¥

s
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- Elements of Orderinc Theory

Simple~Ordérs ' : .

v . : .
~ The construction of isomorphic number systems is the central /
4 : : ‘ - : . L

issue of any structured psychologi{afr research. An isomorphism refers

to a similarity in pattern, viz., a situation where a.one-to-opé

relationship exists between an object and 'its numerical representa- -
. . » -

5 - . .

tion. To illustrate, cgnsi!,er the relationships among real numbetrs ! '

. 7 . . P
which are actually meant to be representative of the interrelations

. ) . *, . '
among, a ‘set of items or objects. One found‘atio‘f this real number

system is that it can be linearly ordered. Thus; -the following three &

properties may be said to-be the axioms upon 1'Mn’.ch_ this ordering isY

’

dependent (Coombs, Dawes, & Tversky, 19‘7/0, pp. 366-368). C

’
Y
L

© ‘

' = =)
asymmetric property - -aRb implies bRa where R means not I}

transitive ‘proprty - aRb and bRe implies aRc .
" connected propgz"ty - either aRb orZiRay o .
_ s LN . » . ‘ ' ..
These axioms hpld-where R indicates the logical relationsh typified \
- v . J.%—’

. L. Q / . -
by “"greatgr/than,” gnd a, b, and c are entities in the system.
» - .

e€xample of these threé fundamental proiaerQies may be

. -

illustrated for the one-set dominance case (Coombs, 1964) more" com-

-

be defined in. tepms of the connecting relations that éxist between all .
peiirs Mr\. stéuli. A connecting $elation is represented by ' -

Y

a 1 in the 'row/colunW designate of an otherwise null matrix. The
: Q.

4 ’
matrix of connectiot[s, commonly known as an adjacency matrix, repre- -~ 1
. ? )

rd

nionly equated with a simple preferepce ordering. A simple-order can
T . ’

A s =
| : N



s : B
N . P . kY 4 - o T - - - o - N = - " - - - ot '!' B

sents a dlgraph (d1rected graph) where ;he arcs or connectlons between
< A
the vertices sy stimuli ﬁre represented in the form of a b1nary score’

.. . \ I

. ' { . matrix (Harary, Nonnhn, & Cartwrlght, 1965) ' The adJacency matrix in ° &

ﬂﬁigure 1 represegts:a simple orderlng between three 1tems .{n the |

* ®

(.
preference context the‘bonnectlve 1. 1mpbles that the row ‘stimulus is
~

preferred to the column stlmulus. The‘property oft asymmetry is- sHown

/
by the absence og symmetrlc 1's. And Xhe lack of anyrloglcal contra—

.

' ' dictions, such as aRb, bRc, or -cRa, necessarlly suggestswigansiv1ty.

3

Thus a simple order, aRbRc, can be said to ex1st.

° '* . . . .

¢ As these essential axioms are the foundatiom for d%fining a
4 : 5 -

simple order for me_bersvofathe saM®set, so also do they'hold for

relations hetween twd different sets. The two-set dominance classi—

LY

fication (Coombs , in this case, Fefers to a set of items and a

. set of persons. persons by itJFs'batrix seen in Figure 2.-can 62
7] o - A ” . o ) ‘ » )
J seen tosyﬁeld-a simple difffculty ordering for items as wekéfas an
s ‘ ability ordering for persons. *This dual\relatiOnship is the basic
8 . .

cbncept underlying Guttman scales,'which is represented by Figure 2, a -

-’

Tt T perfect‘Guttman“scale:or aimplex. ‘Not only does t ekist*an item

difficulty and person ability ordering, but a J nt per'son- 1tem order,

- as discussed by Cllff (l975a), can also be const ted as seen in

Figure 3. This Joint: ordering can also be considered arsimple order,
, | - & .
¢ .. thus operating under the same axloms.“ L Y N

;’l“‘ff‘ E j\cs noted, these fundamental properties of relations between

e real numbers and the objects they represent (be they itfms, persons,

5.

oV a combination of both) give rise to- defined orders. These proper- “
h H - . - ( ] ’

-
1
N

/,/\ » ) ° ) °
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. L - ties, known as order relations,*pr\yide the basic Justification for the

natrix manipulabdve ptocedures developed below that attempt to utjlize

- = g logic structures as i solution to the.dim‘bsionality problem.
S 'a"‘.'. .. | ST
- --’p. Logio Structures
' ; 1_" “' .Syllqéistlc reasoning,ias.originally fprmulateo by Aristqtle,
- ‘ demopstrates the use of simple loéic and its ooénitive counterpart,‘ég
L ) t

the'reflection'of thought prooesses. The most basic of the traditional
. .ayllogiane is the’conjudction of implicative relations, i.e., as

' A~ Bja.nd B-C then -+ . This impii‘oati_ve chaining present in
syllogistic reasoning can also be considered as the development o{’a
stralght-line dimensiopal relationship congrpent with the notion of
simple order. An order, created by implicative relations, can be :
defined as a condition‘of\}ogical'arrangement among certain speclfiJ
cally related elements in a given set of items.

¢ -

~. For small sets of elements, say, a, b, c, it is possible to

.

analyze the relationships between all possible response p‘tterns (a
.
plenum), vhich can be separated into individual response patterns
(see lable 1). . )
Table 1 was arranged upon considering all possible response
" patterns of values for each of the three elements, a, b, and ¢, as
seen in step 1. Steps 2 and ) are esgzntiélly using a syllogistic
omotation noting if the implication exists, "1," or doesn't exist, "0."

* .
In step 4, the conjunctive logic functiom, representing the logical

truth of the Jjoining cf steps 2 and 3, is again indicated by.a

13

-y

x



. \ .
Table 1 *
Three-dimensional Plenum
Possible . . Compatible
Response Logical Structure Response
Patterns Patterns
_A B C (A = B) & (B~0C) A B C
1 1 1-°}- 1 1Y 1 1° 1
1 1 0 1 0 0] -
1 o 1 ) - 0 1 -
. 1 0 0 o 0 1 - -
0 1 1 1 1 1 0 1 1
-0 1 0 1 0 0] -
0 0 1 1 1 1l- 0 0 1
0 0 0 1 1 #: 1 0 0 0
) )
. P4 ‘ , N <
Step 1 Step 2 Step 4 Step 3 Step 5

*

Note. A three-dimensional plenum of thyee variables was

constructed in Step 1. Its-one dimension, recorded

in Step 5, was extracted in Steps, 2, 3, and k.
(Taken from Krus, 1374, p. 46.) :

-

\

11

10
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l-truth, O-false schema. This plenum of' response patterns can be seen
to be reduced.to a Guttman scale ((r]ttmzm, 194k4) in step 5. Thie®

scale- has the prdperty of _selpara}ing the’ individual résponse patterns
;into a unidimensiona rderi-ng/

‘ A .
. | There are many d ffef,ént methods to logically searc"or rela-

-

»

- T ,‘tionships w'ithin-g'. given data set. Each‘logicél \rela.tt"on, ip turn, .
offers a rationale of ir;férénces or non-inferences that"@ay have theo-
‘ 4- ~ retical merit. 'Within ’this stheni of logical constants, various.
interrelations resulting from logical connectives such as "and,” "if
‘/ and only if," "either/or" may be scrutinized. Approp;'iate utiliza.::o;n
.of, these tﬁes o‘wf logical implications .results in ordered hierarchiés
or. unidimens;dnfa.l émfaonenté. The implicative functions which lead to
th;&se'c;’rdegd hierarchies, thef, may be seen as the craic’of the »
'dilqen‘sionality issue. . -
.’ The implicative functionms. (Table 2.) are: (1) (+) "is a pre-
requisite to," (2) (=) "implies,;' (3) () "is not & prerequisite to,"

an‘d (4) (#) "does not imply." Employing these functions, one can move
from one function to another by reflecting va.r'iables within the
system. In the binary case, this is simply a matter of creating a
function's converse. Investigation of what happens when these func-
tions are interchanged reveals that the (1,0) or (0,1) changes (which
indicate a reverse in the direction of| implicatio;z) are variance-
generative (Xrus, 1974, p. 10). This change can also be seen as an )

indicator that information becomes available. Suth tuples differ from

the (1,1) and (0,0) pairs, which are important for defining the

b
15
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Table 2 g

Aliorelative Order-dependent Class of Propositional Funétions.
Used by Order Analysis to Logicallys Search for

J Relationships within agjiven Data Set
[ -] AN
. A B A~B A+B AFB AfB
11 1 1 0 0
1 o0 0 1 1 0
.~ ' R
(o] 1 P 0] 0 ’ 1
0o 0 1 1 0" 0
» . ’ -
. b \,tl.d .
. ' i
C 5 ' C ¢
Note. Column a--Plenum of res?onse for the two arguments,
) A and B. - .
) -
* Yb-~-Implication
c—~Converse of Implication
d--Negative Implication

/  e-—Converse of'Negatiéé Implication

16




w1th1n~oruer\s\ructure. While the (1, l) and (0 0) tuples Qetennine, %\
- o\

]

‘e

the order within the already determined structure, the variance-
generative tuples outlifie. the structure of a dimension.
v + In the construction_of suéh an impiicative logico-mathehatiéal,))

‘. ~— .
system, variables are not d1fferentially weighted That fs, no kv’

d ' attempt is made to optimize or fgpus upon any one set of lationshipq.

i » o In suqh cases, the pést approprlate logic functions are thfse of nega-

‘ tiJg implicatlon and its con;erse. The reason for this is that they

‘ differ only in- their (1,0) and (0,1) tuples (as-seen in Table 2) \d‘

\ N (},O) tuple refers to a confi&matory respopge pattern, ‘and the (0,1) =
tqple to-a d;sconfirmatory refpeqse ‘pattern. These patterns of con- ‘,
firmatory and disconfirmatory response tuples pave the essential )

* property of structuring a particular domain ef response patterns‘in ;

logical'manner. | .

As shown by Krus (l97h).and Cliff (1975b), the fréguencies of
negative implication and its converse, computed from the elements of -
a blnary data matrix, may be used to derive a dominance matrix.

Involved in the creation of the dominance matrix is the comparison dﬁ

all possible row/column tuples. The result of all these comparisons

is.a dominance matrix with integer values in its row/column desig-

nates. These designates‘represent the frequency of dominéiion of a

particular row over a particular column. This comparison of all

possible tuples--yielding a dominarfce matrix of frequencies--is

identicel to the process of matrix multiplication. However, to

properly compare the appropriate (1,0) and (0,1) types, the matrix

17 .
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. . -~ . N
multiplication is-performed on the transposed original data matrix ardd
- . ».

its logical negation or converse. The dominance ma®rix produced from
. . 4 .

this procedure is similar to a cbrrelation or proximity matrix, in the
S

same manner expréssed by Coombs (1964). These two typés of matrices,,'

1

' g v

-

The value of obtaining a matrix of dominance type, rather than

one praximal in nature, centers around'tne'fact that a dominance 5 '
matrix alloz\./gr the preservation of directionality between its ele-
L 4
ments whilg the’ proximity matrix does not The importance\bf this
N ‘
distinction rélies upon the fact that causal relations cannot be
B ¥ . i
appropriately inferred from a correlative or proximity type solution.,

A}

V., Because of the preservation of the directionality in domijance rela—
tions, however, the possibilitﬁ:of causal inferences asso¢iated with

A the develop'ental aspects of Guttman scales becomes a reality.
1) ’ . s .

a

Difference Relations . .

‘The matrix of magnitudes generated from the multiplication of.

£
the transposed data matrix times ita complement may be considered a
o

" dominance’ summary across all elements in the original data matrix.
A . ’ - . \

RN

The'magnitude in'a given cell of the dominance matrix corresponds'tq
the number of. times an element dominates some other element. Concep—

tually, this magnitude can be thought of a;s,the total *number ‘%ﬁé}}

o~

relations ex1sf1ng between the two vectors. Those (1,0) changes may *65

also ée thought of as the variance between any row vectFrs This

’ . v

18 . .
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: ’ . . 4 . .
definitiog. of variance is unique, and thus warrants further explana-

* tiom. - %3&

. Variance in ordering theory differs from the common psycho-
metric interpretation (Kruf™19fh, p. 7). The distinction between the /
psychometric noﬁion and'that of the order analytic approacn lies 4

within the philosophical distinction between magnitude and quantity
’ 4

(cf. Guilford, l95h, p. 7; Torgerson, 1958 p. 26). ‘This didtinctjon

results from the fact that magnitude can only be defined by logidal

argumenﬁj,.e.g., true-falee relations, thus exc;nd{ng any of the

‘
commonly‘jsed:quagtitatiJe nymerical indicee: The'builQ}ng of a3
magnitude nqdelkfor Ga;iance entails a freqnency count of the dif- .
ferene true—falee logical Trelations. - This reinterpretation of‘vari-
anee info magnitndee allows for the-reflection of tns existing

difference relations.® In addition;, it potentially offers several
4 ~e “

advantages over the more‘classical notions. The amount of information

»

contained in a given matrix, defined as the number of one- zero changes,

. .

can be dlrectly calculated by simple summing. Compared to the rela—
* e -

tively complex fonmulation of covariance, such an addit1Ve model is
very appealing In addition to the previously mentioned order
analytic asset of preseryation of the dlrectlonallty of. variatlon

then, there is also the advantage -of sxmp11C1ty.
[ 4
¢ -

. - t ' }
Implication Prerequisite Process N

¢« Most psychological data can be arranged in & matrix fi.mat,

e.g., subﬁects by items or responses. Ordering theo attempts te

identify the latent structures withEF a data matrix by observing the

1

'

’ .

19 }
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A N .
Joint hierarggical relationships-that exist among the items and persons.

. .
The underlying process is an attempt to organize and 'evaluate the / .;J

common strtucture of the data in spome systematic manner. . Moreover, it

should be noted that the Joint nature of Guttman scales neEessarily‘ “

implies that given the structure of either persons or, items., the i‘
jebid

remaining one is also determined For order anal%:is, the search fo

uhderlying structure utilizes the observable hierarchical structure ’ ;y/

and bases its operations on those structures upon logical principl!!ﬂr

h

‘. " Within the loglc system, various t;yf

A »of logical jconnectives,

';'{7er,or, catrbe seen

data in

v such as "and," "if and only if," " eithey,

to have desirabliéﬁﬂéperties when® Tl
A, Teeed v ,' .
g By o e Y
ﬁogical substratu This family Aif& ol .cative functi s has the

> AL

ability to separate data into its compgnent parts. As suggested
_ earlier, it can be said to be dimegﬁign generative, meaning that these v
. b T
. - i
functions posséss the ability to systematically organize thé data into

independent dimensions.7y

The logical connectives that are the axiomatic components of

+ the implications (as seen 'in Table 2) are "is a prerequisite to," "is
> | not a prefequisite,” "implles," and_"does not imply." Again, it is. ; .

possible to move from one of theseqimp;icative”functions to another,
- . - .
simpdy by relletting the varlable values thhin the system. Based on
9 r' _~
this COHCEPtUdllgaqun of reflection, an: understanding of how the ! ‘

(1,0) and (0,1) tuples can be generated should take on new meaning.

By performing a series wof reflectioqp, e.g., from implies to "dogs 4

.

. | s 20
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not impiy, a systemattc set of relations are ge‘éted separately

~ o

across the Hifferent rows. - ‘e

‘ Y .
- t is of .initial importance, of “course, is the process of*

~ L3

identific tion and sepdration of the existing subsystems before any

. Kl ) and (O l) . The simplest logic function that s suit&ble for

catfion and its logical . converse. Upon ekamination, it may be seen-

t the only diffefence ex1st1ng YetWeen these tqples is the direction
I's .
change. 1 to 0 ar 0:to 1. Theaname assigned to the (1,0) confirma-
y | \ T

' LS ‘
tpry response patterns is prerequisitﬁ,to.' The (O 1) change, -or- * .

' . . \
.disconfinmatoqy response patterns, is "is .not a prerequisite;to. . 8
/?%3*“ ‘.To summarlze, the cgﬁditions of asymm:try,‘transivity, and . . f
connectiveness are the foundag:on of orderlng and produce the com— '
posite definitié"of an order relation., The conceptua} product of-
. 4 - ~

'asynmetry and transitivity conditio i6 the necessary higher-order

t . *
" noti®n of connectivity. When relat ons ‘hre transitive in nature,
. * . * - . . . .

vp

5

connectivity between the first and lest elements in a hierarchy is

tnpliea. This property; upon:which the,notion of‘prerequisites is
based, is the essence of a’ simple order which ultimately resylts.in a
unidimensional construct. wzthin a given data mat;ix, a set of'these
s}mple orders is said to exist. ;Therefore, uncovering these latent

unidimensional structures invofVes the identification of the simple
* _

orders which in turn define dimensionality. Given a data matrix, the

21 .
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dimension‘s as qo}mfoﬁ?ﬁeiued are the development of a set’ of orders

(Russell, 1919, p. 29).
) .

Qrder Analysis: An Overview . NG ' :

L 3

+ =~ Order analysis, the prototype me&sugement '{ﬁqdel of ordering

theory due primarily to Krus and Bart (1973), vegins by geﬁérating an

item dominance matrix which indicates the frequenr{y of both the (1,0). .

and (0f1) item respons¢ patterns. The constructidh of tie dominance

. e <}

- L ‘e . .
matrix, N; fgom the p?rson by item response mrix S énd \{ts trans- -

- e

Y

-y .
1 ) . N

posed complement, :S-_', may be represented as:

o ¥=5 s
v : | '

where elemeqt Ek,j is equal to the number of persons who get k
e s \ X . ’ e

- and ) yight, which is to say, the number of times itedf k

' Gs, element 'Ek,j represents the number of (0,1) disconfirmatory

response pa&erns vhile its symmetric counterpart, Ejk’ represents the

’

number of confirmatory or (1,0) response patterns. This matrix,,
™ . ‘ .
multiplication yields a squard matrix of integer values indicating, as

stated befcre, the number of times a row element dominat}ygs a &brres-
. v

ponding column element. As in alcorrelation matrix, measurement error '

=

may also infiltrate the dominance trix, in the form o¢f intransitivi- .

\ﬁ. ) s
ties. To take this uncertainty into account, order analysisjutilize(
. . [ . ’ .
a probabilistic algorithm designed to measure the relative pureness of
each particular pair‘of'dominance relations. This is done by the con-

struction of a _z_—ratib (McNemar, "'1947) between the symmetric entries

22
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of the duminanec matrix. In eftect, this Z-ratio measures the degr
. 3 -
.of dominance ‘that exists between twq items bty the formula:
L . 0

=
~a

2, = —E R ok - (2)

{

The probabilistic interpretation of dominunce matrices is

uaséd‘upun the assumptionsof equiprobabiiity betbecn the symmetric
: coqn&crparts.in a dgégnanée matrix. .ABEJK is cal;u}ated for-ehch' .’
ﬁymmetric pair as well as Ekj’ with each value bein; pquedvon its
appropriaﬁe sideNof the di&gonal,—whefg tﬂe Bjk and Bkj components of

- the fq{mula are the magnitudes contained in the original dominance

-

matrix. For~examplg, where Ejk = T and Bkj = 2, the existence of this
’ 1

apparent intransitivity can be evaluated by the z-test.

— _ 7 = _7-_2 = 1.67 . ) : . . .

‘|
3

‘ As is apparent trom the gonstant sum in !h.e denominator, thc symmetric "
entrics in the Z-matrix are’ident;bal except for thcir signs, Lhué~ﬁka
-1.67. Though no direct evaluation is undertaken at this point, an -
obvious interprepgtion of the transiVTVe strength between two itemg,.
in probavilistic £Qrms, is possible. ’ . | .
Ry the constructioft of thé g—matfix comprisimg all puﬁsiblé
relationships, the sclection of a cutoff criterion Eivalue (here

<
termed E—level) can then be implemented to consider only those rela-

k J tionships greater than or equal to a given strength. The z's below
. - N

23
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the designated minimum criterion z-level, not being strohg endugh to

warrant consideration, are set to "0," while for thé relations greater

-

than or equal to the z-level criterion, a "1" is placed in the bina
A - » S ry

N ’ 4 Y
matrix, M. “Thus, the creation of the manifest or latent 'structure : ‘\ .
. N . . ) v :
.matrix, M, can be represented as: - ' ’ \
v ’ ° » ’ ’
. M ="Z z z-level’ ' .(3) o
’ o T ; .
k4 . .

Of importance is<*that a lgcén never be placed in symmetric elements of

the M-matrix because of the sign reversal in the symmetric entries of
. N /

¢

the g:mafrix, thus M contains no intransitivities.
AThe citracﬁion of the implicative, chains from the-biAary mani-
fest structure patrix, M, alspiipvolves‘what'éan Se considared a
probabilifti appro;ch. The procedufe begins with_both a row and
" column reordering o} matrix ﬁ, on the basis of the Kumber of "l's" or
tramsitive dominanées: Once reordered, an implication chain of pre-_
requisiges is extracted sfﬁ;ting with the first item and'searching for
the closest item that it dominétes (is prereqﬁiéite'to). Thus, the
‘ egtractibn process bgginning-with the first-"l"'in the first row is
undertaken. i _ ‘ W , ) -\\ _ N .
For clarity of description, this procedﬁral overview doncerns
itself with the éxtraction of item,ph;ins;;though the use of person
dominance matfix yielding per on‘pﬁaiﬁEQ}s an equallyﬂviable alterna-
tive.’.GiVen, say, %Eet‘item one ;ominétes item three, they are com- ‘
bined into the first chain. The same procedure of loa?ing for the

S

7 blosest item (in terms of total dominances) that item three domMuates,

21 .

L4

5




- . - . L o 21

«

LY ’ . ) .
and 'so op, is continued until the last item added has no dominances

— ’ . Ly
;} With the incluSLoﬁ of each item in the chain, the ent1re Tow aﬁd column |,
,uS - 4 '4 .
: of remaining dominanees fo} that item are set to zero, thus not\alldw—
. \ A
ing it to be used in othex?chains The yet unused items are reordered,

and the search for prerequisite domrﬁations cohﬂ‘pmes until all  items

haye,been_placed into a chain. The probabilistic nature of this .
. g ] Y S0 ) e
proced:re is founded in the assumption that an optimum solution con-

te * , N .|

sists of both the minimum number of chains to account'for all the items

X -

and, more importéntly, that the most appropriate grouping of items will .

. ) , emerge. Obviously, this need not and, because of the lack of any
? . * . . " ,
K . B
/internal restrictions aimed at optimizing these relationships, probably
vill occur. - However, before~these shortcomings of the probabilis— li"

¢ n

A tic order analysis mode;'are elaborated more fully, the description of '//(xe

the model in its entirety will first be presented.

) having extracted the implicative non—ovérlapping item cheins
represehtative of underlying Guttman scales, the total number of person
dominances iccounted for .by each chain are calculeted. The person :

dominance_matrix,zv; for ehain v can be calculated.byg'; :ﬁi“”

X =S8 o COR

v v Vv

where S 1s the submatrix of persons.by the items in chain v. An ele-
-V : - .

. ment, is the person dominance matrix, Ev’ contains the number of" .

E:Lh’

times person i dominates person h, i.e., the number of items in this

-
-

reduced set that person i dominates that h does not.

““ -— R .
P / -
.

) N The intrancitivities that exist when the items in the chain do

O R ’ - 5
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s Dot form a simplex makes it misleadlng to 51mply calcul&te the rowwise

marginals of X*’ To adjust for théﬁe 1ntran51t1v1tfgs,‘the z- test is

performed on the person dominance matrlx, creating again a totally

o v/gpgitive binary dominance matrix,.gv., The scalat notation of (5)
: B . s R4

T , l
denotes that the. ih element of the - s R

" iy

v

L
A ]

: L ] . : ..
personidominaﬁgq~matrix X ,'is converted to z values in matrix gv.

o

- And (6) represents the logical comparison of all zihvs-to Eflevel,'l

thereby yielding the transitive dominance matrix, gv.

( T ) ( e e
: ‘ M.=Z 2z-level . . -~ = >(6)

, " - The. total'number of dominances are calculated (7) for-each

v

‘..' person and are placed in an order loading matrix, L v -
. . L,=1'M . oo (n

V. v

' \
Thus, an integer value for each persin equalling the numbew of persons

dominated for a %iwen chain of items representing a dimension is

®

‘calculated In°factor analytic terminology, the matrix of order load-
inge is analogous to factor-scores, ile the row marginalsg are com-

LN . ) )
munalities. It is this,similarity that prompts the rgtation to simple

.

structure of the order los¥ing matrix (Krus, 1975,Jgp,S 60—6l).

q E . ‘i.

26,
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.+~ °" Order Analysis: A Logical Paradox . : /
. . A hypothetical example utilizing the six person By nine item
o ’,;_';; » response matrix seen in Figure 4 wild be solved for its implicative

~ N pheih; using the probabilistic order analysis method. This exercise
should both clarify the _"pz"ocedural steps as well as demonstrate the
inherent shortcomings of this approa.ch. Héving pointed out the draw-._
backs relative to order analysis, suggestions upon which alternative
methodology ma.y be based will be presented. “ /

* In the’ first step, the construdtion of the item dominance ‘

matrix (_l!) in order analysis, is denoted.
7o N =78'S (1)

vhere S is the hypothetical six person by nine item f'esponse matrix.

N

The indicated matrix multiplicative results in the square matrix of

order six, with integer values in its n elements. As suggested,forder

= ' analysis assumes that. the counter doninanees appearinga in the doni- ' .

nance mtrix, preﬂented in Table 3, are merely a function of error.

R R RTE B Tk AR B L T T R I SV e

'me procedure for probe.biliitica.lly evaluating these intransitive

errorful relatidns, McNemar's (1947) z-test, is performed:.

‘\ .‘ ' n -n. S
' 44 ka=_.lu.L;J,¢k i - (2)

Allgp's (Table 4) are then compared to the tolerance criterion, in »
. . I ‘.*

. this case, z-level = 1.0. For the z values exceeding the criteria

‘_z_-level, a "1" is placed in the ma.nffes_t structure matrix, M, theo-
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-

person response patterns on six items.
28

Binary data matrix representing nine

\

= N\ ~ O O
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Figure L.
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- " Table 3 ' ]
Item Dominance Matrix N
A B c D E  F
A 0 2 i K 3y
B 3 0 2 3 4 5
Cc 3 0] (0] 1 3 y
. D 2 o o' o 2 3
E 1 1 2 2 p 2
F 0] (0] 1 1 (0] (0]
Note. Calculated by premultiplying the trans- o
' posed complement of the original data '
matrix by the original data matrix.
¢
1 4
R 29
- : ' @
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Note.

Table b4
Z-matrix
A B c D E F
o -.bb7 378 816 1 ) .2
RVY ¢ 0o . 1.4 1.73 - 1l.34 2.24
-.378 -1.41 (o] 1 L7 0 134
-.816 -1.73 -1 0 0 1.
-1 1.3 - 0 0 1.4
2 2.2k 1% -l a4 o

Matrix of z values calculated from item dominance

. matrix. -

’
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—retically representing the "true" dominafice. The binary M matrix

B

. .27 .

appears .iff Table 5 T
y§“ M=2z2 (z—level = (i.O)). (3)

oy
M -
-

hd ' s - .
y. The assumptions and procedures presented to this point, -de-

tol}

signed to isolategﬁhe latent dimehsions, appear reasonable, yet on
L/ .

closer inspection;&re.baradoxical. The assumption that counter domi-
. 2 .t .

- 7 L]
' - e

nance or intransivities are simply brought about by error 18 clearly
, . ‘ ‘
antithetical to the issue of multidimensionality. For counter domi-

- t
. nance could actualdy represent the existence of multiple factors

within the data unless, of course, the data are simply unidimensional.
The‘paradox, obviously, is that by cancelliﬂ; out the effeé£ of the

g?unter dominance ih the multidimension;I'case Secondgry factors are
obscured, leéving only a primaty first facEpr. Order analysis by o
restricting its definition of dominance limits it\self'to the considera-
tion of the most prominent ugidimensionél scale.” This apparent breaks

dovn at the basis of the order analytic method wgrrant; R rethinking

of the entire conceptudlization of multidlmensionality specific to a

dominance matrix context. Ichever, the fuf;her elaboration of other
related procedural flaws will also be® of considerable value, particu-
larly in the consideration of an aiterﬁ#tive procedure .

Given the manifest structure matrix, the next step of the -
order an;lysis'procegfre is the extraction of the dimensional’chains.

This process begins with the reordering of rows and columns of the M

"\

matrix, from most dominances to least, as has already been seen in

31



’Table 5

* ' Manifest Structur;:‘

B c’ A .
B 0 1 )
c 0 ¢ O )
A 0 o o
D ~‘o 0 o
E o o o
F o ' o0 0o

Matrix M

D E

1 1

3 o
/7

o

o

O‘

Note. Reordered,manifest structure matrix,
M, using a z-level = 1.0.

-/
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the longest, the most Guttman-like, or the most orthogonal set o

- erédibility. . 3 3

.29

Table 5. Commencing with the first row, the extraction procedure

»

searches for the first 1, representatlve of the connection between the ’

respective elements. .In this example, item B domifhtes or is Prereq-

»

uisite to iteka. Then item C dominates 1tem D, and item D dominates
v -

item F, completing the hierarchy of the first chain. Thus, the chain

of connections B~ C =+ D -+ F created by the pairwise reletions between

the adjacent items in the chain defines the first unidimensional struc-l

ture. Having completed the chain, the remaining relations of its

-

member items are deleted. The construction of the next chain then is
. rd .
approached in an identical manner. In the present. example, this

yields the A -+ E chain. As all items are accounted for, a two-

dimensional solution emerges.

. Examination of this type of extraction procedure reveals two

separate ‘but related theoretical flaws. First, it’can easily be seen
that such a procedure does not guarantee that all chains prqsent in

the g matrix are extracted. While the present“example is net large

'

enough to give a clearer illustratien of‘this, the existence of the

- - ‘
B-E-~F and A - E ~ F chains does suggest this possibility. " Once .

the existence of other chains is acknoﬁlequd, however, a more *

b

*- . '%. piw '
important quesﬂion arises: Have the optimal chains been selected?. ™. Sy

Optimal, in this context, may refer t& a number of criteria, su

chaing. In any case, the failure of the procedure to systematic

consider any of these criterion standards seriously reflects on

»



The second Shbr;:cohing of the e)_ctr:aéti“on procedure i's; related
s to the broader issue of int.rachiimension co::lsis-t;ency and may be glea.ned T
e from Figure 5. 'In this figure, a simple reorderlng of the itéms in . '

the submatrix of chains I and II reveals that ghe inc\sgglstent rela.tion

exists in each cha.in. “For cha.in I, item F for.lperson 5 is not, con- : 5

sistent, and similarly for chain II, person 7's correct response to ‘ | .

item E is'inconsistent.  Because of the lack of any goodness-of-fit .

sﬁatistics measuring the chains' consistency relative to the perfect L

simpl:;c,j a potenfia.l user of ‘this procedure cannot compare solut;ons t ..
at different levels of internal consistency. Obviously, such goodne;s— ' 3'5" >
| of-fit indicgs a.z"e. crucial to any soundly based measuz:emept _procedure. r; _‘a\
f‘urther, any, descriptive statistic developed with this burpose 'in'mi;nd
" must be comparab'le to other measures of dimension construction) the ) t._-“’” ";
most common being measures of variance. Pos
Having already selected the chains, the next step in ordé'r ""/ sy
analysis is to obtaingorder loadings for persons on each item chaizz. - _ | .
On & éiven cha.in.of items, the person-prder loa:dings représent the-‘ “:g' (i
% number of persons that a pa.z"ticular individual hg.s consistently out- .-""‘._ i
i »4 . / i 7 @g%
- scored : ' g
- M . ’

fhe method for obtaining the order loading matrix begins with

., ~the calculation of a. person dominance matrix, )_(V ; from the submatrix
‘ﬁ;’ ‘of items, S , from chain v.
] : - 4o R b2 » o -

X =88 (1)

¢
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5
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‘%
i
3 >
™ ' 3
T
. '8
9 -
Person L
2
1
5e
s _ 6
R ;
‘9 I
7 Figure 5.
»
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- - . ’ -
B+C~D~F A-~E o
‘;;I.' ‘1.-.1 0. y 1 1 )
1.1 1 o . 5 1 1
1 1 1 o ‘1 1 0
1 1 0 o 2.1 o-
1 0 0 1° ©Person 3 1 © ’
1 0 0 o0 7 0 1
o] o. 0o O g ' 6 0 O
L0 0 0 o0 y 8 0 o
0 0o 0 0 9 0 0

Reordered hypothetica? data matrix.
Persons reordered within chains to
.11lustrate the inconsistent responses,
wvhich are underlined.



As before, a z—iest is performed on the symmetric eiementq, E"Y( of

( ~
the dominance matrix. This time, however, it is person dominances("\,
k&; ) - ’ g
rather than item dominances which are sought.
' N\
' Xl - ) S - -
_ thv ~ *hiv . . {
R A L=
. ‘ thv T Thiv - o . '

This Z-matrix is then compared to th@ z-level criterion value,. vhich
remains the same as the first test's g:l§f§}1= 1.0.

‘F. BRI

t ) -' . . " 1}

M, z z-level = (1.0) ‘ (6)
, . . » O'
The resulting matrix, M, of transitive person dominance is summed and

the marginal totals represent the

~
.

- Ly =M ; (7)

number of persons an indi#idual dominates. The earlier mention 6f

consistent wins refers to a consistency inferred through use of the

z-test. The order loading matrix, L, constructed for the two chains

is presented in Table 6. Again, the integer values are interppeéed as

the number of persons that a particular individual outscored, .given tﬁe
consisteny items he got correét. To complete the description of order

analysis, the m;trix of order loadings’is standardized by converting

the integer l;adings intJ proportions, and then.rotated to simple

structure by varimax (Kaiser, 1958). ) -

Though no extensive criterion of the person dominance inter-

‘pretation of order loadings will be presented here, the methodology -

?
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Table 6
Order Loading Matrix o

CHAIN I CHAIN II

B.* C-D-~-F A-E
1 0 3 N -
2 3 "3 i
TR ;
(/]
85 0 ({
6 o0 ]
7 5 3
8 5 { 0
9 W o
3 .

Implicative chains extracted from reordered
manifest structure matrix with order load-

ings constructed using second z-level.-= L.0.-.-c-c iiiancaain.
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“unclear. Given the serious procedural shortcomings that have been

4w .

upon wh*ch it is: based is nonetheless subJect to questlon (e g., the

gftest criterion). ®And if the extracted chains represent unidimen-#/

\ [l

sional scales underlying the data matrix, the-need foOr rotation is

v

discussed already, rotation may be nothing more than an attempt to
sift through the structure in seartch of meaning. Any procedure that
identifies the true unidimensiona; components, as order aﬁalysis pur-

®
ports ‘to do, should have no need for rotation. EOEN

In summary, an examsle of the probabilistlc mersion of order

analysis has been traced through, n§ting its procedural shorTcomings.

Two problems emerge that, if resolved, could lead to a theoretically ‘f'

sound procedure for the extraction of multiple Guttman scales. First,
the internal consistency of all elements in abﬂhain, rather than just
its adjacent members, is crucial. A solution to this problep would,

in effect, also resolve the logical paradox ofﬂmultidimenséonal

y - r

counter dominances or intransivities. Internal consistenoy redefines

M 4

the multidimensionality of the dominance matrix, allowing: for an

appropriate appraisal of the existing counter dominance. The second/

problem involves thé development of standard procedures for selecting

the optimal chains. Necessary to the selectlon of the optimal chalns, f

bl

however, is the consideration of all cha1ns. Thus, the factor extrac-

tion methoddlogy must first extract all chains before the selecf{on .

Y . . N
Ll .
’ .

procedure can be implemented. S : ' K
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. MODEL AND THEORETICAL CORNSTRUCTS LA
o L .

ERGO: A Procedure for\ Extracting - .
. ' Reliable Guttman Prdexs : -
Ny | I

An-alternativerapproach that avoids the pitfalls of order

analysis most redefine iaternal consistency'in terms of‘;ts couﬁter-
part in classical test theory reliability. clirf (1975b) suggests a
L] series of<indices, intended for a testing context, that establish a
relation between dominance matrices and classical measuremeatuf Among -
the indiées‘described by Cliff'(l975b) is 8 measure of internal con-
sistency calculated from a dominance matrix that functiond like thf;
standard Kuder—Richardson formulae (KR) (1957) In conjunction with °
\ a methodology for defining_an optimal, represent&tive set of factors,
the apﬁlioation of internal consistency presented by Cliff willfbe
utilized in‘'a new model termed ERGO. Tﬁis altern:tive model attempts
- to resolve the paradoxes common to order analys1s, yhile still associ- .’

.......................................................................... e Ve e € vk e

ating itself with certain elements of ordering theory. . R
T . T ¥, ,

Internal Consistenox

The index proposed by Cliff (l975b) is based upon two param-
eters and yields a numerical value which represents the internal

consistency of a set of dominance relations. The first parameter is ,

39 .
25 *.
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the relation of an obtained dominance matrix to a perfec':t- Guttman . , i
. ‘ ' St B : I o N o
simplex, and the second parameter is the relation of an ob“\tained‘*’*f‘f "
k)
dominance matrlx to a theoretlcally random set of dominances. Before ' ,

the- a.ssu.mptions underlylng the development of the index are presented’
it should be noted that the identical, operations hold for both person

- . . . . . '
or item dominance matrices. However, to be illustratively consistent ¥

with the preceding example, the item dominance matrix, will be used.

'

. . Given the item ,donina.nce matrix N, the total number of rela-:

~

oy .
tions, u, is denoted in equation 8.. »
Ld

A . . .
u= ka : (8) ot ;‘\';.t.'fz_g‘._

The matrix notation for this summatlon, vwhen S is the b>nar'y response*'-fr

o — %
matrix and (SS') its dominand® mat%fx, is seen in‘equa{ion 9.
~—k

¢ 3 ,

: -0 =-'l'(§'S)‘l ' ’ ! l
. i . 1

‘ If the rows and columns of the item dominance matrix are reordered in o ERR
\ a descending fashion and the data are perfectly con51stent, all the - : ; <

i 94
9;}- . \" .
ds:minance. .relations will be .cp.nta.mesi,in. the‘upper.triang.le.-, “Thus for L

:
......... ACE Lelallons Wl 16, CORY ey =
. : F . 3

perfectly consistent data the number of dominanwes in the upper t‘;;i- &
- oy ] -
angle, Bm ‘,‘ would equal the total, u. - ' P e
" u =2 2n . ' (fo) <~ . -
m J k> Jk , S

By equating perfectly consisteht data with aiGuttma.n simplex, inédén-"

sistency can thus be evaluated in.‘terme of dominances that fall below

‘ ' : -
v L

=
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the upper triangular portion of the reordered dominance matrix. To

Put these relationships into a préger perspective, however, the con-

sideration of a second parameter, a probabilistic distribution"of

dominances, must also be considered.

The assumption of no order, in the context of a dominance

mat;;x, neceséarily suggests an equal number of dominances for each
/ N

BJk‘

be viewed as both estimates of the same quantity, !dk' Thus, it fol-

In the case of equally distributed dominances, Edk and ng can

-

lows that by averaging the symmetric entries an expectedWminimum, uys

»

is produced. ) ) -

R R CT a)] (11)
.
Distributing the sums, a maximum of %u i8 realized.

- U % u - Hu (12)

Thus, a consistency index, ¢, relating the actual number of dominances
in the upper triangular portion to that expected by chance, can be

. \
constructed. A ope is subtracted from the upper triangular "gooQ;

daminance-to-chance proportion in order to djstribute the consistency

o Ce:l,
value fran —+—vo—+d; thereby yielding -
5 _
' * o
u L
c = 5_‘1 -1 : (13)
___//j’\\
By simply ridding the denoming}or of the fraction
2uIn
c=—-1
u

41
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we have Clift's index of item consistency, c. By essentially the same
rationale, Cliff (1975b) redefines the Kuller-Richardson formulae
(1937) and the Loevinger index (1947) by considéring the obtained
upper triangular dominanéé, the maximum possible wumber of dominances,
and those expected Ly chance. The foundation of the consistency
index, conside}ing its utilization of the same parameter that under;
lies such classical reliability coefficients as KR2O and KR2i,‘makes
it a most appropriate alternative for evaluating order cons éﬁcj
over the entire dominancc matrix. What remains, havimg established the
suitability of ¢, is the methodology through which it may bé imple-
mented.

Selecting Optimal Chaing;
Internal Procedure

Optimal chains employ both internal (within chains) and
external (among chains) procedures that are directed toward seleé%ing
the most apprppriatc set of item combinations to represent the data.
With the restriction that consistency across all memﬁer items remains
as high as possible, the internal procedur’ concerns itself with the*
chaining of certain items. This contrasts with the order analysis
procedure that ope'rationalizcs tee chaining by considering only the
adjacent connectionc. Once the unidimensional chains are constructed,
the external opltimi:'_azlon procedures attempt to order the chains in
terms <! their rclative contribution in explaining the dimensionality
of tne aata structure. Necessarily, the evaluation of relative con-
tritutl. ns*across chains has as a Qrercquisitc the extracticn of all

Al
chains. 42 -
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'l'h'g’initial consideration, viz., the combining of items into
B chains, involves an iterative approach. For a given item chain, the
most consistent item as determined by the highest consistency, Ep’
where p represents the joint subset of items, is joined to the initial
chain. If a tie in consistencies exists, the item closest, in terms
of difficulty level, is given priority. Thus, for each item, k, a
consistency is celculated, gp + K combininé tﬁe new item with the

items already in the chain. |

(14)

The iterative prqcedure of sequentially adding items to chains on the
basis of the overall consistency of the chain is operationalized for
all items by allowing each item to initialize its owh chain. Iﬁ
matrix terms, the rows become represent@tive of chains while the ™
- ¢columns reﬁain representative of items. The ij entries qf the final
consistency matrix, F, correspond to the consistency level at which the
item, J, was added to the chain, i. An illustration of this prooedu;;
‘for the hypothetical example presented prev;dusly is seen in Table T.
To identify member items, an elemeﬁ;-by—element comparison of

matrix F is made to a subject{ively determined consistency cutoff value,

" cv. For example, by setting cv at any value greater than .84, the

resulting binary membership matrix, B, is produced (see Table &). .
B=F 2 cv
43
&




Table 7 » .
, Final Consistency Matrix F - ]
Items ' .
B A " . C D E F
I 1.000 .516 1.000 1.000 611 .800

I .680 1.000  .48% 571 .800 1.000

8 T 1.000 .516 1.@0 1.000 .61  .800 .
| é v 1.000 .516 1.000 1.000 611 .800 o
* \4 .833 .680 .516 571 1,000 1.000
vI .833 s .680 .516 571 1.000  1.000 ' o

Note. Rows represent chains and entries in reordered
columns represent consistency at which item J g

was added to chain i.

41
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*  Table 8

Binary Item Membership Mattix B

\ -

B * A c D BE F
1\ 1 0 1 1 ) #Q
) &

II ‘o 1 0 0 0 1

111 1 0 1 1 0 0

v 1 0. 1 01 0 0
v 0 0 0 0 1

VI 0 0 0 0 1 1

Note. Binary item membership matrix, B, resulting

from any consistency cut off value > .84,

.4‘;;- E

t4

b1
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.Removing ﬁhe duplication, three qgﬁins are reVéaleq, namely,
B-C-D(I), A-F (II), and E - F‘(Inf. Becgjise each chain has a
consistency value of one, as may be seen in Table 7, there are no
inconsistent rel;tions. Figure 6 breaks down the chains into their
' recpective submatrices, confirming the existing slmplex for each chain.
Having completed the outline of procedures involved with’ |

internal consistency, the procedures utilized in evaluating the con- °

tributions of the extracted chains will be presehted. However, before

' the detalls of the considerations used in evaluation are brought EZrth,
the scoring proéedure implemented in ERGO needs to be discussea. In-
‘ stead of defining scores as person ddminance as is dohe in order
. analysis, d’straigbtforwa!ﬁ summary of consistent relations (see
- “'Figure 6) for an individual for = Qiyen chain defines score. The

° redefinition of score using marginal sums offers a ‘convenience of

interpretation which will be demonstrated in the empirical example to

-

be presented later.

Selecting Optimal Chalns b
External Procedure :

The decision concerning the optimal solution and ordering of
chains, like the ordering of factor&.in factor analysis (FA) or dimen- *
sions in multidimensional scaling (MDS), mus£ be related to the overall
epistemic contribution of the dimensions.  However, the distinction

- between the structure of the dimensions recovered with the ERGO
i
kY

procedure and those from either FA or MDS requires a redefining of

contributicn. With FA and MDS, the variables or stimuli are assigned




Persons

I

B-C-D
(31 1 1
(n1 1 1
(8) 1 1 1
(91 1 o
(2) 1 o o
() 1 0 O
(1)o o o
(syo -0 o
(6)o o o

Figure 6.

Reordered data for ERGO solution.

()

N W W W

11

A-=F
() 1 1'
(1)1 o
("1 o
(3)1 o
(5)1 o
(6) o o
(7)o o
(8o o
(90 o

[ o

© O O o

v

E-F (%
() 1 1 é
(5) ¢ o 1
(m1 o 1
(1)o o o
gao o o
3o o o
(Qo 0o ‘0
(8o o o
(9o o o

Extraction of

three chains from hypothetical data as determined

by ERGO procedure. Person numb

-1

‘iln parentheses.

b3
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weights on al} factqrs or dipensions, but in ERGO weigh?s are ass%sped
to dimensions which are actually composed of subsets of items. Thus,

a procedure for optimally comﬁining Ehe dimensional'chains to accogpt -
for the maximum nymber of items appears reasonable. When additio;al )
chains’are being considered for selection,vthe maximum number of items

referg to unique, or yet unaccounted for, itemﬁ.

A procedure for ordering the extracted chains t:ﬁms of their
maximum number of unique items added appears straightforward. Compli-
cations from ties a}ise, however, making additiomal considerations
necessary. For a’'given set of chains, the selec%ion,procedure first
calculates for each pair of chains the total number of uniqué items.
Given that one such pair bf chains has more than any othef, the selec-

tion is greatly simplified. The chain containing the most items is

put first, the remaining chain second, with additional chains being

.

_ added corresponding to their number of unique (yet unaccounted for)
items. In the case of a tie of unique ifems, the chain having the

..»least overlap (items in common) with the already accounted for items
is chosen. When pairs of pairs are tied in both number of upfque and
number of overlapping items, a still different procedure‘is called for.
This is to take the pair of chains that, within the pair, demonstrates
the largest differance in terms of their resulting orders (person
orders). The largeét difference is defined gs the largest numper of

_ inversions in their corresponding person orders. To amplify, a single
inversion in order exists between any pair when, say, aRb in one rank-

ing is compared to bRa in the other. Thus, by totalling the number of

438
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inversions and the number of agreements and then adjustifig for the =

" number of possible agreements, an index reflecting the dégree of dis--

sitiiz;itj of the two orders is developed. The index suggested paral-
lel ;Le procedure ut;iized inlthe calculating of Kendall's téu a
(Kendall, 1962). It differs, however, in that the most approp;iaﬂmﬁ
selection (having the most inversions) is the lowest taﬁ value, as ﬁau
is a measure of agreement rather than disagreement. .

To best illustrate the process by which chains are ordered, Ehe
hypothétical'example will again be referréd to, beginning with the item
membership matrix, B. Chgins IiI,AIV, ana VI in matrix B will be
removed because of their obvious redundangy, leaving for consideration

chains I, II, and V. The heuristics upon which the subsequent chain

selection procedures rely are founded in Boolean arithmétic, briefly

summarized here:

L«
0+4020; 0+1l=1; 1+1=1; 1xl=1; 1x0=0; 0x0=0

-
. >

A summary of unique items between chains i and j is computed

frbm the B matrix~and placed in the appropriate upper triangular ij

element of matrix O (see Table 9). Thus, v <
0.. = L X (b, +b, - 16
i il (b +0y) (16)

-~

where "+ indicates Boolean arithmetic, and b, and gj represent rows
corresponding to chains in the nonredundant item membership matrix B.
The lower triangular ji elements of matrix O are the number of over-

lapping items between chaip i and chain Jj denoted as

49
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Table 9 +
Matrix O
v Chains
I 11 v
: I - 5 5
" ]
vl‘ (]
g 11 o - 3 7
: -~ v 0 1 -

-
Note. Upper triengular portion summariiing all pair-

wise uniquenesses while lower triangular
portion summarizes the pairwise overlap.

00
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oy = 3.y (oyxey) | (17)

e

where "x" again indicates Boolean arithmetic.

Inspection of Table 9 réveals that chain I is t;ed with chain
II and chain V with five unique items. The overlap criterion cannot »
bréak the tie, ag neither chain haé any elements in commbn with chain

I. . :In this case, the next step is the correlating of the person scores

» . .
derived from their respective chains (Iwith II and I with V) so as to

determine the most dissimilar pair. The resulting taué as seen in the .

uppef;half of}ﬁaﬁlg‘lo are -.139 and 10278, respectively. On this
g§§i§, the'i-ff p#itfis selected. Having not accounted for all the
15éﬁ$i(v1§;4_1tém E), chain V is added, resulting in the final order of
I, II, and V. ' ) ) .
Other situations notlréifesénted.iﬁ ﬁhi%.example need to be
‘mentipned. »Ei:st?_giVen‘that all items a;é'acéoﬁﬁtéd for, any remain-

ing chains are dropped. Second, the converse situé%ion%’ﬁhere addi-
tional-chains add only a relatively small number of itéms, thereby
having little substantive value, suggests the implemqnting of a scree-
type procedure”to discount the smaller chains. And third, where an
attempt for orthogonality of kifovered dimensions is desired, the
removal of items contained in morexthan one chain is suggested. To
allow for thé evaluation of the above mentioned considerations, a
sumary matrix for each solution as is seen in Table 6 is constructed.
The values in the upper triangular portion, as already mentioned,_refer

to the taus between chains. The values in the lower triangular portion

51
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: Chains

II

Table 10

ERGO Summary Matrix

Chains
1 11
3 ’-.139.,
-.139 © 2
©_.0278 611

ES

52 .

- l. —

.0278

-389

Summary matrix witk tau a values in upper triangular
portion, tau-a discounting all overlapping elements
in lower triangular portion, and number unique -items

added by that chain in diagonal.
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Jrefer to the tau a,correlations discountiné common items, and the

” . »

intqgér values in\the diagonal denote the number of‘uniqﬁe elements
added to the solution by the inclusion of that chain. )
In summary, having an index that corresponds directly to"suchz
classical indices as the Kuder-Richardso; formulae (1937) like the
1nternal,cqnsistency in@ex)praposed by Cliff (l975b) pr&vides an unam-
Eigﬁous piocedure‘for combining items into chains. One éossible im-
provement, hdwever, is a weighting system that adjusts moré'fully fq;

item difficulty, rather than a total reliance on item consistency.>d

Unfortunately, the external selection process, not being grounded in

-
o

guch fundamentally sound principlés; cgnnot be'considerediéé favorably.
The shortcomings become manifesﬁ as the dimensionality increases,'thus
allowing more chance f&r an erronéous selection. It may be’seen that
until indices are developed that maximize specific reiationships,
preferablf.in-bothvthe item .and person dominance .contexts, the entire = _
extraction procedure may remain sﬁspect. At any rate, a more sophis-
ticated definition of chains relating directly to the duality that
exists between item and pérson domingnces is definitely called for. At
" this time, having not resolvéa this issue, the selection procedures as
described will be implemented-ih the dimensibna;izing of an empirically »

 derived data matrix. .
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AN EMPIRICAL EXAMPLE

B

Method

©  To.demonstrate the order extracting procedure in a practical

context, an investigation was designed to allow for maximum empirical |
validation; Selected as a representatige, well—known‘Guttman scale was-
a Bogardus-type social distance scale (Bogardus, 1925) A question-
naire was constructed that incorporated seven sodial distance items 1§
8 binary choice format (see Appendix). All of these were then paired
with three ethnic groups Black, Mexican—American, and Oriental. By

having members of the three ethnic minority groups, in addition to

Anglos, responding tothe questionnaire, it was fe;t that the ordering

ethnic group, but would also serve to cluster the individuals with
regard to ethnic group membership. ‘

The 21s-item social distance questionnaire was administered to
8L undergraduates at the University of Southern California, who par-
'tic1pated in the fulfillment of course requirements. Prior to the

administration, subjects were asked to consider the general image of

14
ethnic groups other than their own. To assure compliance with this

-
request, subjects were asked to construct a written outline listing

\

several key descriptors wf each group. Onc= this»preliminary task was

50
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oghtne“items would not only group together_itemsireferring_to_the.same. L
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completed, the subjects were instructed to keep in mind the image%
rather.ﬁﬁan a specific individual whéh-responding to the social dis-
tance items. This vas“done to maximize the number of res;lting
response patterns.~ of th¢‘8h respondents, 60 gave non-duplicate

?
response patterns for the 21 items.  Ethnic composition of the 60
respondents wés‘gs follows: six Mexican-Ame;icans, eight Blécks, four-

teen Orientalsgand thirty-two Anglos.

Resuits

The aominance=matrix, finai consistency matrix, and reduced
‘chain by item.membership matrix calculated at a minimum consistency of
.95‘are presented in the Appehdix. The thirteen nonredundant chains
.were subjected to the chain selection procedure;, which reduced to seven

; the number.of cha;ns necessary to account for all the items. The

reordering of the seven chains followed the previously described pro-
cgdural steps of first maximiz%ng tpe number of unique items and 1#
the case of a tie selecting the chain with the fewest‘number of over-

m

lapping items. The summary matrix for the reordered set of seven
» iy L

chains containing the number of unigue #tems added in the diagonal as
well adyto their rank order intercofrelations (see Table 11).

‘ As suggested, the i%Bsue of limiting the number of chains or

. .

dimensions to those considered "significant" is resolved by the appli-

o -
cation of a scree-=type procedure to the respective number of unique .

. items added. In doing so, the apparent cutoff is the third chain, as

the fourth chain adds only 2 items to the 16 alreafly accounted for by
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Table 11

Summary Matrix for 60 Person by 21 Item Social Distance Data

X - X1
7 .18
.20 5
.12 .16
17 b5
.48 .B7
) Al
18 .10

4

I
L
13

2k
.21
.25
55

»lhains

VIII
.16

TR

XIv

53
L2

XVIII
.70
.19
.22
.15
T
] -

-39

1

Tau a values between complete item-chains are in upper
In lower triangular portion are

tau a values for scores computed from number of unique
items added by that chain, which appears in the diagonal.

triangular portion.

an
oy}
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the first three chains. The items of which the three chains are com-
poséa are listed in hierarchical order in Table 12.

JAs seen in Table lé, the consistency ~{ the ethnic group refer-
enced within the three chains, with a few exceptions, namely,items N#
and B in chain X and iéZm U in chain XI, is apparent. Chain X is
composed of items illustratigz & social distance scale for Mexican-
Americans, aé are chain XI foriplacks and chain I for Orientals. Thus,
the corresppndence of the three item chains to each of the three ethnic
groups reflects favorably on the chaif seléction procedures. Howeéer,

the existence of the exceptions within chains X and XI does not allow

for a clear definition of an individual's social distance specific to
s -

an ethnic group. :In an attempt to resolve thié'situation, the over-

lapping items, that is, items contained in more than one chain, are

'climinated.<lThe rémaining fourteen unique items (as denoted by an
asterisk [*] in Table 12) still .éontain one inconsistent item, item U
in chain XI.

The appropriateness of the resulting solution can be illus-
trated by comparing the recovered hierarchical groupings of items
(Table 12) to the proposed hypothetieel ordering of .social distance
items. Except, of course, for the one inconsistent item, U, in chain
XI, the ordering of the unique items within eaQP chain corresponds
closely witﬁ the hypothetical ordergng. In fact, the only exception
is the reversal of items 06 and OT7 in chain I. Therefore, aside from

.

a few minor flaws, both the homogeneity of scales and the ordering of

items within scales resulting from the ERGO'procedure would appéﬁr

quite reasonable. ,
i

o7 -

s
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Table 12
Items in Chains X, XI, and I
» Hypothet-  Alphabet- Ethnic
iepl Order ical No. " Question Group
(06) N. Would work in séme office . Oriental
(B7) B. Would have-as speaking acquaintances Black
_ < (M7) ° #H, Would have as speaking acquaintances Mex-Amer
= (M6) *C. Would work in same office Mex-Amer
(ML) *P, Would invite for dinner Mex-Amer
(M) *R. Would have as close friends Mex-Amer
(M) *J, Would marry into group Mex-Amer
_(B7) " B. Would have as speaking acquaintances - Black
(03) *U, Would have as next door neighbors Oriental
Es (B5) *F. Woul® consider as friends Black
= (?h) *A. ¢ Would invite for dinner Black
) (B2) *Q. Would have as c¢close friends Black
"~ (B1) *M, Would marry into group Black
(06) N. ,wOﬁld work in same office Oriental
(o7) *L,. . Would have as speaking acquaintances Oriental
EE (05) *0. Would consider as friends Oriental
(ok) *D, Would invite for dinner Oriental
(o1) *(, Would marry into group Oriental
Note. Hierarchically ordere -itemélcomprising first three dimen-

sions.
theses.

one chain.

o8

Hypoth@tical ethnic distance coding is in paren-
Asterisk (*) refers to items contained in only
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The further evaluatién of the ERGO procedure, the clustering of
individuals into their appropriate ethnic groupg, is realized in terms
of tgéir scorés (see Appendix). As would be expected, every ethnic
group- member endorsed all the items referring to his éroup. More o
important, however, is ﬁhe direct correspondence of an individual'St‘
score. to Hié relative position on the unidimensiong; constructs, there-

_by permitting ease of interpretation. This fact, combined with the
developmental interpretation stemming from the notion of logical pre-
requisites undérlying Guttman orders, adds further clarity to the sub-
stantive interpretability of person scores. g ‘ . .

To illustrate, the scores for the firsghAnglo (13 2)-can be
directly interpreted as the subject's social distance relative to the
three ethnic groups. Thus, the score of 1 for the first chain (X)

camposed of the Mexican-American items corresponds to item M7 (would

I
14

have as speaking acquaintances). Similarly, the score of 3 én the

*  chain referring to Blacks (XI) indicates item B4 (would inv;te for
dinner), while the score of 2 on the Oriental item chain (ii corres-
ponds to item 05 (would consider as friends). The endpggement of the
items below the scére level designated is assumedﬁ;tﬁefeby giving a
more precise meaning to the scores. The developme;tal notion of pre-

% %equisites corresponds‘to the previously suggested positio;ing of ¥

-\people'and items on the same unidimensioral scale. This dual position-

ing allows for both persons and items to be consid;red in relation to

.

" each other, yielding an increase in the number of relationships that

3

are directly observable. N
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However, 'in the case of inconsistency, which appears as the

endorsement of a.n item without the endorsement of its prerequ1s1te,

. the questIon of 'wha.t score level is most approp%ate may be raised.

1 s
r 2 .(

In this example, 1'1: was asssumed that the fallure to positively endorse

[ X AR
an item preéluded con51deratlon of other endorsements further along in

the hierarchy. This hlghly simplistic approach to scorlng (for these
particular data) did not su.ffer from mult1ple errors, which are de-

fined as the occurrence of ‘endorsementsq of more than one item wlthout

,a L4 .!5

the necessery endorsememt 4of some - prerequimte., For data 1nvolv1ng

’ v ,J.nsta.nces where mult1ple errors do. exlst, more Sogb'istica#.ed types .of
. - > % e
‘.,, 1 b
scorlng p;;\eedu.rgs J.nvolzmna probabn,,lis—t’,lc eva.luatlon‘of “'thé indlﬁ'idu—

dl's respguse pattern need td ‘be developed .o o é . .

o) » 'Rhe ‘?;\‘reraﬂ evaluahon qf‘ the -resglts appears favorable. 4‘f’he s
' T ?‘ TN
identiucatlofl of hierarchlcal);y g:‘aded opdef'swithin the 'tltree ethnic' L

¢_ L e, v oo * e ”

In additida to’ th'e resulting ethn1c-1tem ",.. P

sy . 3

aase of nte retailon of person Scores along tae ..

4
4y

{ ggouns wol<l/d verlfy thls.

.«
©

"" 'hie arcl'\;es ,

hd

‘t o recovercd ic dix;mnszon suggests \D;RGO t%be a“nable Qethod for
N

'« . . '")W “, A o .
. s ‘ recoveﬁir)s d"_ensqu 1n,d/potom<\lu‘t sitems The 1m\BLica{;ions of’ qom—
ro .“.Q-,,
! ’ bining per::ons and, lté]}ls ap’ ‘tbe sam'a s/ ale , reby%p’ermlttmg the Ey
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?f d,irect evalugtlon of oerson J.tem remtlonshlpﬁ"v present ther researciler o
< thh many mtere.,tlng oos-lbllbtlcs, espscla}_lj those 1nvolv1ng_ B

»

4 _orco&g.{r, .,.Lt is th.}.S‘, knoﬁledge of both

'o'deveJ’ommental relat lon.,_ i

-< % . the person and itens latlon ‘that has practlcal aa\:eﬁ as theoretlcal
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SUMMARY ' ;

A method of factor extraction gpecif;c to a binary matrix,
illustrated here as a person-by-item response matrix, has been pre-
sented. The extfaction procedure, termed ERGO, differs from the more ,
cammonly implemented dimensionalizing techniques, factor analysis and
multidimensional scaling, by taking into considergtion item difficulty.
Utilized in the ERGO procedure is the calculation of a dominance matrix
whiqh, fa;’either persons or items, has the important attribute of_
aliowing directionality to be inferred between relations.

The theory underlying ERGO is founded in ordering theory
(Airasian & Bart, 1972), with its interpretation of dominance rFlations

following logical implicatives similar to Boolean algebra. The re-

14

.definition of dimensionality using both the notion of dominance rela-

tions and that of logical prerequisites can more aptly be identified

‘with the definition of a Guttman order, thereby placing emphasis on the

developmental aspects of recovered sets of'dlmenSions. It is this
intérpretation'that'allows foriéhe,duality of relationships between
persons and items. The resulting placement of both persbns and items
on the same unidimensional construct presents‘the researchef with the

opportuniti‘to observe direct relations between the two.

— f
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‘' A preliminary att;mpt to utilize the apparent udvantages asso®
ciated with thé extraction procedure based on dpminancé relations,
order analysis (Krus, Bart, & Airasian, 1975) is used. This is done
both éo furthef cxg}icate the implications of ordering theory as well
as tq point out the issues with which.a dimensionalizihg procedure of
this type must concern itself. "In this discussion, the procedurgi
shortcomings of order analysis are presented to acquaint the reader

with the obstacles that an alternative approach must overcome. Pre-

mier among thesc is the failure of order analysis to consider the true™

1 \ !

nature of multidimensionality in a dominance matrix context. This
appears in the order anidlytic assumption that countér do@inanée rela-
tions are merely a product of error, rather than being manifestations
of the multidimensional nature of the data. The alternative procedure
g
(ERGO) is developed by dealing with this essential point. ’ .
The key to the dimensioncfxtrgction problem of ERGO rests in
the foé&ulatiun of an index of dimension consistency th&t is comparable
to classical measurcs such as the Kuder-Richardson formulae (1937) and
the Loevinger homogeneity indices (i9h7). Clifr (lDTSb),’by demon-
strating the - relation between these classical indices and.their
redetinition in o duminance matrix context, lays the foundation for fhe
dnv*Lupmcgl ol an altcrnativé procedurc. Thus, by adopting a consist-
ené:\)

Acafurc develuped there, ERGO iteratively adds iZcms.togcthcr,

reawlting in the construction of various sets of imdHeative chains

representing dimensions. Having constructed these chains, the ERGO >

procedure orders the chaing in terms of maximal nwnver of items

62
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contributed. The chain evaluation procedure can best be explained as

* an attempt to maximize the number of items accounted for in a given

dimensional solution. v .

To give additional understanding of both thé ERGO process and
the potential advantéges a procedure of this type offers, an empirica;
éxaﬁple which utilizes social distance items (Bogardus, 1925) paired
iq@;viduplly with tﬁree ethnic groups was a;alyzed for respondents
representing four ethnic éroups. Emphasized in the solution was the
duality of relationsﬁips inherent in a procedure such as this, that is
based upon the principles underlying Guttgan orders. The result;
demonstrated the ability of ERGO to (L) group items referring to the
same ethnic group; (2) uncover hierarchiéally graded orders within
each chain; (3) select the three chains that corresponded to khe-three
ethnic groups; and (4) cluster individuals by ethnid group acéording
to their scores. | i

In sumary, the ERGO procedure, based on the uncovering of

1)

;logical relationships within the context of a dominance relation and

postulated in ordering theory (Airasian & Bart, 1972), has beeg pro-
posed. The fational@ upon which a dimension extraction procedure .-
specific to a binary.matrix is 5ased, is accémpl}shed by demonstrating
the shortcomings:of currently implemented procedures. Given the
shortcomings and a definition of the problems confronting a procedure

whose goal is té‘analyze the dimensionality of a dominance matrix, an

(%]
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alternative procedure, ERGD, is presented. (In applying the ERGO pro-
cedure to well-known social distance type ztems (Bogardus, 1925),

empirical valldatlon of the procedure was attained.
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80CIAL DIST/NCE QUESTIOMNAIRE

Asws

Ethaic Background: e

nstructions
L.

(3»)
(1)

(1) -

(od)
(0)
(»5)
()

o)

(»3)

()
(o1)

(o7)
(n1)
(06)

" (05)

(ms)
(=)
()
{(p5)

' (02)

@

Fote:

2.

.

u.

Fill io Identification box at upper lef:. HNote that your name is m no vly
referenced. R

Circle the appropriate response fcr -nch item. -

Please remember to give ycur PIRST FEACTIGN for every group.

Renexber to give your renctxon to your IMAGE of enr.h GROUP as & whole-~

MOT an INDIVIDUAL. 1
Questiog Ethoic Grown Responses

Would invite for dinner R Black Yes MNo
Would have as speaking ncqml.nt-ncu.‘ - Black Yes Bo
Would vork in samg office ¥ Mex-Aner Yes // '
Would invite for dinper Opiental !C'l No
'Vonld’!wn as pext door neighbors , Mex-Amer Yes No
Would cousider as friends ' Rlack ‘ Ysa No
Would consider u‘ friends Max-Aner Yes %o
Would bave as speaking e:3usiatarles Mex-Amer Yes No

A Would Lave as nen: door neighlors Black . Ysa Ko
Would marryg into group Max-Amer . Yes No
Would marry ioto group Oriental Yss Mo
Would bave ss speaking ecquaintances Oriental Yes Ko
Would marry into group - ' Black » Yes Bo
Would work io same office Orunttl Ye -

‘ PY ]

Wculd ccosider as friends Oriental ey
Would tovite for dinner . Mex-Amer Yen No*
J:uld bave as close friends Black . Yes BNo
Wouid bave a8 close friends Mex-Aner Yes Bo
Would vork 1o same office ; : Black Yes No
Woull have as close friecd ; ) Oriental Yes No
Would bave as next dcor ncigr.L.OH Orlentsal " Yes Mo

Codirg within Farentheces inii'at~ Ry othetical orier ¢ --nial distanges for

each ethnic gruup. The.r -5 -, 0d cwdings 2.2 @ . 8, funl ca tkhe questionra.re.

F |
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£t B o v »p § # T C F A P 6 I X E Q R J M
x|o}2 rb J/ ]5 g wliofiz)isles |23 |27 a5 i {2 w0 |ud |L8
cladolzlef« |72 o] 9jtsyislaev|a]eslzcjer|adlil 36| u7
Blaiflzlofs]zya 7} tolubjacta 2~l"'. ~laal 22 27jL5 |45
ofoto s |o s s pofiz] 7ffsfas)ecfastings 23 31|37y ks [T .
vla i stofjr el sl sfof2jor)zajorfostayjasjar]|ofusjss
plolofslo[3]o}8 ]| 3] slw]is]e2 S1{z7 | os o2 |ar| ] |ue
slrl2l:sfefu]sto]| 7] 8] 8j12]z7jad|az)r3}25]Ccy23]553]%0}39
Elatza]loluslr|ale] of of 6frcisjrz]13)eofca]a2]|2b]20]23):8
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Alrlilolstode fo ] 3f 7] 71 1] of2ji=) 2f1v|18]| 9]20]20}23
plrfrfjolai|s 3] of sf 2 efrf of 7}22]:3] 9] wletas
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‘Bote: Doairance Matrix constricted from Social Distan ' Questicanaipe
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FINAL CONSISTENCY MATRIX

" 3 o v s | T c ? A r [ 1 1
1 984 | a3 .873]1 ] ] .uslo 0 ] ] 0 ° 1
1 984 8851 8731 ] 0 .94slo 0 0 0 ()} ] 1
- ey .e o 1 o 0 o o 1 o o ] o o 0" o o
wif e .885 |1 '.7‘541 0 0 .94slo 0 0 0o, |o o 1
) vl .9a1)o o 0 1 .o ] 0 0 6. |o 0 0 0 0 .9
vi| o8t .885]1 Ars 1 [ 0 .948]n 0 0 0 4#0 o 1
vir| .93 §.917] .987]oge | .932}0 1 0 0 o .889] .901]0 0 1 o
vit|n <.94901 | .908| 96310 0 1 0 9260 0 1 .889]0 v
x| .97 | .885]1 875 .943)0 0 1 o 0 o o o _;
h .932| .963) .903| .94%|0 0 .93 1 o o .962| .889]0 0
st .96e] 922N 0 .975}0 2 .897]o v 1 J9s3|o 0 v 2
g1 .927] .96cfo . | .9s4f0 0 .897f0 0 .9%9{1 0 0 0 0
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SCORE MATRIX
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t Note: Matrix of scores with M, B, O, and A reoresent-

ing ethnic backgrounds of 60 respondents.
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