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ABSTRACT

4

A randomization model appropriate for evaluating priority effects'

in free recall (i.e., whether "new" items are recalled,prior to "old"

itemsi.is discussed, and. related to well-known nonparametric signif-

icance tests. Since the bases for the measures that have been suggested

in the psychological literature'may be interpreted either in terms of

,T

Wilco4bn's ran sum statistic or through a specific entry in as2 x 2_

contingency table, alternatiye.indices of priority can be adopted di-

rectly from,clasLcal nonparametric statistics. Finally, the mean, and

-yariance formulas fora general correlational statistic are provided

that specialize to the moments for the two measures alreAdy in common

use.
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ABSTRACT

4

A randomization model appropriate for evaluating priority effects '

in free recall (i.e., wh4her "new" items are recalledsprior to "old"
1

. ,

ftemsi.is discussed.and related to well-known nonparametric signif-
.

icahce tests. Since the bases for the measures that have been suggested

,

**,

in the psychological literature"may be interprdted either in terms of

Wilco4n's ran sum statistic or through a specific 'entry in a-2 x 2_

contingency table, alternatiye.indices of priority can be adopted di- t

rectly from.clasLcal nonparametric statistics. Finally, the Mean, and

variance formulas for'a general correlational statistic are provided

that specialize to the moments for the two measures alre4dy in common

use.
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INTODUCTON,

Most of the quantitative literature that has dealt with the

.free-recall'learfting paradigm has emphasized the-measurement problems

encountered in .identifying category "clustering': within a subject's

protocol (see Shuell, 1969). AlthOugli this interest may be due in

part to historical precedents, it is still,surprising that a related

'and well-known phenomenon from the sl.re experimental literature, called' r

the " priority effect" (see Postman, 1972), has been virtually.ignored

. by Methodologists. The onl relevant paper appears to be the recent

kontributiOn b9 Flores and gown (1974). To be more specifio!, suppose,

that a subject is required to learn a list of items Over several-trials:

Priority ,is evidenced whenever the subject recalls a "new" item on a

particular trial (i.e., an item emitted for the first time) prior tb

recalling an "old'"'item (i.e., an item already recalled on one or more

previous trials). Apparently, no -general /Mothodology has been propoSed

'for ,assessing pribrity effects comparable to what now exists for evaluat-

' ing Category clustering, even though exactly the same class of random-

ization procedures is appropriate in both instances.

It4ienot the intent'of thispaper to develop anyradically new

s-inference models fdr assessing priority,effectsf in fact, the discussion
a

merely illustrates how randomization concepts that are very familiar in

nonparametric statistics may be applied to this rather, specific experi-
.

1
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mental pa ad(idm of interest to psychologists working in the area of

t

memory organization: 'Once tie general statistical framework hasebeen
It

4
dglie10pe.a the two'teaSUre6 bf thepriority:phenomenon that have been

Suggested by.ther authors Can be related directly to comon.nonparailli
. I

.

metric significance tests. More importantly, thii' relationship sug-.
,

gests posSible extfnsiongof thebasic concept pi priority to include'

41;aYternative experimental hypotheses: that.involve more than aleimple

zero-one,(i.e., "old" - "new") catfqgorization of th,ftems. For in-

stan:ce, congtpts that are meaJlurableon a more comprehensive scale,

such-as meaningfulness, frequency; concreteness, and the like, can,

be evaluated, in essentially the sane manner, as long as the.appriopriatp

'statistical generalizations are developed'at the,outset.

Finally, 'therionparametric connections provide several formal

indices of priorit*-especially,for'the usual dichotomous application- -
.-

that have the same type of operational interpretation-as advocatN by

Goodman and Krdskal (1954)

ation in a contingency table.

a "goad"-measure of assaciati

(seeHaYs, 1973, Chapters 17 a

the availability of indices ?f

significanie.

eir classic,papei on measuring associ!v -

Since thethe GoodmansKrus Ic ararguments for

are rather well-accepted in psychology
9

d 18), it:is oeinterest to point out

r'ioriy that have similar operational
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As a wqy of formalizing the problem ofmeasuri1ng priority ef-

11

BACKGROUND

r

fects, suppose that on a particular trial'a subject recalls n.tems,

o
l'

0
2'

...,o
n

, in, the order indicated. In other words, o
1

&Lied
. .

first, o
2

is recalled' second, and so on. Furthermore, each of the

objects,' o., has an associated numerical value, x., that denotes tome
1

4
characteristic of the item. In the most common application:

(1)

V

0 if 40.
1
was recalled on a pre-,

vious trial (a/Vuold" item);-

x.-=
1

1 if o
i
was not recalled on a

previous trial (a.nnew" item).

, .- .

. ,-

Finally,asecond'vari,abley.isattachedtoo.that indicates bib
, 1

i

relative position of the object in the recall sequence; for ins ance4

as one important case to;"bs delvaidered explicitly, we usey to denote

)

.rank:

0

(2) yl =i.
f

For conveniehce, y. definedips in (2) will be called a rank function.
1

In.,stulmlary,v/henthevariablex.1 is paired with the corresponding

variable ,'evidence for A priority effect exists if the x
i
's thac.y.

arel'sterldtobeteiredwithOle Yi
's that are small. Conversely,

3

0

1
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.

"negative" priority exists if the x.'s that are 148 tend to be paired
1

with the yi's that are large.)

.

SiriCe a'seguence.of n bivaria4.observations is a\railable using

the x.'s and-the y.'s, it is natural to,consider some type of correla-

tional index for a measure of relationship. As one simple possibility,

a raw (or unnormalized) index of the priority effeCi i. obtained by

the product-moment statistic

n

F = E x.y..
1,1

i=1

Given the specifications of xf and y
i

in (1) and 2), redPectively,

'.F is the sum of the.recall ranks for all of,the new items,,a114 after

a suitable normalization, forms the basis of a measure intrdduced by
.

Battig, Allen and'Jensen A1965). Numerous alternatives for a finalnor-
'.i.

Malization exiSt,howeve , and.consequently,,for convenience in the

initial discussion, onAr the index F will be;igns dered directly.
e 4'

1

The problem of obtaining an appropriate normaIizat.on will be dealt/

with in a later section.

Using the genera' for& of the Statistic F,

of pciority can be develbped merely by varying.

As a,second important illustration; suppose yi

othe possible measures

inition of y,.
1)

denotes, rank

the de

no long

position,in yecall. Instead, 'the protocol is list dies lkotomized at

1 th
'some point, say at the A- feca 1 position,.and yi is giveh by:

1

441/
lf i> R;

(3) Yi q=
\

1/2

a

if'i < R:

.

4

S.
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For'crinvenlelhbo44y--*satid
t .

ag-iik, ,L4) is called .a .
diehotomit function.'

..0-

If the_ simple definition in,,(1) for x,. is still appropriate, but

, I.
4' is nowa dichotomy function, T ,i's the dumber of neutitems in the.

in, the

yi

r

.

,,. first R position of, ,the 'protocol. Furtflermore, r corresponds_ tq an
, E

4.
suggested'unnormalized version

..
of a measure originally suggeSted by Postman and 1

.Keppel (1968) and Shuell and Keppei 11968).1
..._,

. . . 0
Iri-short, measures that aria hised on diffeient scoring functions

, .

%

for St lead" to different, statistics that may have value in -assessing
i--

.4.

priority effects. 'AsAft wikther graliiation that'ytas mentioned '
_ .

1

earlier,7The variable x: itself can be extended beyond the simple
.. ,

1 .
k, . *

. ,

...
E

zero -one function considered in (1),,aapAT sti1,1-tan le used as a

measure of a monotonic relationSblp between recal/,positiOn and the

. . .

information regarding theffeealed items provided by x.. Since I' is.
1

..- ..:

.
the cvial quantity no mitter.what speoific derinitions ire ul.timately

"...g.= .'

11,

p

.'

selected, the next section altcusses a randomizstiondiStribution for
.

>- ,

r in some detail. Also, the'applications Of this randomization dis-:
-. nA -

. '
. .

4ribution for, the two special cases discussed in the-literature, defined]
4

by (1) for x
i
and either (2) or,(3) for y., will be pointed out explic-

itly
o

1

.. ,
/0, o .

Althadgh no statistical inference-model has been .discussed as yet, li/----

-at least one argument is already apparent for preferring the rank lahc :
,

. fir

tiondefinitionfory,olrer the dichotomy function. The dichotomy
1.

/ function uses less information froth the protocbl, and ev4n a priori

1 ) E.. .

,The index r has been keyed in-sRch a way ,th.a..t. small vaiuesindicate

a priority effect for the rank function butlarge.values indicate a
priority effect for the dichotomy function,- Although. this discrepancS,

is somewhat of aniihconvenience,40paralaels theavaildbleli'terature.
0

I

Air

I.

1

ti
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grounds, .would have -to 'be considered 'less sensitive. Moredver, the

- ,

loss.of protocol
'4,
informaticIll .that is !'built'into" the dichotomy func-

tion is not justifieoyany later statiStidaladlantage, either con- ,

ceptually -or' computationally. I fact, the rank J itself 1.s

.

sopiewh4t'easier td dev4ilop, and in' several inseera s aces will actually`

resuit;im simpler- formulas. e.
. .,-

. (,
.

,

4,

-kb

1!.

.44

13
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RANDOMIZATION PROCE RES FOR r'

Although the value of the index r can be calculated witkease,

an inference problem still exists in deciding tihether the -size-,of r

efficiently extremdte reject a "null".hypbthesis of no priority

-effect. One convenient technique for modeling this 411. hypothesis

is through the concept of 4a permutatiorkdistLbutien well known in

nenparametric statistics. In partiCular,

possiblewaysofassigningthex.'s to 'the

are equally likely a priori. Furthermore,

it isoesumed that all n! or

fixed sequence otthe yi's

for,ail n! possible alloaa

tions of the x.'e, the values' of r are obelined'and't t*led to

form a frequency distribution for r, which is thentreated'as its

"null" probability distribution.

' As a simple example that may he'p to .clarify the inference process)
. .

suppose 'that n = 4, with 2 new items emit4ted, by thelbject'in the
.

first and second positions o'' his protocol. Usigg the definitions
i

. .

for x. and y. in (1) and (2), respectively, we' rive x, = 1, X'
2
'= 1,

i a. 4 '

x
3
= 0,"x

4
= 0; and y

1
y
2
= 2, y

3
= 3,,y

4
= 4. Assuming at

the yi's are fixed, the 4! = 24 pOssible orderings of the xi and

-the associates' values of' 17 are as follows (for later purposeS, the .

last column-also presents the index r based on the definition for y.
i

given in (3) for R = 1):

4

71 4
-
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I

Permutation I' (Rank Function) r (tichoy my Function)"

,

X
1

X
2

X
3
X
4

3

X1 X2 X4 X
3 .

X x3 3C X
1 3 2 4

xxxx
1 . 3 X4 2

x
X24 2 3

xl x4 x3 x2

12..x1 x3 x4

x2 xie4 x
3

x
4

1110

X
2

x3 x4 x1

x2 x4$xlv3

X
2

X
4

X
3

X
1

x1 x2 x4

.

X
3
X1 X

4
X
2

or

X
3
X
2 X1.,

X4

X
3

X
2

X
4

X
1

X_ X. x2

X3 X4 X2 X1

x2X
4
X
1

x3

x4 xi. x3 x2

, Z4 x2 xi x3

X4 X2[
4 . 2 3 1

X4 X
3 .X1

X2

x x x
4 3 2 1

4

4

5

3

3

4

5

5

5

6

1

1:

1

1

1

1

1

1

1

-4).2

5 0

6 0

0-7

7

6

5.

1/ ,

6

7

3

15
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For the
.

rank'function (secbna colUmn), these 24'orderingg provide the

probability dittribution.given below, which now can be used to evaluate

the given protO41:undet the hypothesis no priority effect.

,,Frequency

y.

3 14

4 4

5,

6
A

7 .' 4

° .
- 24

Probability

1/6

1/6'

Irrour example, the observed value of r (robs) ) it 3', and conseqUently,

the hypothesis be nb prioiity effect can be're' ted at a significance

level of 4/24 = .167, pur <-3)
obs

4

this example and a very simpleapplicatio of Wilqoxon's two-sample

-

The reader may havValreAdy recogn zed the similarity.between'

rank sum test diNussed in many elementary

explicitireirk.'isd efinedasinMand,by. the rank function;

tistics texts.
2

More

1

then the permutation distr4bution for r is equivalent to the exact

sampling distribution of Wilcoxon's test statistic used for 'Clilispiring

two independent samples. One sample is defined Jay the "new" Aems,
'%

the 'second sample it defined by the "old" items and-the-dependent--

.variable is the recall rank of a particular item within the protocol.

Conseguently, in -our illusEration, two groups are formed with two ob-

-.

N,,,
. .

%
- . *

:..:.

It should be noted that the Mann- Whitney -U Statistic.provides a statas-
: .

'tically,equivalent yersidnof this test. Also, in some special cases

. other common randomization tests'may be valuable; for instance, when
the "old" and "new" items 'can.be matched on an a yriori basis, sign',

tests or one-sa#14e Wilcoxon tests migkt be-worth considering. ! .0
.

I I:
.

.

,
1,'

. 1,6 b
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seryatjons in each, with outcomes, as follows:

Group I ("New" items)

1-

2

Group II ("Old"'items)

3

\4

Since r is merely the sum of the ranks in Group I and this statistic

iV the basis of WilC6xon's test, the exact permutation distribution is

taped in nuerous souses' (for instance, see Brahley, 1968, pp.-.1o54-

117). Whenwiewed from this perspective,ta simplification of the,enum-
-

/

ereted permutation distribution becomes apparent, i.e., if we have I

/"new" items and n-I "old" items, then only (

n
) = (

n-
possible,rank

sums need be considered. Here,. (4) = 6, and the sum of 3 for the "new"
2

items proVides a probability of 1/6,= .167.

When y, is thedichotom unction and xi is'defined, as in (1), a

similar equivalence a developed 'between the permutation distribution

for r and, anoth- common nonparametric test.- the permutation didtri-
.

bution i s case is ..he same as the distribution Of b in'the follow7

I ,

contillcy table with fixed margjnals:

*%)

Position in protocol

.
>R

14 \

"New" items b I-b I

"Old" items R-b
-

n-R-I+b
(

n-I

.../

R "n-R n

.

The distribution of b is hypergegmetric and may be found explicitly"

. 1)yo(r = b) =
b
)(n

b) /(I)I
as.in the Irwin-Fisher or Fisher exact)

test. Thus, the Oistribution of r for our simple example (i.e., the

'I 7
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*

last column in perMutation4isting)pould have been obtained by

formula:
1

.- . P = (1) (3),/(4)
1.0 2H

(-17,-4-, 1 .-7(i
I)(

3,
)1 (

4
)

il 2

= 3/6 = 1/2;
ie .

= 3,/6 = 1/2,

\

add:the 2=vald associated with
4

the 3bserVed value of r = 1,inour
, - 1,,,, : dips

simple exampl is 1/ Again', more general tables for the exact per-

V. mutation distribution ofT are avdtlable. merely by,reipterpreting the

A

.) inference problem as one,of,evaluating association, in a 2 x 2 contin-

gency table (e.T.,,see Bradley, 1968, pg. 10-2031.

Althbugh an'application_of Wilcoxon's and Fishdr's ex'act tests'

could. lead to different resul.t1 for the same protocca, obviously some
41;

generakconsistency has to be present. In,fact, David and Barton

,(1962, p. 190)state that'the joint distrightion of the P's based on

thed4firationsofyiin,(2) apd(3)whenx,is zero-one is approxi-
i

,

.'mately bivariate normal with an exact correlation of

\--1/2
3R(n-R)

(n-1) (n+1) , 4

Surprisingly, this correlation depends only on the point of dichotomy

R and not on the'number of'new items'actually present. When R is ,close

to median object, this correlatiot is close to its maximum absolute

value. Thus,,the F statistics. basectn the two definitions of y
i
are

roost consistent-when R divides the protocol.approximately in half.

. For instance, iniour previous exaipie with n = 4: For R = lr the ,

.

correlation between the two given statistics would be -.78; if R = 2

were chosen instead, the correlation would be -.89. For any value of ,

large-saMple (i.e., n co) correLation canbe computed merely by

18
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bstituting in the above formula.

I

When x. is a general numerical variable that does not have a
1

simple dichotombus structure that would allow the use of published

tables for the corresponding permutation distributipn, other procedures

past be t.ised in testing sicAificance. Several Strategies are poisible,
N

,-, e

...
with

if

the.most obvious bei.rig to rely on a large-'sample normal approxi- ,1

t
tio .

mation based on the fbllowing fqrmulas for the mean and. variance of

r (see.Kenda114 1970,'p.'71t.):

,4
n n

E(r
,

) = (1/n)( E x.1 )( E y.);
1

i=1

.
,n - n / - 2

,var(r) = (1/(41.))( E ) ( E (yi-y) ).

1=1 i =1

For' i arid x. defined as, (1), these expressions reduce to theY1,
.1 4.

P. 4
well-known moments for'Wilcoxon's two-sample statistic: *,

Ecrl = i(n+i)/2;

var(r).= (n±1)I(n-I)/12.

Also, when x. is defined as (1) and-3
i
as in (3)', we havein

ELr) = 'RI /n';
.

Va0r) (n-I)IR(n-R)/(n2(n-1)).

In addition to' the.large-saRple dphat wOtild compare
r

Z = (r-E(t))//i;TT5 to tiie standard, normal distribution, a cover-
.

vative inferencestrategy could b# obtained by applying-Chebyschetrhs

inequality and merely stating that the "tree" significance level can

be no larger'than I/Z
2

. (For the natural one-tailed test, Cantelli's

inequality would assure us that the "true" significance level can .be

rib larger than 1/(Z
2
t1).411'\Or. possibly, fqllowinrope,(1968), more

.

r.

e,e
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accuraie-signifiCanilevels-could be found by generating' a sample,
.

2,.

.

of fle F statistics under the randomhess hypothesis and using these

data to approximate the exact permutation distribution. Further.dis-
_

cuesions of these latter alternatives forseveral related problems;'

are given in Hubert & Levin (1976;.in press, a, b).
-

4

2'0

4

1

a

*,
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FORMAL INDICES OF RIORITY

1'

A

The previous section'has suggested a randamizatibn strategy for

t

evaluating the relative size of r, and,in particular, for determining,

whether I' is sufficiently extreme to reject a ypothesis that the

given protocol actually restated from a random permutation of the

1

.. /

x.'s. Obviously, sincd.general mean and variance expressions for r
'

,ire availatle, a: laI rge Amber of possible normalizations could be en-

tertained: In fact, every index that has been suggested for categor-

ical clustering could be considered here as well.; For purposes of

connectin,the.present diScussion to the literature on categorical

clustering, two sampl indices are presented, one discussed previously

by Flores and Brown (1974) called 'tWRelative Index of TrioritY(RIP)

7

,

and the defined by the Z 'scor used in the largez9anikle hypoth-

esis test. We leave it to the reader to, develop other more traditional
a

°

candidates by generalizing' the index list given in Hubert and Levin

(in press a),that summarizes possible indices of eg4riial clusteripg.

For a general index r, the Flores and Brown RIP formula may be

defined as:

.../' RIP ,Emmr , -.E (r )] .

mik

The "r
max

" term is obtained by calculat,irig T for a protocol in which
,

the given x.'s are ordered from smallest to largest. Flores and Br

f

f-4, 4 .4

15 21
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9

4.
argue, the merits of the RIP formula, and in so doing, repeat many of

the same justifications-for using an analogous index within the Cat-.

egorical clustering conceit (but see Sternberg & Tulving, 1976, for

a discuSsion of problems associated with this index).
4

The second index is the Z score,:fory based on the general expec--

'tation and Variance forfulas:
0

4
z = - Emu Ni.71).,

Interestingly,' this Z value has-a very simple relationship to th4

7 '
product moment correlation between x, and y.:

Z = r
XY

In other words, the Z score is proportional to the correlation between,

x. and
yi
,; and furthermore, the correlation coefficient er-se could be

4

considered as a c6mpeitoe to Z as an index of priority. since

E(r- ) = 0, r
XY

is "corrected" for chance, in t natural 47; algo,
, XY

. f I's,
r
XY

has an especially simple permutation variance of '1/(n-l).

I' "As mentioned Previously, instead cif merely adopting indices of ,

priority from t categorical qusteriAg f

can be, found in the statistical literature

ield, other alfethatiitzs

. _

that have operational mean-

#

10
ing (i.e., that have direct interprets in terms of probability

statements regarding the,given protocol). For inOtance,, using _a zero-

one function xi, and Yi given by '(2), Wilcoxon's two-sampllibtest'sla-

,0

tistic results; consequently, a particUlarly'interestinmeasure of

priority `is given by

where

p = U/(I(n-I)),

U = [(n-I)(n+I+1)/Vit - r (the Manfi-Whitney U

CI

statistic).

AA.
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§Pecifically, p can be interpreted with respect tcp the,given prbtocOl
"

aSollows: If a "new" and an= -"old" item are selegted at ransom from

the7protocol,then p is the probability that the "new" item appears

.4. ,

__IcorG the "old" item in thegiven protOCol. 4inceU is Obtained'

from r by al' simple linear transformation that involves only known

A

quantities, the permutation distribution for p can be found easily

A

by using the distributioh for r. In short, since p has a probabi-
--.,

t

listic interpretatidn with respect'to the givdtsample data,

. unnecessarkto define an unknown population parameter (or population' -

analogue of he sample index) to justify using the statistic. Similar

probabil it arguments for_several other measvres of association are

discussed innietail by Hays (1973, Chapters 17 and 18), e.g., for

Kendall's T and Goodman-Kruskal'-s A and y.

As a second illustration using*he dichptomi, definition for y.

given in (3) that leads to the 2 x 2 contingency table framework, one

p rObabilistio measure of ,priority ma.. be defined through

A 400
#

p = b(n-R-I+b)-

(R-b)(I=b))

and given the following interpretation: Suppose two it9ms are drawn
ti0

at random froth the protocol with one item being "new" and, the other

"""old," and moreover, belonging to different sections of the dichoto-

mized protocol; then, p is the probability, with respect to the given

protocol, that the "new" item is in the first part Of the protocol and

/the "old" item in the second part. Again, the permutation distribution

for r leads-Airectly to a permutation distribution for p, but in this

ease the form of the transformation between p and b is somewhat more

%,,,e.complex than before.

I.%
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OTHER GENERALIZATIONS

Although most of the previousAiScussion S emphasized proce-'

!C

.

dures that would be appropriate when' ;is dicho om9us, the general
I

-index r was defined for and can be used when x
i
c aracterizes a nu-.

.'merical variable with more than two distinct values. In addition to

relying on the direct correlation index r, however,\another approach -

is suggested by traditional nonparametric statistias\if we assume that

tir"

ghe,say,Kdistinctsraluesofx,,actually label K classes within a

,traditional one-way analysis-of-variance framework., The-observations

within a particular category would then correspond -to either the re-_

call ranks for those items with a specific numerical label or 0,1 ranks

for the portion of the protocql in which the item is located,,For the

former case in which recall rank is used'as a dependent variable, and

if x
i
denotes labels that are not ordered, the appropriate nonpara-4,

metric generalizations would be to either the Kruskal-Wallis one-Way

analystg00-varianpe,paradigt; or tq a formulation as a contingency
. 4

table with one ordered and one unordered fa- tor (see Hubert, 1979

if x: denons lab is that-order the categories, the appropriate non-

.parametric gener lizations'w941d-be tb an ordered - category analysis-

of-variance paradigm commonly used to test for a monotonic ,trend in-a

Kiuskal-Wa4is framework, e.g., see Hollander and Wolfe (1973, pp. 120,

123) and MarsCuilo and McSweeney (1967). For the 0-1'dependent

19 2 4 .
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measure, the inference problem reduces to'an evaluation of a K. /3y 2

, .

contingency table, with ordered classes, and ssibly, a measure such

as Goodman-Kruskal's y could be considered. In fact, since the ap-

propriate mean and variance parameters are available for all of these

generalizations (for instance, see David and Barton, 1962),the
#

ious measures used for categorical clustering could ))eadopted here'

as well.

o

I
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