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-The present study cxaminedl three different methods of data collection
. . : . . -
\ in which subjects judged proximity between object pairs. One method reuired
subjects to partition objects into homogenesus subscts; the sccond entailed
/ - ' . : :
rating swbject pairs on @ simikarity-dissimilarity continuum, and tue third
/ . ) i
"involved comparing inter-object proximities to a fixed standard. The three .
o , i 4 s

types of proximities were analyzed by the nonmetric multidimensional scaling.

-~ . \\’

procedure, and subsequent. multidimensional representations were compared for
. . M \\.

"true!" multidimensional configuration of the sdme

<

accuracy to 2 criterion or
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objects generated by the same subjects. Considerable differences in accuracCy
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Given a measure of proximity (similarity or dissimilarity) bgtween each
“

‘pair of n objects 01505500450 5 nonmetric multidimensionsl scaling (Kruskal,

1964a, 1964]:;;.?;Sheparcll, 196za, 1962b) represents the oi)jects as points in t-

dimensional si;ace S0 that distances bct\éeen‘peirs of points are monotonically
. .related to corresponding input proxin;ities. ﬁe.proximities need only be

distance-like (Shepargy\1972 » P. 24) and measured op at least an ‘ordinal

scale thus methods of gencrating such” “data are quite varied.
++  Due to the definitional generality of "proximity" , an
exhaustive listing of data suitable for nonmetric multidimensional scaling

is all but impossible. However Coombs (1964), Tofgerson (1958) and Wish

[ 3 . - b "

(1972) have compiled taxonomies of commonly' used proximity measures and

methods for Collecting them.

« - S
. “ - . ‘_ i B
\ Since behavioral smenccs focus on the activity of,animate entities,
N .

A
proximities are cormonly generated by having subjects. employ their cogm,tlve

o

affect or psychomotor facilities in judging 1nter object sm11a1 ities and »
)

dlssnmlarltles. The present study-deals with three 'such judgmental methods .

-3

_ Non-judgmental techniques constitute .a second source of proximity measures.
e . - S 3 ' ¥
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This class includes methods ih which objectively measured properties of ob-

. . .
jects arc used to derive a proximity index, e.g. two objccts/ can be measured

’ 3

“on height, weight and other * relevant attributes and the corrclation or sum
- 14

of squared,standardized differcnces ‘across thesc variables -  taken as

v

the inter-object proximity. Non-judgmental indices arc also employed within

the béhavioral sciences and are particularly common to outside disciplines.

The i;rescnt study docs not involve non-judgmental proximities.
Inter-objdct proximitics were judged ngwsu{;:ts in the present Study
(

in the following ways: (1) proximity grouping, X:roximit? rating and (3)

»
roximity comparisen. *Each of thesc methods is desgribed in detail below.
28 l’ pari .

[y ¢ 4
B ".. 3 . ) D
Preximity greuping. The instructions in proximity grouping tasks ai\sk subjects

. %4 \
to sort n objeéts into mutually exclusive and exhaustive groups so that ob-
A3 N 1
My J . :
. ;jects in the samc group are hwwre similar tu each other than v ubjects in

» ¢

'

other groups. The proportion (or freqﬁcn(cy) of times objécts o'i and j are

sorted into the same group is often used as a measure of proximity, his

type of index has been cmployed ig_ multidimensional analysis of persondlity

«
. 0~

tx:a_its (Rosenberg, Nelson § Vivekananthan, 1968), nations (Wish, Deutsc GI
Biner, 1970) and miversity'fariulty (Subkoviak § Levin, 1974).

The judgmiznt required inA proximity grouping is quite simple, and thuy *
“the metho'd is particularly appropriate for use with compslex object prgperfes)
or»{?nsoi)‘l).}istitated subjects. Another adva;}tage of the procedure is that subp-

jects can respond to a large number of objects in a relatively shoré span of ‘

-
~

* time., , — - S

) - A distinct disadvantage of thlSo approach is that a single sorting pro-

vides np information ab_o\i\xt 0proxilmity differences between objects within the,
¢ \ ' ¢

. s . o : P
samg/ group or about proxl\‘qnlty differcnces between groups. "I‘hese~shortcomm}(s cd

. [
[ R . . : # -~
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be remedied, but at the cxpcnse‘of time and simplicity. Tor example, after .
~ . ) -\ a( -. . - .
the initial grouping, subjects cah be asked to judge proximities bétween dif-
~N : . - .

ferent groups or between objects within.the same group. , 9

[y
- <

Proximity &aténg,' Subjects are prescnted with all possible ob}cct pairs

(oi,oj) and are askcd,to‘ratc the proximity of cach pair on a scale,_e:g.

"SIMILAR : 01 2 3 456789 DISSIMILAR " The average scale value of

pair (o 0. ) across all ratings is often used as a prox1m1ty measure. This
type of 1ndex has been employed in multidimensional ana1y51s of geometric

figures (Attncave, 1950), attitudes (Me'ssick, 1954) and interpersonal rela-
\ . .

tions (Wish, Kalplan § Deutscth, 1974), s

A numbet of variations in mode of ob;ect presentatlon and type of rating
".scale are p0551ble (Torgerson 1958; Wish, 1972); but- the Judgmental task re- -

mains basically one of judging the absolute proximity ofoeach object 'pair,
as opposed to judging the proximities of various pairs relative to one another

(see the proximity comparison method digeussed below). .o .

[

4 \/,\ t . .
Complete information is obviously obtained about all n(n-1)/2 inter-object
proximities at the. expense of time and subject fatlgue as n becomes large.

4 Yok
More important, the process of averaging ratlngs ‘across subjects assumes that

,
.&x

the scale has the same meaning for-all subjects. This is typically a somewhat
over-optimistic supposition in the light of subjects’ variable response, ten- -

. fe N . - . . . &
dencie's, e.g. attraction to or avoidance of the extreme ends of a rating
. ) ‘ - . ¢ N '
l§cale.

Y
>

Id

Pnoxiﬁiiy companiéou.' SubJects are asked to judge the degree of proxlmltyx

.

between obJect pa1rs (o ,o ) rclative té a standard. For example, subJects

might report thq percent of similarity between (oi,oj).compared to the similar-

ity between a standard object-pair, and the average percent for (oi,oj) across

¥ 4 s

el
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all subjects faken as a proximity measure. This approach, has been used with

much success in judgling the geographic proximity of various world cities

-

. (Lundberg & Llman, 1973), and the method veneralizes easily to othcr stifﬁuli.»
L & >

Other variations of the comparative jidgment approach, which are not -

{ *

. N R _
. " considered in the present study, arc possible. For example, subjects might .

r

- be asked to provide a complete or \'\'eak (tg'es allowod) ranléing of pairs (o. ,o-)
from most similar pair to least similar palr and the average rank of (o 03 )

. across subjects taken as a proximity meéasure (Rapoport,,,a Flllenbaum . 1972).

; “However, as the number.n and homogeniety of ObJCétS 1ncreasc, thls task 5bccomes
quito difficult. Torgers'o'n (1958) and‘Coombs‘ (1964) also dcscribe indirect
proecdures for transiformmg object. compal isons to prox1m1ty data. ) ’

\ [ .

sLike rating techniqyes, Comparison methods qfo‘ducc complete information

N

N about inte'r-object' prox‘imitieé for a greater invcstr'ncnt of time. In addition,
' . . Ly , .o
such proccdu?cs may produce more va11d and conolstent data since-.comparisons

v

among . actual objects tend to be better-defined than ratmgs on a somewhat

,
* : > . \

«ambiguous scale.
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Subjcou A total of 600 undergraduate and graduate students °nrolled in

cormnunlcatlon arts and educatlonal _psychology courées durlng the Sprmg Sem-
» ‘, .
ester of 1974 at the Unlver51ty of Wlsconsm«{ook part in the study !

y A
. ¢ ~ . .

Ma,teju,a,(’/s * The present study compared the accuracy of the aforementioned

L3

sortmg, ratlng and comparing methods int Judz,mg distances (geograp}uc pro-

ISR

. x1m1t1es”) bet\xeen U .S. cities (objects). - Two sets of ten cities were, con51d-
N 2

’ W
/\ ered: (1) Set ] = {Philadelphia, ‘Baltimore, Dctroit, Atlanta, Chicago, New -




Q "

Orleans,. Denver, Phoenix, Scattle, Los Angeles} and (2) Set 2 = {Dctroity®in-

cinnati, Atlanta, Minneapolis, St. Louis, Kansas City, New Orleans, Denver,

-

Phocnix Pbuston} The 10(10—1)/2 & 45 intér—city'distances of Set 1 are .
heterogeneous (standard dev1atlon 660 miles) while those of Set 2 aye homo-
geneous (standard deviation 365 miles).  ,Thus inter-city distances of Set 1 )

are generally easier to differentiate than those of Set Z, and consequcntly
» .

~

'y - . 7. ¥ . .. .-
jaaﬁed proxhnities for Set 1 tend to be more consistent with am individual's

.
* °

cognitivt map than for Set 2. o . /
N A
Questionnaires were constructed for cach of the three data-collection

methods one involving the cities of Set 1 (shown below) and the second in-

*

volv1ng those of Set 2 which were listed at the top of the questlonnalre.

The directions for the proxrmlty grouplﬂh procedure wefe as folIbws. .

r ° N
L

7 ,

« Sort the cities into separate roups in the blank space =~ _ ~

below, soﬁiﬁat cipics in the same group Lave small distances” X 23\
f
"y

between them and are near one another. -Please sort each city
Into one® and only one group. Draw a circle around each sepa-
rate group. Use as few or as many groups‘as you think are

necessary; each group may contain as few or asemany cities as
seenl appropriaté.

AN

The instructions for the proximity rating method were as follows.
Y

t - R

. In Item 1 below rate the distance between Detroit and Los

" Angeles on the scale 0,1,2,3,4,5,6,7,8,9. Small nymbers 0-4 RE
indicate small distances, and the smaller the number the smaller A s
the distance between the two cities. Large numbers 5-9 indicate T

large distances, and the larger the number, the 1arger the dis-

tance between the two c1t1es. . ) .. N
d B * .

Please circle one and only one numbexr 0,1,2,3,4 5 ,6,7 8 9 Lo

in each of the following items.

-~

The 45 poSsiblefpairs of cities'were then listed in random order, the order .
within cach pair also being randomized. . '
Vg R - e
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The dircctions for the proximity comparison tethnique were as follows.

Imagine that the distance between New York City and San
Francisco equal$ 100 units. Now compare the distances between
the cities above to the distance between New York City and San -
A Francisco. For example, the distance between Detroit and Los: .
L T Angetes is what percent 'of the distance between New York City
and San Francisco? Record.your answer in Item 1 beloy.

]

Complete all the other items in the same way. Compare the
distance between the given ci\ties to the d¥stance between New

+ York City and San Francisco, and then reccord your answer as a

- percent, Lo ) :

1
v

The 45-pairs oj,ci:cies were agai\ listed in the same randomized order as for
tlle proximity rating method. , ‘

After all proximi'ty grouping, rating or comparing judgments were made,
L subjec"cs wei‘é instructed t6 break the seal on the }ast page of the quest\ion—

naire and to make a copy of their cogni\t"‘iveo map on a completely blank outline

i . . -
representation of the ’Conti)\lcntal United St.uies.(no man-made’or natural fea-

. - . . - 3 :
jtures ofrany kind were depicted). The inter-city distance!on this ''true"

b .

map were used to detemhine the accuracy of- the grouping, rating or comparing

degm‘ents of those same distances. The actual instructions were as follows.

/

~ - Use your mental picture or image of the U.S. to locate
S the following cities on the map provided bclow.
1. Los Angeles 6. Chicago -
. 2. Phoenix ~~ 7. Denver
) ' 3. Baltimore . 8. New Orleans
" 4. Detroit 9. Atlanta T
5 " 5. Seattle 10. Philadelphia: g
. Use a dot (¢) to indicate the loca{'gn of each city on,

the map below. Then wrife the number of each city (1 thru 10

: 1 -
above) over its dot (-). ~Pledse be sure to place all 10 cities
_on th‘é map. - ’ e -

. [‘ .

+

Prodedune. *The three data collectibn methods were completely crossed with

¢ - - ) . - . > .
the two sets of cities for a’total of six conditions, and 100 subjects were
\ : - . .

. AN . i 4
PR randomly d'ssigned to each conditior, Subjects werc tested in groupgfof gbout
y o . . ' . ) .
ERIC : L 8 | ~




.uration for the 100 subjects. The purpose of the study was to compare these

L& -
20-150. The six foms of questionnaire were arranged in cyclical order. and .
distribut.d onc’at a time, randomizing the assignment of subjects to comdi-

tions (Underwood, 1966, p. 115). Subjects then completed the sorting, rating

or comparing judgments and the cognitive map. The amount of time taken to

.

- . "

.

complete the questionnaires was recorded.

“ »

’ \ C AnalLysis .
J L s °
) v * L4 * -

A fumerical judgment Sij of “the proximfty between the 45 possible ﬁairs

" of cities was obtained for each condition, small numbers indicating that a
. . i \ L)

.

pair was geographically close and Iarge numbers meaning the opposite. In

°

the -sorting task a pair was coded 0 if a subject placed those two citjes in .

the s'a}‘n@\ group or 1 if they were placed in different groups; in the rating

I, . , ' -
task pairs were scored 0 thru 9; and in the comparing task pairs were gener-

é

ally sccred 0 thru 100 pcrEent (a few p'airs were judgéd greater than.100 per- -

. ‘

cent of the standard by a small number of subje.cts). Scores éij Lfor pair

o .

’ -

(oi,oj)gwerc then averaged across the 100 subjects in each condition to obtain

a group proximity measuré S. . = £S../100 -for the pair. ' .
P ij ij gJhep \

'

-
-

The proximity measures §ij were next input into a nonmetric multidimen-

sional scaling program. MINISSA-I (L'ingoe's, 1973), and a two-dimensional repre-

sentation of the ten cities (defined by numerical coordinates).was obtained

. O S Y. . - Jro . 2 _
for eac}l condition. The 45_ Fuclidean distances dij = ‘/&il s le) * (xiz sz)

2

were computed between all pairs of cities in the representation, where, -

1y

(xil,xiz) are 'the two-dimensional coordinates loocating city 0; in the config-

I\LI,NISSQ-I distances fo} accuracy to the 45 corresponding true distances be- ‘

twefn cities ot . the cognitive maps of the same 100 subjects.

.

-




,Accor'dingly; the true.coordinates (Xil,Xiz) locating cach city 0, on

each of the.l00 cognitivc maps were obtained using an electronie digitizer :

ths

that dctcmum,s coordmates“ln units of 1/200 of an inch. True Fuclidean,

dlstancesk'D \ '/O‘il w'yjll) + (Xiz - .'.2) werc Obtained for each subject . .
and avcmgcd to prov1dc a group measure D i ZDij /100 of‘the true distance

. between pdir (‘bi,o_j_) .

For pu;poses'of comparisbn' the MINISSA-I distances dij wete trmsfomed ‘
ths

4

- —
to the same units*of measurement (1/200 of an inch) as true distances Dij'

The new MINISSA I distances wére glven by d'Jii = a~d j where a = Zd. ﬁ. ./
is chosen to minimize }:(Dij - dij) . This is an achmisable linear transfoma-

tion of ratio scale distances (lord & Novick, 1968 p. 21) and corresponds to

a wmifom shrinking gf.the MINISSA-I configuration to make it comparable to
the’ E:ogniti\'e map. - ‘ - L . ]

|

\ !
-Finally, '_the_ typical percent 6f_disc:lrepancy. between true ﬁij .an“d ’ i}

! MINISSA-T d; j acr‘oss al‘l 45"distances was 'comput_ed a‘s the measure of i:orre- T Y 1
spondence -between the actual cognitive maps and the sorting, rating or compar- _’ 1]

|

1

3ing juc}gments of the 100 subjects in a given condition (Kruskal, 1964a, p.’15). ~

\' 45 Y

Percent Error =

3 - . o
B . .
”:3’ : » . .

Q9
.
>

For example, 'as shovn in Table 1 for sortings of Set 1 cities by N = 100 sub-
je‘cts.‘ d!J typlcally differ from true D by 32 percent"

!

i

1

i

F mally, ‘to determine if results are c0n51stent for various size groups, 1

the 100 subJects in each condition were randomly partitioned into five groups |
| 1

of N = 20 and 1ndependent1y into ten groups of N ’10 subJects and the

analysis described above was_repcatcd for cach of the smaller groups.

ERIC ' R 10 . ‘
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Reswlts «wnd Discussion

4 .
.

4

Table 1 shows. the perccnt of discrepancy between true D. i and MINISSA-I-

dij for variou3‘51ze groups N = 100, ?50 10 under the six’ method X st1mu11
‘conditions; for group size N = 20 and N = 10, the median pércent error across
3
five and ten subgroups respectively is repoxrted. - A mumber of conclusions
- ¥ : - ! .

‘ <

" can be drawn from these, results.

4
AN -~

N\

\ * Insert Table }-about here

X

First, for the heterogencous stimuli of'Set,i and for a given group -size

N, sorting distances di. contained about four times more error than either

. g ,
rating or comparing disténcés. Thus the tendency 'of subjects to sext

-~

, P ]
Set 1 cities into the same clusters and the resulting lack of proximity in-
T s

formatlon aBout c1t1es thhln a cluster introduced coﬂslderable error into

"the nonmetrlc mu1t1d1men51onal scallng conflguratlon. As one would: expect

thlSoCODdltlon becamw more severe w1th decrea51ng group size and

v

' loss of 1ntra-c1uster information due to the 1ncreased 1likelihood. of ‘com~

’ plete»agreement among subjects' sortings. Increased agreement among the

ratings &nd comparisops of smaller groups and.the slight reductiqp in discrim-

inations among\}lke prox1m1tles had a simila¥ effect on' the configurational

~
. N .
S ~

s
accuracy of these tasks. '

<

. Second, for the, homogeneous stimuli of Set 2, the'sorting,.rating and

»
L

compaying methods‘wérc equally accurate for applied purposes, except fot
small samples’ K < 10 1n fact, the sorting method produced noticcably more

acéurate results for Set 2 than Set 1'due to subJects gredter varlablllty
I
in defining Set 2 clusters. . The forfer result has interesting practical impli-
L ¥ <
.cations. In the behavidraljsciences, & proximity Sij is gormally perceived

” - 5
.
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variably across subjects, as for Set 2 stimuli.. Under such conditions, the

o ‘ N o - L. -7

sorting procedurc tends to produce results as accurate as rating or comparing,
s s ' » o M

4 .ot

assuming -N > 10, Furthcrmqrc, sorting requires considgrably less time than

. rating or comparing. For only n = 10 objects im the prcignt study,® the
.’ » . o .

average sorting time was 7 1/2 minutes as opposed to 11 and 11 1/2 minutcs
° ° .

4
‘&for rating and comparing. Since sorting time is a function of n while

. 4 ! - - - 3 - - '
irating,and"ce'mparmg time arc a function of n(n-1)/2, this difference grows

h - - N -
rapidly as n=*increases, . . .
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