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Zhree phased of work are reported: (1) the analysis of data
on prediction of consumer purchase, (2) a least squares solution to
the scaling method of successive intervals, and (3) the experimental

determination of an origin for the subjective scale.
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Some Empirical Findings on the Prediction

. of Consumer Purchase

. — " L N L

4 This paper serves as a report of pieliminary attempts to study i,
: 4
|

empirically the prediction of choice nethodology proposed, in 1945,
by Thurstons (1), Competing entrees on a luncheon menu serve as
stimuli. Two variables, preference and price, are considered in i

v

of Chicago. Three distinct corponents of data are:

L I G s

who were acbive mervers of the .uadrangle Club.

the prediction of relative selection for each’ competing item.
Data were collected-in the spring of 1952 from merbers of the

Quadrangle Club, the faculty club on the campus of the University

(a) preference ratings. - Seve. category successive intervals i
rating scale was mziled to each of the L30 faculty members
The ad-

dressee was instructcc TO complete the form by placing

a check mark to incicate the degree to which he liked or

disliked each of 30 mcrnu items (including the 15 entrees

served at the Club auring tne criterion period).

of 297 completed forms were returned, comprising 69 per-

cent of those mailcac.

A total

(b) populariiy of prices. ¥or each of 20 days (exclusive of
criterion days) there was +abulated the relative frequency

of purchases of three luncheon entrees, according to price.

For this purpose therc were used only three price cate-

gories:t most costly (always *1.20), medium cost ($.95 to

41.10), and least costly (%.75 to $.90).

(¢) criterion data. Five criterion days were chosen.

criterion day was there a shortage of any luncheon item,

$ " - Club's regular lunchecon facilities. The frequencies of

of the five days, serve &8 criterion data.

Metnods of Analysis and Results

and .on each day more than 100 members patronized the

On no

purchase of the tirce competing luncheon entrees, on each

SONG—

Results are compared I om the an. lication of several explora-
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" Tory methods of anélysis. esults appear in summary form in Table 1,
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for the medium cost entrees, ‘e R

Y' = 1.37. + J101 , # (2)
and, for the least cestly entrees, . . ) . ot

. ' Y' = .CLL + .20 . (3)
Resuiuing predictod proportions of purchage, z;, appear in eolumn D,
Tabls 1, and yield an absolute mean discrepancy from observed pro-
portions of .03L. In Figure l are plotted the lines of equation (1)
and (2), together with the five observed values associated with
cach. Since food preferences zssociated with equation (3) are so
nomogeneous, with X ranging only Irom .176 to .22L, little credence
can be placed in aqy general‘zat;on from that equation that pre-
diction of pnrchase of the least costly item is 1ndependeut of food,
preference.

The results portrayed in Figure 1 lend considerable support to
the assumption that, for a given price level, the relationship be-
“ween relative purchase of foods and rated preference of foods is
linear. These results also cxplain the failure of Method &, based
upon food prefercnce alons, to accurately predict frequedcy of pur-
chase. With the sample of faculty members such as that under con-
sideration, a differcnce in lunchcon price of -as little as 15 cents
apparently alters radically the disposition to purchase, based upon
preference of that luncheon menu item. Yet consideration of IOod

preference in addition to purchase price allows a more accurate pre-

- —_— T

diction than that based only upon price.

‘
Tiscussion . : s

The importance of resea:-n simeé at the empirical validation
of prediction of choice metacuc.ogy is apparent,. That a methodol-
ogy is logically or psycholciic:lly appcaling is not a sufficient’
reason for accepting it as yiciiing valid predictions of behavior,
Only with empirical investigation can the predictive usefulness of
a method be determined. i

In this study, we have attempted 0 predict the relative fre-
quency of purchase of competing menu items, utiliziag both preference

- —
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Then,
e |
s = aD )
r = s -~~ za' > ' J
or L e .
o’ "-' ot s . s at R A e
. Ly a/z ‘zkj z‘j) nkj . : (32)

J.' ; Ty : e ; . e i

Héhce, the clements of s tend to be proportlonal to "the rcci-_
procals of the variances of distribution of profafcncas for tha ros-
puctlva objects as computud froii the normal devzatcs. y

54 wumorical Example. & pr»xvrpﬁcu schedulo for tworty foods
was comploted by 355 cnllstua'p rsonncl of the bnlted States Army.
Preforences were expresscd Dy assigning foods to one of nino succos-
sive categories of the following b=don1c scales ) ‘ :

1) Dislike extrenbly 2) dlsllke very much, 3) gislike’
modcratcly, L) dislike slightly, 5) ‘noither liko nor cisliku, 6) liko
slightly, 7) like modurauclj, 8) like very muc.; and’ 9) likc ex- i

tremcly.
The frcquuncy with which ca ch lood was ass1gne& t6 cach cato-
gory, together with the mnr ginal ;requbncles, is shoun in Table 1.
The body of Table 1 makes up the uatrlx Oy tha columh totals
the matrix DJ, and thc row toials the 1"r1x D _114{ i e
= --. The_frequencies in Table 1, n K3’ wera accumulatod ‘for oach
food and divided by tn( corrcsponding column totals, j‘n From the

cumulative frcquonc1;s,*uhe norazl deviates to 'the interval marks,

” ¢

zkj: wore es'tin»a"é,éd"by the formula E L L S
ALY T - : 4
Yy =Y ’ ' a
- N 2 ‘% 2 k k-l . &
;'. T Mk ~ Qe = -———_—. 9 0 ey - . ‘53)
- kJ n:(j 0 - ] s .

S
O ‘ L
PR P Y .
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where y, and Yieoi 3T¢ ordinatcs of the normal curve _corresponding
to thc cumulative, frequenclbs of thc k and (k-l)-th cétogory; the ol
oxtrome ordinates béing taken s zero. The roSulting’ deviatos, to- ~

~ gether with-tha correction tcrms computed by (6),.a;9:shown ir
) Tabl\) bo- e . - - ’ » P Y
: ISR N I S P -
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Choosing x, so that Z, x, n, = 0, which because of (13) is
equivalent to condition (7), it was found that

'Estimated sd Apsuming‘lll-ad.'ul : +» v - @
7,038x, + 15,664 = 7,038x, + 1,148 = 0
or x, * =2,2256 x, " -2,0102

With this the least-squares cstimates of cj, and e’k are complete
and the estimates of the «, may ve ovtzined by (13).

It was considered of “interest to compare’ the scale-valus=s for
the categories as daterninnd oy the preceding least-squares solu-

tions and other methods. Six of such scales for the data of this -

example are exhibited in Table 7. In all cases the scales have becn

adjusted ‘so'that the distributions of scaled preferences over all
foods are of zero mean and unit variance; that is, all scales have

been adjusted so that

g e s

ol Wy By, = 8 - - (3w
and. s lo
i - = - | .
Zx®n, Res 7088 . (35)
k P :
The characteristics of each of the scales were as followsi
Scale A. Least-error scale--computed by formﬁla (23) from
the data of Table 1.
Scale B. bnit scale--the raw scale (9, 8 RILE 1) under con=-
" “ditions (3L) and (35). '
Scale C, Least-squares--successive intervals scale based on {
o -~ N estimated = > computed from formula (20). g
’ . ‘SEélb‘D."Least-squa* s--successive intervals scale assuming '
i s"- 1as comyated seom formula (20). ; !
': Sc?lé,ﬁ,' ConVentiona‘ s Lbess¢ve intervals scale as given by ‘
» Guiltord (3, Ca 237), formed in this case’ by sum- }
’ . ming the rows of rab‘e 2. ; ;
SO U L o A o S |
P=2101g2. . iz oo matin on -23-' il = R g {
]
g é
e —— " ;



Scale I, Weighted successive intervals scale according to
formula (27), formed by summing the rows of the
o |
matrix D, T,

.. In an analysis of var..ace of preference data, the mean squere

for error in tests contrasting cbjects or groups of objects would be
computed from the sum of squares within objects and would be propor-
tional to (1 - ;73). The sensitivity cf the analysis would incrcase
or decrease as 72 increased or decreased, suggesting that 7‘ may
be considered a measure of the e¢fficieacy of scales in so far as
they are used to quantify preferences for analysis of variance. To
be strictly comparaﬁle, nowever, the ratios should be computed from
data independent of those from which the scales were coastructed.
This avoids biases introduced by the parameters fitted in the scal=-
ing procedure. For the scales in Table 7 the correlation ratios
were computed for data from a replicate administration of “' . re-
ference schedule, with slightly different format, to the same indi-
viduazls. These may be considered iyﬁependent data if the rcpeated
responses of the same individuals is taken as the population sampled.
The values of ;)“ for scales 4, &, D, E, and F are shown in Table 7.
No value wac computed for scale DU, which can be applied only to a
weighted analysis of variance and is not directly comparable with
the other scales, ‘

In terms of 57*, Table 7 shows that for the independent data
the least-error scale (A) was the most sfficient and the unit scale
\3), the least c¢fficient. Thc loss of variance between foods using
the unit scale was computed and found statistically significant
(Fisher (2) p. 295 ff.). It appcared large enough to interfere with
the detecting of small differences among foods. All of the forms of
the successive intervals scales were midway between the least-error
and unit scales and not appreciably different from one another in
efficiency. There would be no rcason in these terms to prefer the
loast-squares successive intervals scale with 8y = 1 (D) to the con-
ventional unweighted scale (E). The wcighted version of the conven-
tional scale (F) was less efficicnt than the other successive inter-

P-1101 2 - -24-
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vals scales, but the differences in the correlation ratios, although
significant, were slight. The -ocses oi variance of the successive
intervals scales in comparison with tne least-error scale were sig-

nificant in every case, but wouid not De important in practice unless

extremely fine discriminations among foods were required.

The Ioregoing resulte rere in accord with the Tirst two spe-
cial cases suggested in secti - 5, but the remaining case 3iven by
(28), that the estimateo_sj should tend to proportionality with the
reciprocals of the elements of Di; ( sle 5), was not confirmed.

The estimated s, were so similar in magrnitude, however, that tne ef-
fect may not have had a charce 10 appear. E ‘

Cther experience with the correclation ratios of various scales
applied to preference data suggcsts that as ratings becomo more ac-
curate and Z)‘ for the scales inc -@ases~-for example in the repeated °
Jrefcrences of the same lndIVthal--thu losa of efficiency with scales
other than the least-error scale *ecomes ‘much more pronounced The
results of this example,. based as it is on data in 'which discriminal
dispcrsicns are.large, should not be cited as proof of the small con-'
sequcnce of the choice of a scalir.o mcthoa. As the proference data

nows less .disporsion, .the more its analjsis will profit from opti-
mal scaling. )

ot . AR H o« von 9
- ) R e 3§ ' ¢
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Table 1
Preferences for Twenty Foods Cbiained by the Method of
.Successive Categories
B T S P T T T S —, " G A ek d s BA A IO SIER A R AN WEEE L OEAER TR lq‘ i
Foods g
E oL ©02 o3 oh- ©5 .06 07 08 09 10|
i - - - e e ——— IR I |
ceten 7 8 . 3._.2 & w7 &8 5 2a 17 JOBH;.
pteg B a4 4 B W3 269 W0 Ly L8 Lo LT
7 66 L2 61, Ll 3, .75 53 .52 28 L3
6 89 68 L& 30 15 88 72 61 . 33 -28. .
5 27 -2, 2, 1. 5. L 23 3% 3 1 ..
b3 sz okt 7ol o L k2 o3 2yt
3 6. .18 .16. 1. 18 .28 13 - .18. .. L
L 2 17 61 29 0 ° i1 30°cu2 37 63 2
! 1 .23 k7 3. 5. & 1@ .3 .2 8 T
kel . l
Teftal 352 351 352 3L 350 351 353 %2 2 353
Foods
1 12 13 1 5 16 17 18 19 20  Total

cate. 9 25 9,18 31 51 13 - 5 7698
- 8 02 L6 88 105 e Ls . 117 136 33 3% 1723
: 7 97 L 79. 6. 66 . L3 . L9 65 ilB L1 - 1101
6 68 73 79 60 I3 39 LSS ‘35 86 L8 1084
5 10 .26 23, .28 . 12, 22 . .1 L3 31 LST .
; L 26wt 12715+ 07337013 +5 3%k 32 %03
; 3 & §- 3. 13..-17.: L .22 6., b. % 17. 282
.. 2 15 t3%T 1818 77 ctsE c25 1 bS B B
: 1 6 39 22, 18, L. 76 .20 .15 -4 T - 626
| " Total 354 353 349 353 355 351 3L9 350 350 35k
P-1101 #2 _ -27-
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Table

2

Normal Deviates (to Interval-darks)

Foods
gories Ol 02 03 oh __ 05 06 07 08 09 10
5 201 2.859 1.639 1.282 1..75 2.390 2.532 1.995 2.066 L.1i7
8 1.190 1.698 .82L4 .027 of 1.LLS 1.LL5 1,161 1,281 -,037
7 LLS  .962  .168 _-.820 -.220  .717 .753 .613 .B3L -.790
é -0127 .Llsz "'.217 -1.256 "10333 0077 .2‘43 0177 0562 -1.211‘
5 -.i&ls .102 -‘béh -10628 '1.1.9\: -03'): -.100'. -.171 .295 -10582
(59 -.833 -.169 ’oéhb '10955 -l."EC "'07.1-'4 '031)6 "ob?o 00’-‘2 '1.696
3 ‘4..086 "0}429 "08714 "'20321 -2.;\’.:5 -0961 -0632 -0699 -Clhl “l1783:
2 21.369 =.761 =1.104 —— -2,21L -=1.339 =,987 =,95L =-.LL9 -2,117
l °4..9h2 ‘1.613 '1.790 ‘2.532 ‘2.-‘..55 ‘230J33 '10735 -1.667 “1.3@ -2.1“:‘2
CO rret - 0012 .OOO .OOO .000 .OOO .C‘OO . mo .m .m oml
tion 4
Terms B
roods
Cate-~
gories 11 12 13 14 15 16 17 18 19 . 20
9 . 1.962 2.369 2.062 1.819 1.579 2.166 1.L91 1.385 2,201 2,116 -
g 826 1.373  .965 L7488  .L12 1.305 LL3B  .265 1.L31 1,355
7 011 .739  J212  L061 =.397  W759 -.189 Lok 859  .B852
6 -.61.8 .2214 '0371 "'39)4 '0930 .hCu '-555 ’0961 0399 .b65
5 -.986 =.130 -.806 -.739 -1.370 .175 -.820 -1.266 .03l .15L
'L' 'lozlqh -0379 -1.012 -.960 -1.552 ‘0022 ‘0960 "1.383 ‘o2h7 -.093
3 1,496 -.668 -1,1L8 -1.,118 =1.752 =-,217 -1.06L -1.U492 -.489 =-.269
» 2 "lq729 -l.OlO 'lo 381 'l.hél -2.076 “e 530 "lc 323 '10625 -0835 ‘0560
1 -2.621 =1,501 -1.963 ~2.055 =-2.566 -1.257 -1.978 -2,131 =1,590 =-1,375
Correc- .003 .000 =-.025 ,000 .00l .000 .000 000 000  .000
tion .
Térms e
P-1101 #2 ~28=
e ;;;ilﬁ
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19.112 8,577 53,331 111,53k 122,836 19.120 12.660

88.350 57.888 76.632 L.571 -21.,632 57.8L0 70.805
¢ 28,578 LO.LOL. 10.248 -33.620 =-33.660 52,3L1  39.909
¢ -12.371 30,736 -9.9 2+ =37.660 " =19.995  6.776  17.L96
| -11,502  2.LL8  -9.7uL - -16.280-  <7.450 -15.680  -2.3C0
' -26.195 -B.788 ~15.56° -13.685:--18,920 -25,70L4 <~15.22L
-17.568  -7.722 -13.98L : -2.321  -4,210 -17.658 ~17.696
-23,477 -L7.6L1 -32,016  0.000  -2.214 =L0.170 =L1l.L5L
-LL.942 -75.811 .-59.070 -12.660 -1L.B08 =-36.774 =-6L.195

RRpme—— S L

s L1.695 35,122 123,98L -L9i0d0 21.321 37,116 56.270
55.728 51,240 -5.292 8L.oL8  63.158 8L.920 78.54u
, 31,676 23,352 =33.927 073 39.906 16.7L8 34504
10.797 18.546 -33.96L =L2:296  -16.352 -29,309. " -23.6L0
i -6,156  10.325 =20,553 -9.850 . -3.380 -18.538 - -18.L75 $
* -19.7L0 1.L28  -1,695 =32,396 <15.539 -12.1Ll -1L.LOO g
-9,087 =2.538 -7.128 -7.450 =-20.0L0 -1L.92L4 =19.006
-35.298 =28,287 -L.232 -25.965 =33,350 -20.715 ~26.298
-70.01L -109.200 -17.087 =15.738- -66.339 <-L3.186 <=37.990

'
L) ' '

80.478 28.L18 B87.969 99.72C 26.L12 3L.7LO|

€0.005  58.725 S51.2L6  36,0L0 L7.222 L7.L25% -

-27.068L4  32.637 -9.261 =32,110  L1.232 3L.932

. =U9.3L3  15.756 -24.975 =-33.635 _22.3LL 2l.252
-16.L4L0 3,850 -11.480 <13.926 ~ 1.333  5.696

- -15,820  -,726 -12.480 -6.915 -8.398 =2.976
-7.008  -L.77h  -6.3BL  -5.960 -1L.67G- =L.573 .

-1L.532 -30.7L0 =33.075 =-11.375 =37.575- =31.920 ‘

-10,264 -103.132 -41.538 -31.965 <-77.910 -101.750 |

\

- o RAORGFEION e e DN AN S o o

P1101 42 -39- : i







e

" e

TR i i e e R A T S WG W

--< . Tables

Elements of the Diagonal Matrix Dz3

e === —

' 330,403
334,905
S.. . ... 332.886 . e
. 0010 © @ b o, o 306.707 o ols L.
B m 297.71L
) 3:’;6.:&.22

: 337.6L6
PRp——— . @ c et mem. wiwan . 336.802
ot 326,223
309.225

: 339,185 6 —
b 332.640
1i .. 336 .651
F 33:.033

- 324.7
. a, 327,263
“®s . 327,326
318.5L8
O s SbWs o sapee e 3314...581‘ - @ miens et , -

331.169
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A Cémparison of Scales e '
4 e - ) " . . .
{ ) .
: e
i Scales
A B ° €.+ .-D- =« B F°
N Successive Intervals Scales
Lasaitons Least-squares Conventional. - .
error Unit . '
Category Ext. s j s 3 = 1 Unweighted Weighted
9 Y1716 1,260  1.6oh  1.816 1,798  1.8%7
TT~--8.7 1.018 860 150 .17 828 T .31
7 WG 460 .206 205 a9 T L2u8
: 6 -.369 0607 -7 -2190 TSaTe | -a
E 5 4760 T .30 -B 0 -.506 ~uSbh =16
L -1.005 =<7L0 =630 =731 =076 0 =635
3 -1,061  -1.1L0 -.895  -.928 =970 . =873
27" -1.280  -L.8L0T T -Llkg - -LA76 <1172 . =113
1 -L.206  -1.9w0  -l.so7  -1.822 -l.B11 T <L.98L
Correlation ' ' o ' '
Ratio «2695 2382 7 ——— .2578 . .258L-  .2uB2
(»%) : d o (9
i ‘ o o '
4 |
/'/ ¢ ..‘
. .e Tu 2
P-1101 42 -33-
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The Rational Origin fnor Measuring subjective Values

The Problem

In current scaling methods with the equation of comparative
judgment and its variants, the result is a scale difference fer .
every pair of stimuli, For & set of n stimuli the subjecﬁ‘ia pre-
sented with cach pair of stimuli separctely. There are'ig(g-l)

such pairs if no stimulus is presented with its duplicate as a

nair. For each such presentaticn the subject judges which of the
pair nhas more of some aitribu:e X. This attribute may be a property
of tre stimulus such as size or pitch, or it may be the subject's
response to the stimulus suci as beauty, desirability, or offen-
sivecness. The scale separations of pairs cof stimuli are then des-
criptive of the sutjects as weil as of the stimuld,

Wnen the scale separations have bteen determined for all pairs
of stimuli therc is no urique zero point. The situation is analo-
gous to that in which we know the differences in elevation between
pairs of mcuntains. Such data give no infcrmation about the ele-
vaticn of any one of the mountains. WNumerical. values can then be
assigrned to the stimuli by s ~~ing 2n .roitrary origin at any one
T ofthe stimuli such as the lcwcst stimulus, :

For many investigations utnuis treatment of the scaling problém;
is adequate but there are othcr psychological problems ‘where it is
desirzble to have a rationas origin, ror example, we might want
o say that the'subjectiVe vzlue of a certain stimulus is twice
that of another stimilus. 7btcn a statement cannot be made wiless -
we have a rational origin for thc scale of subjéctive values of the
stimull as to the attribute x. This paper desoribes a method of
locating the subjective origin experimentally. p

This problem is not new. ZProfessor Paul Horst, studied this Y
problem in his doctor's dissertation witn an ingenious experimental
nethod that will be described witi Figvre 1, ILet the vert.uzl line
in that figure represent the affective continuum. The zere éoint :
in this continuum represents ncutrality or indifference. Any ﬁhy-

P-1101 #2 -3l
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chological object whose scale value is above this pdint is one that
the average subject in.the experimental group considers favorably.

Any objéct below. the neutrality point is regarded as unfavorable by
the average subject. In order to locate the zero ﬁoint dJorst listed

a number of events that would te generalliy regarded as disadvantages,
and othar evente that would be vegarded a8 desiyable. . Then Horat - -
asked his subjects to accept or raject each of a number of questions -
in the form, "Would you te willing to. have the disadvantage B in

order to have the advantaze _." If the proportion of subjects who
acéepted this proposal was over .50, the inference was that the -
positive affective value of C was grester than the negative affec-
tive value of .B. In fact, the equation of couparative judgment

would give the absolute differernce etwzen the affe~tive values of

8 and C. Out this also doctermines tihe Jocation-cof . tile 2erc point
between £, and C,- In the same manner ons can make as many dever- .
minations of the zero point as %here are combinaticus of an advan-
tage and a disadvantage.  If the zero points so determined are
reasonably stable oin lhe scale, ftieir average value can be taken

as a rationsl origin for the sutjective scale.

Methodologically this scluticn is effective and it serves to
demonstrate that a rational origin for tae affective continuum can
be e perimentally located, In practice it has often a limitation
in that it is . rather awkward to list psychological otjects of nega-
tive value in.some_conteﬁts. T- would be more converient in many
sitpations to deal ocualy with ¢rjects of positive value. We shall
consider here a variation of tie probtlem in whicia-the zero point
will be located with stimuli that are all positive in subjective
value. '

In Figure 2 we have represented only objecte of positive af-
fective value. .e show.the scale. locations of -three ‘such objects
A, B, and C and their combinations 4E, AC,:and BC. By the combin-
ation 4B we mean (A +.B), and similarly for the other pairs. The
subjects are asked to express their preferences for sucn choices
as (4 +B) or C. If a subject has a strong desire for the-object C,
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he might prefer to have C ratvher than the combination of A and B.
The subjects are also asked to express their preferences for such
choic 5 as (A +B) or (C + D).

in analysing these preference records, each of the n stimuli
i3 ¢reigned & ecale value in the umual way, In addition, eaoh come
tination such as (A + B) is treated as a separate stimulus and it
is also assigned a scale value. The rational Brigin is a point on
the scale so chosen that the distance from the origin to the com-
tination AB is tne sum of the distances to A and to B. Every com-
bination of two stimuli determinzs in this manner the rational
origin, It is then a guestion of expcorimental fact whether these
zero points are clustered close together or widely scattered. If
vhe experimentally indepencent determinations of the origin are

close togetner and hence consistent, their average can be taken as

the best location of the rational origin, If an internally consis- -

tcnt zero point can be found in experiments of this kdnd, we shall
be able to say that one stimulus is, say, twice as valuable subjec-
tively as some other stimulus, There are a number of interesting
implications of such a finding for several of the social sciences.
There is a fundamental ascunption in this reasoning which may
te stated at the outset. .e are assuming that the anticipated sat-
isfaction from ownership of (4 and B) is the sum of the anticipated

satisfactions from A and from 2 separatcly. This is not quite cor- -

rect as may be seen by pusking the illustration further. If the
recipicnt alveady has twenty birthday presents, he is not likely to
be so thrilled by the twenty-first prescnt as if that one were the
only recognition of the day. Howcver, in setting up these experi-
ments we are assuming that in dezling with only two presents, the
anticipated satisfactions can be rcgarded as essentially linear for
the combinations, Our main object is to locate a rational origin
and for this purpose we shall use combinations of two presents. We
need rot make the more questionable assumption that the anticipated -
satisfzction from, say, twenty tirthday presents is the ,sum,of the
satisfactions that are associated with each of them separaﬁély. We
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propQrtions of preferences at unity. Such a result could not be §
.scaleo at cll. - The-f;ve objects seemed to =atisfy these preferred
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in terms,pf.equygyentql findings.

The EEEer‘gent e
In designing an oxpor;mvnt to test the hypotno-su deseribed

with F 5 e 2 we decided to use five oajects that would be appro-

prxate blrthdoy presents for college 'students who were to be our
subjects. The 'five objects were a) brief case, b) anabridged dic-
tionary, c)'phbnograph, d) desk lamp, and e) pen and pencil set. P
In order to describe tiese objects adequately, each item was illus- ‘
trated with a picture and a catalogue description.’ Tnis detailed

information w- s pregented in the first page of a schedule to waich
the subject could refer at will while recording his preferences.
It wes :also decxded that the subjects would rather express their
o*eferences by cnecklng p1ctares than by checking the words ‘as
listed above. - The picdtures would probabl, enable the subjects to
-keep in mind the nature of t. .z mcrchandise more easily than the
words brief case, dlctxonary, phornograoh, lamp, and pen ‘and pencil

set. - s AL I

In order to insure differ :’iation'in thé scalé values of
these five items it seemed desirable tliat they be of somewhat dif-
ferentiable monetary value. It was ey;ected that the ezctual choices
would be determined mainly by individual 1nterests and nabits. ix--
treme differences in expected price value would probably result in !
extreme proportions of preferences near unity or zero. The scale . ;
values would then be unstaole end nence less useful in testing the A
addit1v1ty hypothesxs of ‘this study. Anwaosurd;y extreme compari- ) ‘ f ;

son }ike Ma new automobile or 2 new brief case' would result ir

condltlons.' ) : i
The verbatim instruotlcns {for the schedule were as follovst ; {
5
0 i . . !- ;
" b
P-llOI#Q -31- “ ‘4
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BIRTIDAY GIFT QUE TIONNAIRE

" ..The purpose of this questionnaire is to investigate
preferences for articles which, students might receive as
birthday gifts. The articles are pictured and desoribed

' on the following page. Study them carefully before you

(A)

(€)

(£)

§ (D)

(B)

read further.

(In she actual schedule, each of the five following
Gescriptions was accompanied by a half tome illustration.)

Brief case. Rough-grairzd split lzather with disappear-

ing handle. 3-side zipr... ~lastic coated fabric lining.

Drown color. 16 x ll inch si-ze.

Pcrtable 3-speed record plzyer. Plays all record speeds
rd sizes singly. Full-torcd L x 6 inch speaker, Wooden
case, covered with scuff-resistant brown artificial =
leather,

Parker "S1" pen a2nd pencil set. J3asy-press filler fills
Juickly and easily. K gold scratcheresistant pen
point, Matching propel-rcpel pencil utiliges 10 to ic
leads on a single filling., Lucite plastic body, sat
finish, silver color, metal cap. -

Desk lamp. Complete with 16 inch fluorescent bulb, ,
Sturdy steel body with baked-on brown enamel finish, |, i
113 inches tall, 19 3/L inches wides

Webster's Internationzl Uictionary. Unabridged, com.l f#l
pletely up to date. 3,350 pages of large readable

. print. Comprehensive sections of new words and pnrases,

biographies, and many other items, 600,000 entries... . ..
Bound in buckram,

Assume that you do not possess any of the types of ar=
ticles pictured here. In the questionnaire are presented
choices among various combinaticns of the articles. For
each comparison check the picture of the article or arti-
cles you would prefer to own, Consider the articles to
be gifts for your own personal use; they may not bé sold,

For each comparison on the following pages, check the ar-
ticle or articles you would prefer to own, Remember that
you are to judge the articles as if you do not already ,
possess any of them, With some comparisons you may be in
doubt, but you should respcnd anywaye

There are a total of sixty-five preferences to be in-
dicated., You may now turn the page and begin., .
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In the Actual schedules in which the subjects recorded their
preferenccs there were -thrce types of comparisons. The simplest
were of the type "A or B.," riere the subject expressed his prefer-
ence for the single object . or the single object B, This type will
be referred to as singla-single oompkrinon. A second type consis-
ted of pairs like “(A + B) or C." »hls caso the subject chose

between a single item and 2 doucle iten. Ahla will be called
eginrle-dothle cemparisen, Ta lhe b md Sype e 52Nend ML+ 3)

or (C #D).,¥ This type will Le called double~-double cormparison.

The schedule was built cn five objects which are denoted A, E,
C, D, and E. Hence there were ten pairs of single objects. That
is then also the gumber of single-single comparisons. In deter-
mining the number of single-double comparisons we note that for
eacl: of the ten doublets there are three possible single stimuli,
Hemce we have a total of thirty single-double comparisons. The
numcer of double-double compzrisons is the number of possible pairs
of the ten doublets without duplication of any cf the five objects.
Hence we have a total of fifteen double-double comparisens, List-
ing these thgge types we have

~ Single-Singlec Conparisons 10
Single-Doublc Comparisous © 30
Double-Double Comparisons 15

- Total 55

For each”sﬁbject we have 55 choices. Ten additional pairs
were included for checks of corqlstency. For each of the 55 pairs
we tabulated the pfoportion of the suogects who chose each alter-
native for each pair, There wocre 194 subjects in the experiment.
They were undérgraduate students in the School of Business Acmin-
{stration at the University of Sorth Carolina in Chapel Hill, In
23223 l'we have the proportion of thec subjects who chose thé stim-
ulus “at the left over the stimulus’at the top of the table, Since
only'tuo categories of judgment were available, the proportions

P,, were the coﬁpleﬁents of the proportions P, .. In this table the

ik

P-1101 #2 -39~




notation AB mcans (A + B) and similarly for the other pairs,

Since the discriminal dispcrsions in the equation of compara-
tive judgment were different for the three types of comparison it
was necessary to analyze thesc types scparately in scaling, For
this purpose wa found it convenicnt to denote the threc.typées with
‘"5§ffcrcnt S&Escripts. The plan -is shown in F Figure 3. The experi-
. ny obsbrvcd proportxons Pi are recorded in the aecond quad-
rant of such a table., In every case the first subscript refers to
the preférred stimulus so that~?ik is the proportion of subjocts
who preferred the single stimulus i to the single stimulus k. In
this table thersubscripts i and k refer to single stimull, and the
subscripts j and m refer to double stimuli. In the analysis we '
éhall makc use of the second, third, and fourth quadrants. The
- proportions in the first quadrant arc the complements of the pro-

" portions in the third quadrant. The 55 independent proportions are
in tho lower left half of thc square matrix of Figure 3 since these
ddplicate the information in the upper right half of tha matrix.

The basic datad for taic study are recorded in Table 1. Inf

(p

spccotion of this table shows thct it is-incomplete. The reason for
this situation is that nonc cf the five objects wos repeated in the
same comparison. For example, there is no entry in Table 1 for a
comparison like AB against .l Sccausc the item A is common to the
two doublcts. The scale scparation should be the same as that of
B and C, Actually we did rccord ten such pairs to study internal
consistency of the data but they are not included in the basic .
table, “ic can'aLso expecet that the correlational term in the
equation of comparative judgment will be affected by the common

items in a pair of doublets,. g o ek

Table 2 shows the normcl daviates corrasponding to the exper-
imentally observed proportions in Table ;. ‘These are obtained from
tables of the normal probeb: ity distribution. Because of the res-
triction to twe catogories c. juagment Table 2 has a symmetry in !
that the entries above the principal dlagonal are the same es the
corresponding entries below tnzt diagonal oxcept for roversal of

sign.
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The upper left section x of un.s table is complute and it

represents the data for all ox-the s;ngle-sxngle comparisons. Scale
values can be determined for the five s1ngle stimuli with an arbi-
trary origin. The mean-eecsle value for the five stimuli can be
uscd for this purpose, ' The r=tionel o:zgin uill be determined by
using the 31ngle-doublb cor>-risons.

The equation of compz: "~ I.. 1L,c“pnt coh be used for scaling

the five single stimuli., Trc

- - v 2 - -
Sy~ 5 ik "% "k 2’°1°k (1)

and in order to simplify thc -nalysis it wlll be assumed that the
discriminal dispersions. of tho five single stimuli are the samc.

At

We have then

e e ——--

! Sl- Sk -~ lk 20“ " 21‘0‘ = e I (2)

so that
1= 5 4O 12 '1“3“ s e 30

Tre correlations in the mcthod of comparative judgment and in
the mcthod of successive intervals arc oeing studied oxpéri@éntally
in another anCStlgutAOP. Instead of rugarding them as unknowns,
thej can be conputed "directly from tﬁc cxperimental data in both of
these psychqpnysxcal methods. ~Tut thcy should diffcr in'ihé two
methodé in a‘systcmatic way that will be reported in anqther paper.

In this'study we shall adopt thc standard deviation of -the
alscrlmlnal axspar81on for single stlnulllas the unit of measurce-

ment-and we have then

g; ™ o0, = o =8 h NN (b)

" Introducing thesc assumptlo 3 1in bqb<ul°n (3) we have

Si-sk“- l ‘2 /f“r. - (5)
ol i 2l - .

This équation applies to thc comparison of two single objccts as

shown in section (ik) of Tavlc 2. ‘ N
RS - 1 ]
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The Dispersions of Composite Stizuld

éince this problem is concernec with the different diaperaidhs
of combinations of stimuli; it will b: convenient to have a general
formula for ﬁhem. In each case we ask the subject to Judge whethor
he would rather have a eet o 7 specified ebjects or another set of
m specified objects. These two sats of objects may be denoted by

the subscripts g and h, respcctively. The equation of comparative

Judgment for these two alternatives is then

S -S = x \/o"*o“-2r (6)

g h gh " g h ghoéoh

)

where % ard o, are the subjective standard deviations of the two

sets and o is the correlation botwecn the experienced subjective
values of the two sets of ObJ ts. For simplicity it will be as-
sumec that the correlations for all pairs of single objects are the
same, namely, r.

Let Xy XpyeaeeX, denote discriminal deviations of tte cbjocts

.in sct g and let ¥qs yz,....‘ senote bie discriminal deviations of

the cbjects in sst h, Then ! . varience of the difference betwesn
the subjective values of tne twc sets will be

2_[(2(1 " x2 * eee t xn) o (yl + )'2 * cee ¢ yl)f (7)

2
%h

2l

where N is the numbar of subjects. Assuming all of the single oh-_
Jects to have the same dispersion and the¢ same correlation r, we

e g

have
Ix,% IX. X, Iy,
; 1 177 1
< = -
L. B g # n(n-1) F— * o~y

-

which reduces to

ogh* + no® + n(n-1)ro? + mg? + m(m-i)ra“ - 2nmrc*. .- ~-(9)

Since o is the unit of measurement, we have R e

céh‘ = 'n+n(n-1)r +m + n(m=1)r - 2ner (10)
which becomes .
0pd = (nem) ¢ r/f(nD) +nnd) ~2m7 ., (1)
P-1101 #2 i
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are.desirible'so that all of them have scale values above the ra-
tiornal-zero peint. In doing so we have postulated that subjective
values-can be additive, The subjective value of a combination of
‘two objects has been assumed to be very closely approximated by the
sum of the subjective values of the two cbjeots ‘considered singly.
“ic are not assuming that this linearity tan be obtained when the
composite contains many objects. Furthermore we recognize that the
desirability of a pair-of objects is nov always the sum of their
single desirabilities. 4 pair of shoes is.more than.twice as desir-
able as a right.shoe when the left ore has teen lost., We are as-
suming that the objects are not ceperdent in their function or
desirability and tﬁat one doss not substitute for the otihur. This
is, of course, an old and well-krown ,roblem.

. This problem of locating an origin on the subjective preference
continuum may be regarded as of only theoretical interest ubut such
a Judgment is prcobably inerror. <tiere are ‘many interesting as-
pects ol subjective measarem: -t uith a rational origin and we shall
indicate a few implications Zor the social sciences, The additive
character of subjective values has been indicated. By locating a
rational origin we can say tiat one subjective value is, say, twice
that of another. ouch comparisons are not possible without a ra-
tionzl origin. )

The indifference curves of economic theory are ordinarily re-
garded as contcur lires on a topograprnic map., <The inside contours
are regarced as of nigher.ZEev:Lioﬂ in utility but economists often
prefer not to measure the diflcrcrces in elevation. i-ot only can
the increments in utility be  -..ured cuw their elevation from a
rational origin can also be m:asured. .hen this advantage is con-
sidered in relation to the gr-at = fects of the discriminal stim-
ulus dispersions in the prediciion of :cuoice, we have technigues
which should be of great valuc in markaet research and in studies of
consumer preferences, it shoulc aiso be possible to study prori-

tably the relaticns between utility me:surements and price.
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Table 1

Proportion of Subjects .o Preferred. Stimuli at the Left

to the Stimuli at the Top. N’
Decimal Points 4re Omitted in this Table
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i o = Single-single comparisbn
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