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1 
Measuring Food Preferences When Testes ere Heterogeneous 

I. Introduction 

Zn e prerioue paper (1) e atetietloel test wee proposed to 

determine vhether the testes of a limited pumbsr of individuals for 

given objects could be considered homogeneous. It «as pointed out 

that a similar test could be used for determining the statistical 

significance of differences in tastes between groups of individuals, 

It «as also suggested that «hen tastes are not found to be homogen¬ 

eous, preference measurement would still be possible using a mulit- 

variate model of preferential choice. 

This paper reports an application of this statistical test 

.. nultivarlït« Bod.X t0 .e p,*™. o, CU* „oup. oT rJ 
pondents to the Quartermaster Food Preference Survey 006. Perfer- 

* 

enees for fourteen selected menu items «ere studied. 

' . ' I 

II. Models of Preferential Choice 

Much of preference testing practice is no« based upon the 

following simple Thurstonian modelt The preferences of the i-th 

individual for the j-th object are assumed to reflect an underly¬ 

ing preference score g^ of composition 

gij ’ /“j * *ij (1> 

whereis a value for the j-th object and e^ is an error term 

i 
The term "taste" refers to the subjective basis of prefer¬ 

ence and not necessarily to phisiological taste. 



^ •

iio^ribuzed as X(0, a^). Accord:..'.^ this* aodal, all of the in

dividuals i perceive the sasne yalue^^^ in the J-th food, but in 

expressing their preferences they err by amount e^^, and the dis

tribution of this error is assumed noroal.

Thurstons>s solutions for the raethod of paired comparisons

and successive categories can TSe regarded as tests of the goodness-

of-fit of this model. These sol-tiar.i; generally show that the mo-
»

del peforms well when 1) the ob;. > ' ar^^ -n only one attribute

pertinent to tastes, and/or 2) aJ.1 the inaividuals have sxmilar 

tastes. If these conditions are i.ut met, however, the frequency 

distributions for given objects in the table of data from the meth

od of successive categories are platykurtio or even bi-model, and 

the fit is poor. VJhen this is the case, it may be desirable to di

vide the population of respondents into subgroups and examine the 

distributions of preferences within each subgroup. If tastes are 

more homogeneous within the subgroups than in the complete sample, 

the distributions will become less platykurtic and more normal.

The statistical tests described in (1) will then contradict the 

assumption that tastes are homogeneous between subgroups.

If tastes are heterogeneous and the univariate model cannot 

be applied, it may be desirable to fit a multivariate model to the 

data. The simplest such model would be

im

where'g.,.is the preference suor.. oi the i-th individual for the
IJ

j-th object,/^j^j are the values of m attributes of the object, and 

P-1101 No.3 -2-



are weights which reflect the importance of these attributes 

in the tastes of the i-th individual. The tern "individual" is 

used generally and, as in this s^udy, may designate a group of In

dividuals with presumably similar tastes.

III. Method

The method proposed in (1) for the statistical test of 

homogeneity and the fitting of the multivariate nodel may be des

cribed in general terms as follows:

1, The preferences for each group of individuals are scaled 

by the least-error method described in (1). The quantities result

ing from the scaling are: "

a) The mean preference scores of each group for each 

food.

b) The average discriminal variances (dlecriminal dis

persion)^ for each greup.

2. By the stati. : .-.1 method of analysis of dispersion, a 

series of orthogonal li..„^r discriminant functions are constructed 

which indicate how the preference scores of the various groups

should be combined to diocrimlnate optimally among foods. The quan

tities of chief interest iiom this analysis are:

a) The coefficients of the k discriminant functions which

successively best discriminate among the foods. These .are 

the in (2).

b) The variance between foods accounted for by each of

these functions. * .

P-nOl Ko.3 -3-



3* After the variance atmou-aïua to each discriminant 

function is removed* the residual variance between foods is tested 

against the variance of the error term in (2). When the residual 

is not significantly greater than would be expected Arom error« no 

further discriminant functions are computed. 

It. The mean preference scores for the foods are substi¬ 

tuted into the discriminant function. The resulting quantities may 
i 

be called "component scores* for the foods and may be interpreted in 

terms of other information about the foods. These quantities are 

the (hypothetical) attribute values^^ in (2). 

17. The Study 

1. The composition of the sample of respondents used in this 

study is shown in Table 1. Respondents within each of the subgroups 

were selected randomly from those available in the complete sample ; 

from Quartermaster Food Preference Survey 006. The breakdown shown 
» 

in Table 1 was chosen because it was thought that location of hone 

would be the background variable most relevant to differences in 

taste. _ - - 

The foods selected for this study from those included in 

Survey 006 are listed in Table 2. Foods were selected which were 

thought most subject to regional differences in taste. 

2. Preferences were measured in Survey 006 by the standard 

nine-category hedonic scale (2). Sines certain of ths categories 

were little used for these foods it was found that categories 5, 6, 

7, and 8* 9 could be combined vi.h no appreciable loss of information. 

P-1101 No.3 
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Reducing the number of categories shortened the computations necea- 

sary for scaling the categories« The discriminai Tarianees over 

all foods for each group were ob,,,ned incidental to the least-error 

scaling method (1) and are shown in Table 2. Since this method 

makes use of a scale factor which brings'the total variance for each 

group to unity, the discriminai variances indicate the degree of 

individual differences in taste within the group« Mote, in Table 2, 
i 

that the discriminai variances are a uniformally large fraction of 

the total variance for all groups. This means that individual dif¬ 

ferences in tastes were not well accounted for by the division of 

the sample into regional and urban-rural groups« This fact will 

appear again in the formal analysis of differences in tastes between 

" -groups, 

3* The mean preferences score of each group for each food 

was obtained by multiplying the scale valuee for the categories by 

the number of responses for the food in each category and dividing 

toy the number of responses. These values are ehown in Table 2> 

l^« An analy. the dispersion between foods computod from 

the mean-preference scores for the foods and tha discriminai var: 

anees (Table 2) was performed according to the method previously — 

reported (1). The coefficients of the resulting disc^wi-uwt func¬ 

tions and the variances between foods attributable to MAh aro 

shown in Table 3« 

5. The numerical value of the variances bstweon foods attri¬ 

butable to each discriminant function and their degrees of freed « 

were as follows* ' 

P-1101 No.3 -5- 



DiscriMnact 
Function Vàriuicis d,f. 

First 1715 22 

Second 151* " 20 

Third 121 18 

Hesidual r? 70* 

Total 2169 130 
■*« . 

The largo sample test of signifie a::'.6 of the residual var lanes bs- 

tw«ôn foods after the variance a.:e*.butable to each discriminant 

function vas removed was given by \he following X* teats 

Source of XÄ ^ d.f. P 

Total, eliminating 1st variance l*5u 118 P .01 

• " 1st & 2nd " 3Ö0 98 P ,01 

> " 1st, 2nd & 3rd •» 179 70 P .01 

6. This test indicated that the components variance r**’:?* 1; 

by the three discriminant functions w«re significant and that sig¬ 

nificance variance remained which was still unaccounted for. Be¬ 

cause the test was based upon a vry large sample, however, it wee 

sensitive to differences among tr.e foods too small to be of pree- 

tic:..4. importance. For this reason, it was considered not worth 

while to extract a further discriminant function and the analysis 

—was stopped at this point. 

7. Substitution of the mean preference scores in Table 2 in¬ 

to the three discriminant functions >1 olecd the "component scores- 

ior each food as shown in Table it. 

8. For purposes of interpre *uion, the coefficients of 8 

P-1101 No.3 •*w 



discrlicinant functions and z:.& conponant scores for the foods vere 

plotted In Figures 1, 2, ar.= 3.

V, Interpretation

1. The First Coapcncr.i/. It seems apparent that the first 

component in the preceding analysis should be labeled "common 

taste.” This component gives scores of each food which measure the 

all-over preference of the respondents regardless to which subgroup 

they belong. This measure would be quite similar to the measures 

of preference already used to report the findings of the Quarter

master survey—for example, mean preference score, per cent dislike, 

etc.

The Important feature of the first component scores is that 

they account for nearly 80% of the variance between foods. This 

means that although the foods used in this study were chosen be

cause regional differences in preference were eiqpected, these dif

ferences were minor compared to the all-over agreement of the sub

groups for these foods. - The differences in preferences observed 

for these foods were statistically significant, but were numeri

cally small. Perhaps with ether classification of respondents in 

the original sample, mere of the inaividual differences.lA prefer- _ 

ence could have been accounted for.

2. The Second and T.-._rd Con.ocr.er.ts. Components 2 and 3

represent variance between which was not attributable to com

mon taste. In order that :h<c coefficients of the second and third 

discriminant functions coul.c be interpreted in practical terms, the

P-1101 No. 3 -7-
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ccafficicnts were plotted in Figure 1. Exairdnation of tho relative 

positions of tho subgroups indicate- that the two components eouixl 

be Juccrlbod sonowhat as followoi Tho positive arm of component 2 

reflected urban and northern tastes. The negative arm reflected 

scufioastorn and rural tastes. I:, this connection, it is of inter

est that the tastes of tho urban*: outheast v’sre more rural-l?.ke than 

those of the rural-midwest ahd ncrvhcciSt.

The positive aria'of the third component appeared to attri- 

butable to southwestern taste, ani tne negative arm could be dee- 

crabed as eastern taste.

With these labels in mind, a stmilar plot of component scores 

for the foods on components 2 and 5 was eximined. This plot is 

shown in Figure 3. The position of the foods in Figure 3 followed , 

closely the regional differences which were expected. Foods which , ...w_ -

are grown in given regions or trc^oicional to these regions tended 

xc, be preferred there. The var: • v.trtbutable to southwestern 

tastes, for example, was largely . co greacer preference for black ''

olives. Those in the southeast i re south,.esb showed greater prefer

ence for fried summer squash, fried sweet potatoes appealed to 

southeastern and rural tastes^ iced coffee and sauerkraut to north

ern and eastern tastes. In the uroAn-north, green olives tended to 

be preferred to black olives, while in the southwest the converse _ 

was true. It should be noted that ail of these statements are made 

with respect only to that variance in the preference scores which is 

independent of common tastes. •

P-1101 No.3 -6-



VI. Conclusion

The findings of firr^s szudy appeared to support the following 

conclusions:

1. The preferences of the groups of respondents for the li: 

selected foods significantly contradicted a unidinensionel nodel 

for preferential choices; i.e., tastes differed signiflcentlj from 

one group to another.

2. The actual niagnitudes of the differences in tastes be

tween groups was sraall o'-i ^ for only about 20% of the vari

ance between foods. The r-3r-i,-a:nar.g 30% was attributable to common 

tastes and reflected a cons durable aegree of concordance of prefer

ences among the ten groups.

3. A considerable amount of dispersion of preferences re

mained within the ten regional^' urban-rural-groups used in this 

study. Hence, while there were substantial individual differences 

in the preferences of the respondents, the regional and urban-rura^' 

grouping accounted for little of these differences.

U* Such heterogereiry of taste as existed between the groups 

was largely accovinted for by a three-dimensional multivariate model 

for preferential choice. The hypothetical attribute values of the 

foods represented by the component scores were interpretable in 

terms of national regions in which certain of the foods are espe- 

daily preferred.

- • r . 4^- ' '
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Figur« 1. Plot of liscrininant Function Coefficient« 

for Second and Third Componente of Taste 
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Figure 2. Scores for First Coxponen- of Taste 
of Selected Foods from Survey C06 

31« Fried Sweet Potatoes 

hi. Apricot Pie 

32. Tuna Fish Salad 

1¿3* Oreen Olives 
5C. French Fried Onions 

h$. Salami 

1*1. Sauerkraut 
16. Potato Chowder 

ió. Raisin Sauce 

39« Fried Summer Squash 
16. Succotash 

25. Black Olives 

li. Baked Fish 

-7 
\ 

-7 

-f 

2.0 

1.8 . 
» 

1.6 

1.1; 

1.2 

1.0 

.8 

-1- .6 

.li 

.2 

0 Mean 

-.2 

-.li 

-.6 

-.8 

-1.0 

-1.2 

-l.U 

-1.6 

-1.8 

8. Iced Coffee 
-2.0 



Figure 3. Scores for Second and Third Coaponent of 
Taste of Selected Foods from SuTTe/ 006
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X«bl« i

Coefficients of Discri“JLr.ant rurictions. 
and Per Cent of Variance Aocounteu for b/ Each

Discriminant Function

1

2

3

h
5

6

7

8 

9
10

Group

Rural

hV

SE

KE

Urban

SW

Kvl
SE

NE

T II III

-.1151 -.0760
,16^2 -.2128 .6850
.3266 -.0077 -.1617

-.6533 -.3398
.3036 -.0257 -.2815

,3036 .2966 -.181*9
.5737 .2657 .1*781
,2562 .5579 .01*32
.3629 -.1109 .0096
.3036 .6205 -.1*562

7;v 1% 6%

f- i

Total

I;
f

i

r r
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Ik 
16 

18 

25 

31 

32 

39 

kl 
k3 
kk 
k$ 
k6 
50 

Table li 

Component Scores for Selected Food from Surrey 006 

Food 

Iced Coffee 

Baked Fish 

Succotash 

Potato Chowder 

Black Olives 

Fried Sweet Potatoes 

Tuna Fish Salad 

Fried Summer Squash 

Sauerkraut 

Green Olives 

Apricot Pie 

Salami 

Rasin Sauce 

French Fried Onions 

Component 

I II HI 

-2.101 

-1.505 

-.868 

.ms 
-1.095 

1.919 

1.060 

-.768 

.189 

.518 

1.657 

.31*8 
-.592 

.1*25 

.001 

-.100 

.085 

-.513 

.356 

-.1*1*9 

.293 

-.1*71 
•201 

.523 

.131* 
•220 

-.353 

•01*3 

-.390 

-.285 

-.139 

.021 

.617 

-.020 

-.186 

.387 

-.330 

•280 

-.108 

•056 

•269 

-•151 




