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WITH SPECIAL REFERENCE TO THE CONSTIT-
UENTS OF TICE CREAM

C. I. Brisg, E. O. Axpersox anxp R. . Magraxnp
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FOREWORD

In the manufacture of ice cream, the selection of amounts and
kinds of ingredients is an ever prcb(mt problem, Aside from the
nutritive vurws the final test is the reaction of the consumer. Orig-
inally, the o\pvmrtwuts herein reported sought merely to determine
what our students prefer in ice ecream. 'l *hen arose the need to deter-
mine the significance of the differences, if any, and to express the re-
sults objectively. However it soon became apparent that from such
an experiment, properly designed, might be devised a better technique
for testing consumer preferences. The aid of Dr. Bliss was sought
and the statistical technique is his. It is presented in sufficient detail
to be followed by the average experimenter.

Tests for consumer preferences are often needed for both natural
and manufactured foods, for textiles and other products. The plant
breeder, the horticulturist, the home economist, as well as those in-
terested in ice cream and other dair y products, shonld find this bul-
letin of interest. In fact, because of their wide usefulness, the design
of choice tests and their statistical analysis became a dominant ob-
jective.

W. L. Stare.



A TECHNIQUE FOR TESTING CONSUMER PREFERENCES,
WITH SPECIAL REFERENCE TO THE CONSTIT-
UENTS OF ICE CREAM.

C. I. Buss!, E. O. AxpeErsoN” axp R. E. MArraxp?

In the standardization of food produets, consumer preferences
ave often an important consideration. Most tests of palatability have
been made by trained observers. In judging dairy products, for ex-
ample, samples have been scored for each of many, named flavor de-
fects, which in the case of butter fall in 25 different categories (12).
Individuals trained to recognize off-flavors rated a series of products
consistently (11). A simpler scoring system with three principal cri-
teria has been described for judging “the culinary quality of white po-
tatoes (2) and in the hands of experienced workers gave concordant
results.

How well these ratings would agree with ranks assigned by un-
trained observers may be questmnetl Instead of scoring the different
samples separately for each of several qualities which are later com-
bined, frequently without weighting, it 1s simpler to grade them for a
single dominant characteristic or Wlt]lOllt identifying the factors
which determine preference. This technique may be used either
with trained observers or with laymen. White ef «l. (13) have
shown by correlation studies that student judges who were unable to
criticize dairy products accurately might still score them reliably,
suggesting that valid judgments of rank need not depend upon the
ability to explain a preference in words.

Judgments of quality which are based on a fixed grading sys-
tem, howevyer, may show a high degree of observer’s bias. This was
demonstrated in tests reported by Stevenson and Whitman (10),
where the quality of certain potato varieties grown in different loca-
tions was scored on a scale of 1.0 for very poor. to 5.0 for very good.
Analysis of variance showed a si ignificant difference between the mean
scores of the five observers but consistency in following their own
standards. In tests on the palatability of sweet corn. Dove (4) has
avoided this observer's bias by a ranking technique. In any given
test the observer received a one-inch section from each of six ditferent
varieties for ranking in order of choice. Palatability was clearly a
relative term and the rating of a given variety depended upon the
other varieties in the test.

The present experiments used an experimental technique similar
to that described by Dove. They concern consumer reactions to cer-
tain components in ice eream, but the statistical techniques, described

*Consulting biometriefan,
2 Associate Professor, Department of Dairy Indostry.
f Pormar d-year student, Department of Dairvy Industry.
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in detail, are applicable in other fields where the subjects rank a given
series of objects in order of choice. The procedure i is adapted either
to untrained groups, 'epreaeniat,l ve of the “average™ consumer, or to
experienced judges. Even where distinct mmlmg systems have been
developed, the use of ranks may permit diserimination between items
which ordinarily would be grouped into a single class. Suitable tests
of significance enable the experimenter to test the reliability of the
conelusions reached by these numerical, objective tee hniques. Although

each of the present experiments involved only four items, the method
is not limited to series of four but may be extended to as many as
can be handled effectively by the experimenter without fatiguing the
subject.

Experimental data. The experiments tested four ingredients of
lee cream, each in an independent series with all other constituents
constant. In the two tests on flavorings, the ice cream contained 11
percent serum solids and 14 percent of fat. In the test on the concen-
tration of serum solids the ice cream contained 14 percent of fat and
in that on fat content it contained 11 percent of serum solids, both
series being flavored with the same amount of pure extract of vanilla.
All mixes contained 15 percent of cane sugar and 0.3 percent of gela-
tin (Swifts viscomix). They were p‘:utpunmfi at 180° F, for 19
seconds by the FElectropure shorttime-hightemperature pasteurizer,
homogenized at 2,500 pounds pressure, cooled to 50° ., aged 48 hours
and frozen to 90 percent overrnn in a batch freezer. Hamplvu of ice
creams were colleeted in five-gallon ice cream cans and the choice tests
were made within 48 hours after freezing.

For each variable four alternatives were prepared. The test on
chocolate flavor compared American process flavoring of fountain qual-
ity with “Olympia,” “Velvetier” and “Carbo” grades of Dutch pro-
cess chocolate, That on vanilla flavoring contrasted natural vanilla.
artificial vanilla, a 50-50 mixture of both at the same total concentra-
tion, and no flavoring. The experiment on serumn solids compared
concentrations of 8, 10, 12 and 14 percent, and that on fat content, con-
centrations of 8, 10, 14 and 18 percent.

For each series the four alternative ice creams were presented to
the subject in smull, lettered containers. He was instructed to taste
the ice cream in all cups in any order he desired and with such repe-
tition as was necessary to arrange them in order of choice. The sub-
jects were students at the University of Connecticut totalling 58 boys
and 12 girls. half of them part]mpattmr in three or more tests. Al-
though many of the group were agricultural majors, they represented
both rural and urban bac l{r-'rmmr]s. The social, economic and re-
gional characteristics of the .suh_w(’ts. of course. largely determine the
inferences which may be drawn from the t-“{]n‘l'ilnt‘lll

'\lt]mugll the nse of trained observers would give a biassed pic-
ture of the consumer’s choice, an experiment will be more reliable if
the subjects react consistently. This can be determined by testing each
participant with the same alternatives, lettered differently, on two sep-
arate occasions, DBy computing the correlation coeffic ient between the
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scores reported in the two tests, individuals who have no consistent
preferences for the same series of food products on two ditferent
oceasions can be identified. Such data might well be segregated in the
analysis of an experiment.

The value of this criterion was not appreciated until after the
present experiments were completed, so that duplicate tests are avail-
able on only 6 girls for the series with a variable fat content. After
transformation to scores as discussed below, these showed correla-
tion coeflicients of r= ~0.54, 0.28, 0.77, 0.84, 1.00 and 1.00 respectively.
With only two degrees of freedom » has a large error, yet it is evi-
dent that 4 of these 6 students were suitable suh]e( ts for an experiment
on consumer preferences, while to the two girls with coeflicients of
~0.54 and 0.23 the different ice creams either tasted alike or varied in
their desirability from one day to the next. Since there were so

few duplicate tests, the analysis included the scores of all subjects
without selection.

The transformation of ranks te scores. The advantages of the
analysis of variance are well known and need not be discussed here.
However, the distribution of simple ranks such as 1, 2, 3 and 4 de-
parts more from the normal form than one would prefer for direct
use in the analysis of variance. Iirst and last choices, for example,
tend to be ranked more easily than the intermediate items in & series.
Fisher and Yates in Table XX(5) have provided a normalizing
transformation for ordinal or ranked data which corrects this ten-
dency. In a series of given size, each item is assigned a score equal
to the expected value for an observation of corresponding rank in a
normal population with a mean of zero and a standard deviation of
one. Scores have been prepared for series of all sizes from 2 to 50
items.  Since these are measured symmetrically from a mid-point of
zero, the total score for each subject is zero with one less degree of
freedom than the number of items in the set. In the case of ties, the
corresponding scores are averuge{l but in the absence of ties, a sup-
plementary table (No. XXT in ref. 5) gives the sum of squares for the
scores of each subject. The transformed scores are suitable for both
the analysis of variance and the estimation of the correlation coeffi-
cient as reported in the preceding paragraph. For a diflerent ap-
proach, which applies x* to ranked data, the reader is referred to pa-
pers by Friedman (6) and by Kendall and Smith (8).

In the present experiment every series consisted of four alterna-
tives and the subjects were not permitted to report ties. From refer-
ence (5) the four choices 1, 2, 3 and 4 were scored as 1,03, 0.30, ~0.30
and —1.03 respectively, the sum nf squares for each subject being 2.3018
with three degrees of freedom. The four series of tests were then
examined by the analysis of variance to determine whether consumer
preferences existed within this group of students concerning each
characteristic under study, to isolate sex differences if present and
finally to learn the preferred component or concentration in each series,
The analysis of the two qualitative series on flavorings differs some-
what from that of the percentage concentrations of fat and serum
solids, which will be considered separately.
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The comparison of qualitative differences. The basic analysis
may be deseribed in detail for the series on four chocolate flavorings.
The original ratings of four preparations for 32 boys and 11 girls are
summarized in the frequency distributions of Table 1.

TasrLe 1,
Irequeney distributions of scores an fests of checolate flazvorings

Boys ‘

g Grirls Total
Flavor 1.03 .30 =30 -1.03 sr,f.)\lm 30 =30 1031 Sify)| S(Fy) | [»1
American process | 18 9 0 5| 1609 5 1 2 3 1.76| 17.85 = A| 25.5960
Duteh Olympia 4 6 B 14|-1090] 1 0 4 6| —-635-17.25=B]| 20.7640
Dutch Velvetier 3 4 20 5| 6848 5 1 4 1 3.22| <3.64 = C| 15.0494
Dutch Carbo 7 13 4 8 1670 0 9 1 1 1370 3.04=D)| 19.1466

Dpaignutin(r each transformed score by y and the number of
“votes™ for any given score or the I'leqnen('v by f, the total score,
S(fy) may be mmputv(l for the boys and girls aep.uatol\ and then

tomlled for each flayoring. The sums for the flavorings have been
designated by the letters A, B, C, and D respectively and must total
%ero.

The variability represented in the frequency distributions of the
table is to be subdivided into three main portions: (1) that due to
differences between the four flavorings, (2) that representing a sex
difference in choice and (3) the residual variation or error. The de-
sign of the experiment divides the first of these into two sections,
the difference between American and Duteh process and that between
the three qualities or brands of Duteh process chocolate. The variance
for the first comparison was (’nmputm{ from the difference 3A-B-C-D
as

(3A-B-C-D)*
— 19N (1)

where 12 is the st of the squares of the coefficients in the numer-

ator (3*4-14-141) and V=43 or the total number of subjects. Nu-
merically, we find

[(3 X 17.85) + 17.25 + 3.64 — 8.04] 2/516 = 9.8798,
which is the first entry in the analysis of variance in Table 2

TABLE 2,
Analysis of vaviaice for the data in Table |
Degrees of Sum of Mean
| fl"u‘t]nltl squares square F
American vs, Duteh pmccsﬁl' | 9.8798 9.8708 15.09
Between Dutel chocolates 2 ! 4.9731 2.4866 3.80
Boys vs. girls 3 3.5684 1,1895 1.82
Error 123 80,5561 0549
Total 129 UB.9774
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This first treatment effect may then be subtracted from the total sum
of squares for treatments or
7 B
to obtain the sum of squares between the Dutch chocolates. Note
that since the scores total zero, the usual correction for the mean is
unnecessary. Numerically, we have
(17.852 -+ 17.25% -|- 3.64° - 3.04%) / 43 — 9.8798 — 4.9731,

the second entry in Table 2.

The highest scoring chocolate among the boys was American
process (16.09) but among the girls it was Velyetier Dutch process
flavoring (3.22). Was the sex difference between flavorings large
enough to be considered significant statistically in view of the numbers
involved? The sum of squares for this comparison may be computed
readily by applying Equation (2) separately to the totals for boys,
dividing by the number of male subjects, and to the totals for girls,
dividing by the number of girls, The sum of squares for boys plus
that for girls is then diminished by the sum of squares computed from
the total scores for both sexes. The difference is the sum of squares
for the discrepancy bétween sexes with three degrees of freedom.
Numerically the contrast between boys and ,rzzirls may be computed as

o 2 1 ARA2_IT @72 1.762.1_6.9521.3 99 8
(16.09 —1—10.903;—(3.86 +1.67%) 4+ (1.76%-1-6.35 ?13.2._ +1.372) _ 9.8798
~4.9731 = 3.5684, for the third row of Table 2.

The total sum of squares is equal to the product of the sum of
squares for a single subject (2.3018) multiplied by the number of sub-
jects (43) or 2.3018 X 43 = 98.9774 with 3 X 43 — 129 degrees of free-
dom. Subtracting the first three items to obtain the error, we find
the mean square or variance for error is equal to 80.5561/123—=0.6549.
From the ratio (#) of the first three mean squares to the error, we
find from appropriate tables, such as from Table V for the variance
ratio in reference (5) or from Table 10.3 in reference (9), that the
preference for the American over Dutch chocolates was highly sig-
nificant (2 < .001), the difference between the three Dutch process
brands significant (£ = .03) but differences in the preferences of the
boys and girls were not large enough to be considered established
(Pi==16).

The original data for the comparison of natural and artificial va-
nilla flavorings are summarized in Table 3 and analyzed in Table 4.

TAzsLE 3.
Frequency distributions of scores in tests of matural and artificial vanilla flavoring

== _—

Boys 5 Girls Total b 3.
Flayor |[1.03 30 —30 —1.03[S(fy] | 103 30 —30 —1.03[S7fy)|  S(fv) | [y

Both types |15 7 2 51 1188 6 'O 1 2| 382]| 15.62=A24.1824
Natural 6 9 10 4 1726 2 a2 1 1.63| 3.39=B|15.6397
Artificial 3065 U 4 I =127 L 3 B 1| -1.63|-14.42 = €| 16.9020

& Iy Al =7 1 2 A 5| -3.82| 459=10D|16.3417

No ﬂa\roring[
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TaBLE 4,
Analysis of variance for the data in Table 3

Degrees of Sum of Mean
freedom siares sruare i
Detween flavorings 3 12.7495 4.2498 6,28
Boys vs. girls 3 1.6532 5511 .81
Error 108 73.0657 6765
Total 114 87 4684 l

The calculations differ from those for the chocolate ice creams only
in the subdivision of the effects of treatment. Instead of comparing
four different flavors, the experiment tested the preferences for natural
and artificial flavoring, alone and in a 50-50 mixture, and no flavoring
at all. The series differs from the customary 2 > 2 factorial tlvqifzn
in that the ice cream with both flavorings contained only a half dose
of each, a necessary modification to av oid confounding a qualitative
factor with the effect of the amount of flavoring. The test is incom-
plete in that the artificial and natural flavors were not tested initially
or in the same test at several concentrations. As shown in Table 4,
subjects discriminated significantly between the four differently flav-
ored ice creams, there being less than one chance in 1000 that a dif-
ference as marked as this could oceur fortuitously., Both sexes re-
acted substantially alike, the variability between them being less than
the error.

Since the diserimination between flavorings was so well estab-
lished, it is useful to determine how large the difference between any
two total scores would need to be before it could be considered sig-
nificant, This may be computed as

significant difference — ¢/ 2Ns? s R
where & is the number of ul)sorvors, 8* is the mean square for error
and # is the ratio of a difference to its estimated error (with » de-
grees of freedom) for the desired level of significance. Tables of the
Hl!ttl‘:tl(' ¢ are given by several authors nwludmn‘ references (5 and 9),
and it is customary to use the level for P — .05 in computing the just
significant differences. For 108 degrees of freedom at P— at P=.05, t=1.984,

so that here the significant difference =1.984~/2 %29 % .6765—=14.23 be—
tween total scores. When used alone, the natural vanilla at these con-
centrations was preferred to the artificial flavor, but the mixture of
the artificial and natural flavors was preferred to either alone al-
though not significantly more than the natural vanilla. The ice cream
withont flavoring differed significantly only from the mixture of both

types.

The analysis of quantitative factors. Two of the experiments
tested consumer preference for differing percentages of fats and serum
solids. The subjects discriminated significantly between the four
levels of constituent in both series. In each case the percentage of
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constituent receiving the highest score was a mid-value, the scorves for
lower and higher percentages decreasing the more they departed from
that with the highest score. The three total scores which bracketed
the preferred concentration represent equally spaced percentages..
Given these and certain other conditions, it is easy to compute the
preferred percentage of constituent and its standard error. If the
scores were equal for the two preparations on either side of that with
the largest score, the maximum would coincide with the percentage of
constituent in the sample tested experimentally. Since the outside
scores differed from each other, the preferred percentage must be in-
terpolated from a curve fitted to three or more points.

The curve computed from the observed scores is necessarily an em-
pirical one and the equation best suited for this purpose is the para-
bola. Tt can be computed efficiently by least squares and if the sue-
cessive concentrations of the ingredient are spaced equally on an
arithmetic or logarithmic scale, the calculation can be simplified with
orthogonal coefficients. The equation has the general form

v=a + blw + bgﬁ’z . = % 9w » (4:)
and the value of @, measured from %, for which 7 is a maximum (z,)
is given by differentiation as

Py = '—%T) A g (5)

The sampling errors resulting from differences in individual prefer-
ence diminish as more subjects are tested, but increase if the concen-
trations of the ingredient are chosen too near to @,. However, as
the range of concentrations is increased, the discrepancy increases
between the curve defined by Equation (4) and the true but unknown
relation of y to 2. Hotelling (7) discusses mathematically the selec-
tion of the most eflicient intervals of @ for determining the maximum.

Assuming that they fall above and below the maximum, three
concentrations are the minimum number which can be used. The
parabola then passes through the three mean scores. However, with
only three concentrations we are unable to determine whether the
fitted curve agrees with the observations as closely as would be ex-
pected from the variation of the individual scores about their respec-
tive means, just as we cannot test the adequacy of a straight line when
it is fitted to only two points. By fitting Equation (4) to the scores
at four or more concentrations, one or more degrees of freedom are
available for testing the suitability of the parabola. If the observa-
tions differ significantly from the fitted curve, it may be preferable in
confirmatory experiments to restrict the range enclosing the maximum.
This tends to minimize the discrepancy between the curve defined by
Equation (4) and that expressing the true relation between @ and .
Four or five concentrations, spaced symmetrically at equal intervals
about the expected maximum, would be the preferred distribution of
treatments in experiments of the present type for estimating the value
of 2 having the highest preference.

The caleulation will be described in detail only for evenly spaced
concentrations. Tt A, B, C, D, E stand for the sums of the scores
for successive concentrations of ingredient in an ascending order, 7
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the interval in percentages between the equally spaced concentrations,
¥ the mean percentage of ingredient over all values used in computing
the maximum, & the number of individuals participating in the experi-
ment and s* the pooled variance for all preparations in units of the
individual score. We will assume that the variance in the response is
the same for all concentrations of the ingredient under study, an as-
sumption that will be examined in the next section.

The first step is to test the significance of the parabola fitted to the
total scores by computing the variance accounted for by 6, and by &. in
Equation (4). When the concentrations are evenly spaced on an
arithmetic or logarithmic scale, these variances are independent of
one another and may be designated by [I.*| for the linear term and
by [Q*] for the quadratic term, each with one degree of freedom.
Their equations may be expressed in tabular form as

Equation
Symbol For 3 cones. For 4 cones, For 5 concs. No.
(12 (C-A)* (3D4-C-B-3A)* (2E4-D-B-2A)* 6)
/] 2N 20N 10N (@
4 (ZB-A-C)* (B+C-A-D)* |(B4-2C4D-2A-2E)* 7
1] 6N 4N 14N 2

The ratio of [Q?] to s° the error for the experiment as a whole,
should exceed the value of # at P = .05, as given by standard tables
(5,9) for n, = 1 and n. = degrees of freedom in s If not clearly
significant, the range of concentrations may have been too short or
misplaced above or helow the optimal value. Ideally, [L?] should be
relatively small, indicating that the optimum falls near the center of
the range of percentage concentrations.

With four or more percentages of ingredient, the remaining de-
grees of freedom test whether the parabola agrees satisfactorily with
the observed scores. The total sum of squares for treatments is given
by Equation (2), which may be extended if necessary, to include a fifth
or sixth concentration. The difference between the total sum of squares
for treatments and [L*] -+ |Q?] measures the variation of the mean
scores about the curve used in computing the maximum. If its mean
square cdoes not exceed the error significantly, the parabola approxi-
mates the true relation between z and %. The maximum is then cal-
culated from the full range of observations. Tf the discrepancy is
significant, the concentration for the maximum y may be recomputed
from a restricted range of observations, omitting the concentration
farthest from the maximum.

Granted the above conditions, Equation (4) can be by-passed and
the optimal value computed directly from the sums of the scores as

Pmiax = X - Bin RO i (8)
where ¥ is the mean or mid-concentration of those used in the calcu-
lation and
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I(C-A)
2(2B-A-C)
» — L(BD4C-B-3A)
T UB(BC=A=D)
N [ 1(*’13-{-1) B-2A)
" T 10(BF2C+D-2A2E)
The standard error for a,, apphea equally to @y, The numer-
ator and denominator in Equations (5) and (9) are uncorrelated, and
both are subject to error. The variance of a ratio may be written for
Equation (5) as
S b\ b [V (by) (262) |
r( 2 ) =B e +_4ba i
Substituting terms corresponding to those in Equation (9), the stand-

ard error of Xn (the square root of its variance) may I:o rednced
algebraically to the form

Ty = for 3 concentrations (9a)

for 4 concentrations (9h)

for 5 concentrations (9c)

1

R -
= [ @n | # Nprzy + 707 ¢ (10)

where the vertical lines enclosing x,, indicate that the sign of x, is
here always positive. This is aLppln able to tests with three or more
concentrations, Another derivation giving exactly the same result for
the case of three concentrations onlv may be written in terms of the
original totals as
IN/T(C=A) " (B-A)*F (C-B)*| N3
(2B-A-(C)*? i
and used as a check on the arithmetic.

The 01‘10-111{11 data on serum solids are auunn'm'i.-:(,d in Table 5 and
analyzed in i able 6. The preferred concentration is evidently near
10 percent. The linear and quadratic terms computed from Hqua-
tions (6) and (7) for four concentrations are [I*| = [-3(13.60) -
0,56 -20.38 - 3(7.34) 2/ (20X 29) = (-38.60)%/580 = 2.5689 and [Q2]
= [20.38 +- 0.56 4 7.34 + 13. BU]”/ (4X29) = (41.88)2/116 — 15.1201,
which have been entered in the first two lines of Tablo 6. These ac-
count for two of the three degrees of freedom between the four treat-
ment totals. The sum of squares for all three degrees of freedom com-
puted by Equation (2) is 22,5687, giving by difference 4.8797 with one

(10a)

“Xm

TasLe 5
Frequency distribution of scores in tests on preferrved content of seruwi solids

Serumsalids|  Boys _.| - Giels ~ Total
percent (103 30 -.30 -1.03 S(f.v)ll,us 30 =30 1.03| S(fv) Stfy)
8 A 4 e szelee S s =208 A=
10 13 6 . 00 ol 1Edel 3 7 e 0 sie 2038 =B
12 2 6 9 z 90| 4 1 3 2| 146 0.56 = C
14 0 3 9 ’ 901 | 0 1 6 3|-45| -1360=D
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TABLE 6,

Analysis of variance for data in Table 5

| Degrees of Sums of Mean
freedom | squares s(uaré E
Parabola based{linear term, [ L*] 1 2.5689 2.5689 +.80
on 4 cones, fquadratic ®, | Q] 1 15.1201 15,1201 28.23
Discrepancy [rom parabola 1 4.8797 4.8797 9.11
Boys vs. girls 3 7958 2653 .50
Error g1 433877 | 5356
Total 87 | 0667522 J073
Parabola based | linear term, [L*] 1 | 1.0760 10760 2.01
on 3 concs.  jguadratic , [QF ] 1 12,0888 12,9888 24.25

degree of freedom for testing agreement with the parabola. The
steps for completing the analysis of variance in Table 6 parallel those
detailed in the preceding section.

It is evident from the analysis of varance that boys did not
differ from girls in the preferred concentration of serum solids, How-
ever, the parabola differed significantly from the total scores at the
four concentrations. DBecause of this discrepancy, it is desirable to
narrow the range of concentrations by omitting that furthest from the
one receiving tlie highest score. The linear and qlmdratlc variances
for the parabola {mnputed from the totals A, B and C by Equations
(6) and (7) have been entered at the foot of Table 6. The non- s1g-
nificant linear term and the highly significant quadratic term indicate
a satisfactory basis for caleulating the preferred concentration of
serum solids from A, B and C. Huhutlill(llltr the numerical values in
Equations (9a) and (8), we have

o 2(0564730) oo
Pu = g(a0 761784 0.66y — rrooe  eud
Ponx — 1) = 166 = 10.166%.
The error may be estimated from Equation (10) as
o, — 1682 ) sass 4L o 1 1_ 490
o e | 10760 | 129888 [ "
However, our confidence in the estimate of @, 1s lessened by the
need of omitting one percentage due to the failure of the parabo]a to
fit all four concentrations within the sampling error. Equation (10)
makes no allowance for a diserepancy of this sort. A simple adjust-
ment, which probably over-corrects the error but aveids placing undue
confidence in the precision of #,. is to multiply s, by /# for the
discrepancy from the parabola. In the present case \/9.11 = 3.02,
eiving an adjusted error of 3.02 x 0.122 — 0.37 percent. Hence the
pu.fened concentration of serum solidg in ice cream containing 14
percent fat has been determined as 10.17 == 0.12 percent although the
standard error of this estimate may be as large as 0.37 percent.
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The' scores ()_btained in the choice tests on the fat content of ice
eream are given in Table 7 and analyzed in Table &

TasLe 7.

Frequency distribution of scores in fests on preferved jfar content of ice cream

Percent Boys el Girls .~ | Total 3
Fat (103 30 30 ~1.03(S(fy)| 03 30 -30 ~L03[S(fy) [ S(7y) |_1o']
g 0 7 20 202450 1 2 2 6| -515-2065=A|162519
10 6 16 9 6| 12400 0 1 7 3|-489| 751 =B|24.0472
14 23 15 S5 42257 8 3 0 0| 9148|3171 =cl2076%
18 8 9 13 17 |-1047, 2 5 2 2| 90| -957 =D|309701
TABLE 8,

Analysis of variance for data m Table 7

Degrees of Sum of Mean
Ireedom SCuares stjlare F
Parabola based|linear term, ['LF] 1 3.5090 3.5090 G.41
on 4 canes. (quadratic, [] 1 31.5357 31.5357 57.57
Discrepancy {rom parabaola 1 L0006 | 0006 00
Difference between parabolas fit- -
ted separately to boys and girls 2 2.2522 1.1261 2,00
Interaction of diserepancy hy sex 1 4.1690 4.1690 7.61
Error 168 92,0378 3478
Total 174 133.5044 7673

Because of the unequal intervals between successive concentrations,
the parabola in Equation (4) has been fitted directly by simultaneous
equations. The linear and quadratic variances |I*| and [Q?] were
separated by means of orthogonal coeflicients suitable for this case and
were of a nmgmtmk alluwmu’ good estimation of @,. In contrast
with the experiment on serum bolld'- the parabola computed from four
concentrations agreed excellently with the total scores. Although the
parabolas fitted separately to the data for boys and for girls agreed
within the limits of error, the observed scores diverged from these
parabolas quite differently. The preferred ice cream with 11 percent
of serum solids is estimated to contain 13.49 -+ 0.23 percent of fat,
boys and girls coneurring in this result,

Homogeneity of the variance within samples. In the above
experiments the transformation to scores presumably has stabilized
the variance in the response to each of the four alternatives in a given
series. This assumption underlies the equations for the error of the
preferred concentration of a given ingredient. However, it would
not be unexpected for qub]ectq to show a greater agreement in their
preferences for some alternatives than for others quite apart from the
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statistical factors leading to the transformation from ranks to scores.

This possibility is illustrated in Table 5, where all subjects selected
10 percent of serum solids for either first or second choice but an 3
percent concentration elicited a wide range of opinion, 15 subjects con-
sidering it the poorest of all four samples, 7 finding it the best and
the other 7 giving it an intermediate ranking. From the frequency
distributions of the scores for each sample it is a simple matter to
compute the sum of squares of deviations from the separate mean
scores for boys and girls. The results from Table 5 are shown in

Table 9.

TABLE 9.

Chi-square lest of the homogeneity of the pariances within sexes for cach
concentration of serum solids i Table 5

Serum solids _ Sum of squares =[] log
percent Boys Girls Total | (4]
8 13.8353 8.2428 220781 \ 13440
10 2.1877 1.1191 3.3068 5194
12 5.5510 l 6.5122 12.0632 1.0815
14 ' 42337 | 1.70059 5.9396 T738
Total 433877 | 3.7187
Mean 10.8469 | n =81
Log mean 1.0353 k= 4

Since the sex of the subject did not modify the relative order either
of the mean response or of the sum of squared deviations, the sums of
squares for the two sexes may be added for each concentration. The
total of the resulting four sums of squares is then equal to 43.3877,
the error in the analysis of variance in Table 6. Similarly in Tables
I, 3 and 7, the sum of squares has been computed for each sample and
checked against the corresponding terms in the analysis of variance.
The “sums of squares™ or [#*|’s measuring the variability among
the scores of each sample are then tested for homogeneity. Do they
differ from one another more than conld be expected by chance? The
homogeneity of a set of independent [#?]’s may be determined by
computing
¥ = 6.8078 7° loglP] = Sog [#"1)Y | ., . (12)
] n+-k4-1] ‘OELY k [
where |#?] is the arithmetic mean of the Z individual [#*]'s repre-
senting a total of n degrees of freedom. This modi“ed form of Bart-
lett’s (1) equation is suitable for series where the degrees of freedom
in each component [#*] are equal. If they are also independent, ¥
computed by Equation (12) is referred to a table of x* (5, 9) with & -1
degrees of freedom to test whether the variance differs significantly be-
tween samples,
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In the case of ranked data, however, the [#*|’s for the different
preparations in a series are not mt!vpomiont of each other. This is
evident from the degrees of freedom (7) in the pooled error. In ar-
ranging four objects Cin order, the pogition of the fourth object is fixed
as soon as three of them have been classified. Hence we have 4 -1 =23
degrees of freedom between the scores of each subject, and with 19
male and 10 female subjects in the experiment of Table 5, there are
(18 X 8) + (9 X 3) = 81 degrees of freedom in the sum of squares
for the p(mlv{l error. If the variance were required for each type of
ice cream, 81/4 = 20,25 degrees of freedom would be assigned equally
to the [3*] in Table 9 for each of the four concentrations of serum
solids, quite a different number from the customary value of 29 -2 —
27 degrees of freedom (correcting separately for “the means of both
qexes) With fewer degrees of freedom in the [7?] for each concen-
tration than the illg(‘b[‘&lt sum of the number of squares from which it
is computed, the several [y*]’s of a series are not independent.

In view of the correlation between the sums of squares compared
by x*. Cochran® suggests as a first appm\im‘l,tiuu that the degrees of
freedom for testing the significance of y* should be reduced to A— 2.
The 81 degrees of freedom in the sum 0? squares for the poolod error
in Table 9 would provide three component [#?]’s, each with 27 de-
grees of freedom, the number expected for independence from a count
of the number of squared scores entering any one [4*]. Hence the
four [y*]’s represent not more than three dr:,,t,rrees. of freedom. When
they are _compared in turn with their mean, yet another tlegree of
freedom is lost, giving us 4 -2 = 2 degrees of freedom for the x- for
judging the homotroueltv of the variances in any of the experimental
series reported here.

The computation has been applied to the sums of squares for the
four percentages of serum solids i Table 9, conv ortmg each [#*] to
logarithms and substituting in Equation (12) to obtain

69078 x 81 3. ‘L ik B0 S
» = (5><81H 4+1JL]”'3” } 182.75 x .1056 19.3¢
with 4 -2 = 2 degrees of freedom. Hetmowenut\ as marked as this
would not be mpoeted as often as once in 1000 trials, The homo-
geneity of the variances han I)een tested similarly for the data in
Tables 1, 3 and 7, to obtain x*s of 2.17, 1.69 and £.51, each with two
degrees of freedom. Hence in the remaining tests tlw data were con-
sistent with the assumption of a stable variance between samples,

’ The tests with serum solids did not conform to this requirement.
To estimate the preferred concentration and its error when the va-
viances are nnequal is a more involved problem than that described
here and has not been considered. However, the present equations
provide a first approximation for heterogeneous data. Tf some of the
data i1s omitted and the variation differs with the concentration, one
may prefer to base his estimate of s* entirely upon the variation at
the concentrations used in computing the preferred level. For the
series on serum solids, the total [¥*]’s for 8 to 12 percent inclusive

= Peysgonal eommunication.
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with 60,75 “degrees of f1 eedom,” gives s* — 6164, which does not differ
materially from s*— 5356 for all four concentrations. However, it
may be used to udjust 8, computed as 0.122 with Equation (10) by

/6164

5356
0.131 for the standard error of the preferred concentration of serum
solids.

multiplying it by = L.073 to obtain sy = 0.122 X 1.073 —

Comparisons of different series. In considering the factors be-
hind consumer preferences for given concentrations of fat or serum
solids, the possibility arose that the “body” of the ice cream may have
been a determining factor. In this case a subject preferring a Iwhter
ice cream would be expected to react fayorably to samples with the
lower concentrations of either fat or serum solids and vice versa.
Fifteen boys and nine girls participated in both tests and their scores
in the two tests have been correlated in examining this hypothesis.
The sums of squares and products were computed for an analysis of
covariance, pairing the samples of ice eream in the two series in the
order of successively increasing concentrations and segregating the
effect of concentration and the sex difference from the residual error,
The correlation coefficient of the deviations in scores, computed from
the row for error, was less than its sampling error. However, when
the concentration receiving the highest score in the test of serum
solids (10 percent) was matched with that receiving the highest score
for fat content (14 percent) and the caleulation restricted to these
and the two adjoining concentrations (8 percent serum solids with 10
percent fal and 12 percent serum solids with 18 percent fat), the de-
viations in the error row were significantly correlated. The correla-
tion coeflicient » = 0.36 with 49 degrees of freedom. Hence we may
assume that the “body” of the ice cream helped determine consumer
preferences for fat content and for the concentration of serum solids.

Conclusions. This study of consumer preferences, based upon
four tests with experimental ice ereams, describes quantitative meth-
ods suitable for research upon factors such as the palatability, flavor
and body of foodstufls. It also is suitable where sight is the basis
of choice, such as in preferences for style of garments and the color,
texture and design of fabrics. It is important to select subjects, pre-
ferably at random, from the population for which the results are to
apply, and for this purpose the principles of stratified sampling (3)
are an important guide. The undergraduates in a state university
form a relatively houuuwneom group so far as age, regional back-
ground and economic status are concerned. How wn](-h;r the food
|ar£~'fervncvs of such a group will apply is problematic.

The “ranking™ system of identifying relative quality has the dis-
tinct advantage of simplicity over the more familiar method of affixing
a “grade.” The “grade” fixes the item with respect to an established
standard. Considerable training is necessary before an individual
can obtain consistent results in grading a series of items. Inexpe-
rienced and unbiased consumers, on the other hand, can rank a series
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of samples from best to poorest on the basis of their own standards.
These ratings are often of importance to the manufacturer. By
means of the present method a series of items ranked by many people
can be evaluated statistically to determine consumer and local prefer-
ences,

Each of the present experiments was restricted to four alterna-
tives. There is no statistical restriction, however, to the number
which can be handled. The limitation to four choices in each set
would rule out an important modification in experimental design, the
complex or factorial experiment. In the two series testing the con-
tent of fat and of serum solids, for example, we do not know how
much the preferred concentration of one ingredient depends upon the
level of the other. By increasing the number of samples in a given
series to nine, it would be possible, for example, to test the relative
preferences for all possible combinations of 8, 10 and 12 percent of
serum solids with 10, 14 and 18 percent of fat to determine the extemnt
to which the concentration of one ingredient determines the preferred
concentration of the other. For determining the most palatable va-
nilla flavoring, the importance of testing several concentrations of the
natural and of the artificial product in yarious combinations has al-
ready been mentioned,

The efliciency of the technique may be increased by testing each
prospective subject on two separate occasions with the same series of
samples numbered differently and at random. Suitable subjects are
those whose scores for the same samples are positively and significant-
ly correlated. Their agreement or disagreement with others in the
test, however, should be disregarded to avoid biassing the results.

Summary. Consmmer preferences for two qualitative factors in
ice cream, vanilla and chocolate flavoring, and for two quantitative
factors, percentage concentration of serum solids and of fat, have been
tested on college students. The subjects ranked the four alternative
ice creams of each series in order of choice. These ranks were then
converted to scores suitable for use in the analysis of variance, with
which the significant consumer preferences were identified. American
process chocolate was preferred to three Duteh types, which were not
scored equally. Natural vanilla flavoring rated higher than the ar-
tificial product but a 50-50 mixture of the two scored highest of all.
In ice cream containing 14 percent fat. the preferred concentration of
serum solids was 10.17 -+ 0.87 percent; in that containing 11 percent, of
serum solids, the preferred concentration of fat was 13.49 -+ 0.23 per-
cent. DBoth sexes concurred in these results.

The design and statistical analysis of choice tests arve given in de-
tail. Simple methods are described for computing the concentration
giving the maximum score and its error and for testing the homo-
geneity of the response to different items in a series. Possible applica-
tions of the technique are indicated.
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