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SOME STATISTICAL METHODS IN TASTE TESTING
AND QUALITY EVALUATION*”

RaLea ALLAN BRADLEY

The Virginia Agricultural Experiment Station
Virginia Polytechnic Institule
Blacksburg, Virginia

1. INTRODUCTION

1.7 Introductory Remarks.

The title suggested for this paper is a general one and the discussion
which follows is necessarily of a rather broad nature. There is a definite
need for improved communication between the consumer of statistical
methods, in this case the food technologist, the home economist and
the horticulturist, on the one hand and the manufacturer of statistical
methods, the mathematical statistician, on the other. The difficulty
is accentuated by the general lack of mathematical training for the
agricultural sciences and the sometimes aloofness of the statistician.

The mathematical statistician has tended to publish his research
in concise mathematical style for an audience consisting principally of
mathematical statisticians. Eventually the statistical methods, if
they are good ones, become translated for use in applied problems.
The time lag in some cases is considerable and should be decreased or
eliminated. This can be accomplished in several ways. The ideal
method would seem to involve the publication of an applied paper as a
companion to the usual paper setting forth the theory of a new method.
Lacking this, it is at least necessary that the research worker have
some means of understanding of or reference to new statistical pro-
cedures. It is to this purpose that this paper may be of some small
value.

sPrepared under a Research and Marketing Act contract, Project RM:c-629.1, with the Bureau

of Agricultural Economics.
bThis paper was presented to the Joint Symposium of The Biometric Society and the American

Society of Horticultural Science at Cornell University, September 9, 1952.
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1.2 Bibliography.

A fairly extensive classified bibliography is appended to this paper.
No iclaim is made that it is exhaustive, which it obviously is not, nor
that it affords a complete classification. The references given have
been selected with a view to showing typical illustrative examples of
statistical methods used in taste testing and procedures which are
thought to be applicable in taste testing and quality evaluation.

Considerable assistance was derived from two available lists of
references, [62] and [67]. The bibliography here is a condensation of
abstracted references which were reported to the Bureau of Agricultural
Economics [63, 64, 65, 66] and which received limited circulation.
Many references are indicated which do not receive consideration in the
body of this paper.

It is hoped that the bibliography provided may assust in brldgmg
the gap between statistician and food technologist.

1.3 Types of Taste Panels and Their Purposes.

Taste panels may be classified in four types and exist for reasons
which are primarily different.

(i) Taste Panels for the Detection of Differences.

These panels are usually small and it seems preferable to have
from three to ten good judges to a larger untried panel. This sort of
panel is one which is used for research purposes only. Rather intensive
training of panel members is usually undertaken but in some cases it
is not necessary that the members of a panel agree on their preferences
or even on their judgments. It is necessary that a judge demonstrate
ability to repeat his judgments.

For the development of new products, the improvement of old
ones and the detection of insecticides and adulterants or effects of
packaging or storage one is concerned only with the question of the
existence of true differences. Unfortunately, presence or absence of
differences is confounded with the presence or absence of taste acuity
on the part of the judges.

(ii) Taste Panels for Quality Control.

Taste panels for quality control are usually panels of long standing
and of more experience than the first type. Such panels are usually
used for the maintenance of standards and as such are interested in
the lack of differences or variability of some few specified products.
Chart records may be kept both of the day-by-day performance of
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individual judges and of the panel comparisons as a whole. Again,
these panels do not do preference testing in any way. Taste panels
for quality control may be quite small but must be efficient.

(iii) T'aste Panels for Consumer Preference.

In consumer preference testing panels are large and untrained.
Usually no standards are provided and decisions are based on prefer-
ences alone. To be useful such panels must be representative of the
consumer market of interest. Test procedures should be kept simple
and the number of items compared should be small.

@iv) Taste Panels for Quality Evaluation.

Taste testing for quality evaluation is usually one phase of a more
elaborate evaluation procedure. Composite quality scores consist of
weighted averages of a variety of determinations. This kind of taste
procedure is used in certain United States Standards for Grades. The
tasting is usually done by a very small number of official graders. An
attempt is made to conform to a uniform scoring system over long
periods of time. Interest is in an absolute taste score and not in com-
parative scores for several products as is usually sufficient in the other
types of panel testing.

Problems of considerable interest arise from the proper weighting
of attribute measurements in quality evaluation.

Fundamental to any work with taste panels are problems in the
selection of the panel and the choice of experimental designs and scoring
techniques. We turn to a consideration of these problems.

II. THE SELECTION OF A TASTE PANEL

2.1 General Discussion.

Triangle tests, wherein a taster is required to pick the odd sample
from a set of three samples, have been widely used for the selection
of a taste panel. The procedure has the advantage of simplicity. In
some cases each potential panel member is required to perform a pre-
determined number of these comparisons and the best judges of the
group are selected for a panel. Concern has existed regarding the
quality of the judges so obtained and the number of triangle tests
which should be given. In general insufficient testing is done due to
the time consumed and limitations on suitable experimental material.

The author has recently learned of attempts by food technologists
to develop sequential testing and selection procedures and that without
regard to the systems of sequential analysis developed by Wald [85]
and Rao [84]. In applying a sequential analysis control is obtained
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over the quality of judges selected but .simple applications do not
necessarily lead to the selection of the best judges available. It is
thought that sequential methods will provide considerable improve-
ments over most selection procedures now used and constitute a saving
of time and material.

Lombardi [83] in a thesis developed the applications of both the
Wald and Rao methods of sequential analysis to the use of triangle
tests in judge selection.

2.2 Wald’s Sequential Analysis Applied.

Let p be the true proportion of correct decisions in triangle tests
if the judge could continue testing indefinitely. This may be thought
of as the judge’s inherent ability under the test administered. Judges
having abilities less than p, will be ruled unacceptable for a panel
and those with abilities greater than p, will be selected.

A graph is drawn on which the number of observations m is plotted
as abscissa and the number of correct decisions d,, is specified as the
ordinate. Two lines L, and L, , having a common slope, divide the
graph into acceptance and rejection regions. The slope and intercepts
of Ly and L, are given by Wald [85] (c.f. section 5.3.3) and they depend
on the specification of p, and p, and parameters @ and 8. « is defined
as the probability of selecting an unacceptable judge and @ is the
probability of rejecting an acceptable judge. po , p: , @, 8 are at the
disposal of the experimenter. If potential judges are in good supply,
he may take a small and 8 large.

The common slope of L, and L, is given by

log 1= p
¢)) s = 1= f —
log 22 — 1og ——P1
1— Po
and intercepts h, and h, respectively are
log 1 E -
(2) ho=1. " l 1_p1
o8 Do Bl 1 -1
and »
log 1 ; B
(3) hl =
1—-p
log 2 — 1 :
8 Do 8 1 -1



26 BIOMETRICS, MARCH 1953

Before a definite decision is reached on the specification of p, ,
D1, @, B it is useful to compute the average number of tests which will
be required. This depends on the ability of the judge p and the test
specification. A rough plot or table can be computed by considering
special values of p as shown by Wald (c.f. section 5.5). E,(n) is the
average sample number for a judge of ability p. Then,

4) for p = 0 (no ability)
log B
S l -«
Eon) = _ ’
log 1=-p
1 — Po
(5) for p = p, (maximum unacceptable ability)
(l—oz)log1 +alogl_6
- a a
EDo(n) = Z)_ 1 — p )
1 - 1
Do log Do + (1 Po) log 1 — Do
(6) for p = p, (minimum acceptable ability)
1 —
Blog —L— + (1 - p log 1=
By(n) = ——® e
log & 1 — p) log —&
pilog, -+ (1 —py)log )
and
) for p = 1 (infallible ability)
log 1-8
Ei(n) = »
l 1
og P

One further average sample number may sometimes be computed and
this case occurs when p = s, the slope of the control lines. Then,

(e 2 ) (e 5)

1 —
log P Jog -—F°
ngo Ogl—'Pl

8 E®m = —

An example has been constructed in which judges with inherent
abilities .33 and .60 have been simulated. The test specification used
the values p, = .40, p, = .65, « = .05 and 8 = .05. These values are
not necessarily suitable for all judge selection and in general p, and p,
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are too small while 8 may be sometimes profitably increased. Average
sample numbers are shown in Table I.

TABLE I
AVERAGE SAMPLE NUMBERS FOR THE TRIANGLE TEST
Y4 Ey(n)
0 5
0.40 21
0.65 21
1 6

Substitutionin (1), (2) and (3) yields s = .53, h, = —2.87 and h, = 2.87.
The equations of L, and L, become

9) L,: d,= .53m — 2.87 and
L,: d,.= .53m + 2.87.

The diagramatic procedure is shown in Figure I for two judges of

abilities .33 and .60. The analysis rejected the first of these judges
but accepted the second. In so doing a judge has been obtained with
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ability somewhat below that desired but one who was better than those
which were ruled to be unacceptable.

2.3 Rao’s Sequentidl Analysis.

Rao [84] in 1950 published a method of sequentially testing a null
hypothesis and this procedure may also be applied to the selection of
judges for a taste panel. The theory of the procedure needs further
investigation since its properties are not well known. However, when
it is applied to sequences of triangle tests, apparently satisfactory
results are obtained.

Lombardi in conjunction with the present author has adapted the
Rao method to use with the binomial distribution. The Rao pro-
cedure differs from that of Wald in that a limit to the testing of any one
potential judge may be set. We define N to be the maximum number
of tests to be given to any judge. Only one limit of ability is set. Indi-
viduals having ability greater than p, will be accepted and those with
ability less than p, will be rejected. « is the probability of selecting
an’ unacceptable judge. .

One central line L is used with slope p; and intercept

(10) h= 2L~ L, N~ + D) = o]

where I,,(n, — 1, N — my, + 1) is the incomplete beta function. n, is
the minimum number of successes in N trials which rejects p, as a
judge’s ability in favor of the alternative p > p, at the significance
level @. Approximately, ' '

no =pN + V272Np.(1 — p) if a«= .05
no = ;N + V5.43Np,(1 — p)) if «= .01

Tables of the incomplete beta function are available [70].

and

Let us consider an example wherein p, = 33, N = 30, a = .05.
Then n, = 15 and & = 2.62. The equation of L becomes
(11) L: d,= .33m+ 2.62.

where d,, is the accumulated number of correct decisions and m is the
number of tests.

Two judges with abilities- .3 and .5 have been simulated using
tables of random numbers. The procedure is illustrated in Figure II.
An additional line T named the truncation line has been drawn. T is
such that if the sequence of trials leads to a point below T' it will be
impossible to accept the judge within the specified maximum number
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of tests. One should then, if this happens, stop testing at such a point.
T is drawn with slope 1 through the intersection of L and the vertical
linem = N.

Both methods of sequential selection of judges presented have
features which are desirable. The computation for Rao’s procedure is
simpler than for that of Wald if tables of the incomplete beta function
are available. In the Rao method in practice one would usually choose
p, considerably larger than in the illustrative example.

III. THE DESIGN OF TASTE TESTING EXPERIMENTS

3.1 Problems of Scaling and Scoring.

In most experimentation the units of measurement are clearly
defined and follow naturally from the formulation of the problem.
In a majority of taste testing problems it is impossible to avoid using
scores or orderings based on the purely subjective opinions of judges
or panels of judges. The statistical problems peculiar to this field of
experimentation arise out of the limitations and uncertainties of human
behavior. Some of the difficulties introduced are non-uniformity of
scoring procedures, lack of consistency on the part of an individual
judge, lack of agreement between a judge and what may be regarded
as a ‘‘true criterion”, doubt as to the appropriateness of analyses of
variance on scores or orderings, and limitations of numbers of observa-
tions due to taste fatigue.
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Scoring scales in taste testing are usually set up arbitrarily. A
range of values symmetrically placed about an origin are used to measure
variation from poor to excellent as related to some food attribute.
The choice of scoring scale has been discussed by Hopkins [78]. When
a scale has been specified, there is no guarantee that all members of a
panel will utilize it in the same way. Panel members may spread
their scores over the complete range or may use only a segment of the
scale. Too, they may record scores falling in similar size ranges but
differ in the location of their average scores. To offset these difficulties
standards are sometimes used although all too often only one is specified.
The standards in effect have been given a prespecified score and test
items are scored in comparison with the standards. The following
quotation by Harrison and Elder [82] is pertinent.

“A numerical scale for scoring often proves to be a ‘rubber yardstick’ unless the
precaution is taken to include more than one fixed standard at predetermined points
on the scale for the orientation of the taster. Repeatedly we have observed that a
wide average score difference, observed between two samples when presented by
themselves, will shrink when a third higher quality sample is presented along with
them. This phenomenon is familiar to the psychologist who recognizes it as

‘adaption’.”’

Alternate to using discrete scores, Baten [72, 73] has used an inter-
esting continuous line scoring system ranging from very poor to very
good. He indicated in his earlier paper that increased accuracy was
obtained by the method but that it proved unpopular with the udges.
Standards would again be required to obtain uniformity of scoring.

Most scoring systems lead to some doubt as to the validity of
analysis of variance techniques and it is not clear how serious this
may be. The basic assumptions of analysis of variance [7] are

(1) Observations are independently distributed,

(ii) Observations come from a normal population,

(iii) Error variances are homogeneous,

(iv) Treatment and environmental effects are additive.

Taste fatigue may introduce departures from (i) and (iii). A
discrete scoring method without the use of standards usually leads
to departures from (iii) and, with the effect of ‘adaption’, from (iv).
The discreteness of a scale always leads to violation of (ii) although
this may not be too serious.

Taste fatigue and the necessity of including at least two standards
in a tasting experiment require either a reduction in the number of
treatments to be compared or the use of incomplete block designs.
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Difficulties in the establishment of suitable scales suggest more extenswe
use of ranking methods than has been made to date.

3.2 Experimental Designs.

Designs which increasingly control sources of variation and permit
flexibility in experimental procedures are the randomized block, the
latin square, the split-plot, the factorials, and the more complex in-
complete block designs and lattices. It is a good rule, applicable in
taste testing as well as elsewhere, to use the simplest possible design
that meets the need of the experiment. However, the incomplete
block designs are particularly appropriate to taste testing. The number
of samples tasted in one sitting is usually limited sharply and the use
of small blocks of treatments is of great assistance. It should also be
noted that this eliminates the need for the judge to have longer term
memory for he need only be consistent on his level of judgment within
the incomplete block unit. An excellent reference to experimental
designs by Cochran and Cox [19] is available.

Latinized Rectangular Lattices developed by Harshbarger and
Davis [25] are of some particular interest. In most incomplete block
designs the analysis separates out the effects of replications, treatments
and blocks and interaction effects are not available. The latinized
rectangular lattice introduces something of the advantage of the latin
square. The available effects are sets, rows, interaction of rows by
sets, blocks, and treatments. Then it is possible to associate judges
with sets and days with rows and obtain some indication of judge
behaviour from the interaction effect. This seems to constitute an
advantage over other incomplete block designs. The design is available
for treatment numbers which are products of two consecutive integers,
k(k — 1).

It is believed that the analysis of variance may be used without
serious error in some taste testing experiments but that in cases of
doubt ranking methods should be substituted when they are available.

3.3 Ranking techniques

The usual criticism of ranking methods stems from a supposed
loss in efficiency. When quantitative judgments can be obtained, the
magnitude of differences is obscured by the use of ranks. On the
other hand, when treatment differences are very small and difficult
to detect, it would appear reasonable to simplify the procedure for the
judge and use a ranking technique. In many cases of the latter sort
the use of a scoring scale or the continuous line may give the appearance
of a precision of judgment which does not in fact exist. Again, the
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application of rank order methods is usually computationally simple
and they may be often preferred on this ground alone. An interesting
discussion on this subject was recently presented by White [58].

The modern development of rank tests has been largely limited
to tests of two treatments. Such tests have been considered by Mann
and Whitney [53], Wilcoxon [59, 60], Wald and Wolfowitz [56] and
others. These tests could often be conveniently used to replace the
t-test in sensory testing. Terry [55] has developed a test of this type
which has the feature of being the most powerful rank order test in
situations where a f-test would have been appropriate if quantitative
measures could have been taken. His test depends on order statistics
as obtained by transforming ranks using Table XX, Scores for Ordinal
(or Ranked) Data of Fisher and Yates [46].

When ranks are employed in the analysis of variance, it has become
common in taste-testing problems to transform these ranks using
Table XX. Bliss [10] has supported the procedure and other references
may be found in the bibliography. That the procedure is most powerful
in 'that case considered by Terry may suggest confidence in its more
general use.

Rank order methods analogous to the analysis of variance have
been considered. The methodology is not complete and usually in-
volves approximations since the computation of exact probability
tables is often an exhaustive process. Kendall [52], Friedman [47] and
Kendall and Babington Smith [51] have considered tests of agreement
or concordance with ranked data and these methods are applicable to
taste testing. Mood [54] (c.f. Chap. 16) has also contributed useful rank
order methods developed from a slightly different viewpoint.

3.4 Paired Comparisons.

The method of paired comparisons may be regarded as a special
rank order technique. It is a method long used in psychological ex-
perimentation and one that is well adapted to sensory difference testing.
Only two treatments need be considered at one time and qualitative
decisions alone are required. The design becomes somewhat cumber-
some if many items are compared but hidden replication offsets some
of that difficulty.

Two somewhat comparable methods of analysis have been pre-
sented by Thurstone [38] and by Terry with the present author [28, 37].
The mathematical formulations of the models are apparently different
but may be related. Mosteller [33] has summarized Thurstone’s model

(e)

and listed the following underlying principles .

eActually Mosteller lists six principles. The remaining two relate to the method of experimenta-
tion and the purpose of the analysis.
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(1) There is a set of stimuli which can be located on a subjective
continuum or sensation scale.

(2) Each stimulus, when presented to an individual, gives rise to a
sensation in the individual.

(8) The distribution of sensations from a particular stimulus for
a population of individuals is normal.

(4) It is possible for paired sensations to be correlated. The model
may in a sense be summarized by writing

1 @ 2
12 i = _——./ i d
(12) i \/—2; —(8:=81) ¢ Y

where S; and S; are the “true” treatment locations on the sensation
continuum and ,; is the probablhty that treatment ¢ be rated above
treatment j.

In the second method of analysis the mathematical model is for-
mulated as follows:

(1) t treatments in an experiment using paired comparisons have
true ratings m, , -+, m, (1r, > 0).

(2) Observations on pairs of treatments are independent in prob—
ability.

(3) When treatment 7 is compared with treatment j, the probability
w;; that treatment 7 be rated above treatment j is 7./(x; + ;). (This
further specifies the nature of the true ratings).

If we redefine
(13) i = 1

4 —~(logeri—loge™ ;)

sech’ g dy,

it is easy to show that then =;; = =;/(w; + m;). Thus the substitution
of the ‘squared hyperbolic secant’ density for the normal density of
Thurstone’s model yields the second method of analysis‘”. The
squared hyperbolic secant density is very similar to the normal. The
substitution in Thurstone’s model is a sufficient condition for the
application of the model developed by Terry and the author. It would
not appear to be necessary. Values log,r; correspond to values S;
on a subjective continuum. Methods developed for the estimation of
these sets of parameters differ.

In the second procedure estimates p; of m; are obtained by the
method of maximum likelihood. When some one treatment is always
rated above all others, that treatment obtains a rating p = 1 while
the others have relative ratings zero. It then appears that one good

dThe author is indebted to Professor R. A. Fisher for a suggestion on this point,
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treatment obscures the differences among the others. This is in accord-
ance with the idea of “adaption”. Actually secondary ratings may be:
obtained for the remaining treatments by considering the subexperiment
congsisting of those (f — 1) treatments. These secondary ratings were.
actually used in the evaluation of test statistics to distinguish between
experimental results which had the one ‘perfect’ treatment but differed
otherwise. This is a point which has not heretofore been exhibited.

The second test formulation has considerable flexibility and for
the detection of treatment differences the results of several judges may
be combined without the requirement of uniformity of ranking judg-
ments over the judges. Fairly extensive tables are available [28] for
the easy application of this method and further computation is in
progress.

Two other methods of paired comparisons are of interest. Kendall
and Babington Smith [31] proposed a method which is a combinatorial
type test. They form a coefficient of agreement which essentially
measures discrepancies from perfect agreement among judges and a
coeflicient of consistency for a single judge measured in terms of ‘“‘cir-
cular triads”.

Scheffé [36] has developed a method of paired comparisons which
differs from the others in that it uses a scoring method and the analysis
of variance. The method has the feature that the effect of order of
presentation of paired samples to the judges is taken into account.
This method seems admirably suited to consumer preference studies
wherein a considerable time lag may occur between the testing of the
two samples of a pair.

IV. DISCUSSION AND SUMMARY

In discussing a subject of the scope of the title of this paper certain
sacrifices must be made. For completeness some topics have been
included and discussed in a very superficial manner. Others may seem
to have received more attention than is warranted. It was felt that
the sections on sequential analysis were important to bring that phase
of statistics to the attention of those interested in food and color testing
by subjective appraisals. Emphasis was placed on the method of
paired comparisons since some doubts and misunderstanding regarding
the two models shown have arisen.

Most of the remarks have dealt with statistical methods for taste
testing for differences. The subject of quality evaluation is a difficult
one and one which requires considerable study. The author has been"
interested in the application of discriminant function techniques to
the establishment of weights for the scores of various attributes in
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grading. This would appear possible if reliable grade determinations
could be obtained independent of the present systems of weights.
It is not clear how this could be managed and any practical applications
of the technique would seem to involve somewhat circular arguments.

In conclusion the author would like to acknowledge the assistance

of M. E. Terry, Boyd Harshbarger, Lyle L. Davis and D. B. Duncan
in the studies of statistical methods for taste testing undertaken at
the Virginia Agricultural Experiment Station.
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