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0 tood product has a longer history of quality evaluation
1., U £ ST s L
than wine. Homer, Pliny, and Horace wrote of wines that were
famous long before, or at the beginning of, the Christian era. The
fame of these wines was undoubtedly based on subjective com-

parisons, or perhaps even on some sort of deliberate sensory
examnations. l

Prior to 1940 many quality evaluations in the wine industry
were performed by only one or two professionals. Fven toda\;.
considerable quantities of wine are purchased by skilled winé
brokers whe base their selections solely on their own evaluations.
However, with increasing consumer demand for better wines,
greater competition among wine producers, and the development

of appropriate statistical procedures for the analvsis of sensorv

data,

many wue professionals have concluded that it is unsound
to relv on the

quabty and standards-ofidentity judgments of
o two imdividu

only

FUNDAMENTALS

Today it is standard practice in many wineries and wine-
distributing companics {and, indeed, throughout the entire food
industryj to have regular panel evaluations. not onlv for quality
control of their own products, but alse for comparsons with
competing products. The data obtained in such cvalnations

- should be subjected to appropriate statistical analysis. Unfortu-

nately, reported differences among wines often imply significance
when there is, in fact, no statistical justification for such a con-
clusion. 1t is the purpose of Part [1 of this book to encourage the
use of statistical procedures for the analysis of sensory data.

Fundamentals

In Part 1 of this book we have referred to the importance of
statistical procedures in providing tests of significance. A discus-

sion of significance of experimental data is usually based on a com-

parison of the actual results with those that would be obtained if
chance alone were the determining factor. Since the interpretation

_of such tests depends upon the probabilities of the events in ques-
* tion, some understanding of the concept of probability is essential.

Probability. Briefly, the probability of an cvent can be defined as

the relative frequency of that event in a large number of trials.

From this definition it is clear that probability is a number between
0 and 1. An event with probability p = € cannot occur, and onc
with probability p = 1 is certain to occur. When we say that the

+_ probability of getting heads on the toss of a well-balanced coin 1s

Y., we mean that one of every two tosses, on the average, will give
heads. In other words. it is probable that in alarge number of tosses
50% heads and 50% tails will be obtained. This does not mean that
in 10 tosses of a coin we will get exactly 5 heads and 5 tails, nor

that in 100 tosses we will get exactly 50 heads and 50 tails. How-
~ ever, if we continue tossing the coin indefinttely, the ratio of the

number of heads (or tails) to the total nwunber of tosses will ap-
proach the value %
Imagine that a judge is presented with three glasses, two of

(0.5) ever more closely.

which contain the same wine and the third a different but very
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simitar wine, It he cannot detect a difference among the threc,
chance alone will defermine his ability to pick the odd wine. The
probability that he will be successful in doing this is % the prob-
ability that he will fail is

In a sequence of trials in each of wluch a certain result mav or

mayv not occur, the occurrence of the result is called a suceess and
its nonoccurrence a failure. In a sequence of coin tosses, for cx-
ample, getting he

ads might be designated a success; getting tails
would therefore constitute a failure. This terminology is purely
conventional

and the result called success need not necessanly

be the dcmcd one. The su of the probabilities of success and
failure for 2 given result is always equal to 1. Therefore, if the
probubility of suceess 1s f, the probability of failure is 1 — p.
Problems requiring a statistical treatmient of events | (o7 results)
otten entail decisions based on a limited number of observations,

the couclusions from which are to apply to a much larger category
of events, of which those actually observed are only a part. The
larger category about which we wish information is called the
population {or umiverse) and the actual observations constitute the
sample. If the sample is selected in such 2 way thatall components
of the population have an equal chance of being included, the
sample is called a random sample. A quantity calculated from a
ample, e.g.. its standard deviation (see page 130), is called a
sample statistic, or simply a statistic. Using a statistic to draw
conclusions concerning a population from a sample of that popula-
tion s called statistical inference. For such conclusions to be valid

the sample must be randomly selected.

Null Hypothesis. The statistical method used i any scicutific

‘estiga tion originates with an mvestigator'sidea, which leads to
tentative hypothesis about the population to be studied. This
hvpothesis, commonly called the null hypothesis. must be a
specific assumption, made about soine statistical measure of the
population, with which to compare the experimental resalts. For
example, in the toss of a fair coin the null hypothesis, p = %,

FUNDAMENTALS

states that in asingle toss the chances are one in two (50:50; thata
head will show.
Tn a consideration of a judge’s ability to ditferentiate between

two wine samples of differing quality, the null hypothests, p = b

states that the chances are SO0 that the judge will make H;

correct decision, e, it states that hie does not have the sensory
ability to detect a difference. [ the previous example of the judge
trying to select the odd wine sample from three, two of which arc
alike, the null hypothesis, p = %, states that the chances are one in
three that the udoe will /‘nn'Pva select the ndd < IIHU}F e b

DIECY Gidae JRGEe Wik ect the Nad sginie, Lo, I

states that he does not have the sensorv ability required for th]s
task. In a comparison of the average quality ratings {scores) of two
different wines, the null ivpothesis, p, — p, = 0, states that the
difierence between the mean scores jr, and u; for the two popula-
tions is zero, i.¢., there are no guality differences between the two
wine populations from which the samples were selected.
Statistical methods allow us to predict whether or not a null
hypothesis is likely to be true or false. A statistical test, whichisa
decision rale or procedure, is then applied to the observed results
to decide whether they agree sufficiently well with the expected
values to support the null hypothesis or to suggest its rejection in
favor of an alternative hvpothesis. An alternative to the null

Lypothesis ( p = %) of no sensory ability to differentiate between
two wine samples might be p > 4. This alternative hypothesis
states that in asingle trial the probability of the judge’s making the
correct decision is greater than %, Le., it states that he does have
some sensory ability to perform the task. I this hypothesis is true,
the chances of his being successful in detecting a difference are
therefore better than
null hypothesis of p =
usnally designated H, and the Aitcmat;‘c hvpothesis H,.

An alternative hypothesis 15 called a onesided alternative and
one-tailed test if the hvpothesis specihes a

50. Analogously, an alternative to the
might be p > 4. The null hypothesis is

the corresponding test a

value on only one side of the value stated in the null hypothesis.
The altermnative hvpotheses p >

and p > 15 are therefore both




acceptance and rcic‘cf‘
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onesided. If, however, an alternative hvpothesis specifies values
on both sides of the value stated in the nall hvpothesis, it is called
B z“‘n'o«xzded alternative and the Corrcspm‘.diné test 15 called a two-
tailed test. One- and two-tailed tests are illustrated in Figares |
and 2. We will discuss these illustrations in detasl shortli, A
Types of Errors.

Decision rules are seldom infailible and nayv
fe

1t ,

ead torejection of a true hypothests, which is called an ciror of the
st ki : O

st kind, or a type [ errar. Or they mav lead to acceptance of a

£ Term Iyu by oo o ;
talse hivpothesis, which is called an error of the second kind

kind, or a
Fuhe . L 1ol . - ’ ¢
fype H error. The probabilities of occarrence of these errors can be
mmnuized but never reduced to zero

Experimenta] sesults rarely lead
b pernnental results rarely lead to obvious conclusions, and
the question nmmediately arises as to the dividing line between
of the null hvpothesis. By a commonly

accepted convention the nﬂ hypothests 15 rejected if, nnder the

level

FIGURE

7.‘ /’ ¢/
Hed test,

FREQUENCY DISTRIBUTIONS

hypothesis, the result observed in the sample would ocenr by
chance alone at most once i 20 trials (P < 0.05).7 Sucha result 1§

called significant. 1f, under the null by pothesis and by chance

alone, the result would occur at most once in 100 trials (P < 0.01

it is called highly significant, and if it would oceur at mmt once 1n
1000 trials (P =< 0.0
are known as the 3%, 1%, and 0.1% levels of significance, respee-

01}, it is called very highly significant. These

tivelv, 1t should be understood, however, that, although we accept
or reject the null hypothesis on the basis of these levels, we have
not proved or disproved it, because there is always the possibiiity,
however remote, that the difference between the obsen cd result
and that expected under the null hypothesis could have arisen by

enificance (P = 0.051 we

chance alone. At the 5% level of sig

wrongly reject the null hypothesis 5%

(P = 0.01} we wrongly reject it 1% of the Hme: and at the 0.1%

of the time; at the 1% level

level (P = 0.001) we wrongly reject it 0. 1% of the time, or once
every 1000 times, on the average.

Frequency Distributions

Forlarge sets of ditta comprising many values of a given variable,
some form of summarization is needed so that the maiu features
can be readily observed. The simplest method of arranging the
datais to divide the whole range of values into a number of equal
intervals called class intervals and to count the number of values
falling within each sach interv a1 The pumber of values within a
class interval is called the class frequency, or simply the frequency.
This set of frequencies is called a frequency distribution. 1f the
actual frequencies are expressed as fractions of the total frequency,
the resulting distribution is called a probability distribution.
Before considering specific testing procedures we w ill briefiy
discuss the usefulness of two frequency distributions—the normal

“The small # introduced earlier is used to denote the probability of a simple

cvent, such as getting heads m a single toss of 4 com The capital P s wsed to

deuote tie probability of a composite of simple events. such as getting 3 hicads
5 tosses of a com,
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and chisgua

X“’mvmtxom—m

e roblens COLCETIING sensOn
evaluation,

Normal Distri ] ihe St i
rmal Distribution.  The normal distribution can be used to

wte the probabilities of chance resulte in a judge's per

P . = v )
', butondy o task in which there are only two possible
events, picki Iy {success or pick-
mg it mcorrectly {tailure). Probabilities in the distnbution are

events, such as picking the odd sample corree

represen F na ict
] txs by arcas under the normal probability curve, which 1s
‘(. -3 H [
i ;{; pe Jm]i sviunetrical abaut the mean, u, of the distribu.
\11 B i Flyes r
tio ccause the value of any nornmall v distributed variable mus
fa IJ somewherc,

. because the probability of its falling any-
fv‘:ne)_re is 1, the total area (proba bility) under the curve is egualto 1
Tables for the normal probabll tv curve hist the values of the ;1reasi
{probubilities; corres ponding to various values of 7, the normal
lefined as the deviation N — o measurcd in terms
deviation, o:

flere Xis the value of an

, v distributed variable with mean
i and o, the standard 'Evvxahm, Is & measure of the dispersion
in the distribution of Xaalues about the wean. The
r the val — ;
maller the value of o, the more tightly the Xovalues cluster about
the mean; approximately %
- 0. The probability of 4 chauce result is a maximum inidpoint
on the carvel when z = () e, when X = g4

of them fall betwee :
thew fall between u — ¢ and

51;»56:150:}' evaluations in which the null hvpothesis,. H
Spea’zhex the probability p of success {correct chox:ce‘z m g cinglﬁé
trial, the mean p (expected number tof successes) inn t%ials 18 équul
Yo np, and the standard deviation o can be shown to be
vnp

— #). The observed number X of successes 1s obtained
by counting and is theref

o _ re abways a whole number (integer).
“hen it s used in 2

Whe : usAu i fnding areas under the normal probability
curve—which is continuous and therefore permits fractional ags

well 23 Inteors i 1S greater tl i
Pasitegral values— X, if 11 i greater than g, must be reduced

by the number 15 This is calicd on '
by th number U5 This s called a correction for continuily. For

Table 1. Values of z and x* at thirce levels of significance.

PRrEFERINCE

Levia o SICNIFICANCE

{PWO-TAlLED!

03% ivery lnghly sigmficant)

signtficants

e (highly significant)

example, 5 or more on a counting scale 1s recorded as 4.5 or more
on a continuous scale. Then the nornmal deviate becomes

—np 5
vinpil — pl

Appendix A gives areas under the normal probability curve to
the nght of positive values of z or to the left of the corresponding
negative values of z. Because the curve 5 symmetrical the two
areas are the same, so only the area to the right of a positive value
of z 15 shown in the graph there and only positive values of = are
listed. For a one-tailed test the notation +z 4 5 used to denote
that value of z to the right of which 5% of the total arca les, as
shown in Figure 1. Analogously, —z 4. wounld be the value to the
left of which 5% of the area lies. Fromn Table 1 we see that, in a one-
tailed test, +z,; = +1.64 and —z,, = —2.33 Ina two-tmled
test the notation z 45 denotes that valuc of £ that defines two tail
areas, each of which contains 2.5% of the total area, as shown in
1 we see that, in a two-tailed test, z s = 1.96

Figure 2. From Table
and z,, = 2.58.
Example 1. A judge is presented with three glasses of wine.
I'wo glasses contain the same winc and the third glass u different
but similar wine. He is asked to pick the odd sample. What is
the probability that, by chance alone, e will be successful 9 or
more times in 1§ trials?
The tormulation of the question {9 < X < 1§} implies that
we need fo find the area under the normal probability curve
between the z values corresponding to X = 9 and X = 18. Be-
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The distribution of x? depends upon the muunber of nde-
pendent differences, called degrees of freedom (df ). Since the
sum of all the expected frequencies, Ye, must agree with the sum
of 41l the observed frequencies, Yoo, the sum of ull the differences
is Yo — e} = 0. Therefore only k — 1 of the expected values are

arise the bahilite of : » i

catise the probability of the judge’s being successful in all 15
s ! & ¢ 88 all 1}
ris ; ] -

trials 15 vansshingly small, however, the arca under the curve to

the right of the = value corresponding to X = 18 is so small that

>

can mclude 1t without mtroducing any significant crror.
We can therefore simplv let X = 9 and find the entire areq {to
within the accuracy of 4 significant figures, as given in Appendix
Ay to the right of the corresponding © \»;ﬂu;, N .

independent, and the remaming one can be caleulated from the
relation ¥ (0 — ¢) = (. The number of degrees of freedom 1s there-

The probability f ‘ o : i !
probability p of a correct choice in single trial is | fore. k — 1. Values of x* for various combinations of probabilities
1 . s A l

and the nunber noi . : . .
N MJC of fT'Jf s 1S Therefore p = np = 6 and numbers of degrees of freedom are given v Appendix B.
a=/upil ~ pi = T e . . . . : o - .

! g ' Vi = Zand, since X = 9, lmagine a series of n trials, with X observed successes and

n = X failures. f the null hypothesis specifies the probability of

-6 23
= : success in a single trial as p, and therefore that of failure as L = p,

L2 wolree the F
x? tukes the formn

o Appendix A we sec that, forz = 1
fe Fho 11 S 3 ) )
is the probabilitv (e, the chance is about If

- Xj -l = p) ~ 05§

chance glone, the judge will correc ' ‘
chance dlone, the judge will correctly ldumf}‘ the odd sarnple

o N T
§ or moere wes i 18 trials.

Lnp + 1/nil — p)i

ChiSquare (x*) Distribution. The chisquare distribution is
useful i comnparing u set of k observed frequencies (o} with a cor
Y LIRS -

respondine set of b exnected or 1 o where | \ — nplis the ubsolute value of the expression X — 11y,
ponding set of k expected or hypothesized frequencies {e) 1

A i.e., it is the value without regard to algebraic sign {it can therefore

vartic '?' ‘hen kg o . T
L.s ularl \xhu» ks greater than 2. T'he appropriate statistic

be interpreted as 4 positive quantity). As in the normal distribu-
which s called chi- square, 15 defined as P ! e

tion, the number —0.5 is 2 y correction for continuity because the
x? curve is also continuous, w hercas the observed frequencies can
only be integers. This correction is applicable only for 1 df, w n(h
holds for the examples we have been considering, because k = 2
(success and failure). In this case the one- tailed probability as-
sociated with a value of x? cquals the two-tatled probability
associated with the corresponding value of z, the normal deviate.

Example 2. Use x? to estimate the probability in Example 1.

(U8}

where th(i »()rc(tl( letter 2 denotes the sum of the b terms
T e ; :
@ jtiey oy /e, 4o o, — ¢ ) e, If the

: e,
events m question are thase of success and félleI[(,.kﬂb i the ex-
amples we have been considering, then k = 2, so there arc *\\«:0
observed frequencies and two expected frequenrcic;s Cl ;1 séguar:; is
never negative because in each term the pumerator is squarcd nid
the denominator is pmmu. If |

\~n{) — 0.53¢
n;‘)lfﬂ‘

the observed and expected fre-

v one of the & terms, then y? = 0. 1t
_ 1eie is any difference between an observed
expected frequency, and it increases as the difference becomes

quencies agrec exactly
f1as @ positive value if v‘i

From Appendix B we see that, for 1 df, x* = 1.56 s very close
to the value 1.6+, which corresponds to a4 probability of 0.20.
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Since this equals the total probability for both tails of the
normal distribution, the one-tailed probability is close to 0.10
which agrees with the result obtained in Example 1.

T 3 L
P'he applications and appropriateness of the statistical terms
and reasouing outlined above will be evident in the discussions and
exainples that follow.

Difference Tests

Difference tests are used i the comparison of two wines to
cvaluate objectively the differences between them, to test the
shility of iudees o make comnariconc of o : b
ability of judges to make comparisons of chemical constituents or
v characteristics, and, on the basis of preference ratin

gs, to

7, o
isdt guality differences.

S ETIRMFL S e B - . < H

Sensory evaluatinus are usuallv conducted by a smuall luboratony
panel of judges or by mewbers of the consuming public. The N

o panehsts in labaratory testing varies with conditions, such
as the number of gualified persous available. Many invesii?ators
recommend panels of 5 to 10 inembers; we agree. Large p;m:ls are
customary n preference tests in which the only criterion for the
selection of members is representativeness of some consumer
population. Laboratory panels can suggest probable consumer

1< - RG] Tires .
ctions but any resulting conclusions relating to the consuming
e E R 1 ; . -
public should be very carcfully evaluated. We view such concla-
sions with considerable skepticism because the relation of the
abory s opanel o & O 11 He | 1
laboratory panel to the consuning public is generally not clear.
Fhe results of a sensorv evaluation hase little meaning unless
¥-‘~,.,-i4“. . o YN S TS 1 )
the panelists have demonstrated the ability to detect differences
ooy o -+ 5 3 1 N 1
that can be detected, and to do so consistently. These differences
are often very subtle and difficult to detect. Obviously the pancl
should consist of individuals with the greatest sensitivity and
experience. When no difference can be established. the question
of preference is obviously irrelevant.
Although in the usual statistical analvsis the assumptions and
test procedures used ne judge making » 150
et es used for one judge making n comparisons are the
sam

, 4 .
Tose nsed for m N e ;
those used f(,. i1 ]Hd 75 xlidl\lﬂg a 51‘1&;1{_‘ com parison E"clch.

DIFFERENCE TESTS

these two experiments are not the same. In all difference tests it s
customary to assume an unchanging fundamental prohability.
Tests based on this assumption are more reliable when performed
by enc “competent” judge, but even then their validity is doubtful
owing to the possibility of fatigue and the effects of various
psvchological factors isee page SO7. The problems encountered i
pancl or consumcer fests dre cven more complicated becatise of
varying thresholds and differing directions of preference. To cou-
form to basic assumptions in detecting possible differences 1t 1
clearly important to use the best judge o judges available.

1t has already been pointed out ipage 62} that in all trials m
wine cvaluations the samples should be presented as uniformbh
as possible —at the sume temperature, in identical glasses, but in
different orders. Three testing procedures i commnion use are the

paired-sample, duo-trio, and triangle tests.

Paired-Sample Test. 1n this test the judge s presented with two
samples and asked toidentify the one with the greater intensity of
a specific constituent or well-defined characteristic {se¢ Figure 31,
Or, he may be asked to express a preference. This procedure mav be
carried out by one judge several times or by a panel of judges one ot
more times. Based on the null hvpothesis of no difference. about
one-half of the responses should be correct by chance alone, le.,

H,: p = Y%

Type of test
{c.g., sweetness of winej

{'aste both ples. Crele the sweeter of the two.

Tost Sauiples

Nume R b ] (R ———

VIGURE 3
Record form for paired-sample test.




STATISTICAL. PROCEDURES

1 he patred-sample test is useful not only i quahty control and
preference evaluetion but alse m the selection of judges. The
presence of more or less of some constituent in one of the samples
may already be known to the experinenter, or it can be deterniined
by a specific chemical test. If, i several trials, the judge makes the
differentiation correctly significantly more often than would be
expected by chance {p =

the experimenter can infer that the
mdge does possess some ability to detect that particular
cotistity

In !hm case 4 onec-tailed test is applicable and the

ternative hyy b because the judge shows
ability only if he cun make the correct choice more often than he

could by The one-tailed region of significance in the

¥
normal distr “\mon 15 shown in Figure 4 for the 5% level. Calen

of = that cxceed +1.64, the value at the 5% level
mdlcatc HER

ignificant diﬂcrcntm’ri(m ability,
> the ;U lge 15 asked to express a preference
between two wines. A statistically si

In preference test

nificant preponderance of

selections of one wine over the other then indicates a significant
preference difference and, therefore fassuming the judge’s tastes
are conventional;, a significant. objective quality difterence. Since
either wine may be the preferred one fi.e., since the selection of a
given wince very nfrequently is just as mumnffm] as its selection
vary freguentlsi, the alternative hypothesis here is H,: p # % and
the two-tailed test 15 applicable. The two-tailed regum of signifi-

cance 1w the normal distribution is shown in Figure 5 for the 5%

Region of

Region of nonsigmfcance significance

FIGURE 4

One-dailed test. 5% level My p o~ oy p > 4

Region of Region of
significance Region of nonsignificance
:

lfl("rfm«‘ 5
['wo-tatled test. Y% level.

- : cealle exeeed 196, the
Jevel. Calculated values of z that numerically exceed 1.96, the

value at the 5% level {z <), indicate a significant preference or

qualitv difference.

Duo-Trio Test. This test is a modified parred-sample test, i
which a reference sample is identified and presented first, followed
by two coded samples, one of which is identical to the reference
s;;mplc. The judge is asked to decide which of t‘jhe twg C()de_d
samples is the same as the reference sample {see Figure 6). As in
the paired-sample test, the null hypothesis 1s My p = ' because,
by chance alone. the judge will pick the correct sample about one-

Type of test
(e.g.. comparison of old and new blends)

Tuste or siell {or both) the reference sample and the two cods‘d samples,
Decide which of the latter is the same as the reference sample

Sample same ax

Fest Cixded samples

PYRTE R

Name e - Pate

HGURE O
Record form for dun-trio test.
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half of the time. Since this is a difference test. it s one-tailed. Tt iy
especially apphcable m quality control, in which a sample 15 to be
compared with a reference standard.

Triangle Test. In the triaugle test the judge is presented with

three samples, two of which are identical. He is asked to select the

add sample fsee Figure 7). The probability of a correct choice by

chance alone is one-third. Le., the null hypothesis & Hy: p =

The test 1s easy to administer and is ko nseful in quality control.

‘The duo-tnio and triangle procedures should be used only for
differenice (one-tailed; testing, as described above, because 1t has
been shown that having two sainples of one wine and one sample of
the other tends fo cause bias in preference judgments.

For various numbers of trials in the paired-sample and duo-trio
tests, Appendix C gives the minbmum numbers of correct judg-
ments required to establish a significant difference (one-tailed

testy at the 5%, 1%. and 0.1% levels. Also given, for the paired-

sample test, are the minimum numbers of agreemg judgments
required to establish a significant preference (two-taled test).

Appendix D gives analogous information for establishing a signifi-

cant difference in the tnangle test. Values for X > p that arc not
in the tables can be found by solving the following equations:

Type of test
difference i wine flavored by two agents)

sothy all three samples. Pecide which of the three w

st Suwples

v
Numie - — Date

FICURE T

for triang

DIFFERENCE TESTS

(6)

In 7 tnals number of judges or judguients) the minimum number
of correct or agreeing judgments required for significance is the
next greater infeger above the value of X obtained from the ap-
propriate equation above, for the value of z or x* found 1n Table
1. Values of z for other levels of significance can be found in Ap-
pendix A, and values of x* in Appendix B.

Example 3. In a patred-sample test a judge 1s given two glasses
contaming a drv white table wine, to one of which a small
amount of ethvl acetate hus been added. Fourteen times in 20
trials he correctly identifics the adulterated sample. From Ap-
pendix C we see that in 20 trials at least 15 correct judgments
are required for significance at the 5% level. On the basis of
this test, therefore, the judge is not able to detect the ethyl
acetate that has been added.

Example 4. In a paired-sample test 50 judges are asked to
express thewr preference for one of two wines. Thirty-six
preferences arc expressed for wine S, and 14 for wine S, From
Appendix C we see that the minimum number of agreeing
judgments required for significance at the 5% level in a two-
tailed test is 33, and at the 1% level, 35. On the basis of this
test, wine S| 1s judged better than wine S, at both the 3%
(significant) and 1% (highly significant; levels. Therefore the
chances of being wrong in rejecting the null hvpothesis (H,:
p = %) of there being no difference between the wines are less
than one in 100.
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Example 5. In a duo-trio test of 24 trials, how many correct
identifications of the identical samples are required for siguifi-
cance at the 5% and 1% levels? From Appendix C we see that,
for a one-tafled test, at least 17 and 19 correct wentifications

are required for signtficance at the 5% and levels,

P
respectively.

Example 6. Tn a triangle tost 2 judge correctly identifies the

3

1
Qda

samp}c in 13 of 23 trials. He therefore mdicates ability at

the 5% level of significance because, from Appendix D, af least

13 correct identifications are required at this level

Fxample 7. In a patred-sample preference test with 64 trials,

how many agreeing judgments are required for significance at

ievel? Since 7 = 64 does not appear i Appendix €, we
use Equation 5 to determine X, the number of agreeing judg
wents required.

= 4453

Therefore at least 41 agreeing judgments are required at the 5%

ievel of significance.

In testing procedures eutailing two or more wines, differences
among wine samples can be established by quantitative measures
cbrained from score cards or other means of scoring, by ranking,

or by hedonic rating. We will discuss cach of these procedures, but
first we must examine in more detail the procedures for selecting

judages.

Sequential Procedure for Selection of Judges

When paned-sumpie, duo-trio, and triangle tests arc used in

1

the selection of judges, a predetennined number of trials is em-

ploy 'f"l and those \(uldlﬂdtf_S shomm the greatest ability are
1. Questions have heenr sed regarding the number of trials

and the guality of ﬂ\L g» s thus obtained. Often too

SEQUENTIAL PROCEDURE FOR SELECTION OF JUDGES

little testing is done because of limitations of time and suitable
experimental matenal,

Sequential procedures can provide considerable improvemeit
over other selection procedures und can sove valuable time and
materials, Tu a sequential testing plan the nninber of trials is not
predetermmned, and the decision to terminate the cxperiment at
anv time dcpcm‘-.s upon the prov ious TCQUHS The s‘equcntial proce-
{ —’r } and Eiuu'p\f:d by Bradiey (1953

Let p be the true proportion of correct decisions that would be
obtained in paired-sample, duo-trio, or triangle tests if the poten-
tia] judge were to continue testing indefinitely. This is a measure of
his inherent ability in the test in question. Values of pg and p, avc
specified such that individuals having abilities equal to or greater
than p, will be accepted as judges, and those with abilities equal to
or less than p, will be rejected. The testing plan depends upon the
values assigned to p, and p, and also upon the values of e and .
the probabilities of committing errors of the first and second kind,
respectivelv (o 1s the probability of rejecting a qualihed judge
and B isthe probability of accepting an unqualitied one). Potential
judges are accepted or rejected on the basis of their performance
with respect to a chart of two parallel straight lines Ly and L.
which are uniquely deterinined by the assigned values of p,, py,
«, and B. These Iines divide the plane into three regions: one of
acceptance, one of rejection, and one of indecision, as shown n
Figure 8.

The equations of the lines are

Ly:dy = ay 4+ bn and L:d, =a, + bn (73

where 1 is the total number of trials, d (either one) is the accumu-
lated number of correct decisions, b is the common slope of the
two lines, and @, and a, are the intercepts on the vertical axis. The
common slope b of Ly and L, is

b= k./ik, + (51
and the intercepts a, and a, are
a, = —e,jik, + k) and a, = e,/ (k, + k:} (93




Aceept

Continne testing

Repect

Number of triak. n

gl — poi —logll — Py}

After each trial the experimenter plots the point {d, nj, repre-

senting the accumulated wumnber of correct deasions {vertical
scale) versus the total number of tnals (horizontal scale}. Each
plotted point is therefore one 7 unit to the nght of the preceding
point, and is either one d unit above the preceding point or on the

samc horizontal lovel, depending on whether the decision was

cct or incorrect, respectivelv, Testing continues until a plotted

noint falls an or above the upper line, resulting in acceptance of

candidate as a judge. or on or below the lower Line, resulting in

d depends upon the abil

§ TEQUITE

ity of the
tential judge and on the assigned values of py. py. o, and £,

whicli are determined by the experimienter. Before committing

SEQUENTIAL PROCEDURL FOR SELECTION OF JUDGES

himself to a given set of values the experimenter may wish to know
the average number of trials that can be expected for that set of
values. The number of trials vequired can be decreased by tucreas-
mg the difference between p, and f, or by increasing o or §, or
both. If competent judges are n good supply the experimenter
mav wish to mcrease a and accept d greater nisk of rejecting a com-
petent judge.

The average number of trals to be expected, 72, can be obtained
from among four calculated values corresponding to special values
of p, as shown below.

p = 0 (no ability;

|
m, = ek,

P = p, (maximum unacceptable ability)

- i1 — Bie, — Be,
L - potks — pok,

p = p, iminimum acceptable ability)

_ 1 —ale, — ae,
7 = =

o PRy — {1~ pok,

p = 1 {intallible ability}

ny, = €3/

k,

The average namber of trials to be expected 1s the largest of these
four values.

Example 8. Suppose that a tnangle test is used as a basis for
selecting judges in a sequential procedure. For the assigned
values p, = 045, p, = 070, a = 0.10, and # = 0.05, find the
average number of trials to be expected. (Competent judges
are in good supply, so « is being taken as 0.10.)

We begin bv finding the values of k and e:

k= log(0.70/0.45 = (.1919
log(0.55/0.30) = 0.2632

e, = log(0.95/0.10) = 0

i~

Il

e, = logi0.90/0.0%)
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We then use these values i the four cquations for 7:

T, =
n,_=
nm =

i, =

We sce that the test will require an average of 19 trials. The
nmumber required for each candidate will, of course, depeud
upon his inherent abihity, p.

Example 9. Using the values of kand e caleulated in Fxample
8, find the equations of the lines [, and L.

From Eguations § and 9 we obtain

L,:
L.

Example 10. The performances of two candidates for winc

tudge, A and B, shown m the table below, where a 1 indy

cates a correct decision and a 0 an incorrect decision. Evaluate
their performances with respect to the lines Ly and L, and
determine the number of trials after which each candidate is
either accepted or rejected.

No. of trials o 123 T 856 10l 13 14 15 16 17 18§
Decisions A1 101 1 0 0 6
Bl 1l N R N T O
Ao iz 31405 3 03 3
B 1 23¥4 44356 7 7 s 91010111213

ormances of A and B arc shown in Figure 9, i

of decistons is plotted against the

Number of correct decisions, d

4 6 8 Hel 12 14 ]

Number of tonuls, n

o
o

FIGURE 9
Performances of candidates A and B in a sequential test
procedure.

total number of trials. By the criteria specified for the sequential
procedure, we see that A is rejected as a judge after 13 trials
aud B is accepted after 19 trials.

Scoring

With experienced judges scoring 1s usually the most acceptable
procedure for establishing differences among wine samples becausc
it measures the magnitudes of the differences. The scoring scale to
be used must be clearly defined and understood by all the judges.
A 9-point quality scale (see Figure 10) has been widely used. 1t is
au example of an ordinal scale (Stoune et al, 1974). The judge
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FIGURE 10
v Ypount quality scale.

N O R = O N Tt 5
chiceks the approprate guality, which is com erted to a numerical
score: | for extremely poor to 9 for excellent.

T the evaluation of overall wine quality, score cards usually

provide for 10-point or 20-point ratmg scales. On the basis of a 20-

it serle Fhe Flloair oo L .
point scale the following groupings are suggested: {a) superior

(1720 pomtsi—wines of fine quality, well-balunced, no pro-
uounced defects, and frec of excess “voung” character; (b} standard

16 points)~the wines of commerce {ucluding ordinary
Bk tlod woiect o - . ) . .
bottled wines), not deficient I any important characteristic, but
lacking proper age or the balance required for fine quality: (o)
below standard (912 pou chs

. st—wines lacking some required char-
actersstic or sutfering from some malady {wines with off odors or

off taste or lugh volatile acidityl; (d) unacceptable, or spoiled {1 -5

pomtsi—wines so spoiled that they must be discarded. See pages

i-161 for methods of a

vzing the results.

iginal, so-called Davis score card {see
v the staff of the Department of Vit-
ology at the U

niversity of California, Davis, as a

nmnber of experimental wines that
ater it was used as a training device for

beginn

Wine sumple

Cluaractenstic Woeight

Appearance 2
Culor H

and bonguct B

Total aac

Sweetness t
Body i
tlaver :
Biiterpess :

o

Cenerat quahity

Rutings: superior {(17--201; standurd
unacceplable. or spoiled {1-8

\

Name e

FMIGURE 11
The Davis score card. {The meanings specified for the total scores
serve to assure relative uniformity of the judges” interpretations of
these terms.}

{acescence, for example) and underemphasized others (aroma and
bouquet being the worst examples). Among its other defects was
that it did not differentiate between bitterness and astringency
(page 42). The concepts of favor (now generally regarded as odor
perceived via the mouth) and general quality were not clearly
defined. 1t also became apparent that the definitions of superior
7_20 points), standard (13~16 points), below standard {9-12
points), and unacceptable, ot spoiled {18 points; varied from
judge to judge. depending on the judge’s experience and the
severity of his judgment.

Despite these deficiencies the Dawvis score card has been suc-
cessfully used by highly skilled judges at Davis without serious
difficulty. In fact, the staff has learned to use it with remarkable
precision of the results and their interpretation. As a pedagogical
tool it has proved useful for both regularly enrolled students and
those taking adult wine-appreciation courses. The above-men-
tioned problems are always explained to the students. A modified

Davis score card is shown m Figure 12
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ViBe saimpie

Charactenstic

Weight
Appratance N
Celor 2
Arvina banguet o

Brtteruess

below standard 19125
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FICURE
A modified Davis score card.

In recent vears the Davi
1 TCC ars the Duvis score card has been used | i
| ecent ve E 1 score card has been used jor misused)
v professiona and amateur gr s with less success. M 3
o protesional amateur groups with less success. Most of the
Ity aris onr varying interpretati he s
d ying wterpretations of the score card.

Lo e b T re el N s H :

e amatenrs assign high scores to all the wines, whereas profes

sionals asually spread their scores over a larger runge. Disaster
5 D WA

sionals judge together and the
: nes are used to rank the wines,
Be o oo fedv vwer ] i

be done safely without appropnate statistical analysis

£ el s i 3
of the data. and the latter is hardly ever done
One solut T ) 7
Ohnte solution te S oy it would |
)_tms problent would be to hold one or more

practice sessions of t

when amateurs and profes
Tw

average scores for the individua

S CaUnoL

P _ e group and discuss the meaning of the scores.
Another possible solution would be to use the shorter 10-point
Scm;c card devised bv Ough and Baker (196131 IO\‘\’G\'CY.'hllﬁdli;lU

the scores it the 8-t0-10-poiut range would then be e\'c;n mor:
actite than buvching in the 17-to20-point range of the 20-point

intoranka

group of wines in order of merit by their scores. The

v
iudges. though experienced, will sti i
jiciges. though expenienced, will still require one er more practice

SCORING

sessions in which their scores are compared. Although it may cm-
barrass a judge to be found scoring too high or too low, it is s
ential that this be revealed if the average scores are to be meaning-
ful. Also. judges nay have very different standards of excelience
for different types of wines With samples before them the judges
should discuss the various types of wines to be evaluated, Questions
such as the following must be discussed: What range of color will
be tolerated in a giveu type of wine? What is the typical sarietal
aroma? How much fermentation bouguet can be allowed
jespecially in voung white wines)? Are drv and sweet wines to be
judged together? How much credit should be given for bottie
bouquet fasin a well-aged red wine)? With respect to these and
similar questions the differences between superior and standard

wines must be clear to all the judges.

Other Score Cards. A 20-point score card thatavoids the detatled
evaluation required for the Dawis score card is shown in Igure 13
and appears very useful. Two noteworthy features of this score
card are the provision for listing specific defects and the specifica-
tion of the minimum acceptable number of points for each of the
three categories. One disadvantage is the heavy weight given to
taste in evaluating the wine.

Klenk (1972} has used the following, very similar 20-point score
card: color, 2; appearance, 2: odor, 4; taste, 12. Again the taste
contribution to quality seems to us to be greatly overemphasized.
{n competitions in which this scale was used, the gold medal was
given to wines that scored 19.6 to 20, the silver medal to wines
scoring 18.6 to 19.5, and the bronze medal to wines scoring 17.6 to
15.5. For example, Klenk gives data for 8 wines, each of which was
judged by 4 judges. The averages were 20 and 19.9 (gold medal),
19.0,19.0, and 18.8 (silver medal), and 18.5,18.3, and 17.8 (bronze
medaly. Statistical analysis of Klenk's data shows that differences
of less than 0.51 between average scores were not significant.
Therefore the silver-medal wines and the first two bronze-medal
wines were not significantly different from one another.

Klenk has also used a 40-point score card scaled as follows: color,
3. appearance, 3 odor, 10; taste, 24. We believe that this is too
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great a range for normal use becanse judges cannot differentiate
40 levels of quality.

The typical 20-point score card is well suited for the evaluation
of still table wines, but it requires modification for other types of
wines, For example, the persistence of the sparkle in sparkling
wines must be taken into account; either flavor or general quality
may be invoked as a means of subtracting points for lack of per-
sistence. In dessert wines {except muscatels) aroma is not a
prowminent charactenstic: greater emphasis must be given to
bouquet.

Another score card that has been nsed in international judgings
is that of the Office International de la Vigne et du Vin, in Paris
{sec Figure 14}, The perfect score s 6. Defects are marked on an

increasing scale for each category as a multiplymg factor {
K4, K9, % 16}, As with all score cards, some degree of familarity
with the terms is necessury. Odor intensity and odor quality scamn
dear enough. The difference between taste intensity and taste
quality is by no means so clear. Taste mtensity would seem to per-
tain to the positive aspects of sweetness, sourness, and bittemess,
ic. the ideal intensity of cach. Taste quality would then pertain to
the balance for lack of it} in the overall taste character.

Multiplymng factor for
tereasing defeets

Charactenstic Weight pat! ~ 1 =4 R w14

Apprarance i e e
Cotor i e e e
Oxlon intensily 1 e e ——
Odor quality 2 - e —
Taste intenstty z — o — —— ———
Taste gruibity 3 e RS — -

Harmouy or balance H e ——

ood (41 dceeptable

Multiplying factors: cutstanding {01; very good L
IR
N

’

unacceptable (16
~Namwe . Dat ———

pGeRe 1
Score card of the Office International de la Vigne et du Vin, Paris.
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The Associazione Fnotecnici Italiani (1975}, in Milan, ha

proposed 3 100-point score card (see Figure 155 This system will
probubly work a

el as most others, although it has several dis-

advantages: a 100-point scale 1s too large, the words finesse and
harmony are difficult to define in sensory terms, and old red wines
and most dessert wines would score low in freshness. Tt does have
the advantage, however, of forcing the judge to quantifs his
judgments, from bad to excellent, on several wine attributes.

When other evaluation methods are used, such as ranking or
hedouie rating, it is stll necessary that the judges understand the
problems discussed above and that they agree as closely as possibie
on the defiuitions and interpretations of the terms to be used in
describing the wines.

b Average
S aaght z i
Visual
3
Ceneral
TESION 3 I - — -
NAme N _ Date

FIcURE 1S

Score card adapied from that published by the
Associazione Euoteeniar Utaliant (1975)

Milun

Rank the 6

wles morder of ncreasing cthanod content.

Highest

Lowest

Narnc Date .

FIGURF 16
Ranking wines in order of percent ethanol.

Ranking

In the ranking procedure the judges are asked to arrange a series
of two or more samples m Increasing or decreasing order with
respect either to the intensity of a particalar characteristic or to
their own preference (see Iigure 16). The test 1s simple to admin-
1ster, may not require highly skilled judges, and makes possible a
distribution-free analysis. Tt does, however, disregard degrees of
difference among the wines and 1s therefore usually less sensitive
to the effects of such differences than tests based on scoring. See
pages 161-167 for methods of analvzing the results.

Hedonic Rating

[edonic rating is what the name huplies: quality evaluation
bascd on the pleasure that the judge finds in the wine. The evalua-
tions are usually made on 5- to 9-point balanced scales ranging
from extreme disapproval to extreme approval, such as the onc
shown in Figure 10. The results are converted to numerical scores,
which are then treated by rank analysis or the analysis of variance
{these topics are discussed later). The procedure is used by both
experts and untrained consumers, but is more approprate for the
latter group.
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What do the results of hedonic rating mean? Are they merely a

sabjective preference opinion? Hfso, averaging the scoresis not very

meaningful. However, if they denote a degree of quality relative
to some theoretical, agreed-upon standard of perfection, then the

average store may have objective value. In fact, if tested by ap-

e statistical procedures, the differences among the a

2
scores of the vanious wines miay reveal significant differences among
the wines, or they may indicate no significant differences. See

pages 145-147 for methods of analyzing the results.

Tests of Significance of Scores

Regardless of the tvpe of evaluation procedure used, the overall
results for each wine in the test are usually expressed in tens of a

single numericu] score. These scores can be analvzed statistically to

detenmine if significant differences ewist. Although the usual

statistical procedures presuppose a nornnal distribution of scores,
modcrate deviations from such a distribution do not mvahidate the
results. Studies have shown that the distribution of scores i nmost
tests 15 onlv moderately asvimetrical, and the usual test proce-
dures are vahd. Sometimes the scores it a bimodal distribution

mhi

dealing with two tvpes of judges who differ signihcantly 1y their

{one with two peaks 1 its g which means that we may be

guality standards or preferences. It mav then be desirable to

separate and compare the scores for the two groups making up the
modal distribution.

Variability.  Tests of significance entailing means {averages) of
scotes are based on eshimates of the vanability of that population
of which the scores constitute a mudom sample (sec page 102). The

stomarily used estimates of the vaniability are the variance, v, of

a sample distitbution of scores and its square root, s = \/v. The
latter represents what 1s called the best estimate of the standard
deviation of the population, as determined from a sample of that

TESTS OF SIGNIFICANCE OF SCORES

population.” The variance is thus a measure of the dis

ersion of
the observed values of 4 variable (here, the score) about the mean
value. TN X, X
value is

. X, represent 7 sample scores, ther mean

e X, +X,+X,+--+X YX
K= = *\“::;‘l (10}

where, in analogy with our previous usage, the Greek letter X
of the » values of X,

ur
ch best estimate of the variance of the population of which
the n scores are a randow sample 15 defined as

_SX (X _SXP-C

i1
|

where C = (¥ X)3/n is a correction term that converts the sum of
>

the squares of the deviations of the scores from 0, 3i{X — 032
= ¥ X7 into the suin of the squares of the deviations of the scores

from their mean value, X ¥ (X — X2 It is custowary to refer to
the numerator of the expression for v as the sum of squares (S5}
and to the dcn()minzltor as the corresponding number of degrees
of freedom {df ;. The latterisn — 1 because $/N — X1 = 0 and
therefore only n — 1 of the differences X — ,X are independent.
A sumn of squares divided by the number of degrees of freedom
gives an unblased estimate of the vanauce of the population.

Example 11. From the § sample scores X = §
and 7, verifv pumerically that Y (X — X} = 0 and that
YiX — X7 = ¥ X? — C. Find the value of s, the best estimate
of the standard deviation of the population from which the
sample was selected.

7,6.5.5,.6,8,

Partial caleulations are shown m Table 2, from which we see
immediately that 3 (X — ]
there, we obtain C = {52:3/§ = 33§, so

= 0. Using the otlier sums shown

page 1

ote that the dlandard deviation of the popnlation s denoted by o isec

but the best estinate of it, based on the actual samnple, is denated by s
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Table 2. Partial calculations for the scores
given m bxample 11

X i
§ 64
7 15
& 36
3 5
f 36
5 15 o+
7 0.5 49
Tatal 52 0 13.00 345

Mean 65

We will encounter ealeulations of this kind again (see page
137) 11r the discussion of analysis of varance.

The &-Distribution

When the standurd deviation s of the population is known, the
nornmnal distribution 1s applicable in “either-or” decision problems,
such as: is there a significant difterence between these two niean
scores or not? {f o 15 unknown and must be estimated from a
sample by czlkuldtinf s the samphng distribution of the resulting

this case is dcz.c, ted by ¢ Like x2 ¢ has a different
value of the number of degrees of freedom.

en ch Jf)puh.tmn is novmal, the fcurve 1s symmetrical and
bellshaped. but non-nonnal, .\\ the sizc of the sample from which

THE {-DISTRIBUTION

s 1s caleulated increases, the t-curve approaches the vormal curve
4s a Jimiting form.

Values of £ for various combinations of probabilities and num-
bers of degrees of freedom are given in Appendix E. The proba-
bilities shown at the top of the table pertain to a two-tailed test,
and those shown at the bottom of the table are the corresponding
values for a one-tailed test.

Two Sets of Scores (Unpaired).  Statistical tests for signtficant
differcnce are based on the noll hypothesis that no ditference
exists. This assumption applies both to population mean scores
and standard deviations. The statistic £ 15 useful in detennining
significance m such tests. If, for two sets of scores, no score from
one set carresponds to any particular score from the other set {as,
e.g., i the sets of scares obtained for one wine by two different
pauels of judges), the scores are independent, or unpuaired, and
the t-distribution fumishes the appropriate test of significance for
comparing the mcan scores of the two scts. Suppose thcre are
1, X-scores and n, Yescores (n, may or mav not equal ny; fis then
defined as

T, HEX + 3V (EX)n, - iEY‘JZ/n:‘
t

Y

12)

The significance of the result is determined by companng the
calculated value of t with the two-tailed values given in Appendix
F, for the appropnate uunber of degrees of freedom. Calculated
values of t that exceed those in the table indicate significant dif-
ferences between the mean scores X and Y, at the level of signifi-
cance in question. In other words, such values of t lead to rejection
of the null hypothesis of no difference.

»

Example 12. A panel of 6 judges scores a wine on a 10-point
scale (see Xwscores in Table 3} aud a second panel of § judges
scores the same wine, using the same scale (see Y-scores in
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Table 3. A wine scored by two
pancls of judges {sec Example 12).

=1
Pane

N\ Y X2 y?
¢ K 81 64
7 o4 49

7 6 49 36
9 5 81 25
B 5 49 23
8 [} O 36
N 6+

7 49

Total 4§ 52 388 38

Mcan 80 6.5

Table 31. Is there a significant difference at the 5% level be-
tween the mean scores for the two panels?

Using the total and ncan values obtained in Table 3, we
solve Equation 12:

4

From Appendix E we see that t /12 df 1 = 2.179. Since the
calealated value t = 2.57 is greater than the tabular value 2.179,
the null bypothesis of no difference must be rejected, and the
analysis indicates that the mean scores for the two panels are
significantly different. The two panels are therefore not using
the same standards of judgment in evaluating the wine.

Two Sets of Scores (Paired).  1f one judge compares the same two

wines on several different occassions, or if each member of a panel

THE {-DISTRIBUTION

of judges compares the same two wines, a set of paired scorcs
results. For the n paired scores Xand Y, the differences D = X — Y
are then computed, and the mean difference D = ¥ D/n between
the mean scores X and Y is tested with the t-distribution. The
expression for tin this case is

t= D = 2
(1\ /@Dz —(SDp _[nSDE - (3

) n—1 \/ 7 i

1 {133

Agatn the calenlated value of ¢ is compared with the two-tailed
values given in Appendix E to determine the significance of the
result.

Example 13. A panel of 7 judges scores two wines on a 20-
point scale, as shown in Table 4. Is therc a signihcant difference
at the 5% level between the mean scores of the wines?

Using the total values for D and D? obtained i Table 4,
we solve Eguation 13:

Table 4. Two wines scored by 7 judges
tsee Example 133

Wing,

Jupcr X Y D 1>
A 15 14 i 1
B 12 14 -2 4
C 14 15 —1 1
D 17 14 3 9
E il 11 0 0
F 16 14 2 +
G 13 13 2 1

Total 109 G5 5 23

Mean #3136 0714
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From Appendix E we see that £, (6 df) = 2447, Since the
calculated value t = 1.05 w less than the tabular value 2447,
son to reject the null hypothesis. Therefore the
mean scores of the wines are not significantly different, 1.e,
this panci of judges cannot distinguish between the two wines.

Analysis of Variance

Scores for Several Wines. In comparing the mean scores of more
than two wines, the t-distribubion 1s no longer appropriate. In-
stead, the statistical technigue called analysis of variance is used
to determmne whether thes

¢ are significant differences in the meun
scores of the wines. Uhe analvsis of varance 1s essentially an
artthmetic process for partitioning a total sum of squares {page
131} into components associated with various sources of variation.

To analvze a number, sav k. of wines, for each of which n scores
are available, 4 so-called one-way, or single-classification, analysis

31 \

aniance s appropriate. Such a classification is shown in Table 5,

Table 5. Onewav analysis of varance.

Wing

28]
ol

N, X,
X X
Xy Xy
X
Az,
w,oow Grand total G = W,
X, lotal no. of scores = &n

ANALYSIS OF VARIANCE

where X, represents the j-th score of the i-th wine sample (i can
have any value from 1 to k and j can have any value from 1 ton).

"The variance of this classification of scores can be estimated in
three ways, from three suins of squares itwo of which include a
relevant correction term, C1 and their corresponding numbers of
degrees of frecdom. The three sums of squares in question are the
total sum of squares, the sample sum of squares {i.e., the sum of

squares between means of wine samples), and the error sum of

squares {i.e., the sum of squares within samples). The correction
term and the three sums of squares are defined as follows:

C = (Grand totaly*/kn = G*/kn {14}
Total $S = ¥ X; - C (df = kn — 1} {15)

SampleSS = n(¥ X7 — G*/kn?)

i

= (W2 Wl

=SWin-C df =k — 1y (16}

i

FError SS = (YX3} — Wi/n) + (2,
j

+ (YXi — Wi/
7

i
3

=YX - YWiin df = k(n — 1)

i L

i 1
From these relations it follows that
Total SS = Sample SS + Error 55
and
Total df = Sample df + Error df 19}
The withinsample sum of squares (Error 55} 15 usually caleu-
lated by subtracting the between-sample sum of squares {Sample
SS from the total sum of squares {Total $S}. The value of the
error mean square {the error variance) is given by v = Error §§/

Error df. It is often referred to as a generalized error term because
it is 2 measure of the error variation contributed by all the samples.
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It 15 mdependent of any differences that maght exist among the
sample means. The value of the sample mean square (Sample
S5/Sample df ), on the other liand, is a measure of the differences
among the sample means; the larger the differences, the larger the
sample mean square. The null hvpothesis is that the samples come
froun & populations, all having the same means i and the saine
vartances v This implies equality among the sample wmeans.
The sample mean square and the error mean square provide
two independent estimates of the common population variance.
They are compared by calculating their ratio, which is a statistic

called F

Sample niean square Y
e {2th

F==
Forror mean square

This calenlated Fvalue is compared with the tabular values given

e

1 Appendixes F-1, F-2, or -3

- The F-distribution is represented
by double-entry tables with respect to the degrees of freedom. The
degrees of freedom for the numerator are shown in the top rows of
the tables, and the degrees of freedom for the denominator are
shown in the left-hand columns. Caleulated Fovalues that exceed
the tabular values for the appropriate values of df indicate rejec
tion of the nufl hypothesis of ro differences among the sample
means, i.e.. there are significant differences. (1f the sample mean
square is less than the error mean square, F < 1 and the result is
nonsignificant by defimtion. The null hypothesis is then accepted
without the nced to refer to the table) A significant Fovalue
mnples that the evidence is sufficiently strong to indicate dif-
ferences among the smnple means, but it does not reveal which of
the various differences among the sample means may be statistic-
ally significant. To determine these differences is the next step in
the ane

Least Significant Difference. One procedure for detennining
which winesample means are significantly different, following the
demonstration of a significant Falue, is to caleulate the least
significant difference (L.SD1, whi

tuis the smallest difference that

could exist between two significantly different sample mea

ANALYSIS OF VARIANCE
LSD =ty

where t, is the tvalue, with k(n — 1) degrees of‘ freedom. at ﬂl{i
siemificance level a, v is the crror \’miiauce. and 1 1s the m}mber of
scvorcs on which each mean 1s based. For the difference between
two means to be significant at the level of significance selected,
the ohserved difference must exceed the LSD-value.

n tdf = kin — 1] (21

Example 14. Given 5 scotes for each of 4 wines, as shown n
Table 6, analvze the results for significance.

C:

Total SS

20 = 1008.2

Wine §5

= 525075 — 10082 =418 (3dfy

Error SS — 41.8 = 16.0 (6dfy

[t is customary to combine these results into a so-called analysis
of variance table, as shown in "Table 7. where ms = SS/df 1s
the mean square {the error ms is also denoted by w as we have

secn abovel.

Table 6. Five scores for each of 4 wimnces
(sce Example 14).

AWine
S, S. S, S, -
10 9 7 6
8 9 5 5
7 b 6 4
9 14) 7 5
5 7 f 6
Total 42 43 3
Mean 8+ 8.6 6.2




Total k 19

(ST .

vincs - 4Ls 3139 139%7¢ 334 579 gg
; 1 P o i v.2h i
Errar 160 6 A 0 403

Abmcc the calenlated Fovalue is lareer than any of the thre
tabulur values from Appendixes I7, sigﬁiﬁv;m t A'Eiﬁé]f’ﬂ(‘&‘% a -mi)ui
,HAIC 1}1(‘(1113 of the wine scores are indicated at all tl}reé(llcx~'€l§
‘i helevel of significance of a calculated Favalue is often dcno’reé
o s‘nc or more asterisks: onc for the 5% level, two for the 1%

1 3 three : ST A B v

,“} hiree for the 0.1% level Tn this example the signifi-
ranee of Fhe o A+ Y o A i :
catice of the calenlated Falue is denoted by 13,975 Signif

cance at any given level ol j ies si
anv giver 1 obvionsly nplies significance 2 i
: v orplies sig mce at
lower levels, ) ‘ o
Tear e 1T lecs] e 1 :
For the 1% level we nse the tvaine from Appendix I to
PR TTe Bt il ST 2 . 7 o
caleulate the LSD by Equation 2

LSD = t,,(16df v

Szg:_nhjt.-- nee 13 usually shown by ranking the mean scores and
Lfndcriming those that are not 5igniﬁca1%tk* different Th:c 1"{if»
ft‘TCl}C.i? hetween any two scores that are nvot counected by an
mnderling s therefore significant. For the mean scores i"’t}’

present example we would wnte S

Mean

no signincant difference between wines S, and

_ ¢ the difference between their mean scores, 0.2, is

oo Hhian 185 the calenlate » o
ia..s than 1.8, the calculated LSD. However, cach of these
wines 15 significantly better than wines S5 and S,. Wines b
e 3 ’ ) ) o >

and S.;}l'é rob siomiBieantle ol : .
F not significantly different from cach other.

ANALYSIS OF VARIANCE

Duncan’s New Multiple-Range Test.  Some experimenters prefer
one of the newer tests for estabhishing signiheance among the
sample means. These tosts do not require the preliminary Frest
lied dircctly to the mean scores. One such test 1s

but are app
in which, after ranking, each

Duncan’s new multiple-range tes
sample wean is compared with everv other sumple mean, usiug a
set of significant differences that depend apon, and increasc with,
the increase m the range between the ranked means. Vhe smalest
value i obtained for adjacent means, and the largest value for the
extremes. In Duncan's test the shortest signihcant range R, fon
the largest and smallest of p mean scores, after they

comparing
have been ranked, is given by

T vt ; i
R,=0Q, Vv/n df = kin — 1]

cedom 1s that for the error

where the namber of degrees of fr
he obtained from

variance v. The appropriate value of Q, can |
Appendixes G-1, G2, or G-3.

Example 15. Use Duncan’s new multipleringe test to estab-
lish significance for the data m Example 4.
For the 1% level, \v/n = VIO = VUZ = 0447, and
the values of O, forp = 2.3, and 4 are obtained from Appendix
d in Table 5. We sec that the

(-2, The results are summarize
R -valuesare appropriate for making the following comparisons:

R, =185 S, with §,, 5, with S, and 55 with S,

R, =193 S, with S5, and S, with 5,
R,

i1

1.95 S, with S,

Table §. Duncan's new multiple-range test {1% leveli for the data
in Example 14 isee Example 15).

SHORTEST SIGNIFIC ANT RANGE ! COMPARISON
p 2 3 400
Q, 13 +.31 142 ] Wine S5, S, S
R, 1.5 1.93 198 1 Mean 8.6 8.4 6.2 5.2
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l,;m esults wre the same as those obtained in Example 14
Ihere 1s o sigmficant difference between wines S, and S, but
each of these wines is significantly better than wines S, and
Seo Wines S, and S, are significant iff om ‘
;} s 85 and §, are not significantly different from each
other.

» ?f ﬂ_}“j uiean scores of the wines are based on different numbers
of mdividual scores, that is, 1, scores for the first wine, 11, seotes
for the second wine, .., n, scores Fo

is verv similar but the follo

]1(_ k-th wine, the analvas

L Sample 5SS = Wi/n, +

2. Effective numl icati
FA vl 1 numne f X c ) >
C iber of rephications n, replaces n:
Mo
where $n, 15 the total nu of wi i
2,8 the total number of wine semples in the experi-
ment. ‘
-
3. Vin.

=tV n, and R = O, vving,:
~ Ji el

where ¢, and Q| are base ¥ '
Q, are bused on X, — kdegrees of freedon.

Yable 9. Two-way analvas of variuuce
frandounzed complete-block design,

N lota
- X Xy 32 AP I,
Xiw Xy 3 Xis Iy

El

GC=ZT7T, =W

i

Total no. of scores

ANALYSIS OF VARIANCE

Scoring of Several Wines by Several Judges. Iu the customary
sensory evalation in which a panel of n judges scores cach of k
wines, the so-called two-way, or double-dassthication, analvsis of
variance is appropriate in testing for significance. In this classifica-
tion the total sum of squares, calculated as the variation among all
seores, s subdivided inte three parts: a sum of squarcs based on the
variation among wines, a suin of squares based on the variation
among judges, and a remainder sum of squares. The latter is not
the result of variation among wines or judges but Is a measure ot
the unexplained variation, or error vanation. T'he degrees of free-
dom are subdivided in the same way. Thisis known as a random-
ized complete-block design; its pattern is shown in Table 9. The
{compare them with Equations 14-197:

dcamtmns are as follows

C = G/kn df
(b} TotalSS =YX} —C kin — 1
() WineSS=yWi/n—-C E-—-1
(d) JudgeSS =TT} k—C n— 1
¢y EmrorSS= (b — ¢} — iy (kn — 1) = (k=11 — {n — 1
={k—liln—1

From these smns of squares and the corresponding numbers of
degrees of freedom., three independent estimates of the popula-
tion variance are computed. On the assumption that the groups
making up the total set of measurements {scores} are random
samples from populations with the same means, the threc esti-
mates of the population varlance can be expected to differ only
within the limits of chance functuation. There are two null
hypotheses here, namely, that the population means for the wines
are all the same and that those for the judges are all the same.
These hvpotheses arc tested by comparing the among-wine

variance and the amongijudge variance, respectively, with the
error variance. The comparisons consist of calenlating the variance
ratios
tance for wines

F— e and F =

CTTOT var AJH\_Q ETIOT VATIANRCE

variance for judges s

(KRN
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‘Lo establish significance, as hefore, the caleulated values of F are
compared with the tabular values at the three levels of significance.
Example 16. I'ive judges score 4 wines on a 20-point scale, as
shown i Table 10. Are there significant differences among the
sample means at the 1% level?

Substituting the data into the equations given above, we

obtain
C
Total SS -

Wine SS

¥

Judge 8§ =

Error SS

Phese results and the remaining caleulations are shown in
Table 11,

Since the caleulated Fovalue for wines is greater than the
tabular value, significant diflerences among the means of the

Table 10. Five jud sre + wities on a 2ikpoint scale

xample 16

Wang,
fopor S S, S, Torar
i 13 15 15 10 56
2 15 16 12 H 54
3 i4 15 it 9 49
+ 12 17 15 10 52
3 13 19 12 12 56
67 85 63 52 07 =0
134 IRy 126 104

Table 11. Analysis of variance tabie for the data i Example

Source SS df s 2 Fo, F..,
Total 19

Wines 4 2824 541 9.63
Judges 3 293 3.9

Firor 12 3

wine scores do exist at the 1% level {In fact, they exist at the
0.1% level, as mmplied by the three asterisks on the calculated
Faalue) The caleulated Frvalue for judges is less thau the
tabular value, so there are no significant differences among the
judges. e, they have been consistent m their scoring,

Specific differences among the wines can be tested by calen-
lating the least significant ditference:

LSD = t,/2
= 254

Jn o=ty il di I

Therefore 2.5+ is the smallest difference that can exist between
two signtficantly different sample means. Again using the
method of underlining mean scores that are not significantly
different, we write

s, S, S, &,
Mean 170 134 126 104

We see that wine S, is significantly better than wines §,, Sy,
and S,. Wine S, 1s significantly better than wine S,. Wines
Sy and S, are not signtficantly different, and wines S; and S,

are not significantly different.

Hedonic Rating. Hedonic rating of wines is usually done with a
scale of 3, 7, or 9 points. The usual 9-point scale comprises the

following categories: like extremely (431 like verv much (33 like
t=1 =1 7
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e

maoderately {
shightly (—

clike shightly (1); neither like nor dislike ((1y; dislike
; dislike moderately {—23; disl

ike very much {—3};

dislike extremely (—4). {Sec also Figure 103 To analvze the
results the numerical values shown in parentheses are used and
the analvas of variauce is applicd. Any set of consecutive integers
could be used instead of these numbers, but those used here result

Table 13. Aualvsis

of variance table for the data In

Example 17.

Sovrcr 58 df 22N I Fas Fo U e
Total 471.36 199

Wines 15410 3 514 31.7%%= 2.60 542
Frror 317.26 196 1.62

i the smaljest intermediate values.

Example 17. Fiftv judges rate 4 wines on a 7-point hedonic

Table 14. Duncan’s new multiple-range test {0.1% level) for the

data in Example 17,

scale, as shown in Table 12

the judges’ pref

C -

. Are there siom

ﬁ
jot]
oy
o
.
=
=
o)

2
-
&
=
~
z
A

SHORTEST SIGNIFICANT RANCH COoMPARISON

o oC o P 2 3 4
Total 19 B ] .
Fotalss (199 df O, 465 480 490 | Winc LS,
e (10612 + 18012 4+ 2852 + (12 2 s 0 S6d T C Gor e
Wine §§ = & } (S ‘,-,‘ (28] ay C R, 683 .86+ 0.852 Mean 218 1.7 j &,,:6 U“U;
S

{3df)
{196 df 5

Error §S = + These results and the remaming caleulations are shown in
Table 13. [Since F-values for 196 degrees of freedom (denomi-

nator) are not given in Appendixes F, the values for df = oo

Table 12, Fifty judges assign hedonic ratings to 4 wines isee Example 17 are used.}
Since F = 31.7 {calculated) exceeds F,, = 542 {tabular,
) o very highly significant differences among the mean scores of the
wines are indicated. If Duncan’s new multipletange test is
R ] apphed, we have
Raing X s 5 S, Yf 0 SHX
L S s o s s 1 R, =Q,Vv/n = Q,V162/50 = Q,(0.)8)
ER 13 g 63 126 The results are summarized in Table 14, {Again the numnbers for
[ 18 3 46 16 df = oo are used.)
i 5 io 17 U In this example we see that wines S, and §, arc significantly
—1 ! 0 i is 20 —20 better than wines S; and S;. Wine S s not significantly dif-
"; [f i’ 9 ]: i ferent from wine S, and wine S5 is not significantly different
B ! Vﬁ“:j*r 7___;m 0 - -6 from wine S,.
St 5 505 50 200
W s j 27 =G ) . . . L
Interaction. The term interaction is used in statistics to describe
TS 056 600 a differential response to two variables, usually referred to as

factors, which may or may not act independently of each other. In
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the analvsis of variance, interaction is expressed by a so-called
restdual term, which provides another estimate of varance. It
reflects the relations between experimental factors or the failure
of one factor to vary i accord with variations in the second factor.
For example, judges differ in their susceptibility to physical and
mental fatigne and in their reactions to the foods they consume.
Such differences can lcad to interaction effects when the same
jndges evaluate the same wines at two different times. (Time s
always one of the factors in interaction effects in wine evaluation.)

Sowe possible situations are shown in Figure 17, which relates
the scoring of two wines by two judges to the time of day. Tf the

fies jomt

1z the mornmg and afternoon scores for cach mdge are
parallel, there is no interaction. The greater the departure from

-allchsm, the greater the interaction, owing to the differential

Scores

Judge 2

Morning Afternoon

Time

FIGURF 17

Changes in scores with time. The two solid lines show no

interaction between the judaes’ scores and time. The

H
H

¢ and the two dashed lines show different
interaction,

ANALYSIS OF VARIANCE

response of the judges to the factors time and, say, fatigue. Small
departures from parallelism mayv be caused by variation in, or
treatment of, wine samples or as a result of randowm sampling errors.
The problen is to test statistically whether an observed departure
from parallelism 1s greater than could reasonably he expected to
occur by chance alone.

The significance of an interaction 1s determined by comparing
its estunate of variance with that of experimental error. A signif-
cant mteraction is one that is too large to be explained on the
basis of chance alone, under the mull hypothesis of no interaction.
A nonsignihcant interaction leads to the conclusion that the
factors in question act independently of cach other. The existence
or nonexistence of mteractions can ouly be determined when
scores are repheated.

Example 18. Five judges score 4 wines on two successive davs,
called time T and time 1. The results are shown 1in Table 15.
Analyze the results for significance, to determine whether there
1s mteraction.

For the 40 individual scores we have

C = (310}3/40 = 24025
TotalSS = 102 + (9 + -+ 57 =-C
2504 — 2402.5 = 1015 (39df}

Il

Table 15. Five judges score 4 wines on two successive days
(see Example 18).

T T Toe H
Wing
Jupce S, S, S, S, Tora Jupcr S, Tora,
1 10 10 8 6 34 1 § 9 6 7 30
2 9 9 6 8 32 2 i 8 6 6 27
3 0 W 9 8 37 3 9 & 7 9 33
4 § 8§ § 5 29 + 10 9 8 35 32
5 § 7 6 4 25 5 g 1 7 5 31
Total 45 4+ 37 31 157 Total 43 34 34 32 153
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If the mdividual scores for the two times are added, as shown in
Table 16, the result is a classification of wines and judges called
a two-way pattern. Since the entrics in the table are the totals
of two scores, the denominators of the equations for the siums of

and the means

squares are twice as great as in the usual analy:

are obtained by dividing the totals by 10 {5 judges X 2 thnes).

S,

The correction term rematus the same because it dlwayvs per-
tains to the same totals. The total sum of squares for this pat-
tern is called a subtotal sum of squares to distinguish it from the
total sum of sgquares for the independent scores. The caleula-
tions follow,

Subtotal S8 =

Table 16, Combined (hvo-wav) scores for times
for the data in Table 15,

Wings 0 JubDCrs {IISKREGARD T1

Wing

Jubey S, S, S, Tora

1 I8 10 4 13 64

2 ih 1 1z 14 59

5 i9 16 17 7

+ 18 17 16 Y 61

5 i i 13 G 56
Votal &3 71 63 30 =C

ANALYSES OF VARIANCE

Interaction S§ = 785 — 47.3 — 14.25 = 1693

{Wine % Judge) (19 =3 — 4 = 12df;

The next step in the analysis 1s to combine the total scores
for the 5 judges, which results in g two-way pattern of wines
and times, as shown i Table 17, Since the entries i the table
are the totals of 5 individual scores, the denominators of the
equations arc > tnnes as great as wn the usual analvsis. The
calculations follow.

(A5)7 + (4337 = - 4

S

Subtotal 5§ =

24512 — 24025 = 487 17 df )
Wine SS

473 (from preceding pattern)

i I
%
£

Time 88 = -

Interaction 8§ =
{Wine x Tmne}

Next the total scores for the 4 wines are combined to give a
two-way pattern of judges and times, s shown in Table 18.
Since the entries i the table are the totals of 4 individual
scores, the denominators of the equations are + times as great
as in the usual analvsis. The calcalations follow.

Table 17. Combined {two-wav} scores for judges
for the data m Table 15

Wings % TIMES (DISREGARD JUDCES]

Wing
Tre S, S, S, Sy Totu
I 45 +4 37 i1 157
11 +3 +4 34 32 133
Total hh 58 71 63 310 =G
Mean S50 sS0 7000 630




Table 15 Combimmed ttwo-wavy scores for wines for the

data in Table |5

Jepces > FIMES IDISREGARD WINES!

Jencr
Tints. i 2 3 4 5 [orarn
I 24 32 37 29 25 157
il w33 32 3] 153
Totai (551 70 61 56 510 = G
Meun s.40 %75 762 700
. (3002 4+ -0 4 312
Subtotal 5§ = 1T DU SUNSNG
4
= 24205 — 24025 = 27.0 (9 df
Judge S5 = 14.25 {4 df )
Time SS =04 (1df;
Interaction 8§ = 27.0 — 1425 — 04 = 1235

{Judge % Time)

9~ 4—1=4df)

These results and the remaining calculations are shown in

Talle 10 (R eeall e 173 Q 3
Pable 19. (Recall the meaning of the asterisks on the caleulated

Fovalues, mentioned m Example 14)

Table 19, Analysis of

vaniance table for the data in Example 18

Sourey 55 df s F I Fa Foo
Total 16E50 39
Wines 730 3 349 595 10.80
fudges 14.25 4 326 5.4
Fimes 040 1
Inteructions

Wox | iz 1.83 2.69

W T 3

A + : 4.0t 3 5.4
12 .77

ANALYSIS OF VARIANCE

We see thiat the wines are significantly different at all three
levels, and that the values for the judges and the judge X time
interaction are significant at the 5% level. The sigmificant inter-
action indicates that the judges have reacted differently at the
two times, as can be seen from their total scores at the two times,
The total scores for the first three judges are less at tune 1 than
at time 1, but the last two judges have total scores greater at
time 11 than at time 1. This might mean that we are dealing
with two different types of judges. [t could be the vesult of
differcut foods consumed on the two days, varying mental or
physical conditions, temperature differences, or other ciuses.

The least significant differences can now be used to make
specific contparisons of the mean scores for the wines and for the

judges.

Wines: LSD

Il

Wik
S, S,
Mean 8.80 630

jlldgCSi LSD = tOS”Z df . \’;:
= 0.96
fubor
1 4 3 5
Mean 5 o0

5 800 762 7.

Some experimenters combine the sum of squares and number
of degrees of freedom for nonsignificant interactions with the
sum of squares and number of degrees of freedom, respectively,
for the error, and use the resulting value as a revised error tern.
This increases the number of degrees of freedom upon which the
error is based. The results of these caleulations for the data in
Example 1§ are shown jn Table 20. The corresponding LSD alues

are shown below.




i

Table 20. Anal oF varance table for the data in Fxample 15,
with nousigmficant interactions combined with error.

Sovket SS df s F
Total H1sn 30
Winies +7.30 301557 2096 46U
14235 4 356 273 401
(.40 1 040
3 + 3.09 316 73 411
o 27 1.01

202 =166

=103

Phis procedure results in slight chunges in the significance pat-
Feriie tohen Fhe Foaea o . - : : C
terns when the Frvalues are dose to the borderline between signih-
cance and nonsignificance. [t often vields a smaller value for the

T O yriance althy H a 1. oo : 1 1
error vanance, although i Example 18 1t vields a larger valoe.

Incomplete Blocks

I wine judging, if each judge scores all the samples at the same
session, the randomized completeblock design discussed pre-

s appropriate. However, the judge finds it in-

gly enlt to make sat

oly dif tory ratings as the number of
s preseuted to him at one thne becomes larger. The namber

of samples that can be reliably scored at any one session depends
upon several factors, including the tvpe of wine being evaluated. If
the judge at any one session scores only some of the wines under
study, the result is an incomplete-block design, and the scores in

m constitute an incomplete block. Sometimes the judge

Iv one incomplete block and sometimes several. with

ntervenng rest periods. Incomplete-block designs reduce the need

¢ Jong-terin miemory because he need be con-

for the judge to'l
sstent in his level of judgnient onby within the incomplete-block

himit

INCOMPLETE BLOCKS

An mcomplete-block design in which each block contains the
same number of samples, &k, and i wlich each pair of samples
appears together in the same block the same number of times, A, is
called a balanced incomplete-block design. In such designs all
pairs of samples are compared with approximately the same
precision.

Since only some of the wines are judged at the same tune, and
since each wine is compared with every other wine, only certain
arrangements of blocks, samples within blocks, and repheations
are possible. The relevant procedures and possible incomplete-
block designs for specific numbers of samples and judges can be
found in Fisher and Yates {1974} and Cochran and Cox {1957).
is outlined

he customary notation and method of analys
below.
{ = nummber of samples (wines)
r = number of replications
b = number of blocks {judges)
],,

= number of samples per block

b2

N = total number of scores in the design = tr = bk

A

Il

= number of times cach pair of samuples appears in the same
block = r(k — 1}/it — 1}

W, = total score for sample 1

B, = sum of totals for blocks in which sample { appeurs

A, = kW, — B, represents, for sample 1, the sample effect

adjusted for und free of the effects of the blocks in which

it appears (Y A, = 0)

The caleulations and the analysis of variance follow the usual
patterns except for the sample sum of squares adjusted for blocks,
which is dehined as

N

Wine SS (ady) = 124)

kEA

Since each A, 1s free of block effects, it represents. for sample
an estimated sample effect w; that provides an adjustment to the

g

o




Table 21. Six wines scored o1

STATISTICAL PROCEDURFES

zeneral mean score, mnnelv, an adjusted mean score for the sample.
e adjusted mcan for cach sample is g 4+ wy where w, = A F A
,L o= 0) dnowsing the LSD or Duucan’s new multiple-range

t to compare adiusted incan scores for samples, the value of the
m‘fecn\-e error variance to be nsed instead of v s

ke
0l

Exemple 19. Six wines are scored ou a 10-pomt scale by judges

7:'

{

LG
¥
K

,\‘.-'

v

in 10 blocks ot 3 samples cach. There are 5 scores tor each wine
samiple, each of wlneh is compared twice with cvery other
sample m the same block. The pattern is shown in Table 21
Analyze the data for significance.

Inthisdesignt = 6,b =10,k =37 = 5 and A = 2 The

caleulations are shown below,

s in 10 blocks of
; sce BExample 19,

ie by mcw
3 samples each (incomplete- ,JIOLL k\h

Total

Wine

S. Tora

+4 5 3
6 - 6
& 7 3
4 ) +
A 4 in
& N 5
0 4 6
6 4 9
4 5 §
24 24 Hi 180
T2 T2 20 no= 150
58 53 9+ = 64K
—16 -13 26
~133 -108 207
5. 4.67 +.92 517

INCOMPLETE BLOCKS
C = {1803*/30 = 1080
Total §S = (417 + ¢

= 1168 29 df
Block 5§ = 11

= 1096 - 9 df

. ) TA?
Wine S§ adjy = Ll;t,\ =

— 1466/36 = 40. 5 df)
ErrorS§ = §8 — 16 — 4072

= 31,28 antra-block crron 115 df )

These results and the remaining calculations are shown m
Table 22.
The analysis indicates significant differences among the

sample means at the 5% level because the calculated value

F = 3.80 exceeds the tabular value F o, = 290 1f the LSD is
used to test for specific differences among the wines, we have

6
Mean 8§17 7.33

We sec that there is no significant difference between wines
Seaud S,. Wine S, is significantly better than wines S, 55, 55,
and S,. Wine S, is not significantly different from wines S, and
S+ but 15 significantly better than wines S5 and S,. There are no
significant differences among wines Sy, S5, S;, and §,.




Table 22, Aunalysis of varfance table for the data in Examnple 19

Souvgrer. SS df ms F
Total S50 Y
Blocks 16.00 Q 1.78
Wines fadj.; 5 514 200 156

Frror

ses it s possible to have the jndges score each of the
es o an mcomplete-block design, scoring a part of the total
numbe

at dhfferent times. For each judge the incomplete blocks
arc gronped to forn a replication. This design pernuts the removal
of varations 1 replications from the block sum of sguares,
Balanced lattices are of this type of design. They are usefui and
the caleulations are simple. The number of such designs is limited
because the ny

uniber of samples must be a perfect square, k2
grouped i blocks of k sanples with & + 1 replications.
growy [ !

Example 20. Nine wines are scored on a 10-point scale by
1 judges, cacli judge scoring afl § samples in 3 incomplete blocks
of 3 samples eacly, as shown in Table 23. Test the wine seares for

significance.

O
I

TorlSS = -B3Y 4+ 32 - C

123669 = 16

it

23 (35 df )

Block S8

Il
‘;

!
o

ges in blocks of 3 samples each
i

[0-poimnt scale

Table 23, Nine wines scored on a

Sy

Broes

P4

i
!
i
!
i
i

e
Ve

— e

5

s

b

6

e

6]

10

v

~
I

= G

11

2

19

29

15
5

e
e

W,

Total

e

09

kW

71

66

69

68

N

—1.36

i

0
8.33

(oS ]

211736

s %};()

o
L

397 5,07

3.19
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Wine S fady | = 200
me »> faay) = ]-\’_th/\—
_ R (-
= 13133 §di)

Error§S = 16231 — 1831 — 131.33

— 17 £T 4 |
= 12.67 (intra-block error (16 dfy
Phese results und the remaining calen ¢ shown In

Table 24

We will use Duncan’s new multiple-range test to compare
the adyusted mean scores of the wines. The standard error of an
adjusted meuan score is

F'he results are summarized in Table 25,

The incomplete-block designs that we have described involve
only what s known as the intra-block error and are based on the
assumption that the blocks are fixed. If the block effects are as-
summed to be random, however, more efficient estimates of the
treatment means can sownetimes be obtained by a procedure called
recovery of mter-block information. 'This procedure is described
in Cochran and Cox {1957} It is recommended only for large
expeniments in which the numbers of degrees of freedom for
blocks and error exceed 25.

Table 24. Analvsis of vartance table for the data in Example 20.

Sovker S8 df ms F F oy
Votal 35 ‘
Blocks 1

Replications 3
Blacks (in replt §
Vines {adj) S 20,7877 6.19
16 0.79

Table 25. Duncan’s new multiplerange test (1% level
for the data m Fxample 20

Siil)k LEST SICNITFCAN S RANGY

pooo2 3
Q, 413 431
R, 211 220

110
VV e

Mean

Ranking Procedures

In cvaluating wines, judges may find it dificult to express
preferences in terms of a quantitative measure. They usually iind
it much easier to rank the wines. Since ranking gives no indication
of the mugnitudes of the differences among the wines under study,
it does not supply as much information as scoring. On the other
hand, it not only simplifies the procedure for the judging panel,
but also often represcuts as satisfactory a method of detecting the
differences as is required.

Pairs of Ranks. When only two wines are being compared, pairs
of ranks are obtained. One test that is then used is based on the
signs of the differences between the paired values. The procedure
is identical to that used in preference testing of paired samples.
The null hvpothesis of equal numbers of positive and negative
differences (H,: p = (1.5 is tested approximately by calculating
{jny — ny| — 17

— (26}

n1~§-TI_7_

5

X

where n, and 71, are the numbers of positive and negative dif-
ferences, respectively, in, — n,} represents the numerical {non-
negative) value of the difference between them, and x* 1s based
on one degree of freedom.
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Example 21. Two wines, 5 and 5,. are ranked 135 times, as

shown below. Is there a significant difference between them?

S b2 v 211211z
S, 2 20111y 2oz o201 02 022
Sgn o+ o+ - 4+ — 00 -~ 4+ =+ - 4+ o+

The + sign means that wine S, was ranked above wine S, and
the — sign means that wine S, was ranked above wine S, 'T'ies
{denoted by 0} are disregarded 1 the analvas. The + sign

v O xl»: ) v

T e a1 Fhe o o 2 Faaee Tt
appears inies and the sign 1 tunes. 1 nercfore

(19 — 41— 132

X' = T

1 - 3.54, which is larger thun
SN PRTS R PP TR B IR vy . -

the caleulated value. There is therefore no reason to reject the

m‘ﬂi bypothiess, and no significant difference between the two

wines is indicated.

The advan

es of this test are simplicity. no requirement of
equal variances, and relative insensitivity to recording errors. The

dvantage, however, is that it disregards the magnitude of the

s
: 1 ga
difference, if any, between the wines. 1lis problem is inherent i

ranking procedures.

ing of Several Wines by Two hud: ‘
Ran%zzr? of Several Wines by Two Judges.  Todetermine whether
two judges are significantly different in their rankings of several
winies, Spearman's rank correlation coefficient can be used to test
the agreement between the rankings. This correlation coefficient is
defined as

where Sd i ihe ¢ : . C i . :

where » d 7 1s the sum of the squares of the differences between the
ank valnee civen Be e B o :

rannk vulues given by the two judges to cach of k wine samples. (1

any wines in one ranking are ticd, each 1s assigned the mean of the

rank values they would otherwise have had} The value of R can

gs by the two judges} to +1

om —1 {totally opposite rankiy

RANKING PROCEDURES

thev arc the result of chance alone. This, i fact, 15 the null
hypothesis, which can be written Hy:p = 0. where p is the popula-
tion rank correlation.

Little relability can be placed on a value of R obtamed from
the rankings of fewer than 10 samples. The significance of a calcu-
lated value of R can be determined by comparing the value of

=Ry R *

with the appropriate t-value, based on k — 2 degrees of freedom,
in Appendix E. Forsignificauce the calculated t-value must exceed
the tabular value. A significant positive t-value indicates that the
judges agree in their rankings. The significance of calculated
Rovalues can also be determined by the use of Appendix H. Caleu-
lated values that exceed those in the table are significantly dif-
ferent from zero and indicate agreement in the rankings.

Example 22. Two judges rank 10 wines, as shown below. Is
there u significant difference in their rankings?

Wine

Junce 1 2 3 4 35 6 7 8 9 10
I 2 1 1w 7 8§ 6 3 4 5 9

I 301 § o 1w 7 4 2 5 6

DIFFERENCE

d -1 0 2 =2 =2 -1 -1 20 3

d* 10 4 4 4 1 1 4 0 9
Ydr= 1%

The null hypothesis (Hy: p = 0} is that there is no correla-
tion between the rankings, Solving Equations 27 and 28, we
obtain

i
L=

T 10993

= 0.83( e —— = 4.21
i”(‘g"le ~ 5639 — |

R =1 = 0.830
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From Appendix B owe sce that £,,(S df 1 = 3.335. Since the
calculated value t = .21 exceeds the tabular value, we reject
{at the 1% levely the null hypothesis and conclude that the
value Ro= 0.830 is highly significantly different from . The
agrecment between the rankings of the two judges is therefore
highly significant. If we use Appendix H (recalling that df = 10
S} we see that any value of R greater than 0.7646 is
significant at the 1% level. Therefore R = 0.830 is highly
significant. Using Appendix H eliminates the need to caleulate ¢

{Hus procedure can also be applied i the evaluation of judging
ability. Adding increasing amounts of some constituent to a wine
provides a set of samples of known order. If a puanelist is asked to
rank the set for increasing amounts of the constituent. we have
an accurate standard with which to compare his ranking, and
Spearman’s rank corclation coefficient 1s appropriate for rating
his competence.

Ranking of Several Wines by Two or More Judges. The ranking
of & wines by n judges is a very common procedure. Two methods
of analvzing the data are presented here.

Method 1. A quick appraisal of possible significant differences
among a set of rankings can be made by the use of Appendixes I-1
and [-2. These tables list ranges of rank fotals, which are the sums
of the n individual rank values for a given wine. Rank totals that
hie outside the ranges shown in the tables indicate results signifi-
cantly different from those that would be obtained by chance
alone.

Example 23. Twelve judges rank 5 wines, vielding the follow-
ing rank totals: §) (343, 5, (203, S5 (323, 5, 1263, S, (45). Use
Appendixes I to determine whether there are significant dif-
ferences among these rankings.

Appendix 1] shows that for 12 rankings of 5 samples there
are significant differences at the 5% level for rank totals not
within the range 25-47. Thus we sec that wine S, is tanked
significantly low, und wines Sy and S, are ranked significantly

RANKING PROCEDURES

high. At the 1% level the range 1s 2250}, so at this level wine
Sz‘is ranked significantly low and wine S5 is ranked significantly
high.

For small values of k and n, there may he more significance
than is indicated by the tables of rank totals. In such situations the
following method of analvzing the data is more cffective.

Method 2. Rankings can be replaced by a set of quantities called
normal scores, which are listed in Appendix J. Then the usual
srocedures for analvzing normally distributed data are appropriate.
For example, Appendix | shows that for 6 ranked wines the normal
scores that veplace the tank values 1, 2, 3, 4,5, and 6 are 1.267,
0.642. 0202, —0.202, ~0.642, and —1.267, respectivelv. This
transformation converts the ranking into a normal population,

and the usnal analysis of variance procedure is applied. Since the
positive and negative valucs of the normal scores are distributed
symmetrically about their mean value. 0, the total for each judge s
zero and therefore the grand total, G, 15 also zero. This greatly
simplifies the computations.

Example 24. Five judges rank 6 wines, as shown in Table 26.
Use Appendix | to analyze the results for significance.

The rankings are converted to normal scores as shown in
Table 27. The calculations follow.

Table 26. Six wines ranked by
5 judges (see Exumple 2

Wing:
Jeng R PR SO A P Y
1 6 + 2 3 5 )
2 36 4 0} 5z
3 1 2 5 3 &6 4
+ 56 5 1 4+ =%
5 6 5 4+ 2 3 1
Ranktotal 21 23 18 10 23 10
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le 27. Normal scores for the rankimgs in Table 26 Using the mean normal scores, the differences can be sum

0.

marized as follows:

Wing,
Toru . . T . M T
! —10.20 N - S, 7?4 ,5; o S, , \:_ .
2 v —G.042 { Mean 0723 0716 —0040 —0341 —0510 —0.547
N —1.26 0642 o R — - |
K 0642 —0.642 )

R

We see that at the 5% level there are no significant differences

w1

among wines S, S, and S, but wines S, and S, are significautly

Total better than wines S,, S,, and S5. There are no significant dif-

Mean

551 3616 =0
510 0723

ferences wimong wines Sy, 55, S5, and S5 {As in all such analvses

Duncan’s new multiple-range test, which does not require the
caleulation of F. could be used instead of the LSD procedure.;

The two methads that have been presented here for analyvzing
Sy e :

total S8 ranked data have the advantage over other methods that they
provide ways of establishing significant differences among indr-

Wine S vidual wines. Other methods merely indicate whether significanit

differences do or do not exist among the wines taken as a group.

Error 8S =

Tor 5SS = (24 df)
EaT e The o 3 Ve . ; Q3
These results and the remaining caleulations Descriptive Sensory Analysis

Table 28 are shown in
< [SEEAvN

Since the calculated Fyalue The best-known method of descriptive sensory analysis is the
flavor profile developed by the Arthur D. Little Company,

Cambndge, Massachusetts. Tt has been used in product develop-

of 3.41 exceeds the tabular
"“1“5: of :15: significant differences at the 5% Jevel are indi-
cated, and the LSD can be used to determine whinh i e -
significantly different Erm; i':c(h Sti:f‘*}”u» el wines are ment, quality control, and laboratory research by numerous food
and drug companics {Amerinc et al., 1965a). In this method a
panel of highly trained judges is used to identify the individual
and overall odor and flavor characteristics of a food, in terms of the
sensory impressions they create. Properly trained panels achieve
considerable agreement, after group discussion, on overall senson

2.064/0.200 = 0.923

o ae A
Fable 28. Analvsis of variance table for
the data i E

xample 24,

impressions and the intensities and order of detection of the

Souvrce S8 d}

-
nrror

s - . .
[ various sensory factors. Disadvantages of the flavor profile method
\]\(ff‘ al are the expeuse of training the judges, the possible bias introduced
mnes R g ~3 I . . - A . .
€ 8065 51T 341 39t by a dominant {assertive) member of the panel during the group
24

discussion, and the difficulty of statistical analysis of the results.
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For au example of a record torm for the descriptive sensory
analysis of wines, see Figure 18, As i the flavor profite method,
many winery staff members and private groups make their deci-
sions on the quality of a wine after group discussion of the results
obtained 1y the individual sensory exannmations. Is group d

us-
sion benehcial or does it entail too great a risk of prejudicial in-
fluences? Mevers and Lamn (19

1ave studied this problem; the
answer 1s by no means as uneguivocal as one would wislh. There is
frst of all the danger of a dominant individual's imposing his judg-
ment on the group, by either lisveputution or force of personality.
If this occars, group discussion Is useless except as an cgo-cultivat-
ing exercise for the donnnant mdividual (e.g., the winery owner).
Jones (1958} and Foster et ul.

} lmve noted that a group
judgment is not the same as @ group of judgments, because an
individual can sway the group judgment. (The obvious analogy
with trial juries fieve 15 nescapable

Even if there is no deminant individual, the group mfuence
itself may be detnmental. As Mevers and Lamm say, “What
people fearn from discussion is mostly in the direction supporting
the majority’s initia} preference.
subconsciously, members of the g

The problem is that, probably
roup usually show a dispropor-
tionate imterest in facts and opinious that support their initial

preterences and tend to ignore those facts and opinions that do

‘not: This appeurs to be true for both verbal and written opinions.

it knowledge of the positions of other members of the panel has g
polarizing effect {and how can it help bat do so if the owner or
winemaker is present?), we recommmend that all the panelists with-
hold information on their initial preferences.

) Stone et al. (1974} huve introduced a quantitative method of
descriptive sensory analysis. The various sensory gttributes of the
product are cvaluated separately. For cuch attribute a scale of 6
inches is provided, with two labeled anchor points % inch from the
ends of the scale and one at the center, For example, the scale for
sweetness would ook like this:

H i i

Weak Moderate Strong

Ditensity O
fdentification Uto 1t

Prior to Tasting
‘
1. Visual |

Appearance: vloudy, dull
tharyy, clear, brithant : i

Caolor: straw vellow, greenish
sellow, vellow, gokd, amber; ;
pink, violet-pink, eve-of-
thepurinidge light

1

brownish redh, ruby red,

; : ‘
violetred. hrowanh red
{tawny}

Intensity: ight, strong i

Gas release: none, hue | |
bubbles, medium bubbles, | |
large bubbles ‘

2. Otfactory®
distinct,

Complex: vinous 1
mustvitL - i |

varictal, Towery
axidized . ,‘

Specific: ethyl acetate, fuscl
oils. hvdrogen sulfde,
mercaptan, sulfur dioxade

In-Month

3. Gustatory |

Balanced: thin, full-bodied
Specific: sweet, sour, bitter,
salty

4. Olfactory {Bavor)™ ;
Complex: carthy, fruity, ‘ ’{ ;
herbaccous, woody i
Specific {idennify) (

5. Texture: astringent, burmug, i ! 5
prickly, foreign* j

“The chemical origin of the sensory mnpression should be specified if possible

Newme — . Date -

FIGURE 18
Record form for descriptive sensory analysis of wines.
{Adapted from [. Puisais et al, 1974

i
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After tasting the product the judge marks a cross at the pomt
representing the magmtude of the sensation m question. The
distance from the end of the scale to the cross is a meuasure of this
nagnitude. Stoue ef al. beheve that the scale is linear, ie., that
with several dota pumtx a straight-line plot of meusured dxstance
VETSIIS frue sweet

{or other sensory attribute) is obtained.
The procedm‘c réqnirc& extensive trumming with the product
{about 20 hours) and individual testing. The individual and panel
data arc evaluated by analvsis of vanance. Correlation coefficients
are caiculated to determine the degree of correlation between
the scales. Primary sensory values are measured by principal
component ana

omp lysis, factor analvsis, ete. Finally, a multidimen-
stonal model can be developed and its relation to consumer
response or other external factors can be established.

Froni the data one shouid be able to ideutifv imconsistent
responses indicating the need for more training) and the adequacy
of the judge’s discrimination between djﬁeren‘t levels of a Ui\'m’)
sensory attribute. One can als

il
y determine whether individual
scales are producing consistent Y"'ﬂts and whether the scales are
;Jdcqu;ti‘ci\f discriminating 'hctw(fn products. Finally, the extent
to which products differin

pecific attributes can be mieasured,
and the most accurate and consistent judges can be identif
¢ ha most accurate and consistent judges can be identified.

Computer programs for oueway and twowav analyses of

variatice are uscd to measure the agreemsent between a judge and
5 Judg

the panel as a whole. The intcraction sum of squares is estimated
for each judge and the Foalue is calenlated. A high Fevalue for an
mdividual }udve indicates s disagreement with the panel, i.e
there is interaction between the product and the judge. /
Gur cone int

of highl

o

sion is-that descriptive sensory analysis, in the hands

Iy trained personnel, should prove nseful in solving certain

industrial and research sensory evaluation problems.

Some Suggested Exercises

Phe serious amateur wine judge usually wishes to improve his

11!clgmg ability. but how does he go about 1it? Obviously he prac-

SOME SUGCGESTED EXERCISES

tices. His main problem is finding a fixed frame of reference for
each of the major odor and taste components of wines. \What, for
example, is low or high sourness? How does a low concentration of
acetaldehyde smell compared with a high concentration? Can
one distinguish low, moderate, and high concentrations of sulfur
dioxide in wines?

The following exercises are intended to help answer these and
similar questions. They should also prove useful in selecting the
best judges for many sensory evalnation panels. However, there s
certainly no direct relation between one’s iherent taste or odor
seusitivity and onc’s ability to evaluate wime quality. For each
specific sensory characteristic, one must also know the level of
intensity that is appropriate in the wine in guestion, and ong must
be able to recognize the proper halance mmong the various
sensorv characteristics. Experience is what really counts.

Obviously most people do not have a supply of citrnic acid or
glveerol or ethyl acetate, nor do they have the equipment for
measuring or weighing such chemicals. We suggest that you solicit
the interest and help of an enologicallv-inclined chemist or
pharmacist. They do have the necessary chemicals and equipment,
or can get them without difficulty. (See also Marcus, 197+

Thresholds. A suggested serics of concentrations for tcmna
sensitivity to sucrose (sweetnessi in agueous solution is 0.1, 03
0.7, and 1.2% by weight. The “A-not-A” type of test may be used,
although other methods work equally well. In this test a water
blank (the standard) is tasted fust. Then one of the sucrose solu-
tious {in a random order) or another blank 1s tasted. The judee
decides whether the sample presented is the same as or different
from the standard. (For a record form sce Figure 19) The test 1s
repeated 6 times for each concentration, mcluding the blank (30
times in alli. T'vpical results for such a test might be the followmg:

SAMPLE
0.1% 0.3% 1.2%
Correct decision 3 3 4 5 6
% Correct 50 50 66.7 8323 100




Niture

Werenee:
[Tste for < NS TN T SN 5 .
Vaste {or smelly the standurd <8y and the sample. Decide whethor the
sumple i the same w or different frone the standard,
Sample 1o Sumreas N Different trom 5
Nawe o Date

FIGURE 19
Record form for an A-noi-A test.

What is this judge’s threshold for sucrose in water? Obvionsly
% of his decisions should be correct by chance alone. The pcr-
centage of correct decisions above chance is defined as P,=2x

e
i)

(P, — 50}, where P _is the pcrcenmve of correct decisions observed.
Iy practice the thr@snol dis usnally taken to be that concentration
at which the wc‘oe makes 50% correct decisions AI)O\G chance
iP, = 303, ie. 73% correct decisions observed {P, = 75}, since
0} = 50 Inthe present example the sucmx thruho]d is
thercfore somewhere between 0.3 and 0.7%. A more exact thresh
old could be established by repeating the test with solutions be-
tween 0.3 and 0.7% sucrose, e.g., 03,035,043, 0.53, and 0.65%.
The results can be p'otted on log-probability paper, with P, on
probability axis (ordinate) :

the
{a

} and concentration on the log axis
scissa). Draw a straight line as close to the data points as pos-
sible. The intersection of this line with a horizontal line drawn
from P, = 50 defines the concentration threshold. For a still more
accurate value the line can be plotted by the method of least
squares, either manually or with an electronic calculator or com-
puter. For purposes of demounstration we suggest that the group
results be pooled and the average threshold calenlated. However,
it is instructive to compare the thresholds of various members of
the group. For this purpose the test should probably be repeated
until there are at least 15 correct decisions for each individual,

3
i

SOME SUGGESTED EXERCISES
This type of test can also be used to determine the thresholds
for many other substances, i either wine or water. For examnple,
the following amounts of various chemicals could be added
the base wine or water {the standards), which constitutes the hrst
cetaldehyde (40, 80, 140, and 200 mg

of five samples in the series:
per liter); acetic acid (3. 5.9, and 14 grams per literi; biag

(4,8, 12,and 20 mg per liter); citricucid (0.2, 0.4, 0.8, and b grams
per liter); ethyl acetate (30, 60, 100, and 150 mg per liter): sorbic
acid (50, 100, 17

5, and 275 mg per liter): sulfur dioxide (40, 90
150, and 250 mg per liter;; tartanic acid (0

103, 0.
0.15 gram per liter). The sulfur dioxide test should be the last one

.10, and

i
:

atterpted, and should be made no more than once per day.
When water is used as the standard rather than a base wine,

these tests establish the absolute thresholds of the judges (¢

page 73). When wines are used the thresholds should be in-

terpreted as difference thresholds (except for sorbic acidi, because
the concentration of the component in the base wine way already
exceed that corresponding to the absolute threshold. Care should
be exercised in selecting a fairly neutral wine of normal composi-
tion as the base wine. [f testing time is Hmited one may use four
concentrations instead of five (omitting the lowest!.

Thresholds can also be determined by the methods of just
noticeable difference (jnd) and just not noticeable difference
(jinnd}. In the former test the samples are presented in order of
increasing concentration, from below threshold to well above
threshold. The judge indicates the first sample that he finds just
noticeably different (sweeter, sourer, etc.) from the preceding
sample. {For a record form see Figure 20.) This test can be used for
determining absolute as well as difference thresholds. Because the
errors of expectation and habituation may occur, the test should
be done in both directions, i.e., jnd and jnnd. In the latter test the
samples are presented in order of decreasing concentration; the
judge indicates the first sample that he finds just not noticeably
different from the preceding sample.

For example, the test for a jnd is done 5 times with a series of
wines containing citric acid. The base wine (nothing added; con-
tains 0.50 gram per 100 ml; the amounts of citric acid added to




Nature of difference:

wt {nighti. Indicate the frst sumple tha
¢ for simelll from the preceding sample

Difference frst noticed insample

Nunie —_ - Date

HGURE 20
Record form for a just-noticeable-difierence tesi.

make the remaining four samples are 0.02, 0.0
gram per 100 ml, giviug samples with D32, 155, 060, and 0.75
gram per 100k, respectively. n the /nd senes the actaal jnd is
0.55 three times and 0.60 twice; m the corresponding jund series
{also done 5 times) the actual jrnd s 055 three times and 0.52
bwice. The weighted means of these two sets of data are given by

{jrind

and the overall mean salue is therefore 0,33, Thus this pudee’s
difference threshold for citvic acid in wine is 0.55 — 0.50 = (.05
1

- Off Odors. The ihreshold tests for acetaldehvde, biacetyl, ethyl

- acetate, sovbic acid, and slfur dioxide {listed above) can also be

“used for familianzing the student with common off odors. Other

-off odors can be produced by adding a siall amount of the sul-

stance in question to a neutral wine. For example, about 3 to 10

\ parts per billion of hvdrogen sulfide will be detectable. For the
higher alcohols, 400 mg liter of 3-methvl-L-butanol (isoamyl
alcohol) will be adequate to give a fusel oif odor to the witte. Sectr-

ing wines with typical and casily detectable off odors of corkiness,

SOME SUGGESTED EXERCISES

moldness, or woodiness mav he difficalt. One should nguire of
wine merchants or wineries for help m locating such wines.

Other Exercises. Most of the procedures discussed previously
can also be used 1n the training and selection of judges. For detect-
ing differences of a nonspecific character fan unmidentified off odor,
for example), the duo-trio test {page 113) and trangle test {page
114} are most usetul. Judges who cannot distinguish the off odor

When potenhal judges are bemg tizined,

can be screened out
those who fuil to detect the odor will know that they wmust practice
to reacl the requisite proficiency, or be disqualified. The duo-ino
and triangle tests can also be used in blending wines to matcl a
standard —an important winery operation. They are nseful not
only m winery operations but also in the training and selechion of
blenders.

Paired-sanple tests {page 111} can be used for establishing
guality differences. However, ranking {page 129 and sconng
{page 121} are often the preferred procedures. Can an mdividual
carrectly rank 4 seuies of wines in increasing order of Cabernet
aroma, sweetness, sourness, ethanol content, ete.? Those who are
deficient i one or more such skills need further training and
practice, or should simplv not be used on a sensory evaluation
panel for which the skill in question 15 a requirement.

Because individuals differ in their nnderstanding of the tests,
some preliminary training is desirable so that all the potential
judges start the test serics on an approximately equal basis. In all
traiuing tests, the statistical significance of the results must be
calculated unless it is obvious from inspection of the duta that the
results are insignificant.

Quality. For judging the quality of wines we recommend the
scoring of groups of 5 to 7 wines of a closely related type. e.g, wines
of the saine varicty but from different wineries or of difterent
vintages, wines of a given region or district, ete. Should the wines
be served “blind” or with the labels showing? For beginuing stu-
dents we favor the latter method because it gives the student the
hest chance to associate the label with the odor, taste, and favor
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of the wine. However, thisassumes that the students, and especially
the mstructor, are completely nnprejudiced—a very big assump-
tion. For more advanced students, “blind” judgings are inuch to be
preferred. At home the wines should be served with the labels
showing unless some consensus opinion is desired. In this case the
wines should be served “blind.” Ranking procedures are then
usually preferred, but if the group has had expericnce in using a
particalar score curd, scoring can be emploved. (Sce alse pages
5962

When you can measure what you are speaking about, and
express it in numbers, you know something about it; hut
when you cannot measure it, when you cannot express it in
numpers, vour knowledge is of a meager and unsatisfactory
kind: it may be the begimning of knowledge, but you have
scarcely, tn your thoughts, advanced to the stage of science.

—Lord Kelvin

praTE 1

\¥ine glass painted black un the cutside
(o prevent observation of appearance
or color.

(%)

v susan serving table. Nute sections for separating samples. {Courtesy

of E. and J. Gallo. Modesto, Cal.)
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Appendix A Normal Distribution T ]

The entries i this table are the areas nnder the nonmal Appendix B Chi-Square Distribution
probability cune @ the nght of the murginal value of the
nomal deviate o o the left of Le., they are the
probabtities that o rudens value of 2 will cqual or exceed
the marginal value

The entries in this table are the x®-valves for distributions with fron: 1 to 30 degrees of freedom,
“at 10 values of the probability.
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Appendix C  Significance 1w Paired-Sample und Duo-Tno Tests, Hy: p = Appendix 1) Signibeance m “lriungle Tests. Hrp = 4
The number n 15 the nuther of trals, ic., the number of judges or judgments in the test. Phe number 7 is the number of trials, Le. the number of judges or judgments m the test,
i i S
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The entnes in this table are
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the tvalues for distributions with from 1 to oo degrees of
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Appendix F-2  F Distitbution, 1% Level
The entries i thiy tuble ure the Foalues for which the tail area

equals (1

~Appendix F-3 F-Distribution. 0.1% Level

= The entries in this table are the Fooalues for which the tail area
equals 0.001.
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he entries in this table are the Qvalues used to find R, the shortest significant
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Appendix H  Correlation Cocficients

“The entrics in this table are the Rvatues for distributions
with from 1 ta 100 degrees of freedom, at 3 values of the
probability.
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Sourck: Abridged from Table VI of R. A. Fisher and F. Yares,
fi

Statistical Tables for Biclogical, Agricultural, and Medical Resear:
6thed., 1974, Lougman Group Lid., Loadon {previously published by
Oliver and Bovd Lid.. Edmbuorgh). By permission of the authors and

publisher.
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3t 1Gij APPENDIXES

VAppendix § Normal Scotes

¢ show the conversion of rankings to normal seotes. N

Appendix I-11  Runk Totals Fxcluded for Significant Differences ¢
: gative vahies are

The entries t this ta

Any rank {otal outside the given range is significant
omitted for samples larger than 10
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