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NJ food has a longer history of quality evaluation 

and Horace wrote of wines that were 

or at the beginning of, the Christian era. The 
fame of these wines was undoubtedly based 011 subjectivc com­

el'cn on some sort of deliberate sensory 
eXC-l!ninabons. 

Prior to 1940 many quality evaluations in the wine industry 

were performed by only one or two professionals. Even today, 
considerable quantities of wine are purchased bv skilled wine 

brokers who base their se]eetio!1\ solc!v on their OI\11 evaluations. 

with increasing consumer demand for better wines, 
greater competition among wine producers, and the clevdopment 
of stabstical for the ana]vsis of senson' 
data, many wine have concluded that 

. 

it is unsound 
. 

or 
the quality and standards-of-identity judgments of 
hvo individuals. 

lu] 

the entire food 

such cI'a lna tiOIlS 

Unfortll-

Probability. Bneflv, the probability of an event 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 

oand 1. An event with probability /) = 0 cannot occur, and one 

with probability /) = I is certain to occur. \Vhen we say that the 

proba bility of getting heads on the toss of a we]]-balanccd coin is 

we mean that one of every two tosses, 011 the average, will 

heads. In other words. it is probable that in a largc 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 exactlv 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 indefinitely, the ratio of the 
number of heads (or tails) to the total nmnber of tosses wi]] ap­

proach the value 'l; ) ever more closely. 
that a judge is presented with three glasses, two of 

which contain the same wine and the third a different but very 

Fundamentals 

FUNDAMENTALS 

In Part 1 of this book we have referred to the importance of 

statistical procedures in providing tests of significance. A disclls­

sion of significance of experimental data is usna]]y based on a C0111­

parison of thc actual results with those that would be obtaiued if 

chance aloue 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 probabilitv is essential. 

it is standard practice in many wineries and wine 

distributing companies (and, indeed, throughout 

industry) to have regular panel Cl'aluations, not 
control of their own products, but also for eomlXJr]sons 

products. The dati ohtained in 

should be subjected to appropnate sLltistical analysIs. 

reported differences among wines often imply significancc 

when there is, in fact, no statistical justification for such a con­

clusion Jt is the purpose of Part II of this book to enconrage the 

use of statistical procedures for the analysis of sensorv data. 
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sImilar II iue. If he cannot detect a difference among the tllree, 

chance alone IIi]] determine his abilIt\ to pick the odd wine. Till' 

that he will be snccessful in doing this IS Ii,; the 
thd t he will fdil is 

Tn d scquencc of trials in each of which 3 certain result llIav or 

]]Jav not occur, the occurrence of the result is called ;J success ,mel 

its nonoccurrence a failure" In a sequence of coin tosses, for cx­

ilfeldI' nl1ght be designated a success; getting taib 

would therefore constitute 3 t<nlme. -I his terminology is 

cOlJ\entic)JuI, and the result ca]]ed success need not necessarilv 

he the desired one The sum of the probabilities of success and 

failure fur a gl\en resnlt is a1\\ "ys equal to 1. rherefore, if the 

prob" bJlltv of Sl1ccess IS fJ, the proba bility of failure is I - P 
Problems requHlng a statistical treatment of events ,or results) 

often entail decisions based on a lnnited number of obsefldtiollS, 

the couelusious from \vhieh ,l!C to apph to a much larger eategon 

of events, of which those actually observed are only a part. The 

about which we wish information is ('<]llcd the 

""i"e'se) and the actual ohservatious comti tute the 

is selected in SUell a way that all components 

of the DopubtlOn have an equal chance of being included, the 

IS cancel a random sam/)Ie. A quantity calculated from d 

e.g, its standard deviatIOn !.sec page I is called a 

statistic, or simply a statistic Using a statistic to drd\\ 

conclusions concerning 3 POPllJa lion from 3 sample of tha t popula­

tIon is called statistical inference. For such conclnsiol1s to be valid 

the s3mDle llJust be r:mdomlv :ielected. 

Null Hypothesis, The statistical method used in any scientIfic 
Jfi\'CStigatlOl1 originates with an invcstigator's idea, which leads to a 
tentatIve hVlJothesis about the DODulatioll to be studied. This 

commonly called the Ilull hvpothesis, must be a 

assumptIon, made about some statistical measure of the 
popnlation, v, ith which to compare the cxperimental results. For 

in the toss or a fair coin the null hDothesis, p = ' 

jU,FlJNDAMENTAI,S 

states tlwt in a siug1e toss the chances arc one in two (50: S0) tha t a 

head I\ill shc)\\'" 
In a cOllSlderation of a Judge's anility to differentrate between 

two wine samples of differing qlJ;1lity, thc lIuB hvpothesis, I) = 1/" 

states that the cll~llices are SU:50 that the Judge '1'111 make the 

correct decision. i.e., it states that he does not lrave the sensory 

to detect ,1 dlfferencc In the previous exarnp1t of the 

trying to select the odd winc sample frOlll three, two or which arc 

alike, the nun hypothesis, p = 'I"~ states that the challces are CHIC in 

three that the judge \\'i11 corrcct1y se1ect the odd s:llnple, i.e., it 
states that he cloes not have thc sensorv abilitv rcquired for this 

task In a comp,nison of thc average quality ratings !scorcsj of two 

different wines, the null hypothesis, Vl - V: = D, states that the 

difference between the mean scores It, and V, for the two popula­

tions is zero, i.e., therc arc no quality differences between the two 

wine populatiollS from which the samples were selected. 

Statistical methods allow us to predict whfther or not a nun 

hypothesis is likely to bc true or hilse. ;\ statistical test, which is 'I 

decision rule or procedure, is then applicd to the oDsefled results 

to decide whether they agree sufficiently well Wltl] the expected 

values to support t]le llull hypothcsis or to suggest its rejection in 

favor of an altenwtive hvpothesis. j\n alternative to the null 

hypothesis {p = 72] of llO sensorv ability to differentiate between 

two wine samples might be fJ > 'f:, This alternative hypothesi, 

statcs that in a sillgle trial the probabilit\ of the judge's making the 

correct decision lS greater than ~::' i,e., it states that he does havc 

somc sensory ability to perform the task. I f this hvpothesis is true, 

the chances of hiS being successful 1Il detecting a difference arc 

therefore better than 50:S0. /\nalogouslv, an alternative to the 

null hypothesis of p = '/, might be p > '~. The null hypothesis is 

designated H" and the alternatl\e hvpothesis H,. 
An aHematl\'c hypothesis lS called d one-szded altematiw and 

the corresponding test a (me-tailed test if the hvpothesis specities a 

value on only onc side of the \'alue stated in the nu111wpothesis. 

The altemati\e hvpotheses t) > '/: ;mel f) > j, are therefore both 
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olJe"sidcd" 1f however. all ~l1tem:Jti\e hvpothesis sJxCJfies \ aluu 
;Jl] both sides of the \ ~l\lle stated in the Ilull hvpotheSlS. it IS cancd 
d hvo-sided altemat1\'e and the eorrespol1lhng test is called a 
toIled test One- and two-taded tests are illustrated ill 
and 2" \\e WIll discuss these illnstr:Jtions in cletJil 

TV/Jes of Errors" Decision rules arc seldom infJllib!e and ill:JV 
kad to rejcetion of a true hypothesis, wilich is called an crror of Uk 
first kind. or ~] type I em,l"" Or. they may lead to acccpt:JlIee of a 
false hypothesis~ \vhich is cdllcd dn error of the s('C'ol1d klIHl or (J 

tY!Je 11 error. The pro!Jalnhtles of occurrence of these errors can be 
111in1I1ll7.cd but never reduceel to zero. 

... !.,pr~ll'Ii'nt·, J results rarely lC~ld to obvIous and 
the questlOn lecha tds ames as to the ell\lding line be1\\ce]) 
acceptance and rejection of the nnlll1\pothesis Bv J cOil1l11onh 
dcccpted cOll\cnbon the nul] hvpothesls IS rejected It. ullder the 

! 6-J.p.. 

FIGURE 

()fle-{aih·d test. level 

p 

Flct'RI _ 

Frl,'O-I-aiied tc<st. felel. 

!U:;
FREQl,~l-:~CY DISTRIBlJTlONS 

hypothesIs. the result observcd in the sample would OCCllf 

chance alone at most once III 2lJ trials (P:S lUI:;)"" Such a result is 
caned signitlccmL ]f. uuder the nun llypothesis and by ch,mc( 
alonc. tbe resu It would occur at most once in ]on trids iT :S: OJ! 1 

it IS cdled highly significant. and if it wonld occnr at most once in 
lOOO trials (P :S lUlUl it is Gdlcll,cry highlv significant These 
arc known as the ~1l\d 0" 1% levels of sigl1lfieance, rcspec­
tive]v. It sllOuld be understood, however. that, although we dccept 
or reject the null hypothesis on the b3sis of thesc levels, wc have 
not proved or disproved it. bec:.lllsc there is aivl'Jys the posSlhl1!tv 
h011 ever remote. tha t the di ffcrence between the obsen cd resu1t 
dnd that expected under tIle lInl1 hvpothesis could havc ariscn b\ 
chance ,110ue" l\t the ;c, level of significance (P = D.U:; \ \Ie 

wrongly reject thc nun hypothesis :;% of the time; at the 1(Yf le\el 
iP = OJH) we wrongly reject it t % of the time; Jncl ,it the CU %
 
level (P = (HJOl) we wrongly reject it (U SCi of the time, or once
 

even lOOO times. 01! the average"
 

Frequency Distributions 

For large sets of data comprislllg Jllany values of a given varia ble.
 

5{)lne form of summJrization is needed so that the 1ll~1I1l ft'cltures
 
can be recldily observecL The simplest method of arranging the
 
data is to divide the whole range of values into a number of equal
 
interv3ls called class intervals and to count the number of values
 
falling within each such interV<lL The number of values within a
 
class interval is called the class frequency. or simplv thc frequency
 
This set of frequencies is called a frequency distribution" If the
 
actual frequencies are expressed as fractions of the total frequency,
 
the resulting distribution is eallcd a probability distribution"
 
Before considering specific testing procedures we will briefly
 
discuss the usefulness of two frequency distributions-the nonnal
 

"'The sm::1J1 /J introduced earlier i<, used to denote the probability of J \implc
 
C\Tnt, such JS getting hC<lds III :1 single to:,s of J com The capiL:I P lS used to
 
clenote tht' proh:Jbilitv of J Composltc ()f simple e\"enr"i. such JS gettmg ~ llC;;1ch ill
 

; tosst':- of ~1 com. 



]1110 
ST.-' nSllCAL PROCTDURES 

:md C)I!->utUre (!l,tri bu t!Ol1l- ill problem, cOllcenJlllg sensun 
c\ ahution. 

Nomzal Distribution. J he 110rmal distribution call be used to 
estil1l:ltc the of chance results In a judge's peT­

but (JIll, m ;) task m which there aTe Olilv two po."ible 
c\'cnts; such as picking the odd sarnple corrcctl~, or 

ing it mcmTeetl} rfadme). Prob:lbiLties tll the ddnbuhol1 are 

represented bv :Ireas u1lcler the normal !Jrobabilitv curve, which IS 

and WlJlliletrical about the meall, IL, of the distnbu­
hon. Because the \alne of am normal), dlstnhuted variable must 

fan somewherc, 1.e., bccause thc probabiJitv of ItS fa]]mg any­

where is 1, thc tota I area (proba bili ty) ltl1cJer the Ctllve IS eq Ilal to 1. 
Tables for the norma] probabdltv CUlle ]Ist the values of the areas 

to I'arious ralnes of :c, the normal 
which is defined :rs the clCl'wtlOll X - ,It I1leasurcd in terms 

of tJ-jC standdrd c1tvi~Jh()n a: 

x - /' 
(J 

(I 

f Jere X IS tbe lalue of anv nornlzdJy distnbuted variable with mean 

", and (J, the standard IS a measure of the dispersion 

in the distribution of X-values about the mean. Cj he 
sma]]cr the I ailIf' of 0, tbe morc tightly the X'lalues cluster about 
the meaIl; approximately'; of them fall between /1 _ a and 

!t + a. T'J-,c probabilitr of a chance result is a inaximum (midpoint 
on the curve) when :c = 0, i.e., when X = I-t. 

in sensory e\aluafwns in which the nu]] hvpothesis, fi , 
o 

the prob;! bilitv p of success (colfeet choice) in a single 
the mean ,tt (expected number of snccesses) in /] triaJs is equal 

to I1P, and the standard deiJatlOl1 a can be sholvl1 to be 
C-ci~_C--~ The observed n um ber X of successes is obtained 

and is therefore always a whole num her 
\Vhen it IS used in finding aredS under the normal probability 
cune-\,hlch is ("()]jtIll110llS and therefore permits fractional as 
\\'cll ;JS integrJl \'ahles-~\. if Jt is gredter th;Jn /-1-, Jllust be reduced 

the n tll11 beT 0.:;. -This IS called a correction for contin1lify For 

1117 

Table 1. V,l!ues of: ;]!Jd XC at tl,rce lc\ch of signil,ullec 

IJIFFLRl'''( ! PRf-'.i'ERI·:?\;Cf 

Ln!j.l_ {))- ~IC;"\;JFlC-\''''''-CF {O-'.L-'I-\11 , rWO-T.\li.l-n 1 

x· ~ x· 

iSlgllifiC;}llt'j u,.; - i 1.96 :;.01 

1~j(-, (highly .signiflcaut) 

0.1% ('I-cry highly 

......... i ") j 

±:;.fY; 
:;.-f 1 
q :;:; 

2. S~,,0 fJ.6-f 

1O.E\~ 

ex,lmple, 5 or more on a counting scale is recorded as 4.5 or 11Iore 

on a contiHllOllS scale. Then the normal deViate becomes 

") 

a 

,\ppeIldlX :\ gi\es areas under the HOlma] probabilitv ClUre to 

the rIght of positile \"rJlles of z or to the left of the com:spondlllg 

negatilc values of :c. BeclUse the eUlI'e 1) symmetrical the two 
areas are the same, so only the area to the right of a positil'e IC;iluc 

of z is showlJ in the graph there and nuly posItive \'alues of :c are 

listed. !'elr a onc tai1cd test the notatIOn ";-:c.", is used to denotec 

that value ofz to the right of which 59;. of the total area lies, as 

shown in Figure 1. ,\nalogonsJy, -Z.o' wonld be the Icallle to the 

Je ft of which 5% of the dIea hes. From T;{ ble I we sec tha t, in d 01le­

tailed test. +z.l); == + 1.64 and -:cu I = - 2.33 Jn a tIl' a-tailed 

test the notation "::.1); elenotes that value of:c that defines two tail 
areas, each of I\hich contains 2.5% of the total area, as shown in 

Figure 2. From Table 1 we sec that. in a two-tailed test, Z.'l' = 1.96 

and:.o] == 2.58. 

Example 1. A Judge is presented With three glasses of wine. 
rwo glasses contain the sarne wine and the third glass a different 
bnt similar wine. He is asked to pick the odd sample. \Vhat is 
the probalnlitr that. by chance alone, he will be sllccessful 9 or 
more times in 18 trieds? 

The formulation of the question (9 S X S 18) lrnphes that 
we need to find the ;Irea under the lIormal prohabllitv curve 
bet\1 cen thc:c values corresponding to X = 9 and X = 18. Be­
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canse the probahlEtv of the )udge's being successful m ~1l] I" 
trj~l LIs sm,ill, howe",:r. the area under the cune to 
tbe right of the ::: \dlue corresponding to X = 181s so sma]] that 
WC' call include it without Illtroducing allY significJJlt crrOr 
\Ve em theretore simpl\' let X .c::: 9 and find the entm' are" (to 
wIthIn the :IccmJCI of i sigllifi can t figurcs. as gi, Cll in Append 
:\) to the right of the corresponding::: \;Jlue, 

The probabIlity f! of a correct ehotcc ill a tnal is J 

and the number of tnals n is ]8, Therdore l' = np = 6, 
(J = =, and. since X = 9 

:.\ - 0\ 
(C)- 051- ~ ~,' 1:2\"'- --~ ~--- ~_.. _.._---
-----,---- ~ j 

a 

FroliJ A,ppcw!:x :\ I\e sec that, for::: = I.e 5, P = (J, 1056, TIm 
is the prohablht\' (i,c, the c!J;I1JCC is about J to 11 that, hI' 
duncc alone. the iuclge wilJ correctly idcntify the odd 
9 or IlJOTe times in 18 trials 

Chi-Square (x 2) Distrihution. The distnbutiol1 is 
usefll! in 1p~1ring " set of h observed hcquenCles WIth ,1 cor. 

set of h expected Of hypothest7ed frequencies 

Ivhel1 k is greater than 2, The approprIate statistIc. 
which JS ca Hed chi-SOli"''' is defined as 

X' := \'Lt - (3 ) e 

where the Creek Jctter 2: denotes the ,um of the k terms 
',0, eJ + fo, -- e,l"le, +', 'Ie!;, If the 
el'cnts in question dfe those of sueeess and failure. as in the ex. 

we fJ;l\'e becn considenng, then h '= 2, so there ;ne two 
obserH:d freqnencies and two expected frequencies. Chl-squarc is 
never negative because in each term the numer;Jtor is squared alld 
the denOlllll1ator is positivc- If the obsened and expected fre­
q LlUietZ'S agree in e,efy onc of the /, terms. then X" = 0, It 
has a positi\-c \~duc if tlJCrt: is any c1jffer~nce beh\Ten c~1I obsen-ec1 

and expected and it incrcases as the dlfkrenee becollles 
gre;lter. 

)00FREQUENC'Y nISTRIllUTlONS 

Tlte distribution of X' depcnds Lipon thc ll\nnber of tllC]e­
pcndent differences, cd]]cd degrees of freedo))] (df Smce the 
sum of aJ] the expected frequencies. 2:e, Illust agrce with the sum 
of ,Ill the observed frequencIes. 2:0. tIle snm of d!1 the ditterences 
is 2:(0 - e) = (} Therdorc onlv h - 1 of the expected \<Ilues ~He 

independent, ~lIld the renlc]il1ing onc can be cJ1cuLlted frolll the 
relatIOn 2:[0 - ei = (L 'J he IlUlltber of degrees of frccdom 1S there­
fore, h -, L Values of X' for varions combiuations of prohdbIlihes 
and nnllJ bers of degrces of freedom are given 111 /\ppcndix R 

[magiuc a senes of 11 tnals, vlltlt X ob"en'eci ,uccesses ~ll1cl 

n - X £dilUTes. If the nu!1 hypothesis specifics the probahility of 

snccess in a single trial as p, and therefofe tlHt of failure as I - fl, 

X2 takes the form 

--r :...L .,I ... 
A np
 

X - 11 P - 0 Sj' I InfJ l/n(l -- p)
 

(IX - nPi - 0,5)' (-f
 

-----1-------

---------~-

111)(1 -,- pi 

where X - np is the ilbsoilite value of the expression X - np,
 
i,e" it is the I',llne without regard to algebrJlc sign (it can therefore
 
be interpreted as a positive quantity) As in the normal distribu­

tion, the number -' D,5 is a correction for eontiIlnitv bec!use the
 
X' curve is also continuous, whereas the observed frequencies can
 
only be integers, Tltis correctioll is applicable only fOf I df, which
 
holds for the examples we ]lave been considering, because h = 2
 
(success Jnd failure). In this elSe the one·tailed probability JS­

sociated with a ,dIne of X' equals the two-tailed prohability
 
assoeidted with the corresponding valuc of:::. the normal de,iate,
 

Example 2, Use X2 to estinnk the probability in Example I.
 

{2. S)2
x' = ,,-IX 1~~~t'_~-;~,S)2 = -"-'.·c, , ,-',-"" - ­ i 

= 156 

From ,\ppcndix 13 wc see that, for 1 df, X2 = 1.56 is lery close 
to the v<llne 1.6-f, which corresponds to a prolxlbihtv of 0,20, 
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Since tim e<..jual, the total probabihtv for both tails of the 

normal di,tributlon. the one·taded prob;lbJ1rtv is closc to 0.10, 
v\lnch agrees \Iith the result obtJincd in Example l. 

The appJicatiom and appropriateness of the statistical terms 

and reasoning outhned above w111 be cvident in the cliscussiollS and 

u:a Illille" that fo1!ovI 

Difference Tests 

Difference tests are med ill the comparison of two wines to 

evaluate objectivelv the differences between them, to test the 

of ludges to make comparisons of chemical constitucnts or 

sensorv characteristics. and, 011 the basis of prefcrenee ratings, to 
ntabbh Qualitv differences. 

conducted b" a smaJi laboratory 

members of thc COllSur11lIJg public The num· 

ber of panelists in 1aboratory testing v,mes with conditions, such 

as the number of quaiified persons Jvailable. 

recoIllIlicnd panels of S to 10 l!lelJl bers; we agree. Large panelS arc 

eustomary lil preference tests !l1 IvlJich the onJy cntenon for the 

sclection of members is repre,entatJveuess of SOllle conSUlJler 

popubtion. Laboratory pands can suggest probable consumer 

resnJtmg eonclusioJJS relating to tbe consuming 
should be very «Hefuny evaluated. vVc liew such conelu 

sJOns wiU I co]]Sidera bJe skeptiCism became the rela bon of the 

b bora tory panel to the consUllling public is genefdllv 1I0t clear. 

The results of a sensory ('valuation !la, 0' little meaning unless 

the panelists have demonstuted the ability to detect differences 

tlldt c,m be detected, ;:mel to do so consistently. These chfferenees 

are often vcrI' subtle and diffiClllt to detect. Ohiously the panel 

should consist of llldi\lduals with the greatest sensitivity dnd 
expenence. V;!/Jen no difference can be established. the question 

of f:nefercnce is obvioHsly irrelel'dnt. 

,\Jthough in the usual statistical the assumptions am] 
test procedures used for one jndge comparison> are the 
sallIe JS those used for n each. 

J] iDIFFEHENCF TESTS 

these two experin'l'nb arc not the >;Il11e. !n all difference tcsts It i, 

customary to aSSUllle an unchanging fundamcntal proh;lbility. 

Tests based on tIm assumption ;ue more reliable when performed 

by one "competent" judge, but elen then then vallditv is doubtful 

owing to the pos>lbilJty of bhgne and tIle effects of various 

psychologicJ1 factors l.lec page SCij. The problellh encountered m 

panel or consumer tests Jre even nlore complicated bccause of 

varying thresholds and chffcring drreetlons of preference. To COlI· 

form to basic ~lSSl\llIptions in detecting possible differences it IS 

clearly iUlportalll to usc the hest judge or judges a\'~lilahle. 

Jt has alrcady heen pointed out lpage 62) that in all trials in 

vVllle cva]n~ltiolls ti,e samples shouJd be prcsented as uniform1v 

as possib1c-at the S~llne ternperJture, il\ identical glasses, but ill 

different orders. Three testing procedures in common usc are the 

paired.sample, duo·trio, and tri'lIlglc tests. 

Paired-Sample Test. ln this test the Judge IS presented WIth two
 

samples and asked to identify the one with the greater intensity of
 

a specific constituent or well·defined characteristic Figure"
 

Or, he m'IY be asked to express a preference. This procedure mav be
 

carried ant by one judge seleraJ times or by a panel of Judgcs one or
 

more times. Based on the null lwpothesis of 110 difference. about
 

one-half of the responses should bc correct b\ chance aJone, i.e.,
 

H : P == li,.o

Type of test 
k.g., sweetness of VI/inc:, 

L-iste buth s3rnp]c". CLrch:~ the S\Yt'eter of the two. 

:)dllip]C:-'Te" 

Na]]]l' __ DJtc 

FIGtlRF j 

FZecord form for /Jdired-:::,c!Tnplc test 
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The test is llsC'fllllJot on!v Il1 control and 
e\a!lutJu]; but also lli the selection of The 

presence of []) ore or less of SOl1!e COllSti tLIen t in oue of the 

be kno\lu to the CxpUIIl1Cnter, or it can be determined 
a specltlc cIIemicdl test If, li1 seler:j! tna!s, the judge makcs the 

chffelLntiatiOJl correctly significmtlv murc often than would be 

chance ( p = II: the experllueuter can mftr that the 
possess some abiEtv to detect that 

constitucnt. I Jl tlIis case a Oilc,tdikd tcst II 'lpplie3 ble and the 
::-! 1tcrnativc is Ill: (J > becausc the judge shows 

if he em make the correct choice more oftell than hc 
could r'he (J]1t'·tdi]ed region of signiticance in the 
llorma] distnblltiOIl is s[Jown in FIgure -t for the:;'!i. lelel. ellcll 

idkd label of;:: tliat cxceed +] .6..1, thc Idlue at the )Sr lCI'c] 
-.;...:::.,,, indicdte a SIgnificant differentJatioll :lbilltV. 

In preferencc testing thc iudge is dsked to cxpress a preref<:i1cc 
betwcen hlo wines. f\ statisticany significaut preponderance of 
selec:tlons of 011e Wille o\'er the other then indicates d significant 
preference difference and. therefore the judge's tastes 
are comentioli<llj.;J siglllhcdl1t. ofJjecti\'e quality difference. Since 
either wine lIlal he the preferred onc (i.c., since the selection of a 

W!iW \'cry illfrcquen tlv i\ just as Illeaningful as its selectIOn 
1('1\ freynel1thi, the alklliatile here is H,: p ¢ '/, and 
the two-tailed test 1.1 'lpphcdblc. The two'[<llJed region of 

cal1CC III the nOlm]l clistribllhon is shown in Fi£ure 5 for the 57b 

Region of 
H..egion of nonsigTllficJllCe signdiC<luce 
- -.-----~ -.-.I!"'----­

P' lJ) p = D.u5 

j1 = 16+ 

!"lC;\ ;RI-, -+ 

()ne-t.ailed lcst. !c\'ci. I-i ,: /) .:.._ 1I ' hl r' 

I "J' 

Region of ReglOlI of 

significance Region of nonsignificance significance 

P = 002, 

-.. 1.96 z 196fJ. 

l'IGI'RF 
{'wu-Iuilcd test. ,'; levcl. I II" I) '2' H" I) ~ 

leleL Calculated lalues of z that lllllncric'lJ1y exceed 196, the 
,.rot=':.'Tr-'11r"·' el[value at the 5% lelcl imhcatc a 

difference. 

Duo.. Trio Test. This test is '1 nlOdified paired-saJIl ple test, lJ] 

which a reference sample is identified and presented fmt, foJ1olVed 
by two coded samples, one of which is identical to the reference 
sample. The judge is askcd to decide whieh of tile two coded 
samples is the same as the refcrencc sample (see Figure As in 
the p;lired,sampJc test, the llull hvpothes1s 1S lIn: P = liz because, 
bv ch~Jl1ce alone. the judgc wiJ1 pick the correct sample about onc-

Typc of t L'St
 

(e.g., comparison ot old and new blends)
 

1 ~L)rl: or smell (or both) the referc\lce sample "mel the two coded soliliplc\ 
DCCide which of the latter is the sarnC as the reference ::-:ampk 

Sdlnple s,lInc ,'c. 
['(,5t Coded )dlllple.s rekrcllC<: s<lmpl( 

Namc ~_ OJtt' ------- ­

1-1Ct'RE 6 
Record fOrln fOT duo-trio test. 
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half of the time. Slllce tillS is a difference test. It is <me·tailed. I t I', 

especially applIcable III gUJlitv control, in \\hich a sJmple is to be­
com pored with" referencc st3ndmd. 

Triangle Test. In the triangle test the judge is presented \\ith 

three SJ 111 pks, two of which are identical. He is asked to select the 

odd sample (see Figure . The probability 

cklllce alone is one-third. i.e., the nun hvpotlte'ls is HI): p = 
-I'he test t:- t'dSV to ddnlinister alld is dhn l1seful in contro] 

i!!c duo-trw and triangle procedures should bc med onlv fOI 

differeilce testing, as described above, because it has 

bcen ,hown tha t ha ving two samples of onc wine and one sanlDle of 

tlie other tcnds to cause blClS 111 preference Judgments. 

For vanoU) 11 um bers of tria Is in the Daired-sa111Dle and duo-trio 

tcsts, "ppemlix C the minimum numbers of correct 

ITients requlfed to establish a significant difference 

test\ at the S%, 1%. and O. ISS levels. Also giveu. for the 

test. arc the l1nnimum numbers of 

to establish;] significant preference 

J\ n"pn(11'( D information for estal)llSllmg a 

V~11uc, for X > f! that arc not 

the followin£ equations: 

of test 
{e,g., diHerenee ion flavored by h\lo agC'nts) 

'j,l~tl' or ';lr,t"n bod!! aj[ tllree ~;]mpk:::. Decide which nf the three 1\ 

t1ilLKt' the uther h\T:. 

S;lillpi{~ nnlike 
:-'<:1 il;::dc-, tJic ,.}t]l('[ (\\11 

'\. ,~n!(~' f);!t( 

net IRI" 

iZec'-)rd t~,," for tr;dng[c lc,.;;L 

DIFFERENCE TESTS lIS 

X _ 11 .~ '" +1 X = ~~_ \lI1X' +- ------ or -'---:::;:------ ­

for {] = (one· or two·t,ulectl (5) 

and 

X = 211 + 2.3\;: + 
or X = 211 un \/nx.2 

6 6 

for p = (one·taIled 

In 11 tndh (number of judges or judgments) the minimum number 

of correct or clgreeing judgmcnts required for signiJlcance is the 

next greatcr intcger above the \-alue of X obtained from the ap­

propriate e<.Juation above, for the value of.z or Xl found in Tab]C 

1. Values of;: for other levels of significance can be found in 

pendix :\, and \J!ues of X 2 in !\ppenc!ix B 

Example 3. In a paired·sample test a Judge is given two glasse:;
 

containing a elry white table wme, to one of wInch ,1 :;null
 

amount of ethyl acetate has been addec!. Fomteen time, in 20
 

trials l1e correctly identifies the adulterated sample. From ,\p­


penchx C we sce that in 20 trials elt least] 1 correct Judgmcnts
 

arc rC<.Juired for significance at thc S% level. On the ba,is of
 

this tcst, therefore, the Judge is not able to detect the
 

acetate that has been added.
 

Example 4. In a palred,s~lJnple testlU ludges are elskec! to
 

express their preference for one of two \vilJes. Thirty·six
 

preferences arc expressed for wine SI and H for wine 52' From
 

Appcndix C we sec that the miilll11\1m number of agreeing
 

judgments reguired for significance at the S% level in a two·
 

tailed test is 33. and at the 1% level. ~ l. On the basis of this
 

test, wine 51 i, judged better than wine 52 at both the S9(;
 
(significant) and 1% (highly significant; levels. Therefore the
 

chances of being wrong in rejecting the !lull hypothesis (II 0"
 

P = of there being no clifference between the wines are less
 

than one in 100.
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Example )_ In a cluo-trio test of 24 tnals, how many corred 
identifications of thc IdentIcal samples arc rCljlmed for slgn1l1­
cmce at the:;ck· ancl Fi- levels? From Appendix C lIT scc that, 
for a 01Ie-i,1I1ec1 test at least] 7 and 19 correct Identifications 
are feljlllfc'd for significance at the ;CJ"c' dnd 19~) lCY'els, 

Example 6, In a triangle tcst a iudge correctly idclltIfies the 
odd sdmple ill 1; of n trials He therefore mdieltt's abilltv at 
the ;q;. le\/cl of signinCll1Ce hecau~c, frOlll .:\pptlldix lJ, at least 

corrcct identificltrons arc reouircd at tIm leleL 

Example 111 a paired-sample preference tcst with 64 trIals, 
how 1l1~ml !udgmcnts arc required for significance at 
thc :;% leleP Sincc n = 64 doci not appear I1l .-\ppendix C l':t: 

use Eqnatwn :; to determine X, the number (If ~lgreell1g 

ments reqtmel] 

64 6-1 +- L<j6(8) -+ , = -lU;x 

Therefore at least 41 agreeing judgments are required at the :;S',) 
le\-el of significance. 

In testmg entJiJing tv, 0 or more wines, differences 
among wine can be cst~lbhs!Jc'd quantitative llle~lSUTes 

ubtained from scorc cuels or other mcans of scoring, by ranking, 
or hedonic rciting, \Ve v,ill discuss eaeh of these procedures, but 
nrst \\'c must examinc in more detail thc procedures for ,pl,'din" 

Sequential Procedure for Selection of Judges 

\Vhen pauecl-salllpk, duo-trio, and triangle tests arc used in 
the selection of jlldgts~ a predetcnl1int'd nUlnber of trict]s is C111­

and those candidates sho\\'lJ1g the greatest abihtv are 
selected. Questions h~1\'C heen raised regarding the IHIIllDCT of tri~ds 

llC'cdl:cl and the uuaht\ of the il1l!2es thus Dbtained, Often too 

SEQUE:"iTIAL PROCEDURE FOR Sl'LFCTlON OF IUDGES 117 

little testing is done becausc of limltdtlollS of time ,md suitable 
experimental mdtenaL 

Sequential procedures can prO\icle considerable iUlprO\t'IIlt'llt 
over other selectlOll procedures and cau S;l\(' valuahle time and 
matenals. In a sequential testing plan the uUlnher of trials is 1l0t 
predeteTlnll1ed, and the decision to terminate the experimeut :It 
anv time depends upon the prcvions results The seqncntial proce­
dure described here is a modificatIOn of that dCI'l:loped by \Valcl 
11 n ._1--:' \ • _1 • ~1 '- ~ _J I",'")
\1'1"T!) dUll dlldplt:U \ J 'j)) 

Let Pbe thc true proportion of correct clccisJOus th ,J t would be 
obtained in paired-sdmp]e, duo-trio, or tn~jj]gle tests if the poten­
tial judge vvere to cClIltll1Ue testing indefinitely, This is a measure uf 
his inherent ability in tire test in question, Values of Po and P, arc 
specified such that inc!il'lduals having abilities equa] to or greakr 
than PI wi]] he accepted as iudges, and those WIth abilities equal to 
or less than I)" will be rejected, The testing plan depends upon the 
vallIes assigned to Po Jnd P, Jnd also upon the values of a and (l, 
the probabilities of committing errors of the first and second kind, 
respectively (a is the probability of rejecting a qUJlified 
and (3 is the probability of aceepting an unqualified one), Potential 
judges are accepted or rejected on the basis of their performance 
with respect to ~l ehart of two parallel straIght hnes L o and L I_ 

w]lJC:h are uniquely eletermined bv the assigned values of PII' PI, 
lX, and /3, These lines di\ide the plane into three regions: une of 
aceeptance, onc of rejection, ane! one of indeciSIon, as shown in 
Figure S, 

The equations of the Jines are 

Lo:do=ao-+-bn and LJ:dl=al+bn () 

where 71 is the total number of trials, d lerther oIle) is the accumu­
lated numbcr of correct decisions, b is the eOllJlllon slope of the 
two lines, and aoJnd a I are the intercepts on the vTrtica] axis, The 
cOlllmon slope b of L o and L I is 

b ~-= k,/Ik l -+ k,) (81 

~]Ird the intercepts ao and a J arc 

all = -c,/Ik, + k2 and a, = e,/ -+ Ii:) 
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Seouential test chart. 

\vhcrc 

/.::] (P,/PO) = Pt - {J 

k, - {Jo)/O - PI (1 - I),,) - log (1 -- PI 

- /3) - log (X("1 r (1 - I:;) 
'1c (1 - (1)//3 \J - a 13 

[\[ter each trial the experimenter plots the point lei, n), repre· 

the accul1lltlated ll\lInber of com:ct declsiom 

versus the total lllllllber of tnals (horizontal 

is therefore one i1 nnit to the ngilt of the preceding 

and is either 011(' d nlllt "bOle the preceding point or on the 

same horizontdl len,], dqxnding on whether the decision I\as 

correct or incorrcct, respednelv. Testing con tin Iles nl1til a plotted 

falls 011 or abo\ l: the npper lin<:, resulting in acceptance of 

the clllchdate ~lS a judge. or on or bc1o\\ tite lc)\\'('r line, resuJtin£ in 

his reieetion. 
!'ht"~ nnnlbcr of trials required c1cpelHls npo1l the 

and on the Js,signccl \alues of 1)0- f)]. It: ;Jl1d fj: 
which are dcrcnninec1 -I;". the t'\Dcrin:!Clitcr. Before hYn1n);t+;~HJ 
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himself to a gilTil set of I'alues the cxpefllnelltcr may wish to knOll 

the ~l\'erage ll\nnber of trials that can be expected for that set of 

values. The number of trials reCjlllred CJn be decreased mereas· 

ing the difftTenee bet\\een I) [I and I) 1 or bl' Inereasmg n or 13, or 

both. if competent Judges ~lre in good sl1ppiv the experimenter 

mav wish to increase nand ;Kcept ~I greater fISk of reJectillg a com· 

petent jndge. 

The average num her of tri;J!s to be expected, n, CHi be obtained 

from allJong four caicnlatt'd v~lllles corresponding to mccl,J! qlucs 

of {J, as shown below 

P = 0 (no abilitvi 

11 n = e j /1<2 

I) = Po (maximnm unacceptable 

(1 - me, - f3e 2 

(1 - 1)0)1::. 2 - PO!::'I 

Il = P, ;.minimum acceptable 

(1 ....:::..' - , -, - , 
npi = Pt-­

{J = I (infal1ible ability) 

71 1 = e 2/!::.1 

The average num ber of trials to be expected is the largest of thcsc 

four values, 

Example 8. Suppose that a tflangJe test is used as a basis for
 

selecting judges in a sequcntial proeednre. For the assigned
 

values Po = (1.45, PI = (L70, (X = 010, and (3 = 0.05, find the
 

average Humber of trials to be expected. (Competent judges
 

arc in good snpply, so (X is being taken as 0.1
 

vVe begin bv finding the valnes of k ,mel e: 

/::.1 = log "CU/0,45) = 01919 

h: = log(fl.::;5/0JU) = U2632 

e l = log(0,9::;/0.10) = 09777 

e, = log(O.90/0.05) = 1.2::;5) 
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\Ve then me these \diLlCS m the four equdtiollS for ric 

no =: 0.977: ,. 

0.866 
149 

lO~2 
1\.:\ 

iiI 1 -; 191C) = 65 

\\e sec that the test wJ1l requne dll ~I\erdge of 19 trials. 1 he 
mmilJc! for elch candidate wilL of cuurse, depend 

upon his 11l hnen t ,d)lh tv, p. 

9. USll1g the lalncs of I<. and e calculated in Example 

8,	 find the eqlutiollS of the lmes L" and L,. 
From Eon"tio!1S 8 and 9 lIe o!Jtalll 

b= S1 = () 5"8 

an=---= --0.9777/0.4S)1 ~2,1) 

Ul == 1 ; 51 == 276 

The equations of the lint's arc therefore 

d" == ~2.15 (I.578n 

L,: d j cc 2.76 + U.S-8n 

Example 10. The of t\'.o candidates for wine 

A and B. :ire showl] 111 the table bclow, where a 1 illch· 

cate" a correct cleci"ion and a 0 all incorrect decision. Evaluate 

then perfornlances with respect to the lines L o and L; and 

determine the number of triah after which each canchdatc IS 

ei ther aeeeDted or rejected 

No. of trials n: 1 = :; --t :; 6 D 9 lu 11 I: 1~ 1+ 15 16 17 18 ]Q 

Decisions i l,: 1 1 Jj 0 0 1 0 n () () 
l3 j 1 1 (l l 0 n I o u 

....~o. of correct /\ 1	 l==i';~·t
 
~ ;
deCisions, d 13 +·f '+ ) (, 9 IO to 11 1= l~ 14 

9. in 

wllich the nUIl1bcr of correct clccisl011\ is nlnth.~d ;JQainst the 
'The DerfornLH1CCS of A dnd B arc 

an example of an 

16 

g14 
2 l' 

v 
~ iO 
0 
v 

0 

] 

Z f)	 

L.i 
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7'11

B 

/\cccpt	 H 

13	 B 

B \CS\"\\'~ 
."",c /L,

B 

B	 r 

B ~ 
B ..\ .\ .\ 

B	 B H A 

B B ;\ Reject 

,\ /1 :1. 

i (, 10 12 H J6 

Number of tflals. n 

l'ICliRJ-: l) 

Performances of candidates i\ and B in a sfqllenti"r test 
procedure. 

total Ilum ber of trials. By the criteria specified for the sequential 

procedure, we see that /\ is rejected as a judge after 13 trials 

and B is accepted after 19 trials. 

Scoring 

V.,iith experienced judges scoring is usuallv the most 8cceptable 

proccdurc for establishing diffuences among winc samples becaUSe 

it mc:mnes thc magl1ltudcs of the differenccs. Thc scoring scale to 

be lIsec1must be clearlv defined and understood by all thc judges. 

i\ C)-point quality scale (sec Figure 10) h'lS been widely used. Jt is 

ordindl scale (StOlle et al., 19--\). The 
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FIGURE 10 
').!)()/rlt 4ualitv scalc. 

checks the approprlcite which is com crted to a llumeriCl] 
score: 1 for extrell/ph poor to CJ for excellent. 

! 11 the e\ dluation of ovC'r~lll winC' quality, score cards 

for I 7n.n(}inr r"hnv scales. On the bdsi) of a 20­
arc suggested: (a"1 sUfJerior 

-wmes of fmc quality, well·bdLmced, no pro­

nounced defects, and free of excess "voung'" character; standard 
(1 ~-16 points) -the \Iincs of commerce (ilicluding ordinan 

bottled wines), not deficlent in dl!y important characteristic, bnt 

proper age or thc balance required for fine ljuality; (el 

below standard (9-12 pomt" -wines lacking some required char­

acteristIc or suffering from somt' lIIdlady I\\ines WIth off odors or 

ott taste or Imdl volatile aciditvl: (d) undccelJtable, or spoiled 11--8 

must l)c discarded. See pdges 

:malyzing the results 

Davis Score Card. The original, so-called D:l\'is score card (see 

ll) \'.,1.1 developed h the staff of the Department of Viti ­

cll!ture and Enolog'i at tIle University of C~a1iforni~l, .Da\·Ls. ct:) a 
lilethocl uf number of e:-:pcnmental willes that 
\\·"crc Later it \\"::1S used as a training de\-ice for 

S:tudt'llts \-\'"ho \verc their educaholllI1 the sCil~ory e\"all1::1­

\\111C:;. <J his ~C()fC" card SOUE' factors 

1".:..') 

\Vil1C s~Hnplc _~ _ 

CJL-lraderl'ib.. \\ 

f''Ll'.'UT 

CellCL1\ qll;_dlt~ 

,rOlil,1 ;:nd h.lutjl-id 

BlttL'rnC~'i 

Bo(j<, 

S\\'(cil1CSS 

Vq!ati1c ,t(j,Jitv 

1ot;Jl audit:_ 

i\ppC<.lr'lncc 

Culnr 

!j~- ]6'1: below standard (9-12L 

l"Llllle _ D"tc __ -- ­~ 

\·lGlJRE 11
 
The Davis .1·COTe cdrd. (The meanmg\ specified for the total SCOTes
 

serve to assure relative uniformity of the rudgc," interpretations of
 
thesc terms I
 

(aceseence, for example) and underempllasIzed others (aroma and 

bouquet being the worst examples). Among its other defects was 

that it did not differentiate between bItterness and astringenev 

(page 42). The concepts of flavor (noll' generally regarded as odor 

perceived via the mouth) and general quality were not cledrh 

defined. It a]so became appart'nt that the definitions of superior 

(17-20 points), standard (li-16 points), below standard 1,9-12 
points), and uuaeceptable, or spoiled (1-8 points) Idried from 

judge to judge, depending on the judge's experience and the 

severitv of his Judgment. 
Despite these deficiencies tile DdVls score card has been sue· 

cessfullv used by highly skil1ed judges at Davis without serious 

difficulty. In fact, the staff has learned to use it with remarkable 

precision of tbe results and their interpretation. t\s a pedagogical 

tool it has provedusefuJ for both regularlv enrolled students and 

those t~lking adult wine-dpprecicltioll courses. The above-men­

tioned problems are always nplalllcd to tbe students. ,\ modified 

Da\lS score card is shown m Figure 12. 
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A nlodified [)ovis SCUTC card. 

In recent \'Cars the Dd\is score card has bcen usee! (or misllscd'i 

Hofc"ional ane! amakur groups \\'lth less success. :\flost of the 

ari.'cs from \ar\'ing intcrpretatioIlS of the scone carel. 

scores to all thc wille" whereas profes­
sIOnals usually spread then scores o\er a ldrgcr range. Disaster 

Occurs when <ll1iatenrs and professlOllals judge togcther :mel thc 

dver:;gc scorcs for the: individual \\ine, :Irc used to rank the \\mes. 

Tins cannot hc done safely I\ithout appropriate statistlcal 

of the eLi ta, dne! tIle latter is hardly cver clone 

One solutJOn to this problem would be to hole! one or more 

sessions of the grOl1 p and discuss the meaning of thc scores. 
i'-nother possible solution Ilouid be to usc the shorter, Ill-point 

Score card cle\ lsed bv Ollgh Jnc1 Baker 961 1lowever, bUll ching 

of the scores ill the S-to-JU-poillt rangc \loulc! then be even more 

acute tllJn hunching in the 17-to-2Upoint [dngc of the 2()-poillt 
\ca 1e, 

\ \'e r('commend llSlll? professional judges if the objcctl\e 
i, to Ll11k a group of wines ill order of merit by their scores. l'he 

experienced, \\'111 ~tin require one or 1110re practice 

12;
SCOIUK(; 

sessions 111 which their scores arc compared l\lthough it rna\' em­

barrdss a judgc to he foulld scoring too high or too low, it is es­

sentl31 that this bc revealed If the average scores arc to be meaning­

ful. 1\lso, judgcsmay have very different standards of excelience 

for clltterellt typcs of wines \'lith s<lmples before them the 

should discuss the various types of \\'ll1es to bc evaluatcd. QucstlOllS 

mch as thc following must be discussed: \'lhat range of color \\il1 

be tolerated in d given type of wille' \'lllJt is the typical \ ~Hictal 
aroma? How mlleh fennenLltlO\l bouquet can be allowcd 

lespecia11y in voung white wlI1e:;)? Arc dry ~llld swed willes to be 

Judged together? How much credit should be given for bottle 

bouquet (as in a wen-aged red wine)? \Vith respect to these and 

SilJllJar questions the chfferences between superior and SLH1dard 

wines mnst be clear to all the judges. 

Other Score Cards. f\ 2.0-poin t score carel tlu t avoids the detailed
 

evaluation required for the Davi:; score card i:; shown in Figurc 1';
 

and appears very useful. Two noteworthy featmes of this score
 

carel 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 (hsadvantage is the heal'\' weight given to
 

taste in evaluating the wine.
 
K1cn k (1972.) has used the foJJowing, vcrI' sl1niJar 20-poin t score
 

card: color, 2.: appearance, 2; odor, -f; taste, 12. /\gain the taste
 

contribution to quality seems to us to be greatly overempha:;ized.
 

[n competitions in which this seale was used, the gold medal was
 

given to wines that scoree! 19.6 to 20, the silver me<.bl to wines
 

scoring 18.6 to 19.5, and the bronze medal to wines scoring 17.6 to
 

16.5. For example, Klenk gives datI for 8 wines, e:leh of which was
 

judged hy 4 judges The averages werc 20 and 19.9 (gold medal),
 

19.0, 19.0,and 18.8 (sihermedali,and 18.5, 18.5,and17.8 (bronze
 
mcdal!. Statistical analysis of Klenks data show:; that differences
 

of 1cs:; than 0.51 betwcen ,werage scores were not significant.
 

Therefore thc silver-medal wines and the first two hronze-medal
 

wines	 were not significantly different from one another.
 
Klenk has also uscd a 40-point scorc card scakc1 as folJows: color,
 

';; appearance, ';: odor, ] 0; tastc, 2.4. \Ve believe that this is too
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grcClt d range for non11,l1 usc bt'c:lllSe ]lIclgt's cannot diHerentiate 

40 lClels of quality. 
The typical 20-point score c,ue! i" well snite,l for thc naluatJon 

of still t,lblc wincs, but it rcquircs modification for ot!]er tvpes of 

\\incs. For example, the perslstencc of thc sparkle in 

\\incs must he ta kcn into account; either Ran)r or generCl] 

mav be Im'oked as a means of ,ubtracllllg points for bcl of po 

slstence. 1n desscrt wines (except muscatcls) aroma is not a 

prcllninent charactcnstic: greater emphasis must be 2i\ CII to 

boutjuet. 
Another score carel nut has been nsed in intcrnatlOnal ]nllgmgs 

IS that of the Office International de la Vigne et du Vln, ill Paris 

Figure 1 The perfect scort' is O. Defects are m,nkeel on an 

increasing sc,de for each category as a 111ultiplynlg factor ill, 

Xi, xl), X 1 As WIth all score cards, some degree of bllliluritv 

with the terms is ncccss~JrY. Odor intensity aod odor quality seem 

clear enough. [he dlffcrenee between taste intensitv ,mel taste 

q U,l1itv is hI' 110 means so deaf Taste intensity WOUld seem to per­

tain to the posItive aspects of sweetness, sourness, and bitterness, 

i.e, the ideal intensity of eaell. Taste quality would then perblin to 

the balance (or lack of it) in the o\erall taste character. 

\hlitiplYlng Llctor for 
iJKf(._~_,-;sing dt:ftc~s. 

'.eli / ](1x_I dCh,lL1ltcTlStlC \\'eig\\t Xfl 

j\ppC~lr~lncc 

Colur 

OclOlintL"n:-l1)
 

()dor qUedi t:"
 

Taste i!ltell:-it\
 

Td~tr: qn,dlt\
 

[-Iarmollv or babnce; 

rVlultlplYlng hctor::: Ciid."tanding to); ver~' goud (1'1: good d;; I1cce!Jtill;ie 

UllGccetJ/uble 06J. 

_____._ __ Date
Name' ---- ­

F1GIRE ] 4 
Score card 01 the Office Intern,ltional ,It: la Vignc ct clll Vill, Paris. 



STATISTICAL PROCElHIRES 

/\ssoeiazione Enotecniei Jtaliani (197:;!, in tvl iLlIl, has 

proposed J 1 scorc card (see Figure 1:;;, This SystcrJi will 

probablv work as well JS l!lost other" although it hJS SCleral dis· 

alhauLJges: a lOCi·point sealc IS too large, the Ilords finesse Jud 

}wTlT 1011\' are difficult to define in sellSorv terllls, dnd old red wiucs 

~lI1d l!lost dessert \\intl would score low in freshness I t does haH' 

the <Iclvalltagc, howtler, of forcing the Judge to qualltih hi.s 

judgments, from had to excellent, OJ] several Ivine <lttributes. 

\Vhen other elalu<ltioll metlwds arc used. such as or 
hedonic ,,,tillg, it IS still necessary that the Judges understand the 

problems dmllSlcc! above aud thdt they agree as closely as possibie 

on the denliitiOlis and interpretations 01' the terms to be used in 
clc)cribing the \vines. 

\hd:,)uc g.,d 
\\ 

\ "i.\lwl 

!\ppc;;: iTT" 

Colo; 

i.Hl d (t',n 

J-'illChC 

fntcH:'>:;" 

l' rc~hnes~ 

Bod\ 

bkilSih 

Fill;_d [ctste·(Il1()1 

,:>cn:,;JtlOn 

I"yp,CClllJt c; 

Ceneral 

JrnprC''>IGli 

NCllnc _~ 
~.. Date 

HCt'RE 1~ 

\'core curd ada!)fed lr07?I that puhiished tn the 
A~).uciJzlon(' EllOtccl1ici [t8li,-11li (197j), \--lilun 

1:29 

R,liik tt:e fj s~ll1lp1c\ lil order of lllcreasIng CtllJrlUJ content. 

lilghest __~ _ 

Lowest 

',,,,,e _ _ ..~.. ,,_.._ Date _ ,,_._ _ . 

FICl'RF j (, 

Hanking wines in order of !Jel'cenf ethanol. 

Ranking 

In the rJnking procedure the judges are asked to arrange a series 

of two or more samples in increasing or decreasing order with 

respect either to the intenSIty of ,1 particular characteristic or to 

their own prderenee (see Figure 161. The test is simple to admin· 

ister, may not reqlJlrc highly ski]]ed judges, and makes pOSSIble a 

distribution·frce analysis. ] t docs, howevCf, disregard degrees 01' 
difference among the wines Jnd is therdore usually less sensitive 

to the effects of such differences than tests based on scoring. Sce 

pages 161-167 for methods 01' analyzing the results. 

Hedonic Rating 

IIedonic rating is what the name implies: quality evaluation 

based on thc pleasure that the judge finds in the wine. The evalua .. 

tions are usually made 011 ). to 9.. point balanced scales ranging 

frorn extreme disapproval to extreme approval, such as the onc 

shown in Figure 10. The results are converted to numerical scores, 

which arc theu treated by rJnk analvSlS or the analysis of variance 

topics are disnmed later). The procedure is used by both 

experts and untrained consumers, but is more appropriate for the 

la tter grollp. 



J~n STATiSTICAl. PROCEDURES 

\Vhat do tll'" results of hedonic ratmg me~IJjO :\re t11CV mcrcly a 
\;1 hJCcti\C preference opiniou 7 Jfso, alcLlging the scorcs is not verv 

lc)\VevC!, If thn denote a degrce of quailtv rcbtiH' 
tn sUllie theorctIc:]l, agrecd-ll pon standard of perfectwn, then the 
alerage SCOTC mav bt\·c ohJcctivc lalue. 111 fact if tested bv ell;' 

,,,.()m'Ld'(' statl\t!cdJ procedmcs, the diffc'fcncc\ JlI1[)llg the ~]lerJgc 

scores of thc \,lrJ()lJ) ilines Illay reicc:l] significant differences <111101lg 
the wines, or they may indicltc no significJI1t cliffen:lIces. Sce 

pa['c\ 145-147 for methods of anJlvzine: the rcsults 

Tests of Significance of Scores 

l\cg,lrCllcss of the tyPC of naluatic)]l procedurc used, the overall 
res liltS for each \\Il]C in the tcst ,1[<:: nstwlly exprcs:-cd in tenns of a 

numerical scorc. These '>cores CJn he 'lIlaJvzed statistically to 
determine If slgnifiCJl1t differences exist Although the usual 
statlsllcal procedures presupposc ,1 IIc)[lnaJ distribution of scores, 
moderate deviatiOns from such adistribution do not illv;llidate the 
resnits StnclJes have shown that the distnbutIoll of scores ill most 
tests IS onlv moderately Jsymmetrieal, and the usudl test proce, 
dures eIre valid Sometimes the scores lit J bimodal distribution 

(one with two pe,tks in its graph" whieh means theIr we mOil' be 
with two tvpes of Judges who differ sigmfieantlv in their 

qualitv standards or preferences, it mav then be desirable to 

sC}xlIate and compare the scores for the two gronps making np the 
bimochil distribution 

Variability, Tests of significallce entailing meallS (avcrages) of 
scores arc based OJ] estimates of the lariabilitv of that population 
of \vhich the scores constitute a random sdmpic (sec jlOige I The 
cllstomarily used estimates of the vari:J bilitv are the I'Jri,lI1ce, v, of 

distribution of scores ,md its square root, s = The 
latter reprcscnts what 15 callcd the best estimate of the standard 
de\iation of the DODULJtiOll, as determined from a sample of that 

ns I'S OF SIGNIFICANCE OF SCORES I') I 

population." The variance is thus a measure of the dispersion of 
the observed va!ne's of;I I <Hiable (here, the score) about the mean 

valuc, Jf Xl' X2' X" . , . , X" reprcsent n sam ple scores, their mean 
value is 

,,\ 
N'x'"-- - X--_.~ -.-..-..-.::~-- {1 ()) 

n 71 

III analog\' wi th our previous mage, the Grcek letter 2: 
denntt'S the SUll1 of the n \'alucs of ~:. 

TIle bcst estimatc of the lariancC' of the POpuLJtlOll of which 
the n scores are a random sample IS defined a, 

r = 2')}-=-- ~)2 = LX' _~ ~'ir)2!1l = 
,~ C 

;1]\ = .12 
11­

where C = ('iX)2/ 71 is a correction term that conlcrts thc SUIll of 
the sCjuares of the de\latrons of the scores from ii, 'irX - 0)2 

= 'iX 2, into the SUln of the squares of thc delwtions of the scores 
from their mean yalue, X, 'i(X - X)'- It is customary to refer to 
the numerator of thc expressioll for vas the sum of squares (S5) 

and to the dcnominator as the corresponding IlllIllht'f of degrees 

of freedom (df) The latter is TZ - I because 'irA -, X) = () and 
therefore onJv 71- I of the diffcrences X - X arc independent. 
,\ sum of squares divided by the numbcr of degrees of freedom 

an unbiased estimate of the \,llIance of the population. 

Example J l. From tIle S sample scores X = 8, 7, 6, :;, :;,6,8,
 
and -', \erifv numerically that 'i(X - Xi = () and that
 
'irX - = 'iX2 - G Find the value of s, the best estimate
 
of the stanclard deviation of the popnlation from which the
 
sample was selecteel.
 

Partial uleula tions arc shown III Ta b1e 2, from which Ill' see
 
immediately that L(X - X) = O. Using the other slims shown
 
there, we obtain C = (:;2)2/8 = 338, so
 

*"~()tc tl!;lt tlle sLl1lcLnd de\ i-i.lhOll or the popn)clt!(i]; 1" dcnoted h~ a i"Cl 

page 106] hilt the hest t:stlmatc- of it. h~1Sed on the Jctu~tl );1illpk, is denoted by::; 



'l'able 2. P;,lfLI,-.J1 c;~lcUJdtjOll~ for the SCOI(::­

gi"ell 111 tXtlll1ple J I, 

:\ .\ .\ ,x \ x; 
-- ­
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\1can 6 ) 

C =.c 048 - B8 = Hi = \' 
Fro111 l] INC abtam y I ] .4i, so 

s = \,' = 1.20 

\Ve mil enCOl.mtcr eaJcnbtlOll:\ of this kmd again (sec pagc 

1i7) in the discussion of anal\sls of vanancc. 

The i-Distribution 

\Vben the standard cleliatlOll 0 of thc population is known, the 

normal cldriiJution is apphcl bk ill "either·or" deciSIOn problems, 

such as: is tl1Cre a significant difference between these two mean 

scores or !lot" !f 0 is unknown and must be estimated from a 

!w calculating s, the samplmg distribution of the resulting 

statistic (see page] is no longer d normal one. The appropria tc 

test statistic ill t]m case is denoted t. Like X', I has a dIttercnt 

ddnbution for each l;l]nc of the number of degrees of fretelol11. 

\V1Icn the population is normaL the I-CUrie is S\lllllletrical and 

hcn-sh~1DecL but non-normal. l\S the SIZC of the sa III lJle from I\hieh 

THE f-DISTRlBUTION 1" " 
sis cIkuLrtcd 1l1(Te:!ses, the I-curve ;IlJpro;lchcs the llO[]]lal Cllfl'C 

as a Ji111itillg form. 

Values of I for \ariol1s comhinatlOns of probabilities and IlUII1 

bers of degrees of frcedom ,lfC given in i\ppendix E. The prob:!­

hilitiessholVn at the top of tIle table pertain to a two-tailed tv,t, 

and those slwwn at the bottom of the ta b1e arc the corresponding 

\alue, for a olle-Ljiled test. 

Two Sets of Scores (Unpaired). Statlstie,ll tests for significant 

difference arc based Oll the n\l11 hypotheSIS that no chffereuce 

eXIsts. This assumption ilpplies both to population Inca II scores 

and standard de\iatlollS. The SLltiStiC I is useful 1Il detenuinin2 

signifiCClnce 111 snell tests. If, for two sets of scores, no score from 

one set corresponds to allY particular score from the other set i;IS. 

e.g., in the sets of SCOTes obtaillcd for one wine b\ two different 

panels of judges), the scores aTe independent, or u71{Jaired, and 

the I-distribution furnishes the appropriate test of sIgl1lficancc for 

comparing the mean scores of the two sets. Suppose there are 

Il) X-scores and 11, Y-seores [11 1 mayor ULl\' not equal 71,!; t is then 

defined as 

X-y
1=; ----=_= 

J '.:.11 1 + lI z)I2:X' + 2:P - (2: X)'/11 1 i\'}'2/
j.' f n ,j 

----- -------- -- ..... I
"\ ( 11 111, . l 11, ..,.. '.110 - -'­

(elf = n l + 1l z .::.) (l2) 

fhe significance of the result is determined comparing the 

calculated value of I WIth the two-tailed values gi'en ill !\ppendix 

E, for the appropriate Illlmber of degrees of freedom. Calculated 

l~l1ues of t that excced those in the table indicate significant dif­

ferences between the mean scores X and Y at the level of signifi­

cance in questlOn. 1n other Ilords, such values of t lead to rejection 

of the nu]] hypothesis of no difference. 

Example 12. A. panel of 6 udges scores a wine on a 10-point
 

seale (see X-,eorcs in Table ) allC! a secolld p;J1]cl of S judges
 

scores the same wine, lIsing the same scale (see Y-seores in
 



------

134 

__~~_~~O~~~_= _ 

THE i-DISTRIBUTION n:; 

Table 3. !\ wine scored !", [wo of judges comp;lIes thc same two wincs,';1 set of (wired scores 
of judges (sec Exalllple 12 

results. For the 11 paired score, Xand Y, the diHerenccs D "2 X - Y 
PV-:L! are tllen computed, and the:: mean difference D = 'L,D/n between 

the mean scores X and Y is tested with the t~c1istrilmtiol1. The
)'2
 

------_.."~ ­
\ Y \' 

--~-­ expression for t in tIm case is 
9 ii iii 6-+ 

D6-+ 49 ---~~--­I = -. ----;===== 
6 -+9 36 1\ In)[)2 - (; D)l jl1'L,D2 - iLD)' 

~ q :; (,;) '\ ~~~r,c-- \1 -"'- 11-1 
.81 cO 

,49 
idf = 11 - 1) (1 ~)

!) 64
 
8 64
 ,\gain the caleulated value of t is compare::d with the two-tailed 

-+9 
values given in Appendix E to determine the significance of the 

:::;,Total -+8 388 3-+8 resnlt. 

\lean SO 6. S 

Example 13. r\ palici of 7 judges scores two wines on ,1 20~ 

point scalc, as shown in Table 4./s there a significant difference 

lable 31~ Is there ;, significant ddJerellcc at the S% level bc­ at the SCi:: level between the mean scores of the wines? 

twecn the lllC<lll scores for the two pallcls° Using the total values for D and D2 obtained III Table -+, 

the tot81 and mean values obLllllCcl 111 Table 3, we we solve Eqnation /~: 

17 

80 - 6~ S 

Table 4. Two \llnCS scored by 78 P88 + 3-+8 
[sec EXdmple I.,l---'-~­

\VINf_
lS 1.5 := 2.)7 

1)2IUK:!' X Y D 

,\ 1') H 1 IFrom Appendix E we see that lo;(]2 df = 2.179. Since the 
B 12 H -' -+calculated value t = 2.57 is greater than the tabular value 2.179, 
C H 1:; -I 1

the nul] hypothesis of no difference IJ1llSt be rejected, and the 
D 1- l-f '1 9 

indIcates that the mean scores for the two panels aTe 
E II 11 I) u 

significantly different. TJle two panels arc therefore not using 
F ]6 H -+ 

the same standards of judgment ill c\'aluatlilf' the wine. C 1') n ? -+ 

Total ]00 95 5 2~ 

"lean H'J 13.1, 714 
Two Sets of Scores {paired). I f one judge COln pares the S8 me two 

\vines on several different occassiollS, or if each member of a p;ll1cl 
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From !\ppel1Chx E we see that t. ns oJ) elf = 2.447 Since the 

calculated \aine t = l.05 IS less than the Llbubr I,dne 2.+F. 
therc is no reason to reject the nu]] hypothesis. Therefore the 

me,lIi scores of the wines are not significantly different, i.e., 

this panc] of jndges cannot clistin£uish between the tI\O WliJes. 

Analvsis of Variance 

Scores for Several 'Vines. rn comparing the mean scores of lIlore: 

than two I\inb, the t-c1!strihutic)]] is no longer appropriate. In­
stead, the statistiClI techmque ca11eel anclysls of variance is used 

to detennll1c whether there arc significant (hffcrenees in the mean 

scores of the Wine:,. The analysis of variance IS essentla11y an 

arIthmetic process for partltlOuing a total snm of squares (p,lge 

1; 1) into components associa tfd wi th various sources of varia bon. 

To analvze a numbcr, sal' k, of \\1nes, for each of which n scores 

are available, a sO-(';Jlled one-way, or single·classification, analysis 

of \Jnance is aDDroDriate. Such a classifIcation is shown in Table 5, 

Table S. ~lnaj~"sis (.if \andlKC 

\\""E 

x, XC! X;; Xu 
X X, ,X"
 

Xc; X X,,;
X" 

V X,,, .\• .... fJJ 

~~-_._-~._-~--,----

j"otal U'
i 'IX'" \\ \\ i. Grand totat G =	 I \\ 

,~ 

fVI{~~111 • '1., \. ~'\k l'oted no. of scores = kn 

]')/ANALYSIS OF VARIANCE 

where Xi) represents thc ,.th score of the i-th wille samplc (I can 

have anv value from 1 to k, and i CJll haIC:: auv \all1c from 1 to n) . 

The v~lfiance of this cbssificatIon of scorcs can he estimated in 

three ways, from three SIlins of sqnares :two of which include a 

relevant correction term, C) anel their corresponding numbers of 

degrees of frCCdOIlI The three sums of sqUdres In question arc the 

total sum of squares, the sample slim of squares (i.e., the sum of 

squares betweell means of wine samples), and the error snl11 of 

squares the snm of SCj\larcs WIthin samples!. The correction 

term and the three sums of sqn~Hes dre defined as follO\vs: 

C = (Grand /lm = G2/kn	 (14) 

(15Total 55 = IXfj - C (dt = kn - 1 
d 

SampleSS = n(IX;' -- C' 

-;- ,X/ ~ T -:- W k - C 

I\Vljn - C tdf = I, - I :16 

+ t')X~. - \XiUnl + ...Error SS = IIX;j -- \V; "L.J';'] "" 

j 

+ (IX~, - \\7U n ) 

-l (l= IXfj - I\X/,'jn [elf = 
i} . 

From these rela bans it follows that 

Total S5 = Sample 5S + Error 5S (18) 

and 

Total df = Sample df + Error elf 

The within-sample sum of squares (Error 5S) is usna]]y calcu­


lated bv subtracting the between-sample sum of squares (Sample
 

55:, from the total sum of sCjuarcs (Total 55!. The value of the
 

error mean square (the error variance) is given bv v = Error S5j
 
Error elf. It is often referred to as a generalized error term because
 

it is a measure of the error variation contributcd by an the samples.
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of any differences that nng]lt cxist anHl11g the 

Tbe value of the sam/lie mean square !Sdmplt 

df), on tbe other kllld, is a llleasnrc of the differences 

dlllong the sample lllCdllS; thc larger the differences. the larger the 

sample mean squaw The nun hypothesis is nut the 

frOliJ k popuiatlOilo, all kl\ing the sallj~ mcans !l am] the same 

\~nianc<:s Y, Tllls implies cquality among the sdmple rneaI!:>. 

'The sample mean square and the error mean sgnare pnwidc 

two independent estilIldtcs of thc common populatiou l'arJallCC 

arc conlparcd bv calculating then ratio, II Inch is d statistic 
called F: 

F __ Sample mean squ~ne 
(20

~ E;-~nean sCI~;<ue 

'j'his calculated F-I',I!n(: is compared with the ta hular \ alnes gilcn 

III AppcndIxes F-l, F-2, or F-3, The P·distributiOll is rcplesen ted 

double-entrv tables WIth respect to the degrees of freedolll, The 

of freedom for the nl11nerator are shown in the top rows of 

the tables. and the degrees of freedom for the denominator are 

shown in the left-hand COIUITlllS, Calculated F-vallles that exceed 

the tabuLlr \~,lllIeS for the appropriate values of df indicate rejee­

tIon of the uull hvpothesis of no diHerenccs among the samp1c 

means, i,e .. there are signI!1cant differences (If the sample meall 

sCjuare is less than the error mean square, F < I and the result is 

defimtiOil. The nun hypotllcsis IS then aceepted 

without the nc:ed to refer to the table) l\ significant F-vall1e 

that the cI'idcnce is sufficientlv strong to indicate dif­

ferences among thc sample means, but it cloes not rcveal which of 

the larions differences among thc sample means may he statIstie­

significJnt 'fo determinc these differences is the next step in 
the 

Least Significant Difference. One procedure for determining 

\\ hich \'!Ile-sJ!Ilpk means eire signifiC:JlItly ditrcren t, fol1o,\ing the 

denlOnstrcltlOn of a s12nificant V-value. IS to calculate the least 

, wInch is tbe smal1est difference that 
could exist Ix,tween t\vo signifiC<llIt1y diJterellt sdnJjJ1e medns: 

ANALYSIS O.f V,\RJ.·\NCE ])9 

LSD = ta J2,/n [df= k(n-- 1 (W 

where t is thc t-value, with k(n - 1) degrees of freedom. at the 
a 

significance level a, v is the enol' variance, and n is tlle nLlI11 ber of 

scores on whieh each mean is ]xlseci. For the differenee between 

t\yO means to be significlI1t at the lcvel of Significance selected, 

the observed difference must exceed thc LSD-\alue. 

Example 14. Gil'en S scores for each of -t \vines, as showl! in 

'j able 6, an;\]Yze the results for significance. 

C == (H2)'!20 = 1008.2 

TotalSS=(l + '--:--···+(6)'-C 

= 1066 - I (JOS,2 == :;7.8 (lqdf) 

)2 

\Vl11e 55 = ~=,L c 

= S2S0/S - I0082 =-1-J.S (3 df ! 

Error 5S = S;'.8 ~ -t 1.8 = 16,0 (16 elf 

It is customary to combine these resnlts iuto a so-caneel analysis 
of variance table. as shown in Table 7. where ms = 5Sjdf is 

the mean square ithe error 171S is also denoted by v, as we have 

secn ahove), 

Table 6. Fi\~e scores for each of -1- wines 
(see Example l-t), 

\\\"F 

s, S, 
---­

S, .5, 

Iii 
8 

9 

S 

q 
q 
,~ 

Ii) 
fi 

11 

(0 

h 

-1­

---~'-

Totel1 r .r; ,I 26 G = HZ 

'\lcan 8.--1 8.6 6.2 
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Table 7. /\nalysi~ of \driar1(.c t;lbJc for the ddU in E\.<111lplc lof. 

SOl'Rn s' ell illS I F l,; 1;'00'-'1 

obll S7.8 JC) 

\\'inc~ 

Ern;; 
-fl." 
16.0 16 

J39 
1 

,2-t ).29 Q '.ii; 

Slllcr the GJlculated F'I:Jlnc IS Luger tbn am of the thrce 
Lt buLI[ I:JInes from ApPt'ud ixes F..si~ni hcm t dd'fcrcnce\;] mong 
the I1Jcam of the \lme scores arc indicated dt all three levels 
The lelel oLignitlcll1ce of a calculated F-Ialllc is often dcnotcd 

om: or more asterisks: onc fOT the 3S'c lev e1. hID for thc 1q 
leleL Imd three for the lU leleL in this C'\amp1e the signifi. 

CI!nce of the calculated F-\all1c IS denoted hI 13.9""". Signifi. 
unce at Imv givcn lc\·cJ obI siglllt1callce at an 
]O\\CT leI cis. 

Fur l!it' 1% level we mc the t-\alllC from l\ppcllClix E to 
calculate the LSD bl EClllatiO]; 21· 

LSD == 1",(l6d( = 1,133 

SiglllficdllCe IS llSual1y shown b\ ranking the mcan scores and 
underlining those that are !lot signitleuntlv (Jiffcrent. The dif­

ferencc between ;;nv two ,cores that are not connected bv an . , 

underline is therefore si2nificdnt For the mean scores in the 
present C\CJlllPle ,\-t' would \'.-Tltc 

\Vi\iF 

52 ~. ] s) '-_J-j""
 i\lean 8.0 SA 62 s.~ 

Thus there is no significant difference bct\\een wincs 5, and 
S, because the difference be[l\('ej] their mC'll1 scores, 0.2, is 
it'ss tInn 18S, the calcnLitecl LSD, llowC\C1, each of these 
\-vines is significantly hetter than \vines 53 and 5-4" \\!incs 51 
and S.j .art not significant]\' different fron) each other. 

HI
ANALYSIS Of' VARIA:-'Cf: 

Duncan'~ New l\1ultiple-Range Test. SO]lle expcri mcnteos 
one of the nel':er tests for e.;tabhslllng sigllifiGlllCC among thc 
sample meal"'- Thne tnt:> do not require the prelimmarv F-ttlst 

but ,He applied clircdlv to the me:l1l scores. One such test lS 
DUllcczn'" new /71ulti!J!e-range test, i11 \I hich, after ranklllg, cJeh 

s:nnple mean is compared \\ith c\'erV othcr s:linple mean, mi\lg a 
set of sigmficlllt differences that depend upon, and iliCTease \11th, 

thc increase 111 thc range between the ran ked means. The smallcst 
'ledUC l' obtamed for adplcent meam, and the lJrgest \dl11e for the 

extremes. In Duncan's test the shortest slgmhcant r~ll\ge RIO rOI 
comparing the largest and smallest of !J me:111 scores, after 

kwc hecn ranked, is gi,en by 

= 1~(i1 - ])IZ" = Qp
 

Ivhere tlJe llumber of degrecs of freedom is that for the error
 
\'Mi;l1lce ). The ;lppropri;lte value or Q" can be obtained from
 

A nnendixes C-l, C-2, or G-3,
 

Example 15. tlse Dnncan\ new 1111.dtipie-r<;nge test to estab­


lish significance ror the data in Example H
 
For the 1% be\' VV!11 = \'TO/S = = 0447. and
 

the values of Q" for p = 2,3, and 4 are obtained frOIJJ ,\ppendix
 
C-2, The results arc summarized in Table b. \Vc sec that the
 

are appropnate ror making the following comparisons:
 

E := 1,85 S2 with Sj' 5', with 5,. and 5, with S. 
2 

R, := 193 S, with 5;, and 5, With S.
 

E 4 = 1,% S, with S.
 

Table 8. Duncall's 11C'.\ 11l111tip1e-rallgt' test (lek ]eve]; for the cbta
 
in Example H (see Example lSi.
 

CO~H'.'\Rl.SO:-; 
SHORTEST 'iIGNlf\C \NT j\,\'GE 

~---~---~._--~~--_.-:~--~_._-~--~- --~----

:: -f2fJ 
\Vine S, S, S; S..

-f.n "'I.~ 1 -t.-+~

Q" -~ 
jQS ]'vleall i;,6 :-\A 6.2 o ' 

l.SS 1.9~Rp 
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The result, ~lr( the ';nue ;IS tllOse obtained ill EX;lJllple J-1. 

There is no slgntlic;mt diffcrence betwecn wincs S, and S" but 

e~ch of these wmes is significlIltly better th~n wines S, and 

S4' \Vll1es S, and S; ;Ire not signifiC:Jlltlv differcnt from e,lCh 
other. 

If the mean ,cores of tIle WillCs ~Ire b~sed on different l1Llluber, 

of llldividual sccnes, that is, 1/, scorcs for the first wine, 11 
2 

scores 

for the second wine, .. ,)Jk scorc, for thc Inh wine, the 

is very siJnilar but the follo\vlllg n10difiC:Jtions iliust be ii1;;ldc: 

J. Sampic S5 == IH, -L W ~!n- v; -c 
2. Effective number of reolic/tinn' )Jeff rcplaces )J: 

\~ \' 0

(::..jl j - i.J71 J-\ 
l1.-· fr - 1--\-"--I 

\	 f...]l.i I 

whcre In, IS the toLll number of wille sdmp1cs ill the experi­
ment. 

3.	 LSD == tn and R p == QJi 
wllere t" alld Qp Jre bsecl on In) -- ,~ degrees of freedom. 

Table 9. 

\VIN} 

)eDCE '[mAj, 

T, 

To 
T, 

n 
rtX1-	 X'n 

~~-----~- _._-~._._---

Toted W'i W. \J;, \,i" (; -::: T 
i 
= 2: \\ " 

'dean X, \, \, '1 'otJ1no. of :-.cores h, 

)4,
ANAl.YSIS OF VARIA1':CE 

Scoring of Several \Vines by Several Judges. In the customary 

scnsory evaluation in which a panel of n judges scores each of h 
wines, the so-caned two-waY. or dOllblc-classific3tion, analysis of 

\ariance is dppropriate ill testing for Significance in thiS classifica­

tion the total sum of squares, ealcubtec1 as the v,niation <\11\Ol1g an 
scores. IS subdivided into three p:nts: a sum of sqn;Hes based Oil thE' 

v,lriation among Wll1CS, ;1 sum of sC]nares based OJI the \ariation 

,lJlJong judges. and a remclinder SUIll of squares. The Litter is not 

the resnlt of variation among \\'mes or judges hut is ;1 me:bme of 

the unexplained \ariation, or error \'ariation, The degrces of free­

clOI11 ,He subdi\'idec1 in the same \\·a). 'rhis IS known as a randnm­

ized comJ]lete-bloek design; its pattern is shown in Table 9. The 

definitions me dS follows (comp:nc them with Equations I 

C = G2/kn df
 

Iw ­Ill) Totd] 5S == IXt; - C
 
k -- I
(c)	 Wine S5 == IV/;!n - C
 

Judge 55 == ITJ/I< - C n-l
 

lei	 Error 55 == Ibi - Ie) - (1m - l) - (I< - n - (n ])
 

== II< - 1 (n ])
 

From these sums of squares and the corrcsponding numbers of
 

degrees of freedom. three Il1dependcnt estimdtes of the popula­


tiem variance dre computed, On the assumption that the groups
 

making up the toUl set of measurements (scores) are ralldo1l1
 

samples from populations with thc same means, the three esti­


mates of the population v:m:Jnce Cdll bc expected to differ o!lh'
 

within the limits of chance fluctuation. There are two null
 

hypotheses here, n~mdy, that the populatiou means for the wines
 

arc all the same and that those for the iudges are a]] the same.
 

Thesc hypotheses arc testcel by comparing thc
 
variance and the among-judge \ariance. respeetivelv, with the
 

enor variance. The eomparisons consist of c'l1cilJatin[' the \ariance
 

ratios
 

~ _ \'aridIlce for judges
 
----~.----F == ~~nall~~Jor \\~1~-,- alld F -

error \'ananceenor 
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To establish sIglllflcance, as before, the cJlculJted values of Fare 
compared with the tabubr I'JJues Jt the threc lel'els ofslgnificancc. 

Example 16, Five Judges score 4 II mcs on a LU-POllJt scale, as 
showll]]j Table Iii, /\re tllere signlliCJllt diHerenccs among tlle 

means at the 17{ level? 

Substituting tlIe data into the equations gllcn abO\('. lVe 

obtain 

C = (267)2/20 = 3S(J4.4S 

TotaL';::; = 1,,2 +'" + (12)2 - C = 1·t2,S5 (] 9 df 

\Ville SS ='-:-'-.-'--__'--.. -=c.'-- - C = 1129:; (4 df 

SS = :,,':'-'-,-=f-------':;6)~ - C = 880 ) df 

ErrorSS = ]425:;- 1129:; - 8,80 = 20,80 

(19-4-'=12df 

These result:> and the remaining caJeu1atioJ]', are shown in 
Table]l, 

Since the calculated F-va1ne for wines is greater than the 
tabular significant diHerences ~mj()llg the llIeallS of the 

Table 10. Five ludges score -f \\,jlle:~ on 8 2rl-polut scale 
isee EXdmple 16) 

\VINI' 

ltdx;r ....;. S, So S; ~l UT,\!. 
_.__ .-'----_.,.,-,--- ­

18 1
' 

r
) 10 36 

1 ­- ) 16 12 11 54 
1'4 ] I 9 49J:; 
:-i 1-- f ~ 10 52 
;j -~, 19 12 12 36 

~ ~--.._--_.~-_.... __.._-_._-- -..._---_ ..

'1 oLd n s:; 6~ :;1 267 = G 
"clcm I ~.-t 1- ,II !2A 10.4 

j-F 

Table II. !\nalysis of \"Iridncc t"hie tm tlit· ddt" III E,ample i6, 

SOllRCE SS elf ms I 1 ,,[ F 
--~~-----_ ..~-_._~ -_.•.._._~-~-------~-----------~_ .._-­

Total 142. )) 19
 
\Vines 112,9) 4 2S.2-i 16,2" ~ _1-! 9.6:;
 

Juelges 8.8iJ , 2 9, ! .A9 ).9;
 

EIrOi 20,SO "
 1~ 
j-, 

wine seorcs do exist at the J% kl'eL (In fact, they exist at the 

0.1 level, as implied iJv the three astensks 011 thc calculatcd 

nIC calculated V"alue for judges IS less than the
 
tahular v~tluc. ,,0 there arc no significant diHerenecs among the
 

judges. i,e" the" h<l\c becn cOllSistcnt III tht:ir
 
SpeCIfic differences among thc wmes ean be tested bl calcu­


lating the ICISt significant cliHereJ]cc:
 

LSD = t" _y/n = t iii 112 df ) = 3D55 

= 2,Q 

Therefore 2,54 is the smalJe,t difference that un exist between
 

two significantly different sample llIe,lns, ,'\gain using the
 

method of underlining mea!l scores that ~Ire not significanth'
 

different, we write
 

\VINIC 

S2 S, S; S, 
[vIean 170 1),4 126 JO.4 

\Ve see that wine S, is significantly better than wines 51'
 
and 5~, \Vine 51 is significantly better than wine 54' \Vines
 
5, ane! 5, are not significantly different. ,mel wines 5, and S,
 
are not signifieantlv different
 

Hedonic Rating. Hedonic rating of WInes is usua]]v done with a 
scale of :;,7, or 9 points, The llSual q'jJoint scale comprises the 
following categorics: like extremclY (-f:: Ii"" Yen 17111CI1 ()); lihe 
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moderatelY (2 like slightly ; neither like nor dislike ; dislike	 Table 13. AlI;i1vSlS of qri'lllCe tJhlc for the d,rt<l ill EX<lJllplc 17. 
slightlv ~ I . dislike moderatcly (- 2); dislikc very much (- 3); 

SOtfRCF ss <it nlS J F,o; F.r,j l' .(In 1dislii,c extremcly (- 4). (Sec also Figure 10) To ~Jl1alvz<: tlie	 _.----------- ­-~"-----~--------------"-"""-"--

rcsults the nllmerical v;lllles sho\\ll in parcntheses are used and	 Total FU6 199 
j '-1 1the analvsis of \an,l1lCC is applicd. Any set of consecutive \Vinel 1 )4.](1 ) ~ .'" '31.7"C" 2.60 =,7S ~.4 2 

could be used instead of these 11llll1bers, but those used here result Error '3]726 196 1.62 

ill thc smallest intermediate values. 

Example 17. Fiftv judges rate 4 wines OJ] ~! 7·point hedonic 
Table 14. Duncan's new multip!c·range test iO.l ie'cell for the 

sc~de. dS sho\vn in 'fable 12. A.re tl1crc sH!uific~lnt differences in data in Example l'
 
the fudges' nrnt..,·'-'!);..... p among the wines:
 

SHORTE~T SlG"IFlC:\:,\T RANG! CO\ll':\RISON 

(~= 227-j2/200 == 257.6-t 
iJ ,; 4 

otal 55 = 729· 257.64 = 47U6 (] 99 df 
Q" 46S 480 4C)0 \Vinc '-

c.; 
i S, S, S., 

R os;- 1l.,\64 O.SS2 l\leJIl 2.1S 1 "s CLS6 t;.u~\Vi!lc 55:= ._ .._--~=--_.'.::. ..:.'.._-~ ~ C	 J;' 

= 411.74 -.237 .64 = ])410 I:; df) 

ErrorSS = 47J 36 - lS4.1 = 31726 (196 df	 These remIts and the remamll1g calculations are shown ill 

Table 1i. [Since r,vlllnes for 196 degrees of freedom (denomi· 

natoI') are not given in Appendixes F, the values for df = 00 

Table 12. F'lft~' ]lldgcs c1:)Stgn llt'donlc Llting::, to ~f \\·illC) (see EXJll1plc ]-: dre nsee!.1 

Since F = s1.7 (calculated) excceds F OOJ = 5.42 (tabular), 
FREQl f t-:1'"C·Y '.)[. RFSPONSI':, very highly significant differences among the mean scores of the 

\VIM wincs are indicated. If Duncan's new multiple.range test is 

applied, we han: 
R'\II"G x s. ','. 5, <:; -"""i -::f;X i "2.f1 \2~J 

-,.~._,--~--------~~._----------~ R = Qp yrv/ n = Qp "l,iTI2/50 = Qp(O.18).,,...,	 pLlkc " cr~,' ll1Uc!l	 S ) 11J ., '} ') 

Like Inuc1"r;lteh' ,::, 
! ~ 6'3 126	 The results arc summarized in Table 14. IAgain the numbers for=s= 

Like s1igl~th 1) 1 :; 46 46 46 df = = are used.) 
Neither like nor dis!Jkc (,1 0 ) IIliI r? n In this cxample we see tl1at wines 51 and 52 arc significantlv 
Dj~1ik(- :;hghth­ 0 \ 1~ 20 - 20 20 hetter than wines 5, and 5 •. \Vine 5 J is not significantly dif· 
1)1.,,1iKC ii!oder.:tel" ij 6 1~ )\1 60q .... n 

ferent from wine 5" llnd wine 5, is not significantlv different 
l)jsJd.:c en- much () () (; -6 IS frOlll wine S•. 

~- ---,~---~ - ---~-,_..~-,._~ ... 

Tot:d ::'f	 ')(\ 1i} ::;u 20U 
:5:1).; lU9 '-If) _0 1 227 = C Interaction. The term interaction is used iu statistics to describe
=f\ :	 -2q 

a differential respouse to two variablcs, USUllJJy referred to as
I\h'c\!I 2:. {\j'::,f 1. O.~6 o.n: 

factors, which mdY or Illay not act independently of each other. In
,I" 
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the dnalysis of \;mance, interaction is expressed bv a so-called 

residlEd term, \\hielJ provides ;mother estimate of variance. It 

reRects the relations between experimental factors or the failure 

of olle factor to vary 1IJ accord with \;mations in the second ractor. 

For eXJmple, Jlldges differ ill their susceptibility to Dhvsical and 

mental fatigue and in their rcactions to the foods 

Snch diffcrences can lead to mteraction effccts whcn the SJme 

cvaluate the same wines at two chffcrent times. 

one of the factofs in interaction effects in wine evaluaticlll.! 

SOllle possible situations are shown in Figure 17, which relates 

the seoriliiz of two wines by two judges to the tIme of day. Tf the 

the morning anel afternoon scores for C<jch jnclge are 

there is no interactlOn. Thc greater tIle departure from 

naralle1ism. the grcater thc intcraction. owi]][: to the differcntial 

SCOft-S 

Judge I 

" 

-------------­

judge 2 

,~ 

Morning Ahernoon 
rime 

F1CPR1; ]: 

(~hangc.) in scores l-vith tinuz. The two solid lines ShOH' no 

interaction between the judges' scores and ti777(!. The 
lcnrer s'olid lil;(1 find the two dashed lines" show different 

dC1!,rees of ini-eruction. 

-\NALYSIS OF VARIANCE 149 

response of thc judges to the bctors timc and, say, fatigue. Small 

departurcs from parallelism may he caused bv \ariatlOlJ in, or 

trea tmen t of, wine samples or as a rcsult ofrandom sampli ng errors. 

The problem is to test sLltistica11v \yhether an observed departure 

from parallelism is greater than could reasonably be expectcd to 

occur by chance alone. 

The significance of an interaction is determined 

its estnnatc of \ariance with that of experimcntal error. i\ sIgnifi­

cant interaction is one that is too largc to he explained on the: 
basis of chancc alone, under the null hypothesis of no interaction. 

A nonsignificant intcraction leads to the conclusion that the 

factors in ljUCStiOIl act indepeuclently of caeh other. The exi,tence 

Of nonexistence of interactions can only be determincd when 

scores are rcplicated. 

Example 18. Five judgcs score 4 wines on two successive
 

caned time I and time IT. The results are shown in 'fable 1S.
 
thc rcsults for significance, to determine whether there
 

is interaction.
 

For the 40 individual scores we ha\c
 

C = (310)'/40 = 24025 

Total SS = (l0)' + + ... + (5)2 - C 

= 2504 - 2402.5 = 101.5 (39 df 

Table 15. Fin' judgcs scorc 4 wines on two succeSSI ve c1a ys
 
(see Example 18).
 

TIME I '1'1,'''. If 

JUDGE 

\V'NE 
--- ­

5, S, 5, 5, TOT-\L JUDGE 51 52 S, 

\VI"E 

54 
'j·o-r.-\L 

10 
9 

10 
4 8 

8 
-----_. 

Total 45 

10 
q 

10 

8 

44 

8 

6 
q 

8 

6 

) 

6 

8 
8 
S 

4 

31 

~4 

' ")~ 

)! 

29 
2') 

157 

4 

Total 

8 
-, 

9 

10 
9 

'I, 

9 
8 

8 

9 
10 

++ 

6 
6 

8 

H 

6 

9 

32 

~: 

"» 

~o 

:; I 

}' 

])3 
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If the mcli\idu:ll scores for the two times are added, a, sholVn ill 

T'lbJc 16, the resnlt is a eLlSSifieation of wines ancl]udges called 
a two-way pC/item. Since the entries in the table arc the tOLlls 
of two scores, the denominator) of the equa bans for the snms of 

squ:lrc) Me twice as great as ill the usual anah-sis, and tht meam 

are obtained h chiding the totals by 10 I S Judges X 2 tnncs) 
The eorreetJOl1 term remaim the same became It alwa\'s per­

bins to the same totals. The tot81 SUll! of squares for tIns pat­

tern is caned a subtotal sum of squ<lTes to distinguish it from the 

total sum of squares for the mdependellt scores. The calcula­

tions follo\v. 

Subtota15S = -~---~~:"L::c~--- --'__'_'_L_ - C 

= 2-1S1 2-102S = -;-SS (19 df 

\\11K 55 = ~~---'.::'~-------~- - C 

2-149.8 - 2-102 S = -In (" df 

Jndge SS = "::....'L_L __'_·_._)_;--__ '_-'~_Li.. - C 

= 2416. 5 - 2402.S = 1-+25 i-l df) 

Table 16. Combined scoreS for tImes 
tor tlie dabl in IS. 

\VI.'<li 5 >< ]liUCL:-' (I)/SI<,F,CARD <IIMl':S) 

\\'", 

ItiDCl 

4 

i\'le'ln 

'-I' 
! otal 

.'i .'i, S .'i)-] 

----"_._.._--­

;s 10 l-f 

16 1­ 12 ]4 
Ie) 18 ]6 J; 

]6 i 
I, 0 

-'.-, _._~-_."-~.~--

-] AS 
('LoU X SO .JO 6.3d 

::;h 

59 
64 

.\! 

11] 

~lO = C 

rOTAL 

AN.--\LYSL~ OF VA.RI.V':CE JSJ 

InteractionSS = 78.S- -1-;-.1 -- 14.2) = 169S 

(Wine >< Judge) 9 - j - -+ == 12 dt 

The next step in the ana lysis is to COlli bine t he total scores 
for the S judges, \\hich results in a two-\\av pattem of wines 

and times, as shown in Table I . Since the entries ill the table 

are the totals of 5 mchvicll1al scores. the denominators of the 

equations arc :; times as great as nl the usual analvsis. The 

calculations fo11O\\. 

Subtota15S = ~":_~-~-----'---'---;:c-----'~- - C 

= 2-+S 12 - 2-1U2 5 = -187 -;- df i 

Wine 5S = -17 j preceding pa ttern) " df 

Time SS = .. . - C 

= 2-+029 - 2402.S = II-! il df) 

Interaction 55 = -+8.-;- - -+-;-.5 - 0.-+ = 10 
(Wine >< 'I 1111C! (-;- 1 = :, df) 

Next the total scores for the -I wines aTe combined to 

two-way pattem of Jndges aml times, as sllowll in Table 18. 

Since the entries in the table are the totals of -I individnal 

scores, the denominators of the equations are -I times as great 

as in the usual aualysis. The calculatious follow. 

it\Vo~wav) scores for judges 
1 ­
! ). 

\VI"", 

\Vl"F 

TIME s, s, s, " Ten,]. " 

.,­I 4S 44 , ~ 1 J~: 

II 4' 44 H IS) 

",:,'lTotal ~:\ ss l 6:; 310 = (; 

"'lean ~.~f1 SsO 7.]0 6.'0 
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Table lb. hn,_\I"]I'\ scores for \\-ines for the 
J:; 

It:I)CE..\ 

!mci 

rj,\U ['CJI'.\] 

---~._--~ ------'.'----- ------ ­
00I ~4 )..:. , 29 2; I 

1. 0j"'"' ~iII iU )~ ; I ") ... 

10t,11 64 :;9 70 61 ;6 ; 1(] '" C; 

\llenl i).Oil ;:;8 h '""7~ 7,62 jOn 

Subtotal SS = "Vi + ,_.:L - C" 4 . 

= 2429:; - 2402:; 270 (9 df 

Judge 58 = 142:; (4 df 

Time SS = 0.4 (l df) 

Interaction SS = 270 - 1425 - 04 = 12.35 
X Time) \9 - 4 - 1 = 4 df 

These resnlts and the remaining ea1cnlatiom arc sho,vn in 

T"ble 19. the meaning of the asterisks 011 tIle calculated 

mcntioned jj] Examole 141 

Table 19. Analy,i, of \andllCe table for the data in Example 18, 

SOURCF 

--,..--,._~ .._-­
SS clf rns F V,,, 

-'.-_. --~--------_._----,--_.---,------_.-' .. -_..~ 

/COl 
.<-----

Fo;" 

Total 10150 iLJ 

\\/ jnes 47.;0 ) 1S./~ 20.48" e·' ),49 :;9:; 10.80 

Judges 142:; , i_~6 462" 1.26 5.41 
'rirucs O·j(l 1 CHiJ 
Intt.·T;lcbons 

\\ I 169:; , c 
J.:.. 141 L8i :.6Q 

\\ ,,( T' 
',.
; 

LOO 
i ~ ~,~, 

:; 

4 

IHi 
::, 09 4.0j ~L2f: ,41 

Em" q 2, 12 f) 

1
c,, ,

ANALYSIS OF VARIANCE 

\Ve see tllat the wines are significanth difkrent at all three 

levels. and that the \ alucs for the judges and the Judge X time 

interactiOn are sigmtlcant at the 5% k\cl. The significant inter­

action indicates that the Judges have reacted differently <It the 

two times, ~lS can be seen from their tota1scores a t the two timcs. 

The total.scores for the first three iudges arc less at time II than 

at timc L but the Llst tlHJ judges have tntdi scores "re'lter at 

time II than at timc 1. Tllis might mean that \\e are dealing 

with two different types of Judges. It could be the result of 

chffcrellt foods consumed on the t\\(l da\s. varynlg ment,il or 

phySIcal couditiom, temperaturc differenccs. or other Clllses 

The least signifiednt differences can now be used to make 

comparISons of the medn scores for the wines and for the 

judges 

= 4i18-[01 S4'Vines: LSD = i"O)fI2 cit 
= 1.69 

'VIM 

S, 5: 5, S4 
Mean 8.80 880]0 6iO 

= 2.179y0.192Judges LSD = i o,(]2 dt) 

= 0.96 

jl'DCF 

1 4
 
I\lcan 8.75 8.00 762 7.i8 7.00
 

Some experimenters combine the snm of squarcs and nnrnber 

of degrees of freedom for nonsignificant interactions With thc 

sum of squares and number of degrees of freedom, rcspecti\eJ\, 

for the error, and llse the resnlbng \'alue as a revised error term. 

This increases the number of degrees of freedom upon \,hich the 

error is based, The results of these calcnlatiollS for the cLJta in 

Example 18 ,Ire sho\\n in Ta ble 20. The corresponding LSD \ <!lues 

are sho\\]] ])c]O\\. 
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'Table 20. .-\nah'sis of varianc(: table for the data in p). 
\\ltlJ non~ignjficant intcractinll\ COi1l billed \\'itJ! error. 

S()\'kn 55 
-"-'---­

eli Til ,~ F F,)< 
_._,-----­ ~--------_.. ­ ------_._--'­

F(JI I',,,,, 
-- ­ --- ­

Total J01. 50 N 

\Vinh -+7 ~O ~ IS.n ]'-16' 2.90 -t.6U 
142, ..f ), S6 ~ _-f9°~ ..., i'l 

-.­ 4.1 I 
T il!le~ O.-fO I P.i-O 

12 ~ ~ -j jO!) ,.06 2.7~ -l.ll 
r: nor 2-.20 1.0] 

\\' illts I.SD = = 1.66 

LSD = too;; df 

Tim procedme results in slight CiIdll!;eS lJ] the significllll'C pJt· 
(ern, when the Y\;]lues are close to the borderlinc betwccn slgJ1tfi­
GUiCe ,mel nOl1Siglllfic8i1Ce it often yields a sma]]er \,lille for the 

error \'ariallcc, althou2h in ExaH1Dlc 1 it yields a lan::er \-alue. 

Incomplete Blocks 

Iu "inc juelging, if each judge scores all the sa Il1 plcs at the \JIlle 

the rdlH!omized complete-block design di,cusscel pre­
(page H2 1S ;Ippropriatc. However, the judge rInels it in­

crcJsingly elifficnli to make ratJngs as the numbcr of 
wincs presented to Inm at one time becomcs largcr. The nllInhcr 

or '<llllpJc\ that can bc scored at am one session dcpends 
upon SCH'ra1factors, incincillig thc type of winc bcing eVoduated If 
the Judge at am' oue session scores only some of the wines under 

the resuit is an inco771!J/cle·block design. and the scores in 
question comtituTc an incomplete block. Sometimcs the judge 

block and sometimes sC\'eraL with 
reduce tlle necd 

beca use hc necd be COli­
si"tCiJt in his level of juclgn!C.:nT only \\'ithin the inconlpletc-b]ock 
hrnit 

INCOMPLETE BLOC"S 1, S 

/\n I1lcOIllplctc-block design in which each block contains the 
5<1111C number of samples, I" and in wInch each pair of samplcs 
appears togethcr in the same block the same Illllllber of times, A, is 
cdlcd a balanced incomplete-block design. 1n sneh designs all 

pairs of s~nnp1es are compared with approximatelv the same 

Sillce only some of the wines arc juelged at the same tnne, and 

since each wille IS compared with c\erv other wine, onlv certain 

arrangcments of blocks, S~llllpleS within blocks, and rephcatiollS 

arc possible. The relevant procedures dnd possiblc incomplcte· 
hlock desigm for specific llum bel'S of samples ,md judges can bc 

found in Fisher and Lites (1974) and Cochrall ,111l1 Cox (1957) 

The custOlll,irV notatioll and method of aualvsis is outlined 

below. 

t = nllmber of samples (\\ illes) 

r = num ber of replica tiOIlS 

h = numbcr of blocks 

k = mnnber of S<lIII ples per block 

?'\ = total numbcr ohcores in the design = tT = bk 

A = llumber of times each pair of samples appears ill the samc 

block = r(k - I)/(t - ]} 

Yl/ i = total score for sample i 

13, = sum of totals for blocks in which saillple i appears 

k\V, - 13; represents, for sample i, the sample effect 

adjusteel for ,mel free of the effects of thc blocks in which 

it <lppears (LA., = 0) 

The calculations and the analysis of \'arianec follow the usn'll
 
patterns except for the sdmple sum of squares <lcljusted for blocks,
 
which is defi ned as
 

YA' 
Wine SS (Jd).) = k'tA' (24) 

Since each Ai is frec of block effects, it represents, for sample i,
 
all estimated sample effect Wi that providcs an adiustment to the
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an adiusted mcan scorc for the 

ac1justcc1mccm for crch sdmple is ,It + Wi' where l\'; == Ajitf.; 

in using the LSD or DnnClll's ncw lIlultlple,rdnge 

test to COlfljXlTC adjusted lllClll scorcs for samples, the ,aIne of tilt 

et1cetive error \dri;lllee to be med illstead of l' lS 

I
r

".	 -, ­
\ ~ ')

\. I = 1 I t'd, 

Example 19. Six 1\ Illes inc scored on a lU,pOlnt scale b\ iudges 

in 10 blocks of:; samples each. Jhere arc:; scores tor each wille 

each of wlnci! lS compared twice with even' other 

in the senne block. The pattem i.) shovq] in Table 21. 
the dabl for sif';niflcll1ee. 

111 this t = 6, b = ]0, " = :;, T =:: S. and f. = 2. The 

calculatiollS ;lfe shown below. 

Table 21. SIX wincs scored on 'cdt bv judges ill ] II blocks of 
") sa 111 pies eacll dC'lgll; sec E;"mple 19i 

\I,,,· 
Fh.tJc~ 

{JllIer, ! S, s. s, s, Sf, T'O'l"/11 

-.--~.~-~_._------
-+	 H 
o (] 19 
(I J 8 

4 19 

i	 b -+ 14 
6 -r 10(;	 20 

h	 20 
_r..; 10 i 6 20 
y (] -t 0 19 

10 -+ S 17 
-_._~--_._"--.-

Totdl	 \\ 1!) 29 2~ 2-+ iO 180 == G 

h\'C 81 lOS 120 I' = lSOnO 
B.	 h~ q2 y SS )) y-+ = 6.00 

\, ~ ]6 -·1 -J6 1~ 26 

Hi ---p,2::; 1:;:' -ll k~ 108 2.17
 

,Ii ).-~ -;; ).1- 4,6-;- ,f92 0.
 

INCOMPLETE BLOC!;S 

C==il no = ll1SI) 

ToLd .'is = (-+) ~ +- lS)~ + ... -;­ (8) , c 
J 168 ~ lOSO = 8,'S i 2<.) df 

" (H)2 +- (l9i J +." + (17)' ,
BlockSS = ----. --.c------- - C 

1096- 1080 = 16	 l) df 

II\. ~ \VIlle SS 
"fA 

= 1-+66/36 = -+072 :; df) 

E,rror S5 = 88 -- 16 - -+07::: 

= ; 1.28 (mtra-block errorl ]S df 

These reslllts 'llld the remai n ing eakllla bons are ,howl1 in 

'Table 22, 

The analvsis indicates significant differences among the 

S,llllpk means at the 5(J(, level llccilllsC the calculated value 

F = :;89 exceeds the tabular \',rlue F,IO = 2.90, If the LSD is 

used to test for specific diffcrences am on!; the willes, wc lia IC 

= 2,Hl v;(0.8~6)(T]~[2(25°9) 1[~~; 1= 2.Hl 

== 21)1 yT04 = 2.17 

\\'INt' 

56	 S2 S, S; 5, S, 
j\leall 8.l7 7,33 575 5.17 4.92 4.67 

\Ve sce that there is no significant dit1ercnce between wines 

50 and 5:- \Vine S6 is significantly better than wines S 1,5,,5 5 , 

and 5,. \Vine 52 is not significantly dit1ercnt from wines 5, and 

5, but is significantly better than wines 5, and 5" There are no 

significant dlt1ercnces among \vines 5" 53' 5" Jnd 54' 
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Table 22. \rulvsis of \ Jridlice LJb!c for tire daLI ill E\lllnpll 19 

SOU':Cl 55 af ms F F.[)~ F" 
--- --------~_.".~" -". -._-­~-_._-_._~_._---~--~-

'-jou] ShOO ,<} 

BJocb J6.nn C) 1.'8 
\Vine:-. (;:iCli.) 41)72 ) H ~.·S9~' 2.C)() --l-.S6 
Error ;] .28 1) 2.()C) 

SOlllcblllt-s it is possihle to klvC" the judges score each of the 
willts ill an J!lcomplete-block design, scoriug a part of tbe total 
number ~lt chffcrent tnnes. For each Judge the JI1compJetc blocks 
lIre grouped to form a replIcation. This design PCrl11lts the rClllO\'dl 
of variations in rcplrcdtiol1S from the block sum of sqnares. 
Balanced lattices arc of this type of dcsign. TJlcy <He useful and 
tlie calculations are simple. 'Tlle number of such designs is limited 

heeanse the nurnber of samples llJllst be a perfect square. h2• 

m blocks of k samples with k + I replieatiom. 

Exam/lie 20. "mc wines are scored OIl d lO-point scale bv 
'+ judges, each iudge scoringa!l9 sampleslll:; incomplete blocks 
of:; sanlDJC\ cach. as shov.n In Table 23. Test the wine scores for 

In tim dcsign k = 3. t = 1::. 2 =: 9, r =: k + J = -to and'\ = l. 
The caJcu]a hollS are shown below. 

C -­ 211I J /56 - 1216.69 

Total SS =- (9)2 -+ is)2 + .. + (1 ')2 C 

I N9 - 12::6.119 '" 16231 (3) df) 

..... \11)Block SS = ~,--"L--'-_'-'~'LcT -c 
1255 ~ J23669 := It;'";1 (11 d{) 

Repheation 8S =: -- C 

lnS1J -- 1236.69 = 1-1-2 () df 

Block (in rcp!) 58 = }.'Ul -- H2 = ]6.89 is df) 

u 

0 
v, 
.:.; 

"3.­

~. 

cr 

c 
~. 

u 
c 

. ­

u 

T :: 
~'.~ 

--' ~ 

3::: :... 
~ :., 
'-' v': 
V) •• 

~ ~ 

c ~ 
~; 

·D 
~ ~ 

o~ 

2rE 
a 
~ 

-:; 

(; " 
i 
,,-.. 
0-l 

~ 
...0 

~ '" 

,r,, 

:; 0' ..0 X: 

--

I 

~I " 

I v: r-·­

.:; -

v: r- ­

...,..z 
> '.f; 

I 
--­

,r'Yr 

,; 
[-, 

r-r­c~' 

:r; 0· 

~ 

~ i - rl c. : 

I 
c " 
g~ ~ 

.=2~I 

,r 

~ 1."'-- Lf' 
(~-l ......-< ......-< 

or 

,-. 

J: 

'i"" 

,r 

...,.. 

x 

ir 

ce 

"t"" IF"- ..c 

=
 

G 

rr 

...,.. 

CJ' 

C 
-

::f:. 

7 

.:£:' 

-


,r· 
or 

=: 
r--l 

:; 

,.c; 

if 

C'­

7' 

CJ' 

" 

2 

:=: :­
f'l...--< 

,r 

'--0 

r -. 

.:J 

Lr. 

,­

~ ,) 

;:::: 

'C' 
ee 

~ 
r·l 

~~_ 
'-C 

~~ 
.,C"­

:= .::; =x 
,. I t...­

::;­

,r. 
r·... ~f' 

,....... 

~ 

('I'"'

,I'"' 
rr­
..::; 

.= r.~· 

r-r,,-. C' 

·x 
r! 

-r-
J".:' 

".J 
! 

r I . ­ [ 

-
ir \.r­ 1-­ Z' (r J-: 
rr :::;- j-­ r-j 

.­ !-. 
~ c:­

--­
"I 

r-, ~ 
I 

-­ :::::­

1'-..e;­
'C. 

..,... "~ ..c -:- 01 
.-- T '0 r·1 

rr (r 

(-r- Lr' 

:J I J' 
........ Lr- D 

{-­

--..c- l.r. 

J r-,· r-; 
r-,! :r r--­

~~ 
--X:TX'T--~ 
___ Jr- V 

r-~ ,'-" 
-..c, lr ­

rr-- G' L.r- -r ri -Z:,-r> 0' r-~ rl 

'-- '-' x­
::::~~-C: ;: " 
.~ :ot 



1()l! :,TAT]S I1CAL PROCEDURES 

'\' ! ' L.<:\ ~ \Villc SS kiA 

11U1 8 df 

E nur SS :=: 162.3 1 - 18:; J - n 1» 
= 1267 (intra-block cTTori df 

l-'he:~e re.\tdts dnd the rcnlaining calcul.:Jtions arc shown ill 
TabJt 24. 

\Ve wJll usc Duncan's new multiple-range test to compare 

tlle adjusted mean scores of the II Illes. The st<mdard error of all 

;lcliustf'cl 11leaIl score is 

R. ), __ I~ rk. (~~----' II.. _ 
-- ""\ -/ -' = ILSlo 1/ rl t ~ \ )=
-.p V l ­ j 

The results are sUIIlllJarized in Table 2S. 

The IIIcomplete-block dcsigns that we havoc dcsuibed invohe 

v,]wt ]s known as the intra-block error and are based on the 

that the blocks are fixed. If the hJo,k effects are ~lS­

Slimed to be random, hOllc\,er, more effIcient estimatcs of the 

tre;lhnent me~111scan SOlJletimes be obtamed bv a procedure called 

recovery of inter-bluc!, information. This procedure is described 

ill Cochran and Cox It IS recommcnded only for large 

expcwnents in which the numbers of degrees of freedom for 

blocks and error exceed 2S. 

Table 24. Analysis of \dIWllC"e t"bk for the clata 111 Example 20. 

'sm1R(J 55 df rns F F.il('l 

TOt'1] 162..-=n )) 

Blocks ]S.,] 1l 
Replicabnn<;; 142 

Blnck; (in rep!. j6.~9 :i 2.1 [ 2.6-::­
\\incs {ac1i ' 1~,~, S ]642 20. 6.19 
L -"0; ] 2.fJ­ !6 0.79 
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Table 25. DUl1can', new Illldtiple-rangc test k\t,j", 
for tllt dat~l in l':xamplc 20. 

SHOIU F$T SI(:i\:!l'ICA,\; J InNe" 

/J 
Q" 4]'3 4.~1 

4 
442 4 Sl 

6 

4.:;7 

-

4.62 

~ 

4.66 

9 

47 0 

He 211 2.20 2.2:; 2.i!f j:;j 2.?'6 2.j8 2.40 

CO\IP\RIS00' 

o c c , S ') S,} I d '\ ~I~ ~JIl\\-111C S- ", 
~:;; ~:;; '.19 59- 4. :;:; no ,.19 2. ))'vieau S.9i 

Ranking Procedures 

In evaluating willes, judges may find it difficult to cxpress 

prefcrences in terms of a quantitJtivc measure. They usually find 

it much easier to rank the wines. Since ranking gives no indicJtion 

of the magnitudes of the differences among the wines under study, 

it docs not supply as much information as scoring. On thc other 

hand, it not only simplifies the procedure for the judging panel, 

but also often represents as satisfactory a method of detecting the 

differences as is required. 

Pairs of Ranks. V/hen only two wine" are being compJred, pairs 

of ran ks are a btained. One test tha t 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 hypothesis of equal numbers of positive and negative 

differences (Ho: P = OS) is tested approximately by calculating 

2_"_ ,~~ i26 )
X nj"T 2 

where n j and n z arc the numbers of positive and negative dif­

ferences, respectivelv, n I - n z represents the numerical (non­

negative) value of the difference between them, and Xl is based 

on one degree of freedom. 
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Example 21. 1'\\0 \Iines. 5, Jnd 52' arc ranked 1S times. 'IS 

shown iJelO\I. Is there a sw:nificl!li chfference hetween them) 

S, 
5, " 1 - 1 I 1 1 " 1 ') .:. _.SIgn T - () 0 .- - T +T T 

Thc + sign means that wme 5, WdS Lmkcd abOle II'ine S2 and 
the ­ means tha twine S2 "JS un ked abo\(' II llle S l' 'fies 
(denoted 0) arc dNegarc1ec1 rn the an:rllm. The + Slgll 
JppeJE 9 tiiljeS and the \ign -+ tln)cs. ~rhL'refore 

x' _" liZ J 6/1 ~ == 1.2~ 

B shows that (] cif c.= S whieh is larger t11<l11 
thc Cd kub tcd lalne. Therl' is therefore no relson to the 

nulllwpotiIcsis. :1l1c1 no signdlcJnt diffcrencc between the two 
lImes is WeiKel ted. 

The elchantages of tlm test are simplicit), no requrrement of 
\'~Hlancc.'}, and rebtl\"t~, 111senslrl\'ity to recording errors. 'The 

anlage, howeH'f. is that it di\Iegarcls the m<lf,;Jntude of the 
ehffe!"ence. if anv, between the wincs. rJlis Dfob1em is inherent ll1 

fdU king procedures. 

Ranking of Scveral 'Vines bv Two Judges. To determIne whether 
two judges are ,ignificantlv clifferent in their ran kings of several 
wines. Spearman's Tallk cOTTelation coetficient can be used to test 

the agreenlent between the rankings. TlllS corrcl8tion coefficient IS 
defined as 

-'i'd' 
g = l-~---

k( k' -- ] 

where ':iii' i, the snm of the squares of the dit1erci1ec, between the 
rank \~lues bv the two Judges to each of k \\lIle samples, Of 
;lm \lines in one ranking arc tied, each is assigned the mean of the 
I',!]] k values thcI would otherwise havc hJel.i The \'alm' of R c~n 

sar' from -1 (totally opposite ran kings by the two judgcs) to ..;.. 1 
"gree-men! between the The intermediate \alue 

,\I' () indicates th~1t th.e two r~lnkings are totall~. unrelated, i.c .. 

16:;R-'''KING PROCEDUREs 

arc the result of chance alone. This, in fact, is the null 
lrvpothesis, which can be written H (J: p = 0, where ,0 is the pO!Jula­

lion rank correlation. 
LIttle rehabiJity can be placed on a lalut of R obtamecl from 

the rankmgs of fewtr than 10 samples. The significdnee of a calcu· 

lated valuc of R can be determincd hv comparing the value of 

t = 1\\1 k - 2
/ ] - TF 

\Iith the appropriate t,vdlue, based em I, - 2 degrec, of freceloll!, 

in Appenchx L Forslgnificallce the calculated t,valuc lJJUst exceed 

the tabular value. j\ significant positive t-value indicates that the 

judges agree in tlleir rankings. The signIficance of calculated 
fhalues can also be cletenmncd by the use of ,\ppcnelix II. Calcu­
bled values that exeecd those in the table are signifieantl) c1if 

fercnt from zero aile! ll1elicate agreement in the ran kings. 

Example 22. 'Two judges ran k 10 wines, as shown belo\\. Js
 

there a sigmficmt difference in their rankings?
 

\Vl'il 

3 :; 6 8 9 10
JI'DCF 1 " 4 

~ 

,---.,---~~~ ...._--~_._- _..' 

., :;] ]0 8 6 '3 4 9JI -0 ] 9 2) 8 10 '\ ') 6
J2
 

On·TERENCE
 
_.-._---_.~--

-~--------' 

d -] n 2 -2 -2 -] -] .,
- 0 3 

d 2 I 0 4 4 4 ] 1 '\ 0 9 

Id 2 = 28 

The nun hypothesis (H o: p = 0) is that there is no correla, 
tion between the rankings. Solving Equations 27 and 28, we 

obtain 

6(2.8) = 0.830R - lO(9C)) 

_f 8_ 4.21 
t = 0830 V1=0.689 ­
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From i\ppcndJX E wco see that tn, is df c;c :;J:;). Since the 

calculated \'~due t = i21 exceeds the tabUlar \aILle, we reject 

(at the I the nun hypothesis and conclude that the 

value R = (UFO is highly signifieanth different from O. The 

agrecment beh\een the rankings of the hlo Judges is therefore 

Inghlv significant. If wc use A.ppcndix H (ree~d1ing that df = lU 
2 = 8) 11(' lee that any valLle of H greater than 0.7646 i5 

siglllficant at the 1% leve1. Therefore H. = (UnO is 

sign ifican t. Usi ng A.ppendix II elimlIJ atcs the uced t () calculate t. 

This procedure can also be applied iu the evaluatIon of juclgiug 

abIlItv. i\dding increasing amounts of some constituent to a wme 

prOl'icics ~1 set of SdlllpleS of known order ]f a panelist is asked to 

rank the set for increasmg amounts of the cOllltitncnt. wc have 

an accurate standard WIth which to compare his r~lllking, and 

rJnk correbtioll coefficient is approprIate for rJtiug 
his competence. 

Ranking of 5;everal \Vines by Two or IV10re Judges. The ranking 

of k winel by 11 Indgcs is a very common proeedure. Two methods 

of analyzing the data arc presented here. 

Method I. A quick appLiisal of possible significant differences 

among a set of ran kings eelli be made bv the use of i\ppendixes I-I 

and 1-2. These tables hst [Jl1gb of rank totals, wInch are the sums 

of the n individual rdnk values for a gi\en wine. R,1llk totals that 

lie outside the r,lllges shown in the tables indieate results 

different from those that would be obtained bv chance 
a]onc. 

Example 23. Tweh'c judges rank; \\inC'S, vielcling the follow­

ing lank totals: 51 (H), 5, (2U), S; 521,5, (26;,5, (48). Use 

Appendixes! to determine whether there are ,iguifieant dif­
ferences among these rankiugs. 

Appendix I-I shows th"t for 12 rankings of ; sdmples there 

arc sigl1lfieaut differences at the :;% klel for rank totals not 

WIthin the range 25--1-1 Thus we see that WUIe 5, is ranked 

signifieanth low, Jnd wines 5, and 5, are ranked significantly 

16:;RANKING PROCEDURES 

high. i\t the I% level the rJnge is 22- :;0, so :It this It\d wine 

5, is ranked significantly low ami wine 5, is r~Jl1J,;ed slgndicanth 

high 

For slllall values of hand 71, there may he more sigmficdnee 

than is indicated bv the tahles ofrank tOLlls. In snch SItllations the 

following method of an,ilyzing the data is more cffectil e. 

;\Iethod 2. Ra nkings can be repbced bv a set of qn,m tities called 

normal scores, \\hich arc listed in Appendix j. Then the usual 

procedures for J!L11yzing nOf111(:111y distrihu ted cIa ta ;JfC d ppropria te. 
For example,\ppenclix rshows that for 6 ranked wmes the 110rma] 

seores that replace the rank values I, 2, :;,4, S, and 6 are 1.26/, 
0.642, 0.202, - 0.202,- 0.642, and -1.267, respeetivdv. TIm 

transformation converts the ranking into a normal population, 

and the usual analysis of variance procedure is applied. Since the 

and negative values of the normal scores are distrihutee! 

symmetriea]]y about their mean value. 0, thc total for each judge is 

zero and therefore the grand total, G IS also zero. This great!v 

SImplifies the compulatiollS. 

Example 24. Five judges ran k 6 WIlles, as shown in Table 26.
 

Usc Appendix J to analyze the results for significance.
 

The ran kings are CCJl!verted to normal leores as shown in
 

'LI bk r. The calculations follow.
 

Table 26. Six willes r:Inked b) 
; judges (see Example 2-f). 

\V,,,,.: 

<.;jnK;F 51 s, S, s; S" 

,\6 
(,) -+ ,7 :; (, -t 

-t ) 6 , I -t 
:;6 -+ 

"1~R'lllk total 21 2~ IS 10 III 
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Table 27. Normal SC(Jfe-~ for the rankIngs jn Table 26. 

\\.'1]""': 

Jt!Dcr- S] S, ,')'" S S, So TOT-\! 
-~~---"--~-~-~-~-~----" .. _~~, ...." ­

- 1267 -1J~202 ()!i-l2 0202 -0.6'+2 1.267 o o2U2 -1267 ~~02C!= 1267 ~~ i1642 06-12 li 
1267 0.642 -0642 0.202 ] .267 -0.2U2 (J 

-- (1.042 -1.267 0202 ] .267 -- 0.202 0042 Ii
-1.21i­ -0.642 -U.202 n.642 0.201 1.26' 

"] 'f) ta J i707 -2',6 -0.202 3.58[; -2.551 3.6]() () == G\Jcdn -U.HI -0';-17 -(l!HII 0716 - Ii 5I (l (l7n 

c=() 
Total SS c.= ] Or 12(7)'+ '0.642')2 \2 I 

} .J 

20.583 (29 df) 
\\ineSS = 1707,' -i- • __ ... + (56iJ6)2]/5 

= 1::.;68 (5 elf) 
ErrorS'S = 20505 -- 8.568 == 12.01; (24 df) 

These rcsults and the re:mllnillf' calculabolJS arc shown in 
Table 28. 

SInce the c3Jculated F value of 5.41 exceeds the t8bular 

value of 262, significant chfferences 8t the 5% le\el arc indl­

cated. and the LSD can be llsed to determine which wines dre 
slgmficantly different from each other. 

LSD == ti);(24 df = 2\164 V/02CJO == 0923 

Table 28, Anal\sis of \ariancc table for 
the (Lit;l in Example 2-f. 

Sot·}-:cr SS df rns F r",
----.-._----~--_._-_.- .. _~-_ .. _~~-~- .. _-­ r.n ; 

'j ot,d .20.58; 29 
\\lues EoL S6S S 1.~ 1 i ...f 1 2.!i2 ~.90 
Error 1:.01') 24 o. So j 
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'Using the mean normal scores, the differences can be sum­

marized as fo11ows: 

\\'IM 

.~5, S.; S, , .5, S,"
 1V1cdn 0.723 0716 -OJ)40 -OHl -OSlO -0547 

\Ve see th:1t at the 5% level there are no significant differences 

:..11Dong '.vines S). Sol' ~lnu 5n, bu t \\'1nC5 S4 Jnd So arc signitica11tJy 

better than wines S" .5" and S',. There arc no significant di!' 

fnenees :Imong wines SI' S" 5" and S,. (As in all such analyses 

Duncan's new lllultiple-range test, which does uot require the 

calculation of F. eonld be used imtead of the LSD procedure. 

The two methods that llave been presented here for analyzing 

ranked data have the advantage over other methods that 

provide ways of establishing significant differences among inch­

vidual wines. Other methods merelv indicate whether significant 

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

Descriptive Sensory Analysis 

The best-known method of descriptive sensory analysis is the 

!1avoT profile developed by the Arthur D. Little COlllpany, 

Cambridge, Massdc11l1setts. It has been used in prod net develop­

mcnt, quality control, and bboratory research by numerous food 

and drng companies (Amerine et a1., 1965a). In this method a 

panel of highly trained judges is used to identify the individual 

dnd overall odor dnd flavor characteristics of a food, in terms of the 

sensory impressions they eredte. Properly trained panels achieve 

consid era ble agreemen t, after grou p d iseussion, on overa II sellSor) 

impressions and the intensities and order of detection of the 
various sensorv factors. Disad\~llltages of the flavor profile method 
dre the expense of training the judges, the possible hias introduced 

bv a dominant (assertive) member of the panel during the group 
discllssion. and the diffieultv of sLltistieaJ ana]\sis of the results. 
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For all eXdlllp]C of a rec(lld form for the cJescripti\c ,emory 

allalvsis or willes. see Figure l!:l. t\s III the fbvor protllc method. 

many \\111en staff members Jnd pri\dte groups lllake their deei­
sicms on the quaht\ of a wme ;Ifter group c1lSC:usslDn of the result.\ 

obtained ill the indi\ idua] scnsory eXdllllllations. Is group dlseLls­

SiCHl benefieul or docs it cnt'lil too great a mk of preludicialll1­

fluenccs? \-levers and Lll1111l Ii han: studied this problem; the 

answer is by no meclllS as uneCjlllvocal as oue would Wllh. There is 

first of all the danger of a dowinant indi\idudl's imposing his jtlclg­

ment on the grollp, by eIther his reputrtion or force of persou,i1ity 
If this occurs, group discussion is useless except as dll cgo-cultnJt­

ing exercise for the donllllant IIHjj"idual tlte willerT owner). 

lones (I and Foster et dl. i]9SS) Lave noted tI'dt ,1 group 
Judgment is not the Sdll1C h :! group of judgments, becau,e an 

individual em mal' thegrol1p Judgment (The ob\ iom dlJalog\ 
with trial junes here IS illescapabk 

Even if there 1S no dominant illcli\<iclllal. the group Influence 

itself may be detnrl1elltaJ. i\S iVlClers and LaIllll1 say, "vVhat 
people learn from discussion is mosth in the direction supporting 
the majority's illitial preference.·< The problem is tba t, probabh 

suheonsclOusly, members of the group usually show d chspropor­
tiointe interest in f8CtS and opimoliS that support their initial 

preferences and tend to ignore those facts and opinions that do 

not. This appears to be true for hoth \ erbal and writterl opmiolls. 
knowledge of the positio\lS of other members of the panel lias a 

pCJhnizing effect (;md hcm call it help hnr do so if the OIliner or 

we reCUHllllf.:'lJc! thilt ,1li the p;ll1elists witb­
their initidl preferences. 

Stone et a1. [197-t; h,l\<c introduced d CJuautitati\(:, method of 
icriptive semon ,malvsi,< The \arious scnsory :lttribl1tes of the 

product are c:.-a]uJted SqJdfcltc1y. Fur CJch attribute a scalc of f­
inches )5 prm'ided, witl, two L belecl and ,or 

ends of the scale ~1nd one Jt the center. For f:'XJtnp}c, the "Icdc for 
sweetness would jook like tllJS: 

\Veak \loclerak 
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Illt<.:nsi!\ QlI:lhtv 

IdC!1tltlC<ltlnn U tu HJ ~ to +; 

Prior to T<l.'iting 

I. Viwal 

b,v"\l\i~r-: rt.:'dL rtdw red. 
\-iolet-rcel. hro\\ ni~il rcd 
iUWIIV) 

llltCinitl.c': light, ",lrollg
 

CJ<, release: lifJJlt:. fille
 
hnbbks, mcdinrn bubbles.
 
brgc buhhlcs
 

-, (JIIac!uTy" 

Complex.: \ll)()n~, cll:.tl1ld.
 
\'arietal, Mowery, lTlmtyf'j,
 

()xidized
 

Specific: ethyl acetatl', fllSci
 
oils. hydrogen s\~lfi(k,
 

l11erCapLH1, sulfur dioX1Ch
 

Ill-Month 

). Custatory
 

Baianced: thin. f,&b"d,cd
 

Specific: s\veet. sour, bitter.
 
"Ilty 

4. Offactorv (flavor);" 

COlnplcx: earth:·, fruity,
 
herh<lccoll-", \\ondy
 

Specific (identIfy) 

S.	 Text UTe: astringent hUflll11f:,
 

prickly, foreign ¢
 -

""The c1wl1Hc-al origin of the sensory Hllpre~:;ioll shonk he ~p('cificd 'if po.,,~ible 

N,ll1le	 . D1te --~-' 

FlCURE 18 
Record form for de."crt!Jti1'e sensory andlysis of wines. 

(/\dapted from f. Pllisais et aI., ] 974) 
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,\ftcr tastmg the product tlle Judge marks a eross at tbe point 
rcpresentll1g the JIldgllltiloe of the sCWiJllOll III questioll, The 
c!Istance from thc C'nd of the scalc to the eros, is a llleasure of this 
magnitude Stone ct ilL belicvc that the sule is linear, i,e" that 
with se\'eral d~lta points a strdight-hne plot of mc,lsured distance 
versll5 trne S\\Tctncss (or other sensorv a ttri bll te) is obtained, 

The procedurc requires cxtenSl\e training with the product 

2U andmdividnal testing, The individual and p,lllel 
data dre cU!llattcl bv ,malvm of vanance, Corrclation coefficient> 
are CJicllbtecl to determine the degree of correlation between 
the scales. Pnnl;lfv sClISory \<dues are measured hv pnneipal 
component analvsb, factor ,malysis, etc hn;!lly, a lllultidimen­
sional model Clll be dC'\eloped and Its relatioil to consumer 
respo!l)e or other extem,J! bctors can be established. 

From the daLJ one should be able to identifv inconsistent 
responses :mdicating the need ror more training) ~md the adequacy 
or the Judge'" discnmination between different ]c"o'cls of a giyen 
sellSor, attribute, Ollt: Gill also determinc whether indi\idual 
SCi1les are conmtent results and ,,\hether the scales are 
adequately cliscrimil1~Jtinf; hetween products. Final11', tire extent 
to \Ihic-h products differ in the specific :Ittriblltes can be nlclslHecL 
and the most accurate and comistcnt judge, e~m be identified. 

Compnter programs for one-Ila, and two-wav analyses of 
varIance arc used to measure the ,Igreement hetween a Judge and 
the nanel a, a \yhole, The interaction SUllJ of squares is estimated 

and the F\ ahe is ca1cllJatec!. A high F-I alue for an 
mdicatc, 1m chsagreement 11'lth the panel, i,e" 

therc is interaction between the Droduct and the judge, 
()ur conclusion is-that dcscrinb\"e sensory 

of highlv tr:lined per,onnd, should pWI't useful certaInill 
indnstrial and research sensory c\'alu cltioll 

Some Suggested Exercises 

rhc: serious cilTIJteur \\-U"le . 115uan~, \\-ishcs to irnprove his 

, but hcm does he go abont it) OIlI'ionsl)' he PL1C­

SOME SUGGESTED EXERCISES 

tces. His main problem is finoin:.; a fixed frame of reference for 
each of the major odor and taste component' of wines, \Vhat, for 
example, is 10\\ or high sourness: How does a low concentratioll of 
,lcetaklch)'de smell compared with a high concentration) C,-J11 
olle distinguish low, moderate, and high concentr,ltions of sulfllT 

dioxide in wines) 
Thc fo11owing exercises are intended to help answer thcse and 

simi1Jr questiolls, They should also prove llseful in seJecting the 
best Judges for many sensorv (''',lluation panels, However, therc is 
certainly no direct relation between olle's iuherent taste or odor 
semitivity and onc's abilitv to evaluate IV]IIC quality. For each 
specific sensory characteristic, one must also know the level of 
intensity that is appropriate in the wine in question, ,md one must 
be able to recognize the proper balance among the \,nious 
sensorv characteristics, Expenencc is what real1v counts. 

Obviously most pcople do not hal'c a <;npply of citrIC acid or 
glvcerol or ethyl acetate, nor do they have the equipment for 
measuring or weighing such chemicals. \Ve suggest that you solicit 
the interest and help of an enologlca11,,-iuelined chemist or 
pharmacist. They do have the necessarv chcmlcals and equipmellt, 
or em get them without difficultv, (Sec also i\larcus, Iq"ej-,j 

Thresholds, ,-\ suggested series of concentrations for testing 
sensitivitv to sucrose (sweetnessl in ;lqueous solution is 0.1, (J,;' 

(),7, and 1,2% b~ weight. The "/\-110t-I\" type of test may be 
although other methods work equally wcn, In this test a water 
blan k (the standard) is tasted first. 'rhen one of the suerosc solu­
tIons (in a random order) or <1110ther blank is tasted. The judge 
decides whether the sample presented is the same as or different 
from the standard, (For a record form see Figure 19,) The test IS 

repeated 6 bmcs for each concentration, l!1c!udiug the bbnk ,31\ 
times in am. Typical results for such a test might be the following: 

SMvIPLl'. 

0 "70'(),3% 1.29(.. i /(BLANK 0.1% 

:; ej­ 6Corred decision 3 
so 667 0".'" l()l!()"). .,")% Correct 50 

J 1 

.., 
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:'\;ihlfC of clltrercllcc: ~ .__. ~~_ _~___ __.~_~ _ 

[-;L~h. <:;rnc1L the :-Lni<.Lrd '.Si Jtld HlC sJ.inplc. Dec.ide \',hcthu rhe 
'~!lilpk i\ tht- "dmc chffercnt frUlJl tilt' 'lLll1c1:lrd. 

S;\ lillie lie) ~anl'.::·;1~ ,0..,' Dittv1(:mtr\))JJ.\ 

""'''"'_ '-'--------- ~---- D:ltc __ _ _ 

FIGURE 19
 
Record form for (/11 !\-71oi it test.
 

\Vhat is tIm Judge's thrnhold for sucrose in water? Obviomlv 

SO% of his deCIsions should he corrcct bv chance alone. The per­

centage of correct decisions above chance is defined as Pc = 2 X 

where Po is the percentage of correct decisions obsenecl, 
In the thresllOlcl is usually taken to be that concentration 
at which the judge makes SO% correct decisIOns above chancc 
,P. = i.e, 7S c,c correct deCIsions observed (Po = 7S I, since 

2,7S -- = SO. In the present exal1lple the sDcrose threshold is 

therefore \()!lJnvhcre between 0,) and i}7%. A more exact thresh­

old could be established repeating the test with solutions be­

tween 0.3 and 0.7% sucrose, eg., 03, IUS. O,4S, 0.S3, and 0.68%. 

The results can bc plotted Oil log-probability paper. with Pc on 
the probability axis (()f(linate) and concentration on the log axis 

(abscissa). Draw a straight hne as close to the data points as pos­

SIble The intersection of this line with a horizontal line drawn 

from P l , = SO defines the concentration threshold. For a still I1Iure 

accurate \'alue the line can be plotted by the method of least 
squares. either manually or with ,l!l electronic calculator or com­
puter. For purposes of demonstration lIe suggest that thc group 
result, he pooled and the a\crage threshold cakuJdtcc!. HCJ\'\e\'er, 
It IS illStructi\e to compare the thresholds of vJnous members of 
the group. For this pmpose the test should probablv be repeated 
until therc are at least I S correct clccislons for each individud 1. 

1-;,SOME SUGGESTED EXERCISES 

This tvpe of tcst call also be used to clctcnl1l11e the thrcshold., 

for luanv other substanccs. in either wlIJe or \later. For cxalllplc. 

thc following amoullts of various chcnlicals could be added to 
the base wine or water (the standards'l. \\hich constitutes the first 

of five samples in the series: acetaldehvde (40,80, 1-+0, and 200 mg 

per liter); acetic acid S. 9, and 14 grams per liter); !Jiacetrl 

8, 12, <lml2U mg per 1i ter); s.itric acid 0.-1. 0.8, and 1.6 grams 

per liter);ethyl aeet'l~.~1'0,60.100, aud I SO mg per liter); sorbic 

acid (SO, JOD, 175, and 2-; mg per liter);2-ulfur dioxide 90 

1SO, and 250 mg per liter:; tartaric acid (0.03, (U17, 0.10, am! 

O. I; gram per liter). The sulfur dioxide test shonld be the last one 

attempted, 8l1d should he made no more than once per dav. 

\Vhen \Iater is used as tire stanclcrrc1 rather than a basc winc, 

these tests establish thc absolute thresholds of tIle iudges (see 

page T\). \Vhen wines arc used the thresholds should be in­

terpreted as difference thresholds !cxcept for SorblC acid), because 

the concentration of the component in the base Wille mal' alrcady 

exceed that corresponding to the absolute threshold Care should 

bc exercised in selecting a fairly neutral \vme of normal composi­

tion as the base wine. If testing time is limited one mav usc four 

concentrations instead of five (omitting the lowest\. 

Thresholds can also be determined by the methods of lust 

noticeable differencc (ind i and just not noticeable difference 

(inndl, In the former test thc samples are presented in order of 

increasing concentration, from below threshold to wen above 

threshold. The judge indicates the first sample that he finds just 

noticeably differcnt (sweeter, sourer, etcl from the preceding 

sample. (For a record form see Figure 20.) This test can be used for 

dctermining absolu te as well as difference thresholds. Hcca use the 

crrors of expectation and habituation may occur. the test should 
he done in both directions, i.e., ind and innd. In the latter test thc 
samples arc presented in order of decreasing concentration; the 
judge indJCates the first sample that he finds just /lot noticeably 

different from the preceding sample. 
For example, the test for a ind is done S times \\ ith a series of
 

wines containing citric acicL The basc wine (nothing added) con­

tains 0.50 gram per 100 1111; the amounts of citric acid added to
 



174 

f\"ltme of dittClenlc: . ,. ._.._._~ __. .~ .~ 

Sample order: el!I I< '" R T 

l':l-';rt' lor slJ!dlJ the from the lowc.'lt -':.-'OllccntratlOrl to the 
blgllCst Jndic-:1tc fir~t Sd ill ph: tlul ;.'1 im:t jJotlceahly III 
~astt' [or from the prcC'cdmg sJJrlple 

Dilftrcucc 5r~t Jlohru! in sample _~__~~__ 

'-\j;.lltli.' _~~ ~._ __._ D,ltc 

nCliRF 211 
Recc'rd fornl {nr a jusl-noticetlble-diffcrenc(; tesr. 

make the remainm£; fom salllpks are O.OS. 0.10. and 0.2, 
gram pEr 100 ml, glvillg samples witl] [1.;2. O.SS. n.60, and 0.7:; 

gram per I00 wi, rcspectllely. In the jnd serie, the aetnal ind is 
0.:; S three times and 0.60 twice; III the correspollding jrmd $cnes 

done S b mes} thc dcl ua] jnnd is 0.:;:; thrcc times Jnd O. S2 

twice. The weighted means of these tIVO sell of data are 

l :=: 0.s7
os S 

, -~•. ~._-__ : • .1... = 0.54 

am] the ovendl mean lallie IS tllcr-dore O. S:;. Thus this ]llclge's 

dlrrcrelIce threshold for citric acid in w)lJe is [):;; - O,SO =: 00; 
gr;;m j}er ]DO mL The mua] measures of centra] tcudellcv. signin­

C:lnce, probable erfOr, etc. can he cll"'lnllV'r! 

Off Odors. 1'he threshold rests for acetaldehvde. 

Jeetatc, SOJbic acid, and sulfur dioxide (listed '1 bCJI<:J can abo be 

ll\'(cd for famihanzmg the stndent Inth coHlmon off odors, 01 hn 
off odors can be produced hy adding a sllla]] amonnt of the sub­

stance 11l questio!l t(, a neutral WinC, Fur e:\dll1plc. ahout ; to 1(I 

parts per bIllion of hvdrogen .Il1Hic1e win be detectable. For the 

alcohols, 400 mg per liter Df \-methv1-1-hutanoi (ismJ1J vI 

ak1!lillJ) win bc ,ldequ8tc to give a fuse! oil odor to the 11·]I1e. s~"Z;17 
\\ illes \\ lth typical dnd Cdsih detectable off oclc-m of (·orkiness. 

SOME SUGGESTED .EXERCISES I'S 

nlOldmess, or woodille'S mal' he difficult One shouJd inquire of 

wille merchants or wUlerie, for help m locating such wincs. 

Other Exercises. ]\'lost of the procednres discussed prevloll'h' 

can also hf> used ill the training and selection of judges For deted­

ing differences of cl nonspecific character (8n nl1lclentified off odor. 

fur cxam pte). the duo-trio tcst (page 11 ~! and triangle test (page 

J 14) are lllOSt useful. Juclges who Ca11\1ot distinguish the off odor 

can he screencd out. \Vh(:n potenlJ,J! Judges are being tI,lillCcl, 

those who fail to detect the odor wi!! know that they must practice 

to reach the reqlllsite proficiency, or he clisqnalified, The duo-trio 

and triangle tests em also be used in blending willes to match a 

standard-all important willery operation, They are useful !lot 

only in winery operations but also ill the training and selection of 

blenders. 

Paired-saJllple tests (lxlge 1Il CI1l be llsed for estahlishing 

qualitv diffcrences. However, rankmg (page] 29) and scorillg 

(p'lge 111) are often the prefErred procedures, Can an mdividnal 

correctly rank a selies of wines in increasing order of Cahernet 

aroma, ,weetnel', SOt!mess, ethanol content, etc.? Those who are 

deficient in one or more such skills need further training ,mel 
practice, or shOUld simplv !lot be IlSed on a sensory evalualJon 

panel for which the skill in qucstion is a requirement. 

Became individuals differ in their nnderstandiIlg of the tests. 

some prelIminary training is desirable so that all the potential 

judges start the lest series on all approxllnate1y equal basis, Jn all 

trailling tests, tile statistical significance of the results must be 

ealcu1<Jted unless It is obvious from inspection of the duta that the 

results are insignificant. 

Quality, For judgrng thE quality of wines we recommend tIle
 

scoring of groups of S to '7 WlIles of 3 dcsc!v related type. e,g, wines
 

of the salIJe variety hut £roln different wineries or of chtlerent
 

vintages, wines of a given region or district, etc, Should the \\mes
 
be served "hlind" or with the labels showing? For begilluing stu­


dents we favOf the latter method because it gives the student the
 

hest ch,mce to associate the label \\ith the odor, taste. and Hav(J1
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of the \\ine. lIowc\cr, this a,sumes til;] t theltudents, and especi3lJv 

the instmctor, drl' completely nnpreJudiced - a vcrI' bIg assurn p­
lton. For more 'ldldncecl students, "blind" judgings arc II 11 lch to be 
preferred. At home the wines should be scneed with the labels 

showlI1g unless SOllH: consellSus opimolJ is Jeslred. In this case the 
wines shoulJ be served "b1incl." Ranking procedures are then 

usudH, preferred, bnt if the group has had expericnce in USl!1g a 
score eelrd, sconng can be emploved. I,Sce ellso pages 

59-(2) 

\Vhen VCJU can measure what }'Oll are speaking about, ami 

npress it in Ilumbers, you Imow .something about it; hut 

when you cannot measure it, when )'(jU Cl!1J1)O! express it in 
munbers, vour knowlc'dge is of a meager ulld uH')otisfdctory 

kind: If mal' be the heginlling of knowledge, hut VOll have 

I:,p,"JrereJv in VUla thouE.hts. advan.ced to t.he stage of science. 

-LOll] Kellin 

I'LITE ] 

\~'jne glass painted black un the ()tdside 
to pre\'ent o!JsenatlOn of ap!)carancc 

or colnr. 

J;l 
l'LXrE 2 
La;;::' susan sen'ing table. 'lote sections for se!J(/rating samples. (Cowles; 

of E. and). Gallo, ;Vfodesto. Cal.) 
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Appendix A Normal Di\triblltloll 

TiJc t"JJtnes in this table ,ire the arC;JS under the nonnJl Appendix R Chi-Square Distributiou
 
probahihty cune to the of the nurgHLl] \aJllc of the
 The entries in tllis tab1c arc the x~-vall1es fur distributioll" WIth fron 1 h) ;U dl~grces of freedom. 
lloflJlal dc\ late;:: (01 to left of - .Z}. i,c., !TiC\' "lfC the ~ at III \ Jllles of the probablhty.=----.. ­
probabilities t]ut (I LllldolH uJ1.1t:' of:: \\'i1l cqodl 01 exceed <~ (I ~~:-:- ~~=-l.: 

PROfl.\BII,rn or ., 1.·\RCI·.R \ ,\LXI:: OF X~ 

[}.1)() (1,9; II.:;;U {i.3D 0.21} U.l!J I).US O.O~ ow.:!il~ .IH .US .1\6	 Ul) df 

O.fJ ~Unj~ -+(J(l\; .-t Q2i -+Sr.;,II +~·H ·jSUl ."e[,] ':::1 it,,'); 4611	 n.[){j(J2 O.UiH U;6 107 ; 6~ ? i 1 ~ k-i '31 tlfH Ii' s; 
1).\120 (J,lU~ I ;CJ 2.4 ] ";"))? 9""; ] 1::_';201 t6JZ -1-:;'12 4" '1'" "H~:. -H-H .-+4LH 4)6..:; .4;= ; -E>ib -t2'f~ -t.60 S 99
 

02 -f:n7 .4161, +.J9u -Hi:;""} ,-Hn; ;\)7---t ~ \L)~ .1~S9 U.ll ~ (J 3; ~.fl(' -i.C)1 h,:::;;; 9.tH ;'1 162-:
 

p ~ ":.7 ..:jS -.-'\r:- "'-'(,{)Q ~H: .'"1:,; n U.71 '.?(', -LS:-, ).9S '.1.-+fJ ] 1.6"7 2;-.; ) ,').-!-(;
")9--\
 

{!-t ~-t";-6 ~1(JC) :'") "\f., ;1(]U ."122S ;, llJ2 :, J SC ;]: \ o.:;;s t .l·~ .~ ) S J.2() 'J.2·\ l] Jlj j; ~g .IF)
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