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- ABSTRACT

' Thefdairy industry of theiUnﬁted States has- observed an increased
use of solids-not-fat, while buttef fat has become én ekcess;'and some-
what unprofitable, dairy component. Ice cream offers a possible use of .
excess fat. Ice cream'cohponent levels, however, have been determined._'
by .executive decisjon rather than scientific infofmation.

The:princfpa1~object1ve of this study is to determfné humén:disr
crimination for fat in vanilla ice créam° This information will provide.
a bias for future preference and demand studies for ice cream composition.

Four experimehta]'designS'ake employed in the evaluation of dis-
crimination abi]ity‘for'ice creaho rThree of the four represent a tradf- ,
tional approach for'detefmining sensory discrimination ability. The |
fourth design,: app1y1ng the Theory of. Signal Detection, has prov1ded a - |
very. powerfu] method of obta1n1ng bias-free statistical results.

The resu]ts of the study indicate that human subaeqts were ab]e‘
to discriminate not;on1y'fat_content in ice cream, but overrun and
flévor variables as well, The results of the TSD analysis showed the
cqmbination of fat, overrun, and flavor yielding the greatest taste rich-
ness. A brfef production cost analysis shows the richest'combinatidn-of
ingredients with the least finished product cost coﬁtains 14 percent fat,
102 pertent overrun and nofma1'vani11a flavoring. The highest level of
richness W1th the 1owe$t'éost may‘be obtained with 10 percent fat, 90

percent overrun, and no-vanilla flavoring.

vii



CHAPTER 1

INTRODUCTION

'Producers of today's dairy products in the United States are- -

faced with an excess of butterfat’due to the increased use of solids-
hot;fat'(SNF).injthe productidn of fluid milk preducts. Findingkproé
fitab]e;avenués to utilize the excess butterfat is an 5n¢re§§in91y_
1mportant 1ssue This situation'has prompted this research organiza-
tion to attempt to find the va]ue of increased fat in van111a dce
cream.

__The;amount of fat in ice cream has'beeﬁ traditiona11y é deci-
,sionfoffmanageheht. 'Many prodﬁcers have preconceived notions of what
7 constituféska rich 1cé_cream, while others.simpnyproduce.the minimum -
,1imit~fiXed by law.~ In an era of qua]ity~c6nsciousness, the optimum
combination of ingredients in 1ce.cream incorporating more fat could.
he]p-an 1ndustry:to determine the most profitab1e mix to produce.
~Wh11e the actua] market preference of any product offered on the open-
market largely determines its demand, the study of human ability to
d1scr1m1nate various. components of a product form a usable groundwork"
for future changes in product compos1t1on Once discrimination abil-

ity is determ1ned the measurable preference for the product may be

evaluated.



b'-qupose and;ije;tiVésA

'*TheipUrbose bf'this study.iSVthé defermination of. human dis-
crimination ability for thfee components 'Vof’ice,--cream;_fat,,.vpi/errun9
’énd:yanilla'F1avoro Beginning stddies_attémp{ to approach.thé fat
.variabTe employing the relatively 1imfted paired comparison and tri-
angle analytical designs,' Later studies apply the Theory of Signal
Detection to determine not only fat discrimination, but‘overrun and
,‘vani}ja_discrimihationVas well. |
iiThe~méjor Objectivé was to_examine‘various ana]ytiééi designs |
: ahd corresponding statistical_ana]yéis'that,wou]drbest determine human.

sensory discrimination ability for ice cream. -

Thé amount of fat in cream is determined by the fét contént
of cream from which the mix 1is produced,; The percentage of fat'fn-
torporated determines whether or not the product may be called ice
cream or ice milk. Most states have standards for fat content in ice
'cream-Simiiar to Arizona's 10 percent-minimum,-

'7 The-amount of air whipped into thefiée cream is expressed as
thé,péréent overrun. The overrun level is:arfunttion of;thé increase
in volume of the finished ice cream, and the volume of the mix used
tO-produbevfhe ice cream, -In th?systudy; higher levels of overrun
connote higher overrun percentage levels. For example, 102 percent
has»more air per vb]ume ahd; therefore, a Iowef‘totaTdensity° . Lower
overruﬁ levels, 78 percent for-exémp]e, is mofe‘dense, or stated diff
ferent1y9*has.1ess air~per-yb1ume of finished product. Lower overruné

wﬁ11-aTso_weigh more than the»highek overrun 1e9e1$, 'Obviouély, the



Tower overruns use more mix for every un1t of finished ice cream and

represent a h1gher cost per finished un1t

‘;.Review of.Literature_

A review of the recorded information specifically re]ated te,
’icevcream fet‘prefefence has produced two mejor studies. The first,
by Williams and Campbell in 1923eeou1dfpoesib1y be the classic ice’
v-creahlpreference étudy,v'ThefeeCOnd; e,WOfk by Tracy in 1937, develops
a more‘sophisticated'methOd'of testing but~£ends to arrive at an ambi-
guous.cbnd-u‘sion° .

The 1923 study by Williams,and,CambbeTl for the United States |
Depertment of Agricu]ture-was entitled, "Effect of Composition on the
Pa]atabi]ity of Ice .Cream." The fesearchers tried a "new method of
meaSuring the desirability of 1ce<cfeeﬁiﬁ According to the authors,
previous research used the score eard method for testing ice cream
composﬁtion. The study 1nc1ude$;sevefa1 experiments on the three
: prineipal classes of solids in>iCchream,ename1y9 mi1k fat, milk solids-

'not4fat,'and cane sugar. The miTk’fat section eValuates the effect of
- fat content on palatab111ty of 1ce cream ‘Three.mixes'were.prepared
conta1n1ng 12, 15, and 18 percent;fat..:AI] other conetituentsAof_the '
mix were held cohstant."The ice Creem wes sold to U. .S. Depertment |
;of.AQricu]fure employees on each ofefOUr consecutive daye; Prices of
- the ice cream were not varied eccording to its ‘composition because the
- researchers believed “thie would discfesethe difference in quality
and defeat the main purpose of thefteét."i The test lasted threeiweeks;

- and during that period, 67 beop]e sampled the three mixes,epurchasing



qvér 500 sambles, Oh1y'27‘of-the purchaSers were considered'requaf
- endugh to tabulate their 316 total sales. |

The first-chbfce of the-festers was the 18 pércent fat mix
representing 82 pércent of the:totaT sales. The 15_percent fat mix
was second, having 10.4 pércent‘of sa]es; followed by the 12 percent
fat mix With only 7.6 per;ent'of $a1es¢ fhe:researchers deduced from
these percentages that the "figures show conclusively thaf-the riﬁh
ice cream was preferred-by a large majérity of the purchasers."
(Williams and Campbe11;;19239fpp. 3-5). - o

‘ Another section of the study by the same ihvegtigatprS‘con— :

sidefed the 1nf1ﬁénce of faf content on the quantity eaten. This study
was*madé'with 10 and 15 pércent7fat ice cream. Each of the 38 persons
in the test were allowed to consume as much ice cream as hé‘desiréd
 from a weighedrcah,- After eath.of the five to seven persons in the
individua] iest gfoups_weke satiated,,the can was reweighed.,.Eaéh'fat
“level mix of the iceacreém was tested at six different times. The
researchers concluded from this study{that "the fat content does not
seem to_have a great'effectvon the quantify of ice cfeam a person will
eat, except perhaps when it is veryvrich," They found that the average
consumption of ice cream in this test was 341 grams (1.2 pints) for the -
10 pércent fat and 317 .grams (1.12 pints) for the 15 percent’Fat
(Williams and Campbe11, I923s‘p.:7)

More than a decadé'1ater, Tracy, Professor of Dairy Manufac-
turers, Univérsity of I11inois, presented new information on fat pre-
ference to the 37th annual convention of the International Association

ofrice-Cream Manufacturers. Traéy.ﬁecognizéd that scant written-



1nfofmatioh,of-ice cream-preference had been produced. His scientific-

' allyVCOnductéd research ‘was an attempt to. study consumer preferences

~for ice cream.

VPrimary>data were obtained from a questionnaife delivered to -

. almost 300 customefé on the university milk route. The questionnaire
was designed to detect basic consumer preferences and later served as t
a basis for a controlled labofatory test; Tracy observed that. people
had.many"falséfbeliefS'about'ice cream. He suggested that "it wou1d,.'
'Vbé very desirab]e.ﬁo give.the consumer a more'accurate khomﬁédge ébn;
: éernjng icercream in-order to correct many of the false opinions which
he nbw possesses.” (Tracy, 1937, p} 61). |
The second part of the'study was controlled evaluation of c6n~
v suméf preférences,» Nihe’tests were,conducted»uéing approximate]y~200
peop]e° Children ahd%pérsonS'with lTow income were ekc]udéd‘from the
"test in order to achieve-avrepresentaﬁive consumer buyihg group. Tracy
explained his méthod of-sampfﬁng at the question and answer session
after the pfesentation of his paper. "The consumer was servéd in -
dishes;- There were iWoivariables, one was a round dish,rand-one‘was
a square,disﬁn ,in no case did we have more than three variables.  One
of the dishes was colored red so that there would be no opportunity or
occasion to cpnfuse them. " (Tracy, 1937, p. 71). | |
Results of the test indicated that the majority 6f'ﬁhe women
_ pféferréd,the ice éream "having the heaviest, stickiest, and most're?
_sistant body." Tracy also states that for all tasters, "In the high
-(TSppérceht)va;}the medium (12 percent) fat test they'were'abje“to‘~

diSt{nguish the"differenCe in the bodies of the two ice creams and

5



6
, théy preferred the body'bf the -higher fat product." When the flavor of 
the ice cream was conéidered; h0wever,'thé outsténding;comment:wﬁs a -
‘preference for the flavor of tﬁeﬁ]eés sweet, co1der,,medium;fat,content
iée cream. Judging from these comments, Tracy-conﬁludes that "it did not |
seem that the tasters were'able to deduce the factors thatvwerexbeing‘_ |
varied in the ice cream which they:wére_testing." (Tfacy, 1937, p. 68).
Sixteen years after,TraCy’presented his report at the Ice Cream -
Manufacturers cbnvention9 Mark_Keeney,_at the 49th convention, reaf- |
firmed the value of butterfat research. - Solids-not-fat weré;begiﬁnihg
to command greater attention while butterfaf research was being pushed - -
- aside. "Future résearch on,butterfatAwill pay a vital role in the -
prosperous progress of the dairy industry." (Keeney, 1953, p.. 31).
Today, manufacturers seem to be using the Towest. Tegal limit
of milk fat in the ice cream fhey'prdduce; An August 1972.issue of
Consumer Report commented on the quality of 34 brands of iée cream
produced ih the midwest,»'The.chémica1 anaTysis indicated that most
of the ice crea@s sampled,incorporate& oniy 10 percent fat. Only iwo
,.samp1es.Were above 13 percent butterfat;
Most of the midwest states sampled in thé test have legal com-
position requirements similar to those adopted by Arizona. Vanilla
ice creams produced in Arizona must contain at Teast 10;percent1m11k
fat.and weigh four and one—hé]f pounds per gallon to be ca]]éd jce
- cream (Arizona Revised Statutes, 346258, 1956),' A1l those below the
]inerceht Timit are sold as ice mek,? FIavorediiqe:creams mayrcontain,,

as little as eight percent milk fat and be called ice cream.



CHAPTER 2
ANALYSIS OF PREVIOUS ICE CREAM PREFERENCE'TESTS

The preceding chapter’haS’shown'that 1itt1elresearch informa-
tion exists for determining the optimum combination of ingredients in
, ice_cream. As a result, it is.quite pdssib]e that industrial ice cream
ingredient combinations are frequently based on management}decisidn"
rather-than technical or scientific information. It was this:absence
of information that induced the Deparfment of Dairy and Food SCiences;
to esteblish a program directed at determining the optimum combination
of ingredients in ice cream. Conceptually, the program intended to
measure the preference of human subjects for various levels of fat
conteﬁt above the minimum legal standard in Arizonae(10‘pefcent).
Overrun was‘also included as a variable component,'a1though.no 1ega1
Timit is placed on'its ineorporation in ice cream. These tWO“Variab]esA
‘were- expected to expose some of the unknown preferenceS‘forrvarious “
ingredient combinations of vanilla ice cbeam,

The test program;began in the spring of 1971,:1ncorﬁorat1ng.
,three levels of fat (10, 12, and 14lperceﬁt) and three 1evels-of over-
PUnA(78' 90, and 102 percent) ‘in the-iee creah An additiona1 va\m'a‘b'le9
price, was included due to the nature of the samp11ng procedure° iThe.
'“Department of Dairy and Food Sciences supervises an ice cream and cheese
sa1e:everyfwednesday;as part of a,fund:ra1s1ng program for thejDa1ry
Science ,C]ub° ‘The opportunity existed fo;ask the_cQstomeréfat~this

7 N



sale to sample a few containers"of test ice cream before they -purchased
B the'se]e ice cream. The sample ice cream and the sale ice creem.were'
paft of the'same mix so that the customer could taste each variation
'*abefore”makfng a purchase. The price of the sele product was varied
eccofdihg to the 1ngredient content. Lower overrun levels (less air)

were priced h1gher due to the cost of increased dens1ty per volume of

, i.mk . VH1gher percentages of fat content were also priced higher,:

Dur1ng the club- sa]e, each person desiring to samp]e ice cream
was. given three prepackaged cups containing enough ice cream for an
adequate taste test. Each sample represented a different combination -

of ingredients, and was identified by-a small color mark on the side

- -of’the‘cup. (Cups were semi-consistently color coded.) The'SUbject

 indicated his preference by writing the color of the mark on the rert

- sponse form (Appendix A)._ After'sampling the test ice cream, the

subject could correlate the sample ice'cream to the sale ice cream .
by requesting~the same color mark on the sale product.

" The test procedure (Table 1) shows that the experiment'wa§~
dividedjinto two major groups. The first group tested the preference
for ice cream when fat was varied at ‘the 10, 12, and 14 percent 1eVels,
and overrun incorporated at the 90 percent level. ‘Price for the sale
ice cream was $1.50 during the first four weeks. The amount of fat
_ in-the’ice cream detefmined the price during the second four-week
_ period. | | ' 7

“ The second major'group measured.the,preference for three~1eve1s
.of,bverwun in iceecream. The amount of fat was consistent]y'incbfpor

rated at the 12 percent level, while overrun was varied at the 785 90,



'Tab1é']},ﬂDepartment‘of pairy and Food Sciences Tést_Procedure-

Price-Chérged Per

Week of Test - Percent Fat . Percent Overrun = Gallon
14 10 90 ~ $1.50
| | 12 %0 - ©71.50
14 . e0 - 1.50
. 5-8 A | 90 1.40
12 | 90 - - 1.50 -
14 90 1.60
9-12 12 78 1.50
| . 12 90 . 1.50.
12 102 ‘ 1.50
3Ll 12 78 o 1.60
12 . 90 1.50
12 | 102 1,40
17-20 10 %0 1.50
| 12 90 1.50
14 90 | 1.50
21-24 10 90 . 1.40
12 90 - 1.50
1.60

14 90




10
fjand TOélpercentfleVeln- The saTe,iCéﬂcreamlwas priced at $1.50 for-all |
1évels of overrun during thé*first'fouf weéksvof the test group. -In-tﬁe
secoﬁd four‘weeké, the price for fhe ice cream was,chargédvaccbrding té_‘
the oVerrun.1éve1,vv o |

_‘The’preferehce tests‘in the 17th through the 24th weeks were
-repefitions of the fests conducted in the first group. 7

The analysis of variance (ANOVA) is the usual sfatistica] tool f'
emp]byed,for data wherelknow1edge of the-variance‘is required in'the.
experiment. Ih studies of'consumer preference, however, thé:défa'are
~not likely to be nofma]iy distributed. This implies that the assump- -
-tions necessary for~therapp1ication of ANOVA are not valid. To over-
come this difficulty, a nonparametric statistical method is employed.'
where no assumption of normality is required (Friedman, 1937).

The Friedman.nonparametric simultaneous rank test 1s.applfed

where a two-way c}éssification exiéts with only one obserVatfon per
cell (Mi]]er,}1966),- Itvfs used for testing the hypothesis that the
sampTes in the experiment'Were drawn %rom the same popu]ation.rrThe.
test is pafficu]&r]y useful fof ﬁhis test'beﬁause differences between
subjects can Often be 1afger than the subject's response to the dif-
- ferent ice créam rﬁixes° | |

The ranked data from the cqnsﬁmervresponSE forms were cast in
a two-way téble having C columns and R rows. The rows represent indi-
lVidual,subjects’and the co]umné represent. the different mixes. - There
arg,(C!)R distinguishable arrangemehts of ranks in the entire table.

To ‘each (C!)R'is a corresponding: value of



w
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nMmo

i

where T; = sum of the ranks in each treatment (column),
C = number of columns or treatments,
R = total number of rows (Bradley, 1968, p. 124).

When the value of S exceeds the number of distinguishable arrangements
of ranks in the entire table (a-sized upper tail), the differences
between columns (treatments) are statistically significant. Tables
are available that 1ist exact critical values of S when the number of
rows are small. When R is large, as it was in the experiment, the

Friedman test statistic (Bradley, 1968, p. 126).

2 . 128
r T RC(CHTY

may be compared directly to chi square tables with C-1 degrees of

freedom (Bradley, 1968). If a significant difference is detected by

2

e the statistic (p. 126)

X
B 5 a
R - Raqp =/ =75

is a simultaneous test to determine which of the treatments (column
means) are different. The constant qﬁ » is the upper o level of the
unit normal random variable, C (Miller, 1968, p. 174).

The Friedman chi square statistic was calculated for the data

representing each four-week test period. Significant values were

1



7 » 12
obtaihed in‘él]ibdt:a'few cases."The data,wererfurther*éna]yzed for
significant mean treatment differences.-
| The first four weeks of the,test attemptéd to determineAthé
'preferencé for the three fat levels when price and overrun weré he]d"
constant. The resu]ting‘xf indicates a étrOng préference response‘A'
by the test_participants° VWhilé no preference was significaht'betweeﬁ
bfhe~10 and 14 percént fat mixes, the subjects did show significant
preference between the 10 and 12 percent fat, and‘the 12-and'14rper=,
cent fat. The i2.percent was the first choice, followed bjifherlb |
percent and, lastly, the 14 percent (Table 2).

. .The 17-20th weeks duplicated the test conducted the first
fohw weeks, The results show that no samp]e'mix'(treafment) was- pre--
ferred significantly over the other. ' | | | |

The-priCe:of the sale ice cream was varied in fheiS—Stﬁ and

21-24th weeks according to.the am6unt»of fat which was incorporated.
“As in the previous tests, overrun was held constant (90 percént), and»
fat was maiﬁtained at'ﬁhe 10, ‘12, and 14 percent‘fat'1evels._ The
resu1tslfrom the 5~8th'weeks indicate that the TZ:percent mix was the.
first choice in terms of numbers of responseé only. St&fistica]]y,
the higher priced 1é and‘14 percént were not different. - The fikst.?A'A
(12 percent) and third (10 perqént):choiées weré;;tatistjca}]y d1f=i
. ferent as well as-the.second (14'percgnt) and third‘éhofces@ ~The
'21;24th.w¢ek5‘showed'é shift of first preférehce:ffom‘the-]Z percent
. to the 14-‘-pércentffat° The shift, however, ié representative of the .
‘numberé of respdnsesbniy,‘ahd'is>no§33tatistically;sﬁgnff{cant;"With}"

this in:mind, the results of the two test groups are exactly_the same.



Tab1é 2. RéSuits of the Preference Test.

Critical \2 : Difference o
: ~ Number Value r ~ Preference Between Critical
week in Test - 5% Value Fat  Overrun Price Rank Means - Value
1-4 308 - 5.99 21.37 10 90 - 1.50. 2 217 o
12 90 1.50 1 ‘570 -183 1199
| 14 90 1.50 3 "
17-20 197 5.99 4.40 10 90 1.50 3 010
| : 12 %0  1.50 2 y7g  -188 .281
14 90 1.50 1 ' R
5-8 183 5.99 15.50 10 90 1.40 3 283
12 90 1.50 1 ‘6o 323 .245
| 14 90 1.60 2 ° |
21-24 144 5.99 10.79 10 90 1.40 3 . _
- 12 90 " 1.50 2 o 384 274
| 14 90 1.60 1 :
9-12 206 5.99 6.92 12 78 1.50 1 57
12 90 1.50 3 leg 102 .281
| | 12 102 1.50 2 °
13-16 91 5.99 1.06 12 78 1.60 3 132
12 90 1.50 1 ‘132 +000 -~ .347
12 102 1.40 2 . e
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~ “When the pfice 0F the>sa1e ice cream_was varied according to |
jingredient density, the subject was aware of the three price Tevels -
and able to discriminate -between the.pricé differences. Consequently,
theré is a possibilify-that the lack of systehatic differences 1in '
the results may*be due to subjects identifying higher priced ice cream |
with a supefior product rather than théir'éctual preference;:'Further'-
cbnfounding of the results may have resulted from the use of color
marks fdr identification of the sample and sale products. In this
instance, the subject would have -indicated his color prefefeﬁcebréther
than taste'prefef‘ence° _

The results of this experiment have made it clear that the
“test subject's abi]ify to declare a preference must be queétioned.
Even though the test has. shown fhe choices of preferences to be
greaterhthan those due to chance or random choice, eva1uatfon,is‘not
- - complete without knowing whether the differences ére(rea] or 1magined; >
" Therefore, the F6110w1ng chapters in this thesis attempt to determine -
the discrimination ability of the human subject for specific levels

of,fat,ioverrun;;and flavor ‘content.



CHAPTER 3
* TRIANGLE AND PAIRED COMPARISON TESTS

The previous chapter described the preference tests conducted
by thé'Départment of Dairy and Food- Sciences. These tests were based

-on the assumption that those peop]e‘samp1ing'the ice cream could dis-

“.criminate fat content. The Titerature.reviewed, however, does not

indicate that any discrimination investﬁgatidns have been conducted
to support the assumption. ,Consequent1y9 an assay of the validity of -
| ~ the assumption was necessary. The following sections dea] with two
" methods of measuring discrimination ability, namely the ériang]e,and
paired comparison methods. |

While the triang]e.teét may betre1ative1y less sensitive than
the:paired comparison (Byer and Abrams; 1953), the paired comparison
- test is more difficult to interpret when the differences between
.samp1e“treatmentsﬂare small. This is'becéuse no means exist to deter-
- mine whether the deferenCes;thé,ieStﬂsubject'taétes are real or
~imagined (Mérck; 1963). The triangle test, however, overcomes fhe
‘iﬁagined difference problem in discrimination experiments by uti1izing
three samples, two of<wh1chvare the same and one different. ‘The te§t
Subject is required to distinguish which of the three samples is dif-
ferent. If é subject guesses, he: has ohe chance in three of correctly

identifying the odd sample (Merck, 1963).



The subJects to be tested by the tr1ang1e method were recru1ted

- from two groups of people; the Senior Citizens meeting c]ub and the

' -customers from the University community who purchase weekly ice cream

produced by the Department of Dairy and Food Sciences. Ice cream for

', the Senior Citizens club was transported to the meeting hall and dis-

tributed in groups of approximately one hundred. persons each. Partici¥

pants.at the ice cream sale were simply asked'to sample the test: ice

:icreamjbefore purchasing the sale product. 1In_both tests_the subjecﬁ
.JreceiVed a response;form (Figure 1)_and three samples, two b% whiéh
"~ were the same fat level, and one of a different fat level. Subjects
._iwere instrdcted to compare each‘samp]e—and select therone.which was

different (Figure 1, Question 2)°

Question 1 (Figure 1) served primarily as an alternate for

 the-usual triangular response method by having the subjects give a

rating'to the difference in the ice creams tested. (If a subject

;'could discriminate, the rating for the two d1fferent samples would
~produce a significantly higher stat1st1ca1 value than the two samples

'that'were the same.) Ideally, the two.sampTes,of equal fat levels

woqu receive a "no difference" rank_whi]é.the comparison between
éamp]es of different fat 1eve1$ would_retéivé‘a "great“»rating;
| Thé remaining questions on the response form propbsed.tO'iden-
tify the ice cream COnsumption’patfern of the subject participating in
the test. ’ o
ReSponse information was accumulated for all duestions and all

participants. Question 2 was merely recorded as a correct or incorrect

- response.
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- PLEASE MARK THE APPROPRIATE SPACE

1. Compare sample 86 to samp]e 16 -~ Compare sample 86 to sample 75

The difference is: : The difference is:
Great [T -Great _/:/"
Moderate [:/_ ' - Moderate 17
STight /7 ‘Slight T
Very slight {17 Very slight .' 17
No difference /- ‘No difference 1T

B - 2. The three ice cream samples are. exacﬂy the same except that one. has . .
a d1fferent level of milk fat. :

Please indicate the one which is d1fferen’c 4
3, '_‘Do you eat this type of ice cream
~a. Daily? 7
b, Weekly? T
c. Monthly? T
_ d. Never? /7
4. Do you purchase ice cream .
a. Daily? 17
b, Weekly? /7
c. Monthly? 7
d. Never? /7
5. 3:"50"-'you purchase ice cream for
a., Self . 17
~b. Family 17
c. Friends /7
d

Other | [_7'

F_ig-ur.e' 1. Response Form for Tr,if’a‘n‘g]e Test.



The chance expectatjon-that a subject will pick the odd sample in
this test is .333 (Byer and Abrams., 1953, p. 186). The number of correct .
selections in excess of the chance- expectation will determiﬁé whether
the test was signiffcant. The-number of standard deviations or "o"

~units of the binomial populatibn is détermined by the following for-

mula:
Std. deviations- = ;(n i7’5) = Np
where N = total number of tasters, :
n = actual number of correct chofces,
p = probability of a correct choice by chance,
q = pkobabi1ity of an incorrecfvchoice by chance,
Np = number of correct selections expected by chance,

(Siegel, 1956, .p. 4).

| AT values above 1.65 will be statistically significant and
~indicate the number of correct selections was greater than ihe number
due to chance alone. Furthermore;.a significant test value will also
.ihdicafe that the éubjects>wér¢'ab1é{to_teT]lthe'differencé between
fat levels in ice cream.'. | |

Each response in QueStidn.l'was’accumu]ated by rank order and
treated. to the standard analysis of variance.

The ana]ysis»of_variancé condgcted for Question 1 did not dis-
c]pse'ahy significant statisticaT’differencélfor‘any fat level.  In
fact,'both test subject groupSfranked all the samples between 2 and 3
(slﬁght and moderate diffeﬁence),_'No-distinction was made between the -

samples which were the same'contéht_and-thefsamp]es with different -
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vvcontehts.vahe samples which were’different produced a higheks.but not .

significant rank. Evident]y;;the subjects could not detect the.dife'_ﬁ.

ference betWeen’féﬁllevels,
Table 3 preSents the resu]ts-of Question 2. Once again;/the :
'Computed values were not statiética]]y significant.
The last three'quéstions meré1y>indicated tﬁat ice cream was
" purchased primari1y fdr self and friends and consumed and purchased -on

a weekly to monthly basis.

Paired Comparison Test

The paired comparison is one of the least complicated methods

of determining sensory discrimination and p0551b1y.1s more .sensitive
than the triangle method. This section describes the use and method
of analysis of this test incorporating elementary school children as

the test subjects.

The paired or two-sample teét is based on the act of making a =

choice between alternatives. Its simplicity makes it especially use-
ful when dealing with small children. The test method requires that

two stimuli be presented either simultaneously or successively. The

subject is asked to judge the two samples accordihg to some predescribed.

attribute (Merck, 1963).
Each subject was given'two color coded containers_(the con-
tainers were consistently coded), a résponse form,‘and instructed to
~determine which of the'two samples was rfcher.
| The Départment of Dairy and Food.Sciences'provided the two-

- ounce samples. Since the paired comparison test'requires only two



Table 3. Triéng]e Test Results..

Percent A‘ ' ' _ | Critical -

. Number of = Number of | Correct Percent ‘ Value (5%
Fat Correct Incorrect of Expected Standard Confidence
Content Selections Selections Total -~ Total Correct Deviation Level)

Senior Citizens Meeting Club

10-10-12 31, 18 79 39.2%  33-1/3% 1.12 1.65

12-12-14 810 18 44.4%  33-1/3%  1.00
14-14-10 20 44 64 31.3%  33-1/3% 0.35
| 161 -

Ice Cream Weekly Sales

©10-10-12 9 9 18 50.04  33-1/3% 1,50 1.65

12-12-14 8 9 17 47.1%  33-1/3%  1.21
14-14-10 10 16 26 38.5%  33-1/3%  0.56
- ‘ 61
e

02



Vsamp1es be used, the three fat Tevels were emp]oyed as pairs of 10 and

-]Zﬁpencent fat, 10 and 14 percent fat and 12 and 14 percent fat

-VAnalxsis '
Data were relative frequenc1es of choice. of the two samp]es
and were subsequently accumu]ated for a]] subJects participating in
the test. |
' The'chance'expectancy of,celecting the richer of the tWol

samp]es.presented,is .5 or one chance in two. The number of correct
-:se}ections in excesé of the chencetexpectation will determine whether
:thevdiscrimination was’signtficant;'fThe statistical method utilized- '
for computing the standard deviation is the same as used-for the tri-

angle test.

' Resu1ts ' ' o o

Table 4 presents the‘va1ues obtained from thé;pairEd'test;
: Note that the number of correct selections in any case didenot exceed
- the number of selections requ1red to make the test s1gn1f1cant Ap—.-
parently, the ch11dren were not ab]e to differentiate among the samples.

A preference test was concurrent?y conducted with the paired
comparison discrimination test. The subjects were asked to indicate
theirfpreterence by circling the color'onnthe,cupArepreSenting the ice
cream mix which they liked.best, Table 5 presents the results of this
test. The only difference'found‘to'be.éignificant at'the five percent |
_A]eve1 of s1gn1f1cance was the preference stated for the 12 percent fat

in the 10-12 percent sample pair.



Table 4.

Paired CompakiSoh'Tést'Resu1ts.

Critical

12-14

4

; Number of Number of ~ Percent Percent : Value (5%

Fat Correct Incorrect Correct =~ Expected Standard Confidence
Content Selections Selections Total of Total Correct Deviation Level)
10-12 43 32 75 57.3% 50% 1.27 1,97

10-14 48 34 82 58.5% 50% 1.55 .97
47 0 g7 54.0% 50% 1.97
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Table 5. IceﬁCreamﬂPheﬁerencetReSUIts@‘A o

Number of
o ‘ - Subjects
Percentage Fat - Indicating :
in Ice Cream A '_ Preference __Percentage of Total
[/ o 28 | 37,31
12% a7 - 62.7%
- 10% 46 - 56.1%
14% - 36 . 43.9%
12% ' 40 : - 47.1%

149 45 - " 52.9%
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‘_This_chapter hés presénted,testsiemp]oying the pa{redxéomparison’
and,triang]e methods. The'testSQWEre cohducted under controT]éd:condj;..7
tions}_,_;.Yg"c9 in all testéd cases'of,ice créam *Fa't''(':o'mbj’nat‘i_onrs;9 no
systemmatic;eVidenCe of fat discrimination exists. ‘Thus, three possible.:
conditipns exfst: 1) the'testgsubjécts arérnct able to discriminate
'fét 1eve1s; 2) the test methods aréAnot sensitive .to the small vari-
anéeé; 3) individual taste biases méy be masking: the method. of ana]ySis. 

_;Théfnext chapter is an éttempt;to investjgéte_tﬁése,CQnditiqns I
'through;a newly applied siatistica]method.reférbedAto as the Theéry |
of”ngna1.Detectabi]ityo~ TSvas‘able to isolate individual respense
biaées and still be sensitive tb»important changeslin the design vaki-
7 ab1és, This method was used td'fest the discriminatory ability of the
human Subjeét_for not on1y fat'levelé in iée creém; but overrun and

flavor levels as well. c



CHAPTER 4
HUMAN DISCRIMINATION ABILITY IN ICE CREAM . -

A recent‘theorética1 methodological advance based on.the Theory
of S1gna1 Detectab111ty (TSD), deve]dped by Green and Swets (ig_Wheé]er
et al. 1971)-ha$‘prov1ded techniques for distinguishing between the
effects of percéived characteristics of the stimulus and 1nf1uencé of the-
>observe}‘s decfsidn'ériteria Their work provided the eXpefiﬁenta] de--

';31gn for. the 1ast tests d1scussed in th1s chapter. The TSD approach has
. been successfu] 1n eva]uat1on of s1mp1e psychophys1ca1 Judgments accord-

ing to~Hake and Rodwan (1n Wheeler et a]., 1971), recogn1t10n memory

7*»performance as per Dan1e1 et al., 1972, and also Egan, 1958 (1h Wheeler
 et a1 1971) percept1on of . degraded v1sua1 images (Wheeler, Daniel,
See]ey, and Sw1nde1], 1971), and perceptual evaluation of natural land-
- scapes (Daniel, Wheeler, Boster, and Best, 1972). |
” "The Senéory discrimination of ice cream fat levels is very much
- 1fke any bther psychophysicé] task. The subject is presented with a
phys1ca1 stimulus array and is asked to make a sensory judgment. The
subject's experiences with ice cream contribute to the sensory standards
of. the taster and his. estab11shed decision criteria regarding the rich-

"ness of an 1ce_cream mix (Daniel, Whee1er9 Boster, and Best, 1972). The
: ‘conditioné in which the judgment must be made and the context in which

the sample is presented will a]so'influence the rating. To this point,
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the researéh methodo]bgies'utilized in this thesi§ have not considered ;
7Afthe_deci§1on critefia of .the tesf'subject. Tests discussed in thelpfe-
cedﬁng chapter have forced the subject to respond on a yes.or ho basis.
>:AThe following metﬁodo]ogy circumscribes the Timitations of foréea choice
and at the same time, eliminates the individual decision bias that may
exist. . |

The following is an application of TSD analysis to evaluate the
_human discriminatfon ability for ice cream fét levels. Whiie fat dis- ;'
' crimihation'was'the primary objective, the application of be combuter
ana1YSTSJa]1oWed analysis of the interactions of two~addifiona1 vari-
"ables, overrun and f]avér;'10verrun and flavor were hypothesized to be“
-‘the;most-]ike]y'ingkedients'to interact with milk fat in determinfng '
' the:riéhness Of‘a'mixgb |
| Twentygéeven mixes of:icelcreamvwere prepared with]each'of the
" three variables incorporated at three levels. Table 6 is a display of
“tHeA27 mixes and the respective levels of each variable. .The mix
deéignatidns represent the three variable ingredients; fat,‘overrun, and
vanilla flavor. The LMM, for example, contained the Towest fat level
(10 percent), the medium overrun level (90 percent), and the medium
vanfT]a 1evé1'(norma1 vanilla). The vanilla flavorfng was ihcorpbraféd
at the normal 1eve]‘of‘25_ouncés per 10 gallons bf mix (two‘fo1d),;be1ow '
norma] level of zero vanilla, and én above normal level of thfee times

the normal Tevel of vanilla.

Test Procedure

fFour'Of'thé'16 subjects participated in each test session which’

was held at thé:University dairy plant. The subjects were isolated in



- Table 6. Ice Cream Mixes--Ingredient Combinations.

Fat ~ Overrun
Mix - Percent. Peréent - Vanilla
TN 0 12 L
“MHL 12 102 L
HHL 1w 102 L
LML .10 _ 90 L
CTmML 12 90 )
HML ' 14 v g0 L
LLL 0 78, N
MLL , 12 78 L
HLL . 14 78 L
. LHM 10 . 102 "
MHM 12 102 M
HHM o 02 "
LMM 10 9o )
M 12 | 90 y
HMM 14 . o .
LLM 10 , 78 .
MLM 12 78 .
HLM 14 78 R
- LHH 410 . 102 H
MHH - 12 102 H
- HHH ' 14 102 "
LM 10 . 90 H
MMH | 12 90 .
HMH 14 90 ;
LLH 10 ' 78 '
MLH ' 12 A 78 "
o HLH 14 78 "
| =L 78=L
12=M 90=

14=H  102=H




7 - 28
specie]]y prepared Sooths equipbedVWitﬁ-samele response forms, rinse
water ‘and instruction forms (Appendix A)f_vThe-test sessions were con-’
~ducted in both morhings and aftereoensifok approximately one. week.

After sampling nine mixes of ice cream, the test subJects were per-

- mitted a five minute rest period before proceed1ng to the next group.

The subject sampled a tota] of 81 m1xes distributed over three sessions

where 27 samp1es were presented per sess1on | |

Samples were presented in random order, one samp]e at a t1me
- every 45-50 seconds in order to_preserve the independence of samp]e.
,judgments. The subjects'indicated the degree of the sample's richness.
by recording a'humber-from zero,to.niee on the response form. To
establish the range of richnesS; the éebject received two anchor
samples at the beginning of every tesf.sessien, One sample contained
the three lowest levels of eachAvar%able; 10 percent fat, 102 percent
over}‘uns and no vanilla flavor. The‘other éample contained the'three
" highest levels of each variable; 14 percent fat, 78 percent overrun,

o ahd three times the normal vani]]a'flééor AASubjects were not instructed
as to which sample was richest ‘Rating responses were- subsequent]y
keypunched and statistically ana]yzed by computer. _

The Department of Da1ry'and-Food Sc1ences provided all 27 mixes"
packed in two ounce plastic contaihers° The containers were identified
by a randomized number set which proVided no clues to the subject as
to the nature of the mix. |

The test pahe] was composed ef six female and 10 ma]e partici-
-pantsrrecruited from the‘Depaftmen£ oF Dairy and Food Sciences, .

.. Psychology Department and Agricultural Ecenomics Department;;'None-df‘
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.the subjects had any prior experience;dn;t&ste,pane]s and none were.
achaintedefth the experiment;i Their'average age was 27 years,
| The ability of an observer to- detect a signal (input) from :
noise (other background inputs or: st1mu1us events) is described by.
the observers Receiver Operating Characteristic (ROC) The ROC 1is a
'biya%iate function relating the obsérver's'"Hit Rate" (HR) and "Fa]se
Alarm Rate" (FAR). The HR is an observer's tendency to respond
"signal" when'a signal was in fact presented. - The,FAR=represents:the*-
,bbserver's tendency to respond "signaT“'whéh in fact nd.sighé]i(nbise
only) was preSentedﬁ, Thé ROC fuhcfion'is used to provide an estimate
of the distance‘between the hypothetical noise distributiﬁn and thé
hypothetical signa]-p]ué-noise”distribﬁtion (Wheeler, Daniel, Seeley,
and Swindell, 1971). | |

The ROC is formulated by obta1n1ng HRs and FARs for-a number
of decision criterion ]eve]s This 1nformat1on is obtained from the
observer in. the form of a conf1dence rat1ng for each Judgment Ther
_conf1dence scale allows the subJect to report his decision by a 10
’:po1nt scale, thus reduc1ng the 11m1t1ng~effect of a forced choice
.ﬁrocedure "The rat1ng sca1e app11ed in th1s exper1ment (Figure 2)
ranged from n1ne9 meaning that the subJect was abso]ute]y certain the
o 1ce_¢ream tasted rich to zero, meaang_thatnthe subject was absolutely
_certain the ice cream sdmp]e was not rich. A judgment of. absolute
certainty of richness implied that the'subject had decided the ice
_ Cream was rich (dr not rich) uhder'his moét rigorous decision criterion,

A7judgment,of a lower confidence’]eve}-would indicate that the ice:



ABSOLUTELY CERTAIN - RICH
NORE THAN “FAIRLY CERTALI'- RICH

* FAIRLY CERTAJH - RICH-

m N o0 ©w

" HORE. THA "JUST GLESSIHG” - RICH

 JUST GUESSING - RICH
JUST GUESSING - HOT RICH
 MORE THAN “JUST GUESSING” - HOT RICH

FAIRLY ‘CERTAIN - NOT RICH

NORE THAH “FATRLY CERTAIN" - NOT RICH

= O

.~ ABSOLUTELY CERTAIN - NOT RICH

Figure 2. Certainty-of-Response Scale, De{jreés; of Cértainty,
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.tfeam'cou1d héve‘been;accepted-as'hich §n1y?under'a ]eés rigofous
criterion 1evé1 (Wheeler, Daniei,.SeeTeyg and.SwindeT]9'1971),
anie], Wheeler, Bostér,jand'Bestr(1972) Have shown-that a

- "signal" versus "noise" distinction isrnot_heceséary to the TSD method.
Any two stimuli can provide the'basis for ROC functiong the designations
of HR and FAR.being érbitrary.'-Ih-the_préseht}stUdyg the MMM mix was
‘used as the basis (HR) for ROC functidns;.'An ROC function rejating
the number-respondihg at each criferion 1évé]fbétWeen MMM and each of - ;
. the other mixes was obtainéd}by,fhisvprocedure; It is the:uhiQUe  '
-i'tharéctefistiq of TSD ana]ysis'thatzénablés'a11,the test responses. to--
beffepresented on an equal basis;_the indiﬁidua1'response bias having
-been eliminated. | o

| The essential characteristics of the TSD model are presented

in Figure 3. Each.distribution represént$ afhybothetical population
of responseé for four ice cream mixes.' Note that each distribution is
located at some pOint’on the perééiyed richﬁesé-sca1e. Assuming the .
,third distribution haé been se]eétéd %srthe:standard mix, the fourth
distribution mean will be a specifiedrnﬁmbek'bf units from the standard.
:Thé same applies to the means bfrfhe fifSt and‘sécond distributions.
In terms of ice cream discrimination, the greater the distance between
. heans of the distfibutions, the greétér theiabi]ity of the feét sub-
jécﬁé-to djséfiminate mixes. The distfibution:means which Tie close
together (1 and 2,‘for examp]e),indicate'that the subjects rated the
mixe$~in a similar manner. ThefdispéfSidn'inherent in each-distribu-
_ tion is due to variation between individuals rating a mix, and varia- .

. tion in the perceptual processes of the individual from one observation



"/ ‘ i

Y, Uy Uz Ug

NOT RICH PERCEIVED RICHNESS RICH

Figure 3. Characteristics of the TSD Model.
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: tovtheenext,'fThegfourthrdistkibmtion,.for examp1e, represenﬁs'a;small
variance and therefore, aAcloser_agreement,by the test squects,.
-, The -individual TSD d{stributions (or ROC functions) may also

 be visme1ized‘by'plettihg'thescumu1atfve probabilities (obfained.fmem
the frequency of . response for each conf1dence 1eve1) of the‘HR‘and“'
FAR Since the MMM mix was: arb1trar11y used to compute the HR, the |
standard mix (MMM) will, if p1otted’aga1nst itself, form a positive
(45°) diagdnafo: The distance of the_othef ROCs fromlthe diagona]sestab-f~
~ 1ishes the degree of discrimination. ~The farther away the ROC fuhetion'
is from the diaQona], the greater the discrimination ability. Conse- _ |
quently, it iskthe distance measure thet offers the desired informa?
tion. Plotting the individual ROCs is unnecessary since the diStahce
parameters may be determimed'direci1y from the data.

| There are several disﬁance paremeters which may be used; each
‘with its own advantages and disadventeges, The dm distance parameter

s the mean distence of theiROC from the,positive diagonal. This dis- -
. tance measurement.was'se1ected-for:app1icatioh in this test'forgthe‘ |
following reasons; it is less influenced by the s1ope of the ROCQ it
is an average value rather than being computed from arbitrarily
~ selected pointss nd consequently, better able to reflect the actual -
observat1ons (wheelers Dan1e1 Seeley, and Swindell, 1971).

Table 7 presents;the;data summed over all subjects and runs

(number of repeat expdSures to‘the same mix), for one ice cream mix
(27 total)-employed ih>the»test,"For each level of confidence exists
.a frequency of subjecterespohse,.,A:distribution of this form isfeon-

structed for all 27 mixes of the test. The respohses are;accumd1ated‘":‘
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Table 7.. Cumulative Prqbabilities and Z Scores (LLL Mix).

Confidence : _
Leveli' f cf cp i yA
0 5 48 1.000 2,502
1: 8 43 .896 . 1.257
2 6 35 | o729 .608"
3 7 29 . .604 262
4 4 22 458 L a0
5 6 18 | 375 - .316
6 ¥ 12 250 =672
7 4 4 083 -1.382
8 ‘ 0 0 .000 2502
9 0 0 .000 -2.502
| = »
f = frequency
'éf = cumulative frequency
cp = cumu]afive probability
Z = normal deviate
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for eacﬁ_]eve] oh,the;cdnfidence scale. For example, five responses
were recorded for the "absolutely certéin ﬁot rich"orating (0), while
no responses were recorded for the "absolutely certain riéhf (rafing
- 9). The category fkequen;ies are accumulated frdﬁ-the "absolutely .
certain rich" to "absolutely certain'notyriéhf (9.to 0). From the
cumulative probability data, each Categdryris'normalized by trans-
forming the cumulative probabilities to normal deviates (Z scores).

The .resulting ROC for this particular mix may,be tomparedrdirect1y
to the standard mix by application of the dm metric. (Whife:any’
sample is eligible to be used as a basis of ;omparisbns the MMM mix .
was selected due to its central position as a sample. This offered |
the‘TSD aha]yéis more 1aﬁitUde to the extremes of the mix combina-
tions.)

d - = Mean Z score for the fMean_2uchrelfor each:mix,

m standard mix (MMM) LLL in this example.
The dm value represents_the distance in normal deviates that any partic-
ular distribution (or>ROC) 1ies from the standard. Those distributions
which 1ie above the standard for comparison- will:‘be represented by
posftive dm values, while those below the standard will have negative
d values. | o _ | |

.KnoW]edgeqdf the true nature ofgexperimenta1 response bias |

‘would be 1mpo$sib1eiwithout comparing the simple mean ratihgs and the
: TSb,dm indices; :Since the value of the meanzrating_is_aAfunCtion of
perceived riépness énd response bias, it may be contrasted to the d_
measure; a‘fﬂncttonfof-the perceived richness Qn1y; This 1s‘exemplified

in thé{r95u1ting order of the mixes test in this experiment (Table 8).
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_ Table 8. Comparison of the Resulting Ordering of the Mean Rat1ng Va]ues
and TSD, d Indices.

4 . Mean Rating -
. RICH - HHM HHM
HLH ~ HLH
HHH . HHH
HMH - HMH
“MMH MMH
’ MHH -
HLM HLM
MHM
MLH MLH -
MMM MMM
MHM
- HHL “HHL
MHH ,
HML HML
~ HLL
< MML - MML
HLL -
“HMM HMM
MHL MHL
LMM LMM
LLH LLH
LML LML
LLM ~LLM
LMH LMH
MLL MLL
LHH LHH
LLL
-~ MLM MLM
LHM LHM
: LLL
NOT RICH. LHL LHL

First: 1etter of each three-letter sequence represents fat.

(L

- 10%, M = 12%,

H=14%)

:Secondjletuer represents overrun

(L=

78%, M = 90%,

H =-102%)

Third léetter represents flavor

(L

= no vanilla, M —'norma1 van111a, H= three times

norma1 van111a)
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The'1eft hand side represehts'the results in terms of mean fating whi]e'
‘_ the right hand side afe mixes ordered by the-TSD'metrﬁc,. Note that fhe-_
mix orders are highly correlated (Spearman.Rank;CortelationuCoeffi-'
cfent = .99) indicating the relative absence of response bias effects.
..-Any exceptions (MHH, for example) may be attributed to the-méthod by-
“which the central tendency of each mix distrfbution is measured, -The»
occurrence of a skewed distribution, due to an unbalanced distribu-
Vtion‘of_rating responses, will éduse.the arithmetic.mean to deviate
from the mode in the‘direction of the‘skew° The TSD normalized data
* analysis measures the distance of each mean Z score (normal deviate)
to the standard mix mean Z score and, consequen.rrt”iy_9 responds differ-
ently.
| The question of sensory discrimination ability for fat would
be represented in this eXperimenf by é significént‘difference.befWeeh
vthé three fat Tevel mean values averaged across»tﬁe overrun and flavor -
variables. The ability to discriminate overrun'énd flavor will a1sb,
" be répfesented by a significant diffe}ence between mean values.
The results of the TSD and mean rating analyses have both
shown the test subjects were able to discriminate differencesrfor all
three variables. Figure 4 presents the results of the TSD method,
énd Figure 5 presents the results of the meén rating analyses. Both
' figures are plot; of the d.m or mean fating-vaiué versus the fat con-
“tent for a]1'27pmixes fn the test. Note that in each figure a
_  éignificant1y positive slope is evideht, 'The méan rating results
"indfcate.tﬁat the mean,ratihg values are inCreasing as the fat con-

 teht~increases,‘and the 5ubjecfs were able to. distinguish the
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_ difference between fat levels. The d_-values in Figure 4 indicate the:

mean (positive10r<négative) distance from thé'standérd‘miX'O-value
(MMM),' Théfmore positive the value, the richer the mix tasted»to the -
subjects; )

‘The ability of‘tﬁe test subjects to discriminate fat levels
“may be clearly seen in the.far.left graph of Figure 6. This'figure'
is a plot of the mean rdtfng values versus the fat content vaTue$ (10,
12, and 14 percent). As the level of fat is increased, the mean .
-rating, or average richﬁess value given to all mixes at-on1y'bne level

of fat, also significantly increases. Two observations are evident

from this presentation: 1) the test subjects were able to discriminate

the three levels of fat; and 2) the 14 percent fat ice cream was the
richest taéting_product. The 12 and 10 percent products were secohd

and’ third, réspéctj’_ve]y°

"~ The incorporation of extra flavor enhances the perceived rich¥;

ness of the ice créam;';The'right graph in Figure 6‘represents_the
’.mean ratings of the three-flavor levels incorporated in the test ice
cream (all other variables have been summed). No Significanf'differ-
ences Weré found.befwéen the horma] flavor and zero flavor or normal
flavor and'extra flavor. However, the difference between zero flavor -
and extra flavor was-significant and, in terms of perceived-richneés9
the subjects could diséfiminate the incorporation of extra vanilla
flavoring. Evidently, theﬂhigher flavoring produces a richer tasting
ice creém. | | |

The choice 6f_thefrange of richness standards at the beginning

of each experimental session-(previousiy described) was based on the

Ay
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~assumption that the lower percentage levels of overrun were richer

due~to their increased mix density (decreased air incbrporatidn) The

: resu]ts of the exper1ment however, do not 1nd1cate that the assump-
tion was ent1re1y correct. The middle graph in Figure 6 dep1cts the
re1at1onsh1p between the three overrun 1eve1s and the mean perceived
r1chness (a]] other var1ab1es have been summed) The. 90 percent o
?(med1um) overrun was found to be s1gn1f1cant1y richer than the 78 ber—
 cent overrun. The ]02,percent overrun tends to be's]1ghtly r1cher .
‘than the 78 percent but the difference ié not.statistica]1y131gnifi4
‘cant (five percenf level of significance). The 90 percentioverrun
- is richer fhan both the 102 and 78 percent71eve1s,'but once again,
'bnTy the 90-78 pefcént difference 1§ significant. Consequently, if
~ consideration is given only to overrun, the 78 percent does not pro-
: duce-a richer ice cream as prev1ous]y assumed. It is the higher per-
centage levels that tend to produce a richer product.
The experiment also produced twd'other sources of variation,
- namely, the runs variance and subject:to subject variance. The former

is 'simply the difference in ratings from one run to the next:(three

runs total). This variance was not a significant part of the experi-

ment. - _

The results of this investigation have only presented the
 independent sources of variation. The vériables,.however, may inter-
" act with each other, providing additionaf-information about the ice
cream mixes. Every possib]e'combination‘of the variables has been

‘ analyzed by~the analysis of variance method, and produced two

42



statisticaljyfsignﬁfib&pf'groups (five percent confjdence_1evel fop
aI]}F»Va1ues);, faﬁ and overrun; and flavor and overrun. |

- The StUdehtizedvrange statistic and Duncan's newvmu1tfp1e—
\ rangelteSt (Stee] and Torrie, 1960) were applied in order to detect
signifﬁcant,differences,between the means of the interactipg variables.
The significant differences (five percent level of significance) noted
were.consistent~for both‘fests°

v The effects of the fat -overrun interaction are presented 1n
F1gure 7. The three fat 1eve1s are plotted against the mean rat1ng
for”perceived.riehness (cdnnecting vertical 1ipes indicate no signifi-.
cant differéhte);A,Each approxfmate]y horizontal line represents the |
v!thpee-dfffepentrieve]s of oVerrun, ‘Note that the mean rating increases
withpeach.1eve1’of'1ncreased'fat. " The importance of this-graph may,be
. appreciafedrby an exahinaﬁion bf'the individual points for each leveT
of - fat. ;Atithe 1Q percent'fat lTevel, for instance, the 102 percenff
ovehrun‘was significantTy'1ess rich. than the 78 and 90 percent overQ
‘runs. The next 1e§e1 of fat (12 percent) tends to change the order of
overrun and richpess; The 78 percent overrun was significantly less
rich than the 90 and 102:pepcent overruns. wpen the fat is 14-pereent, :
the three 1evels-of'overrun did not seem to have any‘appreciab]e effect.
The three po1nts for the 14 percent fat are not stat1st1ca1]y signifi-
cant (five percent 1eve1) '

Consider now the’ effects of the interaction of fat and over?

'run'frop a s]ightly different perspective Figure 8 reverses the
_ p]ott1ng order by p]ac1ng the overrun percentage on the hor1zonta1

axis, Each 11ne represents the three levels of fat. In this display, ;'
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it is evident that the higher overrun Tevels tend’fd'incréaSeffhe:
richness of the ice cream (except‘the 12 percent fat); The 78 per-
cent overrun was considered richer with the 14 percent fat, yet’the,
12 and 10 percént fat levels were statistically the.Same° When ice
cream contained 90 percent overrun, the 14 and 12 percént fat did
not show any statistical difference. The 10 percent fat, however,
was significantiy Tess rich. A11 three levels of fat were distin-.
guishabie when the ice éream contaiﬁed the 102 pefcent overrun.

The last interaction to be significant in the testfwés;thé
‘action of the vanilla flavoring and overrun level (Figure 9). The
results indicate that the flavoring has the greatest effects at the
78 and 102 percent overrun levéls. At both-overruns, the highest
vanilla produces a richer ice cream. The high f]avor effect was most
apparent at the 78 percent overrun while tﬁe low (zero) Vanilla fa]is‘ o
significantly below. Alternatively, the subjects.weré~best able to
distfnguish the incorporation of flavor only at the high (102 percent)
and low (78 percent) overrun. t '

Referring to Figures 4 and 5.once again, some general obser-
vations may now be applied to the practical considerations of mix
ingredients. In both graphs, the increase of vanilla flavor tends
to ihcrease the richness of the mix; but note that the high flavor
reduces the effects of overrun. Thé greatest overrun.effects occur
at the normal vanf]la level. If 10 percent fat ice cream is a pro-
duction goal, the overrun levels will be most important when normal
Qani]la-is app]ied.b'This is partia]]y true when no vanilla flavorfng;

is used. -
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"-;The cost of the finished product is,qbyiously‘a very important .
consideration to any production process;-}Bésed'on current fat and
~vanilla priceE;,TabTe'Q'pfesents the'relative:position of each mix
in terms of the TSD (dmf resu]ting,rithness rank. The numbers aré
ordered,fromvieast.cost (1) to greatest cost (27); Perhaps the most
g 1ntérestﬁng observation to be made from thé table is that the richest
perceived mix is not the highest cost mix. The effect éf the high
overrun'(102 perceht) has placed the cost of ihis mix within the .

range of the low fat mixes. From the standpoint of ice .cream rich-

ne;s, the'14 percent fat, 102 percent overrun and normal flavor offers:

an intriguihg possibility to commercial ice cream interests.

| 'Thevreview Qf the Titerature chapter' (Chapter 1) broduced-evi-v
déﬁce that the 10 percent fat ice .cream 15 common for today's ice
creaﬁs. -The information pfesented on Figure 10 offers the obtimum
position in terms of cost and richneés for all 27 mixes tested (prices
represent current ingredient costs). Note that the Tow flavor and
normal flavor with-]O,pefcent fat and 90 percent overrun have been
'Vrated ai nearly equal richness Tevels. The difference in éost (three
cents per gallon), however, implies a significant savings available.
_A]so.nﬁte thaf the high flavor with 10 percent fat did not atiain a
richnéssﬁr&nk ﬁny higher than the.horma] and low f1évof mixes, but-the:
pricéfis substantia11y higher for.the high f]évor'mixes.

| ~'The higher levels of fat and overrun and their cbrresponding
- prices also represent substantial cost advantageé,' Note once again

the outéténding richness mix is not the highest cost product.



. Table 9. Order of Richness'(vSD'AnaIygﬁs)-and Their Relative Cost

~Positions. )
" Cost . - Current Cost PerGallen
Mix | Order -_gof Finished Ice-Cream
 HHM s | 77
HLH 27 _ .93
* HHH , 21 S .82
- HMH 25 .87
MMH 19 .80
* MHH 14 - 75
©HWM 26 . .87
o MHM 8 .70
. MLH 24 . . .85
MMM 13 o .75
HHL 12 ‘ | .75
©HML - 18 79
HLL 23 .85
MML 9 .72
HMM 22 .82
MHL 4 .68
MM 5 | .69
LLH SV T8
“EML 3 .66
LLM 10 | .73
LMH 1 | 73
MLL 16 R .77
LHH 6 .69
MLH 20 - .80
LHM 2 .64
LLL 7 .70
LHL 1 .62

Cost ordered from Towest 1 to highest 27
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Conclusion

The evaluation of this experiment has shown that many assump-
tions and_notionS‘made for the purposes of the experiment wefe_not |
correét;' The prob1em may be traced to the confusion between prefer-
ence and discrimination or-more~11ke1y9 preferehce'and-rithness.  Ice
cream which is rich may not‘be‘preferred. The evaluation of the -
preference of ice cream, however, was not the goal of the TSD experi?
ment. 'Determinétion of the test subjects' abiTity to discriminate |
 fat 1eve15vwas theAprimary goal. In the experiment, subjeéts'Weré |
able t0're]iab]y-disériminéte_two percent differencesvin ice cream
“mixes.

Employment of the rating scale method allowed not only the

determination of discriminatory ability, but the determination of the |

riChest~tasting,mix. The use of the TSD analysis e]iminéted the need
to assume a homogeneous sample. Direct comparison of the TSD indices
and the mean ratings indicated an‘insignificant amount of response
bias, i.e., there was a high correlation between the two measures.
The'scope of this experiment was not broad enough to determine
thelrichest ice cream with respect to all possible dimensions of the'

mix. In terms of the three levels of fat, overrun, and flavoring, ;

‘hOWever? the results showed.that the highest level of fat (14 percent),

the highest Tevel of overrun (102 percent), and the normal level of
- flavor constitutes a rich ice cream. The least cost combination of

components with the best obtainable richness contained 10 percent fat,

90 percent overrun, and no~vanil]a-f1avoring. The implications of
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these results have important economic implications, since the higher

- Tevel of overrun tends to require less mix per volume of ice cream.



" CHAPTER 5
- 'SUMMARY AND CONCLUSIONS
This study invesiigated the relationships between fat, over-
- rdns,and,vani11a levels associated with prefekence and human discrimi-

" pation ébi]ity for icelcream. The investigation also provided an

7vopporfun1ty to comparévfour‘experimehta1 designs and their cofreSponding '

‘ g~methdds'of statistical analysis, (The designs were paired comparison,

'V_triangle, Friedman chi sqdarevand TSD.) The findings of the study and
‘suggestions for further study are sumharized in this chapter, |
| The research reported in this thesis has not extensively eval-

uated the correlation bétweeh»richness Of'an ice cream mix and the

- preference for that mix. It is~reasohab1e’to'assume'that richer mixes -

are preferred, bUt tﬁe preference results in Chapter 4 do not conFirmA

~-that assumption.’ The medium fat mix was preferréd by just,as many

subjects as the high fat;concéntration. The différence recorded in

‘most cases was not 5tatistica1]y significant, which most Tikely

re§u1ted from thé limited number of times each concentration was

tested,. Future studies of ice cream might consider the evaluation

 of preference with the very powerful TSD méthod.i |

| - Four statistical methods were utilized for the analysis of

" each experimehta] design. The reseafch.désign dictated the type of

anaTysié that éou]d be prdperly app]ied.‘ For instancé;_the previous

" research carried out by the Department of Dairy and Food Sciences
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¢ontainéd data that could bn]y’be éna]yzed by a nonparametric,stafis- |
‘ tical'method. Since all the data-Was ranked in terms of preference,
choite,from'an«unknown distribution, it;was-neCESsaryrtd emb]oy-the
Friedman chi squére statistica] design whe%e-no assumptibnrof a normal A
samplfng distribution was necessary. |

A chsory'comparison of the different statistical methods
_ would indicate differences 1h'sensitivity and flexibility df each
method. In experiments where systematic dffferencés are likely to
occur, the relatively simple paired comparison and'tr?ang1é desfghs
and their assocfated methods of analysis are well suftéd; They offer -
ease of analysis combined with a simple method of samp]ing, ~The -
resuTts areveasy to éva]uate, and the entire experiment may be per-
formed in a relatively short period of time. These designs, however,
work well only when the samples represent rather large differences
in content and the occurrence of individual responSé bias is not
. suspected. In addition, the number of experimental variables cannot
. be greater than one or two; otherwise, the sampling and analysis would
be compjicated far beyond the original advantage of the design. While
the késu]ts of these simple tests are easy to interpret, the experi;
menter does not have any indication o% the degreé of difference
recorded in the responses. Ranking the responses is ceftain]y possibie,
but_6n1y at the expehse of .increased analytical comb]exity. : '

Thé TSD hethod'achieveSﬂ%ts'greateSt value when thef§céurrence
of response bias is suspected to be pfesent in the experimeht.;‘There' 
aré;féw experiments déaTing direct]y with human-subjeCts:wheré reéponse '

bias is not a subject of major concern. Herétofore, it has not been



" 55

considered sinbe few'statisticaT'methods were-available to account
‘ for its presence .TSDy hbwever9 is'a pe1ative1y comp]ex'experimental
v-des1gn and has: prompted 1ts fo]]owers to turn to computer analysis.
In-turn, the computer ana]ys1s a]]ows the 1ncorporat1on of add1t1ona1}
var1ab1es w1th 11ttle 1ncrease in expense -but a great deal of in-
crease in the amount of 1nformat1on received.

This research has shown that the human is able to distinguish

two percent differences in fat level for vaniTia ice cream. Discrimi-

nation ab111ty has also been eva]uated for overrun and van111a f1avor-

ing. When determining dlscr1m1nat1on abﬂ1ty9 the degree of richness -

-assoc1ated with three levels of fat, overrun, and vanilla was indi-
cated. The amount of fat.incofpofated in ice cream tends to greatly
influence the perceived richneSsrexperienced by the taster. The
- results of Chapter 4 affirmed'that increased fat concentration pro-
- duced-a richer tasting product. The richer tasting product, however,
is not entirelyedependent on the fat concentration. Richness also
- depends upon the»concentratioh of the other ingredients in{the mix.
A High.fat mix, for example, with a mediumvto high overrun (90 to
102 percent) appears to be richer than a higp fat in conjunction with
a lower percentage ove?kpnn

| When the relative richness ranks of the different combinations
of each mix were.consideredg the most:interesting and richest mix
came from the 14 percent‘fat in conjunction*with'the Tow density-high
overrun (102 percent) mix. While this result is somewhat surprising,

the conclusion is not at all unﬁque. Over 60 years ago; a group of

experimenters studied ice cream for fat with methods and-analysis common .
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, for4that period of ‘time. - Reported in the Vermont Agricuttural Experiment
Statidn’bul]etin (Bull. 155) 1in 1910, the researchers said (p. 32-33):

- It may seem strange to some that an experiment station
~should approve of the incorporation of air into ice cream. They
may reason that the station advocates the dilution of the prod-
uct, the selling of 'wind' as ice cream, a course quite as open
to objection from the ethical, if not the legal standpoint as
is the dilution of milk with water. Such a position, however,
is untenable. It is a fact that an ice cream the volume which
- . is approximately a third air is more satisfactory to the con-
sumer than is one containing no air. It has a more velvety .
.. feel on the tongue,-and conveys a sensation of richness with-
out causing the unpleasant effects of an excessively rich
cream, in the sanie way that a whipped cream or a well beaten
. ~egg: seems richer than does the same article in its natural
~state.  Furthermore, the presence of air in a finely divided
. form causes the whole mass to be in fact partially insulated
~-against heat conduction, so that an ice cream containing air
~'stands up' better both in the mouth and on the plate,.than
. would the same cream if no air had been incorporated, and-
. further, the whipped ice cream will-chill the mouth and
 stomach of the consumer far less than that-made without air,
. Neither is the presence of air a fraud on the consumer.
- Where six and one-half gallons of cream 'mix' is expanded
into ten gallons of ‘ice cream (54% swell) the product can, and
‘because of competition will, be sold at a proportionately.less
price. The consumer will either-get his ice cream for less
money, or- secure a larger dish for the same money. A demand
that ice cream be served entirely devoid of air is no more
reasonable than would be a requirement that a loaf of bread
‘be held down to or compressed into the least possible volume.
-They both need to be 1ight in order to attain the highest
- palatability.
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-Sample Evaluation Quéstionnaireg Week 3

*Department of Dairy-and Food Sciences

~ Product Development and Test Marketing
EVALUATION QUEsTIONNAIRE

-Three samples of ice cream.are presented fdr your-coﬁéumer
 eVa1ué¢Ton;. These-Samp]esvrepresent-differéﬁceé'in’formuTéffon'ahd'
 compoé1tion;v After testing each of ‘the samp]es;'indﬁcate your |
‘evaluation on the basis of»the'ﬁreferenCe rating indicated. |

o - On the basis'of’no price'difference, I fahk the samples as
follows: | |

o -Sample
Rank - - -Color Code -

- First ~ __Black
~Second 1",Red |

S Third . Green
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" NAME___
AGE _SEX

'RESPONSE SCALE

9 - 1 am absolutely certain = - ' 4 - Just guessing -- not rich.
- that the sample 1is rich. '
4 ‘ . 3 - More than Just guessing -~
8 - More than "fairly : - not rich., -
: certain" -- rich. '
o 2 - Fairly certain -- not rich.
7 - Fairly certain -- rich.
1 - More than "fairly certa1n"

6 - More than ' Just guess1ng" - -- not rich.
: rich. ' :
' 0 - I am absolutely certain
5 - Just guessing -- rich, .that the sample is not rich.
| ~ 'RESPONSES .

1. 2t.oa. 61 8l.__ 101..___ . T21.__ 141.
2. . 22, 42, 62.___ 8. 102.___ 122, l42.
3.__ 23 43.__ 63.__  83.__ 103.__ 123.__  143.__
4, 24, 44, 64, 84 104.___ 124. 144,
5. 25, 45, 65._ 8. . 105.__ 125, 145,
6. 26.__ " 46.__ 66.__ . 86.___ 106.___ 126. _  146.
7.. 7. 47.__ - 67.__ - 87.__ 107.___ 127.__ 147.
8.. .~ 28.___ 48, 68, 88.___ 108, 128, 148,
9. 29, 49._ 69.__ 89._ 109.___ 129, 149.
10.___ 30.__ 50.__ 70.__  90.___ 110.__ 130.__ 150.___
M. 31 5. 7l 9l.___ I1M.__ 131,

2. 32, 52, 72.__ 9. . 1. .132.

3. 33.__ 53.__ 73.__ 93 13.__ 133,

14, 34, 54, TAh.___ 9. 14.__ 134,

5. 35.__ 55, 75.__ 9. 15, 135,

6. 36. - 56. 76.___ . 96.___ 116.___ 136.___

7. 37._ 57._ 77.__ 97. __ W7I.___ 137,

8. 38.__ 58, 78.___ 98.__ 118.__ 138.___

l9._ 39, B9._ 79.__  99.___ Tlo.__ 139

20. 40.__ 60. 80.__ 100.__ 120.__ 140,
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DIFFERENCE/PREFERENCE TEST

Name" ' ' ' .Date Product

1. Do you normally Tike, dislike this product: - Check botﬁ.if
indifferent. ' 7 ' : :
-2, Compare the flavor of each of the numbered samples and indicate the

relative difference and relative acceptance by checking the appro-
priate squares. DO NOT MARK BETWEEN SQUARES' ‘

SAMPLE . ' " SAMPLE ‘
Difference - Preference Difference _ Preference
Great 4 /7 More __ Great 4 /7 More R
Moderate 3/ -acceptable / / Moderate 3 /7 ;acceptable_ 1/
STight 2 // Comparable ff7 Stight 2 /77 Comparable /]
Very slight 1 /7 ~ Very slight "1 /7
No ~__ less ___No _ less
difference -0/ / acceptable /[ / difference 0 // acceptab]e __/
Comments \ _ Comments
SAMPLE
Difference . Preference
Great 4 [ More o
Moderate 3 T .acceptable / /
S1ight o /7 Comparable /ff
Very slight 1 /7
~No- . Less

~J

difference. 0/ / acceptable . 7 /

- Comments




61

Instructions

- Ice cream Composition standards are set by law. Ingredient
-combfnation'Qariations within the 1ega1_frame"are-frequently based on
mahagement décisfon rather than on technical or scientific ihfdrmation°
Actually there has beén very little research to determine optimum com-
bihationsstfor examp]és which affect the characteristic of ricﬁnessQ
Thevtést inbwhich you are about to participate'is designed to
- give basic'information about ice cream compositioh'as_it relates to
richness. It is important to remember that the only correét:reSpbnse
is your honest opinion.

- The first two samples you will receive represent. the extremes

'of richness in the ones to follow. From these two samples you will be -

able to judge the range in richness of thosé you will receive in the
tésting program. Your reaction to these samples is not to be recorded.
You will receivera small cup of ice cream about every minuté.

Disregard the number on the cup. Take a small spoonful. It is prefer-
able to hase,your‘decision on your first impression and not by repeated
. testing. Make your reply on the answer sheet using one of the 10
numbers which represent certainty-of-response. These are on a card
before you and will be explained momentarily. After sampling and _
1i recording your decision, please throw the sampled cuﬁ and its conteﬁts
in thewasté recepfac]e.on the floor. Rinse your mouth with water when
you want to.- - \ | |

~ Now, review the response chart in front of you. The numbers
from O to_9 each indicate & specific cer?ainty—bf—response,reaction,

For ‘example, ‘nine means, "I am absolutely certain that the ice cream
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- Ihstfuctioné-; 

is rich." Seven means, “i.am fair]&fcertain that the ice cream is
riCh," Five meanssr"I'ﬁ just guessing, but the ice cream mighﬁ be
rich." Zero means, “I'm absolutely certain'fhe ice cream is not fi;hg"

In otheriwords9 we are‘askiné you to put a numerical value on
your oWn degree of cértainty that each‘sampTe of ice cream is rich or
not rich within the Timits prescribed by the two reference samp]es° |
'_Please do your best in making judgments. After you have sampled a
series of nine cups, you will have a fivé to ten minute rest period.
- There will be three series of nine samples each with rest periods be-
tween the first and second series. Please do not smoke or drink any
“Tiquid 6ther than water dUring the rest periods. - Water, cups_and
stain]ess steei.wéste containers are provided for your use during

testing.
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. Sampte Evaluation QUEStionnaire, week 7 1 

" Department of Dairy and Food Sciences

Product Development and Test Marketing Project
EVALUATION QUESTIONNAIRE

You have received three samples of ice,cfeam for preference
evaluation. . Three different fat contents are repkesentedr{n:tﬁe:;
samples. These contents are either 10, 12, or 14 percent. ~The samples
are randomly arranged and assigned code letters. Aftér you have eaten

or‘tested some of eachAsamp]e, indicate your preference rating.

"On the basis of eating quality only, I rank the
samples as follows:" '

.- Code Letter

Rank - _of Sample
“First
Second

Third
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LLL.

MLL
~HLL

LML
MML
- HML

LHL
MHL
HHL

LLM
MLM
HLM

LMM
MMM
HMM

LHM
MHM
HHM
LLH
MLH

HLH .

LMH
MMH
HMH

LHH
MHH

HHH

st

dm:Va1ues ﬁ

.02579
. 77931
.13180

55716
.19712
13157

.10882

- .39231

.03762

59474
.86599
.07188

42421
.00000
.27762

. 92450 -
.00771
.68776

.49945
.00128
.50486

.73475
. 08550
27911

78797
.07522
.45938
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- FAT

L 10
M 12
H 14

OVERRUN
L 78
M 90
H 102

FLAVOR
L None 0

- M- Normal -
H High +



Fét—OVerrun
““f‘ff];;;.
10%

- 12%

14%

~ Overrun~Flavor

Overrun

78%
- 90%
102%

Mean Rating Data

78 Percent

3.910
4,222
5.938

4.076
4.938
4.368

90_Percent

4,097
5,583
5,507

4.410
4.979
5.271

66

102 Percent -

3.222
5.271
6.389

5,583
- 5,271
5.243
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. Mean Rating Order and Values

- HHM
" HLH
HHH
HMH
" MMH
. HLM
© MLH
- MMM
MHM
HHL
MHH
COHML
 MML
HLL
HMM
MHL
LMM
LLH
LML
CLLM
~ LMH
MLL -
LHH
LLL
MLM
LHM
LHL

6.938

6.833
6.646
6.229

5,917

5.792

' 5.646
'5.604 -
5,583 -

5.583

5,500
5,375

5.229

5,188

4,917
4.729
4.417

- 4.271
- 4.208
- 4.063

3.667

-3.646

3.583
3.396
3.375
3.292

2.792

67
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- Computed d_ Values for ATl Mixes

68

Fat: OR Cup- 4
() (%)  Vanilla No. _ No. Code m_
78 L 1 23 LLL - -1.02579 -
M 2 59 LM - - .59474 - X-.69088
L H 3 4 LLH - .49945
L 90 L 4 11 LML - .55716 o
: M 5 1 LMM - 42421 X-.57204
M H 6 10 LMH - .73475
102 L 7 3 LHL -1.10882 - g
M 8 20 LHM - .92450 - X-.94043-
H H: 9 16 LHH - .78797 L
12 78 L 10 24 MLL - 77931
, M 11 18 MLM - .86599 X-.54801
L H 12 46 MLH +.00128
M .90 L 13 8 MML - .19712 .
M 14 - 17 MMM .00000 X-.037207
M H 15 22 ~ MMH + .08550 - .
102 L 16 15 MHL -.39231 _
M 17 25 MHM + .00771 X-.10313
» H H 18 21 MHH  + .07522
14 78 L 19 5 HLL - .13180 -
M 20 27 HLM + .07188 X+.14031
L H 21 14 HLH + 50486 :
H 90 L 22 12 HML - 13157 _
M 23 26 HMM - .27762 X-.04336
M H 24 13 HMH + ,27911 :
102 L - 25 7 HHL - .13180 _
M 26 2 HHM + .68776  X+.03219
H H 27 19 HHH -+

45938




. Fat S 0%

o 12%
- 14%

‘Overrun 78%
90%
- 102%

Flavor L

Mean Rating Data :

3.743
5,025
5,944

4,690
5,063
4,961

4.461
4.887
5.366

69



 Mean Ratings

Low Flavor

78

10 3.4

12 3.7
Medium Flavor

10 : .

12 o 3.4

14 5.8
High Flavor
10 - 4.

12 5.7

14

90

102
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PROGRAM TSDXX(INPUT,OUTPUT,TAPE2=INPUT,TAPE3=OUTPUT,PUNCH,TAPE])

DIMENSION ID(500), A(SOO).'BT(375 10), €(80)
DIMENSION DPRIM(375)9 22(500,10), 82(10 375)

COMMON JdJd,L1,L2,L3,L4,1dM

COMMON L, JJ R(5OO 10) B(]OO 10) PCOR(60) RCOR(GO)
- REAL ID

READ 59, IK _

DO 43 IKL=1,IK -

READ 50, (C(I) I=1,80) '

READ 59, JJJ,L,Jd,1dM,L1,L2,L3, L4
KM=L - L/L]

-~ PUNCH 53
P=L/L1

Q=KM

RN=JJJ

DO 1 J=1,ddJ

PCOR(J )=0.
RCOR(J)=0.,

DO 3 J=1,L

A(J)=0.

DO 2 K-1,d4J
R{J,K)=0.

CONTINUE

DO 10 II=1,ddJ ’
READ 44, (ID(J),Jd=1,L)

DO 4 M=1,L

LLL=ID(M)
R(M,LLL+T)=R(M;LLL+1)+1.
CONTINUE

DO 9 J=1,L1

DO 9 I=J,L,L1

© LASID(I)+1.

FINDS THE NUMBER CORRECT

IF (J-1) 6
GO TO (8,8
9

P

sV

GO TO (9
PCOR(ITI)
GO TO 9

I »

H
6,5
,8:8,8,9,9,9,9,9), LA
,9,9
COR(II)+(1./P)

_RCOR(II)= RCOR(II)+(1 /Q)
. CONTINUE

CONTINUE
CALL MEAN
PRINT 52

- 'PRINT . 47

9,7,7,7,7,7), LA

“THIS PRINTS OUT WHICH GROUP IS. BEING ANALYZED.
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14

15
16

17
18

19
20
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~ PRINT 50, (C(I),1=1,80)

PRINTS -FREQUENCY TABLES

PRINT 45
- CALL ONE

CALL TWO

DO 12
(1,9)+22(1,d-1)
ATES TSD CUMULATIVE FREQUENCY TABLES

TG

: II=II-T '
. R(N,IT)=R(N,II+1)+R(N,II)
o IF (11-1) 14,1413 :
- CONTINUE -

PRINT 52 : ’
PRINT 50, (C(I),I=1,80)

PRINTS CUMULATIVE FREQUENCY TABLES
PRINT 51 ‘

- CALL ONE
DO 16 I=1,L

DO 16 J=1,4J

CALCULATES CUMULATIVE PROBABILITY
IF (R(I,J)-0.) 15,16,15
R(I,J)=R(I,Jd)/RN
CONTINUE

- PRINT 52 |
PRINT 50, (C(I),I=1,80)

“ PRINTS CUMULATIVE PROBABILITY TABLES
PRINT 48
CALL ONE

CALCULATES Z SCORES FOR CUMULATIVE PROBABILITY

. DO 23 KK=1,L-
© DO 23 LL=1,dd
- IF (R(KK,LL)-T.) 17,18,18

IF (R(KK,LL)-1.) 19,19,20
R{KK,LL)=R(KK,LL)-.0062
IF (R(KK,LL)-1.) 20,18,18 |

R(KK,LL)=R(KK,LL)+.0062

IF (R(KK,LL)) 19,19,20

IF (R(KK,LL)-.5) 21,21,22
“R(KK,LL)=T.-R(KK,LL)
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- 24

25

27
28

29 -

30

OOOO0OWw

PRINT 50, (C(I),I=1,80)
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T=SORT(-2.*ALOG(1.-R(KK, LL)))
R(KK,LL)==(T- ((2 30753+, 27061*T)/(1 +.99229*T+,04481*

(T+%2))))
GO TO 23

. T=SORT(-2.*ALOG(1.-R(KK,LL))) |
R(KK,LL)<T-((2.30753+.27061+T)/ (1..+. 99229+T+. 04481%(T#+2)))

CONTINUE
PRINT 52

PRINTS Z SCORE TABLES

PRINT 49

CALL ONE
RJ=dd-1

CALCULATES MEAN AND STANDARD -DEVIATIONS FOR Z SCORES
DO 26 MM=1,L
ID(MM)=0.
DO 24 NN=2,JdJ
ID(MM)=ID(MM)+R(MM,NN)/RJ
CONTINUE
DO 25 1J=2,dd

A(MM)=A(MM)+( (R(MM, 1)-ID(MM)**2)

CONTINUE
A(MM)=SQRT (A (MM)/ (RJ-1))
CONTINUE

J=0 .

JK=2

JL=L1

DO 32 JM=1,L,L1

DO 31 JN=JK,JL

J1=J1+1

CALCULATES D PRIME
IF (A(JM).EQ.0..0R.A(UN).EQ.0.) 27,28
T=0. : '
GO TO 29
T=A(JIM)/A(IN)
DPRIM(JI)=ID(JM}-(T*ID(JN))

- .DO 30 KI=1,dJ

B1(J1,KI)=R(JM, kI) R(JIN,KI)

'CONTINUE

JL=JL+L1.

- JK=JK+L1
~CONTINUE

PRINTS TRADITIONAL CUMULATIVE FREQUENCY TABLES WITH COLLAPSINGS
- FOR THE NUMBER OF VARIABLES INHERENT IN THE STIMULI.

DO 331
DO 33 J

=1,L
=1,JJ
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R(I,d)=22(1,d) -

PRINT 52

PRINT 50, (C(I),I=1 80)

PRINT 54 SRR

CALL ONE [

“CALL TWO

- PRINTS D PRIME TABLES '
PRINT 52
PRINT 50, (C(I),I=1,80)
PRINT 56

- .CALL THREE (DPRIM)
JI=0
- JK=2

JL=L1

DO 38 JM=1,L,L1
DO 37 JIN=JK,JL
JI=J1+]

CALCULATES DS o
IF (A(JM),EQ.0..0R.A(IN).EQ.0.) 34,35
T=0 - |

GO TO 36

T=A(JIM)/A(IN) ‘
DPRIM(JI)=(2. *DPRIM(JI))/(] +T)
CONTINUE

JL=JL+L1

JK=JK+L1
PRINTS DS TABLES

-PRINT 52

PRINT 50, (C(I),I= ] 80)

- PRINT 57

CALL THREE (DPRIM)
JI=0

- JK=2

JL=L1"
DO 40 JIM=T,L,L1
DO 39 JN=JK,JL
JI=J1+1

CALCULATES DM o
DPRIM(JI)=ID(JM)-ID(JN) -

- JL=JL+L1

JK=JK+LT

PRINTS DM TABLES »
PRINT 52 S
PRINT 50, (C(I),I=1,80)

~ PRINT 58
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" CALL THREE (DPRIM)

DO 41 I=1;KM
DO 41 M=1,dd
B2(M, I) B](I M)

PRINTS AND PUNCHES DIS FOR USE IN ANOVA

 PRINT 52

PRINT 50, (C(I),I=1,80)
PRINT 46

DO 42 1=2,J0

PRINT- 55, (BZ(I M) M=1,KM)
PRINT 47 .

PUNCH 55, (B2(I,M),M=1,KM)

-CONTINUE

CONTINUE
STOP

'FORMAT (40F2,0)
-FORMAT- (30X, *FREQUENCY.. TABLES*, /)
- FORMAT (30X,*DATA TO BE ANALYZED BY ANQVA*,/)
- FORMAT (/)

FORMAT (30X,*CUMULATIVE PROBABILITY TABLES*,/)

"FORMAT (30X,*Z SCORE TABLES*,/)

FORMAT- (80R1)

FORMAT (30X,*CUMULATIVE FREQUENCY TABLES*,/)

FORMAT (1H1)

FORMAT (*+++++++++++++++++++++++++++++++++++++++++++++++++++++++*)
FORMAT (20X,*TRADITIONAL CUMULATIVE FREQUENCY TABLES*,/)

FORMAT {10F8.4)

FORMAT. (30X,*D PRIME TABLES*,/)

'FORMAT (30X,*DS TABLES*,/)

FORMAT (30X,*DM TABLES*,/)
FORMAT (1015)

. END

SUBROUTINE ONE
THIS ROUTINE PRINTS OUT FREQUENCY, CUMULATIVE FREQUENCY,
CUMULATIVE PROBABILITY, AND Z SCORE TABLES CALCULATED IN
MAIN PROGRAM.

COMMON Jdd,L1,L2, L3 L4, IJM

‘COMMON L, JJ R(SOO 10) B(]OO 10) PCOR(60)
DO 2 I=1,L,L1 -

LL=I+(L1~ ])
Jd1=-1 '
DO 1 J-1,30

J1=31+1 :

PRINT 3, J1,(R(K;J)sK=I,LL)
- "CONTINUE-
- PRINT 4

CONTINUE -
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COMMON JJJ,L1,L2,L3,L4,1aM

D0 10 J
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CPRINT 4
~ PRINT 4
 RETURN

 FORMAT (3X,14,1X,11F11. 5)
" FORMAT (/)

END
SUBROUTINE TWO

THIS ROUTINE COLLAPSES AND PRINTS FREQUENCY TABLES AND
TRADITIONAL CUMULATIVE FREQUENCY TABLES BY THE MAIN
SIGNAL/NOISE VARIABLE (L1) AND, IN ORDER, EACH OF THE
SUBSEQUENT VARIABLES IN THE EXPERIMENT

A

COMMON L, JJ R(SOO 10) B(]OO ]0) PCOR(GO)

- DO 20 K"] IJM
D01 I=1, ]OO

DO 1 J=],JJ

- B(I,d)=0.
- PRINT 24

PRINT 21, K

~ PRINT 23
CIF (K-2) 3,4,2

IF (K-4) 5,6,6
MM=L1

GO TO 7
MM=LT*L2
GO TO 7
MN=L1*L2*L4
MM=L1*L3
M=1+L1

N=MM

GO TO 9

M=1

© . MN=L1*L2*%L3
MM=L1*L4

N=MN

. GO-TO 14
~ DO 8 I=1,MM

DO 8 J=I,L,MM
DO 8 KK=1 JJ

 B(I,KK)=B(I,KK)*R(J, KK)'

GO TO 17

1,MN
I, L
)39
sMM
1,L

[ Mo}
[N ]
]
[ Nan
~ TR -
I

sMN
J

-0 Il

L1

9

M
J |
KK)+R(I,KK)
1
M, LT

o

(o]

—

~nN
Cl.'..(‘_u-—i

30
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13
14

15

16

17

18

19
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DO 11 KK=1,d4

IK=JK-1

B{I+IK,KK)= B(I+IK KK)+B(J KK)
M=M, 1

CONTINUE

- M=M=LT+MM

N=N+MM

CONTINUE

GO TO 17

DO 16 I=1,MM,L1

DO 15 J=M,N,L1

DO 15 KK=1,JdJ

DO 15 LMN=1,L1

IK=LMN=-1

B(I+IK,KK)=B(I+IK, KK)+R(J+IK KK)
M=M,MN .

. N=N4MN
CONT INUE
DO 19 I=1,MM,LT1

J=I+(L1-1)

J1=-1 |
PRINT 22, J1,(B(M,KK),M=1,J)
PRINT 23

CONTINUE

PRINT 23

PRINT 23 :

CONTINUE I
RETURN

FORMAT (18X,*MATRIX REPRESENTING INTERACTION OF VARIABLE(S) 1
AND*1,12,/)

FORMAT (3X I4,1X,11F11.5)

FORMAT (/)

FORMAT (1H1)

END

 SUBROUTINE THREE (A1)

THIS SUBROUTINE PRINTS TABLES FOR D PRIME, DS, AND DM,
DIMENSION AT(375)
COMMON JJJ,L1,L2,L3,L4,IJM -

-~ COMMON L,JJ,R(SOOSTO)BB(TOO,IQ),PCOR(GO)

IKN=L1-1
KM=L-L/L1

DO T I=T,KM,IKN

PRINT 3

CLL=I+(IKN-1) -
CPRINT 2, (A1(J),J=1,LL)

PRINT 3
PRINT 3

RETURN
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FORMAT (8X TTFTT 5)
FORMAT (/)

END

SUBROUTINE MEAN
THIS ROUTINE CALCULATES AND PRINTS SUBJECT- MEANS FOR
 SIGNAL AND NOISE CONDITIONS SEPARATELY, GRAND MEANS :
. COMBINED ACROSS ALL SUBJECTS AND THE STANDARD DEVIATION
FOR THE -GRAND MEANS.

“COMMON JJJ,L1,L2,L3,L4,1JM
. COMMON L, JJ R(SOO TO) B(TOO 10),PCOR(60), RCOR(GO)

RN=JJdJ
PSD=0.

- RSD=PSD

PCTOT=PSD

RCTOT=PSD

DO 1.J=1,ddJ
PCTOT=PCTOT+PCOR(J)/RN

-RCTOT=RCTOT+RCOR(J)/RN

DO 2 J=1,d4J :
PSD=PSD+( (PCOR(J)- PCTOT)+(PCOR(J)-PCTOT))/RN
RSD=RSD+( (RCOR(J)- RCTOT) (RCOR(J)-RCTQT) )/RN

- PSD=SQRT(PSD)

RSD=SQRT(RSD)

PRINT 7

PRINT 5

DO 3 J=1,ddJ

PRINT 11 :
PRINT 9, J,PCOR(J)
PRINT 10

PRINT 9, J,RCOR(J)
PRINT 4 .
PRINT 6 .

_PRINT 11
- PRINT 9, JJJ,PCTOT

PRINT 10

PRINT 9, JJJ,RCTOT
PRINT 4

PRINT 8 ,
PRINT 11 ,
PRINT 9, JJJ,PSD
PRINT 10 ‘
PRINT 9, JJJ,RSD
RETURN

FORMAT (/)
FORMAT (30X ,*SUBJECT MEANS*,/)

'FORMAT. (30%,*GRAND MEANS*,/)
'FORMAT (THT)

FORMAT (30X ,*STANDARD DEVIATIONS*S/)
FORMAT (30X I3.F14. 5)
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FORMAT (30X, *NOISE*)

~ FORMAT (30X ,*SIGNAL*)

END

'80
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