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FORWORD

In feeding the Armed Forces of the United States, increasing
emphasis is directed toward providing foods of maximum
acceptability within the constraints of specialized military
requirements. Within this context, acceptable foods are
viewed as items which will be consumed, and consumed with a
degree of pleasure.

Such emphasis has resulted in a greater need For research
on sensory evaluation techniques. Accurate and economic
psychophysical methods will provide the food scientist with
the proper tools for predicting serviceman's acceptance of
var ous foods.

The work covered in this report was performed by the
Peryam & Kroll Research Corporation, under
Contract No. DA19-129-AMC-734 (N) and represents only a
segment of the original undertaking. Research on the topics
of optimum number of samples to be served in a test and
contrast and convergence effects comprise the major portion
of this report. Official investigators were Joseph M. Kamen,
David R. Peryam, David B. Peryam, and Beverley J. Kroll. All
taste tests were performed at the U. S. Army Natick
Laboratories under the direction of the Project Officer,
Joel L. Sidel, Acceptance Group, Behavioral Sciences Division,
Pioneering Research Laboratory.
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ABSTRACT

This report summarizes research accomplished in methodology
aspects of sensory evaluation testing. It also discusses
certain studies which were designed, but, for administrative
reasons, could not be completed,

Two main studies are presented in detail. The first investigated
the effect of the number of samples upon differences in
preference between selected samples as a function of whether they
were included in the first half or second half of a series. There
was no evidence that the number of samples - varying from 2 to 12
had any consistent or significant effect on preference differences;
however, the data suggest several hypothesis for future
investigation.

The second study attempted primarily to determine the e.ffect of a
fresh vs an irradiated -ontrol on preference differences among
various irradiated samples. There were logical inconsistencies
in the data; however, there was no basis for concluding that a
fresh -ontrol attenuates the differences in preference. It
appeared that quality control of the test products needed to be
tightened. Methological aspects of this study and related studies
are analyzed.

The implication- of these studies for sensory evaluation procedures
and methologica, research in this area are discussed.
Recommendations for further in-house work by the U.S. Army Natick
laboratories are made.

The report also covers the topic of sampling test subjects in-house,
describes the panel population in the U.S. Army Natick Laboratories,
and points out certain interrelationships among the panel member's
background characteristics. These data suggest certain points for
future investigation.

vi



Studies on Acceptance Testing Methodology: Preliminary
Studies on Characteristics of Taste Panel, Samole Size,
and Contrast and Convergence Effects

Chapter I. . INTRODUCTION

This report is concerned with work under the contract from the
proposal stage to its termination. The initial scope and
proposal are first discussed, then researcK, both completed
and not completed9 is described. Finally, recommendations are
made for further work in this area.

Scope

The initial scope of this contract was divided into three
topics:

1. Sampling. Investigate the differences in preference
evaluation related to taste panel composition, using the
volunteer population of military and civilian employees at
the Natick Laboratories, which is somewhat diverse in
regard to a variety of personal and demographic factors.

2. Methodology. Investigate the optimum number of samples to
be included in a test, the effects of sample order,
procedures of sample presentation, and the appropriateness
of various measurement scales for different types of
evaluation.

3. Sensory vs Instrumental Measurement. Study the relationship
between sensory and instrumental measurements of taste and
odor, where the instrumental measurements might include
chemical, textural, temperature, or color classifications.

At the outset, it was recognized that the scopa was extremely
broac and that much more work could be planned than could be
conducted, analyzed, and reported, In particular, it seemed
unlikely that time or funds would permit any extensive work on
the third topic.

Approaches

Early meetings between the Contractor's personnel and the
Project Officer were devoted to outlining and specifying in



concrete terms the types and priority of research, and the
delineation of areas of responsibility. The main emphasis
was placed upon the first two topics.

The background of the work on the first topic (Sampling),
and the results accomplished prior to its termination are
covwred in Chapter II.

A series of five experiments was proposed in connection
with the second topic (Methodology) and detailed designs
and analyses were developed.

1. Determination of limits of number of samples. The purpose
was to determine the effect of extended testing on
preference differentiation among samples. If longer test
sessions yield as reliable results as do short ones,
experimental designs can be employed which provide for a
greater number of samples per subject, thereby increasing
efficiency.

2. Procedural methods for increasing efficiency. The purpose
was to ascertain whether the number of samples which can be
effectively evaluated can be increased by certain
procedural changes, in particular, whether a "rest-break"
between segments of four samples each can overcome loss of
preference discrimination - if such loss occurs. Such
procedural changes would result in testing economies.

3. Balanced incomplete block (BoI.B) vs single classification
designs.

The purpose was to compare these designs, primarily on the
basis of relative efficiency aod, secondarily, for
similarity of results-(e.g., cor~sistency of rank order of
preference and spread of mean ratings) according to the
number of samples evaluated. If the interpreta.tions
derived from B.I.B.'s are essentially the same as those
from complete single classification designs, within
specified limits on the number of samples, then che
frequency of use of B.IB's could be reduced with savings
in time and mcney.
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4. Effect of testing different food types in a single test
session.

The purpose was to find out whether the permissible number of
samples per session could be increased by serving different
types of foods at the same session. In effect, this would
mean running two different tests con:urrently. It again
sought to determine whether the number of samples per subject
cotld be increased without changing the overall conclusions.

5. Further study of contrast and convergence effects.

There was particular interest here in the interactive efrects
which arise in testing series which contain both irradiated
samples and fresh controls. The objective of such tests is
to achieve efficient discrimination not only among the
irradiated samples but also between the fresh control and the
irradiated samples as a group. The problem was to determine
what interactions occur and whether the two purposes are
compatible.

Consultations with the Project Officer resulted in the
following order of priority for these experiments: #1, #5,
#4, #3, and #2. Only the first two were completed. The
results of Experiment #1 are presented in Chapter III, and
Experiment #5 is the subject of Chapter IV.

Delination of Responsibility

Sampling. The Natick laboratories administered the questionnaires
to get background information on the Natick panels and obtained
the frequency distributibns of each background characteristic.
The Contractor, in consultation with the Project Officer,-, selected
the background charazteristics, developed the questionnaire, and
recommended the food types to be used in the follow-through
investigation. It had been planned for the Natick Laboratories to
prepare a master background card for each respondent, collate the
taste test ratings with the master card as required, and perlorm
routine analyses of data. The Contractor would have performed the
analyses beyond the basic prescribed routines. Work on this topic
was terminated soon after analysis of the background questionnaire.

3



Methodology. The Contractor provided the specific test designs
and consulted with the Project Officer in regard to the test
foods to be employed. The Project Officer conducted and
supervised the taste-tests in the Natick Food Acceptance
Laboratory and was responsible for the performance of
preliminary analyses of the data by the Natick Computer Branch.
The Contractor monitored the experiments, performed analyses
beyond the basic routines, interpreted the results, and made
recommendati ons.
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Chapter 11 SAMPLING

SThe purpose of this phase was to estimate the effects of
popuiation variables upon the preference evaluations of
different types of foods. These estimates could be used
(a) to determine the generalizabilit,- of taste test results

* to the ultimate user (military) populotion, and (b) to
recommend changes in preference assessment methods and
procedures to enhance generalizability and validity.
Negative results - iack of signific.ant relationships between
preference and demographic factors - would indicate that
food rating behavior is largely independent of those
characteristics on which the ultimate user population might
differ from the Natick panel, This would imply satisfactory
generalizability with current operating methods and
procedures.

A secondary purpose was to determine whether, for various
food types, a "self-selection" factor exists in taste-test
sessions. Panel members sometimes refuse to make themselves
available to test certain kinds of foods; and others may be
eager to evaluate foods which they consider particularly
appealing. This factor might bias the results. The first
problem was to determine whether and, if so, under what
conditions "self-selection" arises. The second was to ascertain
whether "self-selection" does affect the interpretation of
taste-test results,

1. Plan of Approach

The plan was to administer a backqround information
questionnaire to all members of 1-,, Natick panel, analyze
the frequency distributions, then select a limited number of
background characteristics for study on how they were
related to preferences within certain product categories.

The steps were as follows:

(a) Administer questionnaires to obtain information about:
age, sex, state in which the participant spent most of
his first 16 years, education, military service, years
in Federal service (including military), subsistence on
Army garrison rations continuously for one month or
longer, subsistence on Army operational rations for three
days or longer, attitude toward participating in the
taste-test program, and opinion about the value of the
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taste-test activity. In addition, the number of taste-
tests in which each person had particioated was obtained
from the laboratory records.

(b) Obtain frequency distributions on each questionnaire
i tern.

(c) Determine which factors were most feasible and worthwhile
to investigate, establish two categories for each factor
to obtain the best 50-50 split, and recode the
i nformati on.

(d) Revise each participant's identification card to include
the coded background information. Assign a new
identification number to each subject and collate the
background information with the ratings for each sample
in tests meeting certain criteria.

(e) Select certain product categories for investigation.
The following had been tentatively selected: irradiated
meats, space foods, margarine and cheese, soups, and room
temperature beverages. Whenever a test which -net the
requirement of at least 32 subjects each of whom had
tested each sample occured in normal operations, an
extended analysis of variance of the following type would
be conducted for each background category.

Source of Variation Degrees of Freedom

Among food samples x = number of samples
minus one

Among background categories I = number of categories
(2) minus one

Among subjects (within
category) y = number of subjects

minus 2
Food samples - background

category interaction x

Food samples - subject
interaction xy



(f) The first objective was to accumulate such sets of
analyses for 50 foods, 10 in each of the five categories.

(g) Analyze and evaluate the combined results, Draw final
conclusions at this stage if warranted, or suggest
additional work, possibly with revisions. The frequency
distributions of the background characteristics for each
food category would be examined to determine whether
categories differed significantly. The importance of
any such difference would depend upon whether the
interaction between food samples and background category
was significant.

2. Results of questionnaire

Questionnaires were completed by 400 individuals, representing
slightly less than two-thirds of the total panel.

The distributions of answers are shown in Table 1.1.

It was recommended that four of the factors be omitted:

(a) Military service. Because 107 of the 172 persons who had
never been in military service were female, a dichotomy
between those who were, or had been, in service and those
who had not been would involve a confounding of the sex
variable. Thois, it would not be possible to partial out
the effect of sex differences in any military service by
food sample interaction.

(b) Garrison rations. The reason for omitting this category
was the same as for omitting military service, Here 107
of t&e 220 individuals who had never eaten garrison
rations for at least a month were female.

(c) Operational rations. Again, 107 of the 279 persons who
had never eaten operational rations for at least three
days were female, Hence, this characteristic was also
highly confounded with sex differences,

(d) Opinion of taste test prngram. The responses on this item
were largely redundant with those on feelings about
taste-test participat'on.
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For the remaining variabies, the following dichotomies were
establi shed:

(a) Aqe - Group 1: 39 years of age or younger
- Group 2: 40 years of age or older

(b) Sex - Group 1: Female
- Group 2: Male

(c) State of Origin - Group 1: New England
- Group 2: All other states and

countries

(d) Education - Group 1: College graduates
- Group 2: Less than a bachelor's degree

(e) Federal Service - Group 1: Less than 5 years
- Group 2: Five years or more

(f) Feelings about Taste-Test Participation
- Group 1: "Gives a great deal of pleasure"
- Group 2: Any less favorable response

(g) Extent of Test Participation
- Group 1: 20 or fewer
- Group 2: More than 20

Table 1.1, which presents the frequency distributions for
each of the 11 factors, characterizes the population of
taste-t-st participants at the Natick Laboratories. The
figures are largely self-explanatory. Note, especially, the
modes for each factor: 40-49 years of age, males, raised in
New England, college graduates, civilians almost evenly
divided between veterans and non-veterans, between 10 and 20
years of Federal service, never subsisted on garrison or
operational rations, very positive feelings about taste-test
participation and the taste-test program, and participation
in from 21-40 tests.

This table provides data for evaluating the significance of

future .hanges in the test population.

3. Final outcome

Administrative problems arose which prevented continuation of
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this phase. Cooperation of Computer Branch persont'el and
considerable clerical tirn would have been required, and
circumstances did not allo(e for a smooth follow-through.
Hence, the phase was abandoned. Detection of significant
food sample by background factor interactions, or proof of
the self-selection phenomenon, might not have implied any
procedural or methodological changes. Rather, the absence
of these effects would have meant greater cor..•'idence in
generalizing the rest;Its to the broader milii.ary population.

STheir presence would have raised some questions of validity.
To the extent that food development and research decisions
are influenced by Laboratory taste test results, the results
of this phase would have provided additional guidance in the
determination of how much weight should be given to these
data.

Despite the administrative problems, consideration should be
given to completion of thL- study on an in-house basis. The
formal analyses should provide much useful information, and,
perhaps, additional bonuses in the form of new insights into
the functioning of the food evaluation program.

9



Table 1.2

Frequency Distributions for Background Characteristics

Code
Ae No. Category N

I Under 20 years 17
2 20-29 years 88*
3 30-39 y.ears 65
4 40-49 years 126
5 50-59 years 85
6 60 and over 19

*Includes all (23) enlisted mil"tary personnel

Sex
0 Female 121
1 Male 279

State of Origin
01 New England(Mass,Vt,Conn,RI,

NHMe) 259
02 East Central(NY,NJ,PaMd,

Del,Ohio,W.Va,D.C.) 57
03 Southeast(Ken,VaTenn,N.Ca,

S.Ca,Miss,Ala,Fla,Ga) 12
04 Midwest(Il1,Mich,Wisc,Ind) 23
05 Great Plains(Neb,Iowa,Kans,Mo) 9
06 South Central(Texas,Okla,Ark,La) 8
07 Rocky Mts.(Mon'-,Wyo,Col,Utah,

Nev) 1
08 Northwest(WashOre,Idaho,Alas) 3
09 Southwest(Calif,NM,Ariz,Hawaii) 3
10 North Central(.No.Da,So.Da,Minn.) 5
Ii Outside U.S. 20

Education
1 Grade School 2
2 High School,not completed 9
3 High School,graduate 85
4 Collegenot completed 80
5 Col i ege, graduated 224
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Table 1.1

N
Military Service

I Now in service, RA 12
2 Now in service, US 23
3 Civilian, in reserves 30
14 Civilian, Veteran 163
5 Civilian, never in service 172*

*Includes 107 females

Years in Federal
Service

I Less than I year 28
2 One, but less than 2 years 41
3 2 but less than 5 years 59
4 5 but less than 10 years 86
5 10 but less than 20 years 100
6 20 years or more 86

Garrison Rations
0 No (have never eaten) 220*
1 Yes 180

*Includes 107 females

Operational
Rations

0 No 279*
1 Yes 121

*Includes 107 females

Feeling about
Taste Test
Participation

a I It gives me a great deal of
pleasure 194

2 It gives me a certain amount
of plea-sure 173

3 I have no feeling about it
one way or the other 25

4 I feel a slight dislike about
participating 5

5 I definitely dislike participating
and do so only out of a

sense of duty 3

11



Table 1.1

N
Opinion of Taste
Test Program

1. It is one of the most important
factors in the success of the
Army's food research program 237

2. It helps to an important degree
even though it is not crucial
to the research program 129

3. It is moderately useful to the
food research program 31

4. It helps a little, but the time
and effort could be used elsewhere
to better advantaqe 3

5. It is a complete waste of time 0

Number of Taste
Tests Participated
In

1-20 116
21-40 193
41-60 73
61-80 5
81-100 4
100 and over 9
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Chapter III. DETERMINATION OF THE LIMITS OF NUMBER OF

SAMPLES EVALUATED

The time a judge actually spends in the taste-test booth is

only a part of the total time he devotes to testing. indirect

time costs - walking to and from the laboratory, waiting for

assignment to a vacant booth, partaking of refreshments -

taken together are probably greater than the direct time.

it m•ay be assumed that the more samples an individual can
evaluate in one session, the more work the laboratory can
produce. For example, doubling the number of samples would cut
the subjects' indirect time costs in half. While preparation
time could not be reduced by this amount, the time savings
could be substantial because samples are prepared in similar
ways so that tie economies of assembly line practices would be
achieved.

It is perhaps even more important that often more straight-
forward experimental designs can be used instead of the
complicated ones such as balanced incomplete blocks. More
precise estimates of inter-judge variability and judge-sample
interaction can be used in the analyses of variance and the
tedium and assumptions inherent in block adjustments can be
avoided.

While having a judge evaluate a large number of samples is
advantageous, intuitively there is a limit. Certainly, most
judges can be induced to cooperate in testing a large number of
samples, but does acquiesence bring with it a deterioration in
oerformance? We do not necessarily mean that the deterioration
would be due to sensory adaptation or reduction in acuity.
Deterioration can also be a function of motivation as reflected
in reduced attention, carelessness in rating; general confusion,
and other factors resulting in sub-optimal performance.

Much of the earlier literature on this topic was reviewed by
Bradley (1954). Bradley noted that from two to eight samples
per session have been advocated by various researchers; but
there has been no evidence that the recommended number was
actually the optimum.

Most of the experiments cited by Bradley dealt with sensory
discrimination rather than with preference. Some investigators
reported a deterioration in performance with cetain types of

13



foods as the number of samples increased, and others found
no loss in discrimination with some foods even after
presenting as many as 75 samples in one session.

Bradley himself found no differences in hedonic ratings for
canned sauerkraut whether served in the first or third vs
the fifth or eighth positions in an eight-sample test. The
same concluscorn -,zle fd , enxper nt ,,volvig canned
bread and maragarine. Bradley, however, was concerned aith
the absolute ratings of these products. In most preference
tests, the absolute ratings are of secondary importance.
The main concern is whether the differences and the direction
of differences among competing samples are maintained. Is
the algebraic difference, for example, between samples A and B
the same regardless of whether the two are served early or
late in a series, The replications of tne experiment to be
reported here concern the testing of une method of increasing
the efficiency of taste tests - simply that of extending the
number of samples. The purpose of this study was to determine
the effect of extended testing on preference differentiation.
The basic question is: are the differences in preference
among food samples constant whether these foods are served
alone or with other samples of the same subclass?

14



1o Methods

There were three replications of the basic experimental
design which differed only in the products tested: soup
and gravy base, milk, and syrup,

Judas

In each replication, 40 participants, selected randomly from
the taste-test pool, were assigned to one of five
experimental conditions. Separate selection was made for
each experimental condition, so that a total of 200
participated in each replication.

Experimental -Condit'ions

The experimental conditions varied in the number of samples
evaluated. In each session, all samples were evaluated twice
by the same judge - once in the first half and again in the
second half. In the first condition, judges rated two
samples (A and B). In the second, they rated three samples
(A, B, and C); in the third, four samples (A, B, C, and D);
in the fourth, five samples (A, B, C, D, and E); and in the
fifth, six samples (A, B, C, D. E. and F), After rating all
samples once, the judges rated them again. The serving orders
in each half were balanced to the fullest extent possible.
For any one subject, the serving order in the second half was
independent of the serving order in the first half, Judges
were told only the number of samples to be rated and nothing
about duplications. Because each experimental condition was
conducted in a separate session, condition and session were
confounded.

Normal laboratory practices were followed. The sarmiples were
rated on the nine-point hedonic scale.

Selection of Samples

The primary question in this study was whether differences
between Samples A and B vary according to the total nuri'ber of
samples evaluated. Accordingly, it seemed advisable to
select A and B such that they were not too far apart nor too
close together in preference, If the difference were large,
then the maximum possible difference in rating might be
obtained even in the least suitable condition. If the
difference were too smal 1, then even the most sensitive test
method might not be ab'e to demonstrate ali effect and the
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negative results would be meaningless.

hence, the strategy was adopted of pilot testing the series
of six samples to be used in the final test and designating
the one with the second highest rating as Sample A and the
one with the second lowest rating as Sample B. Thus, one
sample would be higher than A, two would be between A and B,
and one would be lower than B.

This plan was carried out for the experiments with the soup
and gravy base and with the milk. For syrup, however, the
results of the pretest suggested that this plan be revised.
One of the six samples was sorghum, and its pretest rating
was exceptionally low (3.77). To have included this item in
the test might have induced contrast effects that would
reduce discrimination among the other samples. Since sorghum
would have been tested only in the sixth condition, the main
effects of numbers of samples might have been confounded with
contrast effects in some complex manner. Examination of the
ratings in the pilot test indicated the advisability of a
different approach. The top-rated sample was designated as
Sample A and the second-ranked as Sample B since there
appeared to be sufficient separation between them in terms
of average rating. The lowest rated sample, sorghum, was
eliminated, and the third-ranked sample was duplicated as
both D & F.

Table 2.1 describes the samples used in each replication,
and shows the rank order of preference in the pretest, the
serving temperature, the size of the sample, and the serving
i iterval.

Deviation

Ir. Lne soup and gravy base experiment data were available from
only 36 judges for the last experimental condition. How this
matter was handled is described later,
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2. Resui ts

The results are first reported Ly replication. For each, the
analysis of variance involving Samples A and B across
experimental conditions is discussed, then the analyses of
variance within each of the five experimental conditions.
Finally, for each type of analysis, the consistent and
inconsistent findings are summarized,

Soup and Gravy Base

Table 2.2 shows the mean rating of each sample in each
experimental condition, by half and by total. The grand totals
of all samples within each experimental condition are also
shown. These means are based upon N=40, except for the last
experimental condition where N=36,

Two separate analyses of variance were run on these data. One
used only the data from the first four experimental conditions
where there were 40 subjects. The other used the data from
all five experimental conditions , but the ratings given by
four randomly selected judges were eliminated from each of the
first four conditions. The results of the two analyses were
essentially the same; hence, the tables and the discussion
will be based upon the analysih with 36 subjects.

Table 2.3 shows the effect of the experimental conditions on
the sample ratings. For each condition (2-sample through
6-sample) it gives the average of Samples A and B for the first
half and second half of the session and the difference between
the halves, It also shows the differences between Samples A
and B for the two halves of the experiment, and how this
difference changes - in direction and size - from one
experimental condition to another.

The analysis of variance across a', conditions is presented
in Table 2.4. Samples A and B diffe-ed by 0,61 scale points,
which was significant at the 0.1/ leve'. T h e samples were
consistently rated higher in the first naif of the session
than in the second; the average across all five conditions was
0.44 scale points, The main effect of experimental condition
was significant (M% level). A considerable part of this effect
is probably attributable to the 6-sampie condition, where the
samples were rated particularly low iSee Table 2,2). The main
effect of condition Aas not significant in tne analysis which
excluded the 6-sample experiment, It may be noted that the
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average ratings for a given sample tended to decrease as the
number of samples increased (Table 2.2).

No interaction involving sample, half, or experimental
condition was statistically significant. We would conclude,
therefore, that although ratings tended to be lower in the
second half than in the first, there is no evidence that the
differences among samples were affected either by the number of
samples or by whether they were presented in the first half or
in the second half of the session.

A separate analysis of variance of the ratings for Samples A
and B was performed for each experimental condition. A summary
of these analyses appear in Table 2.5. The difference between
A (6.91) and B (6.66) was not significant in the 2-sample
condition. With this exception the ratings always differed
significantly (p(.001). The main effect of experimental half
was always significant, at the .001 level for the last four
conditions, and at the .05 level for the 2-sample condition.
In the 3-sample condition, the interaction of sample and half
was statistically significant (p( .05). The range of ratings
was .55 for the first half, but 1.40 for the second half;
however, this increased level of differeiciation among samples
as a function of the half session in which they were presented
was not evident in the other four cond-tions. No other main
effect was statistically significant.

There was no evidence that the number of samples had a
consistent effect upon differences in preference ratings between
the two selected samples. While the samples in the second half
were generally rated lower than those in the first half, in the
analysis of variance involving A and B only, and in only one of
the five analyses of variance of all samples witnin condition,
were the differences among samples shown to depend upon whether
they eppeared in the first or the second half.

Milk

The analyses here were the same as those for the soup and gravy
base. Table 2.6 lists, by experimental condition, the mean
ratings of each sample in each nalf and for both halves
combined.

table 2.7 is a simplification of Table 2.6, but concerns only
Sample A and B. The averages of the two samples in the first
and the second halves, and the differences between the halves,
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are shown for each condition and over all conditions. Also
given are the mean differences between Samples A and B for
each condition and each half, as well as the differences
between these values.

The analysis of variance shown in Table 2.8 indicates that
the two samples were significantly different in preference.
The grand average of Sample A was 6.69 and that of sample B
was 5.61. The difference of 1.08 was larger than had been'i
originally anticipated. The absence of a significant
interaction between sample and half means that the difference
between the samples in the first half (.97) was not
significantly smaller than their difference in the second half
(1.21). As in the preceding replication, the ratings in the
first half were significantly (p <.05) higher than those in the
second half - by an average of .19 scale points.

None of the interactions were significant, and there is no
evidence that the number of samples decreased or increased the
difference between Samples A and B, or had any other signifi-
cant effect upon the level of ratings.

The figures in Table 2.7 would seem to indicate otherwise.
The "second-half minus first-half" difference appears to drop
as the number of samples increases, from 0.60 for the 2-sample
condition successively to .49, .08, .08, and -.08. But the
three-factor interaction was not significant, so this apparent
trend has no statistical support.

An analysis of variance was run for each experimental
condition separately (Table 2.9). Again, the main effect of
sample was in each case highly significant (p <.001). The
only other significant source of variation in any analysis was
the main effect of half in the six-sample condition (p <.01),
where the difference between the first and second half was
•35. In the 2-sample through the 5-sample conditions, the
differences between halves were, consecutively' .35, .02, .18,
and .24. (See totals in Table 2,6',, Once more, there is no
evidence that the number of samples affected the differences
between Samples A and B.

Syrup

The means of each sample in each experimental condition, by
first and second half and by total. are listed in Table 2.10.
The analyses of variance confirm certain features which are
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apparent in this table. Reference to Table 2.11, which shows
the means of, and the differences between Samples A and P
for each half, clarify the internretation of the analysis of
variance in Table 2.12.

The two samples were -1inificantlv different in preference
(p .001). In the pretest, Sample A (Finest) had rated n.57
scale points higher than Sample B (Long -cabin)" however, there
was a definite reversal in the main experiment. Considerinq
the average across all five conditions, Sample B rated n.34
scale points higher and there were only two instances where
Sample A was higher in any half of any condition. This gross
failure in prediction cannot be explained on the basis of
available information. It was fortunate that the samples
proved to be different, otherwise this replication would
have been wasted effort.

Just as in the first two replications, the effect of first vs
second half was significant (p< .AS), with the second-half
rating lower. The effect of exnerimrental condition was also
significant (p .AS). The means of A and B ranged from 6.90
(2-sample) to 6.n0 (6-samnle): however, the decrease was not
monotonic.

The only other significant effect (p<.nS) was the interaction
between half and condition. The right-hand nortion of Table
2.11 illustrates this, but there is no clear reason why it
occurred. In the first half the difference between the samples
was highest for the 3-sample and 5-sample conditions; in
the second half, it was highest for the 2-sample and 5-
sample conditions and almost zero for the 4-sample and 6-
sample conditions. There is no linear trend for the difference
to vary according to the number of samples tested, whether
one considers each half separatelv or both combined.

The absence of an interaction between samples and conditions,
or between samples and half, is consistent with the results
from the other two replications. Thus, the level of ratings
might be affected by whether the samples anpeared in the first
or second half, hut, on an overall basis, the conclusion that
Sample B is preferred to Samnle A does not denend unon the
half in which they were tested or upon the number of samnles
with which they were evaluated, or upon the interaction of
the two variables.

The scparate analyses of variance which were nerformed for
each experimental condition are summarized in Table 2.11. Once
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again, significant differences among samples are clearly
demonstrated. The level of significance was .05 for the 2-sample
condition and .001 for the other four conditions. Similarly, in
each case the ratings •n the second half were significantly lower
than +-he ratings on the first half.

In the 4-sample and in the 5-sample conditions, the interactions
between sample and-half were significant (p <,001, and <.01
respectively), In the former condition, pure maple syrup dropped
by 1.32 scale points from the first to the second half, and the
Government Standard syru" dropped by 1.20 scale points. However,
the mean rating of Finest.was only .-17 scale points lower on the
second half, and the rn.a-n rating of Loa Cabin only .08 scale
points lower. Similarly,-in the 5-sample condition, the pure
maple and Government Standard syrups dropped 1.27 and 1.37 scale
points, respe-tively, in the second nalf; but Finest and Log
Cabin dropped only .05 and .10 scale points. Thus, the nature of
the interaction between sample and h.alf was nearly the same in
each of the two conditions.

All four samples appearing in the 4-sarnpie and 5-sample conditions
also we;s present in the 6-sample condition, yet the sample-by-
half interaction was not sigrificant. Why not? It may be noted
(Table -. 10) that the mean ratings for the pure maple and the
Gove-.,ment Standard syrups were initially lower in the first half
of the 6-sample condition than in the 4 -sample and 5-sample
conditions. The two samples did drop in the second half of the
6-sample condition by at least .65 scale points, but for some
reason Log Cabin also dropped by a larger amount, .45 scale points,
thani-ithe preceding two conditions. Thus. the absence of a
sanple-by-nalf interaction in the 6 -sample condition may have been
due to abnormally low first-half ratings for the pure maple and
the Government Standard syrups and/or to the abnormali. large
decrease for Log Cabin. Either or both of these effects would
work in the direction of supporting the nut; hypothesis for the
sample-by-half interaction.

Even in the two conditions where the sample-by-half interaction
was significant, the rank order of prefernce within half remained
the same: Log Cabin always had the Fighest mean rating, Finest
the second highest, Government Standard next, ard the pure maple
syrup the lowest. The range of ratings was somewhat higher in
the second half than in the firs: half; 2.37 vs 1.30 for the
4-sample condition and 3.37 vs 2.20 for the 5-sampie condition.
There is no evidence that the differences among samples are
attenuated in the second Falf, or vary amcng experi.mentai
conditions. 21



One more point deserves mention. Note the mean values for samples
D and F in the 6-sample condition. These samples were ioentical
(Government Standard), The ratings in the first half were 5.55
and 5.47, and in the second half they were 4.90 and 4.80. The
reliability seems good.
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3. Discussion

All three replications yielded similar interpretations. First,
the ratinas in the second half were significantly lower than in
the first half, This point is inconsequential when considering
one major purpose of taste-tests, which is to determine
differences among samples rather than to establish levels of
rating. However, some users of the data might be pleased or
dismayed at the lower ratings in the second half and might have
to shift their frame of reference when using such ratings as
absolutes,

Second, within each replication the samples differed sufficiently
to allow the effects of other variables To come into) play. An
unanswered question is whether the differences were. in fact; too
great so that they obscured the effects of these otber variables.
This may have occurred for the second replication, milk, where
the overall mean difference between Sample A and Sample B was
1.09 scale points (Table 2.7); but the difference of .61 for soup
and gravy base (Table 2.3) and of .34 for syrup (Table 2.11)
approach the specifications for this experiment. But, because
the conclusions corresponded so well among the three replications,
we do not believe that the large diffe-ence between m';k Samples
A and B constitutes a serious problem.

The fact that the mean ratings varied among experimental
conditions in the first and third repiicaticns does not in itself
mean very much. These effects could be caused bi the effects of
the other samples evaluated with A and B cr by the psychological
effects on the judges of having to rate varying numbers of
samples.

The crucial source of variation is the interac:'on between
experimental condition and specific samples, in none of the
three analyses of variance invo,,ving only Samples A and B was
this source significant.

In the analyses of variance of the inai.id..al conditions, in
only one condition of the soup and graK, base replication and in
two conditions of the syrup replication, was t0,e interaction
between sample and half significant. in eac- of tnese cases. the
rank orders of preference in the two 'alves were identical. If
anything, the ratings were spread out more in trte second half
than in the first half, Cr.ly one other source of .ariation in
any analysis of variance was 5ignificanz -- tre interaction
between condition and 1-alf i'- t-e iast rep'icatic- -- ard the
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nature of the significance has no clear importance.

Thus, there is no evidence that increasing the number of samples
up to 12 would change the relative differences in ratings among
food samples, If there is some upoer limit, we h3ve not
attained it. These negative results are meaningful and
important since they give one corfidence in conducting taste
tests involving a greater number of samples than the typical
three, four, or five. However, we do not know the effect of
lengthened tests upon the panel population. Perhaps most
participants would not object to an occasional ten - or twelve -
sample testo but if such tests became commonp then some might be
induced to withdrawi Perhaps some people especianly wome m e
frequent and short tests as breaks from their everyday activities,
and might dislike less frequent and longer ones. Even so, an
occasional longer test might productively be used. There is no
contrary experimenta! evidence.

The Natick laboratory noted that certain difficulties were
encountered in conducting the more extended sessions. For example,
counter space was limited to accommodate the larger number of
samples, the routines of preparing and serving samples, calling
subjects, etc. created a peak work-load beyond the capacity of the
regular operators to handle, and it was difficult to fit a
session (experimental condition) into the customary half-day test
period. Further, individual subjects were often delayed in
waiting for a free test booth. That practical problems such as
these might arise was anticipated. Their presence does not
obviate the value of the basic conclusions; however, they do
indicate the need for special planning and special arrangements.

The data suggest several other problems worthy of study. A few
significant interactions between sample and half were noted. It
would seem that some samples are affected by certain others with
which they are served, such that in the second half they drop
disproportionately. This phenomenon, -which did not always appear,
might be a rr.nife.:tation of the contrast and convergence effects
which are discussed in the next section. Certain samples of a
product might achieve a fairly high average rating the first time,
but drop when tested again, because some judges do not become
aware of their deficiencies until they have had intervening
experience with good quality products. If some samples are
disproportionately affected when repeatedly evaluated by the same
person, then one would hypothesize that they would be more subject
to monotony effects if they became standard items of issue than
samples which showed only the normal loss in preference in the
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extended test situation. The reason is that the more often a
susceptible food is served, the greater the opportunity for
deficiencies to be noticed. For example, if firmer evidence
were available that Karo and pure ma!le syrup are nearly equal
in preference, one mioht hypothesize that preference for the
latter would decline more sharply than preference for the
former, assuming an equal rate of use.

In view of the absence of evidence that the number of samples
affects the differences in ratings among food samples, there
seems to be little reason for further exploring procedural
methods, such as those suggested at the onset of this contract,
for increasing efficiency. If efficiency does not decrease
with even up to twelve samples, then introducing such devices
as rest breaks or increasing the variety of different food types
evaluated in a session could serve no practical purpose.

If it becomes customary for a large number of samples to be
evaluated in a session, then occasional checks should be made to
insure that performance is not deteriorating because of
motivational factors. Checks should also be made on the panel
drop-out rates.

Of course, it may be unwarranted to generalize from three foods,
particularly when neither a meat or a vegetable was included.
Additional replications of this experiment, conducted and
analyzed in-house, would increase confidence in the main
conclusion and in the implications of the conclusion. For
example, if different results were found with meats, then one
could set better limits on the applicability of the present
results.

Some comments on the experimental design may be helpful. In
this study Samples C through F were only of secondary importance.
They were "filler" samples needed to achieve the experimental
specifications. However, it w'is desirable that they differ
qualitatively and in preference value since each experimental
condition was analyzed separately; and each analysis contributed
to the conclusions dealing with the effect of test length upon
differences in preference among samples. One experimental
alternative, if interest had been exclusively focused upon the
differences in preference between Samples A and B, would have
been to assign at random any one of Samples C through F as the
third sample in the 3-sample condition; so that these third
samples would differ among judges. In this way, A and B would
be tested approximately an equal number of times with C, with 0,
with E, and with F. A comparable arrangement could have been
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made in the 4-sample and 5-sample conditions. Then the results
would not have depended as heavily upon the individual sample,
or sample;, which accompanied A and B. However, this method
would have precluded the analysis of the individual experimental
conditions and would probably have increased experimental error.
Considering all factors, the method used seemed preferable.
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Table 2.1. Description of Samples Used in Each Replication

Rank Serving Size Serv-
Order Temper- of ing
Pre- ature Serv- Inter-

Product Lots/Formulations test (OF.) ing val

Soup and A (Prepared by the 2 150-155 2 oz. 30 sec.
Gravy B Nestle Company) 5
Base C 3

D 4
E I
F 6

Milk A 92% fresh 2
8%0 reconstituted:

B 680% fresh 5 Room 1 oz. 30 sec.
32% reconstituted Temp.

C 84o fresh 3
160% reconstituted

D 76% fresh 4
24% reconstituted

E 100'/. fresh
0r/0 reconstituted

F 60%/ fresh 6
40% reconstituted

* Reconstituted: 33% Pet mi ll-, 67% water

Syrup A Finest I
B Log Cabin 2
C Pure Maple 4 115-120 ½ oz. 60 sec.
D Government Std. 3
E Karo 5
F Government Std. 3
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Table 2.2. Soup and Gravy Base. Mean Ratings of Samples in Each
Experimental condition (N=36, last condition, 40 all
others)

Experimental Condition
2 3 4 5 6

Sample Sample Sample I C ie S1 Sample

Sample A
Ist half 7.13 6.93 6.68 6.83 6.58
2nd half 6.70 6.98 6.45 (C,33 5.81
Total 6.91 6.95 6.56 6.58 6.19

Sample B
Ist half 6.85 6.38 6.28 6.13 5.67
2nd half 6.48 5.58 5.88 5.4e 5.14
Total 6.66 .98 6.08 5.80 5.40

Sample C
Ist half 6.85 6.90 6.93 6.28
2nd half 6.05 6.23 6.63 6.25
Total 6.45 6.56 6.78 6.26

Sample D
Ist half 6.80 7.33 6.86
2nd half 6.80 6.68 6.53
Total 6.80 7.00 6.69

Sample E
1st half 6.88 6.83
2nd half 6.63 6.06
Total 6.75 6.4L4

Sample F
Ist half 4.5:
2nd half 3.81
Total 4.i8

Total
1st half 6.9? 6.72 6.66 6.82 6.13
2nd half 6.59 6.20 6.34 6.35 5.60
Total 6.79 6.46 6.50 6.58 5.86
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Table 2.3. Soup and Gravy Base. Effect of Experimental Condition
on Ratings of the Critical Samples (N=36 per condition*)

Average of Sample Difference between
(A+B) samples (A-B)

1st 2nd Difference 1st 2nd Difference
half half 1st - 2nd half half 2nd - 1st

Experimenta 1
Condition

2-Sample 7.02 6.56 .46 .19 .23 o04

3-Sample 6.72 6.34 .38 .55 1.40 .85

4-Sample 6.44 6.24 .20 .50 .47 -.03

5-Sample 6.42 5.90 .52 .67 .69 .02

6-Sample 6.12 5.48 .64 .91 .67 -. 24

Total 6.54 6.10 .44 .55 .66 .11

Average of
Ist & 2nd

halves 6.32 .61

* R3tings given by four randomly selected judges were
eliminated from each of the first four conditions.
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Table 2.4. Soup and Gravy Base. Analysis of Variance For Critical
Samples (A and B) Across Experimental Conditions
(N=36 per condition)

Source of
Variation df ms F

A-Sample 1 66.61 35.44"***
B-Half 1 35.11 30.27***
C-Condition 4 20.16 3.65**

Ax B 1 .51 T
A x C 4 2.57 1.37
BxC 4 .98
A x B x C 4 1.28 1.58

D-Judge (within C) 175 5.53
A x D 175 1.88
P x D 175 1.16
A x B x D 175 .81

** Significant at the 1% level.
** " " 1 "I% "

# F-ratio less than 1.00.

Testing of effects:

A tested against A x C
A x C " A - [,

B " B x
B x C " B x D

C " D
A x B x C A x B x D

A x B " A x B x D
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Table 2.5. Soup and Gravy Base. Suimnary of Analyses of Variance
for Each Experimental Condition (N=36 last condition,
40 all others)

? -Samp I e 3-Sample 4-Sample
Source of F or F or F or
Variation (if (ms) df (ms) df (ms)

A-Sample 1 1.37 2 10.65*** 3 5.76***
B-Half 1 6.40* 1 1ll.17*** 1 8.05***
D-Judge 39 (4.28) 39 (6.66) 39 (11.38)

A x B I # 2 3.68* 3 1.49

A x D 39 (1.83) 78 (1.79) 1i7 (1.29)

B x D 39 (1.44) 39 (1.13) 39 (1.05)

A x B x D 39 ' .64) 78 (1.31) 117 (1.08)

5-Samp'e 6 -Sample
F or F or

df (m.s) df (ms)

A-Sample 4 9. 26-** 5 22.41***
B-Half 1 20.6'4*** 1 18.44***
D-Judge 39 (9.40) 35 (11.25)

AxB 4 5 1.31

A x D 156 (1.82) 175 (2.79)

B x D 39 (1.07) 35 (1.66)

A x B x D 156 (1.22) 175 (1.27)

* Significant at the 5% level.
1, ,, ,, . 1% ,

# F ratio less than 1.00.

Testi .g of effects:

A tested against A x D
B " B x D

A x B A x B x D

31



Table 2.6. Milk. Mean Ratings of Samples In Each Experimental
Condition (N=40 each condition)

Experimental Condition
2 3 4 5 6

Sample Sample Sample Sample Sample

Sample A
lst half 6.78 6.65 6.75 6.90 6.58
2nd half 6.73 6.75 6.75 6.68 6.38
Total 6.75 6.70 6.75 6.79 6.48

Sample B
1st half 5.95 5.67 6.08 5.75 5.35
2nd half 5.30 5.28 6.00 5.45 5.23
Total 5.63 5.48 6.04 5.60 5.29

Sample C
Ist half 6.23 6.63 6.30 6.08
2nd half 6.45 6.33 6.15 5.82
Total 6.34 6.48 6.23 5.95

Sample D
Ist half 6.45 5.90 5.85
2nd half 6.13 5.60 5.55
Total 6.29 5.75 5.70

Sanple E
1st half 6.90 6.75
2nd half 6.58 6.35
Total. 6.74 6.55

Sample F

Ist half 5.45
2nd half 4.63

iota1l 5.04

Total
Ist half 6.36 6.18 6.48 6.35 6.01
2nd half 6.01 6.16 6.30 6.09 5.66
Total 6.19 6.17 6.39 6.22 5.83
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Table 2.7. Milk. Effect of Experimental Conditions on
Ratings of the Critical Samples (N=40, each condition)

Average of Samples Difference Between
(A+B/2) Samples (A-B)

Ist 2nd Difference Ist 2nd Difference

half half 1st - 2nd half half 2nd - lst

Experimental
Condition

2-Sample 6.36 6.01 .35 .83 1.43 .60

3-Sample 6.16 6.02 .14 .98 1.47 .49

4-Sample 6.42 6.38 .04 .67 .75 .08

5-Sample 6,32 6.06 .26 1.15 1.23 .08

6-Sample 5.96 5.80 .16 1.23 1.15 -. 08

Total 6.24 6.05 .19 .97 1.21 .24

Average of
Ist & 2nd
halves 6.14 1.09
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Table 2.8. Milk. Analysis of Variance For Critical Samples
fA-and B) Across Experimental Conditions
(N=40, each condition)

Source of
Variation df ms F

A-Sample 1 236.53 12 3 .19***
B-Half 1 7.41 6.18*
C-Condition 4 5.56 #

A 1• 8 2.77 2.72
AxC 4 1.81 #
B xC 4 .56 #
AxBxC 4 .88

D-Judge (within C) 195 6.82
A x D 195 1.92
B x D 195 1.20
A x B y D 195 1.02

* Significant at the 5% level.

# F-ratio less than 1.00.

Testing of effects:

A tested against A x D
A x C " A x D

B " B x D
B x C " B x D

C " D

AxBxC AxB xD

AxB AxBxD

34



Table 2.9. Milk. Summary of Analyses of Variance for Each

Experimental Condition (N=40, each condition)

2-Sample 3-Sample 14-Sample

Source of F or F or F or

Variation df (ms.) df (ms) df (ms)

A-Sample 1 36.95*'* 2 l8.MU*" 3 5.10***

B-Half 1 3.02 1 # 1 1.48

D-Judge 39 (8.37) 39 (7.43) 39 (15,50)

A x B 1 3.31 2 2.73 3 #

A x D 39 (1.37) 78 (1.75) 117 (1.42)

B x D 39 (1.62) 3Q ( .96) 39 (1.66)

A x B x D 39 (1.09) 78 ( .80) 117 (.84)

5-Sample 6-Sample
F or F or

df (ms) df (ms)

A-Sample - 4 13.36*** 5 18.53***

B-HalV 1 3.13 1 7,35**

D-Judge 39 (13.41) 39 (17.84)

Ax B 4 5 1.36

A x D 156 (1.79) 195 (1.63)

B x D 39 (2.16) 39 (2.00)

A x B x D 156 (1.33) 195 (.92)

** Significant at the 1% level.

# F ratio less than 1.00.

Testing of effects:

A tested against A x D
" " Bx D

A x B A x B x D



Table 2.10. Syrup, Mean Ratings of Samples in Each Experimental
Condition (N=40, each condition)

Experimental Condition
2 3 4 5 6

Sample Sample Sample Sample Sample

Sample A
1st half 7.03 6.75 6.60 6.28 5.90
2nd half 6.25 6.38 6.33 6.23 5.90
Total 6.64 6.56 6.46 6.25 5.90

Sample B
Ist half 7.38 7.38 6.43 6.95 6.33
2nd hal f 6.93 6.60 6.35 6.85 5.88
Total 7.15 6.99 6.39 6.90 6.10

Sample C
Ist half 5.45 5.30 4.75 3.55
2nd half 4.70 3.98 3.48 2.88
Total 5.08 4.64 4.11 3.21

Sample D
Ist half 5.93 5.70 5.55
2nd half 4.73 4.33 4.90
Total 5.33 5.01 5.23

Sample E
Ist half 4.88 5.23
2nd half 4.35 4.80
Total 4.61 5.01

Sample F
Ist half 5.47
2nd half 4.80
Total 5.14

Total
Ist half 7.20 6.53 6.06 5.71 5.34
2nd half 6.59 5.89 5.34 5.05 4.86
Total 6.90 6.21 5.70 5.38 5,10
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Table 2,11. Syrup. Effect of Experimental Conditions on Ratings
of the Critical Samples (N=40, each condition)

Aveage of Samples Difference Between
kA+B/2) Samples (B-A)

Ist 2nd Difference Ist 2nd Difference
half half Ist - 2nd half half 2nd - 1st

Experi mental
Condi ti or'

2-Sample 7.20 6.59 .61 .35 .68 .33

3-Sample 7.06 6.49 .57 .63 .22 -. 41

4-Sample 6.52 6.34 .18 -. 17 .02 .19

5-Sample 6.62 6.54 .08 67 .62 -. 05

6-Sample 6.12 5.89 .23 .43 -. 02 -. 45

Total 6.70 6.37 .33 .38 .30 -. 08

Average of
lst & 2nd
halves 61.54 .34
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Table 2.12. Sy , Analysis of Variance For Critical Samples
(A and B' Across Experimental Conditions
(N=40, each condition)

Source of
Variation df ms F

A-Sample 1 23.46 13,72***
B-Half 1 11.76 6.53*
C-Con" tion 4 19.45 3.34*

Ax B 1 .56 #
A x C 4 3.25 1.90
6 x C 4 4.99 2.77*
A x B x C 4 1.14 1.24

D-Judge (within C) lI?5 5.83
A xr 195 1.71
B x 195 1.80
A x B x D 195 .92

* Significant at the 5o/ level.

# F-ratio less than 1.00.

Testing of effects:

A tested against A x D
A x C "" A x D

B " B x D
B x C " B x D

C D
A x B x C "A x B x D

A x B "A x B x D
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Table 2.13. Syrup, Summary of Analyses of Variances For Each
Experimnntal Condition (N=40, each condition)

2-Sample 3-Sample 4-Sample

Source of F or F or F or
variation df (ms) df (ms) df (ms)

A-Sampie 1 5.00* 2 30.22*** 3 15.11***
B-Half 1 4.52* 1 11.26** 1 11.27**
D-Judge 39 (3.32) 39 (5.89) 39 (11.24)

AxB 1 3.15 2 3 944***

A x D 39 (2.10) 78 (2.67) 117 (4.10)

B x D 39 (1.80) 39 (2.14) 39 (2.55)

A x B x 0 39 ( .34) 78 (1.29) 117 (1.30)

5-Sample 6-Sample
F or F or

df (ms) df (ms)

A-Sample 4 20.84*** 5 19.14***
B-Half 1 23.53*** 1 9.40**
D-Judge 39 (14.63) 39 (11.07)

A x B 4 4.58** 5
A x 0 156 (5.18) 195 (4.37)

B x D 39 (1.88) 39 (2.93)

A x B x D 156 (1.74) 195 (1.61)

* Significant at the 5/ level.
S...." I I .

" F ratio less than 1.00.

Testing of effects:

A tested against A x D
B " " B x D

A x B "I A x B x D
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Chapter IV. Further Study of Contrast and Convergence Effects

Much of the food development effort is devoted to better
utilization of existing foods. New processing methods are
intended to confer upon these foods characteristics which enhance
their usefulness in military situat'ons. For example, dehydration
can reduce weight and increase storage life, irradiation can
eliminate the need for refrigeration or minimize certain types of
spoilage.

One of the criteria for evaluating these processes is the extent
to which hum:, bsiings like o- dislike the products. For each
najor method, such as irradiation, there may be an almost
infinite number of specific processing variations and combinations
of variations. With;n limits imposed by cost and manufacturing
capability, a major goal is to produce foods which,even if they do
not taste the same as t'ie fresh equiva!(cr, s, are as close to them
as possible physically and chemically and are liked equally as
well. Conditions and duration of storage are other factors which
may interact with processing variables. Assessment of the effects
of all, or most, of these is u3ually necessary to insure that the
product as eaten meets preference standards.

Taste tests often serve the dual function of testing processed
foods against fresh equivalents and co.iiparing different processing
variables or di"erert values of a single processing variable
among themselves. The firzt function involves comp.-ring a control
with a seri es of experimental s:...:.es; For example, a fresh food
micht be compared with the same. product subjected to varying
degrees of irradiation. The second function, in the case of
irrad-lation, would be represented by comparisons only among the
treated samples to aetermine whether any of the levels caused less
flavor damage.

It has been pointed out (Kamenetzky, 1959; Eindhoven, Peryam,
Hleiligman, and Hamman, i964) that these purposes might be
incompatible. For example, a fresh control might induce contrast
effects with the irradiated samples by making the subject aware
of negative characteristics that he woild otherwise ignore. Hence,
the ratings of the irrrdiated foods following the fresh sample
would be depressed. The difference between the control and
irradiated samples as a group wo,,ld be increased but the difference
among the irradiated samples themselves might be reduced.
Conversely, when a fresh (untreated) sample is tasted in the
ab.•enz-e of any other, it may be rated nigh; however, at least for
some foods, negative characteristics are inherent in both the fresh
and irradiated forms, which differ only in degree. Tasting an
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irradiated sample first may call particular attention to such
negative characteristics in the fresh control If so, then the
fresh food may be rated lower so that the difference between the
control and the irradiated samples as a group will be less. This
phenomenon is known as convergence effect.

This study is not concerned with demonstrating the existence of
contrast and con*ergence effects per se. Rather, they serve as
the theoretical basis for an experimental test of whether or .ict
the two sensory evaluation goals are compatible. These phenomena
suggest that they may not be. For example, if contrast effect
were dominating, then irradiated samples served after the fresh
control would likely be "squeezed" together because thei- negative
qualities would be emphasized more than tneir positive ones. If
convergence were operative, then the fresh control following
irradiated samples would be rated more like the irradiatec samples
and the fresh-irradiated difference Would be minimized.

This study was oriented toward obtaining information about the
compatibility of the two purposes of taste testing. Specifically,
the objectives were tc. determine: (a) whether the presence of a
fresh control has an effect upon differences in ratings among
irradiated samples, and (b) whether the placement of a fresh
control in a series has rny effect upon differences among
irradiated samples or upon the difference between the control and
the irradiated samp'l-s as a group.

No direct test of the contrast-convergence theory was int.-.d.
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1. Methods

Four replicat,.ons of this study were conductec'. Replication III
was considered suspect because of the nonuniformity of the
samples served in various sessions; however, all available data
are reporteo as a marter of record. The experimental design
and procedures were similar in all four replications. Variations
might have occurred because the pool of available subjects
changed from time to time, and some deiiations might have
occurred as a function of different laboratory conditions and
diurnal factors.

Subjects

A total of 216 peop'-_ were separately and randc4riy drawn for
each replication; and 36 were randomly assigned to each of six
experimental conditions.

Samples

Let: X, Y, and Z designate three irradiated samples;

FC designate the fresh (unirradiated) control;

IC designate the variable, irradiated control. This
means that for one-third of the testers the
control sample is X, for another third it is Y,
and for the remaining third it is Z.

The purpose of the variable control waz to provide a basis for
comparisons involving the fresh control by maintaining
equivalent posi,:ions and numbers of samples.

Experimental Conditions

1. Samples served: FC, X Y, 8 Z. FC was always served first
and then X, Y, and Z in balanced order.

2. Samples servc: IC, X, Y & Z. IC was always served first
and then X, Y, Z in balanced order.

3. Samniples served: X, Y, Z, & FC. FC was always served last,
and X, Y, and Z preceded it in balanced order.

4. Samples served: X, Y, Z & IC. IC was always served last,
and X, Y, and Z preceded it in balanced order.
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5. Samples served: X, Y, Z, and FC. All four samples were
served in balanced order. This is the usual design used
at the Natick laboratories.

6. Samples served: X, Y, L and IC. All four samples were
served in balanced order.

(In the first four conditions- above, FC and IC are underlined
to show that the serving order was fixed as either first or
last).

Replicati ons

The experimental design was repeated four times, twice with
roast beef and twice with ham. Table 3.1 shows the foods,
the processing variables, and their levels for each
replication. Analysis of the first two replications revealed
certain unexplainable inconsistencies in the results. In
these replications, experimtental condition was confounded Jith
sessior.; that is, only one experimental condition was run at
each session, It was possible thac the population of available
subjects was not the same among sessions, that the physical
characteristics of the samples differed from session to
session, or that unknown conditions (e.g., weather) may have
changed to cause these odd effects. Accordingly, it was
decided that for the succeeding replications, each of the six
experimental conditions would be represented in each session.
The total testinq time remained constant.

For the third replication problems were encountered in
maintaining physical uniformity of samples from session to
session. In fact, the exper4ment had to be interrupted
because of certain difficulties in processing and physical
testing; and the samples in the latter part of the test might
not have been equivalent to those served in the first part.

Procedure

The standard prccedures for the sensory evaluation of fcods
were used. The samples were served one at a time according to
the specifications of the experimencal group to which a judge
was assigned. After tasting and rating one sample, the subject
rinsed his mouth with charcoal-filtered distilled water.
Thirty seconds elasped from the time he finished one sample to
the time he received the succeeding one. The standard
nine-point hedonic scale was used.
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2. Resul ts

Tables 3.2-I through 3.2-IV give, for Replications I-IV,
respectively, the means for each sample in each experimental
condition. Various averages are also shown: The average
of the experimental samples, averages by position of control
and by type of control, and the grand average. As will be
shown later, the differences between experimental samples
differed significantly, except in Replication III.

In Replication I (Table 3.2-I), the overall rank order of the
experimental samples generally agreed with the hypothesized
effect of the temperature variable in that the sample
irradiated at ambient temperature was significantly lower
than the other two; however, the -80 0 C. sample ranked higher
than the -185oC. sample (5.98 vs 5.90). The rank order of
these two samples was different from the overall rank for the
two conditions where the control was served first and where
the irradiated control was served in the balanced order.

In Replication II, (Table 3.2-I1), there was again general
agreement with the expected effect of the physical variable.
The 3.0 Mrad sample rated highest (6.28), but the 4.5 Mrad
and 6.0 Mrad samples were about the same (5.82 and 5.94,
respectively). There were many inversions in the rank
positions of the latter two samples; however the 3.0 Mrad
sample always ranked highest except when the fresh control was
served first.

in Replication III, (Tabie 3.2-II1), inconsistencies were the
rule rather than the exception. The overall rank order of the
experimental sanp'es agreed with the expected effect of the
experimentai treatments, with the ambient temperature lowest
and -40oC. hiqhest, although the range was small 6.05-6.30.
When the conditions are considered separately, however, it is
seen that none of the experimental samples was consistently
the highest or lowest rated.

"Replication iV (lable 3.2-IV) resembled Replication II in
that the 3.5 Mrad sample was significantly preferred to the
4.5 Mrad or the 6.0 Mrad sample, which in turn did not differ
significantly from one another. The 3.5 Mrad sample was the
highest rated in each of the six experimental conditions, but
sometimes the 4.5 Mrad sample was rated higher than the 6.0
Mrad one, and sometimes the opposite occured.
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Analysis of Variance

Table 3.3 shows the results of an analysis of variance of each
replication. The interpretation of these analyses will be
facilitated by reference to Table 3.4 which shows the algebraic
differences in mean ratings between samples related to the
experimental variables. We will first describe the outcome for
each source of variation, then each replication in turn will
be more carefully examined.

(A) Position of Control Sample

There is no evidence that the position of the control
sample had an effect upon the overall level of ratings in
any of the four replications. The ranges of the averages
of the four samples according to the position of the
control were .35, .10, .31, and .04 for the four
replications, respectively. (See Table 3.2).

(B) Type of Control

Only for Replication II did the type of control have a
significant effect upon the overall level of rating. The
lack of significant effects in the other three
replications is not surprising since three of the four
samples were identical across experimental conditions
within each replication. This fact would "work" in favor
of the null hyporhEsis, in that the rating of the fresh
control would be washed out by the ratings of the other
three samples.

(A) X (B)-Type Interaction

None of the four interactions between position of control
and type of control was significant.

(C 1 ) Among Experimental Samples

The oresence of significant differences in preference
among the samples was a necessary condition in these
experiments. The different temperatures at which the
foods were irradiated and the different dosage levels
were intended to result in appreciable differences in
heconic ratings. For all replications, except
Replication III, this intention was fulfilled at very high
levels of statistical significance. For Replication III,
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the range of differences was only .25 scale points,
although the order of preference of the three samples
corresponded to a priori expectations. If only for this
reason, the data from Replication III should be discarded.

(C2 ) Between Experimental and Control Samples

For each replication, the average rating of the control
samples substaniHlly exceeded the average rating of the
experimental samples, even though the differences were
attentuated in that in half the cases the control (e.g.,
irradiated control) was identical to the experimental
samples. (See the interactions involving (C2 ).

(0) Among judges

This source of variation was significant compared to the
interaction of judge and sample. No special importance
is attributed to this occurance.

(A) X (Cl)

The interaction between position of control and the
difference between experimental samples failed to be
statistically significant in any replication.

(A) x (c 2 )

This effect was significant except in Replication I. The
difference between the control and the average of the
experimental samples was higher when the control w;.s served
first than when it was served last or in balanced order.
For example. in Replication Ii, the differences for the
first, last and balanced positions were .93, .27, and
.10 respectively. Ir Repiication 1I1, the differences were
1.22, .20, and .49. In Replication IV, they were 1.19,
.16, and .50. The differences feli in the same order in
Replication I as they did in II and IV, but failed to reach
the 5% level of significance. (See also discussion of
(A) X (B) X (C2 ).

(B) X (C1 )

In no replication was this effect statistically significant.
Thus, there is no evidence that the differences among the
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experimental samples were any different whether the
contrc was fresh or irradiated. This conclusion is one
of the mc-st notable in this study.

(B) X (C2 )

As expected, this interaction was significant in all four
replications. Indeed, any other result would have
occasioned surprise and even consternation. The
significance of these interactions shows that the
difference between the experimental and control samples
in each replication depended in large part on whether the
control was fresh or irradiated. Obviously, one would not
expect to find a significant difference between an
irradiated control and the experimental samples. In
Replication I, the differences between control and the
average of the experimental samples were .89 for the fresh
control and .07 for the irradiated control. In
Replication II, the differences were .82 and .05; in
Replication III, 1.20 and .07, and in Replication IV, .97
and .25.

(A) X (B) X (C1)

This source of variation was significant in the first two
replications; but not in the second two. The fact that
the nature, or cause, of the significant interactions was
not the same in Replication I and Replication, II is
somewhat disturbing. The variation (Table 3.4) did not
follow the same pattern. For example. in Replication I,
the largest differences between tne theoretically best
and theoretically poorest experimental samples occurred
for the fresh control served either in the first position
or in the balanced position; for the irradiated control
the largest difference was in the served last" position.
These same relationshios ;-.eld also in regard to the
maximum range between experimental samples. However, in
Replication II, the largest difference between the
experimental samples occurred when the fresh control was
served last. In fact, when the fresh control was served
first, the theoretically poorest sample was rated higher
than the theoretically best. Similarly, the differences
among experimental samples was greatest for the
irradiated control when i ,,,as served first. (This effect
might be attributable to position effects, but it is not
consistent with the effects obser~ed in Replication I).

Li7



The inconsistent directions of these effects maKe any

generalization from these data alone questionable.

(A) X (B) X (C 2 )

This effect was significant in all cases except for
Replication III, which is of questionable validity
anyway. The significance levels were lower than for
most other effects. The interpretation of this ef ect
seems simple. Referring to Table 3.4, we see that the
differences between the control and the average of the
experimental samples were in each case highest when the
control sample was fresh and was served first. The
difference between the irradiated control and the
experimental samples was usually largest when the control
was served first, but these differences were appreciably
smaller than for the fresh control conditions. Note too,
that serving the control last did not yield consistently
higher or lower differences between control and
experimental samples than did serving the control in a
ba 1 anced order.
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Discussion of Replications

Ce, Lain features about each of the replications raise doubts
about the adequacy of the experiments. Each replication will
be discussed in turn. Then we will draw what we feel are
justified conclusions and suggest future research in this area.

Replic3tion I

It was pointed out earlier that there is inadequate separation
between the -8 0 0C. and the -185 0 C. samples. in three
experimental conditions, the former was rated higher than the
latter, and in another three conditions the reverse was true,
although none of the differences was statisticaily significant.

It was also shown that the best differentiation between the
experimental samples was achieved with a fresh control served
first or in balanced positions and with an irradiated control
served last. (The latter fact would imply tnat the first three
samples are best differentiated in terms of ?reference, the
fourth contributing most to error). Refere.ice to Table 3.4
shows that this conclusion holds true regardless of whether we
consider the differences between the theoretically best and
the theoretically poorest experimental samples, or whether we
consider the maximum range among experimental samples in each
experimental condition. The only qualification is that, in the
latter case, the degree of differentiation among experimental
samples seemed besL for the irradiated control served last and
next best for the fresh control served in a balanced order.

The fact that in the control-last situation tne differentiation
amo.ig samples depended heavily upon whether the control was
fresh or irradiated is disturbing. In the control-tast
situation, unless one assumes that judges are clairvoyant, the
d;fferences should be equal or nearly so. Regardless of whether
the control served last is fresh or irradiated, we are comparing
the samples served in the first three positions only.
Evidently something in this experiment wert wrong. When the
irradiated control was served last tve ma'imum range of the
experimental samples was l.50, but was coly .78 when the fresh
control was last. Also, the difference between the
theoretically best and the t&eoretically poorest samples was
larger for the irradiated than for the fresh control in the
last position (.89 vs .58)_ One-might hypoti.esize various
causes, such as non-equivalencp of the Samples from session to
session or non-equivalence of judge-groups.
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The analysis of variance also showed that the best
differentiation between the control and experimental samples
occurred when the fresh control was served either first or
last. Fresh control served last is not the optimum
condition for securing the best differentiation among
experimental samples. One would not expect the differences
between the variable control and these other samples, except

for differences within the limits expected by sampling error
and order effects. Taken at their face value (which should
not be done), these data would indicate that by serving a fresh
control in the very first position, one would achieve good
differentiation among the experimental samples without
sacrificing differentiation between the control and experimental
samples. However, the data do not appear sufficiently "clean"
to justify this conclusion.

Moreover, additional experimental conditions would have to be
run to control for the position effects, that is, for the
possibly higher rating of the fresh control due solely to the
fact that it was served first.

Replication II

It was mentioned earlie- that there was inadequate separation
between the 4.5 Mrad and the 6.0 Mrad samples. The
significance of the main effect of dif.erences among
experimental samples is largely attributable to the difference
between the 3.0 Mrad and the other two sampies.

Also, the differentiation between the experimental and control
samples wuas better when the control was served in the first
position (.93) than in the last position (.28); and the
differentiation was poorest when the control was served in
balanced order (.10). The significance of the three-factor
interaction indicates that this conclusion depends in part
upon the type of control. It holds primarily for the fresh
control and less so, if at all, for the irradiated control.

The significance of the interaction between type of control
and the difference between the experimental and control samples
is trivial. The difference should begreater for the fresh
control, since the irradiated control was physically the same
as the experimental samples.

The most important factor is how well the experimental samples
were .jifferentiated from one another. As Table 3;2-II shows,
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something went wrong in the condition where the fresh control
was served first. Here, the 3,0 Mrad sample and the 4.5 Mrad
sample were rated lower than the 6.0 Mrad sample. The rating
of the latter (6.22) seems too high. Moreover, the
difference between the two extreme experimental conditions
was 1.00 for the fresh control served last, but only .25 for
the irradiated control served last. The two differences should
be identical for reasons given in the discussion of
Replication I.

There are also inconsistencies in position effects between
the two replicatiors. For example, in Replication I, the
fresh control was rated highest when it was served last; in
Replication II, it was rated highest when served first, and in
both t'he balanced position yielded the lowest fresh control
raLings.

Again, the data do not seem "clean" enough for ar.y primary
conclusions except that no evidence was obtained to indicate
that a fresh control diminishes the differences among
experimental samples.

Replication III

Because the experimental samples did not differ significantly
from one another, also because of doubts about their
uniformity, the findings from ths replication are either
trivial or inconclusive. Thus, it was shown that the control
sample was significantly higher rated than were the experi-
mental samples, that the difference was more pronounced when
the control was fresh rather than irradiated (1,20 vs .07) and
that the difference was greater when the control was served
in the first position rather than in balanced order or in the
last position (1.22, .49, and .20).

Another fact which raises doubt about this test is the high
rating (7.19) for the irradiated control served first. This
rating is nearly the same as for the fresh control served in
the same position.

Replication IV

Although the average of the experimental samples diTfered
from the control, again the 4.5 and 6,0 Mrad samples did not
differ from one another. The analysis of variance shows that
the difference between the experimental and control samples
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depended upon the type of control (.97 for fresh, .25 for
irradiated), and the position of the control (1.19 for
served first, .16 for served last, and .50 tor balanced).
As Table 3.4 shows, the greatest difference occurred when
the fresh control was served first, arid the next-largest
when it was served in balanced order (1.37 and .89).

On the whole tne results seem more consistent than the
results in the other three repli...tions.
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3. Discussion & Conclusions

We have pointed out certain Jspects of the data which raise
doubts about the adequacy of the experiments. In the first
two replications, the differences between the experimental
samples appeared to be affected by the type of control even
when served last; and the nature of the effect was
inconsistent. In the first replication the cornbinations
yielding the best differentiation ',ere fresh control served
either first or in balanced position and the irradiated
control served last. In the second, the best combination
was the fresh control served last. However, in no case were
the two-factor interactions invclving differentiation among
experimental samples significant,

The most definite conclusion was that there was no good
evidence that a fresh control per se affects the differentiation
among experimental samples. Even this has to be tempered by
the consideration that in one replication there were no
significant differences among experimental samnples, and that, in
each of the others, two of the experimental samples did not
differ significantly.

Any such lack of differences tends to support the null hypothesis.
Obviously, if there were no real diffe-ences; their failure to
emerge under certaii conditions would be a trivial finding.

These experiments developed no evidence to indicate the
advisability of changing tme current standard testing practice
wherein fresh controls are served in balanced order with
experimental samples. The question of whether the position of
the control affects the difference between the control and
experimental samples was not arswered. In three cases this
interaction was significant, but it also represents a
confounding of position of control with position effects in
general. Additional control groups or experimental conditions
would be needed to clarify the -meaning of the finding.

Some of the data suggest that the position effects might be
differenz if all samples were fresh than if all were irradiated,
The results suggest, although they do not clearly indicate, that
a fresh control is rated lowest when served in balanced order,
but that an irradiated control is rated lowest when served last.
One might hypothesize that poorer qjality samples are affected
more by the number of preceding samples since each one tends to
increase the judge's aw.reness of any negative qualities
present. The effect for good quality samples should be much
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less. IU this hypothesis is true, then controlling for
position cffects becomes more complex since the effects
(e.g., on ewareness) differ for various qualities, and a
universal "correction' is ruled out.

Another implication is somewhat more subtle. Typically, a
fresh control is served with the irradia.ed sawples. The
error term for assessing the difference between the control
and experimental samples is usually the judge-treatment
interaction which is almost always lower tthan the between-
judge variation; however, it can be used only when all judges
rate both the control and the experimental samples. If the
ratings of the fresh control remain fairly constant when it
is served by itself the same number of timas as are the
experimenta, 3mples, while the ratings of the experimental
samples decline in successive positions, then the difference
between the control and the experimenta! samples would increase.
It is possibic that this increase could more than offset the
higher error term (between-judges variation rather than
judge-treatment interaction).

The entire area .•.f order and position effects is relatively
untapped in terms of both theory an- research, and it is not
too difficult to formulate and to provide the rationale
for hypotheses.

The data in the present study are particularly heuristic, but
the inconsistencies point to a fundamental problen' whose
resolution must precede further work. It is implied in the
question "If we cannot replicate with basically similar types
of foods, how can we generalize over many different types of
foods?" One can only speculate timorously about the reasons
for the inconsistencies. One is that conducting the study over
a protracted interval of several months allowed something to
happen to the test population. Perhaps the turnover in the
subject pool brought about differences in the population
preferences. Perhaps diurnal and seasonal factors induced
systematic variability. Another possibility is that the food
"samples themselves were inconsistent. Their quality from lot
to lot might have been so variable that differences in
treatments were obscured or there may have been inversions of
quality.

The implication of the first possibility is that we need to
know more about the personala -psychological and
physiological- factors related to preference, and more
specifically, to the order of preference for various foods.
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The next step would be to determine how combinations of these
factors affect the validity of the tests, where validity is
defined as the prediction of actual acceptance.

The major implication of the second possibility is that we
might be trying too hard to measure an intrinsical!y unstable
phenomenon. If food quality i4 that variable, then the
importance of five adjustments of the levels of processing
variables is open to question unless one can devise means of
reducing the variability. This reduction is a matter of
concern to the food technologist as well as to the behavioral
scientist, with the work of the latter contingent upon the work
of the former.

Although there is no definite proof as to what went wrong in
these experiments, it would seem wise and practical in future
methodological studies of this kind to use foods of greater
physical uniformity and to conduct the entire study within a
much 3horter time span. Inter-session effects can be studied,
and probably should be, since the foods themselves would be
used under varying conditions. It would not be worthwhile to
develop foods that had adequate acceptability only under certain
restrictive conditions.

When this research project was initiated, we had hoped that
analysis of the relationship between personal variables and
food preferences (sampling topic) would shed light on
correlates of preference. However, as was discussed in Chapter II1
the relative homogeneity of the population and the lopsided
distributions for many of the background characteristics would
have attenuated any true underlying relationships.

I5.

55



Table 3.1. Characteristics of Each of the Four Replications

Replication

II Ill IV

Product: Roast Beef Roast Beef Ham Ham

Processing Temperature Irradiation Temperature Irradiation
variable at time of dosage at time of dosage

irradiation irradiation

Levels of Ambient 3.0 Mrad. Ambient 3.5 Mrad
processing -80 0 C. 4.5 Mrad. +5KC. 4.5 Mrad
variable -185 0 C. 6.0 Mrad. -400 C. 6.0 Mrad

Constant Irradiation Temperature Irradiation Temperature
processing dosage at time of dosage at time of
factor irradiation irradiation

3.5 Mrad -80oc. 3.5 Mrad -400 C.

Was session
confounded Yes Yes NO*
with
experimental
condition.?

* All six conditions were present within each session
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Tab!e 3.2-I. Averages For Treatments According to Position and
Type of Control -Replication I

- Experimental*
Con- Amb- Ave. Grand

Position Type trol ient -80 0 C. -185 0 C. Exper. Ave.

First Fresh 6.58 4,53 5.56 5.64 5.24 5.58
Irradiated 5.75 5.33 5.53 5.72 5.53 5.58

Last Fresh 6.97 5.50 6.28 6.08 5.95 6.21
Irradiated 5.33 4.94 6.44 5.83 5.74 5.64

Balanced Fresh 6.14 5.08 6.44 5.97 3.83 5.91
"Irradiated 6.17 5.53 5.64 6.14 5.77 5.87

Position
Total s First 6.17 4.93 5.55 5.68 5.39 5.58

Last 6.15 5.22 5.36 5.96 5.85 5.93t Balanced 6.16 5.31 6.04 5.06 5.80 5.89
i Type
f Total sSFresh 6,56 5.04 6.09 5.90 5.67 5.90

Irradiated 5.75 5.27 5.87 5.90 5.68 5.70

Grand
Toa al 6.16 5., 5 5.98 5.90 5.68 5.80

* All irradiated at 3.5 Mrads.
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Table 3.2-I1. Averages For Treatments According to Position and
Type of Control - Replication I1

Exper imenta *
Con- 3.0 4.5 6.0 Ave. Grand

Position Type trol Mrad Mrad Mrad Exper. Ave.

First Fresh 7.39 5.81 5.50 6.22 5.84 6.23
"Irradiated 6.14 6.22 5.79 5.50 5.84 5.91

Last Fresh 6.89 6.67 6.11 5.67 6.15 6.34
"Irradiated 5.75 6.31 5.44 6.06 5.94 5.89

Balanced Fresh 6.44 6.39 6.36 6.11 6.29 6.33
" Irradiated 6.08 6.28 5.72 4606 6.02 6.04

Position
Tota 1s

First 6.77 6.02 5.65 5.86 5.84 6.08
Last 6.32 6,49 5.78 5.87 6.05 6.12
Balanced 6.26 6.34 6.04 6.09 6.16 6.18

Type
Totals

Fresh 6.91 6.29 5.99 6.00 6.09 6.30
Irradiated 5.99 6.27 5.65 5.87 5.94 5.95

Grand
Total 6.45 6.28 5.82 5.94 6.01 6.10

* All irradiated at -80 0 C.
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Table 3.2-11. Averages For Treatments Accordirg to Position
and Type of Control - Replication III

Exp'-rirrenta I*
Con- Amb- Ave. Grand

Position Type trol ient +50C. -40 0 C. Exper, Ave.

First Fresh 7.39 5.81 5.42 5.92 5,72 6.14
"Irradiated 7.19 6.22 6.56 6.44 6.41 6.60

Last Fresh 7.17 6.28 6.53 6.56 6.46 6.64
Irradiated 6.08 6.25 6.39 6.53 6.39 6.31

Balanced Fresh 7.08 5.94 5.72 5.89 5.85 6.16
Irradiated 6.00 5.75 6.50 6.47 6.24 6.18

Totals

I First 7.29 6.02 5.99 6.18 6.07 6.37
Last 6.63 6.27 6.46 6.55 6.43 6.48
Balanced 6.54 5.85 6.11 6.18 6.05 6.17

Type
Totals

Fresh 7.21 6.01 5.89 6.12 6.01 6.31
Irradiated 6.42 6.07 6.48 6.48 6.35 6.36

Grand
Totai 6.82 6.05 6.19 6.30 6.18 6.34

I * All irradiated at 3.5 Mrads.

t

I
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Table 3.2-IV. Averages For Treatments According to Position andType of Control - Replication IV

Experimental
Con- 3.5 4.5 6.0 Ave. GrandPosition T trol Mrad Mrad Mrad Expr. Ave.

First Fresh 7.31 5.81 5.11 5.39 5.44 5.91" Irradiated 6.33 6.14 5.78 5.50 5.81 5.94
Last Fresh 6.36 6.36 6.17 6.06 6.19 6.24"Irradiated 5.81 6.08 5.47 5.44 5.66 5.70
Balanced Fresh 6.44 5.72 5.39 5.53 5.55 5.77" Irradiated 6.17 6.42 5,72 6.14 6.09 6.11

Posi ti on
Totals

First 6.82 5.98 5.45 5.45 5.63 5.93Last 6.09 6.21 5.82 5.75 5.93 5.97Balanced 6.32 6.07 5.56 5.84 5.82 5.95

Type
Totals

Fresh 6.70 5.96 5.56 5.66 5.73 5.97Irradiated 6.10 6.21 5.66 5.69 5.85 5.92

GrandTotal 6.40 6.09 5.61 5.68 6.79 5.95

*All irradiated at -400 C.
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Table 3.3. Analyses of Variance for the Four Replications

Source of Variation Replication I Replication II
df F Si F

(A) Position of Control 2 1.26 - <1 -

(First, last,balan-ed)

(B) Type of Control 1 1.07 - 3.93 5%
(Fresh, I rradi ated)

(A) X (B) 2 <1 - <1 -

(C1 ) Among Experimental
Samples 2 21.18 .1% 8.13 .1%

(C2 ) Between Experimental
2 and Control Samples 1 17.77 .1% 20.61 .1%

(D) Among Judges
(Within (A) and (B) 210 ms= 8.20 ms= 6.80

(A) x (C1 ) 4 <1 - <1 -

(A) X (C2 ) 2 1.78 6..63 1%

(B) X (C1 ) 2 1.32 - <1 -

(B) X (C2 ) 1 12.88 .1% 15.21 .1%

(A) X (B) X (C1 ) 4 2.62 5% 4.20 1%

(A) X (B) X (C2 ) 2 4.16 1% 3.15 5%

(C) X (D)
(Within (A) and (B)) 630 ms= 2.10 ms= 1.51
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Table 3.3. Analyses of Variance for the Four Replications
(Continued)

Source of Variation Replication III Replication IV
df F Sig. F Sig.

(A) Position of Control 2 < - <1 -I

(First, last,balanced)

(B) Type of Control 1 <I - (1
(Fresh,I rradiated)

(A) X (B) 2 <i - 1.48 -

(C1 ) Among Experimental
Samples 2 2.13 - 8.61 .1%

(C2 ) Between Experimental
and Control Samples 1 39.23 .1% 35.76 .1%

(D) Among Judges
"Within (A) and (B) 210 ms= 8.36 ms= 9.60

(A) X (C1 ) 4 <1 - <1 -

(A) X (C2 ) .2 8.86 .1% 9.08 .1%

(B) X (Cl) 2 2.22 - <1 -

(B) X (C2 ) 1 30.06 .1% 12.75 o1%

(A) X (B) X (Cl) 4 1.10 - <1 -

(A) X (B) X (C2 ) 2 <1 - 3.48 50%

(C) X (D)
(Within (A) and (B)) 630 ms= 1.71 ms= 1.70

NOTE: (A), (B), and (A) X (0) were each tested against (D).
All other effects were tested against (C) X (D).
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Table 3.4. Algebraic Differences In Mean Rating Between Samples
Relaced to Position and Type of Control Sample

A, Best minus B. Maximum C. Control minus
poorest range of average
experimental* experimental experimental
Fresh Irrad. Fresh Irrad. Fresh Irrad.
Con- Con- Con- Con- Con- Con-
.rol trol trol trol trol trol

Replication I
Position of

Control:
First 1.1i .39 1.11 .39 1.34 .22
Last .58 .89 .78 1.50 1.02 -. 41
Balanced .89 .61 1.36 .61 .31 .40

Replication II
Position of

Control:
First -. 41 .72 .72 .72 1.55 .30
Last 1.00 .25 1.00 .87 .74 -. 19

SBalanced .28 .22 .28 .56 .15 .06

Replication III
Position of

Control:
First .11 .22 .50 .34 1.67 .78
Last .28 .28 .28 .28 .71 -. 31
Balanced -. 05 .72 .22 .75 1.23 -. 24

Replication IV
Position of

Control
First .42 .64 .70 .64 1.87 .52
Last .30 .64 .30 .64 .17 .15
Balanced .19 .28 .33 .70 .89 .08

*Theoretically best minus theoretically poorest treatments
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CHAPTER V. GENERAL SUMMARY AND RECOMMENDATIONS

The three topics of this contract represented an ambitious
undertaking designed to increase the validity, reliability, and
efficiency of sensory evaluation methods. The original scope,
while not coextensive with the range of sensory evaluation
problems, was extremely comprehensive. The execution of the
original plans depended heavily upon the cooperation of many
elements of the U.S. Army Natick Laboratories. The abser,ce of
cooperation anywhere along the chain usually meant the inability
to carry out the plans. Such absence did not imply lack of
willingness or of technical proficiency. Both of these were
present, however, commitments to other projects and personnel
turnover were obstacles in the quest for a viable methodological
research program.

The experience from this contract suggests that much more in-house
directed and implemented research is advisable. It is difficult
to outline on a priori grounds each of a series of experiments.
A sounder approach seems to be the sequential one, building on the
past and modifying the experimental plans in light of preceding
work. Certainly, this suggestion does not preclude the use of
outside consultants; but it does imply that an internally fused
and fueled orogram, which takes advantage of the experimenters'
observations of the details and intricacies of the broader food
research and development effort, is the type of program which is
most likely to be productive.

Some light has been shed on several concrete problems - number
of samples served and contrast and convergence. Recommendations
for further research were made, and there were observations about
the possible lack of quality uniformity among experimental food
samples. The data presented here can serve as the nucleus fcr
further and more intensive research, since we now know better
where future research effort should be concentrated and the nature
of the hurdles to overcome.

Methodological research cannot be a stepchild. Of course, there
is a pressing need for "production-type" sensory evaluation tests;
these tests are ultimately the raison d'etre. At the same li.e
there is the obligation to insure that such tests are as sound
- leading to valid conclusions and recommendations - as is
fitting their purpose. Improvements in testing methodology should
be continous and will be if satisfaction with the status quo can
be avoided.
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