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This large-scale (N = 472), 11-day ﬁefd test of
acceptability of three military rations ‘had a dual
purpose: (1) to collect acceptability data at intervals

during the test and (2) to determine if data collected . . -

retrospectively (24 h post test) adequqtely indicate
ration acceptability. Regression analyses were

conducted to determine how well the retrospective

ratings predicted the field ratings. Findings showed
high R* values and strong linear relationships.
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INTRODUCTION

In developing a milzary ration there are
- many challenging criteda to satisfy. With cost

being a constant referezce point, military op-
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eratonal needs also impose stringent nutri-

tionsl, weight, size, packaging, and shelf-life
requirements. The ultimate challenge is to sat-
isfy the soldier’s palate, given these con-
straiats. If soldiers do not consume the ration
in sufficient guantity, their performance and
mission can suffer and large sums of money
will be wasted. Sound, cost-effective methods
are essential for measuring how well a ration
is liced, along with the ability to apply these
meraods in field conditions (simulated com-
bat).

The US military has an almost 40-year his-
torr of measuring like or dislike of food items
to predict consumption. Hedonic evaluation
of mtions started in 1950 with Peryam at the
eréermaster Food and Container Institute
in Chicago and now continues at the US
Army Natick Research, Development and En-
ginzering Center. One of his accomplish-
ments was the development of a 9-point he-
doric scale that has been widely used to ob-
taic both food preference and food accep-
tance ratings (Peryam & Pilgrim, 1957).

Acceptancé generally refers to the response
to 2 food item a short time after it has been
sampled, while preference as defined by Mei-
selman (1988) refers to an opinion about a
focd item in the abstract, ie. the amalga-
“mation of all experience “with. that item, and
is not obtained in conjunction with. any par-
ticalar sample of the item. Both phenomena

are detailed by Me1seIman (1988} in his re—'

view of food acceptability measures.
it has been Natick’s standard practlce in
fie'ld ration tests to obtain food acceptance
rarngs as oné measure. of how.well a ration
is lked. In one recent 11~ day test, however,
in addition to collecting acceptance measures
at intervals throughout the test, we also had
soldiers rate the ration items retrospectively,
‘ie one day after the test ended. The retro-
spactive ratings were not traditional accep-
tacce ratings since they did net occur at the
time the ration items were consumed. They
were also not preference ratings, since ‘the
sc\diers were rating the ration items with ref-

ersnce to a set of experiences with specific for-

malations.

The question of this investigation is
whether the retrospective ratings are sufficient
as indicators of acceptance. If so, the cost of
field tésting could be drastically reduced, and
the Iog!;istical problems attendant to field tests
and their impositions on military missions

and training would be obviated.

METHODS

Test protocol

Three US Army infantry companies were fed
three versions of an operational field. ration
for 11 consecutive days. The rations were
their only diet, and each company was issued
with only one version. One company served
as a control and consumed the current con-
figuration of the ration. Each of the other com-
panies consumed versions in which some’ of
the current items were produced to new speci-
fications and some of the items were new ad-
ditions. The troops consumed the rations
while participating in a large-scale milifary ex-
ercise and no commercial food items were al-

lowed to-be consumcd z2long with the ration

itemns.
Fach version of the ration offered 12

" menus, and each menu packet contained all

the components necessary for one meal
While no entree was repeated within any

‘ration’s menu cycle, some of the other meal
" components were! and some components,
- such as coffee and crackers, were comimon to
'every menu. Fach version of the ration

offered a total of no less than 35 dlﬁ'erent food’
items with a total of 107 food items across the
three rations. Most items fell into the follow-
ing categories: main dishés, fruies, desserts,
spreads, starches, and beverages. Each soldier
received three meals (menu packets) per day,

‘which he could eat when and how he chose.

He was also free to trade items. ‘Since the test
lasted 11 days the soldiers were issued each
menil more than once.
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The test population was entirely male (N
= 472), average age 23. Racial composition
was 65% white, 20% black, the remaining
15% | representing  various  racfal/ethnic
groués. Over 96% were enlisted personnel
with two to three years” service. The demo-
graphic balance was similar across companies
and the companies were of akmost equal size.

The test protocol called for a number of
physiological and food-related measures to be
obtained at intervals, among which were self-
reported consumption levels for _ratio-n items
and acceptance ratings. Evidence that a food
item had been consumed during the test was
based on the self-report data on days 1, 3, 6,
7, and 11, which was corroborated by exam-
ination of food waste. On days 3, 7, and 11
the soldiers were also asked to rate the food

items they consumed on those days. Typically

the soldiers rated the items at meal time, but
any delay between consumption and rating
could not exceed 24 h, since the data were col-
lected within that time period. On day 12,
_the day after the test ended, the soldiers were
administered a final questionnaire which, in
- addition to general questions about the ration,
also asked them to rate all ration items con-
sumed during the field exercise. Here the
time interval between consumption and
rating could range from 24'h for.\i_:be items
consumed the previous day to a number _of

‘days (up to 11), depending on when a par- .,

ticular item was last consumed. For any item
not consumed. during the test, the soldiers
were asked to check ‘never tried” on the

rating form. The rating scale used was Per--
yam’s 9-point hedonic scale (9—Tlike extrem-

ely, 1—dislike extremely). A separate rating
form and final questionnaire were .éonstmcted
for each version of the ration, but all ques-
tions and formats were kept as uniform as poss-
_ible. A complete description of the test popu-
lation and procedures can be found in Popper
et al. (1987).

Analysis

The analysis was guided by the following con-
stderations: -

(1} The final questionnaire gave each of the
soldiers an opportunity to rate all ration
items, whereas the field acceptance ratings
did not. In the field, each soldier rated only
those items he ate on the three days of the
test on which acceptance data were col-
lected. While this situation did not allow for
each ration item to be rated by each soldier
in the field, the large sample of soldiers and
the relatively small number of food items in
the ration nonetheless provided an adequate
number of field ratings for each ration item.
(2) The final questiolnnaire left open the
possibility that soldiers would rate items
they had not consumed during the test even .
though specifically requested not to do so.
(3) Consumption data were available for
each soldier for eight of the 11 test days, on
five of which there were no corresponding
field acceptance ratings.

Based on these considerations, we conduc-
ted three regressions to examine the relation-

 ships between the average field and final ques-

tionnaire ratings for each food item. The
three regressions differed with respect to the
observations on which the average ratings
were based. While there may be some con-
cern. with using parametric. regression stat-
istics with acceptance ratings, analyses of the

- relationships between field and final ques-
tionnaire ratings with nonparametric stat-
istics, i.e. Spearman’s Rho, showed the same

trends. we will show with parametric stat-
istics. Furthermore, Traylor (1983) and La-
bovitz (1970, 1971) have argued that applying

‘parametric statistics to ordinal or quasi-in-

teroal data s justified unless thie scoring sys-

. tem approaches gross, non-linear distortions -
~such as found in dichotomous data.

The data set for each regressxon can be de-

scribed as follows: -

Regression 1. The entire ongmal data set.
Regression 2. Any final questionnaire ratmg
a soldier gave for any food item was deleted
- from the data set if we had no evidence he
consumed the item during the test from
either the field acceptance data set or the
food consumption data set. The ﬁn:lmc;ﬁes-
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tionnaire ratings thus reflect his orinion of
items which we know he ate in tre field,
some of which he rated in the feld and
some he did not. _

"Regression 3. All ratings a soldier made on
the final questionnaire were delersd from
the data set used in regression 2 if w: did not
have corresponding field acceptance ratings.
This data set can be considered pa~ed data
since for all items a soldier rated on the final
questionnaire there are correspondng field

. ratings by that soldier.

RESULTS

- The first regression analysis, using all he data,’
shows a significant lnear relationsiip be-
tween all field and retrospective (firzl ques-
tidnnaire) ratings. Figure 1 shows a satterplot
of the average ratings for all ration Tems. It

_can be seen that almost all the data roints lie
above a straight line describing a perfect lin-
ear relationship (slope = 1, intercept = 0} and
tend to cluster between.5 and 8 on the he-
donic scale. Despite this limited nnge of

- values, Table 1 reveals a strong, stasstically

significant linear relationship betwzen the
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CFIG. 1. Scatterplot showing the average rating: from the
field and final questionnaires for the entire dat set. The
straight line depicts the perfect linear relationsiip.

two types.of ratings, with 84 % of the vari-
ance in the field ratings explained by the final
questionnaire ratings. The best fit (,‘ east
squares} line fitted to all the data is

f= 291 +066fg

where fis the field rating, and f7 is the final
questionnaire rating. Figure 1 also illustrates a
strong tendency for items to be rated lower
on the final questionnaire than in the field,

especially if the item receives a low rating in

the field {for example, less than 5). A number
of these lower rated items show a discrepancy
of larger than two scale points between the
field and final ratings.

- The scatterplot and regression statistics ob-
tained in the second regression, wheh final
questionnaire ratings for items were dropped
if there was no evidence of these items being
consumed in the field, are displayed in Fig. 2
and Table 2. Analysis of these data results in
the regression line

f=195+076f;

Again, a significant liner relationship Retween
the field and final ratings was obtaingéd, with
an R? that accounts for 88 % of the variance
in field ratings. The slope and intercept are
still significantly different from those of the
ideal relationship of intercept = 0, slope = 1
(By; t=1027, p < 0-001; By; £ =866, p <
0-001), but Fig. 2 reveals a perceptible de-

crease in the discrepancy between in the two
sets of rating when compared with Fig. 1. In .

parncular, a shift in the data points for the less

_preferred items toward the ideal line can be
~ seen. Significance tests for differences (Klein-

baum & Kupper, 1978) in the slope and in-

tercept between the first and second re-
- gression compared to the values in Table 1

are significant (for By: £ =3 64, pr <001, for
B,: t=265, p<001). However, the R2
were not significantly different {Fisher Z =

© —1-03).

The third regression, conducted on palred
data (see Methods), redulted’in the Fig. 3 scatter-
plot and the regression statistics of Table 3.

i
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-TABLE 1. chréssion Statistics Obtained for 2ll Final Versus Field Ration Item Ratings®
R? I df P Intercept (B} P Slope (B,) P
i
0-84 55861 1105 £ 0-001 291 < 0-001 066 < 0001

items.
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 FIG. 2. Scatterplot showing the average ratings from the
" field and final questionnaires when ratings of foods
deleted are for which there was no evidence of
consumption. The scraight line depicts the perfect linear
relationship. .

This analysis yields an R, of 0-90, and the
regression line shows a further decrease in the
intercept and a slight rise in the slope com-
pared to the previous two regressions as the
least squares line approaches that -of the line
of slope =1 and intercept =0

f=1-55+080fy
The slope and intercept of this straight line
are still significantly different from those of
the ideal relationship of B, = 0, B, = 1 (By; ¢

T

TABLE 2. Regression Statistics for Final Versus Fi_el& Ratings with Evidence of Consu’mptidn“

a Based on an average of 103 ratings per food item on the final questionnaire and 54 per item in the field for 107 food

Average field rating
i)
T

| AUV SR N S S SO S
i 2 3 4 5 6 7 8 9

Average final guestionnaire rating

FIG. 3. Scatterplot showing the average ratings from the
field and final questionnaizes based.on paired data. The
straight line depicts the perfect liner relationship.

=859, p < 0001: B,; t =783, p < 0001),
but represent a significant shift in the direc-
tion of that ideal relationship when tested
against the straight lne of the first regression

(for By: t =373, p < 0:01; for B;: t =520, p

€ 0:01). The difference in R? between the
"~ two regressions (Fisher Z = —1-89) is, how-

ever, not significant. The second and third
regressions did differ significantly for any

parameter. (B,; t=140, p<016; B,;

t=1:03, p < 0:30).

! . R

R’ I af R

" Intercept (B)) - r

Slope (B)

088 - 75926 1105 - 0-00t

1-95 < 0-001 076 . 0001

items.

* Based on an average of 80 ratings per food item on the final questionnaire and 54 per item in the field for 107 food

H

TABLE 3. Regression Statistics for Final Versus Field Ratings when Consumed Items were Rated in the Field and Final

Questionnatre® .
B - f df P - Intercept (B)) - r Siope (B,) . r
090 978-37 1105 < 0001 1-55 <0001 - 0-80 < 9_'90_1

items,

* Based on an average of 53 ratings per food item on the final questionnaire and 53 per item in the field for 107 foed
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DISCUSSION

The preceding analyses show that the final
questionnaire ratings predict the fleld ratings
well, as shown by the high R, values in each
of the three regressions. The results also show
that the relationship between the field and
final ratings improves with each more re-
strictive analysis condition. The figures reveal

that for all three data sets discrepancies be--

tween the two sets of ratings were almost all
in the same direction:. the final questionnaire
(retrospective) ratings were lower than the
field ratings. In those cases, where the change
was in the opposite direction, the differences
tended to be small and of no practical im-
portance.

Furthermore, the discrepancies are most pro- -

nounced for the less-liked items. While the dis-
crepancies are progressively reduced over the
three analyses, they narrow more markedly

- for the less-liked items. This phenomenon is

most clearly seen with the second regression,
in which the ratings for food items were

~ dropped if there was no evidence of their con-

sumption. By way of example, -our first re-

gression line predicts a field rating-of 56
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from a final questionnaire rating of 7:0. In con-

when the final questionnaire ratmg is a 40,
while a field rating of 7-5 would be predicted

trast, our second regression. line predicts a

field rating of 48 from 2 final questionnaire -
rating of 40, and a field rating of 73 from a

final questionnaire rating of 7-0.

.We feel that this change in the difference
" between the field and final ratings was due to

soldiers who did not like a given item —be it
a generalised dislike for a food or a spedfic
one based on previous experience with that
ration item. These soldiers probably avoided
eating items during the test by trading or
throwing them away, and then rated them
poorly on the final questionnaire to make
sure the dislike was registered, in spite of the
fact they were requested to rate only items

they had actually consumed during the test.
It is these final ridngs that tended to be ex-
cluded in the second regression, where evi-
dence of consum:tion was required. _

From a practicil viewpoint, the consistent
direction across txe like—dislike continuum is
important. Field ratings will not be lower
than the final ratiags, and confidence that the
ratings will be no lower in the field allows for
more decisive acion on the part of the de-
veloper who onl has collected final ratings.

While even the dnal ratings in the first anal-
ysis prov1ded gocd prediction of field ration
item acceptance, the data based on ratings
when consumptica was assured, i.e., those of
the second and thxd regressions, more closely
agree with the fuid ratings, as indicated by
the differences ir the regression parameters
between the analises.

In pursuing the validity of using final ques-
tionnaire ratings n place of field ratings as a
measure of ratioz acceptance, one question
that must be answered is whether a soldier’s
field ratings are z rehearsal, so to speak, for
his final questiomaire ratings. The use of a
control group in a future test that provides
only the more rirospective, final quastion-
naire ratings but no field ratmgs would ad-

dress this issue.

\

/ . £ .
The authors thant Dr Edward Hirsch for his
technical guidance and editorial comments in
the preparation o7 this paper. .

REFERENCES

Kleinbaum, D. & Kupper, L. (1978). Ap?lied
Regression Analysis ad Other Multivariable Methods.
Duxbury Press, Boron, MA, USA




o A

RECENT AND RETROSPECTIVE FOOD ACCEPTANCE RATINGS 27

Labovitz, 8. (1970;. The assignment of numbersto . method of mecasuring food preferences.  Food
rank order categories. Amer. Sociol. Rev., 35, Technol., 11(9), Supplement 9.
515-27. Popper, R., Hirsch, E., Lesher, L., Engell, D.,
Labovitz, S. (1971). in defense of assigning numbers Jezior, B. & Bell, B.|(1987). Field Evaluation of
to ranks. Amer. Soeiol. Rev., 36, 521-2. Improved MRE, MRE VI, and MRE IV, NATICK/
Meisclman, H. L. {7988). Consumer studies of food TR-87/027, US Army Natick Research Devel-
habits. In Sensory .2ralysis of Foods, 2nd Edition, ed. opment and Engineering Center, MA, USA.
J- R Piggott. Elsevier Applied Science, London, Traylor, M. (1983). Ordinal and interval scaling. J. f
UK, pp. 267-334. Market Res. Soc., 25(4), 297-303. E
Peryam, D. R. & Pigrim, F. (1957). Hedonic scale 7 ;
. {
) i
i
!
%
- s
~— “
i,
A




