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TABLE 5
Comparison of Two Proprietary Powder Detergents
Terg-O-Tometer reflectance
vs standard {100%)* Bundle
% preference

Detergent Type Fabric Clay Spangler (UV light)
E STPP built/anionic Cotton 100 104 ; 53

powder with bleach PE/cotton 99 102 42

and enzymes Qverall 48
F STPP built/anionic Cotton 99 103 47

powder with enzymes PE/cotton 101 99 58

Overall 52

2 AATCC standard with 50% STPP and 17% anionic.

visual preferences of detergents E
and F were plotted on a weekly
basis as shown in Figure 3, the two
products were essentially equiva-
lent in performance during the first
nine weeks of the test period with
no preference trends developing for
either detergent. The preference for
detergent F in the tenth week may
indicate that the test should be ex-

tended for a few more weeks to
determine if the preference was just
noise or the beginning of a signifi-
cant performance trend. Once
again, this demonstrates the ne-
cessity to evaluate all of the data
available.

Bundle testing provides a real-
istic evaluation of performance that
bridges the gap between laboratory

screening tests and extended con-
sumer testing. The bundle test has
proven to be an invaluable cost ef-
fective tool in the new product evalu-
ation cycle. Information obtained
from the bundle test often shows
the necessity for additional labora-
tory development work before pro-
ceeding on to more extended and
expensive consumer testing.

Predicting a bundle test winner

The following, based on a talk given by Paul X. Riccobono, was prepared
by Riccobono and Richard Polanski, both of Colgate Palmolive Co.,

Piscataway, New Jersey.

The ultimate objective of product
development is introducing profit-
able new products into the market-
place. Usually it is known in the
early stages of development
whether a product is new or not.
Profitability is not as easy to de-
termine and is dependent on a num-
ber of interrelated factors, not the
least of which is consumer accep-
tance. This is particularly true in
the laundry products area, where
the consumer’s ability to discern
a point of difference in perform-
ance between a new or improved
product entry and a product al-
ready in the marketplace at times
rests on rather tenuous differences
in sensory perception.
Unfortunately, the ability to ac-
curately predict by quantitative
laboratory tests the effects of new
laundry detergent compositions on
consumer perception has remained

largely an unfulfilled goal of re-
search workers in this area. Usu-
ally, the evaluation of a new laun-
dry formulation involves a progres-
sion of testing methodologies, from
simple laboratory determinations
of detergency utilizing the Terg-O-
Tometer, to complex consumer-
testing involving hundreds of par-
ticipants. The ultimate are the sales
tests, in which entire cities or re-
gions of the country are involved
(1-3). At some point in the process,
the new product must be taken out
of the laboratory and handed over
to consumers for their judgment.
The decision to consumer-test a new
product is a critical point in the
product development process for
it involves large sums of money
and considerable amounts of time
and human effort. At Colgate, the
decision to consumer-test a new laun-
dry product is often made only af-

ter results of a bundle test have
been evaluated and factored into
the decision-making process.

In the arsenal of laboratory test
methods available today, the bun-
dle test is generally acknowledged
by the detergent industry as clos-
est to typical consumer response
(4). Formalized as an ASTM
method in 1972 (5), it today is the
principle ‘bridge’”’ between the
closely controlled laboratory-test-
ing of the formulation chemist and
the variability of the real world.

Useful as it is, the bundle test
is a rather long and tedious proce-
dure. A decision to proceed with
the bundle testing of a formula-
tion—which typically takes six to
eight weeks—is itself a decision of
some significance. Thus, the abil-
ity to accurately predict the out-
come (i.e., the visually preferred
product) of a bundle test in one or
two days would be of considerable
value to a product development
staff. It is this problem which is
the subject of this paper.
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Our approach was to construct
via multiple regression analysis a
mathematical model that would pre-
dict the visually preferred product
of a two-product bundle test. The
equation we derived to determine
the visual preference ratio (VPR)
was based on Terg-O-Tometer stud-
ies of laboratory-soiled swatches
which were performed concurrently
with the bundle test and using the
same test product. The reflectance
data accumulated in the Terg-O-
Tometer studies along with the vis-
ual preference votes for the items
obtained after the last cycle of the
bundle tests served as the data-
base for the regression analysis.
Bluing and brightening terms de-
rived from data obtained from clean
cotton percale swatches were also
included in our regressions. The
equation we derived was then used
to predict the results of bundle
tests not used in the data-base for
the model.

Experimental details
Our model is based on the results
of 137 bundle tests run over a pe-
riod of five years. The procedure
outlined is the basic procedure used
for all of the bundle tests involved
in our study, with occasional mi-
nor variations which would not af-
fect the outcome of the test.
Instrumentally matched items
(using a Gardner XL-865 reflec-
tance colorimeter) were provided to
a Colgate family who used the items
in their usual fashion for one week.
The items were then returned to
the laboratory for weekly launder-
ing under controlled conditions.
Prior to laundering, the matched
items were separated into two
parts, A and B, according to a pre-
designed code. The two groups of
items were washed separately un-
der identical conditions of water
temperature (120°F) and water hard-
ness (150 ppm) in matched wash-
ing machines of the same manufac-
turer and model using the detergent
products under evaluation.
Included in each wash cycle
were a group of matched clean
swatches which were instrumen-
tally evaluated for redeposition and
brightener effects after five cycles.
Items in Group A were always

TABLE 1

Soiled Swatches Used in Terg-O-Tometer Studies

Fabric Soil type Source?
Polyester/cotton (65/35) Piscataway clay Laboratory
prepared
Polyester single knit Sebum—particulate Laboratory
prepared
Nylon Mineral oil + carbon black Testfabrics,
Inc.
Cotton Mineral oil + carbon black Testfabrics,
Inc.
Cotton (EMPA 101) Oil and particulate Testfabrics,
Inc.
Cotton Piscataway clay Laboratory
prepared
Polyester/cotton {(50/50) Piscataway clay Laboratory
prepared

@Laboratory prepared swatches are described in the Experimental Details sec-

tion.
bTestfabrics, Inc., Middlesex, N.J.

washed with detergent A and items
in Group B with detergent B. If a
commercial product or products
were being evaluated, the manu-
facturer’s recommended dose was
used.

A total of 17 gallons of water
were used for the launderings. Af-
ter washing and drying, the laun-
dered items were recombined and
the bundle was ready for another
cycle of use. After one prewash and
five cycles of use and laundering,
the items were evaluated instru-
mentally and visually.

A number of soiled swatches
representing typical soil/fabric com-
binations were run in parallel Terg-
O-Tometer studies with the prod-
ucts being studied in the bundle
tests (Table 1). Reflectance meas-
urements on the soiled swatches
before and after six cycles of wash-
ing in the Terg-O-Tometer were ob-
tained. These values along with val-
ues obtained from the cotton
percale clean swatches were used
in the regression analysis as the
explanatory (independent) vari-
ables,

Visual examination

Evaluations were conducted under
controlled lighting conditions with
10 panelists obtained from the Col-
gate R&D staff. Panelists were pre-
screened for visual impairment. The
items were examined under a
Macbeth lighting system both un-

der incandescent light and simu-
lated north daylight. The judges
examined the bundle, one pair of
items at a time, and indicated a
preference for one or the other item
in each set. No preference votes
were also recorded and these votes
were split equally between the prod-
ucts for the final analysis. The data
from the 10-member visual panel
were analyzed statistically for sig-
nificance of the resulting prefer-
ence ratio after the votes were tal-
lied. The final preference ratio for
white items only was used in our
regression analysis as the response
{dependent) variable. A total of 300
votes was obtained for each bun-
dle test (15 white items evaluated
under two lighting conditions by
10 panelists).

Instrumental evaluation

All bundle test items were meas-
ured for reflectance using a Gard-
ner XL-865 large-area reflectance
colorimeter. This instrument was
designed for the Colgate-Palmolive
Co. by the Gardner/Neotec Instru-
ment Divison. It has a 6.75 inch
in diameter aperture suitable for
instrumental measurements of gar-
ments or household items such as
towels. The reflectometer is inter-
faced to a TRS-80 Model II com-
puter. A special software program
was designed for matching the
items used in the bundle test. The
differences allowed between
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TABLE 2
Parameter Estimates
Model
All Nonphosphate Phosphate Anionic Nonionic
Swatch observations products products products products
Bluing 7.2+ 06 5410 88 1.0 81*1.1 7.3+0.8
Brightening —b6.2 0.7 —3.0x1.2 —7.1x1.0 —-69+13 —45*+0.8
Sebum + particulate 1.0+ 04 07105 0.9 = 0.6 21x0.5
on dacron single knit
Testfabrics nylon 0404 0.4+04
EMPA 101 0.4+03 1.4 £ 0.5 13+ 04
Clay on polyester/ 1.8+09 1.3+0.9 6.4+ 43 39+1.1
cotton (65/35)
Testfabric cotton —1.6 +0.8
Clay on cotton 58 £ 25
Clay on 50/50 —26+ 1.4
polyester/cotton

matched pairs of items are: Rd <
0.5 units; a < 0.3 units; b < 0.3
units; Rb < 5 units. Rd is the white-
ness scale and is related to L by
the equation: L = 10 v Rd. The a
and b values are the values for the
red-green and blue-yellow compo-
nents, respectively. Rb values are
a measure of the fluorescent effects
of brightener.

Reflectance values for soiled
swatches were obtained on a Gard-
ner X1.-805 reflectance colorimeter.

Determination of visual

preference ratio

This procedure is described in three
parts. Part 1 describes how bluing
(b) and brightening (Rb) values are
obtained from clean swatches, Part
2 is a description of how whiteness
values (Rd) are obtained from soiled
swatches and Part 3 details the
preparation of soiled swatches not
commercially available.

The equipment used includes:

* Reflectance colorimeter—capa-
ble of obtaining fluorescence reflec-
tance.

¢ One pair of washing machines
of the same manufacturer and
model number.

¢ One pair of dryers of the same
manufacturer and model number.

¢ Two instrumentally matched
sets of (14" X 15") cotton percale
swatches (seven swatches for each
product).

¢ One set of stained swatches
(83" X 5") chosen from the follow-
ing: Piscataway clay (or any local
clay that is uniform and abundant),

TABLE 3

Terminology and Notation for Regression

Dependent (response) variable

Ye = Total visual preference votes for white items washed in Product A + 1/2

of the no preference votes
Yb = Same as above for Product B

Independent (explanatory) variables
Stained swatches

X2 = Final Rd value for soiled swatch 1 washed in Product A

X‘l’ = Same as above for Product B
Bluing swatches

Xa = A b-1 for cotton percale swatch washed in Product A (Note: One is
subtracted from A b to keep all be values less than zero)

X‘; = Same as above for Product B
Brightener swatches

X2 = A Rb for cotton percale swatch

Xl; = Same as above for Product B

Parameters

B,.. . .,.B, = parameters for each swatch, depending on its number.

on 65/35 polyester/cotton; Spangler
sebum and particulate, on polyes-
ter single knot; Testfabrics Inc.
soils, on Testfabric nylon, Testfab-
ric cotton and EMPA 101 from Test-
fabrics Inc., Middlesex, New Jer-
sey.

® New white items (for ballast):
terry hand towels, cotton t-ghirts,
easy care t-shirts, clean swatches.

Part 1

Match the seven pairs of cotton
percale swatches instrumentally
with the reflectance colorimeter.
We consider swatches matched

when: RD < 0.5, a £ 0.3, b £ 0.3
and Rb < 5.0. Label each set of
swatches with product code.

Add each set of percale swatches
to a ballast load {simulating a bun-
dle test load, approximately 4.5
pounds) consisting of the follow-
ing clean white items: three terry
hand towels, three cotton t-shirts,
three easy care t-shirts and 3" X
5" clean swatches consisting of
three nylon, three polyester double-
knit, three polyester/cotton (65/35)
and six polyester single-knit
swatches.

Wash each load with the ap-
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propriate product using matched
pairs of washing machines. Wash
under the conditions of tempera-
ture, hardness and concentration
that would be used if the products
were being bundle-tested. Dryer dry
all items for each load in separate,
matched dryers.

The wash/dry cycle is repeated
five additional times. The fluores-
cence reflectance values (Rb) and
the blueness (b) values for the clean
swatches are obtained after the
sixth wash/dry cycle.

Part 2
Depending on product builder type,
prepare and label replicate soiled
and clean swatches in the follow-
ing manner:

® Phosphate-built products—
five EMPA 101, five sebum/par-
ticulate on polyester single knit and
five Piscataway clay on polyester/
cotton (65/35), as well as two 14"
X 15" clean swatches (1 cotton per-
cale and 1 banlon).

¢ Nonphosphate products—five
sebum/particulate on polyester sin-
gle knit, five Piscataway clay on
polyester/cotton (65/35), five Test-
fabrics nylon and clean swatches
as described for phosphate-built
products.

¢ For those infrequent compari-
sons of nonphosphate versus phos-
phate products, use the soiled
swatches listed in Table 2 under
the heading “All observations” and
clean swatches as above, then pro-
ceed with the next step. Wash the
swatches and ballast load in the
appropriate products as described
in steps 2-4 in Part 1. Obtain aver-
age Rd reflectance values for each
set of the soiled swatches. Calcu-
late VPR using the appropriate Rd
reflectance wvalues for soiled
swatches and Rb and b values for
cotton percale swatches (from Part
1) substituted for the X terms in
the following equation:

YafYb = e [Bl log (X#/Xb)

+....+B, log (X2/X?)] [1]
Part 3

To prepare clay swatches, local clay
is sieved through a #200 sieve.
Then, 200 g of clay are mixed with
800 ml of deionized water in a

TABLE 4

Coefficient of Determination for Regressions

Number of
bundle tests
in data base Coefficient of
Model (N) determination (R2)
All observations 137 0.64
Nonphosphate products 73 0.72
Phosphate products 38 0.68
Anionic surfactant
products 66 0.63
Nonionic surfactant
products 47 0.73

blender at high speed. The disper-
sion can be applied to the cloth by
padding or with a doctor blade. One
liter of the clay dispersion is encugh
to coat 16 ft? of Testfabrics Inc.
(Style 7435} cotton.

For the sebum/particulate mix-
ture, 100 g of Spangler sebum (6)
is mixed with 4 g of particulate
mixture and 1000 ml of hot water
(120°F) in a blender at high speed.
The mixture is filtered warm
through glass wool and applied
warm to the fabric. This mixture
is enough to coat 16 ft2 of style 730
polyester single knit fabric obtained
from Testfabrics Inc.

The particulates consist of a
uniform mixture of 86 g kaolin clay,
8 g carbon black, 4 g black iron
oxide and 2 g yellow iron oxide.

Visual preference ratio
Regression is used to study the re-
lationship between a response, such
as the voter preference in a bundle
test, and a number of explanatory
variables, such as soil removal, blu-
ing and brightening. The ultimate
objective is to generate a regres-
sion equation such that the voter
preference predicted by the explana-
tory variables will be close to the
observed preference. Given the val-
ues of the explanatory variables,
we can use this equation to predict
the results of future bundle tests.
By a stepwise regression, we can
choose the explanatory variables
that are important in predicting the
response and discard those vari-
ables that are unimportant or re-
dundant.

In our regression, the observed
bundle test vote ratio, splitting tie
votes between the two products,

is used as the response variable.
The explanatory variables are func-
tions of the instrumental readings
of the soiled swatches (Table 1) and
the cotton percale swatch used to
obtain bluing and brightener val-
ues. The terminology and notation
for the regression are shown in Ta-
ble 3.

For our regression, we chose a
logarithmic model to place greater
emphasis on changes in the vote
ratio near the 1/1 region. Our expe-
rience shows it is far more common
to obtain vote ratios near 1 to 1 or
breakeven than to have huge dif-
ferences such as 8 or 9 to one. The
change from a 2/1 to a 3/1 vote
ratio is much more dramatic in the
logarithmic model than a change
from 8/1 to 9/1. Linear models do
not have this property (7).

A stepwise regression using
weighted least squares was used
to select the swatches that best
predicted the log (bundle test pref-
erence ratio). A weight of 1/(1/A
' wins + 1/B wins), which is 1 over
the variance of the log ratio, was
used in our calculations.

In addition to a regression util-
izing the data for all 137 bundle
tests in our data-base, we decided
to run regressions on various sub-
sets of the data-base. Our objec-
tive was to determine if by sepa-
rating the bundle tests into the
types of product being tested, we
would find better correlations with
the observed preference.

Regressions, therefore, were
run based on bundle tests of differ-
ent builder type such as phosphate-
built products, and nonphosphate
products and surfactant type such
as nonionic and anionic surfactants.
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The results are shown in Table 4,
which shows the coefficient of de-
termination for the regressions, and
Table 2, which gives the parame-
ter estimates and their standard
errors.

The coefficient of determina-
tion (R2?) takes on values between
0 and 1. The higher the R2, the
better the regression explains the
response variable. In our case, R2
varied from 0.63 to 0.73 (Table 4).
These are reasonably high values
considering the variability inher-
ent in the bundle test. In our model,
the variability in VPR is due to
differences in the products used.
In the regression with all 137 bun-
dle tests, 64% (i.e., R2 = 0.64) of
this variation is explained by the
differences observed in the soiled,
bluing and brightener swatches.
The remaining 36% is accountable
to noise and due to variations in
experimental conditions and panel-
ist preferences.

Based on the small spread in
the R2 values obtained, the model
chosen to calculate the VPR can
be based either on the builder sys-
tem or the surfactant type of the
products being evaluated.

The parameter estimates
shown in Table 2 are the coeffi-
cients of the regression. The log
ratio of the reflectance values for
product A to product B for each
component (i.e., soiled swatches and
bluing and brightening swatch) in
the regression is multiplied by the
appropriate coefficient and is
summed. The anti-logarithm of this
sum is the predicted VPR.

It is interesting to note that
the coefficient for the brightener
term is negative. This would sug-
gest that an increase in brighten-
ing would have a negative effect
on voter preference. This, however,
is not the case. In practice, en-
hanced brightener levels increase
both the fluorescence value (Rb)
and the bluing component (b) of
the reflected light. Increasing these
values for a product should, within
limits, act to increase voter prefer-
ence for the product (8). A balance
in the contributions of Rb and b
to enhanced voter preference is re-
flected in the negative coefficient
of the Rb term. The contribution

TABLE 5

Bundle Tests Used for Verification of the Model

Bundle Surfactant Builder Model used
test type type® for VPR
A Nonionic Nonphosphate Nonphosphate
B Anionic Phosphate Phosphate
C Mixed Phosphate Phosphate
D Mixed Phosphate Phosphate
E Anionic Nonphosphate Nonphosphate
F A = Nonionic
B = Mixed Nonphosphate Nonphosphate
G A = Nonionic
B = Mixed Nonphosphate Nonphosphate
H Nonionic A = Phosphate
B = Nonphosphate All data
1 Nonionic A = Nonphosphate
B = Mixed All data
J Nonionic Phosphate Phosphate
K Mixed Phosphate Phosphate

@Applies to both Products A and B unless otherwise specified.

TABLE 6

Comparison of VPR With Actual Vote Preference

Actual VPR

visual Limits
Bundle preference Predicted
test ratio value Upper Lower
A -1.0 1.1 2.2 -1.9
B 1.7 -1.0 —-23 2.1
C 2.0 1.2 2.9 -1.9
D 3.5 4.4 13.2 1.5
E 1.3 1.3 2.6 —1.6
F —6.2 —-12.0 —58.8 —2.7
G —-11.3 -11.1 —45.5 -2.7
H -1.2 1.1 2.3 —-21
i 1.8 —1.0 —2.3 +2.1
J 1.4 1.5 3.2 —1.5
K 5.9 1.4 3.1 —-1.5

of the improvement in b values
more than compensates for the nega-
tive effect on the equation of the
increase in Rb. The net effect is
an increase in visual preference for
the product with the greater bright-
ener value.

The parameter estimates and
the X'X matrix were used in a Ba-
sic program for prediction and pre-
diction intervals (9). From this, we
were able to develop the upper and
lower prediction intervals of the
VPR as well as the predicted value.
In our case, there are 300 votes in
a bundle test and an observed ra-
tio of 1.3 is needed to assure sig-
nificance (10). Thus, a VPR is con-
sidered a significant win (prefer-
ence) for product A if the lower

prediction interval (and by neces-
sity, the VPR) exceeds a value of
1.3.

Testing the VPR model

In order to determine how closely
our model predicts the results of
visual preference voting, we
checked our model in a series of
11 bundle tests that were not part
of the data-base used to generate
our equations.

Table 5 shows the types of de-
tergent systems used for our veri-
fication and the equations used to
obtain the VPR. As can be seen
from this table, the equations cho-
sen are those based on builder type
rather than surfactant system.
Either approach is valid and our
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choice was based on the fact that
builder types are usually either all
phosphate or all nonphosphate
whereas the more frequently encoun-
tered mixed surfactant systems can
lead to confusion in the choice of
model to use.

The actual voter preference ra-
tio for the 11 bundle tests as well
as the predicted VPR and the up-
per and lower limits for the VPR
are summarized in Table 6 and
shown graphically in Figure 1. A
number of observations can be
made based on the data presented
in Table 6:

® There are eight bundle tests
where the absolute value of the ob-
served visual preference ratio ex-
ceeds 1.3 and therefore a signifi-
cant preference for one of the prod-
ucts exists.

¢ VPR correctly predicts five of

the eight significant preference ra-

tios (D,F,G,J and K). Four of the
eight are predicted correctly in di-
rection and extent of preference
(i.e., moderate, strong) whereas in
one case—bundle test K—VPR pre-
dicts a moderately significant pref-
erence for product A (VPR = 1.4)
while a strong preference (observed
vote ratio = 5.9) is actually ob-
served. Note: Preference ratios >1.3
to 2.3 are moderate; those >2.3 are
considered strong.

¢ Three of the eight significant
bundle tests (B, C and I) were pre-
dicted to be breakevens by VPR,
whereas moderate preferences were
the case.

¢ VPR did not predict signifi-
cance where none occurred nor did

- VPR predict a significant prefer-
ence for the wrong product.

In all cases but one (K), the ac-
tual visual preference ratio fell be-
tween the upper and lower limits
of the VPR. The reasons for the
rather atypical behavior displayed
by bundle test K are not yet known,
but may be due to normal statisti-
cal variation.

+15 -

+10

F G H | J K

Bundle Test

FIG. 1. Observed and predicted visual preference ratios (VPR). O- - -O, observed;

X —— X, predicted.

¢ The reliability of VPR is some-
what lower for bundle tests where
the observed vote preference shows
a slight or marginal preference for
one of the products. Therefore, a
prediction of breakeven by VPR
does not necessarily exclude a
slight preference for one of the prod-
ucts.

The objective of our work was
to provide a tool that will quanti-
tatively predict the outcome (i.e.,
“winner”’) of a bundle test by rela-
tively rapid laboratory methods.
The VPR provides such a tool in
that it has been demonstrated to
be a reliable predictor of the ex-
tent and direction of bundle test
visual preference.
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