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Abstract

This paper empirically compares the traditional preference measures of ranking and rating in con-
Joint analysis with a direct monetary measure of product value — reservation prices. Experimental
results are as expected. While reservation prices do very well in terms of fit, they are inferior in
terms of predicting choice on a holdout sample. In addition, surprisingly little difference is found
in the performance of ranks and ratings.

In recent years the reservation price (RP) concept has received considerable use
in theoretical and algorithmic papers concerning, for the most part, the pricing
and positioning of a product line and price promotion (see, e.g., Rosen, 1974;
Varian, 1980; Moorthy, 1984; Oren, Smith and Wilson, 1984; Kalish, 1985; Dob-
son and Kalish, 1988; Gerstner and Hess, 1990; Moorthy and Png, 1991). These
papers model the consumer’s willingness to pay (reservation price) for a product
as depending on the product’s attribute levels (exclusive of price) and base choice
on the difference between the purchase price and the consumer’s RP for the prod-
uct.! Key advantages of this methodology relative to the more widely established
multiattribute (MA) model are: (i) the RP model is directly connected with tradi-
tional economic demand theory (e.g., the demand function plots the number of
consumers with a reservation price greater than a said price vs. price); and (ii)
the model provides a simplified algorithmic framework in which to evaluate price
and positioning alternatives through choice simulation. Despite the analytical ap-
peal, empirical applications have been few (see, e.g., Pessemier, 1975; Hauser
and Urban, 1986; Cameron and James, 1987). Given the wide acceptance of the
MA model in pricing and positioning applications and that reservation prices are
more difficult to measure (i.e., response difficulty is higher) than preference ranks
or ratings this is not unexpected. Is this failure to use the RP methodology in
empirical applications warranted? Measurement problems seem to imply the an-
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swer is yes. However, an empirical investigation has not been undertaken. Our
objective is to compare the RP approach to the traditional MA model primarily
from the predictive validity perspective. Using consumer survey results, we com-
pare the predictive ability and goodness of fit of the RP model using directly mea-
sured reservation prices with those of the MA model using the common rank and
rating preference measures.’

The remainder of the paper consists of four sections. First, a brief review of
the reservation price concept is given. Next, the experimental design is presented.
Experimental results then are discussed and, finally, conclusions presented.

1. Background

The reservation price approach hypothesizes that each customer has a maximum
price they are willing to pay for a given product which equals the product’s value
to the consumer. This price is the consumer’s reservation price for the product.
The consumer compares her reservation price for each product with its purchase
price and chooses the product that offers the largest differential.® That is, the
consumer chooses the product that maximizes her utility, U(z,P) = R(z)-P,
where P is the purchase price and R(z) is the consumer’s reservation price for a
product consisting of attribute bundle z. R(z) is thus a monetary (ratio) scaled
measure of preference that does not take price into account. Alternatively, the
traditional MA model treats price as an additional attribute, utility = f(z,P). Thus,
utility measures used in estimation (ranks and ratings) are “util” (interval or or-
dinal) scaled measures of preference which do take price into account. As with
the RP model, the consumer chooses the product with the highest utility. It fol-
lows that the two methodologies are analytically equivalent if price enters the MA
model linearly (Ratchford, 1979; Srinivasan, 1982). In this case, utility, when re-
scaled by dividing by the price coefficient is measured in monetary units. How-
ever, two key differences between the models arise with respect to measurement
and application: (i) preference as measured by stated reservation prices does not
take price into account; and (ii) reservation prices are ratio scaled.

Conjoint analysis using directly measured reservation prices as input has both
advantages and disadvantages relative to use of either preference rankings or rat-
ings as input. Since it is likely that consumer input and response difficulty are
larger for reservation prices than for ranks or ratings, poorer fit and predictive
ability may be expected. Alternatively, product descriptions need not include
price. Consequently, the number of product attributes is reduced by one. Since
the number of product concepts evaluated by the respondent is typically a limiting
factor, this reduction may be significant. In some applications a monetary valued
utility function allows easier and more intuitive analysis (Parker and Srinivasan,
1976; Srinivasan, 1979; Ratchford, 1979). For example, in the linear model the
value of each coefficient is the monetary value to the consumer of an additional
unit of the attribute. Directly measured reservation prices are ratio scaled which
poses no technical problems in their use in regression and other metric estimation
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techniques. This scale also is comparable across individuals, which eliminates
difficulties of interpersonal utility comparisons that exist with rating and ranking
scales (see, e.g., Green and Krieger 1985; Gupta and Kohli, 1990).

2. Experimental design

A conjoint analytic framework using full profile representations of twelve hypo-
thetical products was used. Each respondent stated their preferences over the set
of products using only one of the three preference measures (ranking, rating and
reservation price). The products were round-trip airline tickets from New York
City to Hawaii. The products were described by three attributes with levels de-
fined relative to currently available products. The attributes were service level
(minimum, regular or premium), seating room (regular or spacious), and whether
the flight was non-stop or not. This resulted in a total of twelve combinations.
Product descriptions included price when ratings and rankings were collected but
did not include price when reservation price data were collected. The price of
each combination was determined by part worth costing of the features, where
the cost of each feature reflected their approximate market prices at the time. To
avotd correlation problems $100 was either added or subtracted from the full cost
of each product.

There are three ways to compare the different measurement scales. The most
direct comparison is to evaluate the consistency of preferences across the three
scales. To what extent are the preferences implied by the different measurement
scales similar? Do the estimated attribute (and price) weights differ? To investi-
gate these questions one needs to apply at least two different scales to each indi-
vidual. This was not pursued because in a preliminary study we found respondent
workload to be quite high and learning effects to be significant. A second com-
parison measure is the fit of the estimated model to the original preferences. The
third measure, which is the most interesting from a practical point of view, is
predictive validity. To investigate this issue, after some other tasks each respond-
ent regardless of measurement scale was again presented with four of the hypo-
thetical products now with different prices and asked to state their first choice,
second choice, etc.

The questionnaires were administered to undergraduate and first year graduate
students in six different business classes. In order to minimize response bias the
classes were chosen so that none of the students had previous class exposure to
conjoint analysis. This resulted in 255 useable questionnaires, with approximately
one third of the sample using each measurement method. Ranks were measured
in the usual way. The respondent was asked to rank the products from most pre-
ferred to least preferred. Ratings were measured on a scale of 0 to 100 points in
five-point intervals. For reservation prices the respondent was asked to indicate
what sum of money would make them indifferent between the product and the
money.

Estimation was done at the individual level. Ranks and ratings were fit as a
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inear function of the products’ attribute levels and prices. Stated reservation
prices were fit as a linear function of the products’ attribute levels only.* The
respondent’s order of preference taking price into account was predicted for both
the original twelve products and the four holdout products. For ratings and rank-
ings, U(z,P) was estimated and then used to predict the order of preference on
both the calibration and holdout samples. More specifically, stated preference
ranks and ratings are used as proxies for product utilities in the estimation of
U(z,P) = 4 + YWz, — BP. The Ww;'s and {8 are the estimated importance weights
of the attributes and price, respectively. For reservation prices, R(z) was esti-
mated and then the estimated R(z) less price used to predict order of preference
taking price into account on both samples. That is. R(z) = ¢ + E&Jz, Is estimated
using stated reservation prices as the measure for R(z). The a;'s are the estimated
marginal values of the attributes to the consumer. The stated preference ordering
including price effects is achieved by an ordering of R(z) — P where P is the price
at the attribute bundle given in the rank and rating full profile descriptions.
The estimated preference ordering including price is arrived at by an ordering
of R(z) —~ P

Estimation with all three preference measures was done using OLS regression
analysis. While this is clearly justified for the monetary scaled measurements
(since they are ratio scaled), it is partly justified for ratings and less so for ranks.
However, since this is the most widely used estimation procedure for these cases
(Cattin and Wittink, 1982) and there is little difference between OLS and mono-
tonic regression results (see, e.g., Green and Srinivasan, 1978), we used this
method.

3. Results

3.1. Goodness of fit

Fit was measured using the average across individuals of the Speaman rank cor-
relation between the ranks of the actual measurements and fitted values.® Table |

reports the average fit statistics. Fit is high in all cases. Fit is best when reserva-
tion prices are used. A likely rationale for this result is that reservation prices

Table 1. Average goodness of fit statistics across individuals

Measurement scale Spearman rank correlation Sample size
Rank 91 68
Rate .88 97
Reservation Price .96 89

Note: The numbers reported are the averages of the rank correlation between the implied stated
preference ranks and the fitted ranks.
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allow a much larger range of values for the dependent variable than do ratings or
rankings. Consequently, better discrimination among the calibration products re-
sults. Some bias in favor of ranks and ratings arises because five rather than four
parameters are estimated. However, this is mitigated since the RP model incor-
porates price before preferences (which thus includes price effects) are ranked
relative to the other products. Alternatively, ratings score lowest. The fact that fit
ts lower for ratings than rankings could be a result of response style bias (Kalwani
and Silk, 1982).

3.2. Predictive validity

A more interesting comparison criteria is the ability to predict choice or prefer-
ence. While actual choices would be ideal, we only have simulated choices, as
described above.” As with the fit, a statistic that is comparable across the different
measurement scales is the rank correlation between stated and predicted prefer-
ence ranks. Contrary to goodness of fit measures, there are no biases of the kinds
reported earlier. We report both the average and median Spearman rank correla-
tions. We also report the proportion of correctly predicted first choices. Results
are presented in Table 2.

In all cases, predictive ability is significantly above the random choice yard-
sticks of 25% for the percentage of correctly predicted first choices and zero for
the rank correlation. However, the rank and rate measurements consistently out-
perform reservation prices. Whereas the proportion of correctly predicted first
choices 1s 62% when ranks or ratings are used, it is 46% for reservation prices. In
addition, the average and median rank correlations are consistently larger for
ranks and ratings. Note the consistent superiority of the median over the mean
rank correlations. This is caused by a limited number of respondents for whom
preferences are predicted quite poorly, possibly due to lack of interest.®

At least for this data set, the MA model using either a ranking or ratings predicts
better than the RP model using directly measured reservation prices. In order to

Table 2. Prediction of choices on holdout products-average and median rank correlations and
proportions of correct first choices

Measurement Average rank Median rank Percent
Comparison method scale correlation correlation #1 correct
Aggregate Rank .57 .80 62

Rate .49 .80 62

Reservation Price .43 .60 46

Note: The correlations reported are the averages and medians of the rank correlations between the
choice ranking of the four holdout products and their prediced ranks. The percentage of correct
first choices is the percentage of respondents for whom their stated and estimated first choice are
the same.
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test whether these apparent differences are statistically significant, we formulated
the following regression and logit models:

Correlation; = n + m; + g,

and

l
{1 + exp[—(n + )}

Probability; (first choice correctly predicted) =

[n the regression model, 1 1s the individual index, p is the base case (reservation
price) rank correlation, v; is the average correlation difference between the other
two measurement scales and the base case, and £, 1s the correlation unexplained
by the measurement scales. In the logit model, i is the individual index, w is the
base case (reservation price) effect on the probability, and ; 1s the average addi-
tional effect on the probability which is related to the other two measurement
scales.

We investigated the statistical significance of the differences in the rank corre-
latton and the proportion of correctly predicted first choices reported in Table 2
(i.e., whether the m;’s differ from each other or zero). Ranking, which has the
largest average rank correlation, is found to be statistically significantly different
at the 9% level from reservation prices.” The hypotheses that the average corre-
lations are equal when ranks and ratings or ratings and reservation prices are used
cannot be rejected at any reasonable significance level. In addition, the hypothesis
of no difference between the three measurement scales can not be rejected
(P(>F)=24%). Logit analysis relating the ability to predict first choices to the
three measurement scales provides more significant results. The hypothesis of no
difference between the three scales can be rejected at the 5% level. Furthermore,
ratings outperform reservation prices in a statistically significant manner (3%
level) while rankings show a statistically significant (5% level) improvement over
reservation prices. No statistically significant difference between rankings and
ratings is found.'®

4. Conclusions

While goodness of fit favors the use of reservation prices, predictive validity re-
sults support the use of the traditional ranking and rating measures. In terms of
correctly predicting first choices on a holdout sample, this superior performance
is statistically significant. Predictive validity differences as measured by Spear-
man’s rho are not, in general, statistically significant. In addition, no significant
differences in fit or predictive validity are found between the use of ranks or rat-
ings with the MA model. These results, in contradiction to the current trend to-
wards the use of ratings, favor simple ordinal comparison of products.
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Note that the results reported above pertain to a single study of a single product
class. They may or may not be generalizable. To begin evaluation of this issue.
using a similar experimental design a series of small studies (with about 30 re-
spondents each from the actual target population) concerning buyers in a variety
of product classes was undertaken. Product classes included were service eleva-
tors for single family homes, cleaning robots, hotel rooms, television, day care,
soft drinks, and automobiles. The results of these studies support the findings
reported above. Ranking averaged 56% correct first choice prediction, while RP
averaged only 40%. This difference was larger for the low ticket items and very
small to negative for the high ticket, high involvement items (cleaning robot, au-
tomobiles and elevator). Based on preliminary evidence it appears that when re-
spondents are very well informed all three measures perform roughly equally.
Given the similarity of the RP and MA models it is not surprising that consumer
use of each is supported. However, RP’s generally inferior performance supports
the notion that RP measurement is not as robust to respondent involvement as are
ranks and ratings. (That is, measurement errors by the respondent or researcher
are more likely and their effect on estimated product evaluations are more pro-
nounced.) Consequently, given the current state of RP measurement and the lower
response difficulty associated with ranks and ratings, continued use of the MA
model with either ranks or ratings is supported. Future improvements in RP mea-
surement, however, may make it an acceptable alternative to ranks and ratings in
conjoint analysis.

Notes

I. We use the term product to mean a specific brand/model within a particular product class.

- Hauser and Urban (1986) undertake a comparison of directly measured reservation prices and
stated purchase probabilities. However, they look at budget priorities across product classes
rather than preferences within a single product class. They find estimation using purchase prob-
abtlities to outperform reservation prices but do not undertake a statistical comparison.

3. Economists refer to this differential as consumer surplus. Hauser and Urban (1986) call it net

value.

4. We also fitted a main effects part worths model but it provided no statistically significant im-
provement in fit or predictive validity. Since only one attribute has more than two levels this
ts not surprising. Consequently, we report the linear model results.

5. The RP model and measurement is analogous to cost-benefit analysis (Benefit — Cost = Net
Gain). Rather than measure and then estimate each product’s net gain directly, only the benefit
associated with each product is measured and then estimated or predicted. Estimated or pre-
dicted net gain for a product is derived through comparison of the product’s benefit with its
cost (i.e., price).

6. We cannot use more traditional measures of fit (e.g., R?) since the dependent variables are
measured on different scales.

7. Note that all the following tests are really joint tests of the choice model and measurement
instruments.

8. Although the questionnaires were administered during a snowy winter in Rochester, N.Y.. lack
of interest by some respondents, especially given their student status, is likely. Improved data

[§%]
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quality through usc of respondents known to be knowledgeable or purchasers of the product
class should result in better fit and prediction relating to all three preference measures. Reser-
vation prices may benefit most due to their greater response difficulty. We found RP answers
by some respondents to be fairly uniform across products and some people stated that they had
difficulty providing RP mecasurements. Both observations degrade fit and predictive validity.
A given reference price may be used to address the second observation but we felt this might
bias the RP measurements. Certainly if the respondent is knowledgeable of the product class
no need to provide a reference price arises.

9. All significance levels relating to t or z statistics refer to two sided hypothesis tests.

10. In addition to the direct measurements, we also collected paired product comparison data using
each of the three preference measures. The relative predictive abilities of the measures is con-
sistent with those of the direct measurements. In addition, for all three measures the percentage
of correctly predicted first choices and the rank correlation are statistically significantly less
than they are for direct measurement. This finding confirms Green and Srinivasan’s (1978)
conjecture that a rank ordering should do better than simple paired comparisons. Our results
imply this is true for ratings and reservation prices as well.
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