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Background

Dick Wittink was the first to document the number-of-attribute-levels (NOL ) effect in
conjoint analysis. He found that the number of levels on which an attribute was defined
had a direct impact on the resulting attribute importance. One could increase the
apparent importance of an attribute simply by adding more levels!

The NOL effect occursin varying degreesin al conjoint methods, and even can play a
rolein self-explicated approaches. Both psychological and algorithmic explanations
have been proposed to explain the effect. This paper will demonstrate that the optimal
weighting option in ACA Version 4 for combining Priors and Pairs utilities significantly
reduces the NOL effect relative to Version 3's equal weighting.

How Utilities Are Calculated in ACA

Before examining the NOL effect and optimal weighting in ACA, it may be helpful to
review how ACA tilities are determined.

ACA isan adaptive hybrid conjoint model combining self-explicated evaluations with
paired conjoint comparisons. The self-explicated half of the model isreferred to asthe
Priors. The paired comparison conjoint section isreferred to as the Pairs.

ACA computes utilities using Ordinary Least Squares (OLS) regression. The Priors
contribute as many cases (rows) to the design matrix as levelsin the study. The
independent variables (as many as total levelsin the study) are coded as an identity
matrix (1s along the diagonal, and Os in the off-diagona elements) and the dependent
variable is a converted utility score based on stated importances (usually on a 4-point
scale) and rank orders. The dependent variable for the Priorsis coded to vary
(maximally) from -2 to +2.

The Pairs section contributes as many cases as pairs questions. For the independent
variables, levels shown on the left are coded as -1, and levels shown on the right are
coded +1 (levels not shown are coded as 0s). The dependent variable reflects the rating
scale (typically 1 to 9) respondents use to express relative desirability between the two
displayed concepts. After centering, the coded dependent variable varies from -4 to +4.



Criticism Leadsto Innovation

In an article published in the Journal of Marketing Research, Green et al. (1991)
criticized ACA Version 3 for combining the information from the Priors and Pairsin a
single OL S matrix operation. They argued that the coded dependent variablesin the
Priors and Pairs were not necessarily congruent.

Johnson (ACA, 1987) had developed these coding procedures based on many years of
experience and experiments on combining self-explicated ratings with paired comparison
conjoint evaluations. The response scales and the coded dependent variables were
determined empirically to work well in practice. Following Green's criticism, Johnson
released a new version of ACA (Version 4) in 1993 which provided an option for
Optimal Weighting.

Optimal Weighting

Under optimal weighting, utilities are calculated independently (at the individual level)
for the Priors and the Pairs (ridge regression is used to stabilize the Pairs utilities).
Subsequent calibration concepts are rated on a 100-point purchase likelihood scale.
These additional observations are used to determine the relative weights that should be
applied to the Priors and Pairs utilities, using a simple linear model:

y =a+bX1+cX2

where,
y =  Thelogit transform of the calibration concept rating
a= I ntercept
b= Waeight for the Priors utilities
X1= Utility of concept as predicted by Priors utilities
c=  Weight for the Pairs utilities
X2= Utility of concept as predicted by Pairs utilities

The scaling of the dependent variable and coding of the independent variables are not
required to be congruent across the two halves of the design, since the utilities are
calculated independently for each exercise.

Optimal Weighting and the Number of L evels Effect

A paper (Wittink et al. 1997) given at our 1997 Conference suggested to the author that
the NOL effect in ACA may bein part due to an incompatibility in the way respondents
use the scale in the Pairs and Priors sections. The author examined two data setsto test

this hypothesis.

The first data set was a commercial study, which included 336 respondents and 20
attributes, varying in number of levelsfrom 2to 5. The datawere collected under
Version 4 of ACA, but equal weighted utilities (Version 3 method) were also accessible



in ACA'saudit trail file, and these are labeled as Version 3. Importances were calculated
at theindividua level for the 20 attributes, for both Version 4 and Version 3 utilities.

(Attributesthat have two levels are represented on the graph as "2," three levelsas"3,"
etc.)
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The 45-degree line reflects where the data points should lie if the two methods for
calculating utilities resulted in the same attribute importance. If adata point lies above
the line, the importance from Version 3 exceeds the importance from Version 4's method.
All of the 5-level attributes lie above the line, and al 2-level attributes fall below the line,
strongly suggesting that the Version 4 method reduces the NOL effect.



Table 1 shows the same attributes sorted into groups of 2-level attributes, 3-level
attributes, and so on.

Table 1
Attribute Importances--Study #1
Version 3 vs. Version 4

—-IMPORTANCES--
Version Version Differ- Std.Error t-

Attribute #lLevels 3 4 ence of Diff. Value
6 2 4.04 4.64 0.60 0.065 9.23
8 2 5.53 6.10 0.57 0.065 8.77
10 2 3.99 4.46 0.47 0.068 6.91
11 2 5.82 6.25 0.43 0.064 6.72
13 2 3.74 4.28 0.54 0.064 8.44
18 2 4.07 4.61 0.54 0.064 8.44
19 2 2.32 2.92 0.60 0.071 8.45
17 3 5.71 5.57 -0.14 0.064 -2.19
20 3 4.41 4._.46 0.05 0.062 0.81
9 4 4.05 4.02 -0.03 0.063 -0.48
1 5 6.02 5.63 -0.39 0.062 -6.29
2 5 5.74 5.28 -0.46 0.056 -8.21
3 5 6.31 5.77 -0.54 0.056 -9.64
4 5 5.84 5.43 -0.41 0.060 -6.83
5 5 5.57 5.16 -0.41 0.056 -7.32
7 5 4.64 4.50 -0.14 0.057 -2.46
12 5 6.28 5.90 -0.38 0.060 -6.33
14 5 5.64 5.24 -0.40 0.053 -7.55
15 5 5.41 5.10 -0.31 0.061 -5.08
16 5 4.87 4.68 -0.19 0.058 -3.28

The 2-level attributes are significantly less important under Version 3 than Version 4.
Under Version 3, the average importance for 2-level attributesis 12% less than the
corresponding Version 4 importances, with an average t-value for the mean difference of
8.1 (p<0.001). Under Version 3, the average importance for a 5-level attribute is 6%
higher than the corresponding optimally-weighted importances, with an average t-value
for the mean difference of 6.3 (p<0.001).

The Version 3 utilities display a pattern consistent with the NOL effect. Attributes with
more levels are biased to receive greater importance relative to the Version 4 result.

The second data set was an experimental study conducted among 80 MBAsin 1997.
This design was considerably smaller in scope than Study #1. Only 9 attributes were
included, each having either 2 or 3 levels. Table 2 compares the importances from
Version 3 versus Version 4, again sorted by number of attribute levels.



Table 2
Attribute Importances--Study #2
Version 3 vs. Version 4

-—-IMPORTANCES--

Version Version Differ- Std.Error t-
Attribute #lLevels 3 4 ence of Diff. Value
2 6.26 6.58 0.32 0.303 1.06

5 2 3.81 4.14 0.33 0.251 1.31
8 2 16.04 17.78 1.74 0.204 8.53
1 3 8.16 7.90 -0.26 0.237 -1.10
2 3 11.15 10.66 -0.49 0.248 -1.98
3 3 10.71 10.47 -0.24 0.259 -0.93
6 3 12.81 12.43 -0.38 0.273 -1.39
7 3 17.46 17.00 -0.46 0.250 -1.84
9 3 13.60 13.04 -0.56 0.259 -2.16

The differences in importances are not as large for this data set. Only 2- and 3-level
attributes were measured, so there was less potential bias from the NOL effect. Even so,
the deviations were all in the expected direction. The 2-level attributes on average were
8% lower and the 3-level attributes were 3% higher with the Version 3 approach versus
Version 4.

Conclusion

The optimal weighting option in Version 4 reduces the NOL effect relative to the equal
weighting approach of Version 3. It isimportant to note that the principal reason the
optimal weighting method reduces the NOL effect is not due to the customized
differential weights for pairs and priors, but due to estimating utilities independently
within those separate components prior to combining the information.

One cannot argue that we can completely control the NOL effect with ACA. Other
factors contributing to the effect undoubtedly remain. We have seen, however, that even
equal-weighted ACA isless susceptible to the number of levels effect than traditional full
profile methods (Wittink et al. 1991).

The optimal weighting method appears to have been a nice addition to ACA. |t probably
deserves more credit than it has been given. We at Sawtooth Software have believed for
some time that optimal weighting provided modest improvements to ACA utilities
relative to equal weighting. We now recognize that this method of calculating ACA
utilities plays a significant role in reducing the NOL effect, and recommend that ACA
users use optimal weighting, especially when the number of levels varies across attributes
in the design.
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