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Abstract—I analyzed the competitive value model
for agricultural tractors presented in the Quality
Progress article. I do not agree with the authors’
conclusions. I believe their analysis is flawed. Their
methods mischaracterize the Voice of the Market. This
mischaracterization will lead to decreased revenue and
market share.

I present a critique of their methods and alternate
conclusions based upon my own analysis of the data.

I. Introduction

In the article, “Market Focused, Value Driven—
It’s All About Gaps”, the authors describe how Six
Sigma practices can be used to increase revenue and
market share and identify “value gaps—the areas in
which projects should be focused.”[]

The authors’ basis for the value gap consists of
two components of the competitive value model for
agricultural tractors: a predictive component and a
managerial component. (These models are shown in
Figure  in the article.) I believe both components
are inaccurate and mischaracterize the voice of the
market (VOM). Due to time constraints, I only deal
with the predictive component in this paper.

I critique the authors’ Six Sigma methods and
suggest a more appropriate model and analysis.

II. Predictive Component Analysis

I question three aspects of the authors’ predictive
component analysis (the right hand side of Figure 
in the article). They are:

) the use of the coefficient of multiple determi-
nation (R)

) not properly addressing collinearity in the
model

) suggesting that the model for value also pre-
dicts loyalty

The following three subsections address these
shortcomings.
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A. Coefficient of Multiple Determination

The authors use the coefficient of multiple deter-
mination, or R, to indicate, “[T]he extent to which
the predictor variables (quality, image, price) ex-
plain changes in the variable of interest (value).”[]
They determined R to be .. This would be a
great model if quality, image, and price really could
explain % of the variability in the dependent
variable (value) as the authors claim.

The coefficient of multiple determination is not
the correct statistic to estimate the explained vari-
ability in this model. Instead, the adjusted coef-
ficient of multiple determination, Radj, should be
used. This value should be used because:
• The R value tends to overestimate the regres-

sion equation’s explained variability. []
• The R value tends to overestimate the regres-

sion equation’s predictive ability. []
• The Radj value takes into account the number

of predictors in the model and whether those
predictors provide useful information about
the dependent variable.[] A penalty is paid
(i.e., a lower Radj value) when a variable is
added to the model which does not help to
explain significant variability.

In sum, since the authors’ goal is prediction,
the Radj value should be used to assess explained
variability and predictive ability.
) Computing the Adjusted Coefficient of Multiple

Determination: The adjusted R value can be com-
puted from data provided in the article, namely
the R value, the number of predictors (K), and the
number of samples (n). It is computed as follows:

Radj = +
n− 

n−K − 
(−R) ()

Using the values provided in the article,

R = . ()
n =  ()
K = , ()

we get an Radj value of

Radj = . ()

This means that only % of the variability in
value can be predicted by the terms in the model
(quality, image, and price). The majority of the
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variability in value is still unaccounted for. The
authors’ model is much less useful than they claim.
With only % of the variability accounted for, the
VOM will not be heard.

The low Radj value tells us that other factors are
influencing value. They must be discovered if any
improvements in revenue and market share are to
be made. These other factors could be interactions
among quality, image, and price, or they could be
new factors yet to be discovered.

B. The Problem of Collinearity

The authors report that the correlation between
two of the predictors in the model, quality and
image, is ..

Since quality and image are “highly” correlated,
we know that one of the variables contains infor-
mation about the other, i.e., the quality metric can
explain % of the image metric, or vice versa.
Thus, the problem of collinearity likely exists.

This problem can result in accepting the null
hypothesis that a predictor has no effect on value
when, in fact, that predictor is important in ex-
plaining variations in value.[] Pedhazur states
that such collinearity may have “devastating effects
on regression statistics to the extent of rendering
them useless, even highly misleading.”[]

Collinearity may be confirmed in a number of
ways, for example:
• Compute all pairwise correlations between the

predictor variables.
• Compute the variance inflation factor (VIF) for

each predictor.
Further methods for assessing and correcting for
collinearity are covered in [], [], and EMEN.

C. Model Does NOT Predict Loyalty

The authors claim that, “This model also indi-
cates that value is a strong predictor of loyalty
(R = .).”[] This statement simply cannot be
supported. The model predicted value, not loyalty.
Loyalty was not even term in the model. Just
because loyalty and value are correlated does not
mean that a model which (claims to) predict value
can also predict loyalty.

This is an example of a Type II error.

III. Suggestions for Model Improvement

I have presented a number of critiques of the
authors’ Six Sigma methods. I have the following
suggestions for improving their analysis methods
and the model:
• The basis for the value gap (the value model) is

flawed. Any conclusions made from this flawed
basis (i.e., the rest of the article) are likely
flawed, also. Proper and rigorous statistical
methods must be employed at every step.

• Customer input is important, but the proper
statistical methods must be used to synthesize
the customers’ input into critical value streams
and process that must be changed.

• The Radj value should be used to assess model
fit; the R value is misleading.

• Collinear predictors must be identified and
dealt with.

• Customer feedback/input must not replace rig-
orous model building methods, such as for-
ward inclusion, backward elimination, step-
wise selection, or best subset. These methods
are covered in [], [], and also in EMEN.

• Report p-values for correlations. These values
tell us whether the correlation is likely zero
(even though the computed value for correla-
tion is something other than zero).

• Report p-values for model coefficients. These
values tell us whether the coefficient is likely
zero. If it is zero, the predictor likely does not
have an effect on the dependent variable.

• Examine interactions in models. It is likely
that interactions among predictors contribute
to variation in value.

IV. Conclusion

I believe that the authors did not temper the
customer feedback with the proper statistical anal-
ysis from the onset of their study. Because of this,
substantial value gaps still exist, and the VOM has
not been heard.
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