The monotone regression / MONANOVA
method with XLSTAT-Conjoint

demoMONANOVA.xls

Monotone regression / Monanova method

Monotone regression and the MONANOVA method differ only in the fact that the explanatory
variables are either quantitative or qualitative. These methods are based on iterative algorithms
based on the ALS the algorithm (alternating least squares). Their principle is simple, it consists
of alternating between an ordinary linear regression or ANOVA and a monotonic transformation
of the dependent variables (after researching the optimal scaling).

The MONANOVA algorithm was introduced by Kruskal (1965). Monotonic regression methods
and work on the ALS algorithm are due to Young et al. (1976).

These methods are commonly used as part of the full profile conjoint analysis. XLSTAT-
Conjoint can apply them within a conjoint analysis but also independently.

The monotone regression tool (MONANOVA) combines a monotonic transformation of the
response variable with a linear regression in order to improves the results of the regression.

Dataset for the MONANOVA method (monotone regression)

An Excel sheet with both the data and results used in this tutorial can be downloaded by clicking
here.

The data have been obtained in Lewis T. and Taylor L.R. (1967). Introduction to Experimental
Ecology, New York: Academic Press, Inc.. They concern 237 children, described by their
Gender, Age in months, Height in inches (1 inch = 2.54 cm), and Weight in pounds (1 pound =
0.45 kg).

Goal of this MONANOVA Analysis

Using the MONANOVA method, we want to find out how the weight of the children varies with
their gender (a qualitative variable that takes value f or m), their height and their age, and to
verify if a monotonic transformation improves the quality of the model.

Unlike a linear model, it combines a monotonic transformation of the dependent variable to an
ordinary least squares regression. It is based on an iterative algorithm alternating between a
general linear model (GLM) and a monotonic transformation to improve the quality of
prediction.


http://statisticalinnovations.com/products/DemoData/XLSTAT/demoMONANOVA.xls
http://statisticalinnovations.com/products/DemoData/XLSTAT/demoMONANOVA.xls

Setting up a MONANOVA

After opening XLSTAT, select the XLSTAT / XLSTAT-Conjoint / MONANOVA command,
or click on the corresponding button of the XLSTAT-Conjoint toolbar (see below).
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Once you've clicked on the button, the MONANOVA dialog box appears. Select the data on the
Excel sheet. The Dependent variable (or variable to model) is here the Weight.

The quantitative explanatory variables are the height and the age. The qualitative variable is the
gender. As we selected the column title for the variables, we leave the option Variable labels

activated. The other options have been left at their default value.
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The computations begin once you have clicked on OK. The results will then be displayed.



Interpreting the results of a MONANOVA analysis

The first table displays the goodness of fit coefficients of the model. The R (coefficient of
determination) indicates the % of variability of the dependant variable which is explained by the
explanatory variables. The closer to 1 the R2 is, the better the fit.

Goodness of fit statistics:

Observations 237,000
Sum of weigh 237,000

DF 233.000
R= 0.683
Adjusted R® 0.675
MSE 121,153
RMSE 11,008
MAPE 9358
DwY 2175
Cp 4,000
AIC 1140.946
SBC 1154 818
PC 0,327
Press RMSE 11.198
lterations 5.000

In this particular case, 68 % of the variability of the Weight is explained by the Height, the Age
and the Gender. The remainder of the variability is due to some effects (other explanatory
variables) that have not been or that could not be measured during this experiment. We can guess
that some genetic and nutritive effects are involved.

As part of the MONANOVA method, an table of additional adjustment tests is displayed. These
tests allow you to obtain bounds on the p-value of the model.

Goodness of fit statistics|Results for variable):

Value F Mum DF Den DF Pr=F
Wilks' Lambda 0,31659079 4,75027851 63 636,643283 = 0,0001
Fillai's trace 0,68340921 3,02030408 63 B45 = 0,0001
Hotelling-Lawley trace | 2,15865161 7,25648083 63 543,329588 = 0,0001
Foy's greatest root 215865161 22 1004808 21 215 = 0.0001

It is important to examine the results of the analysis of variance table (see below). The results
enable us to determine whether or not the explanatory variables bring significant information
(null hypothesis HO) to the model. In other words, it's a way of asking yourself whether it is valid
to use the mean to describe the whole population, or whether the information brought by the
explanatory variables is of value or not.



Analysis of variance:

Source DF sum of sguareMean sguares F Pr=F
Model 3 60956011 20318.670 167,655 = 0.0001
Error 233 28238.003 121,193
Corrected Total 2360 89194.015

The Fisher's F test is used. Given the fact that the probability corresponding to the F value is
lower than 0.0001, it means that we would be taking a lower than 0.01% risk in assuming that
the null hypothesis (no effect of the two explanatory variables) is wrong. Therefore, we can
conclude with confidence that the three variables do bring a significant amount of information.

The following table gives details on the model. This table is helpful when predictions are needed,
or when you need to compare the coefficients of the model for a given population with the ones
obtained for another population. We can see that the p-value for the Gender parameter is 0.69,
and that the corresponding confidence range includes 0. This confirms the weak impact of the
Gender on the model. If we look at the parameter corresponding to Gender-f, it seems that for a
given age and height, being a girl means a small increase of the weight.

Model parameters:

Source Value  Standard errol t Pr=|t| wer bound (35 per bound [95%)
Intercept -141 346 11.669 -12.113 = 0,0001 -164 336 -118_356
Height 3,400 0,247 13,746 = 0,0001 232 3,887
Age 0,205 0,052 3,953 0,000 0,103 0,307
Gender-f 0,663 1,485 0,450 0,653 2,257 3,593
Sender-m 0,000 0,000

The chart below provides analysis of the monotonic transformation performed.
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We see that the transformation is close to the linear transformation. This leads us to compare the
results with those of a linear model analysis of covariance (ANCOVA), the results associated
with this analysis is available in sheet ANCOVA. We see that the R? is 0.63. This is lower than
for the transformed model but the difference is not very important.

In conclusion, the size of the effect of the monotonic transformation does not provide much
additional information on the quality of model prediction. The explanatory variables still have
significant impacts and we can say that there is a linear relationship in the model.



