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Measurement of Cannibalism Effects in buying experiments using

Mixed Logit Models

- The Example of a New Brand of the “Fruits of Lake Constance‘* Association -

Summary

One fundamental assumption of discrete choice regression is the assumption of independence
of irrelevant alternatives (I[A). According to the IIA assumption no correlation is allowed
between brands in buying experiments. As a consequence, in market simulations all remain-
ing brands gain at the ratio of their starting market share if one brand is excluded from the
simulation set. This often does not reflect the reality at the point-of-sale. Mixed-logit models
offer the advantage that the IIA-assumption is completely relaxed. What is more, simulations
based on mixed logit are able to model cannibalism effects. This paper applies mixed logit to
buying behaviour research. A case study is presented where the introduction of a new apple

brand at the German discounter “Penny” is simulated in a buying experiment.

Keywords: Mixed Logit Model, IIA-assumption, cannibalism effect, choice experiment, ap-

ples

1 Introduction

Recently, logistic regression is increasingly applied in market research (see ENNEKING ET. AL.,
2007; 2003; FRODE, 2004; LOUVRIERE, 2000; PROFETA, 2006). This tool offers the advantage
to analyze discrete decisions used, for example, in buying experiments (ENNEKING, 2005).
One fundamental assumption of this quantitative method is the independence of irrelevant
alternatives (ITA) (MCFADDEN, 1974: 109). According to IIA no correlation is allowed be-
tween brands in buying experiments. As a consequence, in market simulations all remaining
brands gain at the ratio of their primary market share if one brand is excluded from the simu-
lation. This often does not comply with the reality at the point-of-sale.

If a certain brand is taken out of the assortment, one can assume that some of the remaining
brands do profit more in market share compared to others. Consider, for example, a case
where consumers can choose between two luxury brands and one discount brand in a certain
product category. It is expected that if one of the luxury brands is out of stock the discount
brand will profit only marginally whereas the remaining luxury brand will account for most of
the released market share. In this situation the IIA assumption is violated and a simple logit
model should not be applied.

Nested logit models can deal with the violation of ITA. Nevertheless, it has to be mentioned
that for several nests IIA still applies (BEN-AKIVA and LERMAN, 1985). Therefore, more so-

phisticated methods are needed and due to improved statistical software packages (e.g.
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NLOGIT 3.0, STATA 7.0, LATENT GOLD CHOICE) latent-class and mixed logit models are
increasingly used in modelling of choice behaviour. Especially mixed logit models offer the
advantage that the IIA-assumption can be completely relaxed and therefore correlations be-
tween alternatives can be modelled. As a consequence market simulations can integrate can-
nibalism effects, which is important for marketers to derive useful marketing strategies.

In the course of this paper the practical use of mixed logit models in consumer research is
shown. A case study is presented where the introduction of a new apple brand at the German
discounter “Penny” is simulated in a buying experiment.

The “Fruits of Lake Constance” Association uses the slogan “FRUITS OF LAKE CONSTANCE,
BATHED IN THE SUN”' as a means to advertise for apples from the respective region. The brand
"Fruits of Lake Constance" is relatively well-known and yields a price premium in compari-
son to other origins or brands. In order to increase sales it is planned to launch an additional
secondary brand. It is intended to gain market shares from a main Italian competitor”.

The challenge to the “Fruits of Lake Constance” Association is to select one of three propos-
als which cannibalizes market shares mainly from the foreign competitor brand and only mar-
ginally from the own premium brand “FRUITS OF LAKE CONSTANCE”. In order to find out the
best alternative with respect to the aim mentioned above a discrete choice buying experiment
is carried out containing the brand “FRUITS OF LAKE CONSTANCE”, the foreign brand as well
as the three alternatives for a secondary brand which have been developed by the association.
After a brief description of the theoretical basics of the mixed logit model, the method used
for data analysis and the study design is described in more detail. Subsequently, the estima-
tion results are presented and discussed and market simulations are calculated. The simulation
results on the basis of conditional logit and mixed logit are compared with each other and

marketing recommendations for the introduction of a secondary brand are given.

2 Description of the analytical method: Mixed Logit Model

For the purpose of this paper we assume according to FRODE (2004: 24) that an individual’s
utility from any alternative can be decomposed into a) a non-stochastic, linear-in-parameters
part that depends on observed data, b) a stochastic part that is normally distributed and poten-
tially correlated and heteroscedastic, and c) another stochastic part which is independently,
equally distributed over alternatives and individuals. “Given these assumptions, the utility
that individual n derives from alternative i [among J alternatives] in choice situation t is de-

noted by

! For the sake of simplicity the appendix “Bathed in the Sun” will be left out in the following.

* Due to confidentiality reasons the name of the Italian competitor brand is not indicated in this study. In the
following it will be named “ITALIAN DOP”.



1) U, =px, +u,+e,]

where X, is the vector of observed non-stochastic variables including socio-economic char-
acteristics of individual n and attributes of alternative i in choice situation t, f3; is a vector of
structural parameters, uy; is an error term that is normally distributed over individuals and
alternatives, and e, is an extreme value error term that is independently and identically dis-
tributed over individuals, alternatives and choices by the same individual” (FRODE, 2004: 24).
It is to mention that the specified model is a panel model, where the normally distributed error
term for alternative 7 is the same for all choices made by one individual. Henceforth we sup-
press the subscript ¢.

The density of 1 is denoted by f(u|2) where Q are the fixed parameters of the distribution.

For a given u, the IIA property holds and the conditional choice probability takes a standard

multinomial logit form’

exp(x,, +u,)
Z&]‘;exp( f/’xnj + ury’)
J

2) Lm (u) =

The unconditional choice probability, P, in the mixed logit model is the logit formula inte-

grated over all values of u with the density of u as weights (IBID.).

3) B, =L, ()f (| Q)du

This choice probability is approximated via simulation (BROWNSTONE and TRAIN, 1999). The
estimated share of consumers choosing alternative i in a market scenario, S, is computed as
the average of the individual participant's simulated choice probabilities in the market sce-

narios.
_ N A
4 S,;=N"> P,

where N is the total number of participants and pn . is the simulated probability that individ-

ual n will choose alternative i" (FRODE, 2004: 25).

3 Experimental Design and Concept of the Survey

The choice alternatives presented to respondents in the buying experiment were the brands
“FRUITS OF LAKE CONSTANCE”, “ITALIAN DOP” and three potential concepts for a secondary
brand developed by the “Fruits of Lake Constance” Association. The new brands were named
“My FRUITS”, “FRUIT DELIGHT” and “POP-ART”. Real packaging ready for sale were used

instead of cards or pictures in order to increase the reality of the experimental buying situa-

3 URBAN, 1993.
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tion. Therefore, all brands had brand-related colour designs (see Table 1). It has to be men-
tioned that there was no brand logo on the package of the alternative “PopP-ART”. This alterna-
tive had only a special colour design. The price levels for the experimental brands were 1.19
€/kg, 1.59 €/kg and 1.99 €/kg and represented real prices in the “Penny” outlets. Only
brand/price-combinations the authors believed a priori to be strictly dominated by other alter-
natives (e.g. high priced secondary brand) were excluded from the choice set. Additionally,
combinations of the foreign competitive brand and the brand “FRUITS OF LAKE CONSTANCE”
with the lowest price levels were not included in the experiment because there are no such
combinations in the “Penny” outlets. This resulted in a set of brand concepts which were allo-
cated to 30 choice sets with three alternatives each using the software FEDOROV (compare
Table 1).* Because the marketers were interested in cannibalism effects between the three new
secondary brands there were no base or fixed alternatives in the choice set. Each participant
was shown two different choice sets consisting of three apple boxes’ and different price lev-
els. The interviewees had to opt for their favoured brand taken into account a particular price.
Table 2 gives an example of the choice questions.

Data was collected in outlets of the German discounter “Penny” in the cities of Neuhausen (n
= 130) and Constance (n = 244) in the time from 28" June to 10" July 2005 (see Table 3).
The interviews were conducted face-to-face’ behind the cashpoint. In this way, interviewers
contacted respondents who were in a shopping mood and the survey could at least partly mir-
ror the point-of-sale context. Only those shoppers were asked to participate in the interview

who at least occasionally consume apples.

* The software FEDOROV (FEDOROV, 1972) uses the FEDOROV-Algorithm to create optimized experimental
designs.

> All apples were of the same type.

7 Data were collected by four trained interviewers.



Table 1: Brand alternatives in the buying experiment

Brand Package Design ® Price Levels
ITALIAN 1.59 €/kg
DOP 1.99 €/kg

FRUITS OF
ke 1.59 €/kg
CONSTANCE _ _, 1.99 €/kg
&= 111 der Sonne ge

My 1.19 €/kg
FRuUITS 1.59 €/kg
FRUIT DE. 1.19 €/kg
LIGHT 1.59 €/kg
1.19 €/kg
POP-ART 1.59 €/kg

¥ Due to confidentiality reasons the name of the foreign competitor brand (ITALIAN DOP) is garbled.
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Table 2: Example of a Choice Set

~»

“ T

‘-1-‘;‘5“ Inder Sonne gebadet. =

Grade 1 Grade 1 Grade 1
1,59 €/kg 1,59 €/kg 1,19 €/kg

Question: “You see three different offers for apples from different sellers. Which of these apples would you buy
at the displayed price?”

The interview started with the choice tasks in order to reduce the likelihood of bias potentially
being introduced by other questions which might reveal the targets of the study. After the
choice tasks, the participants made statements with respect to their general apple consumption

habits and to their age and education level (see Table 3).

Table 3: Description of the sample (n=374)

Locality of interviews - Constance (n = 244), Neuhausen (n = 130)
Gender distribution - female = 66.31 %, male = 33.69 %
Age - under 18 years =2.97 %

- 19to 39 years =20.81 %
- 40 to 59 years= 18.92 %
- over 59 years =24.73 %
- 1284 %

- 1973 %

Education Level - low=28.15%

- middle =32.44 %

- high= 39.41 %

4. Results

Table 5 shows the estimated parameters, standard errors and p values for the mixed logit
model. The corresponding results of the multinomial logit model, obtained by excluding the
normally distributed error term, are included for comparison. In both models the alternative
“POP-ART” serves as reference alternative which is set to zero for the purpose of estimation.
All those parameters of the mixed logit model which have a significant effect on choice have
the same sign as the corresponding parameters in the multinomial logit model. The parameters
are relative similar, but not identical. The most important difference between the two models
is the error structure. Three out of four normally distributed residuals in the mixed logit model
were heteroscedastic. This can be derived from the significant standard deviations of the non-

1.1.d. residuals. The brand “MY FRUITS” (1.33) has the largest standard deviation followed by



“FRUIT DELIGHT” (1.22) and “ITALIAN DOP” (1.07).

The correlation error terms is reported in the lower part of table 5. The error terms of the sec-
ondary brands “My FRUIT”, “FRUIT DELIGHT” and the “ITALIAN DOP” are positively corre-
lated, indicating that they are close substitutes. This result can not be derived from the non-
stochastic part of the model. An estimation carried out with “FRUIT DELIGHT” as reference
alternative showed that the brand “POP-ART” is positively correlated with “FRUITS OF LAKE
CONSTANCE” and negatively correlated with the “ITALIAN DOP”. Significant heteroscedastic
and correlated error terms prove that the IIA property does not hold and that the error struc-
ture in the multinomial logit model is not adequate.

In order to rank the five alternatives, we modelled the same price for all alternatives and insert
this price into the alternative specific utility function. By subtracting the utility of “POP-ART”
from the utilities of the other alternatives we estimate the relative utility compared to the util-
ity of “PoP-ART”. This results in zero utility for “POP-ART” and positive utilities for the other
alternatives. The ranking results according to the average utilities can be specified as follows:
“FRUITS OF LAKE CONSTANCE”(0.78), “ITALIAN DOP”(0.75), “FRUIT DELIGHT”(0.69), “MY
FrRUITS”(0.42) and “PoP-ART”(0.00). This is equal to the parameter estimates because no in-
dividual specific data entered the estimation.

Market simulations were calculated for identifying cannibalism effects predicted by the esti-
mated mixed logit and multinomial logit model. The individual participant’s probability of
choosing each of the alternatives under various market scenarios was estimated and summed
up to obtain the simulated share of each alternative in the market (compare equation 5).

All in all three market scenarios were constructed. In these scenarios the price for “FRUITS OF
LAKE CONSTANCE” and “ITALIAN DOP” was fixed at 1.99 €/kg whereas the other alternatives
were set to 1.19 €/kg. In scenario 1 to 3 one of the new secondary brands was added to the
present brands “FRUITS OF LAKE CONSTANCE” and “ITALIAN DOP”. In this way these scenar-
ios simulated the introduction of a new secondary brand. The estimated parameters of the
mixed logit model and the corresponding multinomial logit model, allowed the calculation of

market shares for the above specified scenarios. The results are presented in Table 6.



Table S: Estimated parameters for the mixed logit and the multinomial logit model

Multinomial Logit Mixed Logit

Para- Std. p Para- Std. p

meter err value meter err value
LAKE CONSTANCE 0.67 0.15 0.00 0.78 0.17 0.00
FRUIT DELIGHT 0.59 0.16 0.00 0.69 0.20 0.00
My FRUITS 0.35 0.16 0.03 0.42 0.20 0.03
ITALIAN DOP 0.68 0.18 0.00 0.75 0.21 0.00
Price -0.91 0.21 0.00 -1.02 0.27 0.00

St. Dev. of non-i.i.d. residuals

LAKE CON. 0.00 0.00 0.17

FRUIT DEL. 1.22 0.00 0.00

My FRUITS 1.33 0.46 0.00

1. DOP 1.07 1.81 0.05

Correlation matrix

Summary statistics for non-i.i.d. residuals
Number of observations: 748 LAKEC. | FRuiTD. | MYF. L. DOP
Number of participants: 374 LAKEC. 1.00 -0.71 -0.64 -0.84
Log likelihood random choice: FRUIT D. -0.71 1.00 0.99 0.86
Log likelih. of multinom. logit at converg.: -812.90168 | MY F. -0.64 0.99 1.00 0.87
Log likelihood of mixed logit at converg.: -775.4520 1. DOP -0.84 0.86 0.87 1.00

Estimated with Nlogit 3.0 as panel data. Halton draws. Replications for simulated probability = 1000.

As mentioned above, the relative size of the parameters is not identical in the two models and
the mixed logit model has heteroscedastic and correlated error terms. However, heteroscedas-
tic and correlated error terms have negative effects on the market simulations, as will be
shown subsequently.

In the case where taste parameters are small relative to the error variance, the stochastic part
of the utility will dominate the non-stochastic part. Furthermore, the relative variance of the
utility distributions also affects the simulated market shares. An alternative with a relatively
low mean utility and a high variance can take on a large share of the choices as a result of the
thick tails of the utility distribution. Additionally, the utility correlation between alternatives
has an impact on the simulated market shares (FRODE, 2004: 34).

The results of the simulations show that “FRUITS OF LAKE CONSTANCE” loses market shares in
all three scenarios of the mixed logit model compared to the multinomial logit model. In a
similar study carried out by FRODE (2004) and based on a mixed model the strongest alterna-
tive was positively correlated with all other alternatives and gained market shares. How can
these results be explained? Alternatives with positively correlated utilities compete for the

same consumers. In the extreme case where the utilities of several alternatives have identical
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mean and variance and are perfectly correlated, the joint share for these alternatives is inde-
pendent of how many of these alternatives are offered in the market. This is known as
cannibalisation of market shares between close substitutes. If, in a choice set of four alterna-
tives, two brands are positively correlated and one of these correlated alternatives is excluded
from a simulation than the other gains most of the released market share. The reverse is true if
the two mentioned brands are negatively correlated.

What happens if a new brand enters a set and if this brand is negatively correlated to one of
the former brands (this situation occurred in the present study)? The outcome depends on the
“brands strength” which can be derived from the estimated alternative specific parameters. If
the brand in the starting choice set is weaker than the new one this weak brand profits from a
negative correlation because it loses less market share in comparison to the uncorrelated situa-
tion. The reverse holds if the new brand is weaker.

The simulation results in table 6 support these considerations. As already mentioned “FRUITS
OF LAKE CONSTANCE,” loses market shares in all three scenarios of the mixed logit model
compared to the multinomial logit whereas the secondary brands and the “ITALIAN DOP”
gain market shares.

In this study the alternative “MY FRUITS” is negatively correlated to the brand “FRUITS OF
LAKE CONSTANCE” but in comparison to the other brands this correlation is rather weak.
These results have the following consequences. “MY FRUITS” is negatively correlated to
“FRUITS OF LAKE CONSTANCE” and thus profits in terms of market share. To the contrary
“FRUITS OF LAKE CONSTANCE” loses according to the negative correlation. Nevertheless it has
to be mentioned that this loss is still higher for the brand “FRUITS OF LAKE CONSTANCE” if the
secondary brand “FRUIT DELIGHT” is introduced. Thus, “FRUITS OF LAKE CONSTANCE” should
rather be marketed together with “MY FRUIT” than in tandem with the other secondary brand
“FRUIT DELIGHT”.

“PopP-ART” is positively correlated (0.36) to “FRUITS OF LAKE CONSTANCE” and negatively
correlated to the “ITALIAN DOP”. This explains the small loss for “FRUITS OF LAKE
CONSTANCE” in scenario three of the mixed model.

Whereas “MY FRUITS” shows disadvantages as a secondary brand this brand has the highest
increase in market share (+1.51 %) when the mixed and the multinomial logit models are
compared. This is due to the thick tails of the utility distribution. Because “MY FRUIT” is posi-
tively correlated to “ITALIAN DOP” it gains most of the market shares from this brand. There-
fore “ITALIAN DOP” has the lowest increase in market share in scenario two of the mixed
logit model.

In order to determine the effect of the best secondary brand we assumed that each year 10.000

t of apples are sold in “Penny”-outlets. The turnover of one alternative can thus be calculated
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by multiplying the absolute market share and the corresponding price of the alternative. In
order to determine the total share of the “Fruits of Lake Constance” Association the revenues
of the brand “FRUITS OF LAKE CONSTANCE” and the secondary brand have to be added.

According to our calculation based on the mixed model “My FRUITS” (10.523 Mio. €) is the

alternative that maximizes the turnover of the association.

Table 6: Simulated market shares

Multin. logit model Scenario 1 Scenario 2 Scenario 3
LAKE CONSTANCE 2547 % 28.51 % 32.58 %
ITALIAN DOP 25.78 % 28.84 % 32.96 %
FRUIT DELIGHT 48.75 % 0.00 0.00

My FRUITS 0.00 42.65 % 0.00
POP-ART 0.00 0.00 34.46 %
Turnover in Mio. € 10.870 (1) 10.748 (2) 10.583 (3)
Mixed logit model Scenario 1 Scenario 2 Scenario 3
LAKE CONSTANCE 21.91 % (-3.56%) 26.47 % (-2.04 %) 31.52 % (-1.06 %)
ITALIAN DOP 28.63 % (+2.85%)  29.38 % (+0.54 %)  33.66 % (+0.70 %)
FRUIT DELIGHT 49.47 % (+0.72%) 0.00 0.00

My FRUITS 0.00 44.16 % (+1.51 %) 0.00
POP-ART 0.00 0.00 34.82 % (+0.36)
Turnover in Mio. € 10.246 (3) 10.523 (1) 10.416 (2)

Prices in the simulation: “FRUITS OF LAKE CONSTANCE” = 1.99 €/kg, “ITALIAN DOP” = 1.99 €/kg Secon-
dary Brands = 1.19 €/kg. Market Volume = 10,000 t.

5. Conclusions and Discussion

The mixed logit market simulations illustrate that two of the potential secondary brands com-
pete with “ITALIAN DOP” for the same consumers. The more restrictive multinomial logit
model does not detect the substitution patterns inherent in the choice data and predicts propor-
tional changes in market shares. According to the mixed model results and the described mar-
ket situation “MY FRUITS” can be recommended to the “Fruits of Lake Constance” Associa-

tion as a secondary brand which optimizes the cumulated turnover of two brands.

In the past five years a multitude of multinomial logit analyses has been carried out in order to
examine the preferences for (branded) food products. The authors heavily recommend to re-
analyze the respective data sets using a mixed logit approach. In particular in the food sector

it can be assumed that the IIA assumption does not hold very often. This could be verified by
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means of a meta-analysis. If this is in fact the case many marketing recommendations relying
on simple MNL-models might be flawed. As shown in this study the brands with the best al-
ternative specific parameter in the mixed model is worst when simulated based on a mixed

model.

An interesting field for future research relying on the mixed logit model is the integration of
more situational factors as experimental variables. For example in the case where a well-
known and strong brand is deleted from a retailer’s assortment some consumers probably
would not buy a cheaper alternatives or another secondary brand but would rather go to the
retailer where the missing brand is still available. Integrating the variable “retailer” may help

to analyze assortments of different retailer according to cannibalism effects.
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