
BUILDING MODELS FOR MARKETING DECISIONS 



BUILDING MODELS 
FOR MARKETING 
DECISIONS 

by 

Peter S.H. Leeflang 
University ofGroningen, The Netherlands 

Dick R. Wittink 
Yale School of Management, U.S.A. and 
University ofGroningen, The Netherlands 

Michel Wedel 
University ofGroningen, The Netherlands 

and 

Philippe A. Naert 
Tilburg University, The Netherlands 

SPRINGER-SCIENCE+BUSINESS MEDIA, B.V. 



Library of Congress Cataloging-in-Publication Data 

ISBN 978-0-7923-7813-6 ISBN 978-1-4615-4050-2 (eBook) 
DOI 10.1007/978-1-4615-4050-2 

Printed on acid-free paper 

All Rights Reserved 
© 2000 Springer Science+ Business Media Dordrecht 
Originally published by Kluwer Academic Publishers in 2000 
Softcover reprint of the hardcover I st edition 2000 

No part of the material protected by this copyright notice may be reproduced or 
utilized in any form or by any means, electronic or mechanical, 
including photocopying, recording or by any information storage and 
retrieval system, without written permission from the copyright owner. 



To our spouses: 

Hanneke 
Marian 
Rennie 
Magda 



Contents 

Preface . . . . . . . . . . . . . . . 

PART ONE: Introduction to marketing models 

Introduction . 

1.1 Purpose 
1.2 Outline 
1.3 The model concept 

Xlll 

3 

4 
7 

10 

2 Classifying marketing models according to degree of explicitness 13 

2.1 Implicit models 13 
2.2 Verbal models . . . . . . 13 
2.3 Formalized models . . . . 15 
2.4 Numerically specified models 18 

3 Benefits from using marketing models 21 

3.1 Are marketing problems quantifiable? 21 
3.2 Benefits from marketing decision models 24 
3.3 Building models to advance our knowledge of marketing 28 
3.4 On the use of a marketing model: a case study 32 

4 A typology of marketing models . . . . . . . 37 

4.1 Intended use: descriptive, predictive, normative models 37 
4.2 Demand models: product class sales, brand sales, and market share 

models . . . . . . . . 40 
4.3 Behavioral detail . . . . . . . . . . . 41 
4.4 Time series and causal models . . . . . . 
4.5 Models of"single" versus "multiple" products 

PART TWO: Specification . . 

5 Elements of model building 

5.1 The model-building process 
5.2 Some basic model-building terminology 

44 
45 

47 

49 
49 
55 



Vlll CONTENTS 

5.3 Specification of behavioral equations: some simple examples . 66 
5. 3 .1 Models linear in parameters and variables . . . . 66 
5.3.2 Models linear in the parameters but not in the variables . 67 
5.3.3 Models non-linear in the parameters and not linearizable 79 

6 Marketing dynamics . . . . . . . . . . . . . . . 

6.1 Modeling lagged effects: one explanatory variable . . 

6.2 Modeling lagged effects: several explanatory variables 
6.3 Selection of(dynamic) models 
6.4 Lead effects . . . . . . 

7 Implementation criteria with respect to model structure 

7.1 
7.2 

Introduction 
Implementation criteria . . . . 
7 .2.1 Models should be simple 
7.2.2 
7.2.3 
7.2.4 
7.2.5 

Models should be built in an evolutionary way 
Models should be complete on important issues 
Models should be adaptive . . 
Models should be robust . . . 

7.3 Can non-robust models be good models? 
7.4 Robustness related to intended use 
7.5 Robustness related to the problem situation 

8 Specifying models according to 
intended use . . . . . 

8.1 Descriptive models 
8.2 Predictive models 
8.3 Normative models 

8.3.1 A profit maximization model 
8.3.2 Allocation models . . . 

Appendix: The Dorfman-Steiner theorem . 

9 Specifying models according to level of demand 

9.1 An introduction to individual and aggregate demand 
9.2 Product class sales models 
9.3 Brand sales models . 
9.4 Market share models 

10 Specifying models according to amount of behavioral detail 

10.1 Models with no behavioral detail . . . . . . . . 

10.2 Models with some behavioral detail . . . . . . . 
10.3 Models with a substantial amount ofbehavioral detail 

85 

85 
96 
97 
98 

101 

101 
102 
102 
105 
105 
107 
108 
110 
115 
120 

123 

123 
130 
144 
144 
151 
154 

157 

157 
164 
167 
171 

179 

180 
180 
195 



CONTENTS IX 

11 Modeling competition . . . . . . . . . . . . . . . 201 

11.1 Competitor-centered approaches to diagnose competition 202 
11.2 Customer-focused assessments to diagnose competition . 208 
11.3 Congruence between customer-focused and competitor-centered ap-

proaches . . . . . . . . . . . 211 
11.4 Game-theoretic models of competition 215 

12 Stochastic consumer behavior models 221 

12.1 Purchase incidence . . . . . 222 
12.1.1 Introduction . . . . 222 
12.1.2 The Poisson purchase incidence model 222 
12.1.3 Heterogeneity and the Negative Binomial (NBD) purchase 

incidence model . . . . . . . . . . . . . . . . 223 
12.1.4 The Zero-Inflated Poisson (ZIP) purchase incidence model 224 
12.1.5 Adding marketing decision variables 225 

12.2 Purchase timing . . . 226 
12.2.1 Hazard models 226 
12.2.2 Heterogeneity 229 
12.2.3 Adding marketing decision variables 230 

12.3 Brand choice models . . . . . . . 231 
12.3.1 Markov and Bemouilli models 232 
12.3.2 Learning models . . . . . 239 
12.3.3 Brand choice models with marketing decision variables 240 

12.4 Integrated models of incidence, timing and choice 246 

13 Multiproduct models . . . . . . . . . . 

13.1 Interdependencies . . . . . . . . . 
13.2 An example of a resource allocation model 
13.3 Product line pricing . . . . . . 
13.4 Shelf space allocation models . . 
13.5 Multiproduct advertising budgeting 

14 Model specification issues . . . . . 

14.1 Specifying models at different levels of aggregation 
14 .1.1 Introduction 
14.1.2 Entity aggregation 
14.1.3 Time aggregation 

14.2 Pooling . . . . . . . 
14.3 Market boundaries . . . 
14.4 Modeling asymmetric competition 
14.5 Hierarchical models . . . . . 

251 

252 
256 
258 
261 
264 

267 

267 
267 
268 
279 
281 
282 
286 
291 

14.6 A comparison ofhierarchica1 and non-hierarchical asymmetric models 295 



X CONTENTS 

PART THREE: Parameterization and validation 

15 Organizing Data 

15 .1 "Good" data . . . . . . . . . 
15 .2 Marketing management support systems 
15.3 Data sources . . . . . . . . . . 
15.4 Data collection through model development: A case study 

16 Estimation and testing . . . . . 

16.1 The linear model . . . . . 
16.1.1 The two-variable case 
16.1.2 The L-variable case 
16.1.3 Assumptions about disturbances 
16.1.4 Violations of the assumptions 
16.1.5 Goodness of fit and reliability 

16.2 Pooling methods . . . . 
16.3 Generalized Least Squares 
16.4 Simultaneous equations 
16.5 Nonlinear estimation 
16.6 Maximum Likelihood Estimation 

16.6.1 Maximizing the likelihood 
16.6.2 Example . . . . . . 
16.6.3 Large sample properties of the ML-Estimator 
16.6.4 Statistical tests . . . . . . . 

16.7 Non- and semiparametric regression models . . . . 
16. 7.1 Introduction . . . . . . . . . . . . 
16.7 .2 Advantages and disadvantages of the parametric regression 

model .......... . 
16.7 .3 The nonparametric regression model 
16.7.4 The semiparametric regression model 

I6.8 Illustration and discussion 
I6.9 Subjective estimation . . . . . . . 

I6.9 .I Justification . . . . . . . 
I6.9.2 Obtaining subjective estimates 
I6.9.3 Combining subjective estimates 
16.9.4 Combining subjective and objective data 
16.9.5 Illustration . . . . . . . . . . 

17 Special topics in model specification and estimation 

17 .I Structural equation models with latent variables 
17 .I.l Outline of the model and path diagram 
17 .I.2 Seemingly unrelated regression models 
17.1.3 Errors-in-variables models 
17 .1.4 Simultaneous equations . . . . . . 

299 

301 

301 
305 
308 
316 

323 

324 
324 
325 
327 
330 
348 
361 
369 
376 
383 
389 
389 
391 
392 
395 
396 
396 

397 
397 
402 
408 
413 
413 
416 
428 
433 
436 

441 

441 
441 
449 
449 
450 



CONTENTS 

17.1.5 Confirmatory factor analysis . . . . . 
17.2 Mixture regression models for market segmentation 

17 .2.1 Introduction . . . . . 
17 .2.2 General mixture models . 
17 .2.3 Mixture regression models 
17 .2.4 Application . . . . . 
17 .2.5 Concomitant variable mixture regression models 
17.2.6 Latent Markov mixture regression models 

17.3 Time-series models . . . . . . 
17.3 .1 Introduction . . . . . 
17.3.2 Autoregressive processes 
17.3.3 Moving average processes 
17.3.4 ARMA processes 
17.3.5 Stationarity and unit root testing 
17.3.6 Integrated processes 
17.3. 7 Seasonal processes . 
17.3.8 Transfer functions . 
17.3.9 Intervention analysis 

17.4 Varying parameter models 

18 Validation 

18.1 Validation criteria 
18.2 Statistical tests and validation criteria 
18.3 Face validity . . . 
18.4 Model selection . . . 

18.4.1 Introduction . 
18.4.2 Nested models 
18.4.3 Non-nested models . 
18.4 .4 Causality tests 

18.5 Predictive validity . . . . 
18.6 Illustrations . . . . . . 
18.7 Validation of subjective estimates . 

PART FOUR: Use I Implementation 

19 Determinants of model implementation 

19.1 Organizational validity 
19.1.1 Personal factors . . . 
19 .1.2 Interpersonal factors: the model user - model builder inter-

face ........ . 
19.1.3 Organizational factors . . . 

19.2 Implementation strategy dimensions . 
19.2.1 Introduction . . . . . . 

XI 

450 
451 
451 
452 
453 
455 
456 
457 
458 
458 
459 
461 
462 
463 
465 
465 
467 
470 
473 

479 

480 
482 
484 
487 
487 
488 
492 
495 
500 
508 
517 

523 

525 

526 
526 

528 
532 
534 
534 



xii CONTENTS 

19.2.2 Evolutionary model building 
19.2.3 Model scope . . . . . . 
19.2.4 Ease ofuse . . . . . . 

20 Cost-benefit considerations in model building and use 

20.1 Tradeoffs . . . . . . 
20.2 The cost of building models 
20.3 Measuring benefits . . . 
20.4 Some qualitative examples 
20.5 General observations 

21 Models for marketing decisions in 
the future . . . . . . . . . 

21.1 Examples ofrecent developments in model building 
21.2 The role of models in management decisions 
21.3 A broader framework 

Bibliography . 

Author Index 

Subject Index 

535 
538 
543 

545 
546 
547 
548 
553 
556 

565 
565 
568 
570 

579 

617 

637 



Preface 

This book is about marketing models and the process of model building. Our primary 
focus is on models that can be used by managers to support marketing decisions. It 
has long been known that simple models usually outperform judgments in predicting 
outcomes in a wide variety of contexts. For example, models of judgments tend to 
provide better forecasts of the outcomes than the judgments themselves (because the 
model eliminates the noise in judgments). And since judgments never fully reflect 
the complexities of the many forces that influence outcomes, it is easy to see why 
models of actual outcomes should be very attractive to (marketing) decision makers. 
Thus, appropriately constructed models can provide insights about structural relations 
between marketing variables. Since models explicate the relations, both the process 
of model building and the model that ultimately results can improve the quality of 
marketing decisions. 

Managers often use rules of thumb for decisions. For example, a brand manager will 
have defined a specific set of alternative brands as the competitive set within a product 
category. Usually this set is based on perceived similarities in brand characteristics, 
advertising messages, etc. If a new marketing initiative occurs for one of the other 
brands, the brand manager will have a strong inclination to react. The reaction is 
partly based on the manager's desire to maintain some competitive parity in the mar­
keting variables. An economic perspective, however, would suggest that the need for 
a reaction depends on the impact of the marketing activity for the other brand on the 
demand for the manager's brand. The models we present and discuss in this book are 
designed to provide managers with such information. 

Compared with only a few decades ago, marketing models have become important 
tools for managers in many industries. Prior to the introduction of scanner equipment 
in retail outlets, brand managers depended upon ACNielsen for bimonthly audit data 
about sales, market shares, prices, etc. for the brands in a given product category. 
Those data were rarely good enough for the estimation of demand functions. Indeed, 
Art Nielsen used to say that Nielsen was in the business of reporting the score and 
was not in the business of explaining or predicting the score. With technological 
advances (e.g. the availability of scanner data, improved hardware and software), the 
opportunity to obtain meaningful estimates of demand functions vastly improved. 

xiii 



XIV PREFACE 

We use a simplified example to illustrate the possible impact of models on marketing 
decisions. When the scanner data from supermarkets became available for the first 
time in the late 1970's, graphs of store sales, prices and promotions over time (weeks) 
showed that temporary price cuts often produced extremely high increases in sales of 
the promoted brand. A manager for whom the brand's market share is an important 
performance measure would be inclined to seize the apparent opportunity to boost 
sales. Thus, weekly scanner data, offered insights into short-term effects to managers 
that were unavailable from the bimontly audit data. These new insights formed one of 
the reasons why promotional expenditures in the US grew dramatically in the 1970's 
and the 1980's. The modeling of promotional effects was initiated quickly by IRI 
after scanner data became available. Yet it has taken many years of model building 
and testing by ACNielsen, IRI and many academic researchers, before a reasonably 
comprehensive understanding of the effects of promotional activities resulted. There­
sults suggest that the sales increases that are attributed to brand switching are typically 
negated by competitive reactions. Another part of the sales increase is due to purchase 
acceleration most of which does not result in consumption increases. In addition, 
increases in promotional expenditures (relative to, say, television advertising) appear 
to increase consumers' price sensitivities and to reduce brand loyalties. The extensive 
amount of modeling that has been done commercially and academically suggests 
that promotions are rarely profitable. Not coincidentally the insights from models are 
partly responsible for the apparent decline in promotional expenditures in the US, 
both in an absolute sense and relative to television advertising in the late 1990's. 

Scanner data offer an opportunity for managers to obtain a detailed understanding 
of the complexities of the marketplace. At the same time the explosion of these data 
makes it inescapable for the manager to use tools for analysis. Indeed, managers 
will be more effective decisions makers if they use models for relatively routine 
decisions so that they have more time for decisions that require creativity and for 
other elements outside the purview of model building. However, models differ greatly 
in their quality and usability for marketing decisions. Indeed, many managers have 
had bad experiences, perhaps because a model builder oversold the model's potential. 
Alternatively, inappropriate requirements such as: "only a model with a R2 value of 
at least 90 percent is acceptable", may have influenced the model-building process in 
an undesirable manner. 

In this revised edition of Building Implementable Marketing Models (Naert, Leeftang, 
1978) we provide a detailed discussion of the following steps in the model-building 
process: specification, estimation, validation, and use of the model. The managerial 
usefulness of a given model will be greatly enhanced if the model-building exercise 
follows carefully designed procedures. This book is our attempt to provide a structure 
for model building. The content of the book should be of interest to researchers, 
analysts, managers and students who want to develop, evaluate and/or use models of 
marketing phenomena. 
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Managers will particularly benefit from models of marketing phenomena if they un­
derstand what the models do and do not capture. With this understanding they can, 
for example, augment model-based conclusions with their own expertise about com­
plexities that fall outside the modelers' purview. Importantly, the systematic analysis 
of purchase (and other) data can provide competitive advantages to managers. Model 
benefits include cost savings resulting from improvements in resource allocations as 
we discuss in various applications. And the leaders or first movers in the modeling of 
marketing phenomena can pursue strategies not available nor transparent to managers 
lagging in the use of data. 

The book is suitable for student use in courses such as "Models in Marketing", 
"Marketing Science" and "Quantitative Analysis in Marketing" at the graduate and 
advanced undergraduate level. The material can be supplemented by articles from 
journals such as the Journal of Marketing Research, Marketing Science, Management 
Science and The International Journal of Research in Marketing. 

It consists of four parts. Part I provides an introduction to marketing models. It 
covers the first four chapters and deals with the definition of a model, the benefits to 
be derived from model building, and a typology of marketing models. 

In part II, which covers 1 0 chapters, we give guidelines for model specification 
and we discuss examples of models that were developed in the past thirty years. 
We start with some elementary notions of model specification. Then we discuss the 
modeling of marketing dynamics and implementation criteria with respect to model 
structure. This is followed by a presentation of descriptive, predictive and normative 
models, models to diagnose competition, etc. We discuss many specification issues 
such as aggregation, pooling, asymmetry in competition and the modeling of inter­
dependencies between products. The primary focus is on models parameterized with 
aggregate data. In Chapter 12 we introduce models that describe individual (choice) 
behavior. 

Part III ( 4 chapters) covers topics such as data collection, parameterization and 
validation. We present estimation methods for both objective and subjective data. 

Aspects of implementation are the topics of Part IV, which covers (three) chapters 
on determinants of model implementation, cost-benefit considerations and the future 
of marketing models. 

Chapters 2-10 in this book correspond with chapters 2-9 ofNaert and Leeflang ( 1978). 
These chapters have been updated and rewritten. Chapters 11-18 are new and/or are 
completely rewritten. Chapters 19 and 20 are partly based on Chapters 13 and 14 
from Naert, Leeflang. The discussion about the future of marketing models (Chapter 
21) is new. 

Several colleagues have contributed with their comments on various drafts. We thank 
Albert van Dijk, Harald van Heerde, Martijn Juurlink, Marcel Komelis and Tom 
Wansbeek (all from the Department of Economics, University of Groningen) for 
their comments. Harald's input deserves special attention because he is the author of 
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Section 16.7. We are also indebted to our students whose suggestions improveQ the 
readability of the text. Four of them should be mentioned explicitly: Hans Mommer 
and Martijn van Geelen, who gave important inputs to Section 16.9, Martijn Juurlink 
and Brian Lokhorst. We are much indebted to Albert van Dijk, Martijn Juurlink and 
Suwami Bambang Oetomo for deciphering many barely readable scribbles and for 
creating a carefully typed form. We would like to thank Siep Kroonenberg for her 
technical assistance with LaTeX. Albert also showed that he is very adept at managing 
the manuscript through the various stages until its completion. 

Peter Leeflang, Groningen 
Dick Wittink, New Haven/Groningen 
Michel Wedel, Groningen 
Philippe Naert, Tilburg 
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