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1 Introduction and problem definition 

1.1 Introduction 

This dissertation focuses on understanding and modeling consumer attitudes, which could 

be spatially dependent, with factor analytic models. The central theme is to address, understand 

and further benefit from the fact that consumer attitudes may be correlated over space. So far, 

most of the approaches to study attitudes assumed spatial independence (i.e. that location does 

not matter). We argue, that in many cases space matters and attitudes observed in one 

geographical location are correlated with attitudes observed in other, usually neighboring, 

locations. 

The research presented here has three main objectives. First, we investigate how spatial 

modeling approaches can be applied to model such constructs as attitudes. Second, we develop 

new methodologies to model spatially correlated consumer attitudes. Finally, we provide new 

implications for researchers who work with latent constructs and for managers who want to 

benefit from applying the proposed approach. 

We continue this chapter by providing direction for research on the spatial dependence of 

consumer attitudes in Section 1.2. Further, in Section 1.3 we discuss the importance of spatial 

modeling in social sciences and the consequences of the failure to address spatial dependence. 

Section 1.4 addresses successful applications of spatial modeling in marketing. In Section 1.5 we 

present the problem definition and in Section 1.6 we discuss the relevance of the proposed 

framework for researchers and practitioners. Finally, Section 1.7 outlines the structure of the 

dissertation. 
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1.2 Motivation and contribution 

"Attitude is a psychological tendency that is expressed by evaluating a particular entity 

with some degree of favor or disfavor" (Eagly and Chaiken 1993, p.1). Attitudes are extensively 

studied in social sciences, especially in psychology and marketing. There are many applications 

where attitudes play a valuable role to understand certain phenomena. For example, attitudes 

toward advertising (Tsang, Shu-Chun, and Ting-Peng 2004; Carroll et al. 2007) or brands (Batra 

et al. 2000; Maison, Greenwald, and Bruin 2004; Hupp and Powaga 2004), repeat purchases 

(Grewal, Mehta, and Kardes 2004) or marketplace (Balasubramanian and Kamakura 1989; 

Alden, Steenkamp, and Batra 2006), as well as attitudes toward risk or financial products (Keller 

and Siegrist 2006; Gilad and Kliger 2008). However, though literature on attitudes is extensive, 

surprisingly there is no literature where the spatial dependence of attitudes is addressed or 

modeled. 

An attitude is a hypothetical construct and cannot be observed directly. The most 

common approach to measuring unobservable constructs is to use factor models applied to a 

series of questions or items that cover the attitudinal domain of interest (King 1960; Wilson 

1970; Samuelson and Biek 1991; Milfont and Duckitt 2004; Mokhtarian, Ory, and Cao 2009). In 

factor models, the observed variables are modeled as a linear combination of common latent 

factors (attitudes) and specific factors (error terms). 

Regarding the factor analytic models, they have a proven track record of success in 

recovering hidden dimensions and modeling relationships between latent and observed variables. 

The first methods were based on an assumption of homogeneity across respondents (Joreskog 

1969), but the methods were later extended to deal with heterogeneity in mean structures by 

accommodating known groups (Joreskog 1971; Sorbom 1981) and unknown groups (Jedidi, 
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Jagpal, and DeSarbo 1997; Yung 1997; Arminger, Stein, and Wittenberg 1999) in the model, and 

most recently, accommodating the heterogeneity not only in means, but also in covariance 

structures (Ansari, Jedidi, and Dube 2002). Nonetheless, there were no attempts to address the 

possible spatial dependence in the factor structure. This is important because heterogeneity and 

spatial dependence should be modeled simultaneously as they go hand in hand. Addressing 

heterogeneity in factor models is very important, because, as was shown by Ansari et al. (2002), 

ignoring it causes sign reversals of factor covariances, inflation of factor variances and 

underappreciation of uncertainty in parameter estimates. However, while addressing structural 

variation is crucial for producing proper inference, addressing spatial dependence can reflect 

patterns of heterogeneity, which can have substantial application potential. 
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The analysis of extant literature enabled us to identify several gaps in it. The first one 

involves ignoring spatial dependence in understanding attitudes. The second one deals with the 

absence of methodology to account for spatial dependence in the factor structures. Finally, there 

is a lack of models which simultaneously include spatial dependence and heterogeneity. We aim 

to fill these gaps and contribute to the literature as shown in Figure 1.1. 

1.3 Importance of spatial modeling 

One of the fundamental concepts in geography is that nearby entities often share more 

similarities than do entities that are far apart. It is often labeled as "Tobler's First Law of 

Geography" and may be summarized as "everything is related to everything else, but near things 

are more related than distant things" (Tobler 1970, p.236). This rule might be applicable to 

consumer attitudes as well. 

The last decade may be characterized by increasing interest in spatial models. Though 

spatial models were initially developed in geography, more and more often they are applied to 

the social sciences. This cross-field convergence is mostly supported by the acknowledgement 

that many day-to-day phenomena have a spatial component. It is not surprising that the 

methodology of spatial econometrics has evolved from a simple instrument (Ord 1975; Cliff and 

Ord 1981) to a strong and formal econometric theory (for example, Cressie 1993; Conley 1999; 

Kelejian and Prucha 2002; Anselin, Florax, and Rey 2004; Lesage and Pace 2009). 

Among the important topics of spatial econometrics are: specification, which can be 

attributed to the choice of type of spatial model (Blommestein 1983; Florax and Folmer 1992; 

Florax, Folmer, and Rey 2003) and the choice of spatial weights (Stetzer 1982; Leenders 2002; 

Anselin 2002; Pace and Lesage 2004); estimation (Mardia and Marshall 1984; Lesage 1997; 

Kelejian and Prucha 1998; Conley 1999); and testing (Burridge 1981; Anselin and Rey 1991; 
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Anselin et al. 1996; Florax and de Graaff 2004). 

Taking into account the spatial component is very important and neglecting it can lead to 

problems with spatially correlated residuals. For instance, the most frequently applied ordinary 

least squares (OLS) estimator is inefficient, the estimator of the residual variance is biased, the 

values of the estimated 2R  are inflated and inference procedures are invalid (Cliff and Ord 

1981). Also, spatially correlated residuals affect the properties of tests regarding model selection 

and heteroskedasticity (Anselin and Griffith 1988; Anselin 1990). Conversely, heteroskedasticity 

affects tests on spatial dependence (Anselin and Rey 1991). In general, ignoring the spatial 

relationship is analogous to ignoring the ordering of time-series data. Spatial models are very 

flexible by nature and researchers have to make a lot of decisions in order to specify the model. 

However, this flexibility comes for expense of necessity of increased attention both to theoretical 

justification of spatial processes and to quantitative implementation. 

1.4 Spatial modeling in marketing 

Spatial models have been successfully applied in marketing for modeling numerous 

phenomena. Moreover, taking into account spatial dependence in many cases has helped uncover 

interesting patterns and solve difficult problems that were impossible to solve otherwise. The 

general overview of applications of spatial models in marketing can be found in Bradlow et al. 

(2005) and Bronnenberg (2005). Below is a non-exhaustive list of examples of the successful 

application of spatial modeling in marketing. 

Brand performance. In their paper Bronnenberg and Sismeiro (2002) show how spatial 

modeling can be used to make predictions about brand performance in markets for which no or 

poor data exist. To obtain these predictions, the authors propose a model for market similarity 

that incorporates the structure of the retailing industry and the geographic location of markets. 
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Innovation diffusion and adoption of new products. Bronnenberg and Mela (2004) 

propose a model of the spatial and temporal evolution of retail distribution for new packaged 

goods. The authors show that the attraction of a particular market as a lead market depends on its 

location in the geographical structure of the retail trade. In another paper Garber et al. (2004) 

show that managers can use the spatial dimension of sales data to predict the success of new 

product shortly after launch time. 

Retailer behavior. In their paper, Bronnenberg and Mahajan (2001) argue that inferring 

market responses using cross-sections of multimarket data may in some cases be misleading 

because these data also reflect unobserved actions by retailers. The solution comes from applying 

spatial modeling to this problem. Specifically, the authors use the fact that retailers have trade 

territories consisting of multiple contiguous markets. This implies that the unobserved actions of 

retailers cause measurable spatial dependence among the marketing variables. 

Geographical markets. The study of Jank and Kannan (2005) deals with understanding 

geographical markets of online firms using spatial models. They propose a spatial multinomial 

model of customer choice and illustrate how spatial modeling of choices of online customers 

across geographical markets provides useful insights in the context of a product mix and pricing 

decision of an online book publisher. For instance, the recovered spatial decision maps can be 

used for targeting customers through local market advertising, direct marketing, and cross-

channel promotion. 

Spatial segmentation of markets. In their paper Ter Hofstede, Wedel and Steenkamp 

(2002) propose a new methodology that helps to improve the identification of spatial segments 

by using information on the location of consumers. Their methodology identifies spatial 

segments based on consumer needs and at the same time uses spatial information at the sub-
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country level. The identified segments give rise to different retail positioning strategies. 

Shelf-space elasticities. In order to obtain valid estimates of shelf space elasticities, van 

Dijk et al. (2004) propose an approach that incorporates the spatial correlation between shelf 

space and the error term resulting from store, consumer and competitor characteristics. The 

empirical results suggest that incorporating spatial correlation corrects for endogeneity and 

provides valid shelf space elasticities contrary to traditional approaches. 

Consumer preferences. Yang and Allenby (2003) introduce a Bayesian spatial 

autoregressive discrete-choice model to study preference interdependence among individual 

consumers. Such spatial autoregressive specification can reflect patterns of heterogeneity in 

which influence propagates within and across networks. Moreover, these patterns cannot be 

modeled with standard random-effect specifications and can be difficult to capture with 

covariates in a linear model. 

Satisfaction. When firms’ customers are located in geographically dispersed areas, it can 

be difficult to manage service quality because its relative importance is likely to vary spatially. In 

their study Mittal, Kamakura and Govind (2004) show how addressing such spatial aspects of 

satisfaction data can improve management’s ability to implement programs aimed at enhancing 

service quality. 

1.5 Problem definition 

Though application of spatial modeling proved to be quite beneficial in addressing many 

issues in marketing, the spatial dependence of heterogeneous consumer attitudes has been 

ignored in the literature so far. Therefore, the central problem of this dissertation can be 

formulated as follows. 
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How can the spatial dependence of heterogeneous consumer attitudes be specified and 

modeled, what additional benefits can the recovering of spatial dependence bring and 

how can these benefits be utilized by researchers and practitioners? 

Based on this problem definition we specify four research questions which are addressed 

in the following chapters. 

1. What are the most important issues and challenges in specification of spatial models 

and weights matrices? 

2. How can the spatial modeling framework be used to address spatial dependence and 

the heterogeneity of attitudes? 

3. How can factor analytic models incorporate the spatial dependence of heterogeneous 

attitudes? 

4. What are the benefits of identifying spatial dependence in attitudes, and how can 

researchers and practitioners benefit from the proposed methodology? 

1.6 Methodological and managerial relevance 

There are several important methodological questions regarding the application of spatial 

models. The first question is why spatial modeling is appropriate in certain cases. Anselin (2002) 

distinguishes between two approaches to specification of spatial models: theory-driven and data-

driven. Theory-driven models and related to interactions between units of analysis (for example, 

a spatial lag model), while data-driven models involve the peculiarities of the data with an 

emphasis on filtering out the spatial nuisance (for example, a spatial error model). We analyze 

both approaches and investigate the consequences of such misspecifications on parameter 

estimates. 
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The second question is related to the way spatial dependence is captured. The most 

commonly applied approach is to use weights matrices which show how each unit of analysis is 

related to other units. The choice of the weights matrix is very important, as its misspecification 

influences testing procedures, parameter estimates and further inferences. Therefore, we study 

the influence of such misspecifications of weights matrices. 

Another methodological issue concerns situations when spatial dependence is desired to 

be captured in factor analytic models. So far, most research on spatial models deals with 

regression-type models and the latent variables in factor analysis are modeled as non-interacting 

spatially-independent units, but this assumption may not always be appropriate. To relax this 

assumption we develop a new Bayesian Spatial Factor Analytic (BSFA) model which takes into 

account spatial dependence in latent constructs. This model is effectively applied to the Schwartz 

values data across several European countries and unveils interesting spatial patterns among 

some of the value domains which were not explored before. Another application of BSFA to 

financial attitudes data in the Netherlands further strengthens the value of the proposed model. It 

was not only useful for extracting hidden patterns of attitudes toward financial products, but it 

also produced input for solving an important problem in the financial industry, namely optimal 

spatial allocation of financial planners. 

This allows us to outline the managerial relevance of the thesis. Firstly, we present the 

managers with a tool in the form of a BSFA model to extract latent, spatially-dependent 

consumer attitudes. Secondly and more specifically, this model is useful for understanding 

attitudes toward financial products, which is crucial for success of financial institutions. Thirdly, 

based on the output of the model, companies can target their customers more efficiently. 

Specifically, the characteristics of the servable regions can be instrumental for assigning 
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financial planners to them. Finally, the proposed optimization algorithm can facilitate sales force 

optimization, which is illustrated by the problem of financial planners’ geographical allocation. 

1.7 Outline of the thesis 

The dissertation has a modular structure, where each chapter is represented by an article 

to be published in a scientific peer-reviewed journal. These articles are linked together to form a 

thesis where we investigate the issues of spatial modeling, develop and assess new 

methodologies for modeling attitudes, and demonstrate its applicability to real data, together with 

formulating methodological recommendations and discussing managerial implications. All 

studies are presented in the original form with slight modifications in notation and layout for the 

purpose of consistency. The rest of the thesis is organized as follows. 

The first study (Stakhovych and Bijmolt 2009) in Chapter 2 addresses the specification 

issues of spatial models and the consequences of their misspecification. It studies the sensitivity 

of testing and estimating spatial models with different weights matrix specifications, and 

formulates recommendations for researchers regarding model selection and specification of 

weights matrices. These recommendations are used in the other two papers. The research is 

based on Monte Carlo simulations with synthetic data. 

In the second study (Stakhovych, Bijmolt, and Wedel 2010a) in Chapter 3 a new 

Bayesian Spatial Factor Analytic (BSFA) model is developed. The model is assessed on 

synthetic data and applied to Schwartz value priority data from five European countries. The 

results from simulations demonstrate the model’s ability to recover true parameters, while 

application to Schwartz values data reveal interesting spatial patterns of some value domains 

which otherwise would not have been detected. The model is implemented in a Bayesian 

framework. 
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Further, the third study (Stakhovych, Bijmolt, and Wedel 2010b) in Chapter 4 is devoted 

to extending the proposed BSFA model by introducing exogenous covariates, which can 

influence the latent constructs, and adapting the model with cutoff point formulation to 

accommodate the discrete measurement scale. It is shown analytically and in simulations that 

ignoring spatial dependence produces biased and inefficient estimates. Model performance is 

evaluated on synthetic data and its applicability is demonstrated in an empirical study of 

consumer attitudes in the financial domain. Next, a new procedure for spatial scheduling based 

on the model results is introduced and compared with a naïve traditional approach, confirming 

the superiority of the former. 

Finally, Chapter 5 is devoted to the general discussion where the main conclusions of the 

thesis are summarized, methodological and managerial implications are discussed and avenues 

for further research are presented together with some limitations. 

 

 






