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1 Introduction

Marketing managers make decisions about products, brands, advertising, promotions, price, and distribution channels, based on deep knowledge about customers. The outcomes of marketing decisions are dependent on the behavior of other actors such as competitors, suppliers and resellers. Furthermore, uncertain factors such as the overall economy, the state of the financial sector and (international) political developments play an important role. Marketing decision making not only refers to tactical marketing mix instruments (the well-known 4Ps), but also to strategic issues, such as product development and innovation and long term decisions with respect to positioning, segmentation, expansion, and growth. 

This short description illustrates that marketing is a complex field of decision making. Some marketing problems are relatively well-structured (especially the more tactical marketing mix problems), but there are also many weakly-structured or even ill-structured problems. Many marketing phenomena can be expressed in numbers, for example sales (in units or dollars), market share, price, advertising expenditures, number of resellers, retention/churn, customer value, etc. Such variables can be computed and their mutual relationships can be quantified. However, there are also many qualitative problems in marketing, especially the more strategic ones. Therefore, besides computation, marketing decision making also involves a large degree of judgment and intuition in which the knowledge, expertise, and experience of professionals play an important role. It is clear that marketing decision making is a combination of analysis and judgment.

As we will see below, the analytical part of marketing decision making is well served with a rich collection of sophisticated mathematical models and procedures for estimation and optimization that support marketing decision making. However, this is much less the case for the judgmental part where knowledge and expertise play an important role. The question is whether the acquisition and use of knowledge and expertise by marketing decision makers and their application to actual marketing problems can also benefit from appropriate decision support technologies. In this book on marketing intelligent systems, it is logical to ask what the field of Artificial Intelligence can contribute here. Artificial Intelligence (AI) deals with human intelligence and how this can be represented in computers. Important topics in AI are knowledge, knowledge representation, reasoning, learning, expertise, heuristic search, and pattern recognition. All these elements are relevant in the daily life of marketing decision makers who constantly use their knowledge, expertise and intuition to solve marketing problems. Therefore, potentially AI can make an important contribution to marketing decision making. However, so far this potential has only been realized to a very limited extent. This contribution takes a closer look at the opportunities for AI in marketing, takes stock of what has been achieved so far, and discusses perspectives for the future. 

2 Marketing problem-solving modes

We start with a discussion about marketing problem-solving modes. These are specific ways of making marketing decisions. Basically, decision making is dependent on three factors: the marketing problem, the decision maker, and the decision environment. This results in four different marketing problem-solving modes: Optimizing, Reasoning, Analogizing, and Creating (ORAC) (Wierenga and Van Bruggen 1997; 2000). 

The ORAC model is depicted in Figure 1 and shows the full continuum of how marketing decision makers deal with problems. At the one extreme we have hard calculation (“clocks of mind”), and at the other we have free flows of thought, mental processes without a clear goal (“clouds of mind’). We briefly discuss the four marketing problem-solving modes.
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Fig. 1: The ORAC model of marketing problem-solving modes (Wierenga and van Bruggen 1997; 2000)

Optimizing implies that there is an objectively best solution that can be reached by proper use of the marketing instruments. This is only possible if we have precise insight in the mechanism behind the variable that we want to optimize (e.g. sales, market share or profit). Once this mechanism is captured in a mathematical model, the best values for the marketing instruments (dependent on the objective function) can be found by applying optimization or simulation. An example of optimizing is deciding on the best media plan (i.e. the allocation over media such as TV, press, internet) for an advertising campaign, once the advertising budget and the relevant reach and costs data of the media are known. 

Reasoning means that a marketer has a representation (mental model) of certain marketing phenomena in mind, and uses this as a basis for making inferences and drawing conclusions. For example, the decision maker may have a mental model of the factors that determine the market share of his brand. Suppose that this is relatively low in one particular geographical area. The manager might then reason (if ….then…) that this can be due to several possible causes, (i) deviant preferences of consumers; (ii) low efforts of salespeople; or (iii) relatively strong competition (Goldstein 2001). Market research can help to verify each of these possible causes and will result in decisions about possible actions (e.g. change the taste of the product; increase the salesforce). The outcomes of market research may also lead to the updating of managers’ mental models.

Analogizing takes place when marketing decision makers, confronted with a problem, recall a similar problem that previously occurred and was solved in a satisfactory way. Decision makers often organize their experiences in the form of “stories”. New cases are easily interpreted using existing stories, and solutions are found quickly, often automatically. This type of analogical reasoning occurs very often in marketing. For example, when a new product is introduced, experiences with earlier product introductions act as points of reference. 

Creating occurs when the decision maker searches for novel and effective ideas and solutions. This means mapping and exploring the problem’s conceptual space and involves divergent thinking. In marketing, creating is a very important marketing problem-solving mode. Marketers are always looking for innovative product ideas, catchy advertising themes and imaginative sales promotion campaigns.

3 Marketing problem-solving modes and decision support technologies

Over time a rich collection of decision aids have become available that can support marketing managers to improve the effectiveness and efficiency of their decisions. The complete set is referred to as marketing management support systems (MMSS). (Wierenga and van Bruggen 2000). Figure 2 shows how the decision support technologies used in these MMSS are related to the marketing problem-solving modes. The mapping to marketing problem-solving modes is not exactly one-to-one, but Figure 2 shows the overall tendencies. 
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Fig. 2: Marketing problem-solving modes and decision support technologies

Marketing management support systems can be divided in two categories, data-driven and knowledge-driven. Marketing data have become available abundantly over the last few decades (e.g. scanner data; internet data) and data-driven decision support technologies are very prominent in marketing. They are particularly important for optimizing and reasoning. Methods from operations research (OR) and econometrics play an important role here. For example, OR methods can be used to optimally allocate the advertising budget over advertising media and econometric analysis can help to statistically determine the factors that affect market share. As we have just seen, the latter information is useful for reasoning about possible marketing actions, and for the updating of managers’ mental models. Predictive modeling techniques used in Customer Relationship Management (CRM) and direct marketing are also data-driven. (Neural nets-NN is a predictive modeling technique that has its roots in AI). 

Knowledge-driven decision support technologies are particularly useful for marketing problem-solving modes that deal with weakly structured problems, parts (i.e. the qualitative element) of reasoning, analogizing, and creating.  Knowledge-based systems (KBS) and expert systems (ES) are important examples. The latter, in particular, can also be used for reasoning about the factors behind particular marketing phenomena, for example the success of new products, or the effect of an advertising campaign. Decision support technologies based on analogical reasoning, such as case-based reasoning (CBR) have great potential for the analogizing and creating modes. This is also a potential application area for creativity support systems (Garfield 2008).

4 The state of artificial intelligence (AI) in marketing

Figure 2 shows that the potential for knowledge-driven decision support technologies in marketing is high. Contributions from AI are possible for three of the four marketing problem-solving modes. However, reality does not reflect this. To date, data-driven approaches, mostly a combination of operations research and econometric methods are dominant in marketing management support systems. It is safe to say that data-driven, quantitative models (i.e. the upper-right corner of Figure 2) make up over 80% of all the work in decision support systems for marketing at this moment. Compared to this, the role of artificial intelligence in marketing is minor
. The number of publications about AI approaches in marketing literature is limited and the same holds true for the presence of marketing in AI literature.

In 1958 Simon and Newell wrote that “the very core of managerial activity is the exercise of judgment and intuition” and that “large areas of managerial activity have hardly been touched by operations and management science”. In the same paper (in Operations Research) they foresaw the day that it would be possible “to handle with appropriate analytical tools the problems that we now tackle with judgment and guess”. Strangely enough, it does not seem that judgment and intuition in marketing have benefitted a lot from the progress in AI since the late fifties. It is true that AI techniques are used in marketing (as we will see below), but only to a limited degree. 

There are several (possible) reasons for the limited use of AI in marketing.

· Modern marketing management as a field emerged in the late 1950s. At that time, operations research and econometrics were already established fields. In fact, they played a key role in the development of the area of marketing models (Wierenga 2008), which is one of the three academic pillars of contemporary marketing (the other pillars are consumer behavior and managerial marketing). Artificial intelligence as a field was only just emerging at that time.

· OR and econometrics are fields with well-defined sets of techniques and algorithms, with clear purposes and application goals. They mostly come with user-friendly computer programs that marketers can directly implement for their problems. However, AI is a heterogeneous, maybe even eclectic, set of approaches, which often takes considerable effort to implement. Moreover, most marketing academics are not trained in the concepts and theories of AI.

· The results of applications of OR and econometrics can usually be quantified, for example as the increase in number of sales or in dollars of profit. AI techniques, however, are mostly applied to weakly-structured problems and it is often difficult to measure how much better a solution is due to the use of AI, for example a new product design or a new advertising campaign. Marketers seem to be better at ease with rigorous results than with soft computing. 

There may also be reasons on the side of AI. 

· There seems to be little attention for marketing problems in AI. A recent poster of the “The AI Landscape” (Leake 2008) shows many (potential) applications of AI, ranging from education, logistics, surgery, security, to art, music, and entertainment, but fails to mention marketing, advertising, selling, promotions or other marketing-related fields.

· Perhaps the progress in AI has been less than was foreseen in 1958. In general, there has been a tendency of over-optimism in AI (a point in case is prediction about when a computer would be the world’s chess champion). The promised analytical tools to tackle judgmental marketing problems may come later than expected. 

4.1 Applications of AI in marketing

The main applications of AI in marketing so far are expert systems, neural nets, and case-based reasoning. We discuss them briefly.

4.1.1 Expert systems

In the late eighties, marketing knowledge emerged as a major topic, together with the notion that it can be captured and subsequently applied by using knowledge-based systems. In marketing, this created a wave of interest in expert systems. They were developed for several domains of marketing (McCann and Gallagher 1990). For example: systems (i) to find the most suitable type of sales promotion; (ii) to recommend  the execution of advertisements (positioning, message, presenter); (iii) to screen new product ideas, and (iv) to automate the interpretation of scanner data, including writing reports. Around that time, over twenty expert systems were published in marketing literature (Wierenga & van Bruggen 2000 Chapter 5).An example of a system specially developed for a particular marketing function is BRANDFRAME (developed by Wierenga, Dalebout, and Dutta 2000; see also Wierenga and van Bruggen 2001). This system supports a brand manager, which is a typical marketing job. In BRANDFRAME the situation of the (focal) brand is specified in terms of its attributes, competing brands, retail channels, targets and budgets. When new marketing information comes in, for example from panel data companies such as Nielsen and IRI, BRANDFRAME analyzes this data and recommends the marketing mix instruments (for example: lower the price; start a sales promotion campaign). It is also possible to design marketing programs in BRANDFRAME, for example for advertising or sales promotion campaigns. The system uses frame-based knowledge representation, combined with a rule-based reasoning system. In recent years, marketing literature has reported few further developments in marketing expert systems.

4.1.2 Neural Networks and predictive modeling

Around 2000, customer relationship management (CRM) became an important topic in marketing. An essential element of CRM (which is closely related to direct marketing) is the customer database which contains information about each individual customer. This information may refer to socio-economic characteristics (age, gender, education, income), earlier interactions with the customer (e.g. offers made and responses to these offers, complaints, service), and information about the purchase history of the customer (i.e. how much purchased and when). This data can be used to predict the response of customers to a new offer or to predict customer retention/churn. Such predictions are very useful, for example for selecting the most promising prospects for a mailing or for selecting customers in need of special attention because they have a high likelihood of leaving the company. A large set of techniques is available for predictive modeling. Prominent techniques are neural networks (NN) and classification and regression trees (CART), both with their roots in artificial intelligence. However, also more classical statistical techniques are used such as discriminant analysis and (logit) regression (Malthouse and Blattberg 2005; Neslin et al 2006). CRM is a quickly growing area of marketing. Companies want to achieve maximum return on the often huge investments in customer databases. Therefore, further sophistication of predictive modeling techniques for future customer behavior is very important. Fortunately, this volume contains several contributions on this topic.

4.1.3 Analogical reasoning and case-based reasoning (CBR)

Analogical reasoning plays an important role in human perception and decision making. When confronted with a new problem, people seek similarities with earlier situations and use previous solutions as the starting point for dealing with the problem at hand. This is especially the case in weakly structured areas, where there is no clear set of variables that explain the relevant phenomena or define a precise objective. In marketing we have many such problems, for example in product development, sales promotions, and advertising. Goldstein (2001) found that product managers organize what they learn from analyzing scanner data into a set of stories about brands and their environments. Analogical reasoning is also the principle behind the field of case-based reasoning (CBR) in Artificial Intelligence. A CBR system comprises a set of previous cases from the domain under study and a set of search criteria for retrieving cases for situations that are similar (or analogous) to the target problem. Applications of CBR can be found in domains such as architecture, engineering, law, and medicine. By their nature, many marketing problems have a perfect fit with CBR. Several applications have already emerged, for example CBR systems for promotion planning and for forecasting retail sales (see Wierenga & van Bruggen 2000, Chapter 6). A recent application uses CBR as a decision support technology for designing creative sales promotion campaigns (Althuizen and Wierenga 2009). We believe that analogical reasoning is a fruitful area for synergy between marketing and AI.

4.2 Perspective

Although there is some adoption of AI approaches in marketing, the two areas are almost completely disjoint. This is surprising and also a shame, because the nature of many marketing problems makes them very suitable for AI techniques. There is a real need for decision technologies that support the solution of weakly-structured marketing problems. Van Bruggen and Wierenga (2001) found that most of the existing MMSS support the marketing problem-solving mode of optimizing, but that they are often applied in decision situations for which they are less suitable (i.e. where the marketing problem-solving modes of reasoning, analogizing or creating are applicable). Their study also showed that a bad fit between the marketing-problem-solving mode and the applied decision support technology results in significantly less impact of the support system. 

It would be fortunate if further progress in AI can help marketing to deal with the more judgmental problems of its field. Reducing the distance between marketing and AI also has an important pay-off for AI. Marketing is a unique combination of quantitative and qualitative problems, which gives AI the opportunity to demonstrate its power in areas where operations research and econometrics cannot reach. Marketing is also a field where innovation and creativity play an important role. This should appeal to the imaginative AI people. 

Hopefully the current volume will be instrumental in bringing marketing and AI closer together.
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� Here we refer to the explicit use of AI in marketing. Of course, AI principles may be imbedded in marketing-related procedures such as search algorithms for the Internet).





