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Abstract

The activities of pharmaceutical companies in developing, pricing and marketing their products continues to be controversial, and literatures exist on each subject, but very little has been published modeling their joint determination. Using standard, neoclassical micro-economic assumptions of profit-maximization we develop a model of the decision-making process which yields an interior equilibrium, solve the model and conduct a comparative statics analysis. We find a strong, direct relationship between expenditures on marketing and research. Marketing and research are not substitutes, but complements. Exogenous changes in the research environment which lead to an increase in research will also lead to a more than one-for-one increase in marketing. Increasing shares of pharmaceutical costs paid directly by consumers will lead to an increase in marketing activity. We conclude that empirical studies of firm behavior may yield biased results if they do not consider the simultaneous nature of the pharmaceutical firm’s decisions.
This is a first draft. Please do not cite or quote without permission. Comments and criticism are welcome. Please direct communications to: sts204@lehigh.edu . 

“It is astonishing what foolish things one can temporarily believe if one thinks too long alone, particularly in economics…” – J. M. Keynes
1. Introduction

Pharmaceutical companies are accused of many things, these include greed, indifference to public welfare, price gouging, deception and illegal behavior. (Angell 2004, Relman 2003)  They are not commonly accused of indifference to pecuniary gain. In the standard model of firm investment executives select from a list of investments those with the greatest expected return, subject to some restrictions on the size of the investment required and likelihood of success. If we think of individual projects as having a fixed expected rate of return it is not clear why marketing and R&D expenditures would be related in the absence of binding financing constraints. However, the return on a dollar invested in research is not fixed; it depends on the ability of a firm to gain sales for a newly approved drug – that is, on marketing. Similarly, the return on a firm’s marketing expenditure is will generally depend on the products emerging from the R&D pipeline. While this may seem obvious, there has been little investigation into ways in which changes in the marketing environment may change R&D incentives or how changes in the research environment might alter incentives for marketing. 

Understanding the relationship between the two types of investment may be important for the efficient regulation of the pharmaceutical industry. Developing new products is generally acknowledged to enhance social welfare, though there are consistent complaints that pharmaceutical firms do not invest to maximize social welfare. (Global Health Research Forum 2002, Bailey R. 2005) Controlling toenail fungus may be a more attractive market for firms than developing new therapies for malaria, but under some social welfare functions saving a million or so lives a year from disability and premature death may be contribute more to welfare than increasing the attractiveness of people’s feet. (Silverstein, 1999)  Drug marketing is a more controversial activity. Some marketing activities are informational; and if this leads to increased use of new therapies it may be welfare improving. (Calfee 2002) However, other marketing activities may be largely persuasive – moving patients from a competing therapy. This type of “Coke vs. Pepsi” activity may dissipate some of the gains from R&D, but may be in each individual firm’s best interest. (Angell 2004)
By exploring the relationship between marketing and R&D expenditure using a simple model of firm behavior we can potentially find ways to increase R&D expenditure and decrease marketing expenditure without directly regulating firm pricing decisions or profits. Firms are profit maximizing, but what behavior maximizes profits depends on the institutional setting within which a firm makes its decisions. One advantage of this indirect regulation is that firms may find it less objectionable than price or profit controls, and if it reduces public outcry it may in fact solve a substantial public relations problem. A second advantage is that it may reduce socially non-productive rent-seeking behavior by firms. The results in this paper are a small first step in exploring new forms of co-existence between pharmaceutical firms and the general public.     

This paper is a theoretical investigation. We ask the question: If pharmaceutical companies behave in accord with a standard neo-classical model, and their demand curves take certain plausible mathematical forms, what relationships and characteristics would their optimal decisions exhibit? While the real world is messier and more complicated, the authors view this article as the starting point for a larger investigation. We need to know what firms would do under the standard assumptions economists make about decision-making behavior.

We proceed in the next section to provide a review of selected literature that illustrates the research on similar topics in firm behavior over the last 20 years, though most of this work is not directly concerned with the marketing of pharmaceuticals. We then, we present the model in section three and develop it sufficiently to complete and interpret some comparative static analyses in the fourth section. Finally, we offer some suggestions for further directions for productive research, discuss the limitations of our current effort, and state our tentative conclusions.

2. Literature Review 
We have drawn on three separate streams of research on firms where R&D to develop intellectual property is intertwined with aspects of firm behavior. This literature has grown substantially in the past decade. The first thread began with an academic article published in 1972, which focused on the R&D process itself as a major driver of successful change for pharmaceutical firms.  The second thread came from a broad, social science view of marketing literature in the 1980’s.  At about the same time, the third strand originated in the organizational behavior literature on the innovation and new product development process which by the 1990’s included intellectual property as a subject of analysis. We have learned from all three literatures, and hope that our effort is of some service to all three.

In the 1960’s the relation between investment and growth enjoyed a resurgence in the 1960s as econometric methods were combined with the neoclassical model of a firm in order to measure economic sources of growth, so important politically in the post-WWII, Cold War world.  For the pharmaceutical industry, Bailey (1972) was the first to apply the concepts of a economic production function and financial return-on-investment (ROI) function to pharmaceutical firms. He studied the effects of the 1962 introduction of the new FDA efficacy regulations, requiring randomized clinical trials, on the output of new drug introductions and their ROIs. His model assumed a limited input of the stock of new ideas, so as the firm created new drug knowledge this stock decreased. This led him to conclude both that a weaker relationship existed between inputs and output with the R&D process and also that the risk increased for any one product to turn a sizeable profit. Bailey did not detect any difference in pharmaceutical firm ROIs, pre- vs. post-1962.  

The 1962 amendments studied by Baily required the efficacy of drugs to be demonstrated by randomized controlled trials (RCTs) . This is now considered part of the process of drug development, and adds substantially to development costs. of By the early ‘80’s once the much higher costs for RCTs began to impact the drug industry, Wiggins (1983) studies the impact of this increased cost with nearly two decades of R&D spending data and additional econometric methods for a more complete analysis of the adjustment process to the 1962 Kefauver-Harris amendments to FDA regulations.  He included dynamic, lagged effects over several therapeutic classes.  He suggested that regulation both had a long lag effect as the research process was redefined to include RCTs and had significantly different impacts among these classes. For the former, he found reduced the expected profitability of R&D by decreasing the net resources available to spend on the actual drug knowledge creation.  For therapeutic classes, the ratio of the estimates of negative regulatory impacts for the least to most was about 4.5, a sizeable spread. 

Sherer (1993) noted similar possible results in his review of the impacts on subsequent legislation such as the Orphan Drug Act of 1983 and the Waxman-Hatch Act of 1984.  He also expressed concern about the need to maintain a balance between the economic incentive of high profits and competitive market forces.  Within a decade as “blockbuster” drugs had become an important strategic objective for large pharmaceutical firms, despite high costs for meeting FDA regulatory goals, Grabowski, et al., (2002) reported 1990’s ROIs in the range of 10 to 13 percent, relatively high compared to some US industries. In the early years of the new century, critics of high pharma profits became more vocal, suggesting monopolistic exploitation. At about the same time as Grabowski’s work, Sherer (2001) was again defending the need for high profits to stimulate R&D and noted the simultaneity between profits and R&D, but also mentioned marketing expenditures as part of this interdependency (p. 220). This recognition of the joint importance of the roles of R&D and marketing in the strategic decisions was a key antecedent of our model, but was not a primary focus of Sherer’s investigation. 

Scherer’s model assumes capital market imperfections. Profit is related to investment because it is less costly for firms to make long-term investments with internally generated funds. If firms could borrow to fund R&D at the same opportunity cost they see for internally generated funds, then there would be no relation between firm profit due to existing product sales and investment in R&D. 

During the same two decade period, the second stream of research on the role of marketing in the pharmaceutical industry began with a study by Mackowiak and Gagnon (1985).  They published their results in a social science journal, not a business marketing journal for the obvious reason that they did not find that advertising had effect on the demand for pharmaceuticals.  Their noted the pros and cons of the “notoriously” high advertising/sales ratio, characteristic of pharmaceutical firms.  This study was one of the first multi-dimensional analyses of the effects of promotional spending on the size of the whole market and within a particular therapeutic category.  Their model highlighted the role of detailing to doctors and the amount of medical journal advertising as the main determinants of the number of new prescriptions of a drug. They concluded that the market demand for drugs did not respond to changes in advertising expenses, thereby breaking the link to adverse health events resulting from “unnecessary overuse” of drugs.  Further, 


…[T]he selective demand elasticity findings indicate that changes in promotional expenditure within their current range are not a good predictor of changes in market share, … [This could possibly explained by] the belief that major source of competition and reason for success in a drug industry originates from new product development [emphasis added] and product differentiation.

Mackowiak and Gagnon acknowledged the then current wisdom that the origins of pharma profitability were new product offerings, i.e., the output from the R&D process.   They recommended that the drug industry acknowledge ineffectiveness and inefficiency of “wasting resources” on advertising.  This would allow funding to be redirected more productively into research for new products that would improve world-wide health. Essentially, their results support the conclusion that R&D and marketing spending are substitutes in the pharma firm. 

By the early 1990’s Sutton (1991) recognized that there was a more complex relationship to be investigated between advertising and “setup costs,” which included R&D.  He introduced the novel concept of “endogenous sunk costs,” especially in industries where there was a significant concentration of market power.  Using a two-stage game theoretic model, he developed a new set of linkages among general player-firms: as concentration in market power increases, “toughness” in competitive price negotiations increases the need for both advertising to influence demand and R&D to supply new drugs, thereby decreasing entrants in specific market segments and inducing further concentration. Focusing on advertising-intensive firms initially, he found the solution included a direct relationship between the relative amount of advertising required and the equilibrium of the industry.  That is, increased setup cost results in a higher level of concentration. In order to test his conclusions, Sutton examined a number of consumer products industries, with a heavy emphasis on food of various types. His general implication was that the concept of endogenous sunk costs can apply to any form of sunk outlays that increase consumers’ willingness-to-pay for a specific company’s product(s). Thus, the usual neoclassical separation between fixed costs, which affect supply behaviors, and consumer market demand is not maintained and becomes endogenous, resulting in feedbacks between the two sides of the market. While Sutton did not study the drug firms, if this endogeneity from past R&D outlays to current demand were weak, we would likely see the top 10 pharma firms changing ranking relatively often. However, with the exception of merger and acquisition events, the composition of this group of large firms changes very slowly.

Sutton’s concept and model provided the basis for Matraves (1999) pharmaceutical industry case study of the interdependent effects of market structure and market size, linked by endogenous sunk costs of both “advertising and/or R&D.”  We noted her use of this somewhat indecisive characterization of the relationship as either one of substitution or complementarity until half-way through the paper (p. 183) when she states that these two are “imperfect substitutes.” In addition to verifying the applicability of Sutton’s model to the pharmaceutical market structure, in an economics industrial organization context, Matraves also analyzes the globalization of the industry, comparing the US, Japan and Europe.  Given country specific price regulations or requirements and internationalization of drug test standards, e.g., within the European Union, drug firms have a strong incentive to sell products globally to maximize profits as well as amortize their high R&D costs across a wider base than in one single country.  Thus, she concludes that significant concentration has taken place across national boundaries because of the endogeneity of sunk costs. With Mattrave’s paper in the late 1990’s, we begin to observe the interaction of the three literature streams of economics of technological change through R&D industrial economics and the organizational management, plus her focus within her topic advertising and marketing.  She still, however, subscribes to the view that R&D and marketing are, in the final analysis, substitutes.

Calfee (2002), in the same vein as Mattrave’s reviewed the literature, including several of his own studies from the 1990’s, on the economic function of pharmaceutical marketing as input to the R&D process.  This treated R&D as basically a derived-demand for a fixed input from the demand for a new drug therapy. He maintained the traditional, basically recursive causality from input to output, and emphasized a free market view of the social benefits of an information flow from individual consumers’ needs to entrepreneurial drug-supplying firms.  For its time, following the mid-1990’s turn in the US to market mechanisms to improve information flows and competition among major health care system participants (patients, providers, payers and producers), it provided a useful summary. However, there was little to suggest the complexity in the relationship among R&D, advertising, market concentration and profitability as documented by Sutton and Matraves.

The third major literature stream came from the organizational behavior research area which focused on how firms could become more successful, i.e., positively affect bottom-line profits, by managing the technology R&D process. Griffin’s and Hauser’s (1996) review of the literature, published since the late 1970’s, on the integration of R&D with marketing by covered general strategic management and organizational design topics but had little reference to specific industries.  Their major conclusion was that cooperation among cross-functional teams and a flatter management structure would enhance successful interactions between marketing and R&D staff.   Earlier articles they reviewed relied on the premise that market research “informs” R&D staff about what consumers want in order to direct R&D more effectively.  However, by the mid-1990’s, there was substantial conceptual research on firms learning to improve the integration and cooperative processes: co-location of marketing and R&D staffs, temporary transfers between staffs, development of informal, internal cross-functional networks, and matrix organization structures with improved incentive and reward systems. Knowledge and other intellectual property, according to Bierly and Chakrabarti (1996), could be managed to become a key differentiating success factor for drug firms. 

The most recent article to review important empirical evidence of actual integration strategies that connect the R&D and Marketing decision makers in a pharmaceutical or biotech  organization is Becker and Lillemark (2006).  Citing a wide range of anecdotal evidence, e.g., Bottazzi, et al. (2001) and Redmond ((2001) but, interestingly, not the conceptual and case study work by Sutton and Matraves, Becker and Lillemark considered marketing and R&D as simultaneously determined within the pharma firm’s decision process. Recent research in the early 21st century strategic management literature has emphasized how to organize the most effective and efficient interchange of information between these two groups within a firm.  Becker and Lillemark have the clearest description and case study of how this process should work to reduce market-based uncertainty for a successful pharmaceutical firm:  

From our analysis of the case [of a top 30 European pharmaceutical firm], it appears that in the pharmaceutical industry, some important roles of Marketing input have either emerged recently or have received rather little attention in previous research. The latter would be consistent with the lack of attention to the micro-processes underlying innovation in the pharmaceutical industry. … An important function of Marketing’s input in the case was to provide guidance and (re)-focus the attention of the R&D staff. … the process seemed to have been at least as important as the content.  (p. 122)

In general, they point out that a major benefit of integrating these two functions are reduced uncertainty which allows the firm to “get it right the first time,” and avoid, e.g., abandonment of projects in late stages and development of momentum for hard-to-kill projects. Their recommendation for improving the simultaneous and complementary relationship between marketing and R&D is to recognize and foster the interactive and iterative feedback processes.  The successful drug development process is not linear, but one of “overlapping and co-evolutionary” interrelationships within the firm. 

We concur with Becker and Lillemark’s conclusion that previous marketing literature paid too little attention to the complex relationship between marketing and R&D activities within the firm. This is also the case for the literature in health economics and pharmaco-economics, and this paper should be read as an effort to fill this gap in the literature on pharmaceutical firm behavior.

3. The Model


[image: image1.wmf]
In order to create an analytically tractable model we restrict our attention to linear demand curves in a market where a firm possesses enough market power to disregard other firm’s efforts. This is a significant limitation; while a firm with a patented drug does not face competition from perfect substitutes, in a market with imperfect substitutes a firm will engage in both persuasive and informative marketing efforts. By modeling the market as a monopoly, the firm's only motive for marketing efforts is informative. This fully holds when a drug is the only therapy for a disease state. We discuss efforts to extend the analysis to duopoly in section 5. In this section we ask the reader to imagine a drug firm which sells drugs that treat a related set of diseases. The firm sells access to its products at one price, essentially, consumers can choose to purchase or not purchase access to its available products. The products available are the result of R&D investment, the value the consumer places on access to the products depends on the firm's marketing expenditures. This clearly abstracts from the very complex markets through which insurers, manufacturers, consumers and their employers interact. While firms do not market access to a product line to consumers, they do seek formulary access from insurers, and price negotiations between the insurer and the manufacturer are frequently at the product level of a product line, so there is a sense in which consumers indirectly face an all or nothing decision regarding access to a company's products. We are unaware of any equilibrium model which reproduces fully the complexity of pharmacy benefits. Restriction to linear demand curves produces equations for comparative statics analysis, and potentially allows estimation of the model's parameters.

In our model, the firm faces a linear demand curve which can be rotated out by marketing effort and shifted out through R&D effort. R&D effort is given a price of 1, and marketing effort takes a constant relative price of k. Conceptually, R&D effort creates new products, which allows a firm to treat additional disease states. With more diseases to treat, the likelihood a product line will be useful to a consumer increases, and the consumer's willingess to pay shifts out. In contrast, marketing efforts increase the percieved value of a product line, but not the willingness to pay for a fully informed consumer. It may be helpful to think of the choke price as the price paid by an educated consumer, perhaps medical professionals and their families. They know the value of a product independent of a firm's marketing efforts, hence marketing efforts do not change their willingness-to-pay, but the availability of additional therapies does change the price they are willing to pay for access to the product line. In addition to marketing and R&D expenditures, the firm faces unspecified fixed costs of production and a constant marginal cost of c. The firm's total cost function is then:

Total Costs

i. TC = F + cQ + R + kM

where F    = fixed costs of production


     c = marginal costs of production


     Q = output


     R   = research and development effort 


     k = unit price of marketing effort


     M = marketing effort

The demand function takes its form from  the need to bring marketing and R&D expenditure into the model as described above. We begin with a inverse demand curve :


p =  Ά - βQ.

Shifts in the demand curve are equivalent to changes in the value of Alpha, rotation of the demand curve are equivalent to changes in the value of Beta. 

Let Ά  = A*f1(R) and β = A*f2(M) where f1(0) = f2(0) = 1. This captures the idea that there is a finite, non-trivial demand curve if R and M =0. For the firm to have finite expenditure it is necessary that f1'>0, f1''<0, and f2'<0, f2''>0. The conditions on the first derivative ensure that research expenditure shifts the curve out and marketing expenditure flattens the demand curve (see fig. 1). The conditions on the second derivatives assume diminishing returns to both R&D and Marketing, so that the firm will have positive, finite expenditures for each. For the purposes of this paper we let fi and f2 take the form f1 = √R̅+̅1̅ and f2 = 1/√M̅+̅1̅. This gives the inverse demand equation:

Product Demand 

ii. p = A
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A standard profit function then takes the form:

Profit = Total Revenue - Total Costs = P(Q)*Q -TC)Q).

iii. 
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First Order Conditions for Profit Maximum 

Given the form of the profit function, the firm optimizes over Q, M and R, resulting in the three normal equations : 

1.  
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Our goal is to produce a single equation that expresses the relationships among the firm's different decisions. To simplify notation after differentiation we let: 

r = 
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The above equations then are:

1. Ar - 
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[image: image15.wmf]A

r

2


      3.
     BQ2
 = 2km3      
Substituting for Q from eq 2 gives:

4.      m3  = 
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Then, replacing r and m with our original terms we  have:

5. (M+1)3/2 = 
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. Further, this implies that:
6. δR/δM = 3A2k * √M̅+̅1̅ . That is, research activity increases as we increase 
        4B       

marketing activity, and the rate of change in research activity grows as marketing activity becomes larger. 
4. Discussion

4.1 The relationship between Research and Marketing Activity
Equation 5 is the basic result of this paper, and it clearly implies that R&D and marketing activity levels are complements, not substitutes. We can rearrange the terms of 5 to get: 

7.   (M+1)3/2 = 2B/(A2k), and can denote the parameter on the right side of the equation as 

      (R+1)
D(A,B,k). So long as the parameters of the model do not change, there should 
be a constant relationship between marketing and R&D expenditure. If there are exogenous increases in one, the firm will find it optimal to increase the other to maintain the ratio. For example, if there is some exogenous shift in R&D productivity, perhaps as a result of a breakthrough in scientific technique, something that does not change the price of a unit of research, but increases its effectiveness will lead to increased marketing activity. Since both activities are costly, it may seem strange that both can increase simultaneously, but there is no expenditure constraint in the model, so long as the activity increases revenue increasing expenditures of both types in response to a shock may increase profit. In section 4.2 we discuss reasons why firms may find it in their interest to subject their behavior to a spending constraint. 
An increase in the productivity of scientific research may be beyond the direct influence of policy makers, but tax and regulatory policy can certainly influence the price of research or marketing effort. (Calfee 2002) This is represented in the model by the parameter k. A decrease in k is equivalent to a decrease in the price of marketing activity or an increase in the price of research activity. An increase in k is equivalent to either an increase in the price of a unit of marketing activity or a decrease in the price of research activity.  Consider a change in the marketing environment that offers firms more effective marketing channels. The liberalization of rules for DTC advertising in the 1990’s would be an example of this change.(Wilkes, Bell and Kravitz, 2000) Previously firms could market to physicians, but were constrained in their ability to market directly to consumers. When that constraint is relaxed, it is as though the price of a unit of marketing activity were reduced – a patient contact may be achieved at a lower price. We model this as a decrease in the value of parameter k, that is a reduction in the cost of achieving a certain marketing impact. Since ‘k’ appears in the denominator of D a decrease in k increases the value of D, so the ratio of marketing to research activity must increase.
Alternatively, suppose the government offers a research credit for R&D. This is equivalent to raising the relative price of marketing, or increasing k. In this case D decreases, implying decreased marketing activity relative to R&D. We allude in the introduction to the controversy surrounding pharmaceutical marketing activity. (Relman, Angell). While R&D is generally considered socially beneficial, marketing activity is far more controversial. The purpose of this paper is not to estimate welfare gains or losses from pharmaceutical marketing, and this paper presents a monopoly model which is not entirely realistic in which the firm’s marketing activity is informative, and so has some social benefit. Our contribution is to point out that a policy maker can influence the share of spending by a firm on marketing activity by adjusting the relative cost of marketing and R&D activity. Further, we show there is a non-linearity in the firm’s optimal decision. From equation 5, if we double k and hold the level of research expenditure constant, M is reduced by less than half. 

4.2 Other considerations

The parameter k is not the only one which influences the relationship between research and marketing. Consider a change in B, perhaps caused by a change in the population with 3rd party payment for pharmaceuticals or the terms of third party payment. An increase in B (that is, an increase in consumers’ price sensitivity) will lead to an increase in D. Again marketing activity must increase relative to research activity. The intuition behind this result is that as consumers become more price sensitive it is in the firm’s interest to increase marketing activity towards them to convince them of the value of the firm’s products. Since there are several proposals circulating in the public policy world designed to make Americans more price-sensitive consumers of health care, it might be useful to consider the impact this would have on the level of marketing activity. 

We also note that the first order conditions can be substituted into the inverse demand curve to yield the following equation:

7. P = (A –(2B/√(M+1)A))*√(R+1). 
This shows that price is an increasing function of both marketing and research activity. 
4.3 Implications of a Borrowing Constraint

So long as firms can borrow, and the interest rate does not depend upon the amount borrowed, there is no reason why marketing and research expenditures need compete with each other for the firm’s funds. A firm’s investment committee would list each project with its anticipated, risk adjusted, present valued rate of return. The firm would fund all those that met its target return, which should be equal to or greater than its cost of funds. However, two stylized fact about large pharmaceutical firms are that 1) They generate large amounts of cash and 2) They borrow very little to finance continuing operations. Why might pharmaceutical firms constrain their borrowing? As stated in the literature review, Scherer (2001) asserts that firms can ‘borrow’ from internally generated funds at lower rates than are available in the capital market. But this implies that they run out of funds before investments reach an expected return lower than their threshold for internally generated funds. Whether this is true or not would seem to vary from firm to firm, and over time at the same firm, so the extent to which there is a binding constraint is open to question. A full exploration of this topic is clearly beyond the scope of this paper, but if firms generate sufficient cash they may find that they can fund all projects which exceed their target rate of return without borrowing. If this is the common practice of firms in this industry, borrowing activity may send a signal to the market that the firm’s circumstances are not good, and this may adversely affect the stock price. In this sense, firms may face a soft constraint, even if their potential return would justify borrowing.
Whatever the reason, it is clear that pharmaceutical firms are reluctant to borrow, and this means that marketing and R&D activities are potential competitors for the firm’s funds. Clearly if the total amount spent on research and development were fixed, then the firm has only 2 decisions to make, not 3. However, the firm might be subject to some soft constraint, essentially the cost of investment might depend on the level of investment. We could potentially model this as a non-constant k. In this case, there may be some frontier above which firms are reluctant to increase either marketing or research activity.   
5. Limitations

In this paper we have attempted to build a conceptual model of firm behavior to illustrate how the firm’s incentives offer a pathway to reduce undesirable activity by firms and increase desirable activities. The policy analysis has been complicated by our assumption that the firm disregards the efforts of competitors. Writing down the duopoly problem with both persuasive and informative advertising makes the analysis very much more complicated, and we do not at present have a solution to offer. Such a model would open up the possibility of more sophisticated policy experiments. 
Our goal was not to present an estimable model of firm behavior. Drug research requires planning over a long time horizon, and marketing success also may depend on relationships built over a substantial period of time. There is no attempt to study the time path of a firm’s research and marketing decisions, and how changes in the time path alter investment incentives. We abstracted from this messy reality and  produced a simple static model in which a firm is investing to try to produce a desired result, and the firm is large enough that an average level of activity produces an average result. We achieved an interior solution for our model by making the strong assumption that the impact of  both marketing and research activity depend upon the square root of the level of activity. This assumption was made for clarity of exposition. A logarithmic relationship or any power less than one will also yield a solution, though the form of equation 5 will change. 

6. Conclusions

With R&D and marketing activities jointly determined, a change in the health care environment which seems to affect only one type of firm activity must affect both. The relationship between marketing and research expenditures will not be given by a simple ratio. The purpose of the current study is not to build a wholly realistic model of firm behavior. It is to ask what the implications of profit maximizing behavior are in an industry where patents confer market power, prices are far greater than marginal costs, and both marketing and research have substantial impact on sales. The joint determination of research and marketing activity implies that changes in the institutional environment of health care which may seem to affect one type of firm expenditure must affect both. Public policies aimed at pharmaceutical firm behavior may thus have unintended consequences. Also, for researchers, empirical studies of firm behavior may yield biased results if they do not consider the simultaneous nature of the firm’s decisions.
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