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ABSTRACT
Essay 1 of the dissertation consists of a game-theoretic model in which the managerial practice of delegating the pricing decision to the salesforce is examined in a competitive, information symmetric environment. Bhardwaj (2001) shows that price delegation constitutes the game’s equilibrium as long as price competition is sufficiently intense. However, his paper analyzes the price delegation issue with reduced-form demand equations. More specifically, his demand specification uses a single parameter to capture product substitutability and category attractiveness. Given the issues associated with reduced-form demand equations (Staelin 2001), I start from first principles to investigate how product substitutability and cross effort responsiveness affect the decision to delegate. 

Essay 2 of the dissertation puts forth the first experimental test of price delegation. Only one empirical study exists in the price delegation literature, Stephenson, Cron and Frazier (1979). They conclude that firms with high pricing authority underperform on several performance measures. Unfortunately, their findings are limited since their survey methodology suffers from response bias, endogeneity and measurement error. As a result, I conduct an empirical test that utilizes the experimental economics methodology to appropriately test the theory. This methodology eliminates the aforementioned concerns and presents three distinct advantages: First, the experimenter has complete laboratory control over the demand conditions. Second, the decisions of the participants are incentive aligned (Ding 2007). Third, the nature of the strategic interaction between firms, sales reps and competitors can be further examined. Under the proposed setting, I empirically assess whether delegating the pricing decision to the salesforce actually arises as an equilibrium strategy.
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1. Introduction
1.1 Overview of the Dissertation Proposal

A pressing issue in marketing involves whether firms should delegate the pricing authority to the salesforce. In practice, we observe firms that delegate the pricing decision and others who do not. A recent cross-industry survey by Hansen, Joseph and Krafft (2008) finds that roughly half the firms delegate while the other half centralize their pricing. Even traditional posted-price retailers such as Best Buy, Circuit City and Home Depot allow some degree of price delegation (Richtel 2008). Thus, researchers have adamantly examined why firms delegate. However, the extant findings do not lead to a consensus on the theory of price delegation. In fact, the answer to the price delegation question depends on the circumstances of the market conditions. As a result, a firm must consider their market conditions prior to choosing their pricing strategy. 

This paper investigates the optimality of price delegation with a game theoretic model of firms deciding whether to delegate the pricing decision to the salesforce in a competitive environment. Although prior research (Bhardwaj 2001) suggests that price delegation arises as an equilibrium, the analysis was performed with reduced-form demand equations which may limit the substantive findings of the study. In particular, the study’s demand parameterization forces a single parameter to simultaneously capture both product category attractiveness and substitutability. As a consequence, the customer is assumed to be a non-traditional customer who exhibits strong preferences for homogeneous products. Put differently, increases in the similarity of the products coincidentally increase the customer’s utility from consuming the products. I take an alternative approach to specify the demand parameterization. Particularly, I start by specifying the utility function of a well-behaved customer prior to deriving the resultant demand. A benefit of this approach is that I am able to separate the two confounded effects: product category attractiveness and substitutability. Furthermore, interpreting the demand parameters and performing thought experiments are more meaningful since they correspond directly to the preferences of the customer. 

In addition to the theory, I extend the analysis by conducting the first experimental test of price delegation. Stephenson, Cron and Frazier (1979) empirically investigate the issue of price delegation. Specifically, their study surveys the medical supply industry to determine which firms practice price delegation and assess the performance of those firms. They observe that firms with a high degree of price delegation suffer from lower sales and profits. As a result, they conclude that price delegation may not be optimal because it is associated with low performance. Unfortunately, the results of the study should be taken with the following caveats: they do not control for possible covariates nor do they control for endogeneity bias in their analysis. As a result, their study cannot constitute a valid empirical test of the theory. In this paper, I use the experimental economics methodology which has been applied successfully to several marketing problems in recent years to test the theoretical propositions. This methodology presents two main advantages. First, the strategic interaction between profit-maximizing firms and their utility-maximizing, risk-averse sales representatives can be captured fully. Second, participants are rewarded for good business decisions and punished for bad ones since their decisions are incentive aligned. Consequently, empirical tests involving the experimental economics methodology allow for the strictest test of the theory.

The market environment that I focus on is listed below. First, I assume that firms function in a competitive environment (an example of a recent study that focuses on competition is Syam, Ruan and Hess 2005). For analytic ease, I consider a duopoly decision game. Second, each firm maintains a salesforce which serves as the channel between the firm and the customers. The third condition assumes the traditional moral hazard issue present in principal-agent models (Basu et al. 1985). This refers to the situation in which the principal aims to motivate the agent to behave in a profit-maximizing manner, but the agent shows a natural tendency to shirk. As a result, the solution of the problem is for the principal to design a compensation contract that enables the agent to have incentives that align directly with the principal’s interest. The fourth condition, which is common of principal-agent models, is that the principal receives a noisy signal of the agent’s effort. For instance, in the personal selling scenario, the principal does not observe effort but rather sales. Since effort is related to sales, the principal receives a noisy assessment of the sales effort put forth by the agent. The fifth market condition assumes information symmetry between the firms and agents. Information symmetry in the delegation literature denotes that the firms and agents have the exact same information about the demand conditions (i.e. customers). On the contrary, the standard information asymmetry condition involves agents that possess superior knowledge of the customers. Given these market conditions, I consider when price delegation constitutes an equilibrium strategy. 

Although the delegation decision has been examined in the extant marketing literature, there is some confusion over when price delegation is optimal and when it is not. In the presence of information asymmetry, price delegation is intuitively optimal because the salesperson possesses a better understanding of the customer and can ultimately set a more appropriate price. The firm on the other hand, is forced to make a probabilistic estimate of the demand conditions and choose the price that maximizes the expected profits. Hence, it is fairly accepted that price delegation is the optimal strategy for firms (Lal 1986 and Joseph 2001). Mishra and Prasad (2004), (2005) find a contrary result: as long as the firm offers a contract that reveals private information about the sales agent’s demand conditions, firms should not delegate the pricing decision. The intuition is that the firm can utilize the contract to extract the informational advantage of the salesperson. 

With information symmetry, the literature concludes that price delegation is never strictly optimal. Specifically, Weinberg (1975), Lal (1986), Mishra and Prasad (2004), (2005) show that the price that the salesperson chooses if delegated can always be selected by the firm. Hence, there is no incentive for the firm to delegate the pricing decision. Bhardwaj (2001) is the lone exception that finds that price delegation can indeed be strictly optimal in these market conditions. In particular, the environment must be competitive and the competition in prices must be sufficiently intense. The intuition for Bhardwaj’s (2001) result is that price delegation softens the intense price competition between the firms. In the extreme case without a sales channel, firms would engage in Bertrand pricing. Since firms earn zero profits with Bertrand, they can benefit by passing the pricing decision to the salesforce. Then the sales agent through their risk aversion sets a higher price than the firm would set leading to higher profits. Furthermore, firms do not benefit by deviating to a centralization strategy, and hence price delegation is found to be the unique pure strategy Nash equilibrium.

In this dissertation, I consider a very similar environment to that of Bhardwaj (2001). The only major difference is that the customer assumed separates product category attractiveness and substitutability in the utility and demand specification. This parameterization is more general than Bhardwaj (2001) and captures Bhardwaj’s (2001) demand as a special case. Under this setup, I theoretically confirm the main findings of Bhardwaj (2001). First, price delegation is the equilibrium strategy when the competing marketplace products are close substitutes even when the attractiveness of the product category is held constant. Second, price centralization is the equilibrium when effort competition between the competing sales reps becomes sufficiently intense. In the experiment, I test whether or not the confirmed theoretical propositions hold true in an empirical setting. I find that regardless of the type of the competition that arises in the marketplace price centralization arises as the game’s equilibrium. This result directly counters the theoretical proposition which predicts that price delegation will be the equilibrium when price competition (substitutability) is sufficiently intense. Therefore, this dissertation contributes by clarifying the theoretical evidence and puts forth a much-needed experimental investigation of price delegation.
1.2 Literature Review

The price delegation literature begins with Weinberg’s (1975) seminal article. In his paper, he considers a monopolist’s decision to delegate in an information-symmetric, multi-product industry with risk-neutral sales representatives. Unlike more recent models of salesforce compensation, the monopolist does not solve for the optimal commission rate. The paper’s main finding contends that price delegation can indeed be optimal for both the firm and the sales agent as long as sales representatives are compensated on gross margin. This dual optimality of price delegation refers to both the sales rep and the firm choosing identical prices and sales effort for a given commission rate. As a result, the firm obtains revenue-equivalence regardless of whether it delegates or not. Although the result is stated generally, there are restrictions that must be placed on the main findings. First, if sales are uncertain and the sales reps are risk averse, the results do not hold in equilibrium. Second, the main finding is only true when the commission rate across products is equal to 50%. Hence, the results should be taken with these caveats in mind. 

Weinberg’s (1975) article sparks the first approach explaining how the firm and sales rep respond to price delegation. His model specifies that price delegation results in price discounts. Hence, the concern is that the sales representatives will bestow the customer too much of a discount which would then correspond to lower profits for the firm. This precise problem arises when the compensation is based on sales revenue and not gross margin. When compensated on sales, Weinberg shows that the salesperson will charge a price that is too low. This particular finding garners attention because most sales companies with some form of price delegation compensate on sales.

The price delegation literature continues with the lone empirical paper, Stephenson, Cron and Frazier (1979). This article surveys companies in multiple industries to assess how differential levels of price delegation (low, medium or high) lead to higher company performance via gross margins, sales rep contribution, sales, sales growth and return on assets. The study finds that the industries exhibiting the lowest degree of price delegation perform the best. In particular, firms with a low degree of price delegation have the highest gross margins and sales growth. 

Although the findings lend support against the practice of price delegation, the results may be incomplete for several reasons. First, as shown by Weinberg (1975), price delegation will be suboptimal if the sales reps are compensated on sales. Since Stephenson, Cron and Frazier (1979) make no attempt to control for differences in compensation structures coupled with the fact that most firms compensate on sales, it is undistinguishable as to whether compensation structure drives the findings. A more comprehensive test is required to eliminate this concern. The second problem is that the authors do not control for additional covariates which may be industry specific while conducting the analysis. Hence, it is uncertain as to whether particular industries drive the findings. Finally, the test does not control for endogeneity. The degree of price delegation is a choice selected by the firms. Furthermore, it is impossible to differentiate whether the findings are due solely to the degree of price delegation or by other factors which were not captured by the researcher. 

Given the lack of support for price delegation, Lal (1986) promotes a situation which intuitively calls for price delegation to exist as an optimal strategy. Specifically, he considers the monopolist’s decision to delegate the pricing decision in an information-asymmetric environment. In this circumstance, it is better to allow the sales representative to set the price because the sales rep will choose the exact price to maximize profits. If the firm sets the price, the firm can only maximize expected profits. As a result, delegating the pricing decision allows the sales rep to share the information advantage. Lal (1986) also considers the information symmetric case and finds that delegation is a weakly dominated strategy. This result holds because the firm can always choose the price that the sales rep selects. Therefore, it is possible for the firm to generate a compensation plan that requires price delegation to be a strictly dominated strategy. One limitation of the results presented in Lal (1986) is that he does not derive the optimal compensation plan.

Based on Lal (1986), Joseph (2001) considers a monopolist’s decision to delegate in an information-asymmetric environment with a linear compensation plan. His analysis focuses specifically on the degree of delegation: limited or full delegation. Hence, some degree of delegation will always be present. Joseph (2001) finds that full delegation will be optimal unless it is difficult for the salesperson to effectively target the high valuation customers. In this situation, limited pricing authority results in the firm’s optimal strategy. The major benefit of price delegation suggested is that sales agents are better able to assess a customer’s willingness-to-pay. A serious limitation of Joseph (2001) is that sales agents are assumed to be able to identify the customer’s willingness-to-pay. In a game-theoretic setting, customers would actively assess the seller’s reservation price and willingly conceal their own willingness-to-pay to obtain the best price possible. Hence, Joseph (2001) considers an environment that is somewhat unrealistic and so the managerial implications are somewhat limited.

Other research in the realm of price delegation includes Mishra and Prasad (2004) and Mishra and Prasad (2005). Mishra and Prasad (2004) study price delegation in an information asymmetric environment and show that price delegation is a weakly dominated strategy. In other words, firms have no incentive to practice price delegation. Furthermore, this finding is in direct contrast to Lal (1986). The authors use contract theory to create a situation (specifically sales forecasting by the salesforce) in which the sales agent is given a contract that is truth revealing. Put differently, the sales agent has an incentive to reveal the demand conditions through the pricing contract. Therefore, the firm can utilize the contract to dilute the informational advantage of the sales representative. This process reverts back to the information symmetry situation and allows the firm to never be worse off by reserving the pricing decision as their own. Furthermore, the authors derive the optimal contract. No other studies in the extant literature derive the optimal contract. Though, the optimal contract may not be appropriate for managers because of its shear complexity and unknown benefits beyond the standard linear compensation plan. Moreover, it is also unclear whether there exists a fitting truth revealing mechanism that allows the firms to benefit from renegotiation of contracts.

Mishra and Prasad (2005) consider price delegation in a competitive scenario with both information symmetry and asymmetry. Their major finding is that regardless of the information scenario competition does not cause delegation to be the equilibrium strategy. With the information asymmetry scenario, they use the contract theory approach which was used in the 2004 paper to demonstrate that the results extend to the competitive case. The information symmetry scenario constitutes an interesting finding. As long firms are allowed to choose contracts beyond the standard linear compensation package (salary plus commission) and firms are able to design alternative contracts for when delegation is selected and when centralized pricing strategy is chosen, firms can always design a contract that allows centralized pricing to be at least as good as delegation. Although the finding provides an interesting theoretical result, the practical nature of these compensation plans are not well defined. For instance, the type of compensation plan that the authors present in the paper includes salary plus commission and also a commission on price. As a result, the managerial implications of Mishra and Prasad (2005) are limited.


A second stream of literature that relates closely to price delegation is the channels of distribution literature (e.g. McGuire and Staelin 1983, Coughlan 1985 and Moorthy 1988). In the channels literature, a manufacturer considers the appropriate channel structure for distributing their product. The seminal article in this stream of research is McGuire and Staelin (1983). In their seminal paper, firms choose between two channel structures: a vertically integrated channel (centralized) and a franchised channel (decentralized). Furthermore, Mcguire and Staelin (1983) show that the centralized channel structure is always an equilibrium. However, they accordingly show that the decentralized channel is also an equilibrium for a sufficient level of product substitutability. Coughlan (1985) maintains McGuire and Staelin’s (1983) findings and further show supporting empirical evidence that the decentralized channel arises more readily with closely substitutable products. Similarly, Moorthy (1988) investigate further to examine when decentralization arises as the equilibrium channel structure. 

There are three major differences that arise between the channels of distribution literature and the price delegation literature. The first distinction is that the channel is never fully vertically integrated with a salesforce. In other words, the salesperson always chooses the level of sales effort to put forth regardless of whether the pricing decision has been delegated. The second distinction is that sales reps have traditionally been assumed to be risk averse (Basu et al. 1985). Finally, attractive compensation plans must be designed and appropriated. The literature on salesforce compensation suggests that certain compensation packages are more suitable when considering price delegation. 


The seminal article which examines salesforce compensation is Basu et al. (1985). In this paper, the authors show that the optimal compensation plan has a variable component that increases with sales. In other words, the sales agent has an incentive to achieve higher levels of sales. Raju and Srinivasan (1986) show that the compensation plan with a fixed salary and a linear commission rate above quota can closely resemble the Basu et al. (1985) plan while significantly simplify the decision analysis for the firm. Other compensation plans such as commission on gross margins has been suggested as the optimal plan since the firm and the salesperson maximize essentially the same objective function (Farley 1964). Certain plans are never optimal when dealing with price delegation. For instance, if commissions on units sold are administered, the sales agent will always discount the price to the lowest price to sell the most units possible. Intuitively, it is clear that price delegation will never arise as an equilibrium strategy if firms design compensation plans of this variety. To eliminate this concern, I will focus on the standard salary plus commission (linear) on gross margins compensation plan. 
1.3 Critical Review of the Focal Paper on Price Delegation: Bhardwaj (2001)

This dissertation focuses, in particular, on the results suggested by Bhardwaj (2001). Bhardwaj (2001) considers an analytic model of price delegation in an information symmetric, competitive environment (the same as the proposed paper) and found that price delegation arises as the Nash equilibrium as long as the price competition becomes sufficiently intense. Although the paper’s main findings are poignant, the details of the analysis are problematic. The main issue with his paper is that the linear demand specification is of the reduced-form variety. Specifically, Bhardwaj (2001) uses
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where h is the demand intercept, θp is the cross-price effect, θs is the cross effort effect and δ is a common random shock to the demand system. Although a fairly common demand specification (McGuire and Staelin 1983 propose a similar version of this demand without the effort variables and the common shock), this specification has a couple of noteworthy problems. First, the demand function is fundamentally a reduced-form which arises from a customer’s utility maximization. As a result, the parameters of the demand function are actually a more complex combination of the utility function parameters. Second, the category demand increases with an increase in the cross price effect p. Bhardwaj (2001) interprets p as solely a measure of the degree of competition between the two brands, but clearly it captures more than just the intensity of price competition. Truth be told, p also captures the customer’s inherent preference (attractiveness) for the product category. 


To begin with, I present the utility function of the customer that has the derived demand shown in Equation 1. Bhardwaj (2001) did not show this step in his paper. The traditional way to achieve linear demands is to start with a linear-quadratic utility function (Dixit 1979, Shubik and Levitan 1980, and Singh and Vives 1984). The specific utility function that allows the linear demand function to be identical to the one used in Bhardwaj (2001) is
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where the customer’s utility depends on the combination of products 1 and 2 consumed. Immediately, this utility function presents a complex nonlinear relationship between the two parameters: θp and θs. More importantly, the parameter θp appears in each of the utility coefficients. To capture only substitutability, θp should appear only in the second-order terms. However, we find that θp captures substitutability and the base affinity for consumption of the product category. The base affinity for the consumption of the product category increases with θp. Accordingly, it is clear that θs does not affect substitutability since it only affects the linear portion of the linear quadratic utility.


Substitutability is in the mind of the customer, and is captured by the tradeoffs that the customers are willing to make. As two products are closer (weaker) substitutes, customers are more (less) willing to make tradeoffs between the products. Suppose that the preferences of a customer are denoted by a utility function and the customer has preferences for two market place products. The indifference curves denote the tradeoffs between products that the customer is willing to make without compromising their level of utility. Put differently, the customer’s happiness does not change with any point along the indifference curve. Hence, the customer is indifferent. In Figure 1, there are two sets of indifference curves with a common kink. The preferences represented by the dashed indifference curve exhibits little willingness to substitute one product for the other. Specifically, starting at the kink, if q1 is reduced by 1 unit, the customer with the dashed indifference curve would demand a great deal of the other product in compensation. On the other hand, the customer with the solid indifference curve would be much more willing to substitute product 2 for product 1 and would not insist on such a large amount of q2 to compensate for a loss of q1. When the products are perfect substitutes in the mind of the customer, preferences are denoted by a straight 45 degree line and when the products exhibit an absence of substitutability, preferences are denoted by right angles. Therefore, the curvature of the indifference curves determine how substitutability affects customer’s preferences for the two products.

Figure 1: Graphical Illustration of Products Being Closer Substitutes and the Tradeoffs Made by the Customer
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Furthermore, I present additional evidence that θp is more than substitutability by examining the aggregate demand for the marketplace products. Using Equation 1, the aggregate demand for both products is

(3)
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Notice how θp increases the aggregate demand for the category. Similarly, θs decreases the aggregate demand for the category. Therefore, as price competition becomes more intense, the customer purchases more units of both products because the customer has a greater affinity for both products. Figure 2 shows how the indifference curves change with an increase in θp. There are three specific changes that occur when θp increases. First, the curvature of the indifference curves change. Second, the indifference curve rotates. Third, the aggregate demand increases and so the optimum point at which the utility is maximized subject to the budget constraint changes as well. In fact, it changes from point A to point B. 

Figure 2: The Effect of an Increase of θp on the Indifference Curves
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Given this problem, I will review the propositions presented in Bhardwaj (2001) and discuss confounding explanations of the results. Proposition 1 states “In the symmetric Nash equilibrium under price delegation, the prices, the effort levels, and the commissions increase as price competition becomes more intense and decrease as effort competition becomes more intense.” Similarly, the first part of Proposition 2 states “In the symmetric Nash equilibrium under no-price delegation, the prices, the effort levels, and the commission increase as price competition becomes more intense but decrease as effort competition becomes more intense.” Since Propositions 1 & 2 are consistent with each other, I will refer to both propositions concurrently.


Propositions 1 & 2 are quite surprising because price competition leads to price increases in the marketplace. This goes directly against the classic theory of competition provided in the Hotelling model and the Bertrand pricing game. This surprising finding is solely an artifact of the demand specification (a similar finding is noted in the distribution channel literature by Ingene and Parry 2007 and Ingene, Taboubi and Zaccour, mimeo). In particular, the intensity of price competition simultaneously increases the customer’s affinity for both products which leads to a lift in the aggregate demand. Since the lift in aggregate demand confounds the findings, it is unclear if the model predictions hold true. 

The paper’s main result is Proposition 3 which states “For a firm with a risk-averse sales rep facing an uncertain demand, price delegation is the equilibrium when the price competition is more intense and no price delegation is the equilibrium when the effort competition is more intense.” The graph illustrating the findings is shown below in Figure 3. Again, it is difficult to accept the region which indicates the delegation equilibrium. Since, increases in the cross price elasticity correspond directly to the scenario in which the aggregate demand increases concurrently. In the same manner, the aggregate demand diminishes as the cross effort effect increases. Therefore, it is not clear whether the main findings of Bhardwaj (2001) are conclusive. To further examine this question, I propose a model in the next section which controls for the aforementioned problems and allows for a direct interpretation of the findings.
Figure 3: Bhardwaj (2001) Equilibrium Predictions
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2. When Is Price Delegation an Equilibrium Strategy?

2.1 Overview of the Model


The model in this paper is quite similar to the model in Bhardwaj (2001). However, the difference is that I start from first principles and derive the demand for the marketplace products. This additional step allows for a demand curve with parameters that relate directly to the utility function of the customer. As a result, the model parameters are easier to interpret and the traditional thought-experiments can be conducted without any confounding factors. Specifically, I create a scenario that would allow us to analyze the game by determining how substitutability affects the delegation decision and correspondingly the prices, effort levels, commissions and salary.


In this model, I consider two firms who employ a single sales rep. The firms compete with one another by choosing between delegation and centralization (with centralization the firm chooses to keep the pricing decision) along with the compensation package to offer to the sales rep. I assume that the compensation will be of the traditional linear variety which consists of a fixed salary and commissions on gross margins. Now if the firm decides to delegate, the firm allows the sales rep to set the price in the marketplace. On the other hand, if the firm chooses centralization, the firm sets the price. The sales rep will make the pricing decision only when delegation is selected. However, the sales rep will always choose the level of sales effort to put forth into the selling task. The firms offer a product that is valued by a representative customer that chooses the optimal assortment of products to maximize utility. Through the customer’s utility maximization, the derived demands are obtained for the firm’s products.


The game structure is identical to Bhardwaj (2001). In Stage 1, the firms simultaneously decide between delegation and centralization. Then in Stage 2, the firms independently offer contracts to the sales reps. Given that the firms chooses centralization, the firms also choose the marketplace prices. The contracts are then rejected or accepted in Stage 3 by the sales reps. In Stage 4, if the reps accept the contract, they always choose sales effort but only choose price when delegation is selected in Stage 1. Finally in Stage 5, firms realize unit sales.


The assumptions in the model are that the demand for the products is determined by a representative customer with preferences for both goods. The utility function can be written as

(4)
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where μ1 and μ2 represents how utility changes with increases in the consumption of the goods 1 and 2, λ is the marginal utility of the outside good (higher values indicate a higher utility for the outside good and consequently a lower utility for the two goods considered), ψ embodies the substitutability of the products (higher values correspond to closer substitutes), θs captures the impact of cross effort on the utility obtained from consuming a unit of the focal good (higher values suggest that the cross firm’s sales rep can more effectively alter the realized benefits of consuming the focal firm’s products). To further simplify the analysis, I will further assume that μ1 = μ2 = μ. With this simplification, the number of parameters is one more than that in Bhardwaj (2001). The added parameter is note worthy because my specification is a more general case of Bhardwaj (2001). More specifically, Bhardwaj (2001) is a special case of this utility specification. 

Given this utility function, the customer decides the optimal assortment of products to purchase from the two firms subject to the budget constraint: M = p1q1 + p2q2 or q0 =  M – p1q1 + p2q2, where M is income. Substituting in for q0 we rewrite Equation 4 as 

(5)
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Similarly, the first order conditions for the firm i’s product, where i = 1, 2 is
(6)
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Solving simultaneously, the resulting derived demand is

(7)
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At this point, I assume that there is a random component to unit sales and is common to both firms. Specifically, δ is a common random shock that arises due to the firm’s uncertainty about the customer’s affinity for the products where δ ~ N(0, σδ2). Note that this derived demand without the effort terms is the linear demand developed by Shubik and Levitan (1980). However, the addition of the effort variables allows this specification to be more relevant for situations involving salesforces with overlapping territories. 

The specification is linear as in Bhardwaj (2001). However, an important distinction to make from Bhardwaj’s (2001) demand and this demand is that the product substitutability parameter affects own and cross price effects where the own price effect dominates the cross price effect. There remains an important distinction between the individual product demand specifications used in this paper and Bhardwaj (2001). Both the own price effects and the cross price effects in demand depend on the product substitutability parameter ψ which enters a single time in second-order terms of the quadratic utility. An increase in ψ results in indifference curves becoming flatter around a point. For this to hold true, both the own and cross price effects must adjust accordingly. The other advantage this derived demand is that substitutability no longer impacts the aggregate demand. Aggregate demand is found to be

(8)
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Notice that  has no impact on aggregate demand. This is because there are now two parameters that capture category attractiveness and substitutability separately. Therefore, the parameterization via is done so that we can appropriately change the substitutability and nothing else. 
2.2 Model Derivation
Now that we have obtained demand functions that come from first principles, we can then start to analyze the equilibrium behavior of the game. There are four possible equilibria. The first is the situation in which both firms delegate the pricing decision to the salesforce (Delegate/Delegate). The second involves both firms utilizing a centralized pricing strategy (Centralize/Centralize). The remaining equilibria are asymmetric where one firm delegates and the other centralizes (Delegate/Centralize) and vice versa (Centralize/Delegate). If delegation is selected, firm i maximizes the following optimization program

(9)
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where y is a virtual marginal cost which the firms use as a form of the commission rate (this is done for simplicity and is equivalent to having a commission rate) and α is the fixed wage portion of the compensation plan. Note that firms do not choose price in this subgame, since they delegate this decision to the salesperson. We will further assume that the participation constraint binds. If however, firm i chooses the centralized pricing strategy, the resulting optimization program becomes

(12)
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It is also important to note that the expected value of q allows the delta term to drop out. As a result, the demand function that we will use in the analysis of the equilibrium is now

(15)
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Using the property that the expected utility in Equations 10, 11, 13 and 14 can be expressed in certainty equivalence (CE) terms, Equations 10, 13, 11 and 14 (11 and 14 are identical) become

(16)
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2.2.1 Delegation/Delegation Subgame

I will initially begin with the Delegation/Delegation (DD) subgame. In this subgame, both firms delegate the pricing decision to the salesperson. As a result, the firms maximize the optimization program denoted by Equations 9, 10 and 11. In this scenario, the salesperson maximizes the certainty equivalent of utility by choosing effort and the price. As a result, the first-order conditions become

(19)
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Equations 19 and 20 are constraints that the firm faces when maximizing profits by choosing y and α. The firm then maximizes the following (after substituting in the binding participation constraint in for α)

(21)
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The above substitution reduces the problem from 8 equations and 8 unknowns to one with 6 equations and 6 unknowns. Also, I set c=0 without loss of generality. To further reduce the maximization problem, I solve for ei as a function of yi. Equation 19 becomes

(22)
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Similarly, substituting Equation 22 and solving for pi as a function of yi allows us to maximize Equation 21. The first order conditions become

(23) 
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Furthermore, the equilibrium effort, prices and commission under delegation is found to be

(24)
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Note that DDD is 
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Given the complexity of the equations, I resort to numerical simulation to generate the model propositions.
2.2.2 Centralization/Centralization Subgame
In this subgame, both firms use centralized pricing. As a result, the firms maximize the optimization program denoted by Equations 12, 13 and 14. In this scenario, the salesperson maximizes their expected utility by only choosing effort. Similarly, the firms choose the price along with the commission rate. The first-order condition for effort is identical to that of the delegation/delegation subgame (Equation 19). Equations 14 and 19 are constraints that the firm faces when maximizing profits by choosing p, y and α. The firm then maximizes the following (after substituting in the binding participation constraint in for α)

(28)
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I set c=0 without loss of generality. Accordingly, I solve for ei as a function of yi. The equation for effort becomes

(29)
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Substituting Equation 29 into Equation 28, firm i’s first order conditions become

(30) 
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Simultaneously solving the two equations and back substituting into Equation 29, we get

(32)
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2.2.3 Asymmetric Subgame

As with the prior subgames, the Delegate/Centralize and Centralize/Delegate equilibrium must be derived. We will do so in a similar manner. However, the analyses of these equilibria are more complex since there are 6 unique equations and 6 unknowns. To compute the equilibrium, I resort to a numerical simulation.
2.3 Theoretical Results

Based on equations 24-26 and 32-34, we are able to answer the following question: How do the dual delegation/centralization equilibrium prices, efforts and the virtual marginal costs change with an increase the model parameters ψ, θs and λ? 

Table 1: Proposition 1 – Comparative Statics
	
	Delegation/Delegation
	Centralization/Centralization
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From Table 1, prices, effort and the virtual marginal costs decrease with an increase in substitutability, cross effort responsiveness and category unattractiveness. As products become closer substitutes, prices fall due to increased competition for customers. The lower price simultaneously reduces much of the pressure of generating sales for the sales rep since sales are generated with low price or high effort. Therefore, the sales rep reduces effort. Finally, the virtual marginal costs will need to adjust downward because of the reduction in price and effort. In each of the three scenarios, the market is becoming more competitive. As a result, an increase in competitive intensity will lead to a decrease in price, effort and the virtual marginal cost. 

Proposition 1: In both the Delegation/Delegation subgame and the Centralization/Centralization subgame, an increase in substitutability, cross effort responsiveness or category unattractiveness leads to lower prices, lower effort and lower virtual marginal costs.
Comparing Proposition 1 to Bhardwaj’s (2001) Proposition 1&2, we find that Bhardwaj (2001) states that an increase in price competition will also lead to an increase in price, effort and the virtual marginal cost which is the opposite of what I find. However, my specification separates substitutability and category attractiveness while Bhardwaj (2001) has a single parameter capturing both substitutability and category attractiveness. With Bhardwaj (2001), category attractiveness and not substitutability is found to dominate the sign of the comparative static. Therefore, we cannot use Bhardwaj’s (2001) demand to properly interpret the relationship between prices, effort and virtual marginal costs and substitutability.  

Figure 4: Proposition 2

[image: image47]
To solve for the equilibrium predictions of the game, I use Mathematica to conduct a numeric simulation of the parameter space. I fix the following parameters: μ=100, rσδ2=1 and λ=1/2. Based on the simulation results in Figure 4, I confirm that Bhardwaj (2001) had correctly specified a region where delegation arises as the equilibrium when price competition is intense. Similarly, increases in effort competition intensity lead to the centralization equilibrium. 

Proposition 2: For firms with risk-averse sales reps facing an uncertain demand, price delegation is the equilibrium when competing products are close substitutes and price centralization is the equilibrium when effort competition is intense.

When products are close substitutes price centralization will drive prices too low. Therefore, the firm delegates to the sales rep and the sales rep chooses a higher price than the firm would set under centralization. Although the sales rep (due to his risk aversion) has an incentive to lower the price, the firm prevents a lower price by increasing the commission rate. The higher commission rate pushes the sales rep to exert higher effort while setting a higher price. Therefore, price delegation can lead to increased profits over centralization and firms do not have an incentive to deviate towards a centralization strategy. When effort competition is intense, firms will try to reduce effort competition. In order to reduce effort competition, firms choose centralization over delegation because centralization results in lower prices, commission rates and reduced effort. To summarize the intuition, firms will try to reduce the intense competition in the direction of price and effort by choosing either delegation or centralization. 


In addition to Proposition 2, we are able to see from Figure 4 that Bhardwaj’s (2001) model is characterized by a horizontal line at ψ=1. Although Bhardwaj (2001) gives rise to a plane of points, Bhardwaj’s (2001) findings are limited to a line when λ equals a constant (λ=λ0). Further simulations reveal that the equilibrium predictions vary with λ. Decreases in λ increase the likelihood of the dual delegation equilibrium. In other words, increasing the attractiveness of the product category simultaneously leads to a market condition where charging a higher price is beneficial to the firm because the customer derives more benefits from consuming each unit. Therefore, firms will choose a dual delegation strategy.
3. Does Price Delegation Actually Arise as an Equilibrium Strategy?
3.1 Empirical Essay Overview

In this section, I propose the first experimental test of the price delegation theory. There are two different classes of laboratory experiments that are used in marketing. The first class engenders psychology experiments that allow participants to make decisions without repercussions. In other words, participants make decisions but are not held accountable or them. These experiments usually involve an individual by answering a hypothetical question: what would you do in this particular scenario. In addition, these experiments are geared towards the individual’s response and not toward a group response. Therefore, conditions that require individuals to make interrelated decisions in groups are not possible to attain. As a result, many theories found in game theory cannot be adequately tested in with the first class of experiments. 

The second class of experiments stems from economics and offers a major distinction between the first class of experiments. With economic experiments, subjects are assigned roles and are further asked to anticipate the roles of the other subjects. First, subjects are told that they will play the role of a sales rep in the experiment. In addition, they are told exactly how the sale rep is compensated and are told that they will be compensated in the same manner. As a result, the decisions made by the subject is incentive-aligned (Ding, Grewal and Leichty 2005; Ding 2007) with their role. Hence, when answering the question what would you, the sales rep, do in this scenario, participants face repercussions for their decisions (i.e. making a poor decision results in low payoffs and making a good decision results in high payoffs). In the traditional psychology experiments, a good versus bad decision simply does not exist. 

The second distinction is that subjects must be aware of how other subjects respond to the experiment task and their decisions because the payoffs of a subject depend on the decisions of the other subjects. In this paper, we examine a game that requires a group of four individuals to make interrelated decisions. The four roles are comprised of Firm 1’s brand manager (the brand manager represents the firm and makes decisions based on the firm’s interest), Firm 2’s brand manager, Firm 1’s sales rep and Firm 2’s sales rep. To understand the complexity of the decision space, see Figure 4. At the highest level, we see that brand managers anticipate whether or not the brand manager of the rival firm delegates the pricing decision and also they consider the compensation plan that the rival firm offers their sales rep. Then the firm must also anticipate how their sales rep will respond to the compensation plan and the effort and price (if delegated) that will be charged. Furthermore, the sales rep will also want to anticipate the decision made by the rival firm’s sales rep as it affects their payoffs as well. Specifically, the sales reps will want to consider the price and the effort selected. Due to the interrelated nature of the decisions, I use the latter class of experiments in this paper.

Figure 5: Diagram of the Interrelated Nature of the Game
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Although there is an appropriate method to test the theory, the question still remains as to why it is important to test the price delegation theory. First of all, the game is complex with four players in unique roles (a quartet). Second, the model places very strong assumptions on the rationality of each player to generate the Nash equilibrium predictions. These assumptions restrict the firms and salespersons to be rational and their preferences to be defined specifically by the model. In other words, the players are not assumed to have other preferences that may confound the model predictions. For example, suppose that the brand manager decides to offer a higher commission rate to the sales rep with the anticipation that the sales rep will exert more effort. Will the sales rep put forth higher effort? What if the sales rep pays attention to other aspects of their role but neglects the commission rate? Will theory be supported? There are no guarantees since the question is an empirical question. Although theory is found to be supported in some experimental settings, the field of Behavioral Game Theory (Camerer 2003) begs to differ. In fact, numerous studies find that the traditional Nash equilibrium is not obtained in many empirical settings. Therefore, it is not a given that the theory will hold true in an empirical setting and for the theory to be applicable to managers it must be empirically validated.

To allow the theory a fair chance to succeed, subjects will need to play the price delegation game multiple times to learn the best decisions. The subjects are asked to play the game which requires four unique roles. Even though I adequately allow the theory to succeed, there are two transparent theoretical reasons that the behavior under price delegation may deviate from the model predictions. They include bounded rationality (Lim and Ho 2007) and preference deviations (behavioral/psychological phenomena) that are not captured by the model. The first issue associated with price delegation abounds when prices are delegated and the sales rep has an unanticipated tendency to discount the price. This can easily be seen if the salesperson is compensated on units sold where the salesperson would set the lowest possible price to maximize income. To eliminate this concern, the compensation is based on gross margins which force the salesperson to maximize the whole pie rather than the salesperson’s share. Even with this control, if the sales rep exhibits bounded rationality, the prices set may be lower or higher than predicted by theory. Consequently, price delegation may not be the equilibrium strategy. 

The second issue with price delegation is that the act of delegation itself may alter the utility function of the salesperson in a manner unspecified by the theory. In fact, delegation may lead sales reps to feel empowered and have high morale within the workplace. The act of empowerment combined with the high morale may allow the sales agent to exert sufficiently more sales effort than predicted by the model. Currently, the extant theory assumes that delegation does not ignite empowerment or morale effects. In accordance, the construct, locus of control, suggests that one should exert more effort in a situation where they have more control over the outcomes. Price delegation allows the sales rep to have complete control over the price and so it would not be surprising to observe higher effort levels than predicted. The end result is that the act of delegating the pricing decision may lead to behavior that is unpredicted by the theory. If so, it is important to incorporate these effects into the model to develop a more comprehensive theory of price delegation.

Recent research in marketing has shown that the experimental economics methodology is the most precise method to test theory. Successful applications include Amaldoss et al. (2000), Amaldoss and Jain (2002), (2005a), (2005b), Ding et al. (2005), Lim and Ho (2007), and Krishna and Ünver (2007). Similarly, economic experiments applied directly to salesforce issues include Ghosh and John (2000), Gaba and Kalra (1999) and Lim, Ahearne and Ham (2009). Ghosh and John (2000) examine agency theory and conclude that the compensation plan should offer a higher salary and fewer incentives when either the sales uncertainty is high or the sales rep is sufficiently risk averse. Gaba and Kalra (1999) show that sales reps take more risks when quotas are difficult to obtain and also if they are involved in a sales contest with few winners. Accordingly, Lim, Ahearne and Ham (2009) experimentally investigate whether the prize structure of the sales contest leads to differential sales effort and performance. They find that the prize structure does indeed matter and firms should design sales contests that have multiple winners for risk averse sales agents. Therefore, I also use the experimental economics methodology to test the model predictions.
3.2 Hypotheses

The experiments are tailored to closely track the theory and will be used to test whether or not price delegation is an equilibrium strategy. In addition, I am also interested in the process by which the results are obtained. Therefore, there are two main hypotheses that I plan to test. The first hypothesis corresponds to how product substitutability affects the decision to delegate the pricing. 

H1: As product substitutability increases, price delegation arises as the equilibrium strategy for both firms.

H1 corresponds directly to Proposition 2. When products are close substitutes, price delegation allows the firms to reduce the intense price competition. Consider two conditions: Condition 1 and Condition 2. Assume that Condition 1 (products are poor substitutes) results in a dual centralization equilibrium while Condition 2 (products are close substitutes) results in dual delegation. We would expect prices to fall, commission rates to increase and effort to increase. Prices fall because of the change in the demand conditions (Proposition 1), but less than prices would fall under centralization. As a result, firms benefit by allowing the sales rep to set the price since the reps set a higher price than they would set under centralization. Accordingly, the firms need a higher commission rate so that the agent chooses a higher price and consequently higher effort. This equilibrium is further sustainable because the profits associated with switching to a centralized pricing strategy do not benefit the firms.


Similarly, the second hypothesis corresponds to the cross effort responsiveness parameter. The second hypothesis is below:

H2: As cross effort responsiveness increases, price centralization arises as the equilibrium strategy for both firms.

As the cross effort responsiveness becomes more intense, firms would like to reduce effort competition by centralizing the pricing and allowing for more competition in the price dimension. Now suppose that Condition 3 encompasses the case where cross effort responsiveness increases and the equilibrium is dual centralization. Moving from Condition 2 to Condition 3, firms reduce their commission rate, price and effort. If the firms stick to delegation, the commission rate will not change and prices and effort fall. However, the drop in price and effort is fairly minimal. Therefore, to relax competition, firms switch to a centralization strategy.
3.3 Experimental Design

To test the hypotheses, I design an experiment that contains three experimental cells. The first experimental cell (Condition 1) contains Low Product Substitutability and Low Cross Effort Responsiveness. The second (Condition 2) contains High Product Substitutability and Low Cross Effort Responsiveness. Finally, the third (Condition 3) involves High Product Substitutability and High Cross Effort Responsiveness. Note that the traditional 2x2 experimental design involves a fourth cell consisting of High Product Substitutability and High Cross Effort Responsiveness. Though the traditional 2x2 design is more complete, I am only interested in testing main effects for this study. In addition, the price delegation theory does not make a bold strategic prediction involving the fourth cell. As a result, I limit the analysis to three experimental cells. 

The study involves a quartet of players. Each subject will only play one role and that role will stay consistent throughout the experiment. In each round, there will be 5 groups that play the game. The group assignments will be randomly matched in each subsequent round. The game begins with the two firms deciding whether or not to delegate the pricing decision and choosing the combination of salary/commission rate to offer the sales reps. If the firms choose the centralized pricing strategy, they will also select the price. Once the firms have made their selections, sales reps decide whether or not to accept the contract. If accepted, the sales reps make their effort decision and select price if and only if the firm decides to delegate. 68 subjects play 20 rounds in each condition for a total of 60 rounds. 


To appropriately design the experiment, the experiment will need to provide sufficient incentives that subjects respond to. Additionally, the model parameters are selected so that the theory can be distinctly tested. In other words, the parameters are selected to ensure sufficient power. The parameters in the model are θs, which captures the customer’s responsiveness to cross sales effort, ψ, which embodies the substitutability of the products, μ, which is the affinity for the marketplace products, σδ, which is the standard deviation from a Normal Distribution of the common random shock that arises due to the firm’s uncertainty about the customer’s affinity for the products, and r, which is the risk aversion parameter. 

The risk aversion parameter requires measurement. This is the only parameter that is not selected. The risk aversion parameter is extremely important because it is a crucial assumption of the model and it affects the validity of the test. In fact, the propositions presented in Bhardwaj (2001) all depend on the assumption that agents are risk averse. If we do not have an accurate measure of r, our results may be incorrect due to the invalid r. To ensure the precise measurement of risk aversion, we follow Holt and Laury (2002). Subjects will be asked to make lottery-choice decisions for stakes at the 10x level. The lottery choices are shown in Table 2. From line 2 in Table 2, subjects will choose between Option A: ½ probability of $20.00 and a ½ probability of $15.00 or Option B: ½ probability of $38.50 and a ½ probability of $1.00. Depending on the choices, it corresponds to an interval of risk aversion. I will use the Luce model (Luce 1959) to estimate the risk aversion parameter. Holt and Laury (2002) also use the Luce model to estimate the risk aversion parameter. The choice probabilities in the Luce model are Pr(choose Option A) = UA1/λ / [ UA1/λ + UB1/λ], where λ is a noise parameter which captures the insensitivity of choice probabilities to payoffs.   

Table 2: Lottery-Choice Options in Measuring Risk Aversion (Holt and Laury 2002)

	
	(1)

Option A
	(2)

Option B
	(3)

Difference in Expected Value (A-B)

(not provided to subjects)

	1.
	40% chance of $20 and 60% chance of $16
	40% chance of $38.50 and 60% chance of $1.00
	$1.60

	2.
	50% chance of $20 and 50% chance of $16
	50% chance of $38.50 and 50% chance of $1.00
	-$1.70

	3.
	60% chance of $20 and 40% chance of $16
	60% chance of $38.50 and 40% chance of $1.00
	-$5.10

	4.
	70% chance of $20 and 30% chance of $16
	70% chance of $38.50 and 30% chance of $1.00
	-$8.40

	5.
	80% chance of $20 and 20% chance of $16
	80% chance of $38.50 and 20% chance of $1.00
	-$11.80

	6.
	90% chance of $20 and 10% chance of $16
	90% chance of $38.50 and 10% chance of $1.00
	-$15.20



A further requirement that needs to be made regarding risk aversion is that the firms will need to be risk neutral and the sales reps will need to be risk averse. As a result, I separated subjects into two groups and estimated the aggregate risk aversion parameter in a group. Those subjects who are risk neutral were assigned the role of the firm. Similarly, I assigned subjects who are risk averse the role of the sales rep. Given that the risk aversion parameter is needed prior to the experimental session. Subjects were asked to complete the survey (Table 2) weeks in advance of the actual experimental session. Based on the results of the survey, I estimated two risk aversion parameters. The risk aversion parameter for the risk neutral group was found to be 0.0037 (with the noise parameter equal to 0.08) which is not significantly different from the risk neutrality (p=0.08). For the risk averse group, the risk aversion estimate was found to be 0.1800 with p=0.004 (with the noise parameter equal to 1.86). 

Table 3: Experimental Design and Predictions

	
	Effort

(e*)
	Price

(p*)
	Virtual Marginal

Cost (y*)
	Commission Rate

(β*)

	Condition 1: ψ=2, θs=.1 (DD)
	16.57
	64.09
	30.94
	52%

	Condition 2: ψ=4, θs=.1 (DD)
	12.94
	42.12
	16.26
	61%

	Condition 3: ψ=4, θs=.9 (DD)
	11.73
	38.19
	14.74
	61%

	Condition 1: ψ=2, θs=.1 (CC)
	9.01
	54.05
	36.04
	33%

	Condition 2: ψ=4, θs=.1 (CC)
	5.85
	35.09
	23.39
	33%

	Condition 3: ψ=4, θs=.9 (CC)
	5.59
	33.51
	22.35
	33%



The experimental design shown in Table 3 consists of the selected parameters: μ=100, r=.18 σδ2=5.56 and λ=1/2. For Condition 1 (ψ=2, θs=.1) and Condition 3 (ψ=4, θs=.9), the model prediction is a dual centralization equilibrium. For Condition 2 (ψ=4, θs=.1), the model prediction is a dual delegation equilibrium. These parameters were designed in the aforementioned manner.
3.4 Experimental Procedure

Once subjects entered the room, they were seated apart at a computer terminal and a set of instructions were read aloud by the experimenter. Subjects played 60 rounds each (20 subjects only played 58 rounds due to a computer malfunction) which should correspond to an experiment that takes 150 to 180 minutes to complete. Participants earned francs which were later converted by 0.0001 to dollars for an average of $10 per subject. The computer software Z-Tree (Fischbacher 1999) was used to run the experiments. Computerized experiments are extremely useful when running large group experiments because it allows for swift subject decisions, results to be tallied immediately and a random matching protocol. To ensure that subjects were familiar with the computer software, all subjects participated in 5 practice rounds prior to the actual experiment.

The instructions and the decision tasks were constructed to be as transparent and simple as possible. Subjects were told that they would be randomly and anonymously matched in groups of 4 where their decisions will only affect the other 3 subjects in their group. Subjects were then introduced to the model parameters and were asked to complete their decision task by choosing the most appropriate selection. In addition, the common random shock was drawn from a normal distribution with mean zero and variance σδ2. Following traditional experimental economic studies, the instructions will deliberately avoid using statements that induce any other non-pecuniary incentives. As a result, terms such as delegation, centralization and effort will not be used. The full set of instructions can be found in Appendix 1. 
3.5 Data Analysis

Figures 6a-6g compare the variable means by round for the three conditions. There is some degree of learning which takes place during the experiments. Overall, decisions made in Rounds 1-10 tend to be higher than the decisions made in Rounds 11-20 and become more stable in the later rounds. Split-sample tests reveal the presence of learning. As a result, I run the statistical analyses for two sets of data. First, I use all 20 rounds of data and then I restrict the analysis to the final 10 rounds of data. The latter is done to analyze decisions when behavior is more stable. 
Figure 6a: Delegation Frequency
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Figure 6b: Profits
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Figure 6c: Utility
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Figure 6d: Fixed Wage
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Figure 6e: Commission Rate
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Figure 6f: Price
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Figure 6g: Effort
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The observed delegation frequency is less than 27% from Figure 6a. Therefore, firms are centralizing the pricing decision even though dual delegation is the equilibrium prediction for Condition 2. From Figure 6b, we are able to see that profits in Condition 1 are indeed higher than in Conditions 2 or 3. This is a reflection that subjects understood that Condition 1 was more favorable than Condition 2 and Condition 2 was more favorable than 3. From Figure 6c, we can observe that Condition 1 and 2 are more favorable to the salesperson’s utility than Condition 3. With Figure 6d, fixed wages are highest in condition 2 and lowest in condition 3. For the commission rate (Figure 6e), there appears to be no noticeable trend across conditions. In fact, firms are choosing roughly the same commission rate across conditions. With Figure 6f, we find that prices tend to be highest in Condition 1 and lowest in Condition 3. This further adds support to the notion that players understand the change in the market conditions. From Figure 6g, effort is highest in Conditions 1 and 2 and lowest in Condition 3. However, it is unclear if effort is higher in Condition 1 or 2. 

Table 4: Empirical Means versus the Theoretic Predictions

	
	Effort

(e*)
	Price

(p*)
	Commission Rate

(β*)

	C1: ψ=2, θs=.1 (Theory)
	9.01
	54.05
	33%

	C2: ψ=4, θs=.1 (Theory)
	12.94
	42.12
	61%

	C3: ψ=4, θs=.9 (Theory)
	5.59
	33.51
	33%

	C1: ψ=2, θs=.1 (Mean-20)
	16.84
	54.34
	23.56%

	C2: ψ=4, θs=.1 (Mean-20)
	18.93
	48.84
	24.84%

	C3: ψ=4, θs=.9 (Mean-20)
	11.89
	37.56
	23.87%

	C1: ψ=2, θs=.1 (Mean-10)
	17.18
	51.82
	23.75%

	C2: ψ=4, θs=.1 (Mean-10)
	16.01
	44.66
	23.76%

	C3: ψ=4, θs=.9 (Mean-10)
	10.98
	35.67
	23.42%




Table 4 summarizes the mean levels of effort, price and the commission rates selected by participants where Mean-20 is for all 20 rounds of data and Mean-10 is for the last 10 rounds of data. First, we notice that effort by agents is significantly higher than the equilibrium prediction levels. Mean effort in C1, C2, C3 is significantly higher than their respective theoretical prediction (all with p=0.000). In C1 and C3, agents nearly double the level predicted by theory. Mean prices are roughly similar to the equilibrium predictions. T-tests reveal that prices in C1 are not significantly different from the theoretical prediction in Mean-20 (p=0.62), but are significantly lower than the theoretical prediction (p=0.04) in Mean-10. Prices in C2 and C3 are significantly higher in Mean-20 with p=0.000 and p=0.000, respectively. Similarly, prices in C2 and C3 are also significantly higher in Mean-10 with p=0.000 and p=0.000, respectively. For commission rates, we find a significantly lower commission rate in all conditions for both Mean-20 and Mean-10 (p=0.000).

Table 5: Probit Models to Test H1 and H2

	
	Variable
	Coefficient
	Standard

Error

	1. Choice Proportion of DD (20): LL=-86.68

	
	Constant (Condition 1 Base)
	-1.94*
	0.1420

	
	Condition 2 Dummy
	0.05
	0.1972

	2. Choice Proportion of DD (10): LL=-28.69

	
	Constant (Condition 1 Base)
	-1.89*
	0.1936

	
	Condition 2 Dummy
	-0.63
	0.4009

	3. Choice Proportion of CC (20): LL=-393.03

	
	Constant (Condition 1 Base)
	0.79*
	0.1420

	
	Condition 2 Dummy
	-0.36*
	0.1972

	4. Choice Proportion of CC (10): LL=-177.26

	
	Constant (Condition 1 Base)
	0.88*
	0.0763

	
	Condition 2 Dummy
	-.20
	0.1038

	5. Choice Proportion of CC (20): LL=-380.42

	
	Constant (Condition 2 Base)
	0.43*
	0.1420

	
	Condition 3 Dummy
	0.40*
	0.1057

	6. Choice Proportion of CC (10): LL=-166.92

	
	Constant (Condition 2 Base)
	0.68*
	0.1048

	
	Condition 3 Dummy
	0.26
	0.1580




*Indicates significance at the 5% level

We now proceed to formally test H1 and H2 using a probit model. The results of the test are presented in Table 5. For H1, we test whether increasing substitutability leads to an increase in the dual delegation selection. We find that the coefficient of the Condition 2 Dummy is not significant in either the 20 round or the final 10 round analysis (p=0.82 and p=0.12, respectively). Hence, I find that H1 is not supported. Although, I do not observe an increase in firms selecting a dual delegation strategy, it is still possible that firms may try delegation more than they had in Condition 1. Therefore, I examine whether there is a reduction in firms choosing the dual centralization strategy from Condition 1 to Condition 2 because any change requires at least one firm to select a delegation strategy. Based on the probit model, I find that the dual centralization equilibrium appears less readily when we compare Condition 1 to Condition 2. Hence, we conclude that delegation is more likely to be observed as substitutability increases. However, we do not find a change in the dual delegation behavior. For H2, I test whether increasing cross effort responsiveness leads to dual price centralization. From Table 5, I find a significant increase in the likelihood of observing the dual price centralization for the 20 round analysis (p=0.000) and significance at the 5% level with a one-tailed test for the 10 round analysis. Therefore, H2 is supported.

H1: H1 is not supported. As product substitutability increases, price delegation does not arise as the equilibrium strategy for both firms. Increases in substitutability do, however, lead to a higher tendency of at least one firm practicing price delegation. 
H2: H2 is supported. As cross effort responsiveness increases, price centralization arises as the equilibrium strategy for both firms.
Even though I find partial support for the two hypotheses, it is clear from the data that price centralization dominates the equilibrium strategy space. Table 6 presents these results more clearly.

Table 6: Proportion of Quartets Choosing each of the Subgames

	
	CC
	CD or DC
	DD

	Condition 1 (20)
	0.79
	0.18
	0.03

	Condition 2 (20)
	0.67
	0.30
	0.03

	Condition 3 (20)
	0.80
	0.20
	0

	Condition 1 (10)
	0.81
	0.16
	0.03

	Condition 2 (10)
	0.75
	0.24
	0.01

	Condition 3 (10)
	0.83
	0.17
	0


For C1 and C3, I find that 81% and 83% of firms choose the dual centralization strategy, respectively, for the last 10 rounds. For all 20 rounds, I find that 79% and 80% choose dual centralization. These findings are consistent with the theoretical predictions. However, when we consider C2 the findings do not support theory. In fact, only 1% of quartets end up in the dual delegation equilibrium and 75% choose the dual centralization equilibrium for the final 10 rounds while 3% of quartets choose dual delegation and 67% choose dual centralization for all 20 rounds of the game. The question remains why firms continue to choose dual centralization when the equilibrium clearly dictates a dual delegation strategy.


To address this question, we focus on Condition 2 and show how behavior differs between delegation and centralization. As predicted by theory, prices are indeed higher under delegation than under centralization (p=0.000), but effort and the commission rate are no different (p=0.37 and p=0.58). We can ignore the fixed wage portion of compensation because the fixed wage does not produce any incentive effects. The fixed wage only affects the participation constraint. For delegation to be profitable and an equilibrium, agents should set higher prices and exert higher effort. However, a precursor to this scenario is that firms offer higher commission rates. Since firms do not offer a higher commission rate, delegation is susceptive to deviations to a centralized pricing strategy. Firms learn early on in the game that the commission rate is a rather sticky variable to alter and so effort does not change much. From the data, agents are willing to choose a higher price. Unfortunately, choosing delegation and having a higher price can hurt the focal firm because the competitor can easily swoop in with a lower price by sticking to a centralized pricing strategy and steal the market share. Had the firm offered a higher commission rate, the agent’s increased effort would act as a deterrent of deviating to a centralized pricing strategy. The firm’s ability to adjust the commission rate is a critical determinant of the price delegation equilibrium. From the experiment, commission rates are sticky and so centralized pricing arises as the equilibrium of the game. 

4. Discussion of the Contribution
This dissertation presents results that are of interest to both academic scholars and practitioners. For academic scholars, the analysis of the model developed from first principles clarifies whether price delegation is indeed an equilibrium strategy. Furthermore, I present an alternative way to model linear demands functions for salesforces that allow for interpretations consistent with traditional theories of consumer behavior. With this adjustment, I consider how product substitutability and cross effort responsiveness affect the decision to delegate the pricing. Additionally, this paper also puts forth the first experimental test of price delegation by using the experimental economics methodology. For practitioners, the clarification of the price delegation theory makes bold recommendations for when and how to strategically implement price delegation. Moreover, the experimental test of the theory allows practitioners to assuredly implement the recommendations put forth in this paper.


As for the theoretical results, the contributions are threefold. First, I separate the effects of substitutability and product category attractiveness by starting from first-principles. This allows for a proper interpretation of the findings of Bhardwaj (2001). Second, the effect of substitutability and hence price competitiveness is shown to lead to lower rather than higher prices as proposed by Bhardwaj (2001) (Proposition 1). This result is important since selling a more similar product should indeed put competitive pressure to drive down prices. Third, in Proposition 2, I confirm the main findings of Bhardwaj (2001) even when I separate product substitutability and category attractiveness. Specifically, price delegation is the equilibrium when products are close substitutes, but not when cross effort responsiveness is high (effort competition).


The experimental results are even more surprising and impactful. First, I find that dual centralization arises as the equilibrium strategy regardless of the competiveness of the market. In two of the three market conditions, dual centralization was indeed the theoretical prediction. However, it is still surprising that over 80% of firms chose a dual centralization strategy. On the other hand, Condition 2 which predicts a dual delegation equilibrium was not found. This result is mainly due to stickiness in commission rates. Theory requires a vast increase in the commission rate under delegation which is not observed in the experiment. Although surprising to find in the laboratory setting, compensation plans are very difficult to change and firms may find it unreasonable to offer a commission rate of 61% (as our model requires). If commission rates are sticky a profit analysis confirms that firms are better off staying with a centralization strategy than a delegation strategy. 

Price delegation remains a fruitful avenue of research. I did not consider how information asymmetry affects the decision to delegate. This is a clear theoretical extension that is worth pursuing. Similarly, the fact that this paper is the first experimental test of the price delegation theory indicates that there is room for added empirical studies in this area. In particular, experimental tests of the optimality of price delegation in information asymmetric conditions would be of high interest to practitioners. Accordingly, the assessment of different compensation plans and their effect on the decision to delegate would also prove vastly important. Finally, considering various types of limited price delegation would also be an interesting and noteworthy extension. Although the price delegation literature began in 1975, the theory still contains many unanswered questions three decades later.
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Appendix 1: Instructions for the Sales Experiment

1.
Introduction

This is an experiment in decision making.  The instructions are simple, and if you follow them carefully and make good decisions, you could earn a considerable amount of money which will be paid to you. What you will earn partly depends on your decisions, partly on the decisions of others, and partly on chance. Do not look at the decisions of others. Do not talk during the experiment. You will be warned if you violate this rule. If you violate this rule twice, I will cancel the experiment immediately and your earnings will be $0.

There are 20+ participants in this experiment and there are a total of 60 decision rounds. In every decision round, you will be assigned to a group consisting of 4 participants. Your group assignment in each round has been randomly and anonymously determined. The random assignment also means that the set of 4 participants in your group changes every round. The 60 decision rounds are divided into three parts.  Part 1 consists of rounds 1 to 20, Part 2 consists of rounds 21 to 40 and Part 3 consists of rounds 41 to 60. 

2.
Decision Step

In each of the 60 decision rounds, you will perform various decision tasks depending on your role. You will either be a Firm Representative or a Sales Representative. Your role will be the same throughout all 60 decision rounds. In each group, there will be 2 Firm Representatives and 2 Sales Representatives. Each Firm Representative employs a Sales Representative to sell and promote their product. Each Firm Representative sells a slightly differentiated product in the marketplace. See the diagram below for a graphical depiction of the behavior. 


[image: image56]
Firm Representatives
Your task is to try to earn profits by having your sales rep sell the product. Therefore, you can choose up to 4 items which will help you earn profits.

1. Decide whether you or your Sales Representative will select the price of the product.

2. Choose the salary to pay to your Sales Representative (0 to 2000).

3. Choose the commission to pay to your Sales Representative (0 to 100).

4. If you decide to select the price, choose the actual price (1 to 100).

5. Offer the contract to your sales rep.

Profits will be determined by the following relationship:


Profit = (1-Commission)*Price*Units – Salary.

Your earnings will be scaled and converted upon payment. 

Sales Representatives

Your task is to try to earn income by promoting and selling the product. First, you should decide whether or not you would like to accept the contract. If you accept the contract, you can then choose up to 2 items which will help you sell the product.

1. Choose the number of sales calls to make (0 to 100).

2. Choose the actual price only if the Firm Representative presents the option (1 to 100).

Income = Commission*Price*Units + Salary – Sales Call Costs
Note that commissions are paid on revenues. Attached to these instructions is Sheet 1.  

Sheet 1 shows the number of sales calls from 0 to 100 in the first column.  These are the number of sales calls you can make in each round.  Associated with each sales call is a Cost, which is listed on the same row in the second column. Note that the more sales calls made, the greater is the associated cost. Each of the participants in this experiment has an identical sheet.

If the sales rep rejects the contract, the sales rep and firm rep will both earn 0 for the round.

Units
Units sold consist of multiple elements and change for each of the 3 parts of the experiment.

Part 1: 

Units = 100 + SalesCalls(Own) – .1*SalesCalls(Other) – 1.5*Price (Own) + 1*Price (Other) + Random Number
The Random Number is drawn from a Normal Distribution with mean of 0 and standard deviation of 5.55. 
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Part 2: 

Units = 100 + SalesCalls(Own) – .1 *SalesCalls(Other) – 2.5*Price (Own) + 2*Price (Other) + Random Number
Part 3: 

Units = 100 + SalesCalls(Own) – .9 *SalesCalls(Other) – 2.5*Price (Own) + 2*Price (Other) + Random Number
If the other sales rep rejects the contract, Units will be equal to

Units = 100 + SalesCalls(Own) – .5*Price (Own) + Random Number
3.
Determining your Point Earnings 
Order of Play

1. Firm Representatives will make their selections.

2. Sales Representatives will make their selections.

3. The computer will compute units sold, profits and income.

4. Repeat the decision task for the remainder of the rounds.

To start the experiment, I have given every participant 2000 points. Your actual dollar earnings will be converted by a factor of .0001.

Of course, if you incur any negative point earnings in a decision round, I will deduct the amount from your accumulated earnings as well. 

Are there any questions?
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