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Preface

Supply Chain Management has developed to one of the hottest topics over the last
two decades both in business research and business practice. Research has con-
tributed quite a lot to support our understanding concerning the impact of the
institutional framework and distribution of information on decision making within
a supply chain. One of the main questions in this context was how to avoid or, at
least, reduce supply chain efficiency losses that are caused by insufficient alignment
of goals of independent and selfish actors in such a business relationship. Thereby,
main focus lay on the role that contracts between business partners can play for
coordinating objectives and actions of supply chain decision makers in such a way
that individual actors simultaneously do the best for their own company and for the
supply chain as a whole.

Nowadays, we know much about the built-in inefficiency of the simple whole-
sale price contract and about the design of contracts that achieve coordination
for various action fields and supply chain structures. The overwhelming majority
of research contributions, however, are assuming the unrealistic situation of sym-
metrically distributed information within supply chains. Only very few contribu-
tions refer to information asymmetry and its impact on supply chain coordination
by contacts. From contributions based on principal-agent theory we know that
worse informed actors in a supply chain are best off when they offer a so-called
screening contract. This contract type, however, leaves some information rent to the
better informed parties and fails to achieve supply chain coordination given that all
supply chain members act in a fully rational and opportunistic manner. In this
context, it is a highly important and interesting question if this type of contract-
based lack of coordination can be counteracted by operational actions of single
supply chain members for reducing the impact of information deficits and/or by
communication that might eliminate information asymmetry at all.

This book deals with this type of research question that has not been addressed in
a scientific manner before. As a result it gives many new insights and discusses
important managerial implications. The role of communication as an instrument to
overcome supply chain inefficiencies in the presence of information asymmetry is
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not only analyzed in the context of decision making under complete rational
behaviour of the supply chain actors. In order to gain deeper insights into the
impact of trust and trustworthiness on the coordinating power of contracts under
information sharing also an experimental research study of a buyer—supplier inter-
action in a just-in-time supply chain relationship is conducted. The respective
experiments were carried out at the Magdeburg Experimental Laboratory of
Economic Research (MaXLab) and revealed distinct deviations of supply chain
behaviour from what is expected from theory. Thus, methods of mathematical
model analysis and experimental economics are combined in a highly fruitful
way. The results of this research give important indications of how to handle
screening contracts and how to deal with trust and trustworthiness in a supply
chain to overcome coordination deficits caused by information asymmetries.

February 2011 Karl Inderfurth
Magdeburg
Germany
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Chapter 1
Introduction

The research area of supply chain management analyses the interactions of inde-
pendent firms and provides concepts that can enhance the performance of each
supply chain party. However, if the legally independent supply chain members
deliberately exploit the supply chain counterpart to enhance own financial ratios,
then the implementation of a specific concept is likely to fail, as long as there are no
mechanisms avoiding the pitfalls of opportunistic behavior in advance. It is there-
fore important to develop mechanisms facilitating the implementation of these
logistics concepts, even though the supply chain parties pursue individual goals
instead of collective supply chain goals.

A major challenge of supply chain management is the so-called supply chain
coordination, i.e., the alignment of incentives such that individually optimal actions
lead to supply chain optimal actions. Very prominent tools in the coordination
literature are contracts that legally stipulate the business relation between the
supply chain parties. Since these contracts typically link the actions of the company
to individual performance measures, e.g., costs or revenues, they can be designed
such that the individual performance is directly linked to the overall supply chain
performance. In other words, optimizing the individual performance is in line with
optimizing the supply chain performance.

As mentioned before, the concepts discussed in supply chain management have
the potential to improve the overall supply chain performance. Utilizing the meta-
phor of a cake that can be split among the supply chain members, the size of the
cake increases if the concept is implemented. Implementing a concept is simple if
each firms’ fraction of the cake is known from the beginning. In this case, the
contract only has to guarantee that the fraction of the cake is at least the same after
the implementation, which is no problem since the cake as a whole increases.

Yet, if the allocation of the cake is not known in advance, the self-interested firm
has an incentive to misrepresent its fraction before the implementation, since it can
claim a larger fraction of the increased cake afterwards. Information asymmetry
with respect to the benefits or costs of implementing a concept, thus, is a major
problem in supply chain coordination.

G. Voigt, Supply Chain Coordination in Case of Asymmetric Information, 1
Lecture Notes in Economics and Mathematical Systems 650,
DOI 10.1007/978-3-642-20132-5_1, © Springer-Verlag Berlin Heidelberg 2011



2 1 Introduction

Recently, many studies of supply chain coordination under asymmetric infor-
mation have been published. All of these studies frame the supply chain planning
situations as principal-agent models, in which the agent is the holder of the private
information. In this case, the principal offers a sophisticated screening-contract
which gives the agent an incentive to reveal his private information truthfully. Yet,
there is still a non-negligible lack of coordination if these so-called screening
contracts are used to align the incentives within the supply chain, i.e., the size of
the cake is smaller than under full information. In other words, these screening
contracts fail to coordinate to the supply chain optimum. However, if all supply
chain parties act completely opportunistic, the supply chain theoretically cannot
perform better than this second best solution.

The problems that arise under asymmetric information heavily rely on the
assumptions of the supply chain members acting opportunistically, and having
therefore an incentive to misrepresent their private information. Moreover, it is
implicitly assumed that the actors are fully rational, i.e., they easily identify how to
misrepresent their information or how to exploit truthfully shared information. Yet,
there is a growing body of research in the field of behavioral economics showing
that these assumptions need to be handled carefully.

In the context of asymmetric information, the assumptions of rationality and
opportunistic behavior imply that supply chain parties will prefer inefficient compli-
cated screening-contracts under asymmetric information to efficient and less compli-
cated contract structures under full information. In other words, theory predicts that
supply chain members are more likely to use complicated inefficient contracts instead
of establishing truthful communication and trust while using simpler contract
schemes. However, to our knowledge there is so far no empirical assessment of
different contract structures under asymmetric information. This is not surprising,
since there are substantial methodological difficulties to assess the amount of truth-
telling and the extent of trust in supply chain interactions. First of all, supply chain
members are typically reluctant to give fully access to critical information. Yet, even
though researchers may have access to detailed communication scripts, they can
hardly evaluate whether a report was true or strategically biased, since the underlying
benchmark suffers from the estimation’s statistical errors. For this reason, the present
thesis employs laboratory experiments to address the above questions in a controlled
environment, in which communication between the supply chain parties is perfectly
observed and the ex post evaluation of trust and truthfulness is possible. Building upon
the insights of these experiments, the theoretical model of supply chain interactions
under asymmetric information is revisited, and some modifications that capture the
observations from the experiment are introduced.

Figure 1.1 depicts the structure of the thesis. All analysis and experiments will
refer to a strategic lotsizing model, which is introduced in Sect. 2.2. This strategic
lotsizing framework captures that suppliers typically prefer large lot sizes, while
buyers prefer smaller lots. In this context, the concept of Just-in-Time (JiT) is
frequently discussed. It is shown that this concept can be easily implemented if the
buyer’s advantages of the JiT delivery is perfectly known. Yet, in case the supplier
can only estimate the buyer’s advantages of the JiT strategy, it is shown that
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screening contracts can be used to coordinate the supply chain at least to some
extent. Besides the highly empirical relevance of JiT strategies, the stylized form of
the JiT model is very useful for implementing it as an laboratory experiment, since
it can be relatively easy explained to the participants. Hence, the strategic lotsizing
model is used as the basis for all sections in the underlying thesis.

Chapter 2 discusses the impact of asymmetric information from two
perspectives. The first perspective (Sects. 2.1 and 2.2) assumes that all actors act
fully rational and opportunistic. It follows that communication is not reliable, since
the private information will be used strategically. Hence, the ill-informed party will
offer a screening contract leading to an expected coordination deficit.
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The second perspective (Sect. 2.3) takes a cooperative view, showing that
information sharing has an impact, if the supplier reacts to the shared information.
In this case, however, the impact of the supply chain performance is ambiguous,
since the buyer’s report can either be truthful or deceptive.

Building upon the first approach in which all parties act fully rational and
opportunistic, Chap. 3 analyzes the implementation of the JiT strategy in the
strategic lotsizing model under asymmetric information more thoroughly. Since it
is regularly mentioned that a JiT strategy should be accompanied by process
improvements, it is analyzed whether the efficiency losses due to asymmetric
information increase or decrease when the supplier can invest in costly process
improvements. Hence, the model allows identifying industrial settings, in which the
behavioral assumptions of opportunistic behavior and rationality seem to be crucial
when discussing JiT strategies.

Since Chap. 3 shows that inefficiencies arise in the majority of all cases, it seems
worthwhile to analyze whether information sharing can enhance supply chain
performance, although non-cooperative game-theory predicts otherwise. Yet,
Sect. 2.3 highlights that the effect of communication is ambiguous and depends
on the interaction of trust and trustworthiness. Hence, a laboratory experiment was
designed to analyze the impact of information sharing in a controlled environment,
in which the buyer’s actual private information can be observed along with his
report. This allows measuring the level of truthfulness. Moreover, the adjustment of
the supplier’s statistical forecast of the private information as a reaction on the
report can be observed. This allows measuring the supplier’s tendency to trust or
mistrust the reported information. This assessment of trust and trustworthiness
allows analyzing the interaction of behavioral types (trusting and mistrusting
suppliers, deceptive and truthful buyers) under asymmetric information. The results
of this experiment are present in Chap. 4.

Chapter 5 discusses the results of a laboratory experiment, in which the supplier
is only allowed to offer contracts as if under full information, e.g., because he
believes in the shared information, or to offer a screening contract which is optimal
if he mistrust the shared information. Hence, the subtle measuring of trust via
adjusted statistical forecasts as in Chap. 5 is not possible, while it is possible to
directly compare the empirical relevance of complex screening contracts in contrast
to simpler contracts (as if under full information). The experiments were conducted
for several supply chain configurations, which allows discussing the effect of
contract type complexity in different industrial settings.

Thereafter, Chap. 6 incorporates some of the experimental results presented in
Chaps. 5 and 6 in the strategic lotsizing model. Particularly, the model can explain
why information sharing does not necessarily improve the supply chain performance,
although a certain fraction of buyers always reveal their private information truthfully.
The model identifies three basic determinants, i.e., trust, trustworthiness, and infor-
mation sharing behavior that needs to be carefully considered when discussing the
benefits and pitfalls of information sharing in supply chain management.

Finally, Chap. 7 summarizes the results and gives some directions for further
research.



Chapter 2
Supply Chain Coordination in Case
of Asymmetric Information

The following chapter elaborates the impact of asymmetric information in a supply
chain context and shows that information sharing can enhance supply chain perfor-
mance if some level of trust and trustworthiness can be established. Section 2.1
gives a brief overview over related research areas while introducing basic
definitions, assumptions and concepts. Section 2.2 discusses the impact of asym-
metric information in a supply chain context while showing that specific contract
structures can be used to align the incentives in the supply chain. Since these
contract structures are not efficient, Sect. 2.3 discusses under which circumstan-
ces regarding trust and trustworthiness information sharing can lead to supply
chain optimal outcomes. Finally, Sect. 2.4 gives a comprehensive review of supply
chain models in which contracts are used for coordinating actions in supply chain
management.

2.1 Contracting Under Asymmetric Information: Basic
Definitions, Assumptions and Concepts

The techniques used in this thesis do basically stem from the theory of optimal
income taxation (see Mirrlees 1971), from the theory of monopolistic pricing (see
Mussa and Rosen 1978), and from the regulation literature (see Baron and Myerson
1982). The theory of optimal income taxation analyzes the government’s problem
to choose a tax policy that maximizes the total surplus of the economy. In this case,
the government is ill-informed with respect to the individual productivities (i.e.,
skills), while the individuals choose between consumption and labor supply.

Mussa and Rosen (1978) consider a monopolistic pricing problem in which the
monopolist is ill-informed with respect to the buyer’s valuation of the product,
which is dependent from the product’s quality. Assuming that the monopolist can
vary the product’s quality, Mussa and Rosen show that a nonlinear price-quality
scheme maximizes the monopolist’s profits.

G. Voigt, Supply Chain Coordination in Case of Asymmetric Information, 5
Lecture Notes in Economics and Mathematical Systems 650,
DOI 10.1007/978-3-642-20132-5_2, © Springer-Verlag Berlin Heidelberg 2011
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Baron and Myerson (1982) analyze how the government optimally regulates a
monopolist who has private information with respect to his variable cost of produc-
ing the good. The regulator maximizes the social welfare by determining the price
the monopolist is allowed to charge as well as the subsidy that is required for
accepting a regulated price.

The aim of the section is to introduce the basic assumptions, definitions and
concepts that build the basis of the present work. Therefore, the principal-agent
concept as well as the “Revelation Principle” as one of the fundamentals in
mechanism design theory is briefly discussed. Finally, the two distinctive types of
information asymmetry (moral hazard and adverse selection) that can be analyzed
in a principal agent framework are introduced.

2.1.1 The Principal-Agent Framework

All of the models presented in this work are based on the principal-agent
framework, in which the principal is the ill-informed party while the agent is the
holder of the private information (e.g., productivity or costs). Ross (1973) was first
to introduce the terminology of a principal-agent setting and defines that “an
agency relationship has arisen between two (or more) parties when one, designated
as the agent, acts for, on behalf of, or as a representative for the other, designated
the principal, in a particular domain of decision problems” (see Ross 1973, p. 134).
Arrow (1985, p. 37) summarizes the main characteristics of a principal-agent
relationship:

» Two parties interact in a principal—agent relationship. The number of principals
or agents can vary in different settings.

* One party (the agent) has to choose from a number of alternatives.

* The agent’s decision influences the utility of both parties.

e Both parties act opportunistically, i.e., both parties maximize their own
(expected) utility.

¢ There is asymmetric information and/or uncertainty.

» The principal observes the result of the decision or other variables that can be
linked to the agent’s private information.

¢ The principal has to propose a contract that defines the agent’s welfare contin-
gent on the observed result or action.

Many interactions can be characterized as above. Examples range from the
insurance market (see Spence and Zeckhauser 1971; Rothschild and Stiglitz
1976), sellers and buyers of cars (i.e., the prominent market of lemons, see Aklerhof
1970), to shareholders and managers (Jensen and Meckling 1976).

Salanié (2005) stresses that principal-agent models are a special case of more
general bargaining situations under asymmetric information. These simplified
versions of general bargaining situations are used, as the more general frameworks
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are very complex due to multiple game-theoretic equilibria." The principal—-agent
framework avoids these problems by assigning all bargaining power to one party, i.e.,
the principal. The principal makes a “take it or leave it” offer and the agent can only
accept or reject the offer. Hence, it is assumed that the interaction stops immediately if
the agent rejects an offer. However, Salanié¢ (2005) stresses that this is (often) a
simplification, as in real-world settings it is likely that further bargaining steps
apply, especially if an agent rejects an offer (see Salanié 2005, p. 5).

2.1.2 Mechanism Design and the Revelation Principle

This subsection gives a short introduction to mechanism design and the revelation
principle, as their fundamental results will be used throughout the work. Since
the main insights are already observable in the one-principal and one-agent setting,
the exposition is restricted to this case. A more rigorous discussion can be found
in the early studies of Dasgupta et al. (1979) and Myerson (1979). It is referred to
Fudenberg and Tirole (1995) for a textbook introduction as well as many
applications of this research stream.

The main characteristic of the mechanism-design approach is that the principal
is assumed to maximize his (expected) utility when there is asymmetric information
(see Fudenberg and Tirole 1995). In contrast to general principal-agent models,
mechanism designers do not only maximize the principals expected utility for a
given mechanism (i.e., contract or incentive-scheme), but they also look for the
optimal mechanism. In the following, all definitions will be given for a single agent
framework.

A mechanism is a function that assigns an agent’s message S € (S, ....., S),
where k is an arbitrarily high number, to a contract (g,Z) where ¢ is the agent’s
decision and Z is a transfer function. The transfer function defines a side-payment
which is paid from the principal to the agent, or vice versa. Formally, a mechanism
is defined by S — (¢,Z). Let u(q,Z, h) denote the agents Neumann—Morgenstern
utility function, where & € (hy, ..., h,) denotes the agents private information, and n
is the number of different types. The probability of interacting with a certain type,
pi,i=1,...,n is assumed to be common knowledge. It is assumed that u(-) is
strictly increasing in Z and twice continuously differentiable. Assuming that the
agent maximizes his expected utility, he will choose a message S such that
S*(h) = argmax,(u(q,Z, h)). Hence, the principal can anticipate which message
the agent of type / will send given a specific mechanism. In turn, the principal can
optimize his own utility over the allocation that results through the mechanism. An
allocation rule defines a function assigning a decision ¢ and a transfer function Z to
each type h, i.e., h — (q,Z).

' Ausubel et al. (2002) survey the bargaining literature under asymmetric information.



8 2 Supply Chain Coordination in Case of Asymmetric Information

The revelation principle (see, e.g., Myerson 1979) states that the principal can
restrict his attention to mechanisms that are direct and truthful. A direct mechanism
means the message space is restricted to possible types, i.e.,S € (S, ..., S,) or, in other
words, k = n. A truthful mechanism ensures that an agent with type /; will indeed
send a message referring to his type. One special type of such a direct mechanism is the
screening contract, which is used throughout the underlying thesis as a coordination
device. The screening contract consists of n-contracts, where each contract refers to
one type 4;. Since the screening contract consists of several contracts from which the
agent can choose, another common wording is “menu of contracts”.

2.1.3 Moral Hazard and Adverse Selection

In the following the main problems that arise under asymmetric information are
summarized (see, e.g., Jost 2001a). Table 2.1 summarizes the different kinds of
principal—agent interactions that arise due to asymmetric information.

Principal-agent frameworks can be distinguished by the type of information
asymmetry. The type of information asymmetry is dependent on the specific point
in time in which the asymmetry emerges (i.e., time of occurrence). Models in which
the agent has private information before (i.e., ex ante) the principal offers a contract
are so-called models of adverse selection. In contrary, moral hazard problem are
prevalent if information asymmetry emerges after (i.e., ex post) the contract is
concluded. Both problems, i.e., moral hazard and adverse selection, can occur
simultaneously (see, e.g., Desai and Srinivasan 1995). Furthermore, the problems
of moral hazard can be subdivided into problems of hidden action and hidden
information.

In hidden action frameworks, the principal offers a contract and the agent
decides whether to accept or reject the contract afterwards. After contract accep-
tance, the agent chooses an action which is unobservable for the principal. The
principal cannot directly infer the action from the outcome as there are additional
influencing variables that have an impact on the outcome. In this case, information
asymmetry is endogenously determined as the asymmetry emerges out of the
agent’s decisions. As an example, the manager (principal) cannot observe how
much effort his staff is assigning to a specific task (e.g., promotional effort),
because there is uncertainty in demand. Hence, low sales can either result from
low realized random demand and/or low promotional effort (see Blair and Lewis
1994 as well as Desai and Srinivasan 1995).

Table 2.1 Classification of principal-agent relationships (Jost 2001, p. 25)

Hidden action Hidden information Hidden characteristics

Source of information asymmetry Endogenous  Exogenous Exogenous
Time of occurrence Ex post Ex post Ex ante
Type of information asymmetry =~ Moral hazard Moral hazard Adverse selection
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In contrast, hidden information occurs before the agent chooses his action but
after the contract was concluded. Under hidden information, the principal can
observe the agent’s actions, but he cannot assess whether this action was in his
own best interest or not. This is, because the agent is privately informed about some
decision relevant parameters before he chooses his actions but after he signed the
contract, i.e., before the incentives were specified. As an example, Zhang and
Zenios (2008) propose a model in which the supplier cannot observe the buyer’s
inventory level, as there is stochastic demand. Assuming a multi-period context in
which a contract is proposed at the beginning of the first period, they show that the
hidden information problem is in place as the supplier can observe the buyer’s order
but not his inventory level. In both cases, i.e., hidden actions and hidden informa-
tion the principal cannot directly observe whether the agent chooses an effort level
which is in his best interest. In contrary, there is a “moral risk” that the agent uses
his superior information to uncover inefficient effort.

In adverse selection models, in contrast to moral hazard models, the information
asymmetry arises before the principal offers a contract to the agent. As an example, the
buyer may have private information with respect to cost parameters, e.g., his holding
costs. Assuming that the supplier wants to induce higher order sizes, the buyer may
exaggerate his cost position to yield a higher compensation for accepting higher order
sizes (see Corbett and de Groote 2000). The following section will intensively discuss
a strategic lotsizing model as specific adverse selection problem. This model will be
the starting point for all further research presented in the underlying thesis.

The literature discusses mainly two solution concepts that can be applied to
adverse selection models, namely screening and signaling contracts. In signaling
games the agent possessing private information offers a contract conveying his
private information credibly, while in screening games the ill-informed party offers
the contract. In both cases so-called “agency-costs” are prevalent, i.e., there is a
deviation from the first-best solution. Hence, in both cases there are possible
efficiency gains through truthful information sharing and trust. The following
section shows how screening contracts can be applied in a strategic lotsizing
framework. Since all further research in this thesis are solely related to screening
contracts, the exposition of signaling contracts is omitted. Yet, the interested reader
might refer to Desai and Srinivasan (1995) for a supply chain model with asym-
metric demand information.

2.2 The Strategic Lotsizing Framework: Using Screening
Contracts in Adverse Selection Models

This section introduces a strategic lotsizing model, which is used as a starting point
for all further research in the underlying thesis. Sections 2.2.1 and 2.2.2 briefly
recapitulate the classical- and the joint economic lotsizing model, respectively,
since these models are closely connected to the strategic lotsizing model, which is
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introduced in Sect. 2.2.3 for the case of full information. Finally, Sect. 2.2.4
discusses the impact of asymmetric information in the strategic lotsizing
framework.

2.2.1 The Classical Economic Order Quantity Model

There is a long tradition of determining economic order quantities in operations
management. In the following the planning problem is described for the buyer who
sells a product to a end-customer at a continuous and constant demand rate d (see
Fig. 2.1).> The buyer himself sources the product from a supplier at a wholesale
price of w. The buyer’s order size is denoted by g.

The buyer takes into account two decision relevant kinds of cost that occur when
an order is triggered. On the one hand, the ordering process itself causes fixed costs
(f»), e.g., the costs of order forms, telephone calls, inspection, and so on. On the
other hand, there are costs of carrying items in inventory. These costs mainly
include the opportunity costs of the money invested (i.e., working capital), handling
costs, deterioration of stock, and so on. Let / denote the holding costs that occur for
every unit stored per unit time in inventory.

As the end-customer demand, d, is continuous and constant over time, there is
the same outflow of goods at every point in time from the inventory. It is assumed
that the total planning horizon is infinite. The inventory level increases to ¢ when
the order arrives and decreases with a continuous rate of d afterwards. For the sake
of simplicity it is assumed that there is no delivery lead time. Hence, a new order is
placed after the inventory is depleted, i.e., after T = ¢/d periods.

Figure 2.2 depicts the development of the inventory in the course of time. The
arrows in Fig. 2.2 imply that the inventory level is on average half of the order size,
i.e., ¢/2. Hence, every unit ordered causes on average holding costs of /1/2 - g per
period. Furthermore, every T periods a new order is placed which causes fixed costs
of f,. Hence, the fixed costs per period result from f;,/T or f;, - d/q, respectively.
Summarizing, the total costs per period of ordering ¢ units results from
h/2-q+f,-d/q+w-d. Deriving with respect to ¢ and solving for g gives the
prominent economic order quantity EOQ = /2 - f, - d/h.

Note that the complexity of the planning situation increases if the demand rate is price dependent.
However, Boyaci and Gallego (2002) argue that even in this case the pricing and order size
decisions can be separated as long as the demand rate is sufficiently large. However, it is referred
to Weng (1995) for a discussion of order size coordination issues under price-sensitive demand in
case of a single-supplier single-buyer supply chain (or multiple identical buyers). Chen et al.
(2001) extend the analysis to the case of a diverging supply chain with non-identical buyers.
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Figure 2.3 gives a graphical representation of the fixed, holding, and total costs
per period in dependence of the order size ¢.*> The economic order quantity can
easily be identified at the intersection of the holding costs curve and the fixed costs
curve. The economic order quantity does therefore depict the basic conflict that low
order sizes reduce the holding costs per period while high order sizes lead to low
fixed costs per period. Obviously, the optimal order quantity lies somewhere
inbetween.

2.2.2 The Classical Joint-Economic-Lotsizing Model

Section 2.2 elaborated that there are operational reasons for the buyer to choose an
optimal order size that takes into account the fixed costs per order as well as the
order size related holding costs. However, the previous section did not consider that

*Note that the procurement costs w - d are not decision relevant in this context.
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the buyer’s order decision, ¢, causes cost at the supplier’s site. It is assumed that the
supplier has to setup his production facilities every time he receives an order from
the buyer. After producing the order size ¢, the whole lot is shipped to the buyer.
Hence, the supplier carries no inventories. This is the so-called lot-for-lot produc-
tion (see Monahan 1984; Banerjee 1986).* The configuration of the production
facilities causes fixed costs of f;. As the buyer passes through the end-customer
demand (although bundled to order sizes g), the supplier faces on average a
deterministic demand of d units per period as well, and his average fixed costs
per period result from f; - d/q. Hence, every time the buyer orders ¢ units, the total
supply chain costs (i.e., the sum of the supplier’s and the buyer’s costs) results from
fs-d/q+fp-d/q+h/2-qg. The same analysis as in Sect. 2.2.1 applies, and
the joint-economic-order-lotsize (JELS) results from JELS = +/(f; +f,) - d/q.
Obviously, JELS > EOQ holds. Hence, the supply chain performance suffers if
the buyer makes his order decision while ignoring the suppliers fixed costs per
period. Note, however, that the self-interested buyer will not deviate from the EOQ
if he gets no incentives to do so. This is the grain of truth in the supply chain
coordination intuition: the individual supply chain members will not take joint-
optimal decisions as long as there is no incentive alignment. It can be shown that
contracts with quantity dependent wholesale-prices, such as all-units and incremen-
tal discounts, are able to coordinate the supply chain in this example.” Yet, before
the contracting and coordination issues are addressed, the scope of the joint-
economic-lotsizing idea is expanded by transferring it to a strategic supply chain
planning situation.

2.2.3 Strategic Lotsizing Under Full Information

Just-in-time (JiT) strategies are well-known to be highly efficient in reducing non-
value adding logistic activities. In the following it is assumed that the buyer
carefully evaluates the various advantages and disadvantages of implementing the
JiT strategy. Note that this assessment goes far beyond the trade-offs explained in
Sect. 2.2.1.

JiT delivery leads on the one hand to small order lotsizes and therefore an
inventory reduction. The impact of inventory reduction on the buyer’s performance
result from a bundle of advantages, such as less tied-up capital, reduced inventory
handling, less storage room, less handling equipment, as well as less rework and

“The assumption of lot-for-lot production can be easily relaxed. If the supplier adjusts his
production schedule to the buyer’s orders, it is optimal to produce an integer factor of the buyer’s
order sizes (see Lee and Rosenblatt 1986; Goyal 1988). Goyal and Gupta (1989) and Weng (1995)
review the literature of lotsizing coordination under deterministic demand.

SMunson and Rosenblatt (1998) and Benton and Park (1996) give an comprehensive review on the
quantity discount literature. Dolan (1987) surveys the quantity discount problem from a marketing
perspective.
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scrap. Furthermore, JiT allows for a more uniform workflow, less idle time, and more
efficient material handling and production. Last but not least, JiT may also help
reduce planning and control complexity (see Schonberger and Schniederjans 1984).

The degree of JiT strategy implementation can vary. As an example, the supplier
could relocate his production facilities close to the buyer’s facilities. This, in turn,
would allow for even lower order sizes and a higher supplier’s responsiveness (see
Benjaafar 2002). The relocation would depict a very high degree of implementa-
tion. However, the supplier’s costs for the relocation might be too high, and
therefore a smaller implementation degree more favorable.

To formalize the above situation, it is assumed that all of the buyer’s advantages
of a JiT strategy can be captured by a single measure, namely by the holding costs
per unit and period, &. Additionally, the degree of the strategy implementation is
captured by a linearly dependency between holding costs per period, /, and the
order size ¢g. The holding costs per unit time, thus, are equal to //2 - g. Hence, a
high degree of implementation (i.e., a small g) stronger benefits a buyer with big
advantages of the JiT strategy (i.e., high holding costs).

On the other side, though, the small order sizes favored by the buyer may also
cause an increase of the supplier’s setup, holding, relocation and distribution costs
(Fandel and Reese 1991). In the following, it is without loss of generality assumed
that the constant and continuous demand is equal to one, i.e., d = 1. Hence, the
period costs equal the unit costs. Then, the various disadvantages of low order sizes
for the supplier can be captured by one measure, namely the fixed cost that occurs
per unit, i.e.,f/q.6

Note that the introduced planning situation goes beyond determining an order
quantity. In fact, the order size is only a proxy for the degree of JiT implementation.
Yet, as this planning situation is highly strategically relevant, it is assumed that
buyer and the supplier engage in a negotiating process. Additionally, it is assumed
that the buyer has the option to choose an alternative supplier. The buyer yields a
unit profit margin of R when he chooses the alternative supplier.

As a starting point for the bargaining analysis, it is assumed that the buyer asks
the supplier for the highest possible degree of JiT implementation. From a supply
chain perspective, an implementation of a JiT strategy is only profitable, if the
buyer’s cost advantages exceed the supplier’s cost increase. Munson and Rosenblatt
(1998) report that conflicts often arise when buyers push for JiT deliveries, and the
suppliers withstand to switch to this mode of delivery. Additionally, Myer (1989)
finds that a buyer’s single-handed implementation of the JiT concept causes a supply
chain cost increase of 25-30% in the food industry (basically due to transportation,

David and Eben-Chaime (2003) distinguish a literally JiT policy in which the supplier produces
lot-for-lot (see, e.g., Monahan 1984) and a Delivery-on-Demand policy in which the supplier holds
inventories and delivers directly out of stock. Nonetheless, the stylized JELS model introduced in
this section may even capture the supplier’s increased holding costs that occur if JiT leads to higher
inventories at the supplier’s site, as the fixed cost are a highly aggregated measurement that capture
the supplier’s disadvantages of low order sizes.
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warehousing, unnecessary one-to-one communication on the sales side, as well as
incentive promotion and advertising on the marketing side), and a cost increase in
the range of 10-20% in other consumer good fields. In these cases, the buyer’s
isolated JiT decision obviously leads to a lack of supply chain coordination due the
supplier’s cost increase. Hence, if the buyer forces JiT deliveries, the supplier may
have a strong incentive to convince the buyer to abandon the JiT strategy.

These results indicate that the highest implementation degree of the JiT strategy
is not always profitable. However, the buyer will not be convinced to abandon the
JiT strategy unless he yields lower costs than choosing the alternative supplier. Yet,
as long as there is a lack of coordination (i.e., as long as Pareto improvements are
possible), the supplier can compensate the buyer while improving his own perfor-
mance. Therefore, the supplier carefully evaluates the cost impact of the JiT
implementation and makes a counter offer to the buyer.

Obviously, the supplier has to take into account the buyer’s outside option, i.e.,
sourcing from an alternative supplier. Hence, if the supplier favors a smaller degree
of JiT implementation, he has to compensate the buyer for the cost increase.
Otherwise, the buyer could simply choose the alternative supplier. The compensa-
tion is denoted by Z. To simplify the forthcoming argumentation, it is only referred
to holding costs, fixed costs, and order sizes respectively. Note, however, that these
variables and expressions are just exemplary for the complex advantages and
disadvantages that go along with the JiT implementation. Additionally, it is
assumed that the supplier yields fixed revenues of Y per period, and the buyer
Y», respectively. In the above described planning situation, the supplier maximizes
his unit profit margin by solving the following optimization problem:

Problem FI.

max P; =Y, —Ji—Z 2.1)
q
S.t.
P,=Y,— 3 g+ Z >R (Participation constraint). 2.2)

P, and P, denote the supplier’s and the buyer’s unit profit margin, respectively.
The supplier’s objective function maximizes the unit profit. As the fixed revenues
are not decision relevant, this objective is equivalent to minimizing the fixed costs
per period in addition to the compensation paid to the buyer. The compensation is
required to satisfy the buyer’s so-called participation constraint (2.2). Again, the
participation constraint ensures that the buyer has never lower profits than in his
outside option if he accepts the contract offer (g, Z). Obviously, the participation
constraint needs to bind in the optimum. Otherwise, the supplier could reduce the
compensation, Z, while offering the same order size g. For notational convenience,
the buyer’s unit costs for sourcing from the alternative supplier are introduced, i.e.,
Cas =Y, —R. Solving the participation constraint for Z and inserting in the
objective function yields:
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max Py =Y, —f/q — h/2 - g — Cas. Deriving with respect to ¢ and solving for
q yields ¢ = /2 - f/h, which is in fact the economic order quantity. Hence, in this
planning situation, the supplier accounts for all relevant supply chain costs.” The
outcome is therefore efficient, i.e., the supply chain optimal solution is
implemented.

2.2.4 Strategic Lotsizing and Screening Contracts Under
Asymmetric Information

The previous section introduced a stylized Joint-Economic-Lotsizing model, which
captured the supplier’s and the buyer’s bargaining situation when negotiating about the
implementation of the JiT concept. In this section it is taken into account that the buyer’s
advantages of the JiT strategy are multidimensional and contain to a major extent private
information. Thus, they can certainly not be easily observed and valued by the supplier.
In other words, the buyer has superior information with respect to the advantages of the
JiT implementation. This information asymmetry is formalized with a probability
distribution p;,i =1,...,n over possible values of the buyer’s holding costs
hi,i=1,...,n;h; > ... > h,. Hence, the supplier cannot accurately estimate the buyer’s
various advantages from low order sizes. One feasible solution to this problem can be
obtained by solving Problem FI (see Sect. 2.2.3) with 2 = h,,. However, this solution is
not optimal for the supplier, since he can decrease his expected costs by offering a so-
called screening contract, which is in fact a menu of contracts (g;, Z;),i = 1, ...,n. The
basic screening idea is that the profit maximizing buyer reveals his private information
by his contract choice. Let Py, ; (qj) =Y, —hi/2- qj — Z; denote the unit profit margin
of the buyer facing holding costs /;, and choosing the contract (g;, Z; ). The information
revelation is ensured by the following incentive constraint:

Pyi(gi) > Pyi(q),Yi #j;i,j=1,...,n. (Incentive constraint) (2.3)

The buyer who faces holding costs /; will always choose the offer {g;,Z;) as any
other contract <qj, Z,~> will result in a lower unit profit margin, i.e., the left hand side
of (2.3) is bigger than the right hand side. Again, the supplier has to take into
account that the buyer always prefers one of the contracts {g;,Z;),i = 1,...,n over
the alternative supplier. As (2.3) ensures that the buyer with holding costs #4;
chooses the contract (¢;,Z;),i = 1, ..., n, this condition can easily be ensured by
the following participation constraint:

P},,i(q,‘) Z R,Vl = 1,...711 (24)

"Note that the strategic interpretation of this model assumes no fixed costs at the buyer’s site.
Hence, the classical EOQ-formula instead of the JELS-formula depicts the supply chain optimal
solution.
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Let Ps; =Y, —f/q; — Z; denote the supplier unit profit margin if the buyer
chooses the contract g;. Due to the incentive constraint (2.3), the supplier knows
that the buyer will choose the contract {g;,Z;) with probability p;. Hence, the
supplier can maximize his expected unit profit margin with the following optimiza-
tion problem:

Problem Al n
max E[P] = o Di <Py (2.5)
s.t.
Pyi(qi) > Pui(q;), Vi#jiij=1,..,n. (2.6)
Ppi(qi) >R, Vi=1,..,n 2.7

The Karush-Kuhn-Tucker conditions as well as a detailed derivation of the
optimal menu of contracts can be found in the Appendix. The following notation
is used to refer to the supplier’s optimal menu of contract A = (A;|i = 1,...,n)
where A; = <q,-A1,Z,-A1>7Vi = 1,...,n. Furthermore, F; = <q[F1,ZiF1>,Vi =1,..,n
denotes the supply chain optimal contract when the buyer faces holding costs #;.
For illustrative reasons the optimal menu of contracts is derived for two possible
holding cost realizations L = low and H = high, i.e.,i € L,H and n = H.

Basically, the key to solving the Problem Al is to identify the participation- and
incentive constraints that bind in the optimal solution. Sappington (1983) shows
that only the participation constraint for the buyer with the highest possible holding
cost realization, %y, binds. From this finding it follows directly that Zy = % gy —
Cas holds. Hence, the buyer who faces holding costs &y is indifferent between the
contract {qy,Zy) and the alternative supplier. Furthermore, Sappington shows that
always two adjacent incentive constraints bind in the optimal solution. Hence, the
buyer facing holding costs #;, is indifferent between the contracts (g.,Z;) and
(qu.Zy). 1t follows from (2.6) that Z; =" (g, — qu) + Zy. Substituting the
compensations Z; and Zy into the supplier’s objective function gives:

max E[P]
h h h
=Ys— {pL : (L-F—L(QL — )+ qn _CAS> +pu <L+_H'QH - CAS>:| :
a2 2 qu 2
(2.8)
Deriving (2.8) w.r.t. g, gives:
OE[P; h
Pl L, 2.9)

o T aL 2
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Solving (2.9) for g, gives the well-known EOQ-formula, i.e.,

VT — % (2.10)

Hence, as long as the buyer faces the lowest possible holding cost realization, the
supply chain optimal solution will be implemented.
Deriving (2.8) w.r.t. gy gives:

OE[P hr hy f hy
_ _ 2 =0 2.11
Dan P = PL— trH o Pi— (2.11)

Solving (2.11) for gy gives:

Al 2-f
= . 2.12
i \/hH +pr/pn - (hy — hy) 12)

From py/py* (hy — h) > 0 it follows directly that

Al 2/ ,/H:Eo 2.13
" \/hH +pi/pu - (hy — hy) “V e @19

Hence, if the buyer faces strictly higher holding costs than /;, then there is a
deviation from the supply chain optimal solution characterized by a downward
distortion of order sizes.

The compensation in the optimal menu of contracts simply results from :

h
ZLAI _ EL (QLAI _ CIHAI) +ZHAI (214)
Al hy Al
Zy =5 — Cys (2.15)

For simplifying forthcoming formulas p, = &, = 0 is defined. Then, the above
results can be generalized to the following optimal menu of contracts A (see
Appendix):
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2.
inI _ - +fyA (2.16)
where
i—1
yi:M(hifhi,I),vl‘: 1,...,”. (217)
Pi
7 Al _ @ Al _ ¢ 2.18
n — 2 qn AS ( . )
and
h;
ZM =2 (0" — qi™) + Zi M Vi =1, — 1 (2.19)

Note that the above optimal menu of contracts requires an additional assumption
which has been suppressed so far. For certain combinations of probabilities and
holding costs the order sizes relation ¢;4/ = g;, "/ may hold. In this case, there is no
information revelation through the buyer’s contract choice, as the supplier cannot
distinguish the buyer facing holding costs /; and /;, 1. In the screening literature it is
common to rule out these cases by imposing a restriction on the probability
distribution, e.g., in models with a continuous distribution over the private infor-
mation a monotone hazard rate of the probability distribution is usually assumed
(see, for example, Corbett and de Groote 2000). Throughout the analysis in the
underlying work, the same approach is followed, and the analysis is restricted to the
setting in which information revelation is prevalent, as this is the main feature of
screening models. The cases of no information revelation are excluded by assuming
that the following condition between probabilities and holding costs holds:

hi+y, <hj+y,Vi=1,.,n—1,j=2,...nj>I (2.20)

This condition does always hold if there are only two possible holding costs
realizations as py = 0,p; >0 and s < h; holds. Nonetheless, if there are more than
two possible holding costs realizations, there exist combinations of p; and A; for which
this assumption is not satisfied, and information revelation might not be observable for
every holding cost parameter /;. The optimality conditions for the optimal menu of
contracts in these cases are specified in Spence (1980). Yet, even though the assump-
tion is not satisfied, there are always at least two contracts in the supplier’s optimal
menu of contracts (see Spence 1980). As all the results in the underlying work are
already observable for this case, this assumption has no impact on the main results in
this study but simplifies the derivation of the supplier’s optimal decision.
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The properties of the optimal menu of contracts can be summarized as follows:

1. qi_lA’ > inI and Z,'_1A1 > ZiAI, Vi=2,..,n

2. The participation constraint of the buyer with holding costs 7, is binding

3. The buyer with holding costs £;,i = 1,...,n — 1 is indifferent between the order
sizes ¢iy1M and ¢, Vi=1,...,n— 1

4. The buyer with holding costs /;,i = 1, ....,n — 1 yields higher unit profits than if
he would source from the alternative supplier

5.qM<q",Vi=2,..,nand ;¥ = ¢!

The first property states that the order sizes increase with decreasing holding
costs, and the side payments increase respectively. Hence, the compensation Z; can
be interpreted as a quantity discount in the EOQ model.

Conditions (2) and (3) show that the buyer is always indifferent between two
alternatives. As a tie-breaking rule it is assumed that the indifferent buyer chooses the
contract which is in the supplier’s best interest. This contract is denoted as the “self-
selection”-contract, as the incentive structure of the menu of contract ensures that the
buyer self-selects the contract that reveals his private information.

Condition (4) stresses the reason why the screening contracts cannot coordinate
to the supply chain optimum, i.e., ¢;/’. The participation constraint under asym-
metric information does not bind for #;,i = 1,...,n — 1, resulting in lower cost for
this buyer in comparison to sourcing from the alternative supplier. Particularly, the
buyer facing holding costs 4; saves

IR; = Pyi(¢*) —R>0, i=1,.,n—1 (2.21)

compared to the outside option, where IR; denotes the informational rent. The
informational rent denotes the buyer’s cost advantages that he realizes compared
to the outcome under full information. If the buyer truthfully reported his holding
costs parameter, h;, the profit maximizing supplier would offer the contract
(gi",Z"). However, in this case the buyer’s participation constraint binds in
every state of nature, i.e., Py;(¢;/") = R, Vi = 1, ...,n, and the buyer foregoes the
informational rent.

Condition (5) shows that asymmetric information leads to supply chain
inefficiencies caused through a downward distortion of order sizes. On can easily
see that the distortion stems from 7, = Z;‘;Ol p: - (hi — hi_)/p;. Hence, analyzing
the distortion caused by asymmetric information reduces to analyzing y,. In partic-
ular, the higher y; the higher ¢;/7 — g;¥/, i.e., the distortion rises with increasing 7;.

The distortion, thus, increases with an increasing ratio Zi;(l, p:/pi. The higher
this ratio, the higher the probability that the buyer will choose an order size
@i, k <i due to the screening. Hence, the expected cost minimizing supplier will
decrease (the less likely chosen order size) g; as he can decrease the compensation
Zy for all k <i as well. The order size deviation from the supply chain optimum
(g7 — gAT) therefore increases.

Furthermore, the distortion depends on the distance between /; and 4;_;. Intui-
tively, there are no asymmetric information if the difference of the respective
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holding costs is zero. Hence, the asymmetry of information increases the more
different the respective holding costs. The total expected coordination deficit that
occurs due to asymmetric information is equal to:

= i f hi Al f hi FI
CDZilprberz'qt' - FJFE'%‘ . (2.22)

The main objective of the underlying work is to investigate whether this coordi-
nation deficit can effectively be reduced as this enhances the supply chain perfor-
mance. A numerical example follows in Sect. 2.3.2.

2.3 Benefits and Pitfalls of Information Sharing Under
Asymmetric Information

So far, it was claimed that communication cannot solve the problem of supply chain
coordination under asymmetric information, simply because all private information
will be used strategically. Hence, the supplier is predicted to offer a screening
contract, in which the buyer’s informational rent is reduced by deteriorating the
order sizes downwards. However, this subsection will discuss under which
circumstances communication could be used to enhance supply chain performance
by eliminating the distortion of order sizes. Section 2.3.1 starts introducing how
information sharing is interpreted in the underlying thesis. Afterwards, Sect. 2.3.2
shows how information can be formalized in the strategic lotsizing model,
and highlights why no credible information sharing will be observed in the non-
cooperative equilibrium Yet, since there is substantial experimental evidence that
subjects are not fully opportunistic and/or sequential rational (see, e.g., Kagel and
Roth 1995), Sect. 2.3.3 discusses the impact of information sharing if some level of
trust and/or trustworthiness can be established in the supply chain.

2.3.1 Information Sharing

In the underlying work communication and information sharing are used as
synonyms. This is abstracting from the fact that information sharing can take
place via different communication channels (face-to-face, e-mail, cell phone).
Nonetheless, the reader should be aware that the mean of communication might
also have an impact on the effectiveness of information sharing. It is referred to
Brosig et al. (2003) and Valley et al. (1998) who analyze the impact of the mean of
communication in an experimental setting.

In Supply Chain Management, information sharing is regarded as one of the main
drivers to improve or even optimize the overall supply chain performance. Chen
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(2003) gives a comprehensive review on the potential gains from upstream and
downstream sharing of information such as demand, cost or capacity information.

Mohr and Spekman (1994) find that there are basically three dimensions of
communication (as a possible way to share information) that are important to deter-
mine the effectiveness of communication in a relationship. One dimension includes all
aspects which refer to the quality of the conveyed information such as adequacy,
accuracy or timeliness. Throughout the underlying work it is ensured that all commu-
nication fulfills certain quality standards by restricting the buyer’s possible messages
to only relevant information, which is in-line with the revelation principle (see
Sect. 2.1). If the buyer communicates a holding cost realization, then he actually
communicates which contract out of the menu of contracts he is going to choose. As
the number of contracts in the screening contract is equal to the number of possible
holding cost realizations, it seems reasonable to restrict the buyer’s message space.

Obviously, another dimension that influences the effectiveness of communication
is whether the shared information is actually considered in joint decision making. In
other words, communication can only have an impact on supply chain outcomes if the
shared information is decision relevant as well as taken into account while making the
decision. In the underlying settings communication will have an effect on the supply
chain outcome as long as the supplier conditions his expectations regarding the
buyer’s private information on the messages sent by the buyer. Otherwise, he will
simply ignore any communication and use his a priori probabilities instead. Commu-
nication, in this case, will have no impact on supply chain outcomes.

Finally, the third dimension includes the extent and frequency of information
sharing. There is a high extent of information sharing if critical data is shared in
many decision situations (e.g., strategic and operational decisions). A high degree of
information sharing does typically indicate a high integration and dependence of the
supply chain parties. The frequency of communication describes how often informa-
tion sharing takes place. If information is exchanged at a high frequency (e.g., point-
of-sale data on a daily basis), the supply chain parties typically have a more or less
reliable feedback to infer whether the shared information was truthful or not. In
contrast, if highly strategic cost information is only shared once, then a feedback may
not be possible at all. In the underlying work it is assumed that the extent of information
sharing is limited by merely considering one decision situation in which only one
parameter is private information. The frequency of information sharing is limited by the
decision sequence, i.e., in every period in which the supply mode is negotiated, the
buyer is allowed to communicate his private cost information to the supplier.

2.3.2 Cheap Talk: Game-Theoretic Ineffectiveness
of Information Sharing

There are basically two alternatives to reduce information asymmetry: via actions
and via communication. The reduction of information asymmetry by actions
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typically includes a basic assumption: the member of the supply chain who takes
the action behaves rationally. If this is the case, it is possible (leaving out other
circumstances) to conclude from the action to other parameters of the decision
problem. Consider as an example the following optimal decision rule x +y = z,
where x is the decision, z is the outcome and y is the private information. Obviously,
if the outcome and the decision are observable, then the private information can
easily be inferred.

In terms of a screening contract, the action that conveys information is the
buyer’s self-selection. Unfortunately, this self-selection reduces the information
asymmetry only ex-post, and has therefore no potential to improve supply chain
coordination.

The most obvious way to reduce information asymmetry is simply to communi-
cate the private information. However, according to the standard homo
oeconomicus assumption, actors within the supply chain would rather use their
private information strategically than to reveal them truthful.

Games, in which a sender (i.e., buyer) gives a signal based on his private
information about his own type (i.e., holding costs), with the receiver (i.e., supplier)
reacting to this signal, are called cheap talk games. The payoffs of both, supplier
and buyer, do not depend on the signal, but on the supplier’s decision and the
buyer’s type. As the buyer has a strong incentive to misrepresent his type, the
supplier does not take the signal into consideration when making his decision, i.e.,
the sender is randomizing his signals, is giving the same signal all the time or is
simply giving no signal at all (see Farrell and Rabin 1996, and Crawford 1998, for a
comprehensive survey on cheap talk theory). Crawford (1998) gives the following
intuition for equilibrium strategies in cheap talk games:

In a sequential equilibrium, the Sender’s message to the Receiver means, in effect, “Given
the realization of my private information variable, I like what you will do when I send this
message at least as much as anything I could get you to do by sending a different message.”
When players’ preferences are perfectly opposed, such a message cannot convey any useful
information. Then the only equilibria are “babbling” equilibria, in which the Sender’s
message is uninformative and is ignored by the Receiver. (If the Receiver could do better by
responding to the Sender’s massage, his response would (by definition) make the Sender
worse off.) This is the grain of truth in the cheap-talk intuition. (Crawford 1998, p. 287)

In this section it is referred to the strategic lotsizing model introduced in
Sect. 2.2. In this strategic lotsizing model the profit maximizing buyer will not
report his holding cost realization truthfully before the supplier offers the contract.
This is, because the profit maximizing supplier will only leave the buyer his
reservation profit R, if he knows his holding cost realization with certainty [see
Sect. 2.2, (2.1) and (2.2)]. In contrast, the profit maximizing buyer yields an
informational rent IR; = Pb_,,«(q,-A’) —R>0,i=1,...,n—1 [see (2.2.1)] if he
faces holding costs #4; and the supplier offers the menu of contracts
A=(Ali=1,...,n).

Furthermore, the buyer has always a strict incentive reporting the highest
possible holding cost realization, as his informational rent is highest in this case.
Intuitively, this is the case because the information rent paid to the buyer with
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holding cost 4, needs to be paid to the buyer with holding cost %,_1, h,—2, ...., h as
well. Otherwise, the incentive constraint would not be satisfied. Thus, if the buyer is
able to convince the supplier that he has the highest holding cost realization %, then
the supplier will offer a low order size ¢, which leaves a higher information rent to a
buyer with lower holding costs %,_i,%h,5,....,h;. This is, because they are
compensated as if they have holding costs &,. However, the supplier anticipates
this behavior and simply ignores any communication with the buyer. In the game
theoretic equilibrium, thus, communication has neither a performance impact for
the buyer nor for the supplier. Finally, it is argued that the buyer can even
randomize his communicated holding cost realization as the supplier ignores all
communication anyway. Thus, all communication accounts to no more than cheap
talk, and the supply chain members are caught in a “babbling-equilibrium”.

Note, however, that this solution does only result in the second best outcome
compared to truth-telling and trust. Yet, if there is no additional flexibility in the
contracts F; = <q,-F 1z F > and A; = <q,~AI ,Z,-AI >, this problem cannot be solved as
no win-win situations are possible.

Hence, an additional side-payment Zy is introduced that can be paid from the
supplier to the buyer after a contract was concluded. This additional side payment
can be interpreted as a reward from the supplier to the buyer for cooperative
behavior.

On the other hand, the supplier might want to punish the buyer for uncooperative
behavior. This punishment can be modeled in two distinctive ways. First, the
supplier might withdraw an offer even though it was accepted by the buyer. In
this case both parties yield zero profits. Second, one might argue that the supplier
can harm the buyer, for example, by blaming him for uncooperative behavior by
other suppliers, e.g., the alternative supplier. In this case, the buyer is assumed to
face costs of Zp and the supplier, in turn, faces himself costs of k - Zp, k > 0. The
first formalization of punishment is utilized in Chap. 4 while both approaches are
applied in Chap. 5. In the following, the punishment and reward option is
abbreviated with P&R and the following decision sequence results (see Fig. 2.4)*:

The following example will show that under this additional flexibility Pareto-
improvements are generally possible. It is assumed that there are three possible
holding cost realizations, h;, = 1, hy = 5 and hy = 9 with the a-priori probabilities
pL =0.4,py = 0.3 and py = 0.3, respectively. The following summarizes the
payoffs of the buyer and the supplier assuming Y, = 155, Y, =5, R =2, and
f =800.°

Table 2.2 shows the side-payment Z; and the order sizes g; that result when the
supplier offers the contract F; i€ [L,M,H] or the menu of contracts
A € (AL, Ay, An). The supplier’s profits P, are only contingent upon contract

8Note that punishments and rewards can be used in the one shot game, or under repeated
interaction. However, it is likely that a P&R mechanism are more effective under repeated
interaction, since the absolute gains from cooperative behavior are higher.

This example will also be the basis for the laboratory experiments discussed in Chap. 5.



24 2 Supply Chain Coordination in Case of Asymmetric Information

t=1 t=2 t=3 t=4
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Buyer learns Supplier adjusts his Buyer decides Supplier
holding cost beliefs w.r.t. the upon contract decides upon
realization, communicated holding acceptance punishment or
communicates a  cost realization and reward
holding cost to offers a contract

the supplier

Fig. 2.4 Decision sequence given additional flexibility in the contract structure

Table 2.2 Payoffs given three possible holding cost realizations under the full- and asymmetric
information contract type

Order size: Side-payment: Profit supplier: Profit buyer: Py

qi Z; Pg hy, I I
F.. 40.00 18.00 117.00 3.00 —77.00 —157.00
Fum 17.89 42.72 67.56 38.78 3.00 -—32.78
Fy 13.33 58.00 37.00 56.33  29.67 3.00
Menu of A, 40.00 61.57 73.43 46.57 —33.43 —11343
contracts: A Ay 12.44 47.79 42.92 46.57 21.68 —-3.20
Ay 934 40.04 29.33 40.37  21.68 3.00

acceptance. In contrast, the buyer’s profits are dependent upon his specific holding
cost realization. As an example, if the buyer faces holding costs of 4; and accepts
the contract Fy, he earns a profit of P, = 56.33.

Assuming that all parties act rational under homo-oeconomicus preferences, the
supplier will offer the menu of contracts A € (Ar, Ay, Ap) and the buyer choosing the
profit maximizing contract. In this case, the supplier’s and buyer’s expected profits are
equal to E[P,] = 51.05 and E[P,] = 26.03, respectively. The total supply chain
performance, thus, is equal to E[P;] + E[P,] = 77.08. This outcome is inefficient,
since the expected supply chain performance could be increased to 81.17 by agreeing
upon efficient F;- contracts, i.e., there is a coordination deficit of CD = 4.09.

To illustrate the coordination problem, it is assumed that the buyer faces holding
costs hy. Furthermore, it is assumed that the buyer always chooses the profit
maximizing action, and chooses the action that is in the supplier’s best interest if
he is indifferent between two actions. It is assumed, that the buyer can report his
holding cost realization truthfully, overstate by reporting /4y, or reject communica-
tion.'® In turn, the supplier can either trust and offer F;,i € (M, H), or mistrust and
offer the menu of contracts. If there is no communication, the supplier cannot
choose the action “trust”.

"Note that the buyer’s participation constraint is violated if he understates his holding costs and
this understatement is believed by the supplier.
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Table 2.3 Payoffs given holding cost realization #,,.; in dependence of additional side-
payment Zg

(Ps, Py) Report truthfully Overstate holding costs Reject communication
Trust (67.56 — Zg, 3 + Zg) (37 — Zg, 29.67 + Zg) -
Mistrust (42.92, 21.68) (42.92, 21.68) (42.92, 21.68)

Finally, it is assumed that the supplier only gives an additional side-payment Zg
if he trusts the reported holding cost realization. Then, the payoffs summarized in
Table 2.3 in dependence of the additional side-payment Z result, where the number
in brackets denote the supplier’s and the buyer’s profits respectively, i.e., (Ps, Pp).
Obviously, cooperative behavior (i.e., report truthfully and trust) can lead to Pareto
improvements compared to mistrust, as long as the additional side-payment is
sufficiently high. The required side-payment that can induce a win-win situation
can be calculated from 67.56—Zp >4292 and 3+ Zp >21.68, ie.,
18.67 < Zg < 24.64. Nonetheless, note that the supplier has actually no incentive
to give an additional side-payment Zy as long as the game is only finitely repeated.
This is, because the supplier will make the same decision in the last repetition as in
the one-shot game. Again, the reason is that the additional side-payment in the last
repetition cannot influence future behavior. Using backward induction (see, e.g.,
Fudenberg and Tirole, Section 3), both players anticipate this behavior in the last
but one round. In other words, they anticipate that there will be no cooperation (i.e.,
truthful information sharing, trust and a sufficiently high additional side-payment)
in the last round. Hence, there is no reason to cooperate in the last but one period,
and so on. The basic idea of backward induction, thus, is that finitely repeated
games can basically be treated as one shot games. The same arguments hold for
punishing the buyer. As this action is costly for the supplier he will not punish
simply because he cannot influence future behavior with that action.

Summing up, coordination through communication will theoretically not occur
as long as both supply chain parties act fully rational and opportunistic, and the
interaction is finite.

2.3.3 Reputation, Trust, and Trustworthiness: Cooperative
Information Sharing and Processing

The former section established that full coordination of the supply chain is not
possible as long as all supply chain parties act fully opportunistic and rational.
However, there is some experimental studies of cheap talk games showing that
information sharing can increase the efficiency of outcomes (see, e.g., Rode 2006,
and Gneezy 2005). Therefore, it is analyzed whether information sharing is a
feasible instrument for improving supply chain performance by establishing some
level of trustworthiness, trust, and reputation.
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2.3.3.1 Trust

Castaldo (2007) identified 72 definitions regarding the concept of “trust”. It is
referred to this study for an extensive textbook review on this topic. Yet, three
dimensions of trust were mentioned in most of the definitions, namely expectation,
willingness, and attitude.

Sako and Helper (1998) define trust by the expectation of the counterpart being
trustworthy. In this case, the trustor’s expectation reduces the perceived uncertainty
about the trustee’s actions and in turn increases the predictability of these actions. In
the underlying strategic lotsizing model, trust does therefore describe the supplier’s
belief that the buyer will not lie. In this case, the supplier adjusts the a-priori
probability that refers to the signal perfectly upwards, i.e., he chooses a subjective
probability of 100%. In other words, he offers a contract as if under full information.

Zand (1972) highlights that an important dimension of trust is the willingness to
accept the vulnerability associated with deviations from expected actions. In the
underlying context, thus, the buyer accepts that the supplier may leave him only his
reservation profit after he reports his holding costs truthfully.

Ben-Ner and Putterman (2001) argue that trust can be interpreted as a decision
under uncertainty. In this case, the definition of trust is closest to Gambetta (1988a)
who states that trust is the principal’s subjective probability that an agent acts
trustworthy. In the very underlying model, the supplier faces the risk of believing an
overstated holding cost. In this case, he would be better off by ignoring the
message.

Finally, there is some literature that focuses specifically on trust in supply chain
management. Ireland and Webb (2007) stress that there is an important interaction
between trust and the specific power structure within the supply chain. Johnston
et al. (2004) present an empirical study in which 164 supply chain managers were
interviewed. They find that the supplier’s trust in the buyer’s firm is strongly
connected to successful implementation of shared planning and the flexibility of
arrangement. Laaksonen et al. (2009) provide empirical data which allows
evaluating the financial impacts of different levels of trust in sourcing and pricing
decisions in the paper industry. In particular, a high level of trust from the buyer’s
side means that he chooses a single source while increasing his dependency on this
source. In contrast, the supplier can increase (low level of trust) or decrease (high
level of trust) the prices as a reaction to the buyer’s sourcing decision.

2.3.3.2 Reputation

Mui and Halberstadt (2002) point out the differences between reputation and trust.
Reputation is a concept that focuses on previous actions whereas trust focuses on
future actions. Reputation can affect the level of trust in a relationship.

Thus, reputation is only a useful concept as long as the interactions in the supply
chain are repeated. As an example, if the buyer reports truthfully right from the
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beginning (even though theory predicts otherwise), then he can probably build up a
reputation for being trustworthy. However, it has been shown that the finitely
repeated game can basically treated as a one-shot game in which reputation is not
useful concept. However, if the game is infinitely repeated, then the famous “Folk”-
theorem applies which states that any feasible payoff that is higher than the outside
option can be enforced by an equilibrium as long as the game is infinitely repeated
and the discount-factor is sufficiently high (see Fudenberg and Tirole 1995,
Sect. 5.1.2). In other words, even the supply chain optimum is achievable under
certain circumstances although theory predicts otherwise in the finitely repeated
game. The intuition is as follows. In the short term each player obviously benefits
from being uncooperative (i.e., lying or rejecting rewards). This is the one-shot
game equilibrium. However, if the supply chain parties expect that uncooperative
behavior leads to punishments in (infinitely) future repetitions of the game, it might
be favorable to skip the short-term strategy in favor of a long term strategy in which
the supply chain parties cooperate. This intuition works as long as the supply chain
parties do not put too much weight on short-term payoffs, or technically, if the
discount factor is sufficiently high.

Summing up, actions that have been taken in the past (i.e., the reputation that has
been build up) can influence future decisions as long as the termination of the
relationship is unknown. However, Mui and Halberstadt (2002) argue that trust can
be prevalent even in non-recurring actions. This fact was also highlighted by Eckel
and Wilson (2004). They state that the principal’s level of trust is influenced by
previous interactions that are similar in nature, even though there have been no
interactions with the respective agent. Hence, even though the principal cannot
assess the agent’s tendency to be cooperative or uncooperative from past actions, he
might have an initial level of trust which is determined, for example, by experience
from prior similar interactions with other agents.

2.3.3.3 Trustworthiness

The main difference between trust and trustworthiness can be summarized as
follows. Trusting describes the action of the trustor, while trustworthiness refers
to the characteristics of the subject which is being trusted (trustee). Mayer et al.
(1995) highlight the difference between trust and trustworthiness. They identify
three characteristics that affect the trustworthiness of a trustee.

One determinant is the perception that a person is able to perform a specific task,
e.g., because the person is very competent in a specific area. In the underlying
context this determinant is straight-forward as the buyer knows his private infor-
mation with certainty.

Another identified determinant is benevolence, which describes the trustee’s
intention to interact without exploitation, even though exploitation is possible. In
the underlying context, thus, trustworthiness in this dimension means that the
supplier will not exploit a truthful signal by leaving only the reservation profit to
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the buyer. In turn, trustworthiness with respect to the signal means that the buyer
does not overstate the holding cost with the intention to improve his profits.

Finally, the trustee’s integrity is a main determinant of trustworthiness. Integrity
describes the trustor’s perception that interactions are based on a set of principles
such as consistency and fairness (see Morgan and Hunt 1994). As an example, a
supplier is likely to be perceived as fair (i.e., trustworthy) if he shares the coordina-
tion benefits of truth-telling and trust, e.g., fifty-fifty. Consistency, in the underlying
context, means that the buyer takes the action he signals.

Note that consistency and truthful reporting might not be the same given a
screening contract. As the screening literature basically uses an indifference
modeling approach (see Sect. 2.2.4), the buyer is always indifferent between two
contracts. Thus, he can choose an offer out of the menu of contracts which is not
designed for his type while reporting truthfully. In this case, he is inconsistent even
though he reports truthful.

2.3.3.4 Interaction of Trust, Reputation, and Trustworthiness in the Strategic
Lotsizing Model

There are basically two conditions necessary for enabling full coordination of the
supply chain under asymmetric information. First, the buyer must indeed be
trustworthy. Second, the supplier must trust in the signal. This argumentation
seems straight-forward, but in the following it is shown that the coordination deficit
can even increase if the supplier trusts a deceptive buyer. The following extensive
game form in Fig. 2.5 may illustrate this argument.

The buyer’s decision node is denoted with “B” and the supplier’s with “S”,
respectively. Additionally, “N” denotes the so-called nature’s decision node, i.e., the
nature decides with respect to the a-priori probabilities which holding cost realization
is assigned to the buyer. The buyer is able to communicate with the supplier via a
signal S € (S1, Sy, SH, Sno) whereas S; = h;,i € (L, M, H) holds and the signal Sy,
refers to the situation in which the buyer denies to give any signal at all. Note that the
nature’s assignment of the holding costs is the buyer’s private information. Hence, the
supplier cannot distinguish whether a report is truthful or not. This fact is captured by
the shaded boxes. Each of these boxes contains the same signal, e.g., Sy, but this signal
is not necessarily identical to the holding cost realization, e.g., hy.

The supplier’s decision to trust is denoted with “T” and to mistrust with “MT”
respectively. Also note that Fig. 2.6 only shows the cases in which the buyer reports
truthfully, overstates his holding costs or refuse to give a signal. Particularly, an
understatement of holding costs (i.e., claiming a lower compensation than actually
needed) is only indicated by dotted circles. Yet, an extension of the figure is
straight-forward. All payoffs that result for a specific action sequence do directly
follow from Table 2.2.

Consider a buyer who faces holding costs /; and reports Sy. If the supplier trusts
and offers Fy than the supplier yields profits of Pg =37 — Z; and the buyer
Pp = 56.33 + Zg, respectively (see bolded line in Fig. 2.5).
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Fig. 2.5 Extensive game form of the strategic lotsizing model
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Fig. 2.6 Interdependencies between trust- and trustworthiness along the side-payment and signal

dimension

To highlight the fact that trust can lead to efficiency losses it is first assumed that
the buyer is deceptive while the supplier trusts in the signal. As an example, the
buyer faces holding costs #; and signals that a high compensation is required,
i.e., Sy. If the supplier trusts the signal, than the supply chain profits result from
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37 4 56.33 = 93.33."! The actions that lead to this outcome are marked with a
bolded line in Fig. 2.5. Yet, in the second-best solution (i.e., mistrust and offering
the menu of contracts) the supply chain profits would amount to 73.43 4 46.57 =
120 (see dotted line in Fig. 2.5). Hence, trust in comparison to mistrust leads to an
efficiency loss of 120 — 93.33 = 26.67.

On the other hand, communication can only be an effective coordination instru-
ment as long as the supplier does not simply ignore all signals (as he believes that
communication is only cheap talk). In this case, the menu of contracts would be
offered regardless of the buyer’s signal. The interrupted line in Fig. 2.5 highlights
this for the holding cost realization /,,. Obviously, the outcome is independent of
the buyer’s signal and communication is not effective.

Next, the interdependencies of trust and trustworthiness are discussed. First, the
level of the buyer’s and supplier’s trust may be influenced by their own attitude of
being cooperative. On the one hand, the supplier’s level of trust in the signal may be
dependent on how trustworthy he is himself with respect to the additional side-
payment. As an example, if the supplier always give sufficiently high rewards, then
he might believe that the buyer’s signals are more likely to be true, and vice versa.
On the other hand, the buyer’s level of trust in receiving sufficiently high side-
payment may be dependent on his own signaling behavior. As an example, if he
always reports truthfully he is more likely to anticipate cooperative rewards that
induce win-win situations, and vice versa.

Second, the level of the buyer’s and supplier’s trust may be dependent on the
expectations regarding the other side’s trustworthiness. The supplier who expects the
buyer to be trustworthy with respect to the signal will apparently trust in the signal. In
turn, the buyer who expects sufficient rewards is more likely to report truthfully.

Figure 2.6 depicts the interdependencies between trust and trustworthiness. The
arrows within the respective box depict that the level of trust may be influenced by
own actions while the arrows between boxes depicts that the level of trust may also
be influenced by the expected actions of the counterpart.

2.4 Supply Chain Interactions Under Asymmetric
Information: Literature Review

Supply chain interactions under asymmetric information have received an increas-
ing attention in the recent past. The following section reviews the main
contributions in this field. All of these studies basically employ the methods and
concept which have already been summarized in Sect. 2.1. Hence, this section
focuses on the main qualitative insights that results under different supply chain

""Note that the additional side-payment does not influence the overall supply chain performance,
as it is simply a transfer payment between the supplier and the buyer.
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Table 2.4 Asymmetric
information in distinctive
supply chain planning
situations

» Corbett and de Groote (1997, 2000)
« Corbett (2001)
« Sucky (2004, 2006)
« Burnetas et al. (2007)
Lotsizing decisions » Karabati and Kouvelis (2008)

* Blair and Lewis (1994)

* Corbett and Tang (1999)

» Ha (2001)

» Corbett et al. (2004)

 Lau et al. (2008)

« Hsieh et al. (2008)

» Ha and Tong (2008)

» Mukhopadhyay et al. (2008)
Pricing decisions » Wang et al. (2009)

e Cachon and Lariviere (2001)

« Iyer et al. (2005)

« Ozer and Wei (2006)

* Cachon and Zhang (2006)
 Chakravarty and Zhang (2007)

Capacity planning « Lutze and Ozer (2008)
Product specification
and backup « Iyer et al. (2005)
production * Yang et al. (2009)

configurations and/or planning situations in which screening or signaling contracts
are used to coordinate the supply chain. This is, because the analyses carried out in
the forthcoming sections do basically investigate the effectiveness of screening
contracts. Section 7.1 discusses how the results of the underlying thesis can be
transferred to the literature review presented in this section.

The review is divided into four categories that refer to the specific supply chain
planning situation, namely lotsizing decisions, pricing decisions, and capacity
planning decisions. Finally, there is an additional category for the studies that do
not fit into the first three categories. Table 2.4 gives a first overview over the main
contributions under the respective planning situation.

2.4.1 Lotsizing Decisions

This planning situation was already introduced in Sect. 2.2 and the same framework
applies here. Corbett and de Groote (1997, 2000) analyze the impact of the buyer’s
private holding cost information in this context. The higher the holding cost per
period, thus, the higher the required compensation for agreeing upon higher order
sizes. The self-interested buyer has therefore a strong incentive to exaggerate this
cost position.
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Corbett and de Groote (1997, 2000) assume that the supplier holds a continuous
probability distribution with support of possible holding cost realizations. Demand
per unit time is deterministic and constant. Corbett and de Groote (2000) assume
lot-for-lot production, i.e., the supplier’s production lot size is equal to the lot size
shipped to the buyer. Therefore, the supplier faces no holding costs. Corbett and de
Groote (1997) relax this assumption by allowing the supplier to choose his produc-
tion lot size independently from the buyer’s order size. The main qualitative results
do not change due to this assumption. Corbett and de Groote (1997, 2000) find that
there is a downward distortion of order sizes due to asymmetric information, except
the buyer facing the lowest possible holding costs.

Corbett (2001) extends the above framework by assuming stationary and sto-
chastic demand. He analyses two settings. First, the supplier has private information
with respect to his fixed costs per period while the buyer makes the contract offer.
Second, the buyer has private information with respect to his backorder costs while
the supplier makes the contract offer.

In the first setting, the supplier has an incentive to exaggerate his fixed cost per
period (and therefore to increase the order size per period). As a result, the average
inventory level (which depends on the order size) is too high compared to the
supply chain optimum. Corbett supposes that a consignment stock (in which the
supplier bears all the inventory related costs) gives the supplier an incentive to
reduce the orders size.'”

However, in the second setting Corbett shows that the consignment stock
concept can also harm supply chain performance. He shows that the safety stock
is chosen suboptimally high, if the supplier offers the menu of contracts and the
buyer strategically exaggerates his costs of a stockout.

The main managerial insight is that the incentive alignment in this context
should take into account the specific supply chain situation. Particularly, in some
situation consignment stock can improve the overall supply chain performance,
while it can seriously harm supply chain performance in other situations. In fact, if
high inventories in the supply chain mainly stem from long production cycles, then
a consignment scheme in which the supplier bears at least some of the resulting
holding costs seems appropriate. In contrary, if the demand uncertainty is the main
driver of high inventories due to safety stocks, then the buyer should bear the costs
for the safety stock himself. To put it differently, it is important to analyze which
information are crucial for making supply chain efficient decision and to assign the
decision right to the actor who is the holder of this information.

Burnetas et al. (2007) show how a supplier can influence the buyer’s stocking
decisions, when the end-customer demand is stochastic. The buyer has superior
information about the distribution of demand as well as the demand realization. In
this case, fixed quantity/side-payment pairs (as introduced in Sect. 2.2.4) are
problematic if the buyer’s optimal order quantity differs from the fixed quantity.

121 is referred to Zavanella and Zanoni (2009) for a discussion of this concept.
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Burnetas et al. (2007) show that all-unit discounts as well as an incremental quantity
discounts (implemented via screening contracts) can be used in this case to prevent
the buyer from sourcing additional units from an outside option, or to combine
contracts within the menu of contracts. Interestingly, they show that the all-unit
discount performs better than the incremental discount, even though they lead to
identical results under full information (see, e.g., Weng 1995).

Sucky (2004, 2006) argues that there is actually no problem of asymmetric
information if there is only uncertainty in one dimension (e.g., holding costs or
fixed costs), and the supplier knows the buyer’s individual rational order sizes, for
example, from previous interactions. One can easily see that by solving the well-
known economic order quantity formula (see Sect. 2.2.1) for either the holding
costs or the fixed costs, respectively. Starting from this insight, he analyses a
lotsizing problem with constant and deterministic end-customer demand, and
assumes that both, the buyer’s fixed costs as well as the buyer’s holding costs are
unknown to the supplier. In this case, the derivation of the optimal menu of
contracts becomes much more complicated. The main problem is that one cannot
distinguish high cost buyers from low cost buyers. As an example, a buyer may
have high fixed costs and low holding costs, and vice versa.'? Sucky (2004, 2006)
solves this problem for the discrete case of two possible holding cost realizations,
while Karabati and Kouvelis (2008) present a solution procedure for a finite set of
possible holding costs realizations.

2.4.2 Pricing Decisions

It is frequently assumed that the buyer faces a price-sensitive end-customer
demand, i.e., the higher the end-customer price the lower the demand, and vice
versa. If it is assumed that the supplier’s pricing format is restricted to a simple
one-part tariff (i.e., a simple wholesale-price), then the prominent double-
marginalization problem occurs (see Spengler 1950), and the quantities sold to
the end-customer are chosen too low compared to the supply chain optimum.
This is, because the profit maximizing supplier anticipates that the buyer takes
the wholesale-price into consideration when determining the end-customer price
(and therefore the total quantity sold to the end-customer). Hence, the supplier faces
a price-sensitive demand himself. Standard straight-forward economic calculus
shows that the supplier charges a wholesale-price that is higher than his marginal
costs, as the marginal revenues equal the marginal costs in the optimal solution.

3Typically, this situation is ruled out in the economic literature by imposing a single-crossing
property on the agents’ utility functions. (see, e.g., Andersson 2008). Intuitively, the single-
crossing property is satisfied, if the agent with higher costs has also higher marginal costs. It is
referred to Andersson (2008) for a discussion of the welfare effects that arise for utility functions
that do not satisfy the single-property condition.
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The buyer maximizes his profits as well. Yet, his marginal costs are dependent
on the supplier’s wholesale-price. Thus, the buyer chooses an end-customer price
such that the marginal revenues equal his marginal costs, which depend on the
supplier’s wholesale-price.

In contrary, the supply chain optimal solution results, if the buyer only takes into
consideration the actual supply chain costs, and not the wholesale price charged by
the supplier. However, the actual supply chain costs are distorted as the supplier
maximizes his profits by charging a wholesale-price that is higher than the marginal
costs. Hence, the end-customer price is higher than in the supply chain optimal
solution, and the total quantity sold to the end-customer too low, respectively.

An incentive alignment can easily be achieved with a two-part tariff under full
information. The two-part tariff is a contract that defines a wholesale-price for
every unit sold in addition to a fixed payment from the buyer to the supplier that is
independent from the quantity (e.g., a franchise fee). In this case, the supplier
simply chooses a wholesale-price that is equal to his marginal costs. This is,
because he simply anticipates that the supply chain profit is maximized in this
case. The fixed side-payment, in turn, does not influence the buyer’s decision, and
can therefore be used to allocate the (supply chain optimal) profits between the
supplier and the buyer. Typically, it is assumed that the supplier chooses a side-
payment that leaves only the reservation profit-level to the buyer.

Corbett and Tang (1999) show that simple two-part tariffs do not suffice to fully
coordinate the supply chain under asymmetric information. They assume that the
buyer faces additional variable costs of selling the product to the end-customer, and
that these costs are the buyer’s private information. If the supplier offers a simple
two-part tariff, the buyer would have a strong incentive to exaggerate his cost
position. This is, because the supplier tries to set the fixed fee in way that the buyer
only yields his reservation profit level. However, if the buyer is able to exaggerate
his cost position, than the supplier assessment of this reservation profit is wrong,
leaving an information rent to the buyer. However, if the supplier anticipates that
the buyer will claim high costs, then it is in his best interest to offer a menu of
contracts. Again, there is no distortion of quantities sold to end-customers for the
buyer with the lowest cost position. However, there is a downward distortion of
selling quantities if the buyers cost position increases, yielding a lack of
coordination.

Wang et al. (2009) solve a problem similar to Corbett and Tang (1999). How-
ever, they assume that the buyer generates the menu of contracts, and has asym-
metric information with respect to the supplier’s variable costs. Yet, the qualitative
results do not change.

Corbett et al. (2004) extend the analysis from Corbett and Tang (1999) by
explicitly including reservation profit levels for both, the supplier and the buyer.
The buyer’s reservation profit level is simply considered in the participation con-
straint, while the supplier’s reservation profit level is considered via a cut-off policy
(Ha 2001, proves in a more general setting that such policies are optimal). Hereby,
the cut-off policy takes into account that it can be profitable for the supplier to deny
trade with a buyer, if the buyer’s variable costs are too high. The cut-off policy is
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directly determined by the supplier’s reservation profit level. However, closed form
solutions cannot be obtained for the cut-off point policy. Yet, in an extensive
numerical experiment they find that the fraction of buyer’s that are excluded from
trade can be substantial (up to 25%). This highlights that it is a strong assumption to
force the supplier to deal with all buyers, regardless of their actual cost position.
Furthermore, Corbett et al. (2004) find that the supplier’s value of using more
general contracts can be substantial under asymmetric information. Particularly,
they show in a numerical study that the supplier’s performance can increase by up to
25% if the supplier uses two-part tariffs instead of the one-part tariff under asym-
metric information. However, the supplier’s performance increases by only less than
1%, if he offers the menu of contracts instead of the two-part tariff. 14 This is,
because the two-part tariff performs well compared to the menu of contracts, as
long as the cut-off point policy is allowed. In fact, the supplier’s performance under
the two-part tariff would decrease by up to 16% if the cut-off policy is not allowed,
i.e., if the supplier cannot deny to trade with a buyer.

Ha and Tong (2008) extend the double-marginalization framework with asym-
metric demand information to the case of two competing supply chains. Basically,
they analyze whether information sharing can be an equilibrium strategy when
there is Cournot competition between the supply chains. The following sequence of
events is assumed. First, the supplier decides whether to invest in information
sharing technology or not. If he invests, then the buyer can communicate the private
demand information. However, the buyer will only report truthfully, if he has the
incentive to do so. In the second stage, the supplier offers a menu of contract (while
taking his previous investment decision into consideration). The retailers engage in
Cournot competition after choosing a contract out of the menu.

Ha and Tong investigate the effectiveness of two contract types, namely the one-
part tariff and the menu of contracts. They find that the one-part tariff (i.e., simple
wholesale-price contract) is not able to coordinate the supply chain members to an
equilibrium with truthful information sharing. This is, because the one-part tariff
allows the supplier to extract a larger fraction of the overall supply chain profits by
better fitting the wholesale-price to the demand state. Nonetheless, the negative
effect of double-marginalization increases and the respective supply chain becomes
less aggressive in competition with the other supply chain. The one-part tariff, thus,
allows only the supplier to improve his profits, while the buyer is always worse off.
Information sharing can therefore never be an equilibrium strategy under one-part
tariffs.

Yet, if the supply chains use more sophisticated menu of contracts, then truthful
information can indeed be an equilibrium strategy. The prevalence of asymmetric
information in combination with a menu of contracts leads to a downward distortion
of selling quantities to the end-customer. Yet, if truthful information sharing takes

“Note, however, that Ha (2001) finds in another numerical study in a more general setting that the
supplier’s performance can decrease by up to 15%, if he offers the two-part tariff instead of the
menu of contracts.
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place, then the supplier can avoid this downward distortion and the supply chain
becomes more aggressive in cournot competition. This effect can align the buyer’s
and the supplier’s incentives to engage in truthful information sharing. The higher
flexibility of contract menus, which allows the allocation of supply chain profits
along with influencing the buyer’s quantity decisions, enables truthful information
sharing.

Blair and Lewis (1994) present a double-marginalization problem under asym-
metric information, in which the buyer is privately informed about the demand
condition (i.e., the actual shape of the price-demand curve). Additionally, the buyer
can influence the end-customer demand with costly promotional efforts. Hence, this
study couples the traditional adverse-selection model (i.e., the demand is not
observable) with a moral hazard model (i.e., the promotional effort is not observ-
able). They show that a menu of contracts coordinate the supply chain to some
extent. However, the buyers who face a higher demand can earn greater profits,
because less costly promotional effort is required to achieve the same level of sales.
Hence, the buyer with high demand yields an informational rent, which leads to a
lack of coordination.

Mukhopadhyay et al. (2008) consider a supply chain, in which the supplier uses
two channels to distribute his product. First, the supplier establishes a direct
customer access through internet sales. Second, the supplier uses the traditional
distribution channel, i.e., the buyer. It is assumed that the demand of the direct
channel as well as the buyer’s demand is price sensitive. Mukhopadhyay et al.
(2008) show that possible channel conflicts can be mitigated by allowing the buyer
to add value to the respective product. Given information asymmetry with respect
to the cost of adding value, Mukhopadhyay et al. (2008) derive the supplier’s and
the buyer’s optimal pricing decisions, as well as the buyer’s optimal level of value
added.

They show that the supplier can induce the supply chain optimal solution under
full information. Turning to the asymmetric information case, they propose an
optimal menu of contracts that consists of three parameters per offer, i.e., the
end-customer price charged in the direct channel, the wholesale-price charged to
the buyer and a fixed side-payment from the buyer to the supplier. They show that
the typical double-marginalization problem occurs, as the supplier charges higher
wholesale-prices than in the supply chain optimal solution.'> Hence, the buyer
charges higher prices to the end-customer as well, which leads to the well-known
downward-distortion of selling quantities. Interestingly, though, there are no further
distortions of decisions due to asymmetric information. In fact, the buyer’s value
added as well as the wholesale prices charged through the direct channel resemble
the first best solution.

Ha (2001) analyzes a setting in which the buyer faces stochastic and price-
sensitive demand. In this case wholesale-prices that are higher than the supplier’s

>Note that double-marginalization occurs even under full information as long as the supplier is
restricted to offer simple wholesale-prices.
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marginal costs also lead to a distortion of the buyer’s safety stock decision (in
addition to the end-customer price distortion). If the buyer faces a random demand
(regardless whether the demand is price-sensitive or not), the buyer might hold
extra stock (so-called safety stock) to buffer against stockouts. The classical
newsvendor approach states that the buyer optimally determines his safety stock
by carefully balancing the costs of overstocking (i.e., inventory is higher than
demand) and the costs of understocking (i.e., inventory is lower than demand).'®
Assuming every unit overstocked to be simply worthless at the end of the period,
the buyer’s overage cost is simply the wholesale price charged by the supplier. In
turn, the buyer foregoes a profit of the supplier’s wholesale price minus his variable
cost for every unit of demand he cannot satisfy. Under these assumptions, it can be
shown that the buyer’s safety stock increases with increasing profit margin (i.e.,
with decreasing wholesale-price charged by the supplier). Again, the double-
marginalization problem occurs as the buyer optimizes his safety stock with respect
to the charged wholesale price instead of the supplier’s marginal costs. As the
wholesale price is higher than the marginal costs, the buyer chooses a suboptimally
low safety stock level. Cachon (2003) gives a comprehensive review on how
contracts, such as revenue sharing or buy-back contracts, can coordinate the supply
chain under full information.

Ha (2001) shows that the supply chain optimum solution is achievable as long as
there is full information. However, the first best solution is no longer achievable if
the buyer holds private information with respect to his variable costs, as the supplier
will offer a menu of contracts. All the qualitative results from Corbett and Tang
(1999) apply. Additionally they show that the amount of safety stock is smaller
under asymmetric information (than in the coordinated case under full informa-
tion). These results highlight that properly designed contracts can generally be used
to fully solve both double-marginalization problems under full information. How-
ever, if there is information asymmetry, too low selling quantities as well as too low
safety stocks continue to be prevalent.

2.4.3 Capacity Planning

Cachon and Lariviere (2001) analyze how a buyer can credible share private
forecast information with his supplier. The following sequence of events is
assumed. The buyer sources from a single supplier and offers this supplier a
contract to build up capacity. The buyer also communicates an initial forecast to
the supplier. Assuming the acceptance of the contract, the supplier builds up
capacity. After the capacity is build, the buyer places an order, which is based on
an updated forecast. Obviously, the supplier can only satisfy the buyer’s order up to

16t is referred to Silver et al. (1998) for an extensive discussion of the newsvendor model and its
applications.
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the size of the available capacity. However, the supplier who bears the cost of
installing the capacity has take into account the costs of overage and underage
capacity. In contrary, the buyer who does not pay for installing the capacity always
fancies the highest possible capacity. The buyer has therefore a strong incentive to
inflate his initial forecast to influence the supplier capacity decision. Yet, if the
supplier anticipates this behavior, he will ignore the initial forecast, as it is not
credible. However, the supply chain optimal solution requires truthful information
sharing of the initial forecast.

The buyer sells the product at a constant price to the end-customer. In the
uncoordinated situation, the buyer offers a simple one-part tariff (i.e., wholesale-
price) to the supplier, i.e., he pays the wholesale-price for every unit received from
the supplier. Yet, this wholesale-price is lower than the constant price charged to
the end-customer. The typical supply chain argumentation follows, i.e., the supplier
does not take into account the actual supply chain revenue per unit (i.e., the constant
end-customer price) while making the capacity decision. The supplier bases the
capacity decision solely on the wholesale-price instead. Thus, the supplier’s assess-
ment of the underage costs is too low compared to the overall underage costs of the
supply chain, and the resulting capacity is therefore too low.

Cachon and Lariviere (2001) utilize a signaling approach in which the privately
informed buyer offers a signaling contract to the supplier. This signaling approach
ensures that a buyer with a lower demand forecast has no incentive to communicate
a higher demand forecast. In other words, a buyer who has a good forecast has to
design the contract in a way that a buyer with a bad forecast would never want to
offer this contract. The buyer with a good forecast can, for example, offer a two-part
tariff consisting of a wholesale-price and a fixed-payment. Then the buyer has to
ensure that a buyer with a bad forecast would never pay the offered fixed-payment
given a specific wholesale-price.

Cachon and Lariviere (2001) show that signaling actually improves the supply
chain performance. Particularly, they show that the buyer with the high demand
forecast induces higher capacities by increasing the wholesale-price in the two-part
tariff compared to the uncoordinated outcome with a one-part tariff. Hence, the
supplier faces higher underage costs if the capacity does not suffice to fill the order.
Since the wholesale-price without coordination is too low to induce the supply
chain optimal capacity, a higher wholesale-price in the menu of contracts shifts
the supplier’s capacity decision closer to the supply chain optimum. In other words,
the supplier takes a more accurate profit margin into consideration when making the
capacity decision. Nonetheless, the buyer still faces agency costs, and the supply
chain outcome is therefore inefficient.

Ozer and Wei (2006) analyze a setting which is close to the work of Cachon and
Lariviere (2001). In this setting the supplier decides on how much capacity he
builds up before the buyer, who possesses private forecast information, places an
order. In contrast to Cachon and Lariviere (2001), thus, the supplier offers the
contract instead of the buyer. Interestingly, they show that the buyer has no
incentive to misrepresent his forecast information as long as the supplier sets a
wholesale-price equal to the end-customer price, and pays the buyer a fixed-
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payment equal to the buyer’s reservation profit level. In this case the supplier bases
his decision on the actual supply chain profit margin and builds up the supply chain
optimal Capacity.17 However, Ozer and Wei (2006) extend this setting to the case,
in which the wholesale-price is exogenously determined, as the wholesale-price
negotiation is often decoupled from capacity and forecast sharing decisions. Given
this exogenously determined wholesale-price, they propose two types of contracts
that can be offered by the supplier. The first contract type is the so-called “nonlinear
capacity reservation”-contract under which the buyer pays a fixed fee to reserve
capacity. The second type of contracts is a so-called “advance purchase”-contract
under which the manufacturer is induced to place a firm order before the supplier
builds up capacity.

In the nonlinear capacity reservation contract, the buyer with good forecast
information is induced to reserve a higher capacity than the buyer with a rather
bad forecast by implementing a screening contract. In the optimal menu of
contracts, the buyer pays less for each additional unit of capacity reserved. Thus,
the buyer with a good forecast has an incentive to reserve more capacity than the
buyer with a bad forecast. However, the resulting capacity is less than as if under
full information. This is, because the buyer’s informational rent increases with his
private forecast information (i.e., the better the private forecast, the higher the
informational rent). This, in turn, leads to a downward distortion of capacity for
buyers with relatively low forecasts.

In the advance purchasing contract, the supplier demands a quantity commit-
ment from the buyer. The buyer, thus, reveals his private forecast to the supplier by
paying an advanced purchase price for each ordered unit before the capacity is build
up. Paying an advanced purchase price is therefore a signaling instrument. Gener-
ally, the same argumentation as in Cachon and Lariviere (2001) follows, with the
exception that signaling the demand information by an advanced purchase does not
unambiguously enhance supply chain performance in contrast to the one-part tariff.
This is, because the wholesale price is exogenously determined. However, Ozer and
Wei (2006) show that the supplier can enrich the advance purchasing contract
structure with a payback-price, which is paid by the buyer for every unit of excess
capacity. In this case full coordination is achievable even though the wholesale-
price is exogenously determined.

Iyer et al. (2005b) analyze a single-supplier multiple-buyer framework. Under
normal conditions the supplier is able to fulfill all buyers’ demands. However, if
contingencies, such as fire, earthquakes or a machine breakdown occur, the buyer
has to restore the capacity. Yet, the restoration of capacity takes time and is costly.
The supplier decision now is how fast to restore the capacity, considering that a
faster restoration is more expensive. As long as the capacity is not restorated, the
buyers’ incur backorder costs. All buyers are assumed to be identical except of their

""This highlights that asymmetric information can only harm supply chain performance if it is
decision relevant. As an example, if the buyer would hold private information with respect to his
reservation profit level, than the coordination problem would be significantly harder to solve.
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backorder costs. Under full information, the supplier simply chooses the optimal
restoration speed, and charges every buyer a fixed-payment such that each buyer
only yields his reservation profit level.

However, in case of asymmetric information, the buyer’s backorder costs are
private information. Obviously, in an uncoordinated setting all buyers will claim
that they face high backorder cost to induce a fast restoration of capacity and/or
paying a low side-payment to the supplier. As the supplier anticipates this behavior,
it is in his best interest to offer a menu of contracts that specifies a restoration speed
and side-payment for every possible backorder cost. Iyer et al. (2005) show that the
restoration speed in this case is higher than under full information. This is, because
a faster restoration speed allows the supplier to reduce the information rent paid to
the buyers with low backorder costs.

Cachon and Zhang (2006) analyze a single-supplier single-buyer supply chain
with uncertain end-customer demand. In this setting the supplier can influence his
lead time, i.e., the time span it takes to deliver an incoming order to the buyer.
Faster lead times are more expensive than slower lead times. The costs that are
associated with reducing the lead-time are the supplier’s private information.
Obviously, the buyer prefers low lead times as his optimal safety stocks decrease
with decreasing lead times.'® From an overall supply chain perspective the optimal
lead time results from balancing the benefits of lower safety stocks and the costs of
reducing the lead time.

Cachon and Zhang (2006) point out that capacity and lead-times can be
interpreted analogically, as a higher capacity typically results in lower lead-times.
As an example, an order can be produced in one day instead of two days given a
higher capacity. In this context, the supplier has an incentive to exaggerate the costs
of building up capacity. Therefore, the buyer offers a menu of contract that consists
of pairs of capacity investments and side-payments. Again, the buyer cannot avoid
paying an informational rent to the supplier. Hence, the resulting capacity is lower
(or the lead time is higher) than under full information.

Additionally, Cachon and Zhang (2006) argue that an analytical derivation of the
optimal menu of contracts is not possible due to the complexity of the underlying
planning situation. Hence, the optimal menu of contracts can only be computed
numerically. Therefore, they propose much simpler contracts, such as a “Late-fee”-
contract and “Lead-time”-contract. In a numerical study, these contracts increase
the buyer’s costs on average only by 1% while do not substantially changing the
supplier profits. The late-fee contract defines a fixed-fee for all outstanding orders
per unit time in addition to a wholesale price for every unit procured. The lead-time
contract, in contrary, defines a fixed lead-time in addition to a simple wholesale-
price. Summarizing, these simple mechanisms seem to be superior to the rather
complicated menu of contracts, as the implementation effort is lower and the
allocation of profits does not significantly change.

18See Silver et al. (1998).
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Lutze and Ozer (2008) analyze a single-supplier single-buyer supply chain in
which the buyer possesses private information with respect to his backorder costs. "’
They show that a “promised lead-time”-contract in addition to a base-stock policy,
which is optimal for this classical serial system (see Clark and Scarf 1960), can be
used to coordinate the supply chain to some extent. Given a promised lead-time
contract, the retailer places advance orders with the supplier. The supplier, in turn,
guarantees the timely delivery of the order within the promised lead-time.*® The
buyer benefits from the guaranteed lead-time, as this eliminates the risk from
uncertain supply. On the other hand, the buyer’s forecast horizon is extended
beyond the standard lead-time. The supplier, in turn, benefits from the advance
orders, which help to decrease the risk of uncertain demand.

Nonetheless, under asymmetric information the supplier has an incentive to
exaggerate his backorder costs (or the optimal service level). In this case, the
supplier offers a menu of contracts in which each offer consists of a promised
lead time and a respective side-payment. A buyer with higher backorder costs is
offered a lower promised lead-time. However, this lead time is downward distorted,
as the buyers with low backorder costs yield an information rent which increases
with decreasing lead-times. As in other studies (e.g., Ha 2001), Lutze and Ozer
(2008) allow the supplier to apply a cut-off policy, i.e., they allow to refuse trade if
the buyer’s backorder costs exceed a certain cut-off level.

Chakravarty and Zhang (2007) investigate the collaboration between two firms with
contingent capacities, which are both required to provide a joint service to the end-
customer. In this sense, both capacities are needed to offer the service. The profit
margins to offer the integrated service might be different. In the context of the underly-
ing work, these two firms can either be two suppliers or two buyers, respectively.

It is assumed that both firms have two invest in capacity before demand is
realized. The investment cost of one firm is private information. Yet, if the two
firms are totally uncoordinated, and no contract is in place, the performance suffers
from profit margin differentials (i.e., not the whole profit margin is taken into
account while making the capacity decision). In this case, the ill-informed party
offers a menu of contracts which consists of pairs of capacity commitments and
side-payments. This, in turn, gives the privately informed firm an incentive to invest
in higher capacities. Nonetheless, the privately informed party yields an informa-
tional rent if the investment costs are low (as the firm has an incentive to claim high
costs of the capacity investment). Hence, the capacities under asymmetric informa-
tion are still too low compared to the supply chain optimum, but higher than in the
totally uncoordinated setting without any incentive alignment.

YLutze and Ozer (2008) take a cost minimization approach in which both, the supplier and the
buyer, only consider holding- and backorder costs while making their inventory decision. Hence,
there is no double-marginalization problem, as the supplier does not optimize his wholesale-price
in this setting.

2t is assumed that the supplier has an alternative source that can deliver immediately any excess
demand in case the promised lead-time is at stake.
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2.4.4 Product Specification and Backup Production

Iyer et al. (2005a) present a model in which the buyer delegates the majority of
the product design, specification and production activity to the supplier. The
supplier has to assign his own resources to produce the goods. However, the
buyer cannot observe how much effort the supplier invests in performing the
tasks. Additionally, the supplier’s capability of performing the task is private
information. The buyer, in turn, commits himself to allocate some of his own
resources to the required task to help the supplier (e.g., engineering hours). The
buyer has to decide upon his resource commitment, which is observable. In this
case, the buyer offers a menu of contracts which consists of resource-commit-
ment and side-payment pairs.

Iyer et al. (2005) show that the supply chain optimal solution is not achievable
with this contract structure. In particular, the buyer’s resource allocation is
deteriorated. Interestingly, the direction of deterioration (i.e., upward or down-
ward distortion) depends on whether the buyer’s resource and the supplier’s
capabilities are complements or substitutes. They are complements if the buyer’s
resource benefits more the capable than the incapable supplier. In this case the
gap between capable and incapable suppliers increases with increasing buyer’s
involvement. Hence, increasing buyer’s involvement requires increasing infor-
mational rents paid to the more capable suppliers. Therefore, the supply chain
observes a downward distortion of buyer’s involvement. In contrast, they are
substitutes if the buyer’s resource benefits more the incapable than the capable
supplier. Thus, given substitutes increases in buyer’s involvement reduces the
gap between different buyers. This in turn allows the buyer to pay less informa-
tional rent, and the supply chain observes an overinvestment in buyer’s resource
allocation.

Finally, Yang et al. (2009) analyze a one-supplier one-buyer supply chain, in
which the supplier’s reliability is private information. In case the supplier incurs a
disruption during regular production, he has the option to use backup production,
which is perfectly reliable. Backup production is more expensive than regular
production. The supplier’s reliability is private information. Yang et al. (2009)
propose a menu of contracts offered by the buyer which consists of three
parameters, i.e., a fixed payment, an order quantity and a unit penalty for delivery
shortfall. The buyer uses the unit penalty to control for the supplier backup-
production decision, i.e., he either sets a unit-penalty price which is higher or
lower than backup-production. Under that contract scheme, the supply chain
optimum is not achievable as the buyer has to pay an informational rent to more
reliable suppliers. In particular, the buyer stops using the backup production of a
less reliable supplier. This is, because the side-payment to the less reliable supplier
must at least been paid to the more reliable supplier as well. Yet, if the backup
production costs are too high it might be unprofitable to use this option for the low
reliable supplier at all. Allowing a cut-off policy, the buyer may even stop ordering
from the less reliable supplier.
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Appendix
Optimal Menu of Contracts in the Strategic Lotsizing Framework
Setting up the Lagrange-function gives:
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The Karush-Kuhn-Tucker conditions are:
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Solving (2.25) for y; and substituting in (2.23) while considering g; > 0 results in
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From (2.30) and Sappington’s (1983) results y; =0Vi=1,...n—1, p, =1
and 4;; = 0, for j <iand j>1i+ 1 it follows that
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Substituting this result in (2.30) and solving for ¢; gives:
2.
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As p, = 1 (see Sappington 1983) it follows that
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Furthermore, 4; = 0, for j<iand j>i+ 1 and 4; >0 for i = j — 1 holds (see
Sappington 1983) and it follows from (2.27)
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Chapter 3
On the Impact of Fixed Cost Reduction
in the Strategic Lotsizing Framework

This section elaborates the impact of costly fixed cost reduction on the coordination
deficit arising through asymmetric information in the strategic lotsizing framework
(see Sect. 2.2.2). Section 3.1 reviews the relevant literature of fixed cost reduction
in the (joint) economic lotsizing model, and motivates why fixed cost reduction
is introduced in the strategic lotsizing framework. Section 3.2 derives the optimal
fixed cost level and contract parameters under full and asymmetric information.
Section 3.3 analyses the distorting impact of asymmetric information on the fixed
cost level decision. Section 3.4 illustrates the general results for a numerical example,
in which the fixed cost investment costs are convex in the respective fixed cost level.
Section 3.5 summarizes the results and gives some managerial insights.

3.1 Moving Towards Just-in-Time

In Sect. 2.2.2 the model of strategic lotsizing under asymmetric information was
introduced. In this model the buyer asks the supplier to switch the delivery mode to
JiT. It is assumed that a JiT delivery is more favorable for a buyer with high holding
costs per unit and period, as smaller order sizes (i.e., a tendency towards JiT) lead to
lower average inventories. In contrast, smaller order sizes lead to a cost increase for
the supplier, which is captured by higher fixed costs per unit.

Yet, it is well known that small order sizes are not sufficient for a successful
implementation of the JiT concept (see Schonberger and Schniederjans 1984).
Fixed cost reduction, thus, is regarded to be one main facilitator for JiT to be
efficient. In the following, it is analyzed whether the distortions elaborated in
Sect. 2.2.2 increase or decrease due to the supplier’s option to invest in fixed cost
reduction. If a complete cut of fixed costs could be achieved at no (or very minor)
cost, the supplier would offer the JiT contract and perfect coordination would result.
However, the impact of costly fixed cost reduction on supply chain coordination
is not clear at all, since the investment decision might also be deteriorated by
asymmetric information.

G. Voigt, Supply Chain Coordination in Case of Asymmetric Information, 45
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Porteus (1985) was the first to analyse the potential benefits of fixed cost
reduction in the economic order quantity-framework. Consecutive research often
focused on the specific form of the investment function in either the economic
production or economic order quantity model (e.g., van Beek and van Putten 1987;
Hahn et al. 1988; Kim et al. 1992). Leschke (1996) gives a comprehensive review
of this stream of research and conducts an empirical study to explore a realistic
shape of the investment function. Other authors extend Porteus initial work to the
case of stochastic lead times (and demand) or backorders (see Paknejad and Affisco
1987; Keller and Noori 1988; Nasri et al. 1990). Paknejad et al. (1996) extend
this research line to the case of two stage systems under full information. Also,
Affisco et al. (2002) and Liu and Cetinkaya (2007) use this two-stage framework to
incorporate quality aspects in the supplier’s decision problem.

Summing up, this section builds upon the insight that information asymmetries
arise when supply chain members negotiate the terms of delivery (e.g., JiT
delivery), and that these information asymmetries lead to a lack of supply chain
coordination. However, as JiT strategies are regularly accompanied by process
improvements it is not clear if this lack of coordination is still present in this
case. Therefore, the forthcoming section provides the reader valuable insights
under which circumstances process improvements, such as fixed cost reduction,
can reduce the inefficiencies within the supply chain. Additionally, the analysis
gives an analytical framework for assessing the value of long-term investment
decisions in supply chain settings under asymmetric information.

3.2 Fixed Cost Reduction in the Strategic Lotsizing
Framework

As mentioned before, the supplier’s disadvantages of the JiT delivery are captured
by the fixed costs per period, f/g. Allowing to invest in process improvement, such
as setup cost reduction, these fixed costs are a decision variable for the supplier’s
decision problem. The costs for reducing the fixed costs from its original level fi,ax
by finax —f> Yf > fmin > 0 are captured by the investment function k(f). The
investment k(f) results in a fixed cost reduction over the whole (infinite) planning
horizon. Hence, the supplier faces costs of r - k(f) in every period, where r denotes
the company specific interest rate.' All the other assumptions and notations from
Sect. 2.2 apply. First, Sect. 3.2.1 will derive the optimal fixed cost level and
contract parameters under full information, while Sect. 3.2.2 extends the analysis
to the case of asymmetric information.

'The interest rate r can be defined as the annuity factor in case of a finite time horizon. In this case,
a constant order size ¢ is still optimal (see Brimberg and Hurley 2006).
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3.2.1 Fixed Cost Reduction Under Full Information

If the supplier knows the buyer’s holding costs & with certainty, he offers the
following contract, consisting of order size g, side payment Z and the corresponding
fixed costs f, to maximize his profit margin per period, P;. Again, the buyer has
the option to source from an alternative supplier (AS) leaving him a unit profit
margin of R. To encourage higher order sizes while ensuring that the buyer does not
pick his outside option, the supplier has to compensate the buyer for the additional
holding cost with a side payment Z per unit (e.g., by offering a quantity discount on
the wholesale price). The supplier’s optimal contract offer F = (¢!, Z") is the
outcome of the following optimization problem:

Problem FI.
maxPs(q,Z,f):YS—J:—Z—I‘-k(f) (3.1)
q
s.t.
h . .

Py,=Y,— 3 g+Z >R (Participation constraint) (3.2)

fmin Sf (33)

J < fmax (3.4)

It is easy to verify that the participation constraint (3.2) needs to be binding for
an optimal solution. Substituting Z = % - q — Cys where C45 = Yp — R in the objec-
tive function (3.1), and setting up the Lagrange function gives for the cost
minimizing problem?:

h
L(q,f7 lminalmax) :Jc_;+ E q — CAS +r- k(f) + lmin(fmin _f) + lmax(f _fmax)-

(3.5)

As in previous sections, the indices Al and FI refer to the situation under
asymmetric information and full information, respectively. The solution of
min, fvlminvlmaxL(q’ S5 Inins Imax) gives the supply chain optimal contract parameters
g™, Z, the optimal fixed cost level f*/ and the supply chain optimal Lagrange
parameters lpin' | and 0", i.e., the order size ¢/’ is the cost minimizing order size

*Note that the following analysis uses the cost minimizing instead of the profit maximizing
formulation. As the fixed revenues per period are not decision relevant, these approaches are
equivalent. However, the cost minimizing approach is notational more convenient. Nonetheless,
note that risk preferences might alter the results (see Sect. 4.3.1).
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for the overall supply chain. This order size is the well-known economic order
quantity with respect to the reduced fixed costs, i.e., ¢'! = /2 - fF1/h. Kim et al.
(1992) show that the optimal fixed cost level of problem FI depends on the actual
shape of the total cost function. Also, they provide an optimization procedure for
any investment function k(f), which can easily be transferred to the underlying
framework. Particularly, Kim et al. (1992) show that for a concave and a linear
investment function the optimal investment level /7 is either fyin(= lmin'' > 0)
OT finax (:> I > O). For a convex investment function the optimal investment
level is either an interior solution (i.e. Loinft = 0 and [,/ = 0) or a corner solu-
tion (i.e. IninT >0 or Iy > 0). In the following, the analysis is extended to the
case of asymmetric information.

3.2.2 Fixed Cost Reduction Under Asymmetric Information

As mentioned in Sect. 2.2, the buyer’s multi-dimensional advantages from a JiT
delivery are captured by an aggregated measure, namely the holding costs. As the
supplier’s full information about these JiT related advantages is certainly a critical
assumption, it is assumed that the supplier can only estimate these advantages. This
estimation is formalized with a probability distribution p;,i = 1,...,n over all
possible holding cost realizations h; (h; < h;, Vi <j;i,j =1, ...,n). Common knowl-
edge of this probability distribution is assumed. For simplifying forthcoming
formulas it is defined that py = 0 and hy = 0. The following decision sequence is
assumed (see Fig. 3.1):

The optimal menu of contracts A; = (q,-AI ,ZAl ),‘v’i = 1,...,n is the solution to
the following optimization problem:

Problem AL

max E[Ps] =Y " pi-Py, Yi=1,.,n (3.6)
S.t.
Ppi(A) >R, Vi=1,..,n (3.7)
Ppi(Ai) > Pyi(4)), Vi#jij=1,..n (3.8)
fi <foa» Vi=1,...n (3.9)
fuin <fi, Vi=1,..n (3.10)

where Ps; =Y, — (f/q: + Z; + r - k(f;)) denotes the supplier’s profits if the con-
tract A; is accepted, and P ; (Aj) the buyer’s profits if he faces holding costs /; and
chooses the contract A;,Vi,j = 1, ..., n, respectively.
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t=1 t=2 t=3 t=4
| | | | >
[ [ [ [ "
Buyer learns Supplier Buyer chooses ~ Supplier decides
advantages of offers menu one contract upon the
JiT of contracts out of the menu  investment in
of contracts fixed cost
reduction

Fig. 3.1 Decision sequence under fixed cost reduction

Again, the incentive constraint (3.8) theoretically ensures the buyer’s self-
selection, i.e., the buyer with holding costs /; realizes the highest profit margin
per period when choosing the order size g;. The participation constraint (3.7)
ensures that no buyer, regardless of his holding costs, will choose the alternative
supplier. Again, the cost minimization approach instead of the profit maximization
approach is shown. Setting up the Lagrange-function gives:

L(qi,Zi, fi, 2ijs Mg Iin, s Imax ;|27 = 1, ...,n and i # j)

_le ( +Zi+r- k(f,) Z ( —Cas — )

7 h;
+ Zl;l 27:1,#1' )v’:" <EQi —Zi— 2 ql ) + Zl 1 Imin, ,(fmm - i)
+Z—l max, fmax) (311)

The Karush—-Kuhn-Tucker (KKT) conditions for an optimal solution are
summarized in Appendix 1. The optimal solution of the problem AI gives the
optimal menu of contracts A = (A4, ...,A,) the optimal investment level f,-AI and
the optimal Lagrange-parameters i, Inin ', Inax 4/ and A;". The order size
that minimizes the supply chain costs given the holding cost parameter #4; is
denoted by ¢;’

The optimal menu of contract can be derived from the KKT-conditions (see
Appendix 2):

2. A
Al i .
i = , VMi=1,...,n 3.12
q It (3.12)
where p; = thopt (hi — hi—y), Vi=1,.,n (3.13)
ar _hnoap
Z," = ~ 9 — Cas (3.14)
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N

=
Il

| S

(g = qin™) + ZiM, Vi<n (3.15)

As long as the optimal fixed cost level is an interior solution, the optimal fixed
cost level Al results from solving [see Appendix 2, (3.44)]

dk(f;)
dfi |

(3.16)

Otherwise, the optimal fixed cost level is a corner solution, i.e., fnin OF fiax-
Note that the optimal contract parameters are the same as in Sect. 2.2.4, with the
exception that the supplier has to take the fixed cost reduction option into account
while offering the menu of contracts. Hence, his decision ¢ = 4 is already consid-
ered in t = 2 (see Fig. 3.1). Otherwise, he offers suboptimally high order sizes as
(3.12) is calculated w.r.t. £ and £*/, in turn, is computed from (3.16).

As already elaborated in Sect. 2.2, there is a downward distortion of order sizes,
which follows directly from (3.12) and y; > 0. This is, given any fixed cost level f;,
the supply chain performance can always be increased by increasing ¢;,i> 1.
Additionally, a closer look at (3.16) reveals that the fixed cost level might also be
distorted due to y; > 0. The next section will discuss this distortion extensively with
respect to a convex, concave and linear investment function. Figure 3.2 depicts the
shape of the analyzed investment functions.” A marginal approach will illustrate the
intuition behind the results. This approach seems reasonable since a graphical
exposition of the problem is possible. It is referred to Kim et al. (1992) who base
their arguments on the total cost function. However, as this total cost function is
more complicated under asymmetric information, this approach can only be applied
under full information.

k()

Fig. 3.2 Progressive shapes
of the analyzed investment
functions

31t is referred to Leschke and Weiss (1997) for a review of commonly assumed investment
functions. The convex followed by the linear investment function is most commonly assumed.
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3.3 Overinvestment in Fixed Cost Reduction due
to Asymmetric Information

The following sections elaborate the optimal fixed cost levels i/ and £/ in case of
a concave and linear investment function (Sect. 3.3.1) as well as in case of convex
investment function (Sect. 3.3.2). The standard economic argument of balancing
marginal revenues and marginal costs will be applied.

3.3.1 Concave or Linear Investment Function

Let MR (f;), MR (f;) denote the marginal revenues (i.e., cost savings) under full
and asymmetric information, and MC(f;) denote the marglnal cost of reducing the
fixed cost f;. If the optimal fixed cost level is an interior solution, then the marginal
revenues should equal the marginal costs (see 3.16), where

MRY (f,) = (3.17)
MR (f) = (3.18)
MC(f;) = —r - oK) . (3.19)

Next it is shown, however, that this interior solution is a cost maximum instead
of a cost minimum. Hence, a corner solution must be the optimal solution.

Figure 3.3 depicts MC(f;), MR (f;) and TM"(f;) = MR"'(f;) — MC(f;), where
TMY!(f;) depicts the total marginal savings. The MC-curve is monotonically
increasing for concave investment functions as d dﬁ(f) <0 — _e k(f) > 0. As the
MR-curves are always monotonically decreasing in f; it follows dlrectly that the
TM™ -curve is strictly monotonically decreasing as well. Thus, there is at most one
interior solution. To evaluate the profitability of a fixed cost reduction the integral
over TM'(f;) needs to be evaluated. Let f, denote the root of TM!(f;), i.e., the
interior solution to problem FL If £, € (fiin,/fmax)> @ reductlon of fixed costs to I
causes a loss of f"“‘x TMP!(f)df; (i.e., area 2, Fig. 3. 3).* Hence, f, is a local cost
maximum. In contrary, a fixed cost reductron beyond the level f, is profitable as

“*Note that the graphical representation in Fig. 3.3 depicts the fixed cost level f; instead of the total
reduction fi.x — f;- The higher the fixed cost reduction, thus, the lower the fixed cost level (i.e., f; is
closer to the point of origin).
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MRA(f)

™ | marginal revenue
' — >

| marginal costs

I

f
. _}_' marginal revenue
<

marginal costs

Fig. 3.3 Optimal investment level given a concave investment function

TM*!(f,) is strictly monotonically decreasing. Hence, if there is a reduction beyond
f; at all, this reduction will be rigorously carried out to the maximum extent,
yielding profits of fj{z N TM™!(f;)df(i.e., area 1). Hence, if TM intersects the abscissa
between fiin O fmax, the optimal investment level depends on the ratio of the areas
1 and 2. If area 1 is bigger than area 2, then the optimal fixed cost level is fiin,
otherwise it is fi.x. Therefore, Lnin" > 0 or Ippa™” > 0 holds. Figure 3.3 depicts the
case in which a fixed cost reduction to the maximum extent is optimal.

The same argumentation can simply be applied in case of a linear investment
function. As the marginal costs are constant for a linear investment function, it
follows directly that TM*!(f;) is strictly monotonically decreasing. For that reason,
there is at most one intersection with the abscissa, and the optimal fixed cost level is
as well a corner solution (i.€ finin Of finax ). Therefore, lnin’” >0 or e’ > 0 holds.

These findings resemble the results reported by Kim et al. (1992). Under full
information, thus, the optimal (corner) solution results from comparing two
strategies, i.e., either maximum investment or no investment at all.

Next, it is considered whether asymmetric cost information distorts this invest-
ment decision. Equation (3.17) shows that the marginal revenue of reducing the
fixed costs increases with increasing y;. From 7y, >0,Vi =2, ....,n follows that
the MR-curve under full information lies beneath the MR-curve under asymmetric
information, i.e., MR (f;) > MRF!(f;). It follows directly that TM™(f;) < TMA(f;),
Vf;. Hence, area 1 increases and area 2 decreases in size if the supplier offers a
screening contract. For this reason, a distortion of the investment decision is only
observable if the supplier chooses fA/ = fnin(i.e., area 1 > area 2) although the
supply chain optimal investment level is equal to £’ = fy.c(i.e., area 1 < area 2).
Figure 3.4 depicts this case. Note that an underinvestment cannot be an optimal
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Fig. 3.4 Overinvestment in MRAKE)
case of a concave investment MRFY(f,) '
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solution given a concave or a linear investment function. As area 1 (i.e., the profits
of fixed cost reduction) will never decrease due to asymmetric information, an
underinvestment cannot be optimal from the supplier’s perspective. The same
arguments hold for a linear investment function.

3.3.2 Convex Investment Function

Next, the distortionary effect of asymmetric information on the investment level in
case of a convex investment function is analyzed. Again, the situation under full
information is considered first. As both MR (f;) and MC(f;) are monotonically

decreasing (di};;f) > 0), it is not clear if TM*!(f;) is monotonic at all. Figure 3.5
depicts the case of (a) a monotonically increasing TM-curve and (b) a monotoni-
cally decreasing TM-curve.

Note that there might be multiple interior solutions if the TM-curve is not
monotonic at all. Nonetheless, the same arguments developed in this section can
be applied as the argumentation can either be reduced to case (a) or (b).

In case of a monotonically decreasing TM-curve, i.e., case (b), the same argu-
mentation as in Sect. 3.3.1 for the concave or linear investment function follows,
and an interior solution will result in a cost maximum. Consequently, the optimal
fixed cost level is either fuin Or fnax, and there is also the possibility of an
overinvestment due to asymmetric information.

In contrast, the optimal investment level is typically not a corner solution as long
as the TM-curve is monotonically increasing, i.e., case (a). In this case the root of

TMP!(f;) is the supply chain optimal investment level, i.e.,

fl‘ ’ lfﬁ € [fminfmax]
=1 fuinr S <foin : (3.20)

fmaxa else
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Fig. 3.5 Optimal investment level in case of a convex investment function

Fig. 3.6 Overinvestment in
case of a convex investment
function

Obviously, in contrast to case (b), all fixed cost reductions beyond f, are not
profitable at all, and f, results in a cost minimum instead of a cost maximum.

Next, the effect of asymmetric information on the investment decision is eval-
uated. As long as the optimal investment level under asymmetric information is an
interior solution it is obvious that a upward shift of MR (f;) leads directly to a
distortion of the investment level. More precisely, as long as the order sizes change
due to a screening (i.e. MR (f;) > MR (f;)) and the supply chain optimal fixed cost
level is not a corner solution, there is an overinvestment in fixed cost reduction.
Figure 3.6 illustrates this case.
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Yet, if TMA (f;) is not monotonic at all, the same arguments as for the separated
cases (a) and (b) in Fig. 3.5 hold, and only an overinvestment can be observed due
to an upward shift of TMA!(f;), i.e., due to asymmetric information.

As such, it can be summarized that there is always the possibility of an overin-
vestment in fixed cost reduction, regardless of the actual shape of the investment
function. This result is basically driven by the fact that the supplier screens the
buyer regarding his private information. This, in turn, leads to order sizes which are
smaller than the supply chain optimal order sizes (i.e.q' < ¢;/!,Vi = 2, ...,n). This
leads to higher marginal revenues from the investment in fixed cost reduction. Yet,
it is not clear at all if the coordination deficit (i.e., the performance gap between
supply chain optimum and screening contract) is increasing or decreasing due to the
investment option, as there are two countervailing effects.

Overinvestment effect. As stated above, an overinvestment in fixed cost reduc-
tion due to asymmetric information is likely. From a supply chain perspective this
overinvestment causes a coordination deficit.

Fixed cost effect. As shown in Sect. 2.2, the coordination deficit due to asym-
metric information is essentially caused by a downward distortion of the supply
chain optimal order quantity (i.e.g/"’ < ¢;/7), and it follows that there is no supply
chain optimal trade-off between holding costs and fixed costs per period.” The fixed
costs per period are suboptimally high and the holding costs suboptimally low. Yet,
as there is the opportunity to invest in fixed cost reduction (and even an overinvest-
ment is possible), this unbalanced trade-off carries less weight. The fixed cost
effect, thus, measures the isolated coordination gains from reducing the fixed
costs while ignoring the overinvestment costs.

The following section will analyze the impact of the overinvestment- and fixed
cost effect on the coordination deficit for two possible holding cost realization.

3.4 Example: Convex Investment Function

In the following, the previous analysis is illustrated for the “Power Cost Func-
tion Case” (see Porteus 1985) as an example for a convex investment function.
Section 3.4.1 derives the optimal fixed cost level and contract parameters and
evaluates them for specific parameter values. Finally, a sensitivity analysis with
respect to the coordination deficit (Sect. 3.4.2) and the supply chain performance
(Sect. 3.4.3) illustrates the impact of changing parameters values.

5In the classical economic lotsizing model, the fixed- and holding costs per period are equal in the
optimum (see Fig. 2.3). Yet, lower order sizes due to asymmetric information lead to fixed cost per
period that are higher than the holding costs per period.
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3.4.1 Numerical Evaluation

If a “Power Cost” investment function is utilized, decreasing marginal percentage
returns are presumed. Therefore, the supplier faces investment costs in the
amount of k;(f) = g-f " — d,Vg,b,d,f >0 if he reduces the fixed costs from the
initial value f.x to f, where f > fnin = 0. Let e denote the costs of reducing
the fixed costs fax by 7%, then an additional reduction by n% results in an
investment of (1 + f3) - e. Then, the investment function has the following shape:

- n B e, ;'nﬂxh -
ki(f;) = g -f" —d where b= _ln(llg(joll)n)’ 8= (l—ogm)*”—l ,and d =g frax -

As the side payments Z#! and Z/" are not necessary for analyzing the impact of
fixed cost reduction on supply chain coordination and performance the presentation
of details on these side-payments is omitted.

Full Information: In the following the analysis is restricted to n =2
(i.e. h € [hy, hy]). The optimal contract parameters under full information are
(see Porteus 1985):

b 1
. 2 ,fmax 2 2b+1 2 . g . b -r 2b+1
I — 1/ = | = 21
q mm( Y (h) ( h ) ) (3.21)

2\ T
F = min | o, (2(g:r) > . (3.22)

Asymmetric information: The optimal contract parameters for two possible
holding cost realizations /;, and Ay are (see Appendix 3)

f;‘7 if f; c [fmin afmax]

fu™ = fains  if £ <finin (3.23)

Jfmax, else

5 (%)
where f, = r-g-b 3.24)
g (\/ P g ) (
2 fiu

M= 3.25
qu T + 7 ( )

where yy = br (hy — hy) (3.26)
Pu
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hy,

N
A = £ = min [ fonae (M) (3.27)

b 1
2. nax 2\ 241 [Doh 2b+1
g = ¢;"" = min Jmax (2 )77 (2807 (3.28)
hy, hp hr

Suppose that f = 0.01,7 = 10[%] (= b = 0.094), ¢ = 25, frax = 800 (= g =
4700,d = 2500, k;(f;) = 4700 - f 009 —2500), Cas = 2.5, fmin = 0, h = 1, hyy = 5,
pL=0.5, and pyy = 0.5. Let (gAlfmsx ZAlIma) i € [L H] denote the optimal menu
of contracts under asymmetric information with no fixed cost reduction possible.
In this case, ¢/ i€ [L,H] denotes the supply chain optimal order quantity.
Furthermore,  C:°¢(g;,f)) :{7’1+%q[ +r- (g fih fd),i € [L,H] denotes the
supply chain costs that result if the buyer faces holding costs 4;. Finally, E[Cs] =
Zi:L,H piC;5¢ denote the expected supply chain costs.

If no fixed cost reduction is possible, the optimal order sizes and respective

supply chain costs are

gi s = 40

Co* (@™ frnax) = 40
qu™ e = 13.33

Cr (g™ frnax) = 93.34
E[C*] = 66.67

g1 = 40

CL (g frnan) = 40
qu' " = 17.89

Cr* (qu™"™  frnax) = 89.44

In contrary, if fixed cost reduction is feasible, the following optimal contract

parameters and fixed costs level result:

g = 40

£ =800

CLSC (qLAIJ-LAI) = 40
g = 6.08

™ = 166.6

Cr* (qu™ fu™) = 82.52
E[C*] =61.26

g =40

11 =800

CLSC (qLF[afLF[) = 40
g’ =10.45

fuf' =273.15

CHSC (qHFI:ﬂmxafmax) = 78.97

Figure 3.7 depicts a graphical representation of the marginal analysis presented
Sect. 3.3.2 to proof that asymmetric information can only lead to an overinvestment
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Fig. 3.7 Marginal analysis and overinvestment in the numerical example

in fixed cost reduction. In particular, there is an overinvestment in the amount
of fu"! — fu'! = 106.6 due to asymmetric information. Nonetheless, due to the
fixed cost effect the impact on the overall supply chain performance and the
coordination deficit is not obvious. For this reason, the next section will examine
the joint impact of the fixed cost and the overinvestment effect on the coordination
deficit as well as on the supply chain performance.

3.4.2 Comparative Static Analysis with Respect
to the Coordination Deficit

Let CD = Cp* (qu™ fu") — Cu*“ (qu™ . fu"") denote the coordination deficit with
the option to invest in fixed cost reduction and CD/m» = Cp5¢ (qHAI-fmax , fmax)_
cy’¢ (qHF Tifmax fmax) the coordination deficit without the option to reduce fixed
costs.® In the numerical example, the coordination deficit decreases from CDfmx =
3.9 to CD = 3.56. The changes in the coordination deficit ACD = CD — CD/™> can
be split into the overinvestment effect (OE) and the fixed cost effect (FE), i.e.,
ACD = OE — FE (please refer to Appendix 4 for a mathematical formulation of
ACD, FE and OE). When ACD < 0, the coordination deficit decreases due to an
investment in fixed cost reduction, and vice versa. The overinvestment effect amounts
to OF = 13.23 and the fixed cost effect amounts to FE = 13.56. Hence, the

SAs there is no coordination deficit, if the buyer faces holding costs /;, the analysis is restricted to
the cases in which the buyer faces the holding costs /.
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coordination deficit changes by ACD =3.56 —3.9 =13.22 — 13.56 = —0.34
resulting in a decrease of the coordination deficit due to fixed cost reduction.
Note that this reduction completely benefits the supplier. In contrast, a positive ACD
would completely increase the supplier’s cost. The participation constraint in problem
Al (see Sect. 3.2.2) ensures that the buyer with holding cost realization h, = hy yields
the same cost for all parameter values of the problem. Hence, a change in the
coordination deficit by ACD only affects the supplier’s costs.

Next, a comparative static analysis for all possible parameter values r is
conducted to investigate whether this result is robust against changing parameter
values. Note that there is still a coordination deficit if ACD < 0. This deficit is
always observable when there is a deviation from the optimal order quantity due to
screening. ACD only depicts the effect of investments in fixed cost reduction
compared to no fixed cost reduction. Figure 3.8 depicts the changes of ACD in
dependence of the interest rate ». When the investment in fixed cost reduction is
inexpensive (i.e., if the interest rate 7 is low), the overinvestment effect carries less
impact. However, the impact of the overinvestment effect becomes predominant
if r increases. The impact of the investment on supply chain performance is worst
if r takes a value such that fHF I — Jimax and lmaXF I = 0 holds, i.e., if fmax 18 the interior
solution to problem FI (r ~ 0.19).” In this case overinvestment reaches its maxi-
mum. The total overinvestment fi.x — fHAI decreases beyond this interest rate r.
Therefore, the overinvestment effect as well as the fixed cost effect decreases.
Nonetheless, the overall effect on the supply chain performance is negative. Note
that the coordination deficit vanishes if the fixed cost reduction is costless (i.e.,
r = 0) because the supplier will reduce the fixed cost to the maximum extend.
Figure 3.12 in Appendix 5 shows that this coordination deficit reduction is
accompanied by low order sizes ¢’ and gy*!. Hence, the supply chain tends to
a JiT strategy if fixed cost reduction is inexpensive. Additionally, Fig. 3.12 in
Appendix 5 points out that the downward distortion of order sizes (i.e.,
g < gy, which is already known from Sect. 2.2, continues to be responsible
for the inefficiencies within the supply chain.

More comparative static analyses for the parameters fax, iy and 7 can be found
in Appendix 5, Fig. 3.11. After all, the main finding does not change for this
analysis: whether the investment in fixed cost reduction reduces the coordination
deficit or not depends on the specific parameter values.

Finally it is worthwhile to stress that the menu of contracts (g;*,Z') and the
corresponding f; is optimal for a supplier with risk neutral preferences, even if the
expected coordination deficit increases due to the investment in fixed cost reduc-
tion. This highlights that the supplier may prefer to distort the investment decision
in order to limit the buyer’s informational rent (Fig. 3.8).

"This value results from solving (3.24) with f4/ = ... = 800 and y,; = 0 for r.
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Fig. 3.8 Comparative static analysis w.r.t. interest rate r

3.4.3 Comparative Static Analysis with Respect to Supply
Chain Performance

So far, the analysis mainly focused on the coordination deficit and therefore on
the absolute inefficiencies that arise due to asymmetric information. However, an
increase of the supply chain deficit does not necessarily result in a deterioration of
supply chain performance. To analyze the effect of the investment decision on the
overall supply chain performance the expected change in supply chain costs that
result if fixed cost reduction is possible is computed, i.e.,
AP = E[CSC (g, finax )| — E[CSC (g, f")]. Therefore, the investment option
enhances supply chain performance even under asymmetric information if AP >0
holds. In contrary, the investment option will never decrease the supply chain
performance under full information as no fixed cost reduction is a feasible solution.
In the numerical example the expected supply chain performance increases by
AP = 66.67 — 61.26 = 5.41. Hence, the expected supply chain performance
increases if the supplier reduces his fixed costs. Again, the robustness of this result
is tested for changing parameter values r. Figure 3.9 depicts the changes in supply
chain performance in dependence on r.* In contrast to the results under full
information the overall supply chain performance deteriorates due to fixed cost

8The interested reader can find more comparative static performance analyses for the parameters
Jfmax; iy and 7 in Appendix 5, Fig. 3.11. As in the analysis for the coordination deficit, the basic
result does not change for this analysis: whether the investment in fixed cost reduction reduces the
supply chain performance or not depends on the parameter values.
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Fig. 3.9 Changes of supply AP
chain performance in
dependence of interest rate r
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reduction in some regions. The parameter values for which the expected supply
chain performance deteriorates are a subset of the parameter values for which
ACD > 0 holds. This is not surprising, as the supply chain performance is always
improved under full information or, in turn, if there is the lowest possible holding
cost realization 4, . In this case, there is no downward distortion of order sizes and
therefore no distortion of the investment decision (Fig. 3.9).

The evaluation of ACD and AP, thus, implies different interpretations for the
overall supply chain. If the parameter values are such that AP < 0, then the option
of fixed cost reduction harms the overall supply chain performance. In contrast, if
ACD >0 and AP >0 holds, then the option of fixed cost reduction improves the
supply chain performance, but truthful information sharing would have an even
greater impact on improving supply performance as if no fixed cost reduction is
possible. Finally, if ACD < 0, then the distortionary effects of asymmetric informa-
tion lessens or even vanishes.

3.5 Conclusion and Managerial Insights

JiT delivery has received ever-increasing attention in the recent past. Usually, the
implementation of JiT strategies is accompanied by process improvements, such
as fixed cost reductions. The analysis of fixed cost reduction under asymmetric
information reveals that the supplier should take the investment option into account
while offering a Pareto improving screening contract, if he only possesses imperfect
information about the buyer’s cost position.

Obviously, the supplier will not be worse off in terms of expected profits, as
the status quo (i.e., fimax) is still feasible. Nonetheless, the effect on supply chain
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performance and coordination is ambiguous, as there are two contrary effects: the
overinvestment and the fixed cost effect. The screening of the buyer’s private
information leads to a downward distortion of order sizes (except for the lowest
possible holding cost realization). This, in turn, can lead to an overinvestment for a
wide variety of investment functions.

To obtain more differentiated insights on the impact of fixed cost reduction on
the overall supply chain performance as well as on the coordination deficit, the case
of two possible holding cost realizations was analyzed. Closed form solutions were
computed, and a comparative static analysis was conducted. The analysis shows
that supply chain performance is particularly vulnerable, if the costs of fixed cost
reduction are relatively high.

Additionally, the same analysis can easily be transferred to other settings in
which, for example, the product’s variable costs also vary with the fixed cost level.
This extension can be captured by an adaption of the investment function, and the
main results remain valid.

Finally, it is worthwhile to stress that a buyer should account for the overinvest-
ment effect when carrying out negotiations with a strategic partner in the supply
chain. As the fixed cost reduction is assumed to hold over the whole planning
horizon, the overinvestment effect adversely impacts the supply chain performance
even in the long run.

One of the main assumptions in this section is that the buyer will use the private
information strategically, instead of sharing it truthfully with his supplier. The
following sections will analyze whether this behavior is actually an empirical
observable problem.

Appendix

Appendix 1: Karush—-Kuhn-Tucker Conditions

g;, =pi— i+ Y (i —2) <0 (3.30)

% ~Lipier 3’;? + hin, — o, < 0 (331
g—;_%CIi—CAS —-7;<0 (3.32)
g/ij:%%—zi—%%‘*‘zjgo (3.33)
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D Jmin — fi (3.34)
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Appendix 2: The Optimal Menu of Contracts
Solving (3.30) for u; and substituting in (3.29) while considering g; > 0 results in
hi  fi 1 n . B
pi (5 - P) +3 D iy it (i = hj) = 0. (3.36)

From (3.30) and Sappington’s (1983) results (i.e., ; =0Vi=1,...n — 1, u, =1
and 4; = 0, for j <iand j > i+ 1) it follows that

for i=n
Pn+ }vn—lﬁn =1
for i=n—1
n—2
Pn—1 + /ln—Z,n—l - ln—l,n =0= /1;1—211—1 =1 —DPn — Pn-1—= ZI:I Dt
for i=2
Pptin—la=>lp=1-p,—..—pr=p (3.37)
Inserting this result into (3.36) and solving for g; gives:
2 'f‘AI
Al i
Al = 3.38
7 hi +7; (-38)
where
i—1
) = 20l (hi — hiy) (3.39)

Di
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and
Vyi<yf+17 i:17...,n_1 (3.40)

where (3.40) follows directly from assumption (2.20). As y, = 1 (see Sappington
1983) it follows that

hil
=g, — Cas (3.41)

ZnAI —
2

Furthermore, 4; = 0, for i<j and j>i+ 1 and 4; >0 for i =j— 1 holds (see
Sappington 1983) and it follows from (3.33):

Al
Z," =

oS

(0" = ain™) + 2™ Vi=1,.,n—1 (3.42)

From (3.31) and /lyin; = 0, Imax,; = 0 (i.e., as long as the optimal investment
level is an interior solution) it follows that:

! dk(f) (3.43)

— = —r

qi df;

For Iyin; >0 (Imax,; >0) the optimal fixed costs are fiin(fmax). Substituting
(3.38) into (3.43) shows that the optimal fixed cost levelf,-AI is obtained by solving
the following equation (as long as the optimal investment level is an interior

solution):
it A (3.44)
2-f; dfi |p_pm

Appendix 3: Power Cost Function for Two Holding Cost
Realizations

The expressions (3.27) and (3.28) follow directly from Porteus (1985). The
expressions (3.25)—(3.26) are simply obtained by exerting (3.38)—(3.44) for
n = 2. Expression (3.24) is obtained by solving (3.44) w.r.t. the power cost

function, i.e.,
hy +y b1
2 e bt
5 7705
= f,= -r-g-b (3.45)
/ (\/ ha + vy § )
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Appendix 4: Mathematical Formulations

ACD = [Cy* (qu™ fir™) — Cir* (g™ fu")]

- [CHSC (qHAI}me afmax) - CHSC (qHFI’me 7fmax)] (346)
OE =r- [k(fu") — k(fu"™)] (3.47)
| Swax P g, Joax  hu g
FE = KqHFlfmax T ~ \ guAlfom T an
fHFI hH fHAI
- {(m‘F?QHH - ﬁ‘k— (3.43)

Appendix 5: Additional Comparative Static Analysis

Figures 3.10 and 3.11 show additional comparative static analyses for the para-
meters fnax, T and hy. Furthermore, Fig. 3.12 depicts the changes in order sizes in
dependence of the interest rate r.
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Chapter 4

The Impact of Information Sharing on the
Effectiveness of Screening Contracts:

A First Laboratory Experiment

The following section analyses, if the strategic use of private information is
observable in an experimental setting, and which role communication plays for
supply chain coordination. Section 4.1 briefly introduces the relevant experimental
work of supply chain coordination with contracts. Section 4.2 shows how the
strategic lotsizing model can be implemented in a laboratory experiment. The
results of the experiments are presented in Sects. 4.3-4.6. First, Sect. 4.3
investigates the impact of information sharing on the suppliers’ contract offers.
Then, Sect. 4.4 analyzes the buyers’ contract choice behavior, answering the
question if information revelation takes place via contract choices. In contrast,
Sect. 4.5 evaluates the truthfulness of the buyers’ reports as well as the consistency
between reports and contact choices. Afterwards, Sect. 4.6 shows the impact of the
before-mentioned results on the overall supply chain performance. Finally,
Sect. 4.7 summarizes the results and gives some managerial insights.

4.1 Behavioral Studies in Supply Chain Coordination
with Contracts

There has been a growing interest in behavioral operations management in the
recent past. Bendoly et al. (2006) give a comprehensive review on the related
literature. The range of literature mentioned in this review is broad, including
production control, supply chain management, quality management, and operations
technology. Also, they intensively discuss the benefits of behavioral experiments.
Hence, it is referred to Bendoly et al. (2006) for a widespread introduction of
laboratory experiments in the operations management context.

The experiments presented in this work mainly fits into the area of supply chain
coordination with contracts. The seminal study in this area stems from Schweitzer
and Cachon (2000), who investigate individual ordering behavior in the newsvendor
context. In this study, the newsvendor ordering behavior is analyzed under the
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simplest form of a contract, namely the wholesale-price contract. Yet, Schweitzer and
Cachon (2000) do not analyze the interaction of supplier and buyer, as the supplier’s
wholesale-price decision was automated. Keser and Paleologo (2004) expand this
framework to a supply chain setting, in which the supplier sets the newsboy’s
wholesale-price. Knowing that the simple wholesale price contract cannot coordinate
the newsboy supply chain, Katok and Wu (2009) investigate the empirical efficiency
of the buy-back and revenue sharing contract. However, they also do not investigate
the interaction within the supply chain, as they automated the counterpart’s decision.
Lim and Ho (2007) experimentally investigate the coordination efficiency of the
wholesale-price contract as well as the multi-block tariff in a supply chain with
price-sensitive and deterministic end-customer demand in case of full information.
They show that the number of price blocks influence the decision behavior although
theory predicts otherwise. Finally, Ozer et al. (2008) investigate the interaction of
supply chain members given a simple wholesale price contract and asymmetric
information. They find that there is partial truth-telling and trust although theory
predicts that all communication accounts to no more than cheap talk.

4.2 Experimental Design and Implementation

A total of 117 subjects participated in five treatments in the experiment. Only the
simplest form of a supply chain, consisting of one supplier and one buyer was tested
(see Fig. 1.1). The groups were matched randomly at the beginning of the first round.
Since long lasting relationships between suppliers and buyers are commonly assumed
in supply chain management, we did not change the matching of suppliers and buyers
over time. This approach was also chosen by Croson et al. (2003) who show in a
repeated bargaining experiment that communication can indeed influence the decision
maker’s behavior although rational game theory would predict otherwise. All subjects
played 20 rounds. The sessions were run at the MaxLab, Otto-von-Guericke Univer-
sity Magdeburg. The experimental software was implemented with the toolbox z-Tree
(Fischbacher 2007). Upon arrival, each participant received written instructions (see
Appendix 3). The instructions were the same for buyers and suppliers and were read
out aloud. Any questions were answered privately. At the end of the experiment, every
subject was paid according to a fraction of his total profits in the experiment.

The experimental design consists of five treatments. In fact, there are basically
two treatment variables. First, we tested the impact of information sharing by
conducting treatments with and without the possibility of information sharing.
Second, we tested whether an additional punishment and reward (P&R) mechanism
helps the supply chain members to coordinate their actions. Brandts and Charness
(2003) report that the punishment for uncooperative actions as well as the reward
for cooperative actions is prevalent in one-shot games with communication. This
indicates that punishment and reward options have an even greater impact on
repeated interactions, especially because there is the possibility to build up reputa-
tion. Hence, the supplier in the underlying study is allowed to reward cooperative
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Table 4.1 Treatment W/O P&R With P&R
variables - - - -

Without information sharing 11 12

With information sharing 12 12

behavior by an additional side-payment which can be granted outside the regular
contracting stage.

Table 4.1 depicts the number of supply chains (and therefore the number of
independent observations) for each treatment. Finally, we tested in a setting without
communication and without P&R whether the supplier’s actions depend on the
assessment of the buyers’ sequential rationality. This was tested by automating the
buyer’s actions. This treatment was conducted with 12 subjects (suppliers).

4.2.1 Parameters

The experimental setting assumes that the holding costs /; can change in every round.
This change can be explained by several influencing variables, e.g., the influence of
labor unions, variability of lease rental charges for storage room, changing credit
ratings or “no-claims”-discounts. In this experimental setting, there are three possible
holding cost realizations #;, = 1, hy; = 3, and hy = 5. The holding costs are drawn
independently in every round for every subject according to the distribution function
(pL,pm,pr) = (0.3,0.4,0.3). Therefore, the revelation principle holds, as the last
round can be regarded as a one-shot game (see Fudenberg and Tirole 1995). The
supplier’s fixed costs amount to f = 800 and there is a constant demand of 1 unit per
period. The buyers have fixed revenues of Y;, = 85 and the suppliers of Yy = 200 per
round. If the buyer chooses the alternative supplier, he faces costs of 5 and the
supplier loses his revenues in the respective round.

If the buyer with holding costs #h;,i € L,M,H chooses the contract
Aj = <qu’,ZjA’>,j € L,M,H he incurs a profit of Pp; =Y, — h;/2 - qul + ZjAI per
unit. Yet, if he chooses the alternative supplier, he incurs cost of C4s = 5. In other
words, the buyer’s profit is equal to R = Y}, — C45 = 85 — 5 = 80 if he chooses the
outside option. The supplier incurs profits of Py = Y, — 800/¢; — Z_,A’ per unit if
his buyer chooses the contract A;. However, if his buyer chooses the alternative
supplier, he makes no profit at all (i.e., Py = 0).

As mentioned before, the buyer with holding costs /4; is indifferent between the
contracts A; and A; due to the indifference modeling approach. Yet, to give the buyer
a strict incentive to choose the self-selection contract A;, the problem Al was solved
with a slight change of the incentive constraint (i.e., /2 q;—Z; <
hi/2 - q; — Z; — 0.1). Hence, the buyer faces strictly higher profits if he chooses the
self-selection contract. This is the well-known ¢- argument, i.e., any arbitrarily small
¢ in payoff difference will make the agent choose the self-selection contract A,.

Finally, the supplier can punish and reward the buyer. The reward is an addi-
tional side-payment Zz that can be paid from the supplier to the buyer after a
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contract was concluded. The supplier can punish the buyer by reducing his profits
by Zp units (see Sect. 2.3.2). Yet, the supplier faces costs of 0.2 - Z, when punishing
the buyer. The rewards and the punishments have an upper limit of 40.

4.2.2 Decision Sequence

In the following the decision sequence for the treatment with information sharing
and punishment and reward is explained (see Fig. 4.1).Obviously, some of the
stages are not prevalent in some treatments.

The first decision in every round of the experiment is the buyer’s signal choice S €
(S, Sm, SH, Sno) where S; = h; Vi = L, M, H and Sy,=No Signal. Given the buyer’s
signal, the supplier decides upon his subjective probability distribution
pi(S),i € L,M,H, with the choice being limited to steps of 0.1, ie.,
pi €10,0.1,0.2,..,1],Vie LLM,Hand }_,_, ,,,, pi(S) = 1. The supplier calculates
his (at least subjective) optimal menu of contracts A; = <in’ , zA >, Vi=L,M,H for
this distribution p;(S). Formally, the supplier’s objective function (2.5) changes to

max E(P) =" pi(S)- Py @.1)

The buyer, then, chooses one of the three contracts from the menu or the
alternative supplier. Finally, the supplier has the option to punish or to reward the
buyer. Figure 4.1 depicts the decision sequence.

4.2.3 Decision Support

A Decision Support System (DSS) was provided in order to implement the problem
Al into an experimental setting. This system calculates the optimal screening
contract given the subjective probability distribution p;(S), since the calculation
takes some computational efforts and no behavioral insights are expected from
performing this task.

t=1 t=2 t=3 t=4
| | | | >
[ [ | [
Buyer learns Supplier adjusts Buyer chooses a Supplier
holding costs prior beliefs and contract out of the decides upon
and gives offers menu of menu or chooses punishment and
signal contracts alternative supplier reward

Fig. 4.1 Decision sequence
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In order to facilitate the decision problem for the subjects, further material
consisting of a “profit calculator” and a payoff table were provided. The profit
calculator can be used by buyers and suppliers to display the relevant outcomes for
any subjective probability distribution p;(S) at any stage of the experiment. Alter-
natively, the subjects can check the payoff table in the instruction that contains all
possible payoff combinations (see Appendix 3).

It is worth to highlight, that it is not the task of the supplier to calculate the
optimal menu of contracts. He only has to decide upon the probabilities for which a
“black box” is solving this problem. The menu of contracts is then calculated
according to problem Al in a way that the buyer strictly favors the revealing
contract, i.e., the contract which corresponds to the actual holding costs. To
guarantee strict preferences, an additional amount of 0.1 was given. However,
even if the suppliers do not solve the optimization problem on their own, both
buyers and suppliers know from the instructions, that the “black box” is creating a
menu of contracts, i.e., that for the buyer with holding cost &, hy, hy the contract
Ap, Ay, Ay minimizes his unit costs.

4.3 Do Suppliers React to the Shared Information?

In the following it is analyzed whether the suppliers react to the buyer’s reports, or
ignoring them as cheap talk as predicted in the game-theoretic equilibrium. Sec-
tion 4.3.1 presents the results for the treatments without information sharing,
Sect. 4.3.2 for the treatments with information sharing but without punishment
and reward, and Sect. 4.3.3 for the treatments with both information sharing and
punishment and reward.

4.3.1 Baseline: No Information Sharing

Figures 4.2-4.4 depict the box-plots of subjective probabilities p.(-), pu(-) and
pu(+), where p;(+),i € [L,M, H] denotes the subjective probability given a treatment
in which no signal was given, i.e., in a treatment without information sharing.
Figure 4.2 refers to the treatment with the automated buyer, Fig. 4.3 to the treatment
w/o P&R, and Fig. 4.4 with P&R.

A closer look at the three figures reveals that there is no substantial difference
in the suppliers’ adjustment of believes in the three treatments. Interestingly, the
median values of subjective probabilities are equal to the a priori probability distri-
bution, i.e., (pr, pu,pu) = (0.3,0.4,0.3). However, there is also a non-negligible
amount of deviations from the a priori distribution. In the following it is argued that
alternating risk preferences may explain these deviations.

As an example, if the supplier offers the contract which is based on the a priori
distribution, then he has expected payoffs of E(P;) = 121.56 and a standard
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Fig. 4.2 Distribution of subjective probabilities in treatment w/o information sharing, w/o P&R,
and automated buyer

p.(") Py (") Py ()

Fig. 4.3 Distribution of subjective probabilities in treatment w/o information sharing and
w/o P&R

deviation of payoffs results from ¢ = 11.21. In contrast, if the supplier adjusts
the subjective probability py () upwards, than he can reduce the standard deviation
of his payoffs. In other words, a risk averse supplier tends to adjust py(-) upwards
and pr(-),pu(-) downwards. If the supplier chooses the subjective probability
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Fig. 4.4 Distribution of subjective probabilities in treatment w/o information sharing and
with P&R

distribution (pr(-),pm(:),pu(-)) = (0.1,0.1,0.8), then the supplier’s expected
profits would decrease to E(P,) = 120.01 and the standard deviation to ¢ = 8.08,
respectively. A closer look at Figs. 4.2—4.4 reveals that the supplier indeed tend to
adjust py(-) upwards, which indicates some level of risk aversion. Note, however,
that we do not consider the supplier’s risk aversion by computing the optimal menu
of contracts. In fact, the supplier would solve the following optimization problem:

n

max EU(Ps) =Y " pi(+) - u(Py;) (4.2)

S.t.
Pui(qi) > Ppi(q), Yi#jij=1,..n. 4.3)
Pyi(g) >R, Vi=1,...n (4.4)

where u(-) denotes the supplier’s Neumann-Morgenstern utility function. It is
assumed that u(+) is strictly increasing in P, and twice continuously differentiable.
In this case, the supplier’s optimal menu of contracts in dependence of the risk
preference (index RP) is equal to (see Appendix 1)

RP _ 2-f 4.5)
[ .
hi + IDALLY (hi — hi—1)

7
piug;
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0
where i), = _a and P,; =Y, — i s
’ 8(—PS,,-) qi
e M gp
Zn = ?Qn - CAS (46)
h; ]
ZiRP = D) (CliRP - lIi+lRP) +Zi+1RP, Vi=1,..,n—1 4.7)

Let ¢;®V, g% and ¢;®*4 denote the order sizes in the menu of contracts A that are
offered from a risk neutral (RN), risk seeking (RS) and risk averse (RA) supplier,
respectively.

Obviously, the same menu of contracts as in Sect. 2.2.4 results if the supplier is

risk neutral. In this case, the first order derivative is constant regardless of the

0 0
holding cost realization, i.e., v " ,Vi,j=1,...,n. Hence, (4.5)

O(=Psi)  O(=Py))
reduces to the well-known order quantity (2.16), i.e., g®N = g,

Furthermore, it can be shown that the relation ¢*% < ¢®¥ < ¢4 holds (see
Appendix 2). Thus, the supply chain coordination deficit increases if the supplier
is risk seeking, and it decreases if he is risk averse respectively. Intuitively, the risk
averse supplier prefers a lower variance in his payoffs. Yet, there is no reason to
distort the order size ¢;. Hence, the supplier can only induce payoff structures with
less variance if he reduces the distortion of the order sizes ¢;,i > 1.

Summing up, the suppliers in the treatments without information sharing seem to
be risk averse. However, the experimental design does not account for this risk
aversion. Hence, further studies are required investigating whether the coordination
deficit is reduced when the supplier has the option to offer optimal contracts with
respect to his risk preferences.

4.3.2 Information Sharing Without Punishment and Reward

Figure 4.5 depicts the box-plots for the treatment in which information sharing was
allowed, but in which no P&R was in place. The figure depicts the subjective
probabilities in dependence of the signal S. As an example, the box-plots in the
upper-left of Fig. 4.5 depict the adjustment of the subjective probability p(S) in
dependence of the signal. The signals are the categories in the respective grid. As an
example, the median value of p;(Sy) is equal to 20%. This is, the median supplier
sets his subjective probability p; (S) to 20% when he gets the holding cost signal Sy,.
Figure 4.5 shows that the median of all signal probabilities are well-above the a
priori probabilities. This supports the hypothesis that suppliers react at least on
average to the signal. In the following the individual reaction to signal is analyzed.
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Fig. 4.5 Distribution of subjective probabilities in treatment with information sharing and
w/o P&R

Let p;(S:),i € [L,M, H] denote the signal probability. Yet, the more a supplier
believes that a signal is more likely to be true than to be false, the more he adjusts
the signal probability upwards. As an example, the buyer signals that he has low
holding costs, i.e., Sp. Yet, if the supplier believes in the signal, then he chooses
higher values of p;(S.), and vice versa.

A closer look at Fig. 4.5 reveals that the suppliers react to signals, as all medians
of the signal probabilities are higher than the a priori distribution. Additionally, the
median values are highest for the signal probabilities.

To analyze, whether the subjects show consistent “believer” or “non-believer”
behavior, we focus on the suppliers’ relative adjustments of subjective probabilities
to the buyers’ signals. The relative adjustment compares the observed adjustment of

the subjective probability to the maximum possible adjustment for a given signal,
. pill(o%)_ pli)l, for py(S;) >p; and — PP ]Zl (5)
adjusts his subjective probabilities perfectly upwards (i.e., 100%) for the signaled
cost level. A perfect non-believer does not adjust the probabilities at all (i.e., 0%).
A perfect disbeliever adjusts his subjective probabilities perfectly downwards (i.e.,
—100%) for the signaled cost level.

, otherwise. A perfect believer
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Fig. 4.6 (continued)

Figure 4.6 shows the development of the relative adjustment of signal
probabilities. The different shapes of the nodes refer to the signal sent by the
buyer in the corresponding period: squares (triangles, circles) mark periods with a
high (medium, low) cost level signal. We find that for some suppliers the graph lies
on or above the 0% threshold throughout all periods. As an example, the supplier in
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Fig. 4.6 (continued)

group 19 depicts such a case. These are the suppliers who believe that the signals
are more likely to be true than to be false." We also find a number of suppliers who
believe at times and disbelieve at other times, e.g., the supplier in group 15.

"Note that we do not observe any supplier, who unambiguously believes in the signal sent by the
buyers. A perfect believer would increase the probability of the signaled cost level to 100%.
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Fig. 4.6 Probability adjustment of signal probability w/o P&R across groups

Table 4.2 Categorization of believers and non-believers according to sign-test in treatment
w/o P&R

Group 1 2 3 4 5 6 7 8
p-Value  0.000%  0.212 0.000*  0.387 0.000*  0.033*  0.073 0.402
Group 9 10 11 12 13 14 15 16
p-Value  0.000%  0.035%  0.000*  0.002*  0.344 0.029*  0.500 0.759
Group 17 18 19 20 21 22 23 24

p-Value 0.059 0.000* 0.000* 0.623 0.004* 0.004* 0.019* 0.018*
*believers

However, we neither find perfect non-believers (i.e., who consistently exhibit zero
percent adjustments, always sticking to the a priori probabilities), nor suppliers who
consistently disbelieve, i.e., believe that it is more likely for a signal to be false than
true.

Given the visual inspection of all graphs, we find that the suppliers can basically
categorized in two groups, namely the “believers” and the “non-believers”. The two
categories are formed by running the sign test on the alternative hypothesis that the
subjective probability for the signaled state is higher than the a priori probability for
that state, i.e., p;(S) > p;.

Table 4.2 summarizes the p-values of the sign test for all suppliers in the
experiment. Any supplier for whom the sign test is significant at the 0.05 level,
one-sided, is called a believer. All believers in Table 4.2 are marked with a star (¥).
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Iale 43 Reroon el BT
5 34,5 49 Qs 163
B, 22 gk — 12,5 —10.2%*
By —6.7%% 16.9%% —10.2%%
By —13.9%#% — 13 26.9%#
Subject 1 971 —11.22%* 1.52
Subject 3 —15.03%% —424 19273
Subject 5 —7.48 -7.9 15.38:%
Subject 6 471 —17.9%%x 132
Subject 10 0.74 —10.67%* 9.92
Subject 11 0.04 —9.27* 9.22
Subject 12 —9.34% ~0.13 9.47
Subject 14 —4.69 —9.62% 14.3%
Subject 18 — 1479 —29.5] %% 44 31%5%
Subject 19 —12.7%% —423 16.93
Subject 21 —473 —9.63* 14.36%*
Subject 22 5.54 —21.23k% 15.69%%
Subject 23 343 0.27 —3.69
Subject 24 —15.88% —24 g 40,68+
R? 0.43 0.48 0.58

#% p < 0.01, ¥ p < 0.05, *p < 0.1

In total, 15 out of 24 suppliers are believers.” The remaining nine suppliers are
categorized as “non-believers”.’

So far, only the immediate impact of a signal on the subjective probability that is
associated with the signaled cost level was considered. Obviously, since signals
affect the probability of the signaled cost level, they indirectly also have an impact
on the rest of the probability distribution. In order to analyze the effect of signals on
the probability profiles of the suppliers, we use the following regression model,

applying it to each cost level probability p;(S) separately.
p,-(S):oc+HL-SL+ﬁM~HM+ﬁH-HH for lE[L,M7H]
1, if buyer’s signal is S = S;, Vi € [L, M, H]

where H; =
0, else

Because the sign test presented above shows that we can expect substantial
differences in the behavior of “believers” and “non-believers,” separate regressions
for each of the two groups were run. All regressions include a dummy-variable for
each supplier to control individual fixed effects.

Table 4.3 summarizes the estimated parameters for the “believers”. The results
confirm the sign test finding. The upward adjustment of the subjective probability
for the signaled cost level by “believers” is significant. Correspondingly, the

“Believers are the suppliers in the groups 1, 3, 5, 6,9, 10, 11, 12, 14, 18, 19, 21, 22, 23, and 24.
3Non-believers are the suppliers in the groups 2, 4, 7, 8, 13, 15, 16, 17, and 20.
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subjective probabilities of the cost levels that were not signaled are significantly
adjusted downwards when compared to the a priori probabilities.

Note that buyers’ strategic use of the signal would correspond to deceiving the
supplier most frequently with a high cost level signal. The regression, however,
shows that our “believers” do not distinguish between signals that are more likely to
be deceptive (i.e., used strategically) and signals that are more likely to be true (i.e.,
have no immediate strategic advantage for the buyers). It is surprising that the
strongest upwards adjustment of the subjective probabilities by “believers” is
observed when the most strategically relevant signal is received, i.e., f,[py(S)] =
26.9 is greater than f3; [p, (S)] = 22.8 and f,,[p,,(S)] = 16.9.

Table 4.4 summarizes the regression results for the non-believers. We see that
the non-believers also tend to believe at least a bit in the signal S, (weakly
significant) and show a behavior similar to the believers given the signal Sy.
However, note that the non-believers are much more cautious than the believers
to adjust pr(Sy) downwards. This gives weak support for the hypothesis that the
non-believers anticipate that the buyers have an incentive to exaggerate their cost
position. Hence, given the signal Sy, the non-believers assume that the signal is
either true or an overstatement. For this reason they do not significantly adjust
pr(Sy)- Note, however, that supplier heterogeneity is very strong (all fixed effects
are highly significant), and that this interpretation of the regression model needs
therefore be handled carefully.

4.3.3 Information Sharing with Punishment and Reward

This subsection analyzes the suppliers adjustment of believes for the treatment in
which the P&R mechanism was in place. A comparison of the Figs. 4.5 and 4.7
reveals that median values of the signal probabilities py (S;) and py(Sy,) are higher,
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Fig. 4.7 Distribution of subjective probabilities in treatment with information sharing and
with P&R

when a P&R mechanism is in place.* On an aggregated level, thus, the suppliers
seems to believe more in the buyers’ signals if a P&R mechanism is available.
However, to test whether there are actually more believers than without the P&R
mechanism we analyzed the adjustment of the signal probability over time (see
Fig.4.8). A comparison of Figs. 4.6 and 4.8 reveals that there are no notable differences
between the treatments with or w/o P&R. Again, the sign-test is used to categorize the
subjects into believers and non-believers. Table 4.5 summarizes the p-values of the
sign test. Remember that a supplier is categorized as a believer if the sign-test shows
significantly that the signal probability is adjusted upwards (p < 0.05, two-sided).
Interestingly, the relative frequency of non-believers even increases compared to
the treatment w/o P&R. 6 out of 12 suppliers (50%) show a non-believer behavior when
the P&R mechanism is in place while only 9 out of 24 suppliers (37.5%) where
identified as non-believers without P&R. Hence, it seems that the P&R mechanism is
generally not able to increase the total number of believers. Yet, the subjective proba-
bility adjustment of believers is more rigorous when the P&R mechanism is in place.
Finally, the regression model presented for the treatment without P&R is tested
on the data set with P&R (see Tables 4.6 and 4.7). Interestingly, the regression

“However, this effect is only significant for py (S.) on a disaggregate level (Mann—Whitney-U test,
p < 0.001, two-sided).
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results shed some more light on how the believers adjust their probabilities com-
pared to the treatment w/o P&R. The regression confirms that the adjustment given
signal S;, is indeed much heavier with P&R (49.77 compared to 22.8). The same
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Fig. 4.8 Probability adjustment of signal probability with P&R across groups

Table 4.5 Categorization of believers and non-believers according to sign-test in treatment with

P&R

Group 1 2 3 4 5 6

p-Value 0.105 0.011* 0.000* 0.002* 0.291 0.212

Group 7 8 9 10 11 12

p-Value 0.008* 0.212 0.000* 0.145 0.166 0.000*

*believer

Tal?‘le 4..6 Re”gression results hL(S) pu(S) bu(S)

for “believers” w/o P&R

32,907 48,1k 19.007%%*

[iL 49,77k —40.77%%%* —9.000
BM —14.33%%% 13.66%* 0.675
By —10.1%%% —39.06%*% 50.06%#*
Subject 1 2.350 0.38 —2.730
Subject 5 —3.000 8.484 —5.508
Subject 6 —8.750 3.790 4.961
Subject 8 —23.76%%%* 13.92% 9.840
Subject 11 —8.57* 10.617 -2.052
R? 0.680 0.569 0.624
#H% p < 0.01, ** p <0.05,*p < 0.1

Tallle 4.7 Regres’s,ion results pL(S) Pu(S) Pu(S)

for “non-believers” w/o P&R =

31.01%%* 27.48%%% 41.5]%**

ffL 40.06%** —29.44%%% —10.610
By ~5.710 15.19%x —9.480
Bu —8.900 —3.690 12.58*
Subject 2 12.46%* 15.09%:* —27.55%%
Subject 3 5.650 —3.690 —1.950
Subject 4 5.490 4.280 —9.770
Subject 9 4.950 22 47H%:% —27.42%%
Subject 12 2.160 19.89%:#* —22.05%%*
R? 0.365 0.374 0.296

#x p < 0.01, ¥ p < 0.05, % p < 0.1
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argument holds given the signal Sy. In this case, the suppliers in the treatment with
P&R adjust the probability py (Sy) about 50.06 upwards. In contrast, w/o P&R this
effect is much weaker, i.e., 26.9. However, the difference is not substantial for the
medium holding cost realization.

In contrast to the treatment w/o P&R, the behavior of the non-believers seems to
be more predictable. In fact, the non-believers adjust the signal probabilities py (S)
and py(S) (highly) significantly upwards (but not as rigorously as the believers).
However, the non-believers in this treatment seem to asses the signal Sy differently
than the believers in the same treatment. Particularly, the adjustment given the
signal Sy is only weakly significant, and the effect is considerably lower (i.e., 12.58
vs. 50.06). This indicates that the non-believers tend to believe at least in the signals
that carry not too much strategic weight.

4.4 Are Buyers Screened Successfully?

The contracts that are offered to the buyers provide incentives for the buyers to self-
select according to their holding cost levels. Hence, the screening of buyers is
expected. Knowing this, theory predicts that buyers should use their signals to
manipulate the suppliers’ beliefs concerning the holding costs. Once a specific set
of screening contracts is chosen, however, buyers are predicted to reveal their true
cost level through their choice of contract. In this subsection, it is examined whether
buyers are screened successfully, i.e., whether they choose the contract that
provides them with the greatest incentives ex-post. Additionally, it is analyzed
whether the option to punish or reward has an effect on the buyers’ contract choice
behavior. Finally, the impact of information sharing on the buyers’ contract choice
behavior is analyzed.’

In the following three different kinds of contract choices will be distinguished.
First, there is the choice of the self-selection contract. This contract choice
maximizes the buyer’s profits once the specific menu of contract is offered. This
is, the buyer with holding costs /; (hy, hy) chooses the contract Ay (Ay, Ay ) out of
the menu of contracts. Second, the buyer might choose the indifference contract.
Theoretically, the buyer is always indifferent between two contracts (see Sect.
2.2.4). In particular, the buyer facing holding costs /; is indifferent between the
contracts Ay and Ay, and the buyer facing holding costs Ay, is indifferent between
Ay and Ay. Note, however, that the experimental design gives an additional amount
in the size of 0.1 to give the buyer a strict incentive to choose the self-selection
contract. Hence, if the buyer decides to choose the indifference contract, then he
foregoes profits of 0.1 in the respective round. However, this contract choice is
nearly optimal as this amount is only small compared to the actual payoff. Finally,

SNote there is a perfect screening in the treatment with an automated buyer. A further discussion of
this treatment is therefore omitted.
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the buyer can reject the offer and choose the alternative supplier. Note that the
buyer is also indifferent between choosing Ay and the alternative supplier, if he
faces holding costs hy. However, to avoid double-counting, the choice of the
alternative supplier in this case is not counted as an “indifference contract” contract
choice. Sects. 4.4.1 and 4.4.2 will present the results for the treatments without
information sharing and with information sharing, respectively.

4.4.1 Screening Without Information Sharing

Tables 4.8 and 4.9 depict the cross tabulation of actual holding costs and contract
choices in the treatments without information sharing. Table 4.8 refers to the
treatment w/o P&R, and Table 4.9 with P&R, respectively. As an example, the
buyers in the treatment w/o P&R faced in 35.45% of the cases the holding cost
realization %y, while choosing the self-selection contract Ay,. In contrast, in 5% of
the observations they chose the indifference contract Ay while facing the holding
cost realization /.

The buyers are screened rather successfully in both treatments. Without P&R,
the buyers were screened in about 70.45% of all observations. Nonetheless, there is
also a non-negligible amount of indifference contract choices (12.73%). Further-
more, the alternative supplier was chosen in 15.46% of all observations. However,
optimal or nearly optimal contracts were chosen in 96.82% of the observations.®

In contrast, with the P&R mechanism in place, the buyers chose the self-
selection contract in 77.5% of all observations. The indifference contract was
chosen in 8.75% of all observations, and the alternative supplier was chosen in

Table 4.8 Cross tabulation n g hy

of holding cost realization and
contract choice in treatment AL 23.18% 0.00% 0.00%

w/o information sharing and Au 7.73% 35.45% 0.45%

w/o P&R An 0.91% 5.00% 11.82%
Alternative supplier 0.00% 1.82% 13.64%

Table 4.9 Cross tabulation

. . . hL hM ]’lH

of holding cost realization and

contract choice in treatment AL 22.92% 0.83% 0'00?

w/o information sharing and Aw 3.75% 36.25% 1.67%

with P&R An 1.25% 5.00% 18.33%
Alternative supplier 0.00% 0.00% 10.00%

SThis is, self-selection contract, indifference contract, or alternative supplier while facing holding
costs .
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Table 4.10 Frequency of indifference contract choices in treatments w/o information sharing
disaggregated by groups

Group 1 2 3 4 5 6 7 8 9 10 11 12 Avg
w/oP&R 35% 0% 10% 0% 0% 55% 15% 10% 5% 5% 5% - 13%
P&R 0% 20% 10% 30% 10% 10% 10% 0% 0% 10% 0% 5% 9%

Table 4.11 Frequency of alternative supplier choice in treatments w/o information sharing
disaggregated by groups
Group 1 2 3 4 5 6 7 8 9 10 11 12 Avg

w/o P&R  25% 5% 20% 25% 0% 10% 0% 25% 10% 10% 20% — 14%
P&R 0% 20% 25% 10% 0% 0% 0% 0% 15% 25% 25% 0% 10%
Table 4.12 Cross tabulation I Iy hi

of holding cost realization and

contract choice in treatment Ap 25 '00;% 0.42% 000;'/”
with information sharing and Ap 3.33% 34.17% 0.83%
w/o P&R Ay 0.63% 2.92% 19.79%

Alternative supplier 0.21% 1.88% 10.93%

10% of all observations. Optimal or nearly optimal contracts were chosen in
96.25% of the observations.

Table 4.10 summarizes the relative frequency of indifference contract choices
disaggregated by treatments and groups. There are no significant differences in
indifference contract choices on a disaggregated level (MWU-test, p < 0.88, two-
sided). Therefore, the P&R mechanism has no significant effect on the buyer’s
tendency to choose the indifference contract if there is no communication.

Additionally, Table 4.11 summarizes the frequency with which the buyers chose
the outside option. One might argue that the punishment option leads to signifi-
cantly more contract acceptances because the supplier can punish uncooperative
behavior. However, a Mann-Whithney-U-test reveals that there are no significant
differences between the treatments with and without P&R (MWU-test, p < 0.373,
two-sided).

4.4.2 Screening with Information Sharing

The following subsection elaborates the buyers’ contract choices in the treatments
with information sharing.

Table 4.12 summarizes the cross tabulation of actual holding cost realizations
and contract choices for the treatment with information sharing and w/o P&R.
The self-selection contract was chosen in 78.96% of all observations. In contrast,
the indifference contract was chosen in 6.25% of all observations. Finally, the



4.4 Are Buyers Screened Successfully? 87

alternative supplier was chosen in 13.02% of all observations. Optimal or nearly
optimal contracts were chosen in 96.03% of the observations.

Table 4.13 summarizes the cross tabulation of actual holding cost realization and
contract choice for the treatment with information sharing and with P&R. The self-
selection contract was chosen in 77.08% of all observations. In contrast, the
indifference contract was chosen in only 3.75% of all observations. Finally, the
alternative supplier was chosen in 15.41% of all observations. Optimal or nearly
optimal contracts were chosen in 91.67% of the observations.

The aggregated comparison of contract choices with and without P&R reveals
that the indifference contract was chosen more often on average when there was no
P&R mechanism (6.25% vs. 3.75%). Table 4.14 shows the frequencies of indiffer-
ence contract choices disaggregated by groups and treatments. A Mann—Whitney-U
test does not show any significant differences between the treatments (MW U-test,
p <0.212, two-sided).

Also, the MWU-test reveals no significant differences in the buyers’ relative
frequency of alternative supplier choices (MWU, p < 0.251, two-sided), which is
summarized in Table 4.15. Summing up, it seems that the existence of the P&R
mechanism has a minor effect on the buyer’s contract choice behavior regardless of
whether there is information sharing or not.

The most surprising finding, however, is that the average frequency of indiffer-
ence contract choices is substantially higher when there is no information sharing

Table 4.13 Cross tabulation I It hy

of holding cost realization and > - > 087 .
contract choice in treatment AL 7.50% 08% 0.00%

with information sharing and An 2.08% 32.5% 1.25%
with P&R Ay 0.42% 1.67% 17.08%
Alternative supplier 0.00% 4.58% 10.83%

Table 4.14 Frequency of indifference contract choices in treatments with information sharing
disaggregated by groups

Group 1 2 3 4 5 6 7 8 9 100 11 12
W/oP&R 0% 5% 0% 5% 20% 25% 5% 0% 0% 0% 0% 0%
Group 13 14 15 16 17 18 19 20 21 22 23 24
W/ooP&R 5% 0% 0% 10% 5% 0% 25% 20% 10% 0% 0% 15%
Group 1 2 3 4 5 6 7 8 9 10 11 12

P&R 15% 20% 5% 0% 20% 5% 25% 10% 5% 0% 10% 0%

Table 4.15 Frequency of alternative supplier choice in treatments with information sharing
disaggregated by groups

Group 1 2 3 4 5 6 7 8 9 10 11 12
W/oP&R 5% 5% 0% 15% 35% 10% 0% 5% 5% 20% 0% 5%
Group 13 14 15 16 17 18 19 20 21 22 23 24
W/oP&R 30% 0% 15% 0% 0% 30% 25% 30% 10% 20% 20% 25%

Group 1 2 3 4 5 6 7 8 9 10 11 12
P&R 5% 25% 0% 15% 50% 5% 0% 10% 0% 0% 5% 0%
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(16%) compared to the treatment with information sharing (7.36%). This difference
is significant on a disaggregated level (MWU,p < 0.047, two-sided).” In fact, one
might argue that the frequency of indifference contract choices increases when
communication is possible. This is, because the buyers can cover up their deceptive
signals through the indifference contract choice. Consider, as an example, the
situation in which the buyer faces holding costs %, and gives the deceptive signal
Su. Yet, after the supplier offers the menu of contract, the buyer can simply cover
up his deceptive signal by choosing the contract Ay out of the menu of contracts.
This choice is nearly optimal, and causes only opportunity costs of 0.1.% The upside
of the indifference contract choice is that the buyer is consistent with respect to his
signal. However, the data presented in this subsection reveals that the frequency of
indifference contract choices decreases with communication. This is because the
option to cover up deceptive signals is not used very often. In fact, only two buyers
(i.e., the buyer in groups 6 and 19 w/o P&R) use this option persistently. On an
aggregated level, however, the effect of covering up deceptive signals is negligible.

Finally, note that optimal or nearly optimal contract choices were made on average
in 95% of all observations. This indicates that the profit maximizing assumption used
throughout the screening literature is not unjustifiable. Nonetheless, the buyers do not
seem to react properly to small payoff differences. The following sections will analyze
the effect of this finding on the supply chain performance.

4.5 Is Information Sharing Cheap Talk?

The former section showed that the buyers tend to choose the self-selection
contract, the indifference contract, or the alternative supplier. However, the relation
between the signal and the actual contract choice has not been addressed so far.
Theoretically, one would assume that the buyers use their signals strategically, i.e.,
that they always claim that they have the highest holding cost realization. In the
following, it is analyzed whether communication is empirically really cheap talk, or
whether the buyers convey credible information with their signals.

Therefore, two measures are introduced, namely the frequency of consistent
contract choices, and the frequency of truthful signals. Note that the supplier
cannot judge whether a signal is truthful or not. In fact, the supplier can only
observe whether the buyer choose a consistent contract for a given signal. A con-
sistent contract choice (e.g., contract choice Ay after signal Sy) can either refer to a
truthful signal (in this case the buyer faces holding costs sy) or to a deceptive
signal (e.g., the buyer faces holding costs /; and covers up his deceptive signal
by choosing Ap).

7In contrast, the frequency of contract rejections is not dependend on whether there is information
sharing or not (MWU, p <0.911, two-sided).

8This is the amount given to the buyers to ensure strict incentives (see Sect. 4.2).
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Table 4.16 Frequencies of

. | No signal SL SM SH
contract choices for a given N - v 5% 1% % 3%
signal in the treatment ternative supplier ‘ ‘ ° ¢
w/o P&R A 30% 43% 22% 22%
Ay 36% 21% 61% 33%
Ay 20% 14% 10% 32%
Table 4.17 'Frequencie's of No signal s, Sur Su
contract choices for a given N - " . . 47 109
signal in the treatment ternative supplier 6% 9% %o 0%
with P&R Ap 17% 74% 19% 36%
Ay 33% 14% 70% 23%
Ay 44% 3% 7% 30%

Table 4.16 depicts the frequency of contract choices after a given signal for the
treatment w/o P&R. As an example, in 43% of the cases the buyer chooses the
contract A, after sending the signal S;. These frequencies show that the relationship
between signals and contract choices is not uniform across signal types. While low
and medium holding cost signals indicate frequencies of the corresponding contract
choices that are well above the a priori probabilities (0.43 compared to p;, = 0.3 and
0.61 compared to py; = 0.4), observing a high holding cost signal should not affect
the suppliers’ expectations (0.32 compared to py = 0.3). Hence, it seems that high
cost signals — on aggregate — are cheap talk, whereas low and medium cost signals
are empirically relevant, at least to some small degree.

Table 4.17 summarizes the relative frequencies of contract choices for a given
signal in the treatment with P&R. A comparison of Tables 4.16 and 4.17 reveals that
the buyers seem to be more truthful when P&R is possible. In particular, the buyers
choose Ay in 74% vs. 43% after sending Sy, and Ay in 70% vs. 61% after sending Sy,.
As in the treatment w/o P&R, however, the high holding cost signal is not informative.

As already mentioned, the data allows to distinguish between truthful signals
(i.e., h; = S;) and consistent contract choices (i.e., choosing the contract A; after
sending the signal S;). This differentiation is empirically relevant, because the
suppliers cannot observe truthfulness, but can observe consistency. Since supply
chain relationships in this experiment (and in general) involve repeated interaction,
consistency between signals and choices (signal-to-choice consistency) may affect
the development of trust and, thus, the performance of the supply chain.

Table 4.18 summarizes the frequency of truthful signals and of consistent
contract choices in each supply chain for both treatments. On average the buyers
give truthful signals in 36% and consistent signals in 32% of the cases in the
treatment w/o P&R. A quick inspection reveals the high correlation between
truthful signals and the signal-to-choice consistency.” While some buyers are less
consistent than truthful, many are more consistent than truthful, i.e., cover up some

9Spearman’s rank correlation coefficient is 7 = 0.74 and significantly different from 0 at a level of
0.1%, two-tailed.
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Table 4.18 Truthfulness and consistency

w/o P&R P&R

Truthful Consistent Truthful Consistent Truthful Consistent
Group signals signals Group signals signals Group signals signals
1 20% 20% 13 20% 15% 1 30% 70%
2 25% 25% 14 25% 25% 2 25% 20%
3 65% 65% 15 50% 40% 3 50% 45%
4 20% 10% 16 15% 20% 4 30% 60%
5 20% 20% 17 25% 35% 5 30% 35%
6 30% 50% 18 15% 5% 6 60% 55%
7 10% 10% 19 55% 60% 7 80% 40%
8 30% 30% 20 60% 20% 8 29% 15%
9 45% 45% 21 20% 20% 9 50% 50%
10 35% 30% 22 45% 35% 10 80% 75%
11 100% 100% 23 45% 30% 11 75% 65%
12 40% 35% 24 45% 15%

of their deceptive signals by making consistent contract choices. Most deviations
are not substantial (only one sixth of the buyers show a deviation of more than
10%), and no systematic effects are observed. This stresses again that covering up
deceptive signals is not a main driver of the results in the underlying experiment.

In contrast, in the treatment with P&R, the buyers give on average 52% truthful
as well as consistent signals. Hence, the higher consistency between signals and
contract choices (see Tables 4.16 and 4.17) can be explained by a higher degree of
truthfulness. The Mann—Whitney-U test confirms that the buyers in the treatment
with P&R are more truthful (MWU, p <0.05, two-sided) and more consistent
MWU, p <0.01, two-sided).

4.6 Does Information Sharing Enhance Supply Chain
Performance?

The former sections stressed that there are substantial deviations from the standard
screening equilibrium hypothesis. In particular, some subjects do not stick the a
priori probabilities even though no communication takes place. Other subjects
adjust the signal probability upwards, which indicates a believer behavior. Finally,
not all buyers choose the self-selection contract consequently. The following
subsection elaborates the impact of these deviations from the predicted equilibrium
on supply chain performance.

The performance is measured by comparing observed outcomes to equilibrium
or cooperative outcomes, given the actual realization of the holding cost parameter.
This gives more exact measures than comparisons to the expected equilibrium
or expected cooperative outcomes would, because the effect of stochastic cost
variations is neutralized. Furthermore, all observations in which no contracts
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were concluded are not considered. This is, because the welfare effects of choosing
the alternative supplier are solely driven by the experimental design. In contrast, all
performance deviations reported in this subsection stem from the structure of
screening contracts.

For every treatment the observed deviation from equilibrium and from the
overall supply chain optimal solution will be reported. Additionally, the perfor-
mance under the assumption that the buyer would haven chosen the self-selection
contract is disclosed. The performance, in this case, only differs from the observed
performance for those supply chains, in which the buyer did not always choose the
(ex-post) payoff maximizing contract. Section 4.6.1 presents the results for the
treatments without information sharing, Sect. 4.6.2 for the treatments with infor-
mation sharing, and Sect. 4.6.3 compares the deviations from the game-theoretic
equilibrium for all treatments.

4.6.1 Baseline: No Information Sharing

Tables 4.19—4.21 depict the performance deviation in the treatments without
information sharing.

Table 4.19 refers to the treatment in which the buyer was automated. Obviously,
there is no deviation caused by the indifference contract choice, and all contracts
were concluded. The buyer’s behavior is therefore perfectly predictable for the
supplier, and all deviations do solely stem from variations of the subjective
probabilities. In this case, the supply chains’ deviations are equal to the suppliers’
deviations. As mentioned before, these deviations can be explained by risk
preferences different from risk neutrality. On average these adjustments of subjec-
tive probabilities cause cost of —8.77 per subject. The deviation from the supply
chain optimum is on average —29.61 per subject. Seven out of 12 suppliers are

Table 4.19 Deviation from

. v i Group Observed Cooperative

screening equilibrium in

treatment w/o information 1 —3.36 —27.96

sharing, w/o P&R and with 2 13.63 —20.14

automated buyer 3 —1.60 —15.35
4 —50.52 —69.53
5 2.38 —16.60
6 —39.07 —55.39
7 —2.50 —29.15
8 6.31 —15.38
9 0.66 —10.92
10 —5.89 —34.07
11 3.64 —18.07
12 —28.98 —42.79

Average —8.77 —29.61
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Table 4.20 Deviation from screening equilibrium in treatment w/o information sharing, w/o P&R

Supplier Buyer Supply chain
Indifference Self- Self- Self-

Subject Contract (%) Observed selection Observed selection Observed selection Cooperative
1 15 47 —45.59 —6.07 5.16 6.53 —40.43 046 —42.12
2 19 0 —4.92 —4.92 0.22 0.22 —4.70 —4.70 —6.56
3 16 13 —-23.61 —1522 18.62 18.72 —4.99 3.51 —9.53
4 15 0 —10.66  —10.66 3.04 3.04 —7.62 -7.62 —10.80
5 20 0 —1557 —15.57 —4.04 —4.04 —-19.62 —-19.62 —25.81
6 18 61 —-7823 —10.16 —8.07 —6.06 -86.30 —1622 —89.73
7 20 15 —12.8 —3.55 9.75 9.85 —3.06 6.30 —4.47
8 15 13 -29.89  —19.01 7.4 7.5 —-2249 —-11.50 -28.15
9 18 6 —45.68  —4245  47.07 47.12 1.39 467 —12.94
10 18 6 —10.98 —7.72 3.71 3.74 —7.27 -398 —10.03
11 16 6 —20.15  —13.49 0.64 0.71 —-19.51 —12.78  —33.00

Average 15 -27.1 —13.53 7.59 7.94 —19.51 —5.59 2483

worse off compared to the risk neutral strategy, while the performance of the
remaining five suppliers even improved.

Table 4.20 depicts the performance for every buyer, supplier and the overall
supply chain in the treatment w/o information sharing and w/o P&R. The supply
chain performance deviates on average by —19.51 points. A closer look at
Table 4.20 reveals, however, that a large portion of these deviations are solely
caused by the buyers’ self-selection contract choice. In fact, about 72% of the
deviation can be explained by about 15% of indifference contract choices.'”

A closer look at Table 4.20 reveals two performance effects. First, the suppliers’
shift of probability mass to the highest holding cost realization (i.e., the upward
adjustment of py(-)) benefits the buyers, as they can improve their performance on
average by 7.59 compared to the equilibrium outcome.

Second, the choice of the indifference contract has no substantial effect on the
buyers’ performance, as this choice is at least nearly optimal from the buyers’
perspective. In contrast, the impact on the suppliers’ performance is massive and
about 50% of the suppliers’ deviations are due to the buyers’ indifference contract
choice. However, it surprises that the suppliers are significantly worse compared to
the treatment with an automated buyer even under the self-selection assumption
(MWU,p < 0.05, two-sided). This indicates that the suppliers change their behavior
simply because the buyer can reject the offer or because he can choose the
indifference contract.

Table 4.21 summarizes the performance deviations in the treatment w/o infor-
mation sharing, and with P&R. Interestingly, the results are quite similar to the
treatment w/o P&R. This resembles the results from Sect. 4.4, in which no signifi-
cant effect of the P&R option on the buyers’ choice behavior could be identified.

""Note that the basis for the relative frequency of indifference contract choices is changed
compared to Sect. 4.4. Here, the relative frequency refers to the number of rounds in which a
contract was concluded.
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Table 4.21 Deviation from screening equilibrium in treatment w/o information sharing, and with
P&R

Supplier Buyer Supply chain
Indifference Self- Self- Self-

Group Contracts (%) Observed selection Observed selection Observed selection Cooperative
1 20 0 —-20.33 —-20.33 -5.12 —5.12 2545 2545 —38.94
2 16 25 —49.36 10.10 —22.06 —-21.78 —-7142 —11.69 —85.15
3 15 13 —60.24  —53.13 47.11 47.18 —13.12 -5.95 —16.57
4 18 33 —39.95 —31.87 20.78 21.04 —19.17 —10.83 —29.69
5 20 10 —-11.77 —6.89 1.49 1.56  —10.29 —5.34 2357
6 20 10 —20.83 —8.38 —5.80 —5.71 —26.63 —14.09 —33.00
7 20 10 —5.63 2.75 —3.53 —3.46 —9.16 —0.71 —18.72
8 20 0 7.31 7.31 —5.86 —5.86 1.45 1.45 —8.89
9 17 0 —8.13 —8.13 4.45 445 —3.69 —-3.69 —15.56
10 15 13 —54.63 —45.42 47.09 41.71 —7.53 —3.71 —19.07
11 15 0 -55.19 -5519 -16.72 —-16.72 —7191 —71.91 —85.56
12 20 5 —1936  —18.34 1.12 1.95 —18.24  —16.39 -31.52

Average 10 —28.18 —18.96 5.25 494  —-2293 —14.02 3385

Interestingly, there is no significant difference between the suppliers’ performance
in the treatment with automated buyer and w/o P&R and the treatment with P&R
(MWU, p <0.539, two-sided).'' Recap, though, that the performance differed
significantly when punishment and reward were not possible. This indicates that
the suppliers only strongly react to the buyers contract choice behavior (compared
to the treatment with the automated buyer) when no direct punishment and reward
is possible.

4.6.2 Information Sharing

Table 4.22 summarizes the performance deviation in case of communication and
without P&R. Observed performance is worse than predicted by theory for most
suppliers, buyers, and supply chains. Only eight suppliers (33%), ten buyers (42%),
and three supply chains (13%) can achieve average profits that are greater than in
the screening equilibrium. On average, suppliers earned 4.1 points less, buyers 6.6
less, and supply chains 10.69 points less than in the screening equilibrium. Also, it
becomes evident that the indifference contract choice continues to be a major
problem of the screening contract, as 68% of the supply chains’ average deviation
can be explained by no more than 30 (~7%) of the buyers’ indifference contract
choices.

Yet, even though there are three cases (groups 3, 11, and 19), in which the overall
supply chain performance is improved, it seems clear that Pareto improvements

"n fact, there is no significant difference between the treatments with and w/o P&R for any
performance measure (Mann—Whitney-U test).
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Table 4.22 Deviation from screening equilibrium in treatment with information sharing and
w/o P&R

Supplier Buyer Supply chain

Indifference Self- Self- Self-
Group Contracts (%) Observed selection Observed selection Observed selection Cooperative
1 19 0 —7.82 —7.82 2.76 2.76 —5.06 —-5.06 —21.30
2 19 5 —3.10 0.30 —4.00 —3.95 —7.10 —3.65 —13.09
3 20 0 18.15 18.15 —14.46  —14.46 3.68 3.68 —14.05
4 17 6 —10.80 —6.73 —5.01 —497 —15.81 —11.69  —22.32
5 13 31 —54.36 —3.81 —1.76 346  —56.11 —0.35 —59.23
6 18 28 —29.54  —10.38 —3.67 —2.25 —33.21 —12.63 —40.71
7 20 5 12.33 1644 —1422 —14.18 —1.89 226 —11.56
8 19 0 10.95 10.95 —40.00 —40.00 —29.05 —29.05 —40.18
9 19 0 26.64 26.64 —37.00 —37.00 —10.35 -10.35 —21.57
10 16 0 —4.56 —4.56 1.87 1.87 —2.69 —2.69 —16.88
11 20 0 29.28 29.28 —7.36 —7.36 21.92 2192 —14.94
12 19 0 —1.57 —1.57 1.53 1.53 —0.04 —-0.04 —10.14
13 14 7 —14.21 -3.16 —2.35 —2.31 —16.57 547 -21.62
14 20 0 —32770  =32.70 9.83 9.83 —22.87 —22.87 —38.78
15 17 0 —17.46  —17.46 8.56 8.56 —8.89 —-8.89  —19.09
16 20 10 -3.19 4.59 —8.55 —848 —11.74 —3.88 —21.33
17 20 5 50.91 38.80 —5898 —37.87 —8.07 0.94 —38.11
18 14 0 —31.24 -31.24 28.34 28.34 —2.90 —290 —13.44
19 15 33 37.61 45.66  —37.14  —36.87 0.47 879 —13.54
20 14 29 —23.42 —7.31 0.65 0.81 —22.77 —6.50 —27.83
21 18 11 —10.83 —6.07 5.32 5.38 —5.50 —0.69 —9.45
22 16 0 —2.82 —2.82 1.32 1.32 —1.49 —1.49 —12.32
23 16 0 6.45 6.45 —7.52 —7.52 —1.07 -1.07 —7.04
24 15 20 —4297  —16.56 23.49 23.61 —19.48 7.05 —24.48

Average —4.10 1.88 —6.60 —5.41 —10.69 —3.53 —2221

compared to the screening equilibrium are hard to achieve even with pre-game
communication. Interestingly, the three supply chains with superior performance
have buyers with the highest signal-to-choice consistency and believing suppliers.
However, cooperative behavior requires more than consistent signals and trusting
suppliers. A closer look at group 19 shows, that most of the supply chain’s
efficiency gains are compensated by the buyer’s indifference contract choices. In
contrast, groups 3 and 11 that do not exhibit any indifference contract choices show
the best supply chain performance in this experiment.

In six supply chains the buyers’ as well as the suppliers’ performance
deteriorates. This is somehow surprising, as one might believe that either the
buyers’ truthful signals or the suppliers tendency to believe simply reallocate the
profits within the supply chain. There are three variables, however, that interact,
causing a deterioration of the performance for both the suppliers and the buyers.

First, in all of these supply chains the indifference contract is chosen at least
once. Second, in five of the six supply chains the signal-to-choice consistency is
smaller than 25%. Finally, four of these six supply chains have non-believing
suppliers. At first sight, it may seem surprising that these supply chains are
performing worse than the benchmark case of the non-cooperative equilibrium,
since sending non-informative signals that are not believed seems to resemble
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Table 4.23 Deviation from screening equilibrium in treatment with information sharing, and
with P&R

Supplier Buyer Supply chain

Indifference Self- Self- Self-
Group Contracts (%) Observed selection Observed selection Observed selection Cooperative
1 17 6 —1.90 —190 2841 —28.41 —30.31 —30.31 —44.79
2 16 31 —44.32 —42.02 43.40 4343 —0.92 1.42 —9.03
3 19 0 —31.89  -31.89 0.53 0.53 —-31.36 -3136  —41.58
4 20 15 —-22.75  —20.75 14.87 15.04 —7.88 572  —-23.83
5 16 63 —54.21 —37.78 —-1573 —1544  —69.93 —-5322  —80.09
6 19 5 —9.15 —9.15 —2.02 —-2.02 —11.16 —11.16 —36.833
7 15 0 —-19.19  —19.19 —3.24 —3.24 2243 —22.43 —30.03
8 18 11 —8.37 —8.37 —9.51 —9.51 —-17.88 —17.88  —28.93
9 19 0 —2.90 —2.90 25.68 25.68 22.78 22.78 —1.76
10 20 0 —42.05 —42.05 48.29 48.29 6.24 624  —16.14
11 18 6 —1533  —1533 —8.70 —8.70  —24.03 —24.03 —37.25
12 20 0 —5.56 —5.56 17.08 17.08 11.52 11.52 -0.79

Average —2147 —19.74 6.85 6.89 —14.61 —12.85 —31.84

equilibrium behavior well. Note, however, that a non-believer can react in different
ways to the signal of the buyer. If buyers ex-post always choose the profit-
maximizing contract and suppliers simply ignore the signals and always choose the
a priori probabilities, the supply chain can achieve the equilibrium performance. But,
if non-believers — as observed — do not stick to the a priori probabilities, instead trying
to interpret the buyers’ signals, profits are on average much lower for the buyers.

Table 4.23 summarizes the deviation from equilibrium in the treatment with
information sharing and with P&R. Interestingly, the buyers benefit on average
from the P&R mechanism, as they can improve their performance compared to the
equilibrium benchmark. This indicates that the gains from rewards are higher than the
losses from punishments. However, comparing the treatment with and w/o P&R, this
performance improvement is not significant (MWU, p < 0.327, two-sided).

Second, the suppliers are significantly worse off, if they can use the P&R option
(MWU, p <0.053, two-sided). This highlights that both, punishments as well as
rewards directly causes costs for the supplier. This is, every unit reward directly
reduces the profits by one unit, and every unit punishment reduces the profits by 0.2,
respectively. On average, thus, the P&R mechanism is not able to induce win-win
situations. In fact, the supplier is worse off, even though the punishment or reward
decision is made by himself.

Finally, it seems that the supply chain is more likely to loose due to the P&R
option, as the average performance declines. However, this result is only weakly
significant under the self-selection assumption (MWU, p < 0.055, one-sided).

4.6.3 Performance Comparison

Figure 4.9 breaks down the total supply chain deviations for all treatments into three
parts. First, there is a deviation due to the adjustment of probabilities (black).
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Fig. 4.9 Average performance deviations across treatments

Second, there is a deviation from the equilibrium if the buyer chooses the indiffer-
ence contract instead of the self-selection contract (white). Finally, there is a direct
effect of punishment, as every unit of punishment causes a supply chain deviation
of 1.2 (grey).

The data for the treatments with information sharing is also disaggregated by
believers and non-believers (see Sect. 4.3). In other words, the four bars on the right
hand side of Fig. 4.9 refers to the treatments with information sharing disaggregated
by the categories believers and non-believers. In contrast, the first three bars refer to
the treatments without information sharing.

Figure 4.9 reveals that screening contracts typically perform worse than theoret-
ically predicted. First, Fig. 4.9 stresses that there are uncontrolled factors which
lead to the adjustment of probabilities even though there is no communication at all.
This fact was already extensively discussed in Sect. 4.3.1. Interestingly, however,
Fig. 4.9 highlights that the deviations caused by the probability adjustment are
negligible as soon as communication is introduced and the suppliers tend to believe
in signals. This result indicates that communication may indeed help to align the
actions of the supply chain members.'?

?However, the performance effects between the non-believers and believers without P&R are not
significant, because the choice of the indifference contract has an even greater impact on the
supply chain performance than the direct effect of the probability adjustment.
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Also, Fig. 4.9 shows that the P&R mechanism in case of communication has two
countervailing effects. On the one hand, there is a relatively high amount of punish-
ment that causes almost 50% of the deviation. On the other hand, the buyers choose
the indifference contract less often if they can either be rewarded for consistency or
punished for inconsistency. In fact, Table 4.17 in Sect. 4.5 shows that the buyers are
not only more consistent but also more truthful if punishments and rewards are
possible. This highlights that the higher consistency stems from truth-telling and
not from covering up deceptive signal via the indifference contract choice.

Finally, a closer look at Fig. 4.9 might lead to the conclusion that the adjustment
behavior of the non-believers resembles in fact the behavior of subjects that do not
get any information at all. However, remember the regression results for the non-
believer in Sect. 4.3, which highlights that at least some probability adjustment of
non-believers can be explained by the suppliers’ signals.

4.7 Conclusion and Managerial Insights

Previous research on supply chain coordination highlights that contracts are a
powerful instrument to align the incentives of the supply chain members. Under
asymmetric information, these incentive schemes basically ensure the revelation of
private information. The underlying laboratory experiment shows the strengths and
the weaknesses of this contracting approach.

The experimental results show that the incentive schemes (formalized by the
incentive and participation constraints) ensure the revelation of private information
in most cases ( &~ 76%). Hence, theory predicts the buyer’s contract choice behav-
ior fairly well. However, in 7.9% of all observations the buyers choose only a nearly
optimal contract, namely the indifference contract. In these cases the theory fails to
induce an incentive compatible revelation of information. Surprisingly, the impact
of this failure is immense. In the case of the experiment, for example, it can be
shown that the average equilibrium deviations of supply chains would have been
decreased by approximately 50% across treatments if buyers had chosen the self-
selection contract every time. Note that these numbers exclude all observations, in
which the buyers chose the alternative supplier. Hence, 50% of the deviation can be
explained by no more than about 7.9% of the contract choices. If it is assumed that
more inefficiencies arise if the buyer switches to an alternative supplier, the welfare
losses would be even higher.

These findings imply that the indifference-modeling approach can seriously
harm supply chain performance. It can be therefore concluded that managers should
not doubtlessly assume that business partners will always take the profit-
maximizing action, especially if the payoff differences to the next alternative (or
as the case may be of actual indifference) are small. Thus, it seems worthwhile to
investigate whether a varying size of the incentive relative to the impact on overall
performance can affect the frequency of buyer’s self-selection of the equilibrium
contract.



98 4 The Impact of Information Sharing on the Effectiveness of Screening Contracts

Another approach might be the development of “behavioral robust” contracts.
These contracts should limit the performance deterioration, caused by out-of-
equilibrium behavior.

Another basic assumption within the screening literature is that a probability
distribution over the private information is common knowledge. Although the
screening literature says little on how the decision-maker forms this probability
distribution, it is generally not assumed that communication affects this process.
Yet, the results show that communication might help to reduce the uncontrolled
adjustment of subjective probabilities. In fact, even though the deviations from
equilibrium behavior cause a performance deviation on the aggregate level the
performance deterioration is not uniform over the observed behavioral types. We
identified suppliers who have an unambiguous tendency to believe in the buyers
signal, and suppliers who do not believe. In contrast, we observed that some buyer’s
signals are more informative than others. The interaction of these behavioral types
indicates that trusting behavior helps to align the actions and can even enhance the
supply chain performance, whereas deception and mistrust leads to the ineffective-
ness of communication.

Finally, the results will even be valuable to managerial decision-making if it is
assumed that managers in real business operations are well informed of the
circumstances under which screening contracts are reasonable. It is shown that
communication influences the subjective probabilities that are key inputs of the
decision support system and have a substantial impact on the recommendations
made by the decision support system.

All in all, the study indicates that laboratory experiments can be an appropriate
technique to disclose the impact of even slight deviations from equilibrium behav-
ior. This means that “behaviorally robust” contracts can be identified experimen-
tally, providing valuable insights both for the improvement of theoretical modeling
and of managerial implementation of supply chain concepts.

Appendix

Appendix 1: Deviation of an Optimal Screening Contract
Under Risk-Preferences

Setting up the Lagrange-function gives:
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The Karush-Kuhn-Tucker conditions are:
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Solving (4.9) for y;

8u n
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and substituting (4.15) in (4.9) while considering ¢; > 0 results in

ou f ou n h;

—Pi' sy A (v i = A) | =

8<_Ps,i) Qi * ( 8(_Ps,i) M ZJ:IJ#' ( / AJ)) 2

n hi b\

T Zj:l.j;éi <’1i/'2 — Aji 2) =0 4.16)

L ou (h S " N
s () () o

From (4.10) and Sappington’s (1983) results ; =0Vi =1, ...,n — 1, u,, >0 and
Aij =0, for j<iandj>i+ 1 it follows that
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Substituting (4.20) into (4.18) and solving for 4;; gives:
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As u, >0 (4.20) it follows that

h
2, =2, — Cas (4.23)

Furthermore, 4; = 0, for j<iand j>i+ 1 and 4; >0 for i = j — 1 holds (see
Sappington 1983) and it follows from (4.12)
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Appendix 2: Supply Chain Performance in Dependence
of the Supplier’s Risk Preference

Given risk seeking preferences, the supplier’s marginal utility is higher the higher

0 0
the respective profit in a lottery. Hence, it follows that A > - ,Vt <iand
O(Ps;) ~ O(Py;)
u., = Ou < u___ u. .Vt <i, respectively. This, in turn, implies that
T ar) T a(ry) T n
2. 2. 2.
i—1 ,f < i—1 ,f = i1 f
hi-l-%(hi—hiq) hi“!‘%(hi_hi—l) hi+%pl(hi—hi71)
(4.25)

as Y0 pitty, < S i, ; holds. The downward distortion, thus, increases if the
supplier faces risk seeking preferences, i.e., ¢;*5 < g/®".

In turn, if the supplier faces risk averse preferences, than his marginal utility
increases with the respective profit in a lottery, i.e., u}, > u.;, Vt <i. This, in turn,
implies that the downward distortion decreases if the supplier is risk averse.

Appendix 3: Sample Instructions (Translation into English)

Read the instructions carefully and raise your hands if you have any questions.
If there are questions during the experiment, please raise your hand as well.
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Starting Position

In a supply chain, composed of a buyer and a supplier, new supply terms are being
negotiated.

Supplier | ’ Buyer - Demand

(fixed cost) | (holding cost) (1 unit per period)

The buyer faces a demand of one unit per period. The previous contract provided
a just-in-time delivery, the buyer’s order size was exactly one unit per period
(Q = 1). However, this just-in-time contract is expired in the meantime. Hence,
your task is to negotiate a new supply contract.

The supplier faces fixed costs of 800 per delivery.

Example: The fixed costs amount to 800. If the order size is Q = 1, the supplier
bears costs of 800 per item, if Q = 2, the costs amount to 400 per item, if Q = 3 the
cost amount to 266.67 and so on. The buyer faces holding costs, as stock on hand
averages out at half of the order size.

Example: The holding cost amount to 5 (per item and period). If the order size is
Q = 1, the buyer faces holding cost of 2.5. If the order size is increased, the holding
costs increase as well, e.g., if Q = 2-5 or if Q = 3-7.5 (always for holding costs of
5 per unit and period). Furthermore, the buyer is always allowed to choose an
alternative supplier. This option causes costs of 5 per unit. The supplier is aware of
this option as well.

The just-in-time delivery causes high costs for the supplier, as he faces fixed costs of
800 per unit. Hence, the supplier tries to induce higher order sizes by offering a special
contract type. The supplier compensates the buyer’s increasing holding costs (which
correspond to a higher order size) through an additional side payment. This payment is
to prevent the buyer from choosing the alternative supplier.

Your Task: Agree Upon New Supply Conditions
Information Availability

The supplier does not exactly know the buyer’s true holding costs. Yet, the supplier
knows a probability distribution over the possible holding costs realizations. In the
course of the experiment, the buyer’s holding costs are drawn independently from
this probability distribution in every round. The buyer knows his true holding costs
in every round.

There are three possible types of holding costs realizations, i.e., 1, 3, and 5 per
unit and period. The probabilities, with which these holding costs are realized, are
summarized in the table below. These probabilities are known to both, the buyer
and the supplier.
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Holding costs 1 3 5
Probability (%) 30 40 30

Contract Type

The supplier’s offers consist of an order size Q and a respective side payment. The
buyer knows his true holding costs before the supplier offers a contract. This
holding cost is not known to the supplier. Yet, the buyer has the opportunity to
“signal” his holding costs. This signal can — but does not necessarily need to — be
truthful.

Based on the buyer’s signal, the supplier can adjust his beliefs about the buyer’s
holding costs. On this basis, three offers are generated, from which the buyer can
choose one. This offers maximize the supplier’s expected profits (as long as his
adjusted beliefs are accurate). The buyer chooses no contract, if he decides for the
alternative supplier.

Example: The buyer has drawn holding costs of 1. He now has the possibility to
signal 1, 3 or 5. Furthermore, he can give “No signal”.

If the buyer signals holding costs of 5, and if the supplier believes in this signal,
the supplier will adjust his subjective probabilities to:

subjective probability holding costs 1 0
subjective probability holding costs 3 0
subjective probability holding costs 5 100

The supplier is allowed to adjust his expectations discretionary (with the choice
being limited to steps of 10%), e.g.,

subjective probability holding costs 1 10
subjective probability holding costs 3 40
subjective probability holding costs 5 50

Alternatively, the supplier can abstain from adjusting his expectations:

subjective probability holding costs 1 30

subjective probability holding costs 3 40

subjective probability holding costs 5 30
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How Are the Contract Corresponding Profits Calculated?

The supplier’s offers differ with his subjective beliefs regarding the buyer’s holding
costs. The table on the last page of this instruction summarizes all relevant data (order
sizes, side payments and profits) in dependence on the supplier’s expectations.

The buyer’s profits amount to a fixed revenue per period (85) minus the
respective holding costs plus the supplier’s side payment. If the buyer chooses
the alternative supplier, he faces cost of 5 per unit. For each subjective probability
distribution, a computer screen shows the maximum profit, which the buyer can
realize dependent on his holding costs. Hence, the buyer can sample the
consequences of the alternative supplier’s beliefs (the beneath example is basing
on a holding cost of 1).

Subjective probability of holding costs

1€ 3€ 5€ Profit

0 0 100 121.29
10 40 50 116.80
30 40 30 112.02

The buyer can base his signal on this information.

Would you please signal your holding costs ¢ 1
&
o
" no signal

The supplier’s profit amounts to a fixed revenue per period (200) minus the fixed
costs per unit and minus the side payment. If the buyer chooses the alternative
supplier, the supplier’s respective round profit amounts to 0.

On a computer screen the supplier sees the contract specific profits dependent on
his subjective beliefs. The resulting profits though depend on the buyer’s actual
contract choice.

Profit maximum for buyer with holding costs of

Subjective probability of holding costs 1€ 3€ 5€

1€ 3€ 5€ Profit contract 1  Profit contract 2  Profit contract 3
0 0 100 123.71 117.62 115.46

10 40 50 128.20 120.19 114.19

30 40 30 132.98 121.23 110.58
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Yet, the supplier knows, that for the buyer with holding cost 1 the contract
choice 1, that for the buyer with holding cost 3 the contract choice 2 and that for the
buyer with holding cost 5 the contract cost 3 yields in the maximum round profit.

The supplier chooses an offer by selecting the respective array and confirming

this selection.

Please notice, the computer screen does just summarize the data in the table on
the last page of this instruction. All decision relevant data can be looked up there as
well.

holding costs: signal: contracts:
supplier: i Fye:
« probability distribution E—“Epl‘i’fm . E_Eb'pa—':e‘d s
|  adjustment of the » supplier’s subjective
subjective beliefs beliefs
buyer:
buyer: E
: ; : buyer:  decides on a
1:::(\:5 b true holding » samples the consequences of alternative contract
supplier’s subjective beliefs on profits
+ Signalling* of holding costs

How Many Rounds Are Being Played?

Twenty rounds are going to be played. The buyer’s holding costs a drawn indepen-
dently in every round.

Who Are Your Team-Mates?

Your role as supplier/buyer is the same in every round. Your team-mate does not
change in the course of the experiment. His identity is confidential throughout — and
after — the experiment.
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How Is the Experimental Payoff Calculated?

The experimental payoff will take place at the end of the experiment. Your payoff
results from the sum of the round profits multiplied by 0.01, i.e., every experimental
monetary unit exchanges to 1 cent.

If there are any questions, please raise your hand.

Please leave the instructions on your place after the experiment.

Good Luck!



107

Appendix

Sss2scsssssssasaass

"EV NI $1994s U0 N0 papury sem qel S

i

s

GOET
6062
i
GO ET
[1:¥i8
59
BOEZ
0002
348

]
06 55
BLGE
W5
r20g
N
3]
=4
wor
i
oErs
8025
BOGF
e
B
2968
oges
£96r
sLor
e
e
]
s
L
ety

oO0F
o0 oF
o00F
o00F
o00r
00 0F
o00r
000F
o00F

T []
60 ]
(1] (¥
(1] ]
20 (5]
(1] z0
Lo []
Lo (1]
Lo zo
Lo 1]
L1} L]
50 (1]
90 zo
90 1]
90 L
0 []
50 (1]
50 1]
50 1]
50 (L]
50 50
o []
t0 e
o zo
o 1]
L] o
" 50
o 90
(1] L)
1] (%)
4] zo
1] 1]
(4] ro
£ 50
(1] a0
1] L
1] L]
zo ¥
o zo
zo 1]
(1] o
zo 50
o a0
0 Lo
o (1]
1] L]
1o (%]
(1] 0
Lo £0
Lo ¥o
1o 50
Ly 90
1o 1o
1] L1
1o (1]
0 []
o (]
0 1]
o £
] o
L] 50
] 90
L] o
] (1]
o (1]
0 '
| = (|
oo g:ﬁ!uﬂﬂ Hﬂﬂ







Chapter 5

The Impact of Contract Complexity, Supply
Chain Configuration, and Out-of-Equilibrium
Behavior on the Effectiveness of Information
Sharing: A Second Laboratory Experiment

The experiment presented in Chap. 4 shows a subtle way to measure the suppliers’
trust in supply chain interactions by analyzing the signal probability in a screening
game. In contrast to the experiment presented in the following section, the supplier
could choose out of 66 distinctive screening contracts which were generated with
respect to the supplier’s assessment of the buyer’s private information (see payoff
table in the sample instructions, Appendix 2 in Chap. 4). Yet, in the following
experiment the number of options was substantially reduced, as previous research
states that the number of options in a game can influence the decision maker’s
behavior (see Ho and Weigelt 1996). Hence, the number of options was reduced
to either offering a contract as if under full information or offering a screening
contract. A closer look on the payoff tables used in the experiment introduced in
Chap. 4 (see payoff table in the sample instructions, Appendix 3 in Chap. 4) and the
underlying study (see Table 5.1) shows that the reduction of options makes the
differences between the options more salient for the participants of the experiment.
In other words, it is much easier for the subjects to analyze what would have
happened if another contract would have been chosen, when there are only 4
options instead of 66. This approach was also chosen by Bolton and Katok (2008)
who reduce the number of ordering options in a newsvendor setting. Bolton and
Katok (2008) find that this reduction indeed influences the decision maker’s
behavior, especially because there is the possibility of a focused feedback with
respect to the limited number of options.

The previous section revealed that the buyers tend to choose the indifference
contract. One might think about increasing the size of the additional incentive (e.g.,
from 0.1 to 1) to reduce the frequency of indifference contract choices. Yet, there
are two problems taking this approach. First of all, the additional incentive cannot
be chosen arbitrarily high, because screening contracts turn to be suboptimal in this
case, and simple wholesale-price contracts become payoff maximizing. Second,
even if we find an actual value of an additional side-payment that prevents the buyer
from choosing the indifference contract, we cannot be sure that the supplier does
not perceive the risk of this action. Therefore, we conducted an experiment, in
which we enforced self-selection by limiting the buyer’s contract choice options.

G. Voigt, Supply Chain Coordination in Case of Asymmetric Information, 109
Lecture Notes in Economics and Mathematical Systems 650,
DOI 10.1007/978-3-642-20132-5_5, © Springer-Verlag Berlin Heidelberg 2011
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Table 5.1 Contracts and corresponding total profits

Order size: Side-payment: Profit supplier: Profit buyer: P,

qi Zi Pg hy, I iy
F; 40.00 18.10 116.90 3.10 —76.90 —156.90
Fy 17.89 42.82 67.46 38.88 3.10 —32.68
Fy 13.33 58.10 36.90 56.43  29.77 3.10
Menu of Ap 40.00 61.87 73.13 46.87 —33.13 —113.13
contracts: A Ay 12,44 47.99 42.72 46.77 21.88 —3.00
Ay 934 40.14 29.23 4047  21.78 3.10

This allows evaluating the impact of out-of-equilibrium contract choices, and
therefore an upper-bound for the benefits resulting from reducing indifference
contract choices.

Moreover, the brief literature review in Sect. 2.1 showed that the screening-
mechanism can be applied to both single- and multiple agent settings. Hence, the
screening theory introduced for the single supplier — single buyer supply chain can
theoretically be easily transferred to single supplier — multiple buyer supply chains.
Yet, the behavioral impact of alternating supply chain configurations has not
been addressed so far. Hence, two treatments with diverging supply chains were
conducted.

Finally, Chap. 4 showed that a P&R mechanism outside the contracting
stage has a substantial impact on the effectiveness of information sharing. In the
following experiment the effectiveness of two punishment mechanisms is analyzed,
i.e., a rather crude and a subtle punishment mechanism. The crude punishment is
implemented by allowing the supplier to withdraw an offer leaving zero profits for
both supply chain members. The subtle punishment mechanism, in turn, allows the
supplier continuously reducing the buyer’s payoffs up to a certain amount.

The remainder of this section is organized as follows: Sect. 5.1 describes the
experimental design and the treatment variables. Sect. 5.2 discusses the experimen-
tal results disaggregated for buyers, suppliers and the overall supply chain. Sect. 5.3
elaborates the effect of the suppliers’ and buyers’ action on the overall supply
chains’ performance. Finally, Sect. 5.4 summarizes the results and gives some
managerial insights that can be deduced from the laboratory experiment.

5.1 Experimental Design and Implementation

The overall experiment consists of five treatments, namely the baseline treatment,
the diverging supply chain treatment, the diverging supply chain treatment without
price-discrimination, the enforced self-selection treatment, and the punishment
treatment. The treatments were run at the MaxLab, Otto-von-Guericke University
Magdeburg. The experimental software was implemented with the toolbox z-Tree
(Fischbacher 2007). Upon arrival, each participant received written instructions
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which were read out aloud (see Appendix for sample instructions). All remaining
questions were answered privately. Every subject was paid according to a fraction
of his total profits at the end of the experiment. In the following, the experimental
design of the baseline treatment is outlined in Sect. 5.1.1, while Sect. 5.1.2
discusses the changes compared to the baseline treatment.

5.1.1 Baseline Treatment

The baseline treatment considers the simplest form a supply chain consisting of one
buyer and one supplier, i.e., a serial supply chain. The matching of buyers and
suppliers did not change over time. All subjects played 30 rounds. The supplier is
allowed to give an additional side-payment, Z, after the buyer chose a contract.
This additional side-payment, Zg, allows the supplier to share the benefits of coordi-
nated actions (i.e., the benefits of increasing the order size from ¢/ to ¢/").
As discussed before (see Sect. 2.3.2), the supplier would never pay an optional
side-payment after the buyer’s contract choice <q,~F 1z >, because the buyer
reveals with a contract acceptance that his participation constraint is met. Thus,
the game theoretic equilibrium predicts that Z;z = 0 holds.

Furthermore, the supplier might withdraw an offer after the buyer chose a
contract. In this case both supply chain parties yield zero profits. However, in the
game-theoretic equilibrium this option is never been chosen by the supplier as every
contract acceptance is favorable. In other words, the withdrawal of an offer is a very
rough punishment option which causes high costs for the buyer as well as the
supplier.

5.1.1.1 Parameters

In the experimental setting there are three distinctive holding cost realizations
hy, =1, hyy = 5 and hy = 9 that occur with the corresponding a-priori probabilities
pr = 0.4,py = 0.3 and py = 0.3. The holding costs are drawn independently in
every round according to the distribution function which is common knowledge.
The supplier’s fixed cost are set to f = 800 and the buyer’s cost of sourcing from
the alternative supplier to C4g = 2. Furthermore, it is assumed that the supplier
generates a menu of contracts which minimizes his expected costs, i.e., the menu of
contracts is generated as if the supplier is risk neutral. The buyer yields fixed
revenues of Y, =5 per round and the supplier ¥, = 155 per round, respectively.
Different parameters values than those presented in Chap. 4 were chosen in order to
increase the potential gains from cooperative behavior.
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5.1.1.2 Decision Sequence

(t = 1): At the beginning of every round, the buyer is able to communicate
a holding cost to his supplier via a signal S € [Sp=h,,Sy = hy,Sy =
hy, Sno = No Signall.

(t = 2): After the buyer gives his signal, S, the supplier can decide on his
contract offers. His contract offers are restricted to (1) Fp = <qLF I z,F >
() Fy = {qu™,Zy""), 3) Fy = (qu"",Zy"") and (4) A = (AL,Ay,Ay) where
A = (g, Z*"), i € L,M,H. The supplier, thus, can either offer contracts as
if under full information (FI), i.e., (1)—(3) or an incentive compatible screening
contract that theoretically ensures the buyer’s self-selection, i.e., (4).

(t = 3): If the supplier offers a contract as if under full information in t = 2, then
the buyer can either accept or reject this offer. In contrast, if the supplier offers the
menu of contracts A in t = 2, the buyer has to decide between choosing Ay, Ay and
Ay, or rejecting the offer. Yet, if the buyer rejects the offer, he sources from the
alternative supplier at cost of Cy4s, and the supplier realizes zero profits.

(t = 4): After the buyer’s contract choice, the supplier has the option to with-
draw the offer. In that case the profits of both the buyer and the supplier equal zero.
Nonetheless, if the supplier decides to keep the offer valid, he has the option to
give an extra side-payment, Zg. The respective profits in each round result from
P, =Y, —Cy(q,Z) +Zg and Py =Y, — Cs(q,Z) — Zg where g € (¢;*,¢;/"") and
Ze (zMz).

(t =5): A new holding cost parameter is drawn with respect to probability
distribution. Thus, the supplier cannot infer the buyer’s holding cost parameter of
the next round even though the buyer chooses the self-selection contract in t = 3.

Table 5.1 depicts the resulting order sizes ¢ and side-payments Z in the contracts
Fi,i € (L,M,H) and the menu of contracts A, respectively. Furthermore, the
column P, summarizes the supplier’s profits (without the additional side-payment
Zp) if the buyer accepts the respective contract. In contrast, the buyer’s profits Py,
do not only depend on the acceptance of the respective contract offer but also on his
holding cost realization. If the buyer faces, for example, holding costs of 4, and
accepts the contract Fy;, he realizes a profit of P, = 38.88. The buyer yields a profit
of P, =Y, — Css = 3 if he chooses the alternative supplier in ¢ = 3. In this case the
suppliers profit equals to zero, i.e., Py = 0.

Note that the participation constraint in the strategic lotsizing model formulation
in Sect. 2.2.4 leaves the buyer with holding costs #; indifferent between the outside
option and the contract F;. Yet, in the experimental design the buyer has a strict
incentive of 0.1 to accept the contract. For example, the buyer with holding costs /4,
accepting the contract F;, yields a profit of P; = 3.1. If this buyer would choose the
outside option, he would earn 0.1 less, i.e., Py = 3.

The same strict incentives are given in the menu of contracts A. The buyer, thus,
has a strict incentive to choose the self-selection contract, i.e., A; given h;. For
example, if the buyer chooses the contract Ay while facing holding costs /s, he
would earn 0.1 less compared to the contract choice Ay,.
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5.1.2 Treatment Variables

The overall experiment consists of five treatments, namely the baseline treatment,
the diverging supply chain treatment, the diverging supply chain treatment without
price-discrimination, the enforced self-selection treatment, and the punishment
treatment. In the following the treatment variables, i.e., the changes of treatments
compared to the baseline treatment, are presented.

5.1.2.1 Diverging Supply Chain

A total of 24 subjects participated in this treatment, 8 being suppliers and 16 being
buyers. In this treatment, the supplier can offer different contracts to different
buyers. As an example, the buyer can offer the contract F; to buyer 1, and the
contract F; to buyer 2. Hence, the unit prices for the respective buyers might differ,
and a price discrimination is possible. Note that we do not consider the potential
gains from coordinating the buyers’ order sizes as discussed in Roundy (1985).

5.1.2.2 Diverging Supply Chain: No Price Discrimination

A total of 24 subjects participated in this treatment, 8 being suppliers and 16 being
buyers.

In contrast to the before-mentioned treatment, the supplier was not allowed to
offer two distinctive contracts to the buyers. As an example, the supplier was not
allowed to offer the menu of contracts A to the first buyer, but the contract F;, to his
second buyer. Note that the theoretical prediction in this case does not differ from
the other treatments. This is, because both buyers are assumed to use their signals
strategically. In this case, it is in the supplier’s best interest to offer the screening
contract.

5.1.2.3 Enforced Self-Selection

In this treatment, the buyer (in a simple serial supply chain) was forced to choose
the self-selection contract, once the supplier offered the menu of contracts A.
Hence, the supplier does not face the strategic risk of the buyer choosing the
indifference contract. A total of 16 subjects participated in this treatment, 8 being
suppliers and 8 being buyers.
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5.1.2.4 Subtle Punishment

In this treatment, the supplier gets the option to directly punish the buyer. Every
unit of punishment causes costs for the supplier of 0.2. Hence, the difference to the
baseline treatment is, that the supplier’s punishment option is not only restricted to
withdraw an offer (which goes along with high opportunity costs for the supplier),
but that he can utilize a more subtle mechanism to punish the buyer. The upper limit
of punishment and rewards was set to 60.

5.2 Experimental Results

The following section discusses the experimental results. Section 5.2.1 starts with
analyzing the buyer’s signaling behavior. Then, Sect. 5.2.2 evaluates the impact of
the buyer’s reports on the supplier’s contract offer decision. Afterwards, Sect. 5.2.3
discusses the buyer’s contract choice behavior. Finally, Sect. 5.2.4 analyses to what
extent punishments and rewards are used.

5.2.1 The Buyers’ Information Sharing Behavior

Table 5.2 shows the cross tabulation of the buyer’s holding costs and signals
disaggregated by all treatments.

Obviously, there is considerable variance in the buyers’ signals. Yet, screening
theory assumes that signals can be even randomized in equilibrium, as the signals
are ignored anyway. However, in the following it is shown that the buyers’ signals
do basically fit into three categories. Either, a signal is truthful (i.e., sending S;
while having holding costs #;), consistent (i.e., sending S; while choosing A;), or an
exaggeration of the actual cost position. Nonetheless, note that a small but non-
negligible portion of signals does not fit into any of these categories. As an example,
there is no rational explanation except the randomization strategy to give the signal
Sp while facing holding costs /. In case the supplier believes the signal, the
buyer’s participation constraint is not satisfied, and he only gets his reservation
profit. However, we observed this signal in about 1% of all observations, and no
learning effects could be observed, i.e., these signals do not vanish over time.

Table 5.3 summarizes the relative frequency of truthfulness disaggregated by
each supply chain for each treatment. The punishment option has obviously the
most significant effect on the truthfulness of the buyers. The differences are highly
significant compared to the baseline, and enforced treatment (MWU, p < 0.05,
two-sided), and weakly significant compared to diverging supply chain treatment
(MWU, p < 0.1, one-sided). This finding is in-line with the experiment presented
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Table 5.2 Crosstabulation of the buyer’s actual holding costs and signals
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hy (%) hy (%) hyy (%) Total (%)
Baseline
Sno 2.50 5.83 7.92 16.25
Sp 1.67 0.42 0.83 2.92
Sm 6.25 3.33 0.42 10.00
Su 27.50 18.33 25.00 70.83
Total 37.92 27.92 34.17 100.00
No discrimination
Sno 4.17 4.17 4.79 13.13
S. 16.88 0.42 2.92 20.21
Sm 5.21 12.92 0.83 18.96
Sk 12.92 10.83 23.96 47.71
Total 39.17 28.33 32.50 100.00
Diverging
Sno 12.50 9.79 7.50 29.79
S. 4.79 0.83 1.88 7.50
Sm 1.25 5.00 0.21 6.46
Su 18.75 13.75 23.75 56.25
Total 37.29 29.38 33.33 100.00
Enforced
Sno 10.42 10.42 8.75 29.58
SL 7.92 0.83 1.67 10.42
SM 3.75 6.25 0.83 10.83
SH 21.25 13.75 14.17 49.17
Total 43.33 31.25 25.42 100.00
Punish
Sno 4.58 4.17 3.75 12.50
S. 21.25 2.08 1.67 25.00
Swm 0.42 15.83 0.00 16.25
Su 13.75 9.58 22.92 46.25
Total 40.00 31.67 28.33 100.00

in Chap. 4, in which the buyers have been also more informative in case of a direct

punishment mechanism.

Also, the truthfulness in the no discrimination treatment is significantly higher
compared to the baseline treatment MWU, p < 0.05, two-sided), diverging supply
chain treatment (MWU, p < 0.1,two-sided), and the enforced self-selection treat-
ment (MWU, p < 0.05, two-sided). One reason for the higher level of truthfulness
in this setting is that the supplier cannot easily exploit truthfulness. This is, because
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Table 5.3 Observed truthfulness disaggregated by subjects and treatments
Subject Baseline (%) No discrimination (%) Diverging (%) Enforced (%) Punish (%)

1 53 33 33 63 50
2 20 63 45 30 97
3 33 83 33 20 37
4 27 35 30 17 97
5 30 25 35 23 80
6 10 62 33 30 23
7 33 72 37 17 47
8 33 57 22 27 50
Avg 30 54 34 28 60

Table 5.4 Observed consistency disaggregated by subjects and treatments
Subject Baseline (%) No discrimination (%) Diverging (%) Enforced (%) Punish (%)

1 80 52 55 53 53
2 47 37 72 20 87
3 37 97 27 20 83
4 67 27 37 37 83
5 71 25 38 27 90
6 23 67 50 23 40
7 10 53 45 13 53
8 40 73 17 13 40
Avg 48 54 43 26 66

an F;-contract is typically only profit maximizing if the supplier believes that both
buyers have the same holding cost realization.

Finally, the MWU-test reveals that the truthfulness in the enforced self-selection
treatment is significantly lower than in the no discrimination, diverging supply
chain and punishment treatment.

Table 5.4 summarizes the consistency of each buyer disaggregated by subjects.
The buyers in the punishment treatment were significantly more consistent com-
pared to the baseline (MWU, p < 0.1, two-sided), diverging supply chain (MWU,
p < 0.05, two-sided), and enforced self-selection (MWU, p < 0.01, two-sided)
treatment. Additionally, the Mann-Whitney-U test confirms that the subjects in
the enforced self-selection treatment are by far the less consistent (all MWU tests
are at least significant on the 0.1 level, two-sided).

To analyze the informativeness of a distinctive holding cost signal, the portion
of truthful signals for a respective holding cost realization is computed. For
example, the buyers in the baseline treatment gave the signal Sy, in 10% of all
cases. However, only in 3.33% of these cases, their signal was truthful. Hence,
the observed frequency of a truthful signal given the signal Sy results from
3.33/10 = 0.333, i.e., 33.3%. Table 5.5 summarizes these observed frequencies
of truthful signals. The analysis reveals that the strategic most relevant signal Sy
does carry hardly information, as the frequency of truthful signals given Sy is
on average only slightly different from the a-priori probability (0.41 vs.py = 0.3).
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Table 5.5 Observed hy (%) Iy (%) hey (%)
frequencies of truthful

signaling given the respective Baseline 37 33 35
sienal No discrimination 84 68 50
gnal
Diverging 64 77 42
Enforced 76 58 29
Punish 85 97 50
Avg 73 67 41
0.9
0.8
074
Punish
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Fig. 5.1 Relative cumulated truthfulness

Yet, the low and medium cost signals are well-above the a-priori probabilities (0.73
vs. pp = 0.4 and 0.67 vs. py; = 0.3) and carry therefore on average at least some
information. This result is in-line with the results from the experiment discussed in
Chap. 4.

Finally, the relative cumulated frequency of truthfulness and consistency per
period were computed. i.e.,

Z?:l quind Ti,t

8 - Period

1, if subject i reports truthfully (or consistent) in period t
where T;, = )

0, else

and where “Period” is the respective point in time in the respective figure.
Figure 5.1 depicts the relative cumulated truthfulness over time. A Wilcoxon-
ranked sign-test gives a weak support for the hypothesis that the buyers’ in the
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Fig. 5.2 Relative cumulated consistency

enforced self-selection treatment were more informative in the first 15 periods
(p < 0.1, one-sided).

Figure 5.2 depicts the relative cumulated frequency of consistency over time.
The Wilcoxon test gives weak support for the hypothesis that the buyers in the
punishment and diverging supply chain were more consistent in the last 15 periods.
Furthermore, the buyers in the enforced self-selection treatment were more consis-
tent in the first 15 periods (p < 0.1, one-sided). As Figs. 5.1 and 5.2 show relatively
homogenous patterns over time, and because all before-mentioned Wilcoxon tests
are only weakly significant, it is concluded that the main findings with respect to
truthfulness and consistency hold over time.

5.2.2 Do Suppliers React to the Buyers’ Shared Information?

In the previous section, it was shown that the buyer’s truthfulness can be influenced,
e.g., by the installation of a punishment mechanism. Yet, even if all buyers
report constantly truthful, this would have no impact on the supply chain perfor-
mance if the supplier ignores the signals. Table 5.6 shows the cross tabulation of
the supplier’s received signals and contract offers disaggregated by the respective
treatments. Theory predicts that the risk neutral supplier will offer the screening
contract, regardless of the signal he receives. However, Table 5.6 shows substantial
deviations from this prediction. In the following three reasons beside “white-noise”
are listed that might explain why the menu of contract is not offered constantly.
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Table 5.6 Cross tabulation of received signals and contract offers disaggregated by treatments

Fi. (%) Fum (%) Fy (%) Menu (%) Total (%)
Baseline treatment
Sno 0.83 1.67 1.67 12.08 16.25
S. 1.67 0.00 0.42 0.83 2.92
Sm 0.83 3.33 0.00 5.83 10.00
Su 1.25 4.58 31.67 33.33 70.83
Total 4.58 9.58 33.75 52.08 100.00
Diverging
Sno 3.75 6.88 0.42 18.75 29.79
S. 1.46 0.83 0.83 4.38 7.50
Sm 0.00 2.50 0.83 3.13 6.46
Su 1.25 2.50 21.25 31.25 56.25
Total 6.46 12.71 23.33 57.50 100.00
Enforced
Sno 1.25 3.33 0.83 24.17 29.58
S. 2.08 1.67 0.83 5.83 10.42
Sm 0.00 2.92 0.00 7.92 10.83
Su 0.00 4.58 8.33 36.25 49.17
Total 3.33 12.50 10.00 74.17 100.00
Punish
Sno 0.42 2.92 0.42 8.75 12.50
S. 3.33 1.67 0.00 20.00 25.00
Sm 0.00 7.08 4.58 4.58 16.25
Su 1.25 5.42 27.92 11.67 46.25
Total 5.00 17.08 32.92 45.00 100.00
No discrimination

4.58 4.58 17.50 73.33 100.00
Table 5.7 Mean and
standard deviation of Fiow Finea Fugn A
the contract offers E[P;) 46.76 47.22 36.90 50.83

o 67.49 38.95 0.00 22.49

5.2.2.1 Risk Preferences

Risk preferences that are different from risk neutrality might explain the high
frequency of F- contracts across treatments. This is, because the screening menu
A maximizes the utility for a risk neutral supplier but not necessarily for a supplier

with other risk preferences.

Table 5.7 summarizes the expected payoffs and the standard deviation of
payoffs of the respective contract offers given that the buyer chooses the profit
maximizing contract. As an example, the buyer accepts the contract F; with
a probability p;, = 0.4. Hence, the expected payoff of offering F; results from
E[P] =0.4-116.9 = 46.76 and the standard deviation results from ¢ = 67.49. The
screening contract A obviously yields the highest expected profits. However,



120 5 The Impact of Contract Complexity, Supply Chain Configuration

assuming risk aversion for the supplier, he could prefer Fy. A risk seeking supplier,
in contrast, could prefer the contracts Fy or Fy,. It is referred to Sect. 4.3.1 for an
extensive discussion on how risk preferences can be considered by designing an
optimal menu of contracts. Yet, next it will be shown that risk preferences that are
linked to the payoff variations can only partly organize the data.

5.2.2.2 Strategic Risk

On average, the buyers tend to choose the indifference contract in 9% of all obser-
vations." In this case, the supplier faces high (opportunity) costs while the profit
impact for the buyer is negligible.

Consider a buyer who faces holding costs /), and gives the deceptive signal Sy.
In case the supplier offers the menu of contract, the buyer can easily pretend to be
honest by choosing Ay. In this case, however, the buyer would not choose the
contract that fits to his holding cost, but the contract that fits to his signal. As the
supplier knows that this action causes almost no cost for the buyer, the supplier
might offer the F; — contract not because he believes in the signal, but because he
believes that the buyer would choose the signaled contract anyway. In this case,
the supplier would be cautious to offer the screening contract and offer simpler
F;-contracts instead. In the following the suppliers’ risk of the buyer choosing the
indifference contract is denoted strategic risk, as it might be linked to the strategy of
uncovering deceptive signals.

Obviously, there does not exist such a strategy in the enforced self-selection
contract as the buyer cannot cover up a deceptive signal once the screening contract
is offered. Furthermore, the strategic risk is lower in the treatments with two buyers,
i.e., in the diverging supply chain and no discrimination treatments. The following
example might make this point clear. Let / denote the relative frequency of indif-
ference contract choices. Table 5.8 summarizes the expected costs that arise due to
the buyer choosing the indifference contract. Note that these are in fact opportunity
costs, as they compare the cost differences to the situation in which the buyer
perfectly self-selects.

As an example, the relative frequency of indifference choices is set to I = 9%
(which is the actual ex-post value across all treatments). In this case, the suppliers’

Table 5.8 Expected payoffs given a serial supply chain in the presence of indifference contract
choices

Contract choice hy hy hy
Probability pL-1 pm -1 pu -1
Payoff (Ps — Psy) = 3041 (P — Poyr) = 13.49 Py =29.23

'This is, in 9% of all observations the buyers chose the contract Ay (Ay) while facing holding
costs Ay (hy).
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Table 5.9 Expected costs in case both buyers choose indifference contract

Buyer 2
hy, Iy hy
Contract choice and probability pL-1 pum -1 pu -1
hy pL-1 30.41 21.95 29.82
hy pu -1 21.95 13.49 21.36
Buyer 1 hy pu -1 29.82 21.36 29.23

Table 5.10 Expected costs in case one out of two buyers chooses the indifference contract

Buyer 2
hL /’lM hH
Contract choice and probability pr-(1=1) py - (1=1) pu-(1-=1)
73 pr-1 15.21 15.21 15.21
hy pm -1 6.75 6.75 6.75
Buyer 1 hy pu -1 14.62 14.62 14.62

expected (opportunity) costs are equal to y; = 2.25 and the standard deviation is
equal to o; = 7.18. The index depict that there is only one buyer. In contrast, when
there are two buyers, then the probability that both suppliers chooses the indiffer-
ence contract is only /2> = 0.09 - 0.09 = 0.008, that one supplier chooses the indif-
ference contract is 2-7-(1 —1)=2-0.09-0.91 = 0.164, and that no supplier
choose the indifference contract is (1 —1)* = 0.912 = 0.828, respectively. In
case both buyers choose the indifference contract, the following average opportu-
nity costs per buyer arise (see Table 5.9). For notational convenience, the payoff
numbers Py ;,i € L,M, H are directly inserted.”

In contrast, Table 5.10 depicts the case in which only buyer 1 chooses the
indifference contract. The expected opportunity costs in the diverging supply
chain are obviously not different from the expected costs in the serial supply
chain, as the independence of both buyers is assumed. It follows that
Wy, = p; =2.25. Yet, the standard deviation drops to g, = 5.57<a;. Hence, the
risk that is associated with the buyer choosing the indifference contract is smaller if
the number of buyers increases. Hence, if the suppliers are really cautious to offer
the screening contracts because of the strategic risk, than the frequency of screening
contract offers should be higher in the enforced self-selection treatment (as there is
no strategic risk at all), followed by the diverging supply chain and no discrimina-
tion treatment.

Figure 5.3 shows the relative cumulated frequency of screening contract offers
which is calculated by

2As an example, the average opportunity costs per buyer in case of one buyer having holding costs
hy, and the other buyer Ay results from (PS‘L —Pyy + PX_H)/Z =29.82.
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Fig. 5.3 Cumulated relative frequency of “screening-contract” offers disaggregated by treatment
and period

Z§:1 Zfﬁ?il}d Ti, where T — 1, if subject i offers Menu in period t
8 - Period ' b 0, else ’

and where “Period” the respective point in time in the figure.

Obviously, there is a difference in how often subjects tend to use the screening
contracts in the respective treatments. The above-mentioned strategic risk seems
to organize the data quite well. In the last period, the treatments with the highest
cumulated relative frequency of screening contract offers are the treatments with
the least strategic risk, i.e., the diverging supply chain with and without price
discrimination, and the enforced self-selection treatment (in which no strategic
risk exists). This stresses that the subjects seem to anticipate the buyers’ strategic
scope to choose the indifference contract. In other words, the suppliers anticipate
that the incentive constraint used in screening contracts does sometimes simply fail.

Note, however, that the frequencies of screening contract offers are significantly
different in the diverging supply chain and no discrimination framework, although
there is the same level of strategic risk. Yet, this difference is basically due to the
fact that the supplier is restricted to offer only one contract in the no discrimination
framework.

The comparison of the baseline- and the enforced self-selection treatment
clarifies that the tendency towards simpler F;-contracts in the baseline-treatment
cannot be simply explained by risk-aversion that is associated with predicted payoff
variations that are model inherent due to the stochastic nature of asymmetric
information, as this risk is constant across these both treatments. In contrast, if
suppliers totally trusted in the incentive mechanism used in screening contracts,
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there would be no difference at all between those two treatments. Yet, even though
it cannot be ruled out that risk aversion influences the decisions of the suppliers, the
comparison of the baseline and enforced self-selection treatment shows that the
incentive constraint used in screening contracts is empirically problematic.

Finally, a series of Wilcoxon test were run to test whether the frequency
of screening-contract offers are significantly different in the first 15 and last 15
periods. The screening contract in the enforced self-selection (p < 0.01, wo-sided)
as well as no discrimination treatment (p < 0.1, two-sided) was offered signifi-
cantly more often in the last 15 periods (p < 0.01, two-sided). Hence, it seems that
the low level of screening contract offers in the beginning of the experiment does
partly stem from the fact that the suppliers react to the signals (this point is dis-
cussed and analyzed more intensively in the next section). All remaining Wilcoxon-
tests show no significant results.

5.2.2.3 Trust

Note that the suppliers’ contract offers in dependence of the signal are hardly
interpretable in terms of trust in the no discrimination treatment. This is because
the supplier gets two signals, but is only allowed two offer one contract. Hence, it is
possible that it is profit maximizing to offer the menu of contracts even though
he totally trusts both signals. In turn, it might even be optimal for the supplier to
offer a contract to the buyer which does not satisfy the participation constraint of
this buyer. Consider the supplier getting the signals S; and Sy, respectively. If he
perfectly believes in both signals, it is profit maximizing to offer F although
he knows that the buyer with the signal Sy, will apparently reject the offer. This
highlights that a reliable interpretation with respect to trust is not possible for the
no-discrimination treatment.

Figure 5.4 depicts the relative cumulated frequency of contract offers F;

8 Period
T,
Zi:l Zr:l o

after receiving signal S; per period, i.e., P —,

where T, =

{ 1, if subject i trusts in period t

, and “Period” is the respective point in
0, else } p p

time in the figure.

Note that this metric does not necessarily depict trust. Also, this action can be
due to strategic risk (see Sect. 5.2.2.2), or due to risk aversion (see Sect. 5.2.2.1).
Yet, the strategic risk can be ruled out in the enforced self-selection treatment.
However, also risk-preferences alone cannot explain the contract offers in this
treatment.

Table 5.11 depicts the cross tabulation of signals and contract offers for the
supplier in the second supply chain in the enforced self-selection treatment. Obvi-
ously, the data cannot be explained by risk preferences alone, since risk preferences
should not be dependent on the signal. In other words, if a subject is for example
risk averse, then he should offer the Fy-contract throughout the experiment.
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Fig. 5.4 Cumulated relative frequency of contract offers F; after receiving signal S; per period

Table 5.11 Cross tabulation F Fu Fy Menu
of signal and contract offer 0 0 ]
for subject 10 in enforced Sxo 1 !
self-selection treatment Sc 3 0 0 3
Sm 0 2 0 1
Su 0 1 1 7

However, Table 5.11 shows that all possible F;-contracts were offered, and that
most of these offers match the signal. Yet, such a behavior can be found for some
subjects in every treatment. Hence, it is concluded that at least some of the F;-offers
can be explained by trusting behavior.

Interestingly, the Wilcoxon test with the alternative hypothesis that there is a
difference between the actions in the first and last 15 rounds (see Fig. 5.4) is only
significant in the enforced self-selection treatment (p < 0.05, two-sided). Hence, it
seems that the subjects in this treatment tend to believe in the beginning, but loose
their faith in the signals later on. That is why they choose the screening contracts
more frequently later on.

However, the Wilcoxon test is not significant for the other treatments. This is,
because mistrusting in later rounds does not necessarily mean to offer the screening
contract. In fact, taking the strategic risk into account, it might be better to offer
simple F;-contracts, which seem to resemble trusting behavior. Hence, the seem-
ingly constant level of trust seems to stem from partial trusting in the beginning, and
coping with the strategic risk in the end. Hence, the metric of trust used in Fig. 5.4
overestimates the level of trust in all treatments in which the strategic risk is not
ruled out.
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Table 5.12 Ratio of F. Fu Fy
F;-contract and screening

contract given signal S; Bz.iselin.e 0.572 0.571 0.950
Diverging 0.195 0.799 0.680
Enforced 0.200 0.369 0.230
Punish 0.133 1.546 2.392

Nonetheless, even though the measure in Fig. 5.4 does not perfectly measure
trust, it seems that the level of trust seems to be highest in the punishment treatment.
A closer look at the cross tabulations in Table 5.2 reveals that the suppliers assess
the signal Sy quite differently across treatments. As an example, in the baseline
treatment the ratio between Fy and menu contract offers given the signal Sy is equal
t0 0.95. A ratio smaller than one indicates that the suppliers offered more often the
menu of contracts than Fj-contract after receiving the high cost signal, and vice
versa. The data shows ratios smaller than one except for the punishment treatment.
In these treatments the suppliers tend to offer relatively more often the F;-contracts
than the menu after receiving medium or high cost signals, respectively. Assuming
that the strategic risk of the indifference contract choice is equal or smaller in the
punishment treatment compared to the baseline treatment, the ratios indicate that
there is a higher level of trust in the punishment treatment.

Table 5.12 summarizes these ratios for every treatment and signal, respectively.
The data shows ratios smaller than one except for the punishment treatment. In this
treatments the suppliers tend to offer relatively more often the F; and Fy;-contracts
than the menu after receiving medium or high cost signals, respectively. Assuming,
that the strategic risk of the indifference contract choice is equal or smaller in the
punishment treatment compared to the baseline treatment,® the ratios indicate a
higher level of trust in the punishment treatment.

5.2.3 The Buyers’ Contract Choice Behavior

In Sect. 4.4 the distinction between the “indifference”- and the “self-selection”
contract was already discussed. Theory assumes that all buyers choose the “self-
selection”-contract and accept an offer as long as the participation constraint is

*That is, 31.67%/33.33%.

“This assumption is supported by two findings. First, the data in Sect. 5.2.3 reveals that the buyers
choose on average substantially less often the indifference contract in the punishment treatment.
Yet, it is likely that the supplier’s assessment of the strategic risk is dependent upon the observed
contract choices. This is, if the supplier observes considerably more often contract choices which
might be indifference contract choices, then he is likely to perceive a higher strategic risk, and vice
versa. Second, given this observation, the supplier has an instrument to punish the buyer for the
perceived strategic risk. Therefore, it is concluded that the strategic risk is at worst equal to the
baseline treatment, but likely to be smaller.
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satisfied. However, the data shows substantial deviations from these predictions.
Basically, the buyers’ contract choices can be divided into five categories. First, the
buyer can choose the profit maximizing contract in each round, i.e., he accepts an
offer as long as the participation constraint is satisfied and chooses the self-selection
contract in case a screening contract was offered. Second, the buyer chooses the
indifference-contract, i.e., he chooses Ay (Ay) although he faces holding costs
of iy (hy). Third, the buyer chooses the alternative supplier when being indifferent,
i.e., if he faces holding costs iy or if F; = h;,i € (L, M, H) holds. Fourth, the buyer
chooses the alternative supplier because his participation constraint is not satisfied,
which is only possible if the supplier offers F; or F),. Finally, the buyer can bear
a profit loss higher than 0.1, i.e., higher than the amount that ensures strict
incentives. Table 5.13 summarizes all the buyers’ contract choices given the
above classifications disaggregated by treatments.

Interestingly, the buyers chose on average in 98% of observations optimal
or nearly optimal contracts. Only in 2% of the observations the buyers choose
a contract which causes a loss higher than 0.1 compared to the next alternative.
However, we observe that the indifference-contract was chosen in 9% of all
contract choices.

A series of Mann-Whitney U test reveals that the buyers in the punishment
treatment choose significantly more often the profit maximizing contract compared
to the baseline treatment (p < 0.01, two-sided), diverging supply chain treatment
(p < 0.05, two-sided), and enforced self-selection treatment (p < 0.05, two-sided).
Furthermore, the buyers in the punishment treatment choose significantly less often
the alternative supplier compared to the diverging supply chain treatment
(p < 0.05, two-sided) and the enforced self-selection treatment (p < 0.01, two-
sided). This highlights that the punishment option makes the buyers acting more
like theory predicts, because deviating behavior that deteriorates the supplier’s
performance can be punished. There are no more significant differences than
reported above. In particular, even the comparison of indifference contract choices
in the punishment treatment compared to the other treatments is not significant,
even though the average of indifference contract choices is substantially lower,
ie., 3% vs. 11%.

5.2.4 Do the Suppliers’ Rewards Facilitate Supply Chain
Coordination?

The previous analysis showed that the buyers’ signals are hardly informative in all
treatments except the punishment treatment. Obviously, truthful information shar-
ing does only benefit both supply chain parties, as long as the additional side-
payment Zy is sufficiently large. '

Table 5.14 summarizes the minimum additional side-payment, Zg"", for which
the buyer would be indifferent between reporting truthfully and accepting
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Table 5.13 Buyers’ contract choices

Indifference
Profit Indifference  contract — Profit Participation
Subject maximum contract Ay;  alternative loss > constraint not

Treatment (%) (%) or Ay (%) supplier (%) 0.1 (%) satisfied (%)
1 80 0 10 0 10
2 53 30 13 0 3
3 67 10 17 0 7
4 57 10 13 10 10
5 80 3 3 10 3
6 90 3 0 0 7
7 63 0 33 0 3
Baseline 8 97 0 0 0 3
1 60 23 10 0 7
2 27 40 33 0 0
3 90 3 3 3 0
4 83 0 7 0 10
5 100 0 0 0 0
6 60 17 13 7 3
7 20 37 43 0 0
8 83 13 3 0 0
9 67 7 27 0 0
10 63 10 17 10 0
11 100 0 0 0 0
12 70 0 17 0 13
13 100 0 0 0 0
14 73 3 7 7 10
15 100 0 0 0 0
No discrimination 16 33 27 37 0 3
1 57 13 27 0 3
2 67 3 13 7 10
3 97 0 0 0 3
4 90 0 3 0 7
5 53 17 30 0 0
6 67 0 20 0 13
7 97 0 3 0 0
8 37 23 23 0 17
9 57 10 23 10 0
10 87 0 10 0 3
11 63 23 13 0 0
12 70 20 3 0 7
13 33 43 23 0 0
14 67 13 7 0 13
15 17 43 27 13 0
Diverging 16 60 0 27 0 13
1 77 0 13 3 7
2 73 0 17 0 10
3 90 0 7 0 3
4 80 0 17 0 3
5 83 0 13 3 0
6 63 0 30 0 7
7 80 0 13 0 7
Enforced 8 77 0 23 0 0

(continued)
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Table 5.13 (continued)

Indifference
Profit Indifference  contract — Profit Participation
Subject maximum contract Ay;  alternative loss > constraint not
Treatment (%) (%) or Ay (%) supplier (%) 0.1 (%) satisfied (%)
1 97 0 0 0 3
2 87 3 10 0 0
3 83 7 3 3 3
4 87 3 10 0 0
5 93 0 0 0 7
6 77 0 7 10 7
7 97 0 3 0 0
8 80 7 7 0 7
Punish Avg 72 9 13 2 4
Table 5.14 Slde—pa%ymer.lts Fiow Foe Fhiah
Zr™" that lead to win—win -
Zg™" 43.77 18.78 0

situations

a F;-contract. For example, if the buyer faces the holding cost /,; he would be
indifferent between the contracts Fj; and Ay given the additional side-payment
Zg™" =21.88 — 3.1 = 18.78.

Figure 5.5 shows the box-plots of side-payments Zr disaggregated by treatments
and contract acceptance (i.e., A;- or F;-contracts). Surprisingly, no side-payments
(except one outlier) suffice to ensure win-win situations given the contract choices
Fp or Fy in all treatments except the punishment treatment. Thus, it does not
surprise that the supply chain parties do not coordinate to the supply chain optimum
and communication does not show the favorable impact.

Table 5.15 summarizes the total size of rewards disaggregated by subjects and
treatments. A Mann-Whitney-U test reveals only significant differences between
the no discrimination and diverging supply chain treatment (p < 0.01). As the total
size of rewards is higher in the no discrimination treatment, it seems that the
suppliers reward the buyers for more consistency (see Sect. 5.2.1).

Finally, the Spearman-correlation coefficient was computed to test whether the
total size of the side-payment has a significant impact on the buyers’ contract choice
or signaling behavior. It was tested whether there is an impact on the frequency
of alternative supplier choices (see Table 5.13), indifference contract choices
(see Table 5.13), or on the buyers’ consistency or truthfulness (see Tables 5.3 and
5.4). However, none of the correlation coefficients are significant, which highlights
that the rewards are too low to have a significant impact on the buyers’ choice and
signaling behavior.

Finally, it is worth to mention that the punishment option was used rather
seldom. Table 5.16 summarizes the absolute frequency and total size of punish-
ments disaggregated by supply chains (in the punishment treatment). Only in 14 out
of 240 observations the punishment option was used. In 6 out of these 14 cases,
the supplier punished the buyer for choosing the alternative supplier.



5.2 Experimental Results 129

a b
Baseline No discrimination
37.56 37.56
18.78 18.78
L]
*
L] L] *
*
* * *
b b oig i
.00 . a i 1 t i .00 T . T T — —
AL Ay u FL  Fu Fy AL Ay Ay FL Fy Fy
c d
Diverging Enforced .
37.56 37.56
*
18.78 18.78
L]
* L] L] .
* ]
* * *
H g & ’l‘
.00 : i i H I‘I-I = .00 r T T T T rj
AL Ay Ay F. Fy Fy AL Ay Ay F Fy  Fy
e
Punish —

37.56

18.78 ° l
H
*
b
00 L

T - - T

AL Ay Ay Fo Fu Fy

—

Fig. 5.5 Box-plots of side-payments Z; disaggregated by treatments and contract acceptance
Box-plots of side-payments Zg: (a) Baseline treatment. (b) No-discrimination treatment. (c)
Diverging supply chain treatment. (d) Enforced self-selection treatment. (e) Subtle punishment
treatment

Interestingly, there is also no significant Spearman rank correlation between the
total size of the punishment and the buyers’ contract choice behavior, consistency
or truthfulness. This highlights that the mere presence of the punishment option
helps to align the actions of the supply chain parties.
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Table 5.15 Total size of additional side-payment disaggregated by subjects and treatments

Subject Baseline No discrimination Diverging Enforced Punish
1 35.82 3 9.95 0.8 64

2 5 67.5 0.17 42.15 202

3 38.42 15.94 36.5 35 0

4 3.92 12.14 29.5 49.96 117

5 0 55 0 9 474

6 0 75.6 9 16 0

7 40 41.68 25 92 0

8 0 14.3 0 0 0
Avg 15.395 35.645 10.9525 30.61375 107.125

Table 5.16 Total size and absolute frequency of punishment

Supply chain 1 2 3 4 5 6 7 8
Total size 0 0 0 81 40 100 0 180
Absolute frequency 0 0 0 3 1 5 0 5

5.3 Performance Impact

The previous analysis of the suppliers’ and buyers’ decision behavior shows
substantial deviations from the theory’s prediction. Two benchmarks are introduced
to elaborate the influence of the suppliers’ contract offers on the profits of buyers,
suppliers and the overall supply chains. Note that the performance is measured by
comparing observed outcomes to the benchmark given the actual realization of the
holding cost parameters. This gives more exact measures than comparisons to the
expected benchmark, because the effect of stochastic cost variations is neutralized.

The first benchmark captures the situation in which no menu of contracts is
available and the participation constraint must not be violated. In this case the
supplier offers constantly F. In the following, this benchmark will be denoted as
Fhign. As the participation constraint is always satisfied for Fy, the buyer should
theoretically accept all contracts in this benchmark. However, a non negligible
portion of buyers chose the alternative supplier although the participation constraint
was satisfied. Yet, these observations are excluded from the following analysis
since additional assumptions are required to evaluate the welfare effects of
choosing the alternative supplier.

The second benchmark is the theoretical equilibrium under asymmetric informa-
tion, i.e., the supplier offers the menu of contracts A while the buyers choose the self-
selection contracts. Again, all observations in which the buyers chose the alternative
supplier are excluded. This benchmark is called the “Screening-benchmark”.

From a supply chain perspective, the screening benchmark lies above the Fy;,,
benchmark.

Note, however, that the F,;,;, benchmark can theoretically lie above the screening
benchmark, as observed outcomes (ex-post) instead of expected outcomes (ex-ante)
are evaluated. As an example, this would happen if the buyer constantly faces the
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holding costs hy. From gy'>qy?! follows directly that offering Fy would be
ex-post superior to offering the menu of contracts A. However, this was not observed
in the underlying experiments. Hence, offering screening contracts under the self-
selection assumption was ex-post superior compared to constantly offering F.

Nonetheless, in case of trust and trustworthiness even the screening benchmark
can be outperformed. The following analysis therefore allows to evaluate whether
screening contracts outperform the simple compensation scheme as theoretically
predicted, or whether the supply chain members engage in truth-telling and trust. In
this case, the screening contracts would be empirically unnecessary, as the actors
coordinate to the supply chain optimum even though there is no ex-ante incentive
alignment by the compensation scheme. Sections 5.3.1 and 5.3.2 summarize the
performance for the buyer and supplier, respectively, while Sect. 5.3.3 presents the
performance for the overall supply chain.

5.3.1 Buyer

Figures 5.6—5.10 compare the observed performance with the screening and F;g,
benchmarks for every buyer in every treatment.

The buyers in all treatments do significantly perform worse than in the bench-
mark F,;g;,. This highlights that the buyers were not able to constantly deceive the
suppliers with high cost signals. Furthermore, some buyers improved the perfor-
mance compared to the screening benchmark while others are worse off. Further-
more, a series of Mann-Whitney-U tests were run on the alternative hypothesis that
the observed deviations from the screening benchmark differ across treatments.
However, none of these tests was significant. In other words, there are no significant
effects of treatment variables on the buyers’ payoffs. This shows that the payoffs of
the buyers are relatively robust. On the one hand, this is due to the fact that the
buyers strategic scope of contract choices has hardly an effect on the performance,
as payoff differences between the alternatives are negligible in most situations.
Nonetheless, an inspection of the Figs. 5.6 and 5.9 leads to the suggestion that the
buyers in the baseline treatment are more likely to improve their performance
compared to the screening benchmark, while there is no such tendency in the
enforced self-selection contract. The reason is that the suppliers tend to offer
more often F in the baseline treatment because of the strategic risk. Yet, the
sample size is probably too small in the baseline treatment to get a significant result
that the buyers improve their performance compared to the screening benchmark.’

5The sign-test (two-sided) reveals no significant results for the hypothesis that buyers improve
their performance compared to the screening benchmark: Baseline (p < 0.289), No discrimination
(p < 0.581), Diverging supply chain (p < 0.607), Enforced self-selection (p < 1.00), Punishment
(p < 0.727). Also, a Wilcoxon test gives no significant results: Baseline (p < 0.674), No discrim-
ination (p < 0.650), Diverging supply chain (p < 0.532), Enforced self-selection (p < 0.326),
Punishment (p < 0.674).
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Fig. 5.6 Buyers’ observed performance compared to benchmarks in the baseline treatment
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Fig. 5.7 Buyers’ observed performance compared to benchmarks in the no discrimination
treatment
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Fig. 5.8 Buyers’ observed performance compared to benchmarks in the diverging supply chain
treatment
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Fig. 5.9 Buyers’ observed performance compared to benchmarks in the enforced self-selection
treatment
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Fig. 5.10 Buyers’ observed performance compared to benchmarks in the punishment treatment

5.3.2 Supplier

Figures 5.11-5.15 compare the observed performance with the screening and F/;g,
benchmarks for every supplier in every treatment.

The suppliers’ performance is significantly better in all treatments than the F;g,
benchmark. The screening contracts, thus, which have been used on average in 54%
of all observations, are a useful instrument for the suppliers to improve their own
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Fig. 5.11 Suppliers’ observed performance compared to benchmarks in the baseline treatment
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Fig. 5.12 Suppliers’ observed performance compared to benchmarks in the no discrimination
treatment

performance. Nonetheless, in the Baseline treatment as well as the diverging
supply chain treatment, the performance deviates significantly from the screening
benchmark (Wilcoxon, p < 0.017 for both treatments, two-sided), and weakly
significant in the no discrimination treatment (Wilcoxon, p < 0.091, two-sided).
The Wilcoxon-ranked sign test is neither significant for the enforced self-selection



5.3 Performance Impact 135

Diverging

1450 -
1350 -
1250 -
1150 -
1050 -

950

Monetary units

850
750 A

650 -

550

Supplier

—— Observed = = = = Screening

+ —Fhigh

Fig. 5.13 Suppliers’ observed performance compared to benchmarks in the diverging supply
chain treatment
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Fig. 5.14 Suppliers’ observed performance compared to benchmarks in the enforced self-selec-
tion treatment

treatment (p < 0.484, two-sided) nor for the punishment treatment (p < 0.866,
two-sided).

A comparison of the baseline and the enforced self-selection treatment (see
Figs. 5.11 and 5.14), thus, highlights that the strategic risk, which leads towards
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Fig.5.15 Suppliers’ observed performance compared to benchmarks in the punishment treatment

more frequent Fy-offers, is costly for the suppliers. Also, a reduction of the
strategic risk, as in the diverging supply chain does not eliminate this effect (see
Figs. 5.13 and 5.14).

Also, a series of Mann-Whitney-U test reveals that the suppliers in the
baseline treatment perform significantly worse than in the enforced self-selection
(p < 0.038, two-sided) and punishment (p < 0.021, two-sided) treatment. The
same result holds for the diverging supply chain treatment in which the perfor-
mance deteriorates compared to the enforced self-selection (p < 0.015, two-sided)
and punishment (p < 0.007, two-sided) treatment.

This highlights that the indifference contract choice (and therefore the stra-
tegic risk) is the main source of performance deterioration for the supplier. If the
indifference contract choice can be ruled out, as in the enforced self-selection
treatment, or if the frequency of indifference contract choices can be limited,
such as in the punishment treatment, then the suppliers performance does signifi-
cantly improve.

Finally, it is worth to mention that the suppliers’ performance in the punishment
treatment is not significantly lower than the screening benchmark, although the
frequency of screening contract offers is relatively low in this treatment (see
Fig. 5.15). This highlights that the punishment option helps on average to offer
F;-contracts that fit to the respective holding costs. This is especially due to the fact
that the punishment option leads to more trust (see Sect. 5.2.2.3) as well as more
trustworthiness (see Sect. 5.2.1).
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5.3.3 Supply Chain

Figures 5.16-5.20 compare the observed performance with the screening and F;g,
benchmarks for every supply chain in every treatment. All observations in the
diverging supply chain setting (with and without price-discrimination) were aver-
aged over both buyers.

The Wilcoxon-ranked signed test reveals that the supply chain performance
deteriorates compared to the screening benchmark in the baseline treatment
(p < 0.012, two-sided), no discrimination treatment (p < 0.028, two-sided),
diverging supply chain (p < 0.018), and the enforced self-selection treatment
(p < 0.036, two-sided). This highlights that the interaction of strategic risk, indif-
ference contract choices, communication and trust leads to a significant perfor-
mance deterioration of the supply chain compared to the screening benchmark.
However, the performance deterioration is no longer observable as soon as an
appropriate punishment mechanism is introduced. This punishment mechanism
seems to be effective to reduce the frequency of indifference contract choices,
and establish a cooperative environment in which the level of trust and trustworthi-
ness is significantly higher than in other treatments. Also, the supply chain perfor-
mance is relatively close to the equilibrium in the enforced self-selection treatment
(see Fig. 5.19). Hence, managers should be aware that proper incentives should be
given in case a punishment mechanism cannot be easily implemented.

A Mann-Whitney-U test confirms that the supply chain in the punishment and
the enforced self-selection treatment perform significantly better than in the
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Fig. 5.16 Supply chains’ observed performance compared to benchmarks in the baseline
treatment
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Fig. 5.17 Supply chains’ observed performance compared to benchmarks in the no discrimination
treatment
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Fig. 5.18 Supply chains’ observed performance compared to benchmarks in the diverging supply
chain treatment

baseline treatment (p < 0.038 for both treatments, two-sided) and in the diverging
supply chain treatment (p < 0.006 and p < 0.014, respectively, two-sided). Yet,
the test is not significant for the no discrimination treatment. Limiting the supplier’s
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Fig. 5.19 Suppliers’ observed performance compared to benchmarks in the enforced self-selec-
tion treatment

2700 - Punishment
2500 A
2300 A
2
S 2100 -
2
3
e 1900 -
o
=
1700 A
1500 -
1300 T T T T T T T |
3 6 8 2 5 1 4 7
Supply Chain
———— Observed = = = = Screening =—— = = Fhigh SC-optimum

Fig. 5.20 Supply chains’ observed performance compared to benchmarks in punishment
treatment

flexibility to react to signals can therefore improve the supplier’s performance on
average. This is, because the limited flexibility leads towards a natural tendency
to offer the screening contract more often, even though the strategic risk is not
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eliminated.® Nonetheless, the inefficiencies that arise out of the indifference con-
tract choice continue to be substantial. If the buyer chose continuously the self-
selection contract in the no discrimination treatment, the average performance
would have been increased by 8%.

5.4 Conclusion and Managerial Insights

This experiment shows that screening contracts are empirically highly relevant,
although a lot of the coordinational power is lost by the behavioral inrobustness of
this contract type.

In particular, the supply chain performance significantly improved compared
to the benchmark in which only the simplest contract format is allowed. This
highlights that screening contracts are able to coordinate the supply chain at least
to some extent. However, the analysis does also show that the incentive mechanism
used throughout the screening literature does only work if an appropriate punish-
ment option is available. Otherwise, there is a substantial level of indifference
contract choices. The effect is twofold. There is a direct effect on the efficiency of
the supply chain, as the order size is even more downward distorted. Additionally,
the suppliers perceive a strategic risk which leads towards a tendency to offer
simpler contracts. Not surprisingly, the analysis reveals that the strategic risk has a
minor impact on the supplier’s contract offer behavior, if he is restricted in offering
only one contract in a diverging supply chain. Nevertheless, the direct inefficiencies
that occur due to indifference contract choices are still substantial.

Furthermore, the analysis reveals that the buyers tend to be more truthful if they
can either be punished for inconsistency, or if truthful reporting cannot easily
be exploited because of the suppliers’ limited flexibility to offer contracts. In con-
trast, it seems that there is low quality communication which conveys hardly any
information, if the self-selection of the buyer can be somehow ensured. Yet, in case
of ensured self-selection, communication is less important as suppliers prefer to
offer the screening contract more frequently anyway.

Moreover, the analysis shows that the suppliers’ and buyers’ behavior is quite
robust over time. The data show that the rewards, which can be given from the
supplier to the buyer to enable win-win situations, are way too low to coordinate the
supply chain members to Pareto-improvement. Hence, one might conjecture that
the repeated interaction is not the main driver of the underlying results, and that
similar results would be obtained in supply chain configurations without repeated
interaction. However, this point is left out for future research.

SThe strategic risk might lead to F; — contract offers, because the supplier believes that the buyer
chooses the signaled contract regardless of the actual holding cost realization. Nonetheless, even in
this case it can be optimal to offer the screening contract in the no discrimination treatment when
the buyers’ signals are not identical. Hence, there is a natural tendency towards the screening
contracts even though the strategic risk is not eliminated.
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Also, the study shows that the performance of buyers does not significantly depend
on the treatments or on their tendency to be truthful or consistent. This is, because
the screening theory works with small payoff differences between alternatives.
However, the suppliers’ performance is significantly dependent on whether they
have an appropriate punishment option, or whether the self-selection can be somehow
ensured. More theoretical and experimental research is required to develop and test
behavioral robust incentive mechanisms that ensure the self-selection of buyers.

Appendix: Sample Instruction (Translation into English)

Read the instructions carefully and raise your hands if you have any questions.
If there are questions during the experiment, please raise your hand as well.

Starting Position

You are in a supply chain consisting of one supplier and two buyers. The supplier
offers a contract to each buyer in order to deliver a certain product at the market
price. Every buyer can decide on his own whether he accepts the offer or not.
Hence, the supplier’s profits can differ between buyer 1 and buyer 2.

If a buyer rejects the supplier’s contract offer, he can source the product from an
alternative supplier. In that case, the buyer yields a profit of 3 and the supplier yields
zero profits. Nevertheless, the other supplier—buyer relationship is not influenced by
the contract rejection.

If a buyer accepts the supplier’s contract offer, the supplier has the opportunity
to withdraw the offer. In that case, both, the supplier and the buyer, yield zero
profits. Nonetheless, the other supplier—buyer relationship is not influenced by the
withdrawal.

(hofililr?;rccl)sts) — | end-customer demand
Supplier
(fixed costs per
i
delivery) (hofﬂ?ggiists) — | end-customer demand

The buyers face holding costs, as half of the order size is stored on average per
period. Hence, the buyers’ holding costs increase the higher the order size and the
higher the holding costs per item and period.

The supplier faces fixed costs per delivery. Since the supplier prefers large order
sizes, and the buyer prefers low order sizes, the supplier has to compensate the
buyer for agreeing upon larger order sizes.

Your Task: Agree Upon New Supply Conditions!
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Information Availability

The supplier does not exactly know the buyer’s true holding costs. Yet, the supplier
knows a probability distribution over the possible holding costs realizations. In the
course of the experiment, the buyer’s holding costs are drawn independently from
this probability distribution in every round. The buyer knows his true holding costs
in every round.

There are three possible types of holding cost realizations, i.e., 1, 5, and 9 per
item and period. The probabilities, with which these holding costs are realized, are
summarized in the table below. These probabilities are known to both, the buyer
and the supplier.

Holding costs (€) 1 5 9
Probability (%) 40 30 30
Contract Type

The buyers know their true holding costs realizations before the supplier’s contract
offer. The supplier does not know these holding cost realizations. Yet, the buyers
can independently signal their realizations to the supplier. This signal can — but
does not necessarily needs to — be truthful.

The supplier has four contract offer options. He can either offer a single contract
F1, F5, or F9, or a package consisting of three offers A = (Al, A5, A9). These
options are mutually exclusive.

The contract offers F1, F5 and F9 maximize the supplier profits if the respective
buyer faces holding costs of 1, 5 or 9.

However, if the supplier is uncertain about the buyers holding costs realization,
the package A maximizes his expected profits instead, as long as he believes that the
buyers choose the contract A1 with probability 40%, A5 with 30%, and A9 with
30%.

In case the supplier offers package A, the buyer has to choose one of the three
contracts in the package. If the buyer chooses no offer, he sources from an alterna-
tive supplier. Given the buyer faces the holding costs realization 1, 5, or 9, then the
contracts Al, A5, and A9 maximize his respective profits.

After the contract is concluded, the supplier can transfer an amount between
0 and his profits of the respective round to one or both buyers. The transferred
amounts can differ between buyer 1 and buyer 2.

The following figure depicts the decision sequence:
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Buyer: signal
Buver1 Buver2
Please give a signal to Please givea signal o
wour supphier! your suppler!
5} s [ § s
—
= £ [3 No Signal = [ No Signal
Supplier: contract offer
Buyer 1 Buver 2
@ Offer F1 [ offer Fi
[ Offer F5 B offer F3
[ Offer Fo [ Offer F5
[ Package A (Al A3, AD) [ Package A (Al, A5, A9)
Buver: contract choice
Buyer 1 Buyer 2
B Accept FI B Accept B
E Reject FL [ Reject FI
[ Accept FS [ Accept F5
E Reject F5 [H Reject F5
B Accept B E Accept B2
E Reject F3 E Reject F?
[ Accept A1 [ Accept AS [ Accept Al [ Accept AS
E Accepr A9 [ Rejectpackage A [ Accept A9 [ Reject package A
Suy er: conclusion of contract
Do you want to Do you want to
withdraw the offer? withdmaw the offer?
E yes Eno Eyes Hno
Supplier:
Please mter the amourt Please enter the amournt
vou wart tmnsfer from your profits you want transfer from your profits
1o vour buyer 1. 1o your buyer 2.
Next round:
The buryers get randomly
I'lld md T d b ﬂgl:‘ Iia
new holding cost realization.
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How Are the Contract Corresponding Profits Calculated?

The following table summarizes the profits of the supplier and the respective buyer
in dependence of the contract offer and the holding cost realization. Negative
amounts depict a loss.

Example. The supplier offers the package A to both buyers. If buyer 1 faces
holding costs of 5 per item and period and if he accepts A5, he yields a profit of
21.88. Yet, if buyer 2 faces holding costs of 1 per item and period and if he accepts
Al, he yields a profit of 46.87. The supplier, thus yields a profit from the contract
with buyer 1 of 42.27 and form the contract with buyer 2 of 73.13, i.e., the supplier
yields a profit of 42.27 + 73.13 = 115.85.

If a buyer rejects the offer, the respective buyer yields profits of 3. In this case the
supplier yields zero profit from the respective supplier-buyer relationship.
Example. The supplier offers F1 to buyer 1 and F5 to buyer 2. If buyer 1 accepts
the offer and buyer 2 rejects the offer, the supplier’s profits result from
1169 + 0 = 116.9. The profit of buyer 1 is dependent from his holding cost
realization while buyer 2 yields a profit of 3.

If the supplier withdraws the offer, the supplier as well as the buyer yields zero

profits.
Example. The supplier offers both buyers contract F9. Both buyers accept. The
supplier decides to withdraw the offer from buyer 1. In this case, the supplier yields
a profit of 0 + 36.9 = 36.9, buyer 1 yields zero profits, and the profits of buyer
2 depend on his holding cost realization.

Note that the table does not depict the amount transferred from the supplier to the
buyer.

Profit Profit buyer with holding costs
supplier
] s ] o
F1 116.9 3.1 —76.9 —156.9
Profit Profit buyer with holding costs
supplier
1 5 9
F5 67.46 38.88 3.10 —32.68
Profit Profit buyer with holding costs
supplier
1 5 9
F9 36.90 56.43 29.71 3.10
Profit Profit buyer with holding costs
supplier
1 5 9
Al 73.13 46.87 —33.13 —113.13
A5 42.72 46.77 21.88 —3.00
A9 29.23 40.47 21.78 3.10
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How Many Rounds Are Going to Be Played?

Thirty rounds are going to be played. In every round the holding costs realizations
are drawn independently from previous rounds and independently between buyers.

Who Are My Team-Mates?

Your role as supplier/buyer is the same in every round. Your team-mates do not
change in the course of the experiment. The identity of your team-mates is
confidential throughout — and after — the experiment.

How Is the Experimental Payoff Calculated?

The experimental payoff will take place at the end of the experiment. Your payoff
results from the sum of the round’s profits multiplied by 0.01, i.e., every experi-
mental monetary unit exchanges to 1 cent.

If there are any questions, please raise your hand.

Good luck.






Chapter 6
A Behavioral Model on the Effects

of Information Sharing on Supply
Chain Performance

This section investigates the impact of information sharing in a behavioral model
assuming that a certain fraction of buyers give honest reports, and the supplier
reacts to these reports by adjusting his beliefs according to Bayes’ rule. First,
Sect. 6.1 briefly summarizes the principal-agent literature assuming that not all
agents (here: buyers) use their private information entirely strategically, while
showing that this assumption is supported by experimental results. Afterwards,
Sect. 6.2 depicts how communication, trust, and trustworthiness can be formalized
in the strategic lotsizing framework. Then, Sect. 6.3 evaluates the impact of
information sharing assuming that the deceptive buyer gives his signals without
considering his actual cost position, while Sect. 6.4 discusses the impact of strategic
reporting. Finally, Sect. 6.5 summarizes the results and gives some managerial
insights.

6.1 Honesty in Principal-Agent Models

The experimental results in Chaps. 4 and 5 show that communication does not
necessarily improve the supply chain performance, especially if no efficient pun-
ishment and reward mechanism is in place. The experiment presented in Chap. 4
highlights that there are substantial deviations from the game-theoretic equilibrium
supply chain performance, because the subjects adjust the a priori probabilities with
respect to the signal. Also, both experiments show that the level of trustworthiness
differs across subjects.

The following section provides a behavioral model that highlights that the effect
of communication does heavily depend on the interaction of trust and trustworthi-
ness. In particular, the behavioral model assumes that there are two types of agents
(buyers), see Fig. 6.1. One group includes those agents who always communicate
their private information truthfully. One explanation for this is, for example, that
the honest agent faces intrinsic costs of lying (see Minkler and Miceli 2004). In the
following, these agents are denoted as “honest agents”. On the other hand there are
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(honest agent)

Fig. 6.1 Supply chain
configuration Supplier Buyer
(Principal) (Agent)

(deceptive agent)

_______________

the agents who misrepresent their private information at least sometimes. Figure 6.1
depicts the supply chain consisting of the supplier and the buyer, who is either
honest or deceptive. The behavior of these “deceptive agents” may have different
explanations. In the first part of the analysis it is assumed that the deceptive agent
does not consider that the principal might take the signals into account while
offering the contracts. In this case the “deceptive agent” is assumed to give signals
which do not depend on the private information. This is the well-known “cheap-
talk” hypothesis. In the second part of the analysis it is assumed that the deceptive
agent follows a strategy which is conditioned on his specific private information.

Hence, one of the main assumptions of this study is the division of agents into
two subclasses. This assumption has already been made in a similar principal-agent
framework from Severinov and Deneckere (2006). In this study, it is assumed that
one subclass of agents is fully rational and opportunistic. They claim, for example,
the highest compensation regardless of their true holding cost parameter. On the
other hand there is a second subclass of agents who will always communicate their
true holding cost, even though they are aware of losing money by doing this.

Severinov and Deneckere (2006) assume that the deceptive agents can be
detected, as they will give always the same signal, e.g., they will always claim
the highest possible compensation. On the other hand, the “honest agents” can be
easily identified by a deviation from this behavior. Every agent who does not claim
the highest compensation is therefore identified as an honest agent. Severinov and
Deneckere (2006) propose a “password”’-mechanism, where the password is the
signal, which are the deceptive agents supposed to give. Thus, the agent who knows
the password (i.e., the deceptive agent) is offered a more favorable contract than the
honest agent, who does not know the password. However, previous research from
Ozer et al. (2008) as well as the experiments presented in the very underlying work
show that even this division in two subgroups may not be sufficient.

Ozer et al. (2008) investigate whether information sharing enhances supply
chain performance in a supplier-manufacturer supply chain with uncertain end-
customer demand. A simple wholesale price contract determines the financial
payments in the relationship. In this study, the supplier’s capacity reservation for
the manufacturer relies on a demand forecast. However, as the manufacturer is
closer to the market, he has more accurate forecast information than the supplier.
Under these circumstances, the supply chain optimal solution is achieved, if the
manufacturer reports the demand forecast truthfully. Yet, rational game theory pre-
dicts that the manufacturer exaggerates the demand forecast to influence the
supplier’s capacity reservation decision. In turn, the supplier treats the manu-
facturer’s information about the demand forecast as cheap talk. Interestingly,
Ozer et al. show in their experiment that the manufacturers inflate the superior
forecast information indeed, but they do not exaggerate to the maximum extent.
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Particularly, the report does linearly depend on the private forecast information.
The supplier, in turn, does not treat the report as cheap talk but conditions his
capacity decision on the report instead. Ozer et al., thus, find partially trust and
trustworthiness in their supply chain setting. This leads to a higher supply chain
performance than theoretically predicted.

Also, the underlying work shows that buyers either tend to exaggerate their
holding costs or to report them truthfully. However, the buyers do not always
exaggerate to the maximum extent, and there is also a non-negligible portion of
reports that understated the respective holding cost. Finally, the experiments stress
that the effect of communication on the overall supply chain performance is
ambiguous. Particularly, the supply chains which manage to build up trust and
trustworthiness performed significantly better than the supply chains in which
deception and strategic interpretation of reports were prevalent.

Taking these behavioral findings into account, the password-mechanism from
Severinov and Deneckere is not applicable as the deceptive agents do not constantly
give the same signal (i.e., always exaggerating to the maximum extent). Hence,
the underlying study does not assume that the deceptive agents are completely
strategic. In fact, the deceptive agents are characterized by signals which are not
constantly truthful.

Summarizing the above arguments, the underlying section proposes a behavioral
model that evaluates the impact of trust and communication in a standard
principal—agent setting where the deceptive agents cannot be easily identified by
their signals.

Other studies that incorporate the idea of honest and deceptive agents can be
found in Alger and Renault (2006, 2007). However, in contrast to the underlying
study there is no direct communication between the principal and the agent.

Finally, note that definitions of trust, trustworthiness, and information sharing
apply as defined in Sect. 2.3.

6.2 The Impact of Communication, Trust, and Trustworthiness
on Supply Chain Performance

In the following it is assumed that the supplier receives a signal from the buyer
before he offers the menu of contract. The following sequence of events results: the
buyer first learns his holding cost /i € [hy, ..., h,]. Then, the buyer communicates a
holding cost to the supplier. The buyer is restricted to signals S that are possible
holding cost realizations or he can refuse to give a signal, i.e., S € (S1 = hy, ...,
Si=hiy...,Sy = hy, Syr1 = “Nosignal”). Then, the supplier decides to adjust the
a priori probabilities p; to the perceived a posteriori probability distribution
pi(hi|Sk)(Vi=1,..,n;k =1,...,n+ 1), which is conditioned on the buyer’s sig-
nal. Then, the supplier calculates the menu of contracts with respect to the per-
ceived a posteriori distribution and offers this screening contract to the buyer.
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menu of contracts

Fig. 6.2 Sequence of events

Finally, the buyer chooses one contract out of the menu of contracts. Figure 6.2
depicts the sequence of events.

Next the key factors that influence the buyer’s signaling behavior (¢ = 1, see
Sect. 6.2.1) as well as the supplier’s adjustment of beliefs (+ = 2, see Sect. 6.2.2),
and the buyer’s contract choice (t = 3, see Sect. 6.2.3) are analyzed.

6.2.1 The Buyer’s Information Sharing Behavior

6.2.1.1 Truthful Signals

As mentioned in the introduction, it is assumed that some buyers report their
holding costs truthfully, i.e., S = A. It is assumed that a fraction o € [0, 1] of the
buyers show this behavior. Therefore, the probability that the supplier interacts with
an honest buyer is o.

6.2.1.2 Unconditioned Signals

All buyers that do not report their holding cost truthfully are called “deceptive”
buyers. As a fraction « of the buyers are honest, it follows directly that a fraction
(1 — o) of the buyers are deceptive. As mentioned in the introduction, two different
types of signaling behavior are analyzed. On the one hand, the buyer is assumed
to simply ignore that the supplier processes the communicated signal. In this
case, the buyer gives signals regardless of his holding cost learned at ¢ = 0. This
behavior is formalized with unconditioned signaling variables ¢;,i = 1,...,n+ 1,

¢, € [0,1], 37" ¢; = 1. The variable ¢, is therefore the probability of the buyer
giving the signal S;. Note that this signal is independent of the buyer’s respective
holding cost parameter h. Particularly, the signal can either be true, an overstate-
ment or an understatement. Nonetheless, unconditioned signaling also includes the
standard hypothesis of the buyer giving the signal S, constantly, i.e., ¢, = 1. In this

case, the buyer always exaggerates to the maximum extent.
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6.2.1.3 Conditioned Signals

A deceptive buyer uses his signal strategically, if he conditions the signal on the
holding cost realization. This behavior is formalized with conditioned signaling
variables ¢;(h),i=1,...,n+ 1,k=1,..,n, ¢; (hk) € [0,1]. A complete strategy
profile requires that Z"“ o; (hk) = 1 Vk =1,...,n holds. As an example, the
buyer who always exaggerate his holdmg cost by one (possible) unit and gives no
signal if he faces the highest holding cost realization has the strategy profile
o;(h) =1Vi=k+1L,k=1,..,nand ¢;(h) =0,Vi#k+ 1,k=1,..,n

6.2.2 The Supplier’s Probability Adjustment

The supplier is aware of the fact that there are some honest buyers. However,
as there are also deceptive buyers, he has to estimate the probability that he
is interacting with an honest buyer. This subjective probability is denoted by
& € [0, 1]. Furthermore, the supplier needs to estimate the unconditioned signaling
variables (,1’) Vi=1,..,n+1 or the conditioned signaling variables (,b (hi),
Vi=1,..,n+ 1;k= 1 .,n, respectively. It is assumed that the supplier can
observe whether the buyer conditions his signals or not." In the following we will
only present the supplier’s adjustment of beliefs in case of a buyer who gives
unconditioned signals. The analysis, however, can be easily transferred to the case
where the buyer uses conditioned signaling variables instead.

If the supplier assumes that the buyer gives unconditioned signals, he expects the
following conjoint probability distribution p;(h; N Sy),Vi=1,....mk=1,...,
n+1 (see Table 6.1). The actual conjoint probability distribution p;(h; N Sy),
Vi=1,..,n;k=1,..,n+1, in contrast, can be easily obtained by replacing the
estimations &, ¢; by their actual counterparts o, ¢;.

Let p;(hi|Sk),i=1,...,n;k=1,...,n+1 denote the perceived a posteriori
probability that the buyer giving signal S; faces holding cost /;. These perceived
a posteriori probabilities result from:

Table 6.1 Estimated (perceived) conjoint probability distribution p;(h; N Sk)

0<a<1 S S; Sus1 >
hy ap + (1= a)p1op, (1—6)p1¢; (1= 6)p1 s P1
hi (1 - 8)pih, ipi+ (1 — &)pi; (1= 8)pichy pi
hy (I=apuby (1= )pudy (1= @)pubysy Py
Z apy + (1 —5‘)(2’1 = ¢, &pi+(1—&)<2>,-:<2>,~ (1—96)&’ +1 —(Zm] 1

"This assumption can be easily relaxed by introducing a variable that denotes the probability that
the buyer gives unconditioned signals.
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Pi(hilS:) :w, Vi=1,..,n
b;
(A= &)pigy,

k

pi(hilSe) = JVi=1,.omk=1,...n+1Li£k

This distribution is utilized to calculate the menu of contracts, i.e., the supplier
solves the problem Al (see Sect. 2.2) with respect to p;(h;|Sk),i =1,...,n;
k=1,...n+1.

The resulting optimal side-payments given the signal S; are denoted by Z/* and
the respective order sizes are denoted by ¢, Vi=1,...mk=1,...,n+ 1.
Throughout this study it is assumed that the supplier will always offer the “full”
menu of contracts, i.e., he always offers n contracts which satisfy the incentive- and
participation constraint in problem AI. This ensures that the supplier offers the
contract (¢;*, Z) even though he adjusts his beliefs to p;(h;|Sx) = 0. Skipping this
assumption might lead to situations in which the buyer’s participation constraint is
not satisfied.

Summing up, the supplier forms a perceived conjoint probability distribution,
pi(h; N Sy), which is used to generate a menu of contracts (+ = 2). Yet, the actual
conjoint probability distribution,p;(h; N Sy), determines the relative frequency of
contract choices out of the menu of contracts generated in ¢t = 2. The effect of
changes in this actual conjoint probability distribution is outlined in the next
section.

6.2.3 The Buyer’s Contract Choice and the Impact
on the Overall Supply Chain Deficit

The buyer’s expected contract choice (¢ = 3) is determined by the actual conjoint
probability distribution p;(h; N Sk),Vi=1,.....n;k = 1,...,n + 1. In the following
the deviation from standard-theory’s predictions (i.e., without communication or
trust) is analyzed. The main focus of this analysis, thus, is to investigate whether
communication enhances or deteriorates supply chain performance compared to the
game theoretic equilibrium without communication.

The expected change of the supplier’s costs, E(ACy), results from the cost
difference between the screening menu based on the perceived a posteriori distri-
bution, (¢;*,Z*),Vi=1,...,n;k=1,..,n+1, and the screening menu based on
the a priori distribution, (g,Z*"),Vi =1,...,n. All of these differences are
weighted by the respective actual conjoint probability distribution, i.e., these
cost differences are weighted by the probability that a buyer faces holding cost 4;
while signaling S;. Hence, the expected change of the supplier’s expected costs
results from:
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n  n+l

(ACy) = Z Zpi(h[ N Sk)ACS,,-k where

i=1 k=1
f f
AC ik B (_ + Zlk) - ( iAI)
s, q qM

The same calculation can be done for the buyer with respect to his cost function.
Then, the expected difference of the honest buyer’s expected costs results from

hi
(Acb homst = sz ( l Zl - EinI + ZiAI) )

and the expected difference of the deceptive buyer’s expected costs results from

n+l n hi
E(Acb,dec'eptlve = 1 —a Z ZP:Q{)A ( l ECIiAI + Zl'AI) .

Hence, the total expected difference of the honest as well as the deceptive
buyer’s expected costs results from:

n n+l
E(ACh) = E(ACh onest) + E(ACh decepiive) = >, > pilhi N St)AC)
i=1 k=1
@ inl + ZiAl_

h;
where ACb_ik = E%k — Z,'k — 2

Finally, the expected change of the supply chain performance results from:

n  n+l

ACD = E(AC}) + E(ACy) ZZP (hi N S¢)ACD;*
i=1 k=
where
ACD,‘k — CSC(q k) _ CiSC(Q[AI)
scighy =L Ll ok
Cl (QI )7C[[k+2ql

ACD/ = ¢;5¢ (q,-") -C ,-SC(q,-AI ) denotes the supply chain cost differences that
arise due to the adjustment of the a priori probabilities. For ACD < 0 the supply
chain deficit decreases due to communication, which is identical to an improvement
of the overall supply chain performance. In this case, communication is an appro-
priate coordination mechanism. Otherwise, it is not.

Note that the signaling behavior, ¢;, and the buyer’s trustworthiness, «, are
implicitly considered in the actual conjoint probability distribution p;(h; N Hy).
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Hence, these parameters actually determine the probabilities with which the buyer
actually chooses a contract. In contrast, the supplier’s trust as well as the perceived
signaling behavior, (?),» and &, are implicitly considered in the change of the coordi-
nation deficit, ACD*. In other words, the supplier’s perceived values of trustwor-
thiness and signaling behavior determine the contract parameters that lead to
a change of the coordination deficit once this specific contract was chosen. The
actual values of trustworthiness and signaling behavior, in contrast, determine the
frequency with which these contracts are chosen.

6.3 The Impact of Unconditioned Information Sharing

This section elaborates the impact of communication assuming that the deceptive
buyer gives his reports without considering his actual cost position. Section 6.3.1
gives some general insights, while Sects. 6.3.2 and 6.3.3 present a numerical
example and a sensitivity analysis, respectively.

6.3.1 General Analysis

If the buyer believes that the supplier ignores the signal, he is assumed to use
unconditioned signals. In this case the following general predictions regarding the
supplier’s and buyer’s expected costs, and the supply chain’s deficit can be derived.
All proofs can be found in the Appendix.
Theorem 1. The supplier’s expected costs do not increase due to the adjustment of
the a priori distribution as long as 4 < min; {7(7)&&)77 @J ,i1=1,...,n holds.

Theorem 1 shows that the supplier should be cautious to believe too much in
the buyer’s signal. This means, that he should rather underestimate the number of
buyers who are honest than to overestimate this number. Yet, on the other hand the
supplier cannot enhance his performance in spite of truthful signals if he chooses &
too low because the probability adjustment is not rigorously enough. As an exam-
ple, the supplier will not adjust his probabilities at all if & = 0 holds although all
buyers are honest, i.e., « = 1. In this case communication has no effect, simply
because the supplier does not react to the signals. A

Note that the condition in Theorem 1 is always satisfied if & < o and ¢; = ¢;,
i =1,...,n+ 1 hold. Thus, if the supplier can perfectly observe the buyer’s uncon-
ditioned signals, and if his estimation with respect to the buyer’s trustworthiness
is equal or lower than the buyer’s actual trustworthiness, the supplier will
always gain from communication. Decreasing expected costs for the above param-
eter combinations can be observed, since the supplier is always closer to the
actual a posteriori distribution than if he would stick to the a priori distribution,
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ie, pi < pi(hilSi) < pi(hilS:) and p;(hi|Sk) < pi(hi|Sk) < pi, Vi # k hold. In fact, if
o= (d) ) / (qS o+ ¢, — ¢, oc) holds for a specific signal S;, then the supplier
accurately estimates the actual a posteriori distribution with respect to the signal
S; whereas the accuracy decreases with decreasing a.

If the above condition is not satisfied, the supplier’s expected costs can decrease
nonetheless. In fact, he overestimates the probability which corresponds to the
respective signal, i.e., p; < p;(h;|S;) < pi(h;|S;), and underestimates all other
probabilities, i.e., p;(h;|Sk) < pi(hi|Sk) < p;,V i # k. In this case, the change in
the supplier’s expected costs is dependent on the specific parameter values.

Theorem 2.1. The honest buyer’s expected costs increase due to truthful signaling.

The supplier will decrease all order sizes corresponding to the holding costs that
are higher than the signal, i.e., ¢* < ¢!, Vi > k given signal S;. The expected cost,
thus, will increase due to the “indifference”-condition (3) (see Sect. 2.2.4).

Theorem 2.2. The expected costs of the deceptive buyer can either increase or
decrease due to communication.

The deceptive buyer can be worse off due to communication, if he reports
(accidentally) truthful or if he understates his actual holding costs. The argumenta-
tion is equal to Theorem 2.1. If the deceptive buyer exaggerates his holding cost
constantly to the maximum extent (i.e., ¢, = 1), however, then he cannot be worse
off due to communication. If the deceptive buyer exaggerates not to the maximum
extent, though, his expected costs changes are dependent on the specific parameters
values.

Theorem 3.1. The supply chain optimum is achieved if oo = & =1 holds. The
supply chain performance is worst if ¢, = 1,00 =0 and & = 1 holds.

For o« =& =1 the supply chain faces a decision problem as if under full
information. This results in the supply chain optimum.

For ¢ = 1,00 =0 and & = 1 it follows that all buyers are deceptive and con-
stantly claim that they have the lowest possible holding costs. The supplier will,
in turn, decrease all order sizes ¢;' < ¢;*!,Vi = 2,...,n. As the order size ¢, =
q1 Yk =1,...,n+ 1 does not change due to an adjustment of the probabilities
(see Sect. 2.2.4, condition (3)) the downward distortion increases for all order sizes.

>3 pihhACD; k+Zp,([) ACD;

i kiZk
Theorem 3.2. As long as o > S prinAch! Z =4 mACD] occ,,,( q.’) ) holds,

i kiZk
communication enhances the supply chain performance, and vice versa.

This theorem points out that there are regions of parameter values in which
communication improves supply chain performance, but that there are also para-
meters values for which the supply chain performance deteriorates. Intuitively,
from a supply chain perspective communication becomes the more attractive the
higher the fraction of honest buyerAs, o. However, as soon as this fraction o decreases
below the critical level o (&, ¢;), the more likely are situations in which a
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deceptive buyer unconditionally misrepresents her holding cost realization, while
the supplier reacts to this signal. From occr,‘,(&,&),-) <1 it follows directly that
communication can always be an appropriate coordination mechanism as long as
the number of honest buyers is sufficiently large.

Theorem 3.3. The range of levels of trustworthiness for which communication
is an appropriate coordination mechanism decreases with increasing levels of
supplier’s trust.

This theorem gives an interesting insight into the interaction between trust (&)
and trustworthiness (o) and the impact of this interaction on supply chain per-
formance. Particularly, this theorem shows that more trust does not necessarily
increase the supply chain performance. In contrary, the more the supplier trusts
the buyer’s signal, the more likely is a deterioration of supply performance. The
effectiveness of communication decreases on the other hand, if the supplier’s trust
decreases because he simply does not adjust the probabilities rigorously enough.
Hence, it is an important challenge of supply chain management to identify an
appropriate level of trust.

6.3.2 Numerical Example

In the following the previous analysis for the case of two possible holding
cost realizations, i.e., h € [hz, hy], is illustrated. Suppose that (¢;, ¢y, Py,) =

(d)ud)mqﬁ/va) =(1/3;1/3;1/3), (pLipu) = (0.5:0.5), (h;hy) = (1;5), Cas =2.5,
a=0.5, «=0.6, and f =800. The following perceived and actual conjoint and a
posteriori probability distribution result (Table 6.2):

On the basis of the perceived a posteriori distribution (see Table 6.3), the supplier
will offer the following order sizes and unit prices and given a respective signal (see
Table 6.4) and the following changes of the supplier’s costs, the buyer’s cost and
the supply chain’s coordination deficit result: ACD = 0.04, E(AC;) = —2.92,
E(ACp) =296, E(AChjionesr) =2.76 and E(ACh geceprive) = 0.22. The supply
chain deficit increases if the buyer chooses the even further downwards distorted

Table 6.2 Perceived and actual conjoint probability distribution for & = 0.5 and o = 0.6

a=0.5 Sr Su So

hy 0.33 0.08 0.08
hy 0.08 0.33 0.08
3 0.42 0.42 0.17
o=0.6 SL SH SNo

hy 0.37 0.07 0.07
hy 0.07 0.37 0.07

> 0.43 0.43 0.13
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Table 6.3 Perceived and actual a posteriori distribution for & = 0.5 and « = 0.6

5=0.5 S S Sno
pu(helS) 0.80 0.20 0.50
pi(hilS) 0.20 0.80 0.50
2=0.6 S Su Sno
pr(he)S) 0.85 0.15 0.50
Pr(hilS) 0.15 0.85 0.50

Table 6.4 Order sizes and unit prices in the menu of contracts

Signal
A priori Supply chain optimum A posteriori \Y3 Su SNo
ar! 40 ac! 40.00 aqit 40 40 40
™ 13.33 qu’™’ 17.89 aqu* 8.73 16.33 13.33
zA 44.17 - - z;r 34.96 50.16 44.17
Zu 3083 - - Zi 1932 3832  30.83

order size gy = 8.73 while the supply chain deficit decreases if the buyer chooses
the upwards adjusted order size gy = 16.33. The expected effect on the supply
chain deficit, thus, depends on the frequency with which these order sizes are
chosen, i.e., py(hy NSy) and py(hy N Sy). The total coordination deficit without
communication is equal to CD = 1.95. The supply chain deficit increases therefore
by 2%. This, in turn, questions the frequent claim of information sharing within
the supply chain. Even though 60% of all buyers actually are trustworthy, and the
supplier underestimates this ratio, the supply chain deficit increases. In fact, the
supply chain deficit would only decrease due to communication if o > ot.;y = 0.62
holds (see Theorem 3.2).

The supplier’s expected costs decrease due to communication, which is in line
with Theorem 1 (as the condition in Theorem 1 holds). The buyer, in turn, is worse
off, independent of whether he is honest or deceptive. This stresses that uncondi-
tioned signals can substantially deteriorate the performance even of the deceptive
buyer (see Theorem 2.2).

An example in which communication is effective can be easily constructed
by setting o > o, In this case, it is more likely that the performance improving
order size gy' instead of the performance deteriorating order size gy is chosen.
Hence, the previous analysis showed that the effect of communication on supply
chain performance is ambiguous. To test the impact of the several parameters and
variables, a comparative static analysis is conducted in the next section.

6.3.3 Comparative Static Analysis

Figure 6.3 depicts the changes in the coordination deficit, ACD, the supplier’s
change in expected costs, E(ACy), as well as the buyer’s change in expected
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3 E(AC))

Fig. 6.3 Variation of the a priori probability p;

costs, E(AC}), in dependence of the a priori probability p;, py = 1 — p,.. Figure 6.3
is in line with Theorem 1, i.e., the expected costs of the supplier do not increase
since the relation in Theorem 1 holds. The supplier, thus, cannot be worse off due to
the adjustment of beliefs as long as the condition in Theorem 1 holds. The coordi-
nation deficit decreases in this example for relatively high a priori probabilities
pr(pL > 0,52). Intuitively, in this case it is more likely that the buyer chooses the
undistorted order size ¢, instead of the distorted order size gx*. Furthermore, from

g = thfy and y, = pL (hH — hy) (see Sect. 2.2) it follows directly that there

is a comparably stronger adjustment of the order size qy*,k = L,H,No if the a
priori probability py is low, since g = _17 holds As coordination potentials are
only used through an upward adjustment of gy, the coordination deficit decreases
for low values py or high values p; respectively. As an example, the supplier
adjusts the order sizes from qHAI =6.25 to gy~ = 3.28 and gy = 10.69 when
pr = 0.9 holds.

Additionally, Fig. 6.3 shows that the supply chain performance does not auto-
matically increase if the supplier’s estimation of the a posteriori distribution is
more accurate (which is always the case if the condition in Theorem 1 holds).
As the supplier minimizes his own expected costs instead of minimizing the
overall expected supply chain costs, the supply chain deficit can increase even
though the supplier estimates the buyer’s holding costs more accurately through
communication.

Figure 6.4 shows that the honest buyer cannot decrease his expected costs,
regardless of the a priori distribution (see Theorem 2.1). The deceptive buyer,
though, can either increase or decrease his expected costs (see Theorem 2.2).
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Fig. 6.5 Impact of the unconditioned signals on the buyer’s costs, supplier’s costs and the
coordination deficit

Figure 6.5 depicts the robustness of the results in dependence of the buyer’s

randomization variables ¢, = ¢;,i = L, H, No. The variation of ¢, is considered

by setting ¢, = ¢y, = %

Figure 6.5 depicts that an increase of the coordination deficit is observable for a
broad range of parameter values, i.e., as long as ¢, < 0.63. However, communica-
tion becomes more effective in terms of coordinating the supply chain, when the
deceptive buyers tend to choose the high cost signal with a high probability.



160 6 A Behavioral Model on the Effects of Information Sharing

8

7 4

44 E(AC,), honest)

™~

21 E(AC, deceptive)

O\L'\ . . . . vbrr = by

Vi —
] 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Fig. 6.6 Impact of unconditional signals on the honest and deceptive buyer’s expected costs

Figure 6.6 again stresses that the rationally deceptive buyer would choose the
unconditional signal ¢, = 1 if he assumes that the supplier updates his beliefs with
respect to the signal. An honest buyer, however, benefits from a deviating behavior,
as the increase in expected costs is lower for lower values of ¢, = ) - This effect
is prevalent, because in this case it is harder for the supplier to distinguish whether
signal S; was given by an honest or by a dishonest buyer.

In the following, the impact of the supplier’s trust as well as the buyer’s trustwor-
thiness is investigated. For this purpose, the level of the supplier’s trust is fixed at
& = 0,5 (as in the numerical example) while the buyer’s trustworthiness, o, varies.

Figure 6.7 shows that the expected costs of the supplier can increase, if the
overestimation of the buyer’s trustworthiness is relatively high (see Theorem 1).
In the numerical example the suppliers expected costs would increase for o < 0.25.
In turn, the coordination deficit decreases for o, ;; > 0.62.2

Figure 6.8 depicts the critical levels of trustworthiness, ., in dependence of
the supplier’s trust, &, for which the supply chain performance does not change
compared to the benchmark without communication. Furthermore, the arrows
depicts in which regions the supply chain deficit would increase and decrease.
These regions directly follow from Theorem 3.3. Figure 6.8 shows that communi-
cation becomes less attractive from a coordinational point of view, the higher the
supplier’s trust in the buyers signals, because o,,; is monotonically increasing with
increasing &. This counterintuitive result highlights that the unilateral claim for
more trust in supplier-buyer relationships might not always be justifiable. However,
note that Fig. 6.8 does not depict the size of the changes in the coordination deficit.

2Surprisingly, if it is assumed that the supplier can perfectly observe the buyers trustworthiness,
i.e., o = @, then the coordination deficit would only decrease for o = & > 0.95.
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Fig. 6.8 Critical level of trustworthiness (o) in dependence of trust (&)

Obviously, if the supplier totally mistrusts the buyers signals, i.e., & = 0, then
communication would have no impact on supply chain coordination and o,; = 0
would hold. In this case, though, neither the supplier nor the supply chain could
benefit from trustworthy signals. The same analysis could be conducted for changes
of ¢;. However, it can be shown that a variation of ¢ and ¢, have a similar impact on
the supply chain performance. Hence, this analysis is omitted.
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6.4 Impact of Strategic Information Sharing

The previous analysis concentrated on unconditioned signals, i.e., the buyer who
chooses his signal independently from his actual holding cost realization. Now, it is
assumed that the buyer conditions his signals on the actual holding cost realization.
Therefore, conditioned signaling variables,¢,(h;) Vi, k, are defined. These vari-
ables denote the probability that the deceptive buyer facing holding cost A; gives
the signal S;. The deceptive buyer might, for example, exaggerate his holding
cost to the maximum extent, i.e., ¢,(h;) = 1 Vi = 1,..., n. Alternatively, he might
always exaggerate his actual holding cost realization by one (possible) unit, i.e.,
o) =1Vi=k+1.

Please note, that the buyer might convey information (i.e., signals may not
be cheap talk) if he uses strategic signaling variables and the supplier correctly
anticipates this behavior. If the buyer always exaggerates by one unit, and the
supplier anticipates this correctly, the supplier could infer the holding cost from the
signal. In this case, the supplier has actually full information, which in turn leaves
no information rent to the deceptive buyer.

Again, it is assumed that the supplier estimates the buyer’s conditioned signaling
variables. This estimation is denoted by ¢, (/).

The conditioned signaling variables are obviously a generalization of the assump-
tion that the buyer gives unconditioned signals. Particularly, if ¢; = ¢;(h) and
¢; = ¢;(hy),Vk = 1,...,n hold, the same results apply. Hence, it is not surprising
that the analysis becomes more complex. Especially the previous theorems cannot be
easily transferred. For this reason a numerical example combined with a comparative
static analysis demonstrates the differences that emerge in contrast to the previous
section, i.e., in contrast to unconditioned signals.

Numerical example and comparative static analysis: As a starting point, it is
assumed that the supplier can perfectly observe the buyer’s conditioned signaling
variables. As an example, it is assumed that ¢, (k) = ¢, (h) =0, ¢y (h) =

(?H(hL) =1, ¢y (h) = d)No(hAL) =0, ¢ () = ¢p(hu) =1/3,  ¢y(hn) =
Gy (hy) =1/3 and ¢y, (hy) = dy,(hy) = 1/3. All remaining parameter values
from Chap. 5 apply. The buyer, thus, follows the strategy to always exaggerate
his holding cost to the maximum extent (i.e., by one unit) if he faces holding costs
hy. Yet, if he faces the holding costs /i he gives all signals with the same frequency
of 33%.

Note that the buyer’s costs do never change if he faces the highest possible
holding cost realization (see Chap. 3, condition 2). Truthful reporting as well as an
over- and understatement, thus, has no impact on his performance. In contrast to the
previous Sect. 6.3,” unconditional signals given the highest possible holding cost
realization /iy can indeed reflect the buyer’s signaling behavior even though he

3In the previous section it was assumed that the buyer gives unconditional signals as he simple
ignores that the supplier updates his beliefs with respect to the signal.
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Fig. 6.9 Variation of o under conditional signaling

anticipates the supplier’s adjustment of beliefs. Figure 6.9 depicts the expected
changes of the supplier’s costs, E(AC;), the buyer’s costs disaggregated by honest
and deceptive buyers, E(ACh jonest), E(ACh deceprive), and the overall supply chain
deficit, ACD, in dependence of the buyer’s trustworthiness, o.

Again, the supply chain deficit is vulnerable if communication takes place, i.e.,
if the supplier adjusts his probabilities with respect to the buyer’s signal. The
expected coordination deficit does only decrease if the buyers trustworthiness is
relatively high, i.e., if o >0.92 holds. The disaggregated view on the honest and
deceptive buyers point out that the deceptive buyers cannot be worse off if they
choose a suitable signaling strategy. The honest agents, however, are always worse
off due to reporting truthfully. This example shows, that even a buyer’s rational
signaling strategy, i.e., always exaggerating to maximum extent if he faces a
holding cost realization that is lower than %,, while randomizing signals if he
faces the holding cost realization £, can significantly harm the overall supply
chain performance. To highlight the impact of the buyer’s randomized signals
while facing the holding cost realization #,, the buyers signaling strategy given
hy, is varied. Figure 6.10 captures the changes of the respective expected costs for a
change of ¢ (hy). The variation of ¢ (hy) is considered by setting ¢y, (hy) = 0
and ¢, (hy) = 1 — ¢y (hy). Furthermore, it is assumed that the supplier expects that
the buyer always exaggerates to the maximum extent, i.e., ¢y (h) = ¢y (hy) = 1.
All other values from the previous example apply.

Figure 6.10 displays that the supply chain performance is dependent on the
supplier’s perception of the buyer’s signaling strategy and the signaling strategy
itself. As an example, for ¢, (hy) = 0.2 the supply chain deficit increases by
ACD = 1.54, i.e., the coordination deficit increases about 79% compared to the
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Fig. 6.10 Variation of the conditional signaling strategy

benchmark without communication, although the supplier expects the deceptive
buyer to give constantly the high cost signal. In contrary, the deceptive buyer’s
expected costs do not change through a change of ¢ (hy) (see Chap. 3, condi-
tion 2).* The supplier, thus, should carefully estimate the buyer’s unconditioned
signaling variables. However, if this is not possible he should be cautious to adjust
the a priori probabilities at all.

6.5 Conclusion and Managerial Insights

Traditionally, it is assumed that the principal has an a priori probability distribution
over the agent’s private information. However, there is usually little said on how the
principal obtains this distribution. Moreover, it is stressed that the assessment of the
a priori distribution is not influenced by communication, as information sharing is
treated as cheap talk.

This study shows that the introduction of communication in the presence of trust
and trustworthiness can substantially affect the predictions of principal-agent
models under asymmetric information. The behavioral model introduced in this
study therefore provides a general framework which allows investigating the

“In fact, the deceptive buyer’s expected cost change stays constant at E(ACp geceprive) = —0.02, and
the honest buyer’s expected cost change stays constant at E(ACp geceprive) = —12.19. Hence, all
variation of the coordination deficit does directly benefit or harm the supplier.
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impact of different information processing and information sharing behavior in a
general principal-agent framework.

The underlying work shows that the effect of information processing on the
supplier’s performance is ambiguous. Particularly, if the supplier manages to assess
the buyer’s information sharing behavior accurately while underestimating the
probability of receiving credible signals, the supplier can indeed improve his
performance. However, if the supplier does not anticipate the buyer’s information
sharing behavior accurately while being overconfident in receiving credible infor-
mation, a decrease in the supplier’s performance level is likely.

Surprisingly, the results show that the overall supply chain performance can
seriously deteriorate, even though the supplier can utilize the shared information to
assess a more accurate estimation of the buyer’s private information. This fact
stresses the basic conflict in supply chain management, i.e., the supplier’s optimi-
zation attempts do not automatically lead to supply chain optimal solutions. There-
fore, communication cannot be regarded as an appropriate coordination instrument
without considering the specific supply chain environment. Managers should care-
fully evaluate whether their respective supply chain is more likely to gain or to
loose from information sharing. The suppliers, on the one hand, should carefully
process the shared information and evaluate the potential losses from believing in
deceptive signals. The buyers, in turn, should account for the fact that their signals
might influence the supplier’s contract offers, and that the randomization of signals
especially in case of high holding costs can seriously harm the supply chain
performance. Hence, the ever increasing unilateral claim for trust in supplier—buyer
relationships needs to be handled carefully.

The behavioral model introduced in the underlying work is subject to some
limitations. First, it is assumed that communication, trust and trustworthiness are
exogenously determined. Yet, another approach might treat these variables endog-
enously by incorporating reputational effects in recurring interactions.

A further direction for research might be the extensive testing of this behavioral
model according to methods presented in Chap. 4. This research might give
valuable empirical data which allows for an estimation of the behavioral parameters
of the model.

Appendix: Proof of Theorems

Theorem 1. The suppliers expected costs do not increase due to the adjustment of
the a priori distribution as long as & < min; [%} ,i=1,...,n holds.
Proof. In the following it is shown that the supplier estimates the actual a
posteriori distribution p;(/;]S;) more accurately if the condition in Theorem 1 holds.
(a) Adjustment of the probability that corresponds to the signal: p;(hilS;),
Vi=1,..,n

First, it is shown that the perceived a posteriori probability is always lower than

.. ey g A (/5,0(
the actual a posteriori probability if o < YTy holds.
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As the supplier’s estimation needs to be more accurately for every signal

S;,i = 1,...,n (note that there is no adjustment for S, ), it follows:

¢ ] .
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i

Second, it needs to be shown that p;(h;|S;) > p; holds:

Hence, it follows that
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Hence, it follows:

o < min AL Jqi=1,..,n
Poldi-at ¢ — do

Furthermore, it needs to be shown that p; (4 |S;) < py holds:

Hence it follows that

pk(hk|si) Sﬁ/x(hk|S1) < Pk, Vi= L..,n+ Lk = 177”71# k

. . [ gy . .
The same argumentation follows for o > min; [7&;&& o W] Ji=1,..,m

pi < pi(hilSi) < p;(hilS;) Vi=1,...n
ﬁk(hk|S,~) Spk(hk|Si) Spk7 Vi= 1, ey + l;k = 1, ...,I’l;i;’é k

In this case, however, the change of the supplier’s expected costs depends on the
specific cost structure.

Theorem 2.1. The honest buyer’s expected costs increase due to truthful signaling.

The informational rent denotes the costs savings that occur for the buyer in
comparison to the outside option, i.e., the alternative supplier. Let IR; denote
informational rent of the buyer who faces holding costs of %;. From condition 2
(see Chap. 3) it follows:

Iy
~ 4n _Zn =C A
3 q AS
hy,

— IR, = CAS +Z, _7‘]n =0
hnfl hnfl

n— _an =~ n_Zn

B qn—1 1 B q
hnfl qdn

— IR, = CAS +Zy1 — Tanl =..=1IR, +7(hn - hnfl) >O; as hnfl <hn

hi i
IR; = ...=Cas+Ziy1 — 2 div1 = IR; 1y +%(hi+l — h;)
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Hence, if all ¢; 1%, ..., g, 1%, g,* decrease given a signal S;, then the informa-
tional rent /R; decreases as well.

The impact on the order sizes ¢,,*,m =i+ 1,...,n is analyzed by comppting
the change of y,,* given the changes of p,(h|S;),t =i+ 1, ...,n. From m <
0,Vt =i+ 1,...,nit follows directly that g, < ¢,,*’ as long as p; > p;(h,|Si). The
condition p, > p,(h|Sk) holds for all H < h (see Theorem 1), i.e., as long as the
buyer reports truthfully or understates his holding costs.

Theorem 2.2. The expected costs of the deceptive buyer can either increase or
decrease due to communication.

The deceptive buyer may either (a) report accidentally truthful, i.e., S = ﬁ, or (b)
misreport his holding cost, i.e., S # h.

Case (a): Accidental Truthful Reporting

S=h may occur if ¢; > 0 holds.

From Theorem 2.1 it follows directly that the deceptive buyer is worse off if he
reports truthfully.

Case (b): Deceptive Reporting

Deceptive reporting is formalized by S # h. The case of the deceptive reporting
is divided into three subclasses, (bl) an understatement of holding cost, (b2) an
overstatement of holding cost, but not to the maximum extent and (b3) an over-
statement to the maximum extent.

Case (b1): S < & (understatement of holding costs)

From Theorem 2.1 it follows that the deceptive buyer can only be worse off if he
understates his holding cost.

Case (b2): h < S < h, (overstatement, not to the maximum extent)

In this case, the deceptive buyer can either be better off or worse off.
If the reduction of the informational rents IRy, ....,IR, given S; and h=his
compensated by the increase of the informational rents IR;, ....,IR;_1, then he
is better off. Otherwise, he is not. However, this depends on the specific cost
structure.

Case (b3): h, = S > h (overstatement to the maximum extent)

From Theorem 2.1 and condition (1) (see Chap. 3) it follows directly that the
deceptive buyer can only be better off if he constantly signals S,. In this case, the
supplier adjusts the order quantity g,” upwards, i.e., g," > ¢,*. This leads to an
increase of all informational rents IR;,i = 1,...,n — 1.

> pidACDF + > pi ACD;

2. > i kitk i _ . AA_
Theorem 3.2. As long as o > S e ACDT =S (=g ACD; Oerir | O, @; ) holds,
i kiZk i
communication enhances the supply chain performance, and vice versa.
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As ACD; < 0 it can be easily shown that o, < 1 holds.
Theorem 3.3. The range of levels of trustworthiness for which communication is
an appropriate coordination mechanism decreases with increasing levels of
supplier’s trust.

Let omin denote the level of trustworthiness for which the coordination deficit
reaches its minimum for a given a certain level of trust &p;,.

Omin follows from:

ACD = (1—a) > > pihy ACD + o Zp,ACD'

i kji#k

+ (1 — o Zpid)iACDil = 0

.
aACD aACD OACD;
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It follows that 0%% <0, if o0 > opin, and vice versa.
Additionally, 3%% < 0 holds:

ACD = (1 —« ZZp,q’)kACDk—i—aZp,ACD‘

i kji#k

+(1—0) > pi,ACD;

BACD =Y pipACDS + ZplACD '

i kji#k
— Y P ACD; <0

Zp, $)ACD; <3 pig ACD/

i kji#k

As ACD;{ <0Vi=1,...,nand ACD/* >0,Vi,k=1,...,n;i # k (see Theorem 2.1)
it follows directly that 222 <0 is true.

If o = oi; holds, it follows that ACD = 0 (see Theorem 3.2). Hence, it follows
that o < oteriy — ACD >0 and o> oy — ACD <0, respectively.

Hence, it follows directly that oy, > 0. Since ‘?%CD > 0if omin > «, it follows
directly that a““" > 0.



Chapter 7
Conclusion and Outlook

The research objective of the underlying thesis is to improve existing approaches
of supply chain coordination under asymmetric information. Section 2.1 gave a
brief and general introduction into principal-agent models under asymmetric
information. These models were classified into moral hazard and adverse selection
problem. Afterwards, one approach to solve adverse selection problems, namely
screening contracts, was discussed in a strategic lotsizing framework. One of the
main assumptions in this framework is that the privately informed agent uses his
superior information strategically. The principal, in turn, anticipates this strategic
use and offers a screening contract which is independent of any communication
between the principal and the agent. Yet, these screening contracts are inefficient,
and recent experimental research has shown that the assumptions of rational- and
fully opportunistic behavior have to be treated with caution. Hence, Sect. 2.3
analyzes the potential benefits and pitfalls of information sharing in case of (non
rational) trust and trustworthiness. Finally, Sect. 2.4 closes with a comprehensive
review of adverse selection models in supply chain management.

Chapter 3 analyzes, if investments in process-improvements, such as setup cost
reduction, can help to strengthen the coordinational power of screening contracts in
the strategic-lotsizing framework. Interestingly, it is shown that the supplier’s
expected performance cannot decrease due to the investment option, but that the
impact on supply chain coordination is ambiguous. Two countervailing effects,
namely the fixed-cost and overinvestment effect are identified.

The basic insight is that the downward distortion of order sizes leads also to a
distortion of the supplier’s investment decision. This is, because the marginal
revenues increase due to the downward distortion of the order size. Consecutively,
there is an overinvestment in fixed cost reduction. On the other hand, the (over)-
investment in fixed-cost lessens the impact of the imbalance between fixed-costs and
holding costs per period. Hence, the total effect on supply chain coordination is not
clear. If the overinvestment effect is predominant, then the supply chain performance
is likely to decrease. In case the fixed-cost effect is predominant, thus, process-
improvements seem appropriate particularly under asymmetric information.

G. Voigt, Supply Chain Coordination in Case of Asymmetric Information, 171
Lecture Notes in Economics and Mathematical Systems 650,
DOI 10.1007/978-3-642-20132-5_7, © Springer-Verlag Berlin Heidelberg 2011
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Chapter 4 presented a laboratory experiment of the strategic lotsizing model
introduced in Sect. 2.2. The results show that some of the main assumptions in the
screening theory have to be handled cautiously. First, theory assumes that the
supplier ignores all shared information. Yet, the experimental results give highly
significant evidence that this is not the case. It is shown that there are some suppliers
who tend to believe shared information, while other suppliers ignore or interpret
shared information. Second, we find that communication is not used entirely
strategically. In fact, the strategic most relevant signal is hardly informative,
while other signals convey at least some information. Third, it is observed that
the contract choice behavior of the buyer can seriously harm the supplier’s and
supply chain’s performance. In particular, it is shown that the buyer may have an
incentive to cover up deceptive signals by his contract choice. This strategic scope
arises as the supplier can only observe if a signal was consistent but not if it was
truthful. As screening contracts are designed in a way that the payoff differences
between two alternatives are very small, the strategy of covering up deceptive
signals has almost no payoff effects for the buyer, but a substantial payoff effect for
the supplier. In fact, the choice of the so-called “indifference”-contract was
observed in only 7.9% of all observations, but causes almost 50% of the deviations
from the game theoretic equilibrium. These findings imply that the indifference-
modeling approach can seriously harm the supply chain performance.

Finally, the results show that communication limits the misalignment losses
that result from the supplier’s adjustment of subjective probabilities. In fact, even
though the deviations from equilibrium behavior cause a performance deviation on
the aggregate level, the performance deterioration is not uniform over the observed
behavioral types. We identified suppliers who have an unambiguous tendency to
believe in the buyers’ signals, and suppliers who do not believe. In contrast, we
observed that some buyers’ signals are more informative than others. The interac-
tion of these behavioral types indicates that trusting behavior helps to align the
actions and can even enhance the supply chain performance, whereas deception and
mistrust leads to the ineffectiveness of communication.

Chapter 5 directly compares the effectiveness of the screening contract com-
pared to simple wholesale-price contracts. In this experiment, the supplier’s options
to offer different kinds of contracts were substantially reduced. In fact, the supplier
was only allowed to offer either the screening contracts or a contract as if under full
information, i.e., a simple wholesale-price contract. Furthermore, this experimental
design was used to analyze whether the supply chain configuration, i.e., serial or
diverging, has an impact on the effectiveness of the screening contracts.

The experimental results show that screening contracts help to coordinate the
supply chain at least to some extent, as the supply chain performance significantly
improved compared to the wholesale-price benchmark. However, some empirical
difficulties were identified that mitigate the effectiveness of this contract type.

In particular, the experiment resembles the finding from the experiment in
Chap. 4, i.e., a tendency to choose the indifference-contract. This contract choice
heavily deteriorates the supply chain performance. We find that the suppliers
anticipate the risk of the buyer choosing the indifference-contract and are therefore
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reluctant to offer the screening contract. Hence, they tend to choose the simpler
wholesale-price contract, which deteriorates the supply chain performance. Not
surprisingly, however, the analysis reveals that the supplier’s perceived risk has
a minor impact on the contract offer behavior, if he is restricted to offer only
one contract in a diverging supply chain. In this case, the supplier tends to offer
screening contracts. Nonetheless, the direct inefficiencies that occur due to indif-
ference contract choices are still substantial.

Moreover, the experiments show that the mere presence of a punishment option
can enhance truthfulness, consistency and trust within the supply chain. Yet, the
punishment option needs to be designed properly, and must not be too expensive for
the supplier himself (which is the case if his only punishment option is to withdraw
the offer).

Chapter 6 develops a model based on the main assumption that not all buyers use
their private information entirely strategically. This assumption is supported by the
experimental results from Chaps. 4 and 5. Assuming that there is a supplier who
updates his beliefs according to the shared information, it is shown that the effect of
communication on supply chain performance is ambiguous. The model identifies
three main determinants that are crucial for analyzing the impact of communication
on supply chain performance, i.e., trust, trustworthiness, and the buyer’s signaling
behavior. In particular, the model identifies critical levels of trust- and trustworthi-
ness that are necessary to improve supply chain performance when the deceptive
buyers’ signals cannot be easily identified.

Particularly, if the supplier manages to assess the buyer’s information sharing
behavior accurately while underestimating the probability of receiving credible
signals, then the supplier can indeed improve his performance. However, if the
supplier does not anticipate the buyer’s information sharing behavior accurately
while being overconfident in receiving credible information, a decrease in the
supplier’s performance level is likely.

Furthermore, the model highlights that more accurate information can indeed
harm the supply chain performance, when the supplier exploits this more accurate
information. This fact highlights one of the main difficulties in supply chain
coordination: pursuing individual goals instead of supply chain goals can alter the
predictions of recommended strategies, such as information sharing. The following
subsections conjecture how the results can be applied to other frameworks.

7.1 Different Kinds of Asymmetric Information and Supply
Chain Interactions

Section 2.4 gives a comprehensive review of supply chain interactions, in which
screening contracts are used to align the incentives of the supply chain members.
Since all the experiments in the underlying thesis were designed as repeated games,
it is likely that the experimental results are easily transferable to those supply chain
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interactions in which the private information (e.g., cost or demand parameters)
changes over time. Hence, the experimental results are closest to supply chain
setting with long lasting relationships, in which contracts are renegotiated over
time. In these cases, reputational effects seem to have a substantial impact on
supply chain outcomes, and punishment and reward mechanisms outside the
contracting stage facilitate supply chain coordination. This is, because the truthful-
ness and the consistency of the reports increases, and reward considerations are
decoupled from the actual screening-contract offer. Yet, more experimental work
should investigate the impact of punishment and reward considerations when
screening- and simple wholesale-price contracts are used under repeated interac-
tion. As an example, a subtle punishment and reward mechanism might also be
available for the buyer. In our experiment, though, the buyer was only allowed to
directly affect the supplier’s payoffs with the contract choice, e.g., indifference
contract or alternative supplier. Yet, the indifference contract choice causes almost
no costs for the buyer, but has a significant payoff effect for the supplier. A more
subtle punishment mechanism might decrease the frequency of out-of-equilibrium
contract choices while increasing the overall efficiency of the supply chain.

Yet, if there is only a short term relationship, the results from the behavioral
model in Chapter 6 can be applied, and communication has an (positive or nega-
tive) impact on supply chain outcomes as long as there is an initial level of trust.
Moreover, the optimal screening contracts for different risk preferences were
derived (see Sect. 4.3), since the experimental data indicate some level of risk
aversion. Yet, this analysis is also transferable to short term supply chain relation-
ships, since risk aversion should not depend on the frequency of the respective
interaction. Nonetheless, additional experiments in which suppliers and buyers
interact only once seem to be an interesting focus for future research, since the
benefits of long term relationships could be evaluated.

7.2 Signaling Contracts and Other Mechanisms

So far, only the effectiveness of screening contracts and/or simple wholesale-
price contracts was tested in the strategic lotsizing model. However, other solution
methods, such as signaling contracts could be used to mitigate incentive conflicts in
adverse selection models.

The distinctive feature between screening- and signaling contracts is whether the
holder of the private information makes or receives the contract offer. As discussed
intensively, in screening contracts the ill-informed party offers the contract while
ensuring that the private information is revealed with the contract choice. In
contrast, in signaling contracts the holder of the private information offers the
contract. The basic idea is briefly demonstrated on a supply chain model introduced
by Desai and Srinivasan (1995). In order to stick to the notation used throughout the
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underlying work, it is assumed that the supplier is franchisor (principal) and the
buyer is franchisee (agent). The franchisor is privately informed about the market
potential for a product that is sold by a franchisee. Furthermore, the franchisee also
can influence the product’s demand with promotional effort which is observable
by the franchisor. The franchisee’s promotional effort is costly. Under these
circumstances, the buyer is willing to accept a higher franchise fee and a higher
promotional effort (dictated by the supplier) if the market potential of the franchise
concept is high. Hence, the supplier has an incentive to state that there is high
market potential in all states of nature, i.e., regardless whether he faces low- or high
market potential. The buyer, in turn, anticipates this behavior and will only accept a
franchise fee — promotional effort combination if the expected outcome (weighted
by the a-priori probability that there is a low- and high type supplier) leaves him at
least his reservation profit. Because the buyer can only base his decision on
expectations, the low-type supplier’s profits increase (i.e., he can enforce a better
franchise fee — promotional effort combination), and the high-type supplier’s profits
decrease. This gives the supplier with high market potential an incentive to “signal”
his potential, by offering a contract a low-type supplier would never offer.

Interestingly, the contract parameters in such signaling contracts do not depend
on the a-priori distribution of types, and a subtle measurement of trust via the
adjustment of subjective beliefs (see Chap. 4) is therefore not possible. However,
even though the adjustment of believes is not directly observable, it might be
possible observing that buyers accept contracts even though the expected outcome
is smaller than the reservation profit. In this case, communication could enhance
supply chain performance since the high-type supplier could offer efficient
contracts which are accepted by the buyer. Moreover, it would be interesting to
analyze whether low-type suppliers really mimic high-type supplier if they have the
chance, and how a punishment and reward mechanism influences the subjects
behavior in such an environment. Finally, note that there is no incentive to cover-
up deceptive signals, because there is no indirect feedback with respect to the
truthfulness and/or consistency as in screening-contracts. This fact might have a
substantial impact on the effectiveness of communication.

Another direction for future research is to test mechanisms that are simpler to
derive and implement than screening or signaling contracts, but which are not
optimal from the principal’s perspective. Cachon and Lariviere (1999), for exam-
ple, analyze allocation mechanisms in case of scarce capacities within the supply
chain. These allocation mechanisms define how much capacity is allocated to a
buyer in dependence of his forecast report. Interestingly, one of their main results is
that allocations mechanisms that theoretically lead to a misrepresentation of private
information can improve the supply chain performance. Given this result, it would
be interesting to investigate on the one hand, if the private information is really used
strategically (which is in this case favorable) and, on the other hand, how the
ill-informed party interprets the information. This experimental setting allows
testing the empirical effectiveness of allocation mechanisms (in contrast to screen-
ing contracts as a coordination device).
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7.3 Model Extensions

Chapter 6 introduced a behavioral model which captures the impact of communi-
cation if a certain fraction of agents reports their private information truthfully. Yet,
this model can be extended in two dimensions.

First, the model does not capture the impact of repeated interaction, and there-
fore the development of trust, trustworthiness and reputational effect. Yet, an
extension of the model could account for the dynamics arising under repeated
interaction by endogenizing the fraction of honest buyers and/or the suppliers’
level of trust. In such an environment, it would be interesting to analyze or simulate
different information sharing and processing strategies (e.g., tit-for-tat or grim-type
strategies).

Second, the experimental results show that there is a substantial tendency to
choose indifference contracts. Varying the size of additional incentives to ensure
self-selection is likely to be effective in reducing the frequency of indifference
contract choices. Note that the decision situation is somewhat similar to an ultima-
tum game, i.e., the buyer rejects an offer (or chooses the indifference contract)
unless the additional incentive is not high enough. A rigorous theoretical model that
accounts for the underlying ultimatum structure could develop upper and lower
bounds of these additional incentives, for which the screening contracts are still in
the supplier’s best interest. Note that such analysis is not trivial, since an additional
incentive that is given to high-type buyer needs at least to be paid to the medium-
and low-type buyer as well. Hence, if the additional incentive that is claimed by
buyer exceeds a certain level, the informational rents become prohibitively high
and the supplier tends to offer simpler wholesale-price contracts.
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