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MOQ is indeed the preferred contract when subjects are allowed to choose among coordinating contracts.

Academic/Practical Relevance: The behavioral operations management literature has established a tradeoff

between complex coordinating and simple non-coordinating contracts. This paper fills a gap in the literature
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Methodology: First, we test whether subjects in the role of suppliers given only a single contract type can

optimize its parameters. Second, we introduce treatments where subjects have access to a decision support
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coordinating contracts; (ii) this can be attributed to the differing cognitive burden induced by, and risk

inherent in, the different contracts; (iii) risk can be decoupled from cognitive burden to shed light on how

much of the performance gap could be attributed to each factor; and, (iv) subjects choose the MOQ contract

more frequently over theoretically equivalent coordinating contracts.

Managerial Implications: We show that the tradeoff between efficiency and complexity can be mitigated
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1. Introduction

Supply chain contracting has been studied extensively in the operations management literature.

The simplest contract involves a two-level supply chain, where the supplier sets the wholesale

price of an item and the retailer makes a quantity decision subject to that wholesale price, in a

newsvendor context. A wholesale price contract cannot optimize the performance of the supply

chain as a whole due to double marginalization. In other words, a retailer that cannot capture all

of the available margin will order a quantity that is suboptimal for the supply chain, which results

in a smaller “pie” for the supply chain partners to share.

In theory, there are various contracts that enable suppliers to overcome the double marginaliza-

tion problem and thereby increase the size of the pie. A buyback (BB) contract, under which the

supplier agrees to purchase unsold units from the retailer at a pre-determined price, incentivizes

the retailer to order more units. Setting the parameters such that the retailer orders the supply

chain optimal order quantity maximizes supply chain profit and so is said to “coordinate” the

supply chain. A revenue-sharing (RS) contract, under which the retailer pays the supplier both a

wholesale price for each unit purchased and part of the revenues from each unit that is eventually

sold, can also coordinate the supply chain. Such contracts are thus referred to as coordinating

contracts.

However, the literature on behavioral operations has shown that human subjects playing the role

of supplier find it difficult to set optimal contract parameters under buyback or revenue-sharing

contracts, and the consequence is suboptimal supply chain performance. In contrast, subjects

playing the role of supplier are able to identify optimal contract parameters under a wholesale

price (WP) contract (Katok and Wu 2009). The reason given is that wholesale price contracts are

simpler, or entail less of a cognitive burden. Under such a contract, the supplier’s problem is to

optimize a single decision variable. Subsequent literature has confirmed that using contracts that

are efficient in theory but relatively complex in practice may not only fail to improve supplier

profit but may even make the supplier worse-off (Kalkanci et al. 2011).

When considered together, the results just cited leave us with a conundrum. On the one hand,

we have contracts that are theoretically efficient but cannot be optimized by human subjects.

On the other hand, we have a contract that is theoretically inefficient yet can be optimized by

human subjects. It seems that firms face a tradeoff between using efficient but complex contracts

or simpler but inefficient contracts. We aim to establish whether this tradeoff can be mitigated or

perhaps eliminated by considering a different contract—one that is both simple and efficient. For
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this purpose, we focus on a coordinating contract that is popular in practice: the minimum order

quantity (MOQ) contract.

Supply chain practitioners express that the MOQ contract is ubiquitous in supply contracts

(Loqad 2016), especially with Asian suppliers (CHINAIMPORTAL 2016). Chow et al. (2012)

also suggests that the MOQ contract is often observed in practice, particularly in business-to-

business e-commerce players such as alibaba.com and globalsources.com. Indeed, their observations

are also anecdotally supported by a visit to alibaba.com where for a wide range of products a

majority of suppliers prefer an MOQ contract over a wholesale price contract. In a conversation

with us, Dominique Lecossois—who most recently served as the Chief Operating Officer for a top

global retailer—remarked: “Absolutely [MOQ contracts are ubiquitous], and not only with Asian

suppliers. This is a very common practice across the world.”

An example of an MOQ contract is the 4 February 2014 supply contract between Microsoft and

Take-Two Interactive Software, Inc. As shown in Figure 1. The form of the agreement specifies the

minimum order quantity to be purchased at each sales territory per FPU (Floating-Point Unit),

which is a math coprocessor integrated with the CPU (Central Processing Unit)(Law Insider 2016).

Figure 1 Minimum Order Quantity Contract between Microsoft and Take-Two Interactive Software

Our choice of studying the MOQ contract is also driven by our conjecture that—unlike other

coordinating contracts such as BB and RS—the MOQ contact induces lower cognitive burden

on subjects. To support our conjecture, we rely on the task complexity literature that identifies

three drivers of cognitive complexity: uncertainty; difficulty of connections between actions and

the consequences; and, the existence and (in)separability of subtasks. As we will discuss in more

detail later, the MOQ contract fares better than the BB and RS contracts with respect to each
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of these three drivers. This conjecture, when combined with the popularity of the MOQ contract

motivates three specific research questions that are addressed in this paper: (a) whether human

subjects perform better with the MOQ contract when compared to other coordinating contracts;

(b) whether and to what extent the lower complexity of the MOQ contract compared to other

coordinating contracts can explain why; and, (c) whether human subjects given a choice between

different coordinating contracts prefer the MOQ contract over others.

This paper makes several contributions to the literature: (i) We find that the MOQ contract

performs significantly better in a laboratory setting than other, theoretically equivalent contracts.

(ii) We demonstrate that the relative complexity of, and demand risk inherent in, the different

contracts are two important factors that allow subjects to perform better with the MOQ contract

compared to theoretically equivalent coordinating contracts. (iii) We decouple demand risk from

complexity and thereby shed light on how much of the performance gap could be attributed to

each of these factors. (iv) We develop a novel experimental setting featuring choice of contract and

also choice of parameters; as a result, we find that, when given a choice, subjects choose the MOQ

contract more frequently over other types of contracts. This experimental finding is consistent

with observations from the field. Additionally, the observed preference for the MOQ contract is

further strengthened as subjects gain more experience over periods in the experiment.

Together, these contributions provide plausible explanations about why MOQ contracts are

often observed in practice. Subjects attain higher performance with MOQ contracts than they

do with other equivalent coordinating contracts. They do so because MOQ contracts achieve the

best of all worlds—they are simple yet efficient, and they allow the supplier to avoid demand risk.

We discuss other potential benefits of the MOQ contract over other coordinating contracts, not

typically covered in a newsvendor setting, in the conclusion section.

From a managerial perspective, our results have important implications. The literature on nego-

tiation emphasizes the importance of simplicity, ease of communication, and alignment in creating

win-win situations (Raiffa 1982). In contrast, theoretical work in economics suggests that both

alignment and profit maximization are typically achieved via contracts that are more complex

(Laffont and Martimort 2009). Our results emphasize that simplicity and profitability need not

be at odds. We therefore provide normative guidance for managers seeking to streamline decision

making with no compromise in decision quality. Even though some of the behavioral biases in deci-

sion making can be alleviated to some extent by investments in decision support systems, for many

firms—especially smaller enterprises and those in emerging and underdeveloped economies—such

investments are not a viable option. It follows that there is considerable benefit to identifying

contractual mechanisms that ameliorate the adverse effects of complexity.
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2. Literature Review

Research published in recent years has explored the behavioral limitations to maximizing supply

chain efficiency in a newsvendor setting. In addition to work on the biases of human subjects in

the newsvendor problem (see e.g. Schweitzer and Cachon 2000, Benzion et al. 2008, Bolton and

Katok 2008, Lurie and Swaminathan 2009), several behavioral studies have been conducted that

seek to understand the shortcomings of supply chain contracts between retailer and supplier (e.g.

Keser and Paleologo 2004, Cui et al. 2007, Ho and Zhang 2008, Loch and Wu 2008, Su 2008,

Katok and Wu 2009, Ho et al. 2010, Kalkanci et al. 2011, Bolton et al. 2012, Becker-Peth et al.

2013, Katok and Pavlov 2013, Wu 2013, Zhang et al. 2015). The aim of such research is to design

contracts that can yield maximum efficiency while inducing supply chain partners to make optimal

(or nearly optimal) choices. In this paper, we investigate a coordinating contract that has been

understudied and may come closer to achieving this goal than others that have been studied in

the same context.

Cachon (2003) suggests that theory is not enough to distinguish the contracts that are worth

adopting. For example, even though the wholesale price contract cannot coordinate the supply

chain, it is often used in practice. He states that the contract designers might prefer to use an

inefficient contract, such as the wholesale price contract, just because it is simpler than others.

Moreover, he points out that a contract that is both simpler and at the same time can attain high

supply chain efficiency would be especially desirable by contract designers. Therefore, he proposes

the need for empirical studies to find contracts that are more favorable for human decision makers.

Behavioral studies have shown that, as the complexity of a supply chain contract increases,

subjects tend to choose contract terms that are farther away from the theoretical optimum. Katok

and Wu (2009) analyze coordinating contracts for the newsvendor problem in an experimental

setting where human subjects interact with automated supply chain partners. These authors refer

to the setting of human retailers interacting with computerized suppliers as a “retailer game” and

to the setting of human suppliers interacting with computerized retailers as a “supplier game”.

Because subjects have no social constraints vis-à-vis automated players, any deviation from theory

should be due to bounded rationality. Katok and Wu (2009) conduct experiments involving three

contract types—wholesale price, buyback, and revenue-sharing—for 100 periods. In the supplier

game, they find that subjects can make near-optimal decisions under a WP contract but not under

(the more complicated) BB and RS contracts. Nonetheless, participants can achieve higher channel

efficiency under buyback and revenue-sharing contracts because the wholesale price contract is

not a coordinating contract. Kalkanci et al. (2011) study the effect of contract complexity on
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the performance of the supplier under asymmetric demand information; they, too, use automated

retailers to eliminate any social bias. Subjects use one of the three contracts: a wholesale price

contract, a quantity discount (QD) contract with two price blocks, and a quantity discount contract

with three price blocks; these are contracts with increasing levels of complexity. The authors find

that a more complex contract does not increase supply chain efficiency. To the contrary, total

supply chain profit declines when subjects choose contract terms under the most complex contract

(quantity discount with three price blocks). Cui et al. (2018) compare the simpler wholesale price

contract with more complicated buyback and revenue-sharing contracts. They show analytically

that, under certain conditions, the wholesale price contract can result in higher profit for the

supplier when dealing with boundedly rational retailers. Experiments where subjects choose among

2 wholesale price and 2 buyback contracts support their findings.

The literature gives us further insight about important behavioral issues besides the complex-

ity difference among contracts. De Vericourt et al. (2013) study the impact of risk aversion on

the ordering decisions at the individual level. They find that male subjects, who are more risk-

seeking relative to female subjects, choose higher order quantities under a high profit margin

treatment. Becker-Peth et al. (2018) study the effect of risk aversion on individuals’ newsvendor

order quantity decisions for a single period (to emphasize the effect of risk aversion). They find

that risk-preferences—in addition to other behavioral biases like the pull-to-center effect—affect

order behavior. Zhang et al. (2015) demonstrate analytically that loss-averse players should pre-

fer revenue-sharing (resp. buyback) contracts when the critical ratio is high (resp. low). In an

experiment—where subjects chose among BB and RS contracts for which optimal parameters were

pre-set and corresponding payoffs associated with five demand realizations were shown—they found

evidence for their predictions in the the high-critical ratio scenario but not the low-critical ratio

scenario. Niederhoff and Kouvelis (2019) measure the risk and fairness preferences of subjects.

They find that risk-averse suppliers and those with fairness concerns do not perform significantly

better using the RS contract compared to the wholesale price contract. They conclude that a the-

oretically coordinating contract, the RS contract, can lead to higher profitability only if suppliers

are profit maximizing and risk-neutral and that a simple wholesale price contract can be similarly

efficient as a coordinating contract.

As reviewed above, buyback and revenue-sharing contracts have been studied extensively in a

newsvendor setting with stochastic demand. The minimum order quantity contract has not been

studied in that context. A few studies have started investigating the understudied MOQ con-

tract but have chosen to do so with deterministic demand and with a focus of social preference
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(e.g. fairness) concerns in human-to-human interactions. We review those papers here: Katok and

Pavlov (2013) find that retailers’ decisions are driven primarily by inequity aversion and suppliers’

decisions by incomplete information about the retailer’s fairness preferences. Pavlov and Katok

(2016) show analytically that a two-part-tariff cannot address inequity aversion while, in most

cases, MOQ contracts can. Haruvy et al. (2014) find that inefficiencies associated with the MOQ

contract that arise due to rejected offers in an ultimatum bargaining setting are alleviated in a

structured negotiations bargaining setting due to lower rejection rates. In a subsequent study,

Pavlov et al. (2016) analytically model the contract offer decision of the supplier and the accep-

tance/rejection decision of the retailer with ultimatum bargaining for boundedly rational suppliers

and semi-boundedly rational retailers. They also pool data across prior studies to test some of the

predictions of their model.

In summary, several studies report that subjects deviate from theoretically optimal parameters

when dealing with complex-efficient contracts (e.g. BB, RS, and QD) that involve two or three

contract terms. The same studies also suggest that subjects make near optimal parameter deci-

sions with the simpler-inefficient wholesale price contract. These findings imply a tradeoff between

efficiency and complexity. Others have found that coordinating contracts may become so ineffi-

cient that they are indistinguishable from the inefficient wholesale price contract. We contribute

to this literature by: (i) proposing three qualities that make an MOQ contract less complex than

other efficient contracts; (ii) testing with a between subject design whether subjects perform bet-

ter under the MOQ contract than with other coordinating contracts; (iii) testing to what extent

performance differences can be attributed to differences in complexity across contracts, and the

risk inherent in the same contracts; and (iv) testing whether subjects prefer the MOQ contract

over other coordinating contracts as implied by anecdotal evidence. We also note that the MOQ

contract has been understudied relative to other coordinating contracts. Moreover, recent work

that has begun to study the MOQ contract does not adopt a newsvendor context with stochastic

demand or automated retailers but focuses on social preferences with deterministic demand.

3. Contracts Investigated in This Study

We first provide an overview of work on centralized and decentralized supply chains as motivation

for coordinating contracts. We will then investigate the optimal execution of each contract studied

in this paper.
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3.1. Centralized vs. Decentralized Supply Chains

In a centralized supply chain, the supplier sends Q units to the retailer for a single selling season.

The retailer is a price taker and sells each unit for a price of p. There is a stochastic demand

D for a single selling period and the retailer has no additional replenishment opportunity. Each

unit’s manufacturing cost is c. In this scenario, there is a single objective function describing the

expected profit of the supply chain given by

E[Πc(Q)] = pE[min(Q,D)]− cQ. (1)

Since the objective function in Eq.1 is concave it can be maximized. The optimal quantity, Q∗,

that maximizes the objective function for uniformly distributed demand, D∼U(x, y) is:

Q∗
c = x+ (y−x)

(p− c)
p

. (2)

The optimal expected supply chain profit for uniformly distributed demand can be derived as:

E[Πc(Q
∗)] =

(p− c)(p(y+x)− c(y−x))

2p
. (3)

A decentralized supply chain’s performance is governed by the contract between supplier and

retailer. A legal contract between these two parties determines their respective “decision rights” and

the corresponding transfer payments based on certain verifiable contingencies. Given that rational

agents are expected to make selfish (i.e., profit-maximizing) decisions, poorly designed contracts

may lead to suboptimal performance as compared with a centralized setting. For example, because

of double marginalization, a wholesale price contract—under which the retailer makes a quantity

decision after a contract with just a wholesale price term is signed—cannot coordinate the supply

chain unless the wholesale price is set equal to the manufacturing cost c. Hence a WP contract

cannot be first best for the supplier when the retailer’s reservation value v is less than the maximum

expected supply chain profit, or E[Πc(Q
∗
c)]. Despite this shortcoming, wholesale price contracts

are seen in practice due to their simplicity (Cachon 2003).

So in a decentralized bilateral setting, such as the one we examine, the ideal contract leads to

optimal performance of the overall supply chain. In other words, the goal in a decentralized supply

chain is for the parties involved to make the same quantity decisions that would be optimal in the

centralized supply chain (i.e., Q∗
c); the resulting contracts are known as coordinating contracts.

In addition, the ideal contract should also allow for an arbitrary allocation of the overall supply

chain profits between supplier and retailer, so that they may split the profits according to their
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relative bargaining power (for a detailed discussion, see Cachon 2003). If one approaches the con-

tract design problem from a principal-agent perspective, then first-best contracts are coordinating

contracts that impose a tight participation constraint on the agent. When we consider the supplier

as the principal, the implication is that a first-best contract is one that maximizes the overall

supply chain profit while ensuring that the retailer’s profit is equal to its reservation value. Unlike

wholesale price contracts, contracts with higher degrees of freedom can be first-best contracts for

the supplier (Cachon and Lariviere 2005, Pasternack 1985)—that is, such contracts can coordinate

the supply chain while ensuring that the retailer’s expected profit is equal to its reservation value.

We investigate three such contracts (BB, RS, MOQ), each of which pair an additional contract

term with the wholesale price term. Our motivation for including the MOQ contract in this paper

is that they allow us to investigate whether augmenting a WP contract with a minimum order

quantity term—rather than a buyback or revenue-sharing term—enables better performance (in

terms of coordination and supplier profit) without substantially altering the low cognitive burden

that is the hallmark of simple wholesale price contracts.

3.2. The Buyback Contract

With the buyback contract, the supplier sells each unit for wbb and buys back the unsold units

for b if the retailer cannot sell all the products he bought from the supplier. When terms are

appropriately set, the retailer buys more products from the supplier, which increases supply

chain efficiency. The expected profits of the retailer and the supplier (Cachon 2003) are given by

E[Πr(Qbb,wbb, b)] = pE[min(D,Qbb)] − wbbQbb + b(Qbb − E[min(D,Qbb)]) and E[Πs(Qbb,wbb, b)] =

(wbb− c)Qbb− b(Qbb−E[min(D,Qbb)]). Hence, a supplier facing a retailer with reservation value,

v, solves:

max
(wbb≥0,b≥0)

(wbb− c)Q∗
bb− b(Q∗

bb−E[min(D,Q∗
bb)]) (4)

s.t. Q∗
bb = arg max

Qbb≥0

pE[min(D,Qbb)]−wbbQbb + b(Qbb−E[min(D,Qbb)]) (5)

pE[min(D,Q∗
bb)]−wbbQ∗

bb + b(Q∗
bb−E[min(D,Q∗

bb)])≥ v. (6)

where (5) gives the optimal quanity decision by a retailer, given the supplier’s contract parameter

choices and (6) is the retailer’s individual rationality constraint. For uniformly distributed demand

D∼U(x, y), the quantity maximizing the retailer’s profit (5) can be derived as

Q∗
bb = x+ (y−x)(

p−wbb
p− b

). (7)
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Let λ be v/(Π∗
c), which is the proportion of the retailer’s reservation value to the profit from

the centralized supply chain. The optimal solution to the optimization problem (4) can then be

expressed as (Katok and Wu 2009):

b∗ = (1−λ)p, (8)

w∗
bb = b+λc. (9)

If we substitute (8) and (9) in (7), we get

Q∗
bb =Q∗

c . (10)

Remember that Q∗
c is the quantity that maximizes the total supply chain expected profit given

by (2). This means that a supply chain can be coordinated to reach maximum profit (centralized

scenario’s supply chain profit) with the buyback contract.

3.3. The Revenue-Sharing Contract

With the revenue-sharing contract, the supplier initially sells each unit for wrs but also receives a

share of the revenue for each sold unit, r, from the retailer. Not charging the retailer upfront with a

high wholesale price but allowing the retailer to share its revenue afterwards encourages the retailer

to order more and can provide supply chain coordination. The expected profits of the retailer

and the supplier (Cachon 2003) are given by E[Πr(Qrs,wrs, r)] = (p− r)E[min(D,Qrs)]−wrsQrs

and E[Πs(Qrs,wrs, r)] = (wrs − c)Qrs + rE[min(D,Qrs)] Hence, a supplier facing a retailer with

reservation value, v, solves:

max
(wrs≥0,r≥0)

(wrs− c)Q∗
rs + rE[min(D,Q∗

rs)] (11)

s.t. Q∗
rs = arg max

Qrs≥0

(p− r)E[min(D,Qrs)]−wrsQrs (12)

(p− r)E[min(D,Q∗
rs)]−wrsQ∗

rs ≥ v. (13)

For uniformly distributed demand D∼ U(x, y), the quantity maximizing the retailer’s profit (12)

can be derived as
Q∗
rs = x+ (y−x)(

p−wrs− r
p− r

). (14)

Let λ be v/(Π∗
c), which is the proportion of the retailer’s reservation value to the profit from

the centralized supply chain. The optimal solution to the optimization problem (11) can then be

expressed as (Katok and Wu 2009):
r∗ = (1−λ)p, (15)

w∗
rs = λc. (16)
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If we substitute equations (15) and (16) in (14), we get

Q∗
rs =Q∗

c . (17)

Therefore, reaching maximum efficiency in a supply chain is also possible with the revenue-sharing

contract given the right parameters.

3.4. The Minimum Order Quantity Contract

In general, wholesale price contracts are not first best. However, when the wholesale price term

is paired with an additional contract term (a buyback, or a revenue-sharing term) the double

marginalization problem associated with a wholesale price (WP) contract can be avoided, which

allows for supply chain coordination. Similarly, if a minimum order quantity term is included in the

contract, then the resulting minimum order quantity contract can also be first best. With MOQ

contracts, the supplier chooses a wholesale price wmoq for each unit and a minimum order quantity

Qmin. The retailer can then either choose an order quantity greater than or equal to the minimum

order quantity, i.e. Qmoq ≥Qmin, or reject the contract. The expected profits of the retailer and the

supplier are E[Πr(Qmoq,wmoq)] = pE[min(D,Qmoq)]−wmoqQmoq and E[Πs(Qmoq,wmoq)] = (wmoq−
c)Qmoq. Hence, a supplier facing a retailer with reservation value, v, solves:

max
(wmoq≥0,Qmin≥0)

(wmoq − c)Q∗
moq (18)

s.t. Q∗
moq = arg max

Qmoq≥Qmin

pE[min(D,Qmoq)]−wmoqQmoq (19)

pE[min(D,Q∗
moq)]−wmoqQ∗

moq ≥ v. (20)

For uniformly distributed demand D∼U(x, y), the quantity maximizing the retailer’s profit (19)

can be derived as

Q∗
moq =

{
x+ (y−x)(

p−wmoq

p
), if x+ (y−x)(

p−wmoq

p
)≥Qmin,

Qmin, otherwise.
(21)

The profit maximizing supplier will choose the Q∗
min equal to the first best order quantity while

setting the wholesale price w∗
moq to allow the expected retailer profit to be equal to its outside

option. Therefore, the optimal contract parameters are

Q∗
min =Q∗

c , (22)

w∗
moq = (E[Πc(Q

∗
c)]− v)/Q∗

c + c. (23)

If we substitute equations (22) and (23) in (21), we get

Q∗
moq =Q∗

c . (24)

Therefore, the supply chain can also be coordinated to reach maximum profit with the minimum

order quantity contract.
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3.5. Summary

In short, as all three coordinating contracts involve optimizing over two contract terms rather

than one, they potentially involve more cognitive burden than the WP contract—which has been

shown to be the case for the BB and RS contracts in a newsvendor setting. The MOQ contract—

which has three desirable properties that may make the parameter selection task cognitively less

burdensome—has not been compared to other contracts in a newsvendor setting. Therefore, we aim

to determine whether adding a minimum order quantity term rather than a buyback or revenue-

sharing term, to a wholesale price term results in less cognitive burden on decision makers.

4. Experimental Implementation
We carried out our study in four sets of treatments for a total of ten treatments. In the first

set of treatments (i.e. the first through third treatments), subjects only have access to a single

contract type (BB, MOQ, or RS) in all periods and need to optimize the parameters for that

particular contract. We label these treatments the BB, MOQ and RS treatments. The first set of

treatments allow us to understand how subjects perform with each of these coordinating contracts

and whether performance levels differ among the contracts.

In the second set of treatments (i.e. fourth through sixth treatments) we replicate the prior three

treatments with the addition of a decision support system (DSS) to the user interface. The DSS is

designed to reduce cognitive burden for subjects making contracting decisions. These treatments

are labeled as the BB-DSS, MOQ-DSS and RS-DSS treatments. Comparing the results of the

first and second sets of treatments will provide us with insight on whether and to what extent

complexity can explain performance differences across contracts. These findings will be further

stress tested in Section 7, where we directly measure cognitive burden experienced by subjects

trying to optimize the parameters for BB, MOQ and RS contracts.

In the third set of treatments (i.e. seventh and eighth treatments) we introduce a perfect hedge

to the BB and RS treatments where suppliers are exposed to demand risk. In these treatments,

labeled BB-Hedge and RS-Hedge, we introduce a third party “hedger” who transfers a sum to make

up for the supplier’s loss whenever they make less than their expected profit as a result of uncertain

demand. Conversely, a payment is made by the supplier to the hedger whenever they make more

than their expected profit due to uncertain demand. As a result, suppliers always make their

expected profit. While a perfect hedge is not mainstream, it can be constructed occasionally with

help from financial institutions.1 Importantly, the perfect hedge treatments allow us to remove one

1 For a recent example, please see Financial Times article on how the Saudi Public Investment Fund hedged its
exposure to Tesla with the help of bankers at JPMorgan Chase. Despite owning 4.9% of Tesla, the fund is left with
little exposure should the price fall or rise (Massoudi and Waters 2019).
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of two theorized drivers of the superior performance of MOQ contracts. Analyzing these results

will allow us to isolate the impact of the two drivers and provide a better understanding of whether

differences in performance are due to risk, complexity or both.

The final set of treatments (i.e. ninth and tenth treatments) incorporate a novel design aspect

whereby subjects can choose both the specific contract terms and which type of contract (BB,

MOQ, or RS) to offer in each period. We label the version of this treatment without and with

a decision support system the “Choose Your Contract” or CYC treatment and the CYC-DSS

treatment. Analyzing the choices of participants under these conditions allows us to gain insight

into subjects’ contract preferences and how they evolve over the course of the experiment.

In the first 8 treatments, which we refer to collectively as the Supplier Games, every period

involves subjects entering two contract parameters for a given contract type. The data gener-

ated from these treatments are analyzed in Section 5. In each period of the CYC and CYC-DSS

treatments, subjects choose one of the BB, MOQ, or RS contracts and also enter the associated

contract parameters. In each of 100 periods, participants are allowed to switch from one contract

(and set of parameters) to another. The data generated from these two treatments, which we refer

to collectively as the Choose Your Contract Games, are analyzed in Section 6.

In all of these treatments, the human subject is the supplier and faces an automated retailer.

After five warm-up periods, subjects complete 100 periods. When making decisions at each period,

the subjects aim to maximize their respective profits in the supplier role. The automated retailer

responds in a way that maximizes its expected profit given the contract parameters chosen by the

subject—although the retailer accepts the contract only if its expected profit is no less than its pre-

set reservation value v. At the end of each period, demand is randomly generated by the software

and then the realized profits of the supplier and retailer are calculated accordingly. Irrespective

of the contract type, the supplier’s production cost is set to c = 3 and the retail price is set to

p= 12. Demand follows a stochastic uniform distribution D∼U(0,100). In this setting, Q∗
c = 75.

Each treatment also includes two exit surveys where we measure the risk and loss aversion levels of

individuals using methods described in Holt and Laury (2002) and Zhang et al. (2015), respectively.

In the risk aversion survey, subjects choose between two gambles for each of ten gamble pairings.

In the loss aversion survey, subjects choose between one gamble and one certain payoff for each of

thirteen gamble and certain payoff pairings.

4.1. Software Design

The software for our experiment is designed in Visual Basic. Subjects select parameters by entering

the values into boxes, which give warnings if subjects choose infeasible parameters; for instance,
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the wholesale price in the BB treatment can neither be lower than the production cost c nor higher

than the retail price p. In the BB treatment, the subject chooses two contract parameters—the

wholesale price w and the buyback price b—at the beginning of each period. In this game, the

parameter ranges are [3,12] for w and [0,w] for b (both multiples of 0.1). In the RS treatment,

the subject chooses the parameters w and r (the per-unit revenue-sharing price) at the beginning

of each period; here the parameter ranges are [0,12] for w and [0,12−w] for r (both multiples

of 0.1). Moreover, the sum of the parameters w and r must be at least equal to the production cost

of 3. Subjects in the MOQ treatment choose the parameters w and Qmin at the beginning of each

period. For w, the parameter range is again [3,12] (multiple of 0.1); for Qmin, the range is [0,100]

(multiple of 1). Finally, the corresponding ranges apply to the contracts selected by the subjects

in each period of the CYC treatments. An additional feature in the DSS treatments is that the

supplier’s and retailer’s expected profits are displayed and updated by using the “Update” button.

This way, subjects can get help from the software and simplify their decision making process.

In all treatments, the optimal value of λ is 13.3%, which corresponds to an expected profit for

the retailer of 45 francs (the franc is the monetary unit used in all of the experiments). Thus the

software rejects any input parameters that would render the retailer’s expected profit less than

45 francs. At the end of each period, profits are realized as a function of randomly determined

demand (and then logged in a history table). After a subject is done with the 100 periods, the

risk aversion survey and loss aversion surveys appear. Sample screenshots from the supplier game,

supplier game with the DSS, supplier game with a hedge, CYC game, CYC game with the DSS,

risk aversion survey, and loss aversion survey are provided in the e-Companion.

4.2. Experimental Protocol

We followed the same protocol for all experimental sessions. This included arranging a computer

lab in which software for one of the ten treatments (BB, BB-DSS, BB-Hedge, MOQ, MOQ-DSS,

RS, RS-DSS, RS-Hedge, CYC, CYC-DSS) was pre-installed. Participants were called to the venue

at a specified time and were supplied with written instructions including rules of the game and the

explanation of the surveys. An oral presentation was made to the participants in order to illustrate

the formulas for the related contract type or types, after which questions of the participants were

answered.

Each session lasted about 60 minutes, and a total of 479 undergraduate students participated.

These individuals were not allowed to interact with each other. In order to motivate subjects

to maximize their supplier-role profits, they were paid both a participation fee of 5 Singapore
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dollars (S$5) and an additional amount of up to S$15 depending on their performance in the game

and up to S$3.85 from the survey. Before the data analysis step, the risk aversion survey results

were checked and 13 subjects who chose Option A over Option B for all pairings including the

last pairing were removed from the data set. This is because the last question asks subjects to

choose between a certain payoff of $2 and a certain payoff of $3.85. Subjects choosing Option A

over Option B in this question do not comply with the assumption that subjects prefer a higher

payoff over a lower payoff. Such subjects may not be interested in the reward or may not have

understood the instructions. In either case, we exclude their data from the analysis. We also

exclude four subjects, who performed outside the limits determined by interquartile range rule for

corresponding treatment, as outliers (Montgomery and Runger 2010, pp. 208).2 The number of

subjects for each treatment can be found in Table 1. The overall average reward was S$17.85.

Table 1 Number of Subjects in Each Treatment

Contract No DSS DSS Hedge

BB 35 34 29

MOQ 51 55 –

RS 56 56 31

CYC 52 63 –

Total: 462 subjects.

5. Supplier Games

The behavioral operations literature on the newsvendor problem suggests that decision makers have

difficulty optimizing theoretically efficient contracts because the contracts are too complex for them

to make optimal decisions. Cachon (2003) also suggests that their complexity levels might explain

why decision makers prefer some contracts over others in practice. However, practitioners and

academics have observed that one theoretically efficient contract, the MOQ contract, is relatively

popular in practice (see e.g. Loqad 2016, Chow et al. 2012). Therefore, it is worth investigating

the relative complexity of the MOQ contract compared to that of other coordinating contracts.

In order to identify the mechanisms that make a contract objectively more complex, we turn to

the task complexity literature. March and Simon (1958) state three main qualities determining

the complexity of a task. These qualities are; (i) uncertainty in actions or consequences of actions;

2 We note that including either subset of removed subjects in our analysis does not change any of our conclusions.
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(ii) the difficulty of understanding connections between actions and their consequences; (iii) the

existence and inseparability of subtasks.

The MOQ contract differs from the BB and RS contracts in complexity with respect to each of

these qualities. First, demand uncertainty leads to different profits for the supplier (subject) with

BB and RS contracts even if they set the same contract parameters across periods. In contrast,

with the MOQ contract, the supplier’s profit is the same in periods where they select the same

contract parameters. This makes it easier for suppliers to identify the parameter combinations

that will result in higher profits with the MOQ contract. Second, it is more difficult to establish

the connection between the choices subjects make (contract terms) and the resulting outcome (the

quantity chosen by the retailer, which directly impacts total supply chain profits) with the BB and

RS contracts compared to the MOQ contract where one of the contract terms is a minimum order

quantity. Third, subjects have two subtasks—namely, maximizing total supply chain profit and

maximizing the supplier’s share of that total profit—with all contracts. However, the two subtasks

are separable only with the MOQ contract. With the MOQ contract, it is possible for the supplier

to sequentially address the first subtask by optimally setting the minimum order quantity term to

Q∗
c and the second subtask by finding the price that only leaves the retailer its reservation utility.

In contrast, contract terms in the BB and RS contracts need to be optimised simultaneously. This

makes the subtasks inseparable and the contracts more complex. While we cannot pinpoint to

what extent each of these properties make the MOQ contract less complex than the BB and RS

contracts, we can confidently state that they jointly indicate that the MOQ contract induces lower

cognitive burden.

The supplier games are similar to experiments in the prior literature involving the BB and RS

contracts. As such, they first serve as a check on whether our results are consistent with the prior

behavioral operations literature on the suboptimality of the BB and RS contracts. Importantly,

they also allow us to test whether subjects perform significantly better under the MOQ contract

with respect to these theoretically equivalent coordinating contracts. We moreover study whether

the MOQ contract is indeed less complex than the other coordinating contracts and to what extent

the lower complexity of MOQ contracts could explain the better performance of decision makers

using MOQ contracts.

5.1. Hypotheses

In our eight supplier games, the decision maker is the supplier and seeks to maximize his/her

own profit by choosing different contract parameters for different contracts: {w,b} in the BB
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games, {w,Qmin} in the MOQ games, and {w,r} in the RS games. The participants in our exper-

iment are informed about cost and price parameters and about the stochastic uniform demand,

D ∼ U(0,100). We analyze the decisions of subjects in terms of average supplier performance

because, while supply chain coordination is central to operations management, higher supply chain

profit does not necessarily translate to higher supplier profit, which is the metric subjects aim to

maximize in our experiment. The supplier profit depends not only on the size of the pie (supply

chain profit) but also on the supplier’s share of the pie. We also conduct an analogous set of

analyses on supply chain performance as in Katok and Wu (2009), which can be found in the

e-Companion.

We will use E[Πs] as the unifying metric to test the supplier’s performance. Theory predicts that

the decision maker will choose the contract parameters that maximize supplier profit according

to Section 3. Optimal parameters will maximize not only total supply chain profit but also the

supplier’s share of the chain profit. Therefore, the supplier is expected to set parameters so as to

maximize supply chain profit (E[Πc(Q
∗
c)]) and leave only its reservation value v to the retailer. In

doing so, the supplier will attain a profit of E[Πs] = E[Πc(Q
∗
c)]− v = 292.5. We consequently test

the optimality of the supplier profit for the coordinating contracts with our first hypothesis.

Hypothesis 1 (Optimality check for the supplier). Average expected supplier profits, E[Πs], will

be E[Πc(Q
∗
c)]− v= 292.5 for the BB, MOQ, and RS games.

The next hypothesis is related to the relative performance of the BB, MOQ, and RS contracts. In

each of the supplier games, participants choose two parameters at each period. In theory, all three

contracts can attain the same level of efficiency and—at the optimum—average expected supplier

profit values should be equal in coordinating contracts since optimal parameter selection will not

only maximize the supply chain profit but also secure equal share of the supply chain profit in

each of these coordinating contracts. Therefore, our next hypothesis compares the supplier profits

among the three coordinating contracts.

Hypothesis 2 (Equivalence check for the supplier). Average expected supplier profit values

E[Πs]BB, E[Πs]MOQ, and E[Πs]RS will be the same in the BB, MOQ, and RS games.

Hypotheses 1 and 2 address our first research question: Do subjects perform better with the

MOQ contract compared to the theoretically equivalent BB and RS contracts? The next hypothesis

focuses on the role of cognitive burden imposed by complexity.
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One way to address complexity is to use a decision support system that provides subjects with

feedback about the impact of their potential parameter choices on both their (supplier’s) and

the retailer’s expected profits. Such a tool reduces complexity by addressing all three qualities of

complex tasks. First, it helps subjects focus on expected outcomes in the presence of uncertainty.

Second, it facilitates the establishment of the action-consequence connection. Third, it aids the

subjects in identifying whether—and if so, how—their task can be separated into smaller subtasks.

The next hypothesis hence tests whether subjects perform better in the supplier games with the

DSS compared to the supplier games without the DSS. Because we conjecture that the MOQ

contract is inherently less complex to begin with, we also hypothesize that the DSS, which reduces

cognitive burden, will benefit performance for the BB and RS contracts but not the MOQ contract:

Hypothesis 3 (Cognitive burden hypothesis for the supplier). Average expected supplier profit

values for the BB and RS contracts, E[Πs]BB and E[Πs]RS, will be closer to optimal in the DSS

versions of the supplier games but the average expected supplier profit for the MOQ contract,

E[Πs]MOQ, will not.

As the decision support tool helps alleviate cognitive burden by reducing complexity, we should

see an improvement in performance in the DSS versions of the cognitively more burdensome BB

and RS games. If the MOQ contract is indeed cognitively less burdensome to begin with, we should

see a less pronounced improvement or none at all, as a result of introducing the DSS.

So far, we have argued that the BB, MOQ and RS contracts are theoretically equivalent—in

terms of expected value—but that the MOQ contract is less complex. In addition, the MOQ

contract does not entail any demand risk for the supplier. Therefore, assuming subjects prefer

lower cognitive burden and lower risk, the MOQ contract is Pareto improving with respect to

cognitive burden and demand risk. Consequently, it is not clear, to what extent the conjectured

superior performance of the MOQ contract is due to lower cognitive burden or lower risk. We next

explore whether at least some of the performance differences among contracts can be attributed

to its lower risk.

In order to disentangle the effects of risk and complexity on performance, we need to create an

experimental setting where either the demand risk or the complexity is eliminated for all three

contracts. As we previously argued, the contracts should inherently entail different levels of com-

plexity. Since it is impossible to eliminate complexity altogether or make complexity equal among

contracts without substantially altering the task undertaken by subjects across treatments, we
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design treatments to eliminate the demand risk difference among the contracts. There is no demand

risk associated with the MOQ contract where suppliers’ payoffs are always equal to their expected

payoffs, regardless of the demand realization. Consequently, we proceed with two treatments where

a perfect hedge is introduced such that suppliers’ payoffs from the BB and RS contracts are also

always equal to their expected value. These treatments are labeled as the BB-Hedge and RS-Hedge

treatments. If risk has a role to play in the inferior performance of the BB and RS contracts

(or superior performance of the MOQ contract), subjects’ performance should be higher in the

BB-Hedge and RS-Hedge treatments compared to the BB and RS treatments. If risk is the sole

reason for the inferior performance (i.e. other drivers of complexity do not have a role to play),

then performance in the BB-Hedge and RS-Hedge treatments would be equal to that in the MOQ

treatment.3 We postulate that some—but not all—of the hypothesized better performance of the

MOQ contract will explained by risk.

Hypothesis 4 (Risk hypothesis for the supplier). Average expected supplier profit values for the

BB and RS contracts, E[Πs]BB and E[Πs]RS, will be closer to optimal in the Hedge versions of the

BB and RS games where demand risk is eliminated. However, the average expected supplier profit

for the MOQ contract, E[Πs]MOQ, will be closer to optimal still.

The results of Hypotheses 3 and 4 will help us address our second research question: Can

the different levels of cognitive burden imposed by the contracts explain differences in subjects’

performance with the different contracts? And, if so, to what extent?

5.2. Results

Descriptive statistics of the average behavior of participants in all eight supplier games are reported

in Table 2 along with the corresponding theoretically optimal values. We can see—even prior

to formal tests—that subjects cannot reach optimal profit levels with any of these coordinating

contracts. Nevertheless, they perform best with the MOQ contract. While subjects attain similar

profit levels in the BB and RS games without the DSS, a performance increase is observed when

subjects are given the DSS. We do not observe a performance difference between MOQ and MOQ-

DSS games.4 Subjects seem to perform better in BB-Hedge and RS-Hedge games but this does

3 We note that removing risk plays two roles. It eliminates behavioral biases such as risk-aversion and loss-aversion.
At the same, it eliminates the first driver of complexity. Any remaining difference in performance is therefore
associated with the second and third drivers of complexity (listed on pages 15-16).
4 The average order quantities and average expected supplier profits in each period for the BB, MOQ, and RS games
with and without the DSS are plotted in the e-Companion.
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not make up for the inferior performance of the BB and RS contracts, relative to the MOQ

contract—suggesting that risk alone cannot explain the difference in performance but both risk

and complexity play a role. Next, we formally test these initial observations.

Table 2 Supplier Game: Theoretical versus Experimental Outcomes

Game Statistic Theory Without DSS With DSS Hedge

BB Q 75 46.66 (14.54) 57.84 (15.69) 58.48 15.00

E[Πc] 337.5 273.99 (33.41) 302.36 (30.53) 298.48 (28.14)

E[Πs] 292.5 201.93 (30.05) 233.40 (36.08) 230.19 (29.91)

w 10.8 8.85 (0.83) 9.46 (0.93) 9.5 (0.72)

b 10.4 4.56 (2.66) 6.93 (2.69) 6.96 (2.31)

MOQ Q 75 67.82 (11.36) 66.70 (11.95) – –

E[Πc] 337.5 324.55 (15.51) 321.87 (23.07) – –

E[Πs] 292.5 274.85 (17.78) 271.06 (29.20) – –

w 6.9 7.17 (0.58) 7.18 (0.53) – –

Qmin 75 67.69 (11.43) 66.27 (12.59) – –

RS Q 75 45.17 (8.57) 50.02 (12.32) 53.73 (10.63)

E[Πc] 337.5 278.26 (28.47) 287.32 (28.66) 297.98 (25.37)

E[Πs] 292.5 206.43 (27.49) 221.55 (31.16) 235.01 (28.51)

w 0.4 4.20 (1.63) 3.28 (1.70) 2.78 (1.59)

r 10.4 4.62 (2.18) 5.99 (2.31) 6.73 (2.20)

Note: Average values reported for experimental outcomes with standard deviations in parentheses.

Siegel (1956) states that nonparametric hypothesis tecniques are best suited to analyze behav-

ioral data. The behavioral operations management literature (e.g. Katok and Wu 2009, Kalkanci

et al. 2011 and Zhang et al. 2015) also often uses nonparametric tests for hypothesis testing. The

unit of the tests for Hypotheses 1, 2, 3 and 4 is average expected supplier profits of each subject.

We used the one-sample Wilcoxon test for Hypothesis 1 to test whether the average expected sup-

plier profits are equal to their theoretically optimal values. On the other hand, the Mann-Whitney

U test is used for Hypotheses 2, 3 and 4 to test whether two independent treatments follow the

same distribution. The results of these hypothesis tests are shown in Table 3 where the median

differences are presented as test statistics, in accordance with the use of non-parametric statistical

tests.
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Table 3 Supplier Performance: Supplier Game Hypotheses with Median Differences

Hypothesis ∆E[Πs]

E[Πs]BB −E[Πs(Q
∗)] = 0 −97.65∗∗∗

H1 E[Πs]MOQ −E[Πs(Q
∗)] = 0 −10.89∗∗∗

E[Πs]RS −E[Πs(Q
∗)] = 0 −93.08∗∗∗

E[Πs]BB −E[Πs]RS = 0 −4.56

H2 E[Πs]MOQ −E[Πs]BB = 0 86.76∗∗∗

E[Πs]MOQ −E[Πs]RS = 0 82.19∗∗∗

E[Πs]BBDSS −E[Πs]BB = 0 38.65∗∗∗

H3 E[Πs]MOQDSS −E[Πs]MOQ = 0 6.56

E[Πs]RSDSS −E[Πs]RS = 0 25.21∗∗

E[Πs]BBHedge −E[Πs]BB = 0 37.34∗∗∗

H4 E[Πs]MOQ −E[Πs]BBHedge = 0 49.41∗∗∗

E[Πs]RSHedge −E[Πs]RS = 0 29.68∗∗∗

E[Πs]MOQ −E[Πs]RSHedge = 0 52.52∗∗∗

Note: ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.

We reject Hypothesis 1 for each of BB, MOQ, and RS contracts because the associated p-values

are lower than 0.05, as reported in Table 3. This finding suggests that subjects fail to maximize

their expected profits with each of these coordinating contracts.

The buyback, minimum order quantity and revenue-sharing contracts are equivalent in theory

(i.e., they are all coordinating contracts) and should therefore lead to the same expected supplier

profits—as implied by Hypothesis 2. We reject the hypothesis when comparing the MOQ contract

with either of the other coordinating contracts but we cannot reject Hypothesis 2 for the equiva-

lence of the BB and RS contracts. Therefore, expected supplier profits are significantly higher with

the MOQ contract when compared to the BB and RS contracts.

The result of Hypothesis 2 constitutes our first key finding: The participants’ parameter selections

result in better supplier profit for the MOQ contract compared to theoretically equivalent BB and

RS contracts.

So far, results on Hypotheses 1 and 2 suggest that subjects cannot choose the parameters

maximizing their profit with the coordinating contracts. However, in contrast to theory, the MOQ

contract results in significantly better profits compared to the BB and RS contracts. These results

could indicate that subjects find the BB and RS contracts more complex and bear more cognitive

burden when using these contracts. If this is true, a simple decision support system that mitigates
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complexity should help with subjects’ performances in supplier games, especially with the BB and

RS contracts.

We compared the supplier performances for each contract, with and without the decision support

system. We can see from Table 3 that the expected supplier profits are significantly higher with

the DSS for the BB and RS contracts. The difference is not significant for the MOQ contract.

Therefore, Hypothesis 3 is supported for all three contracts. Therefore, the introduction of a

decision support tool—designed to lessen complexity—only leads to improvements in performance

for the BB and RS contracts, but not the MOQ contract. This provides support for the argument

that the MOQ contract is less complex, and therefore induces lower cognitive burden, than BB and

RS contracts. This finding will further be corroborated in Section 7, where we measure cognitive

burden directly.

A more conservative approach to test Hypotheses 2 and 3 would have been to use the Bonferroni

correction, which would avoid the problem of multiplicity (Bonferroni 1936). We can see from

Table 3 that these hypotheses would still hold if we tested each individual hypothesis at α =

0.05/3≈ 0.016.

Next, with Hypothesis 4, we aim to disentangle the effect of risk from the effect of cognitive

burden to establish whether risk, cognitive burden or both factors explain the performance gap

between the MOQ contract and the other coordinating contracts.

To do so, we first compared the supplier performances between BB-Hedge and BB treatments.

Because there is no demand risk in the first of these two treatments, the difference in perfor-

mance reveals the impact of risk on performance attained with a BB contract. The test statistic

E[Πs]BBHedge−E[Πs]BB = 37.343 (Table 3, H4) is highly significant. This provides support for the

first part of Hypothesis 4: Average expected supplier profit for the BB contract is closer to optimal

in the BB-Hedge treatment where demand risk is eliminated.

Then, we compared the supplier performances between MOQ and BB-Hedge treatments.

Because both of these treatments have zero demand risk for the supplier, the difference in perfor-

mance tells us how much of the performance gap between the MOQ and BB treatments cannot

be explained by risk. The test statistic E[Πs]MOQ−E[Πs]BBHedge = 49.413 (Table 3, H4) is highly

significant. This provides support for the second part of Hypothesis 4: Average expected supplier

profit for the MOQ contract, E[Πs]MOQ, is closer to optimal still.

In summary, the results on Hypothesis 4 show that, of the total performance gap of 86.756

(Table 3, H2) between the MOQ and BB treatments, 37.343 can be attributed to risk but 49.413

cannot. Hypothesis 3 had shown that a DSS designed to alleviate—but not eliminate—cognitive
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burden provides an improvement of 38.65. An analogous set of conclusions can be made for the

RS contract. This is readily interpreted from the results comparing RS, RS-Hedge, and MOQ

treatments in Table 3, H4. For brevity, we do not repeat the discussion for the RS contract here,

but it can be found in the e-Companion. Taken together, our results on Hypotheses 3 and 4 lead

to our second key finding: risk and complexity jointly determine the superior performance of the

MOQ contract over theoretically equivalent BB and RS contracts.

6. Choose Your Contract Games

In this section, which details the CYC treatments, a novel experimental design is introduced: in

each period, subjects can choose not only the contract terms but also what type of contract to

offer. This approach allows us to dig deeper into contract choice rather than parameter choice.

6.1. Hypothesis

The results of Section 5 show that decision makers perform significantly better using the MOQ

contract compared to BB and RS contracts. This finding suggests that subjects given the choice

among three coordinating contracts, should have a preference for the MOQ contract. Otherwise,

the choice probability for the three contracts should be equal at 1
3
because they are theoretically

equivalent from an expected profit perspective. We state our final hypothesis from the perspective

of the theoretical equivalence of the contracts. If the MOQ contract is indeed more popular, this

should be reflected in the choice probabilities and the hypothesis should be rejected.

Hypothesis 5 (Theoretical Equivalence). Subjects will choose each of the BB, MOQ, and RS

contracts with probability 1
3
in the CYC games.

This hypothesis will shed light on our final research question: When given a choice between BB,

MOQ and RS contracts, do subjects prefer the MOQ contract over the others?

6.2. Analysis of CYC Games

Before testing Hypothesis 5 formally, we can see from the summary of subjects’ contract preferences

in Figure 2 that subjects choose the MOQ contract most often with approximately 60% probability

in the CYC game and 56% probability in the CYC game with the DSS. Then, they choose the BB

contract with nearly 16% probability, and the RS contract is preferred with around 24% probability

in the CYC game without the DSS. On the other hand, subjects choose the BB contract with 28%

probability and the RS contract with 16% probability in the CYC game with the DSS.
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Figure 2 Percentage of Contracts Chosen in CYC Games with Confidence Intervals
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To test Hypothesis 5 we first state the null hypothesis that the probabilities for the three contract

choices are equal: H0 : π = (πBB, πMOQ, πRS) = (1/3,1/3,1/3). This null hypothesis can be tested

with the Pearson’s chi-squared test with two degrees of freedom. The χ2 statistic is given by,

χ2 =N
∑
i

(pi−πi)2

πi

where, N = 52 is the number of observations (i.e. the number of subjects in the CYC treatment),

the subscript i represents the possible contract choices i ∈ {BB,MOQ,RS}, pi is the observed

proportion of choice i, and πi is the expected proportion. This gives a χ2 statistic of 17.14 and

we can confidently reject the null hypothesis (p-value of 0.0002). We also test our hypothesis

using the likelihood ratio test (p-value of 0.0003) as a robustness check and arrive at the same

conclusion. Results are similar for the CYC-DSS treatment and not repeated here for brevity.

This result constitutes our final key finding: Subjects given a choice among theoretically equivalent

coordinating contracts prefer the MOQ contract over BB and RS contracts.

6.3. Further Analysis of the CYC Games

Here, we dig further into the data generated by the CYC games. First, we would like to understand

how the subjects’ choices evolve as the periods progress. Second, we test whether differences in

subjects attitudes toward risk or loss can further explain their contract choice. Third, we repeat

our approach with the CYC-DSS treatments. Due to the panel nature of our data set, we make use

of a mixed effects logistic regression model with subjectID as the panel variable and period as the

time variable. The multi-level mixed effects model allows for random intercepts for subject IDs.

This approach allows for the analysis of choices at a lower level, which are nested within aggregate

clusters of observations for subjects at a higher level. Likelihood ratio tests reveal that our mixed
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effects logistic regression models are a better fit than logistic regression for all 6 models estimated

in Table 5 (p-values < 0.01). As the MOQ contract is chosen more frequently than the two other

contracts combined, and because this paper investigates the prevalence of the MOQ contract in

practice, we build models that explain the choice of the MOQ contract over other coordinating

contracts. The dependent variable in each model, moqchosen, is therefore a binary variable that

takes the value 1 if the chosen contract is MOQ and 0 otherwise. Table 4 provides descriptions of

each of the variables used in these models.

Table 4 List of dependent and independent variables and their descriptions

Variable Description

moq_chosen Binary variable indicating whether (1) or not (0) the MOQ contract was chosen in a given period.

period The period (between 1 and 100) in the CYC game that the choice was made in.

risk_aversion Coefficient of constant relative risk aversion calculated based on survey in Holt and Laury (2002).

loss_aversion Continuous measure of loss aversion described in Zhang et al. (2015). Takes value loss_aversion=1
for subjects who are not loss averse and values loss_aversion>1 for those who are.

We can see from Model CYC1 in Table 5 that the variable period has a positive sign and is

significant at the 0.1% level. This suggests that subjects have a higher tendency to choose the

MOQ contract as the periods of the game progress. Model CYC2 of the same table introduces the

variable risk_aversion, which measures how risk averse a subject is. The coefficient is positive but

we can see that this variable is not significantly different from zero. It appears that variation in the

risk preferences of the subjects does not have a bearing on the choice among the contracts. Models

CYC3 is similar to model CYC2 but includes a measure for loss aversion instead of risk aversion.

We find that variation in subjects’ level of loss aversion also does not explain their contract choice.

The next three models repeat the same set of regressions for the CYC-DSS treatment. The results

are similar with the following interesting caveat. The coefficients for the variable period are still

positive and significant. However, they are much smaller and less significant for the CYC-DSS

treatment than for the CYC treatment. This suggests that the presence of a DSS does indeed

reduce cognitive burden such that subjects rely less on learning through the experience they gained

across 100 periods.

7. A measure for cognitive burden

It has long been established that individuals faced with more complex tasks resort to heuristics and

behave in a boundedly rational manner (see e.g. Tversky and Kahneman 1974, Payne 1976 and Gino
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Table 5 Regression models for contract choice

CYC1 CYC2 CYC3 CYC-DSS1 CYC-DSS2 CYC-DSS3
period 0.0242∗∗∗ 0.0242∗∗∗ 0.0242∗∗∗ 0.00495∗∗ 0.00495∗∗ 0.00495∗∗

(0.00210) (0.00210) (0.00210) (0.00153) (0.00153) (0.00153)

risk_aversion 0.313 2.931
(1.496) (1.722)

loss_aversion 0.0693 -0.0737
(0.295) (0.174)

_cons -0.158 -0.229 -0.305 0.609 -0.562 0.753
(0.876) (0.937) (1.074) (0.753) (1.001) (0.826)

N 5200 5200 5200 6300 6300 6300
Log Likelihood -1132.5 -1132.5 -1132.5 -1710.6 -1709.1 -1710.5
Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

and Pisano 2008). In this section, we aim to directly measure the complexity of the tasks at hand

in the first three treatments rather than make inferences about the reduction in cognitive burden

as a result of the introduction of a decision support system. According to the theory of individual

choice, such choices are seldom strictly binary; rather, choice has a probabilistic structure whereby

people assign probabilities to each alternative in their respective decision sets (Luce 1959). Those

probabilities depend in part on the utility values associated with each choice. Thus decision makers

are more (resp. less) likely to choose an option with higher (resp. lower) utility value. So even

though subjects will more likely make the optimal decision, they are also almost as likely to choose

near-optimal alternatives. Moreover, every alternative has some probability of being chosen. In

the operations management literature, Su (2008) uses a “quantal choice” model (after Luce 1959)

in a newsvendor setting to explain the difference between experimental results and theoretical

predictions and measure how boundedly rational subjects’ behavior is when making newsvendor

decisions. In a similar fashion, contracts that are more difficult to understand should lead to more

frequent errors (deviations from the optimal contract parameters). We leverage the approach of

Su (2008) to assess the bounded rationality exhibited by subjects when choosing parameters for

different contact types. In our setting, this measure of bounded rationality is a proxy for the

cognitive burden that the contract places on a decision maker. The model is constructed as follows:

Let x signify a choice in the decision domain S and let u(x) represent the utility value of that

decision; then the probability density function of the “behavioral” solution can be written as

ψ(x) =
eu(x)/β∫

S
eu(v)/β dv

. (25)
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Table 6 Cognitive Burden Placed on Subjects by Each Contract

BB MOQ RS

β 106.61 17.66 91.63

Log-likelihood −190.53 −199.35 −302.11

As β decreases, the subject makes fewer errors and the resulting decisions approach the theoreti-

cally optimal values. When β→ 0 the probability density function in Eq. (25) concentrates entirely

on the utility maximizing decision. Therefore, β may be interpreted as the extent of bounded

rationality. In our experiments, subjects aim to maximize their expected profits. The choice set in

our model is the expected supplier profit E[Πs] and the decision domain is [0,E[Πs]
∗]. Hence the

pdf of the behavioral solution to a coordinating contract is

ψ(E[Πs]) =
eE[Πs]/β∫ E[Πs]∗

0
eE[πs]/β dE[πs]

. (26)

We use the maximum likelihood estimation model presented by Su (2008) to estimate the β values

based on subjects’ decisions in our supplier games. Table 6 reports β estimates as well as log-

likelihood values for the BB, MOQ and RS treatments. These results support our conjecture

that the MOQ contract is less complex than the theoretically equivalent BB or RS contracts.

The bounded rationality exhibited by the subjects, as estimated by β, is 5 to 6 times larger for

the BB and RS contracts relative to MOQ contracts.5 Therefore, the MOQ contract imposes

lower cognitive burden on subjects. This finding serves as further validation of our results on

Hypothesis 3.

8. Conclusion

Among coordinating supply chain contracts, the behavioral operations management literature has

most frequently studied the two-parameter buyback and revenue-sharing contracts, which are effi-

cient and theoretically lead to first-best outcomes, and found that subjects fail to optimize their

parameters in a newsvendor setting. In contrast, the same literature has found that subjects could

optimize the simpler single-parameter wholesale price contract. However, this contract is theoret-

ically inefficient and leads to second-best outcomes due to double marginalization. It appeared,

5 Similar to Su (2008), we also generate 10,000 bootstrap subsamples of β estimates for each contract. This allows us
to test null hypotheses βBB −βMOQ = 0 and βRS −βMOQ = 0 by constructing 95% confidence intervals for each test
statistic. Neither of the confidence intervals for βBB − βMOQ and βRS − βMOQ include zero and both hypotheses
are rejected. This provides further evidence that the contracts do indeed impose different levels of cognitive burden.

 Electronic copy available at: https://ssrn.com/abstract=3169112 



28 Author: Why are MOQ Contracts Popular in Practice?

therefore, that there was a tradeoff between choosing efficient but complex contracts and simpler

but inefficient contracts.

At the same time, we observed anecdotal evidence that another coordinating contract, the

minimum order quantity or MOQ contract, is ubiquitous in supply contracts. Moreover, we con-

jectured that the MOQ contract—as indicated by three drivers identified by the task complexity

literature—should be less complex and induce lower cognitive burden than other coordinating

contracts. If that were indeed the case, the contract would allow subjects to achieve the best of

both worlds. We therefore set out to explore whether the apparent tradeoff between complexity

and efficiency could be mitigated by the MOQ contract.

In that pursuit, we asked three research questions about (i) whether human subjects perform

better with the MOQ contract when compared to other coordinating contracts; (ii) whether and to

what extent the lower complexity of the MOQ contract compared to other coordinating contracts

can explain why; and, (iii) whether human subjects given a choice between different coordinating

contracts prefer the MOQ contract over others.

To answer the first research question, we adopted a between subject design and compared

the performance of subjects in BB, MOQ, and RS games. We found that subjects were able to

consistently set better contract parameters in the MOQ games. This, in turn, allowed them to

make higher profits.

To answer the second research question—on whether this superior performance could be

attributed to the relative complexity of the different coordinating contracts—we repeated the BB,

MOQ and RS games with an added decision support tool designed to lessen complexity. We found

that the adoption of such a decision support tool led to improvements in performance for the BB

and RS contracts but not for the MOQ contract. This suggests that the MOQ contract had little

room for improvement with regard to complexity. In other words, it was less complex to begin

with. Our estimation of the cognitive burden experienced by subjects using each of the contracts

also suggests that the MOQ contract is less complex and subjects thereby find it easier to set

contract terms with the MOQ contract. A further set of treatments that introduced a perfect

hedge for the BB and RS contracts shed further light on the drivers of superior performance with

the MOQ contract. These experiments show that subjects do perform better with the BB and RS

contracts when the effect of demand risk is eliminated. However, this improvement only partially

explains the difference between their performance and that of the MOQ contract. Together, the

supplier game treatments show that demand risk and complexity both play a role in explaining

the difference in performance across theoretically equivalent coordinating contracts.
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To answer the third research question, we designed a novel interface where subjects—at each

period—could select not only the parameters for their contract but also the contract they offered.

We found that, subjects given this choice overwhelmingly preferred the MOQ contract. This pro-

vided empirical confirmation that the MOQ contract is indeed more popular. The data generated

by this experiment provided further insight into contract choice. Namely, we found that subjects

not only prefer the MOQ contract overall, but that this preference for the MOQ contract also

becomes stronger as subjects gain more experience throughout the game. Moreover, the impact

of the experience in choosing the MOQ contract is stronger in the CYC treatment compared

to the CYC-DSS treatment, which suggests that the DSS—by decreasing the subjects’ cognitive

limitations—reduces their reliance on experience.

While both complexity and demand risk demonstrably play key roles in explaining suppliers’

better performance with the MOQ contract, we note other factors may further explain the MOQ

contract’s prevalence. First, the revenue-sharing contract requires the two parties to seamlessly

share point-of-sales (POS) data from the retailer side for revenue-sharing to work. This brings addi-

tional monitoring costs. The buyback contract also needs POS data to be accurately shared among

the two parties. In addition, it may also require that products are physically shipped—adding

further costs to the transaction. No such costs exist with the MOQ contract. These and other

factors—though not captured by our experiments or the prior behavioral operations management

literature—may further explain why the MOQ contract is so pervasive.

The results reported here have important managerial implications. The prior literature suggests

a tradeoff: Higher channel efficiency comes at the expense of higher complexity. Higher complexity,

in turn, hinders implementation and eats away theoretical gains from higher channel efficiency.

Our results establish that suppliers need not trade off simplicity against efficiency: They can, and

often do, choose simple coordinating contracts such as the MOQ contract, and attain both goals

simultaneously. Our results also show that the cognitive burden associated with more complex

contracts can be mitigated with the introduction of appropriately designed decision support sys-

tems. However, the adoption of such systems may be prohibitively costly for smaller firms and

firms based in developing countries. Hence, there is considerable benefit to first identifying the

mechanisms that make contracts more complex and subsequently choosing to work with simpler

coordinating contracts. Doing so will enable these firms to divert their limited resources from

decision support systems to other value enhancing activities.

Finally, we note that this paper opens avenues for further research on the design of specialized

decision support systems for contracts that may be complex for different reasons. In this paper,
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we established that a simple decision support tool, showing the expected profit values associated

with the parameters chosen helps subjects obtain higher profits. This effect was more pronounced

with the BB contract than with the RS contract. It is possible that a more sophisticated decision

support system, e.g. one showing profit values for different demand realizations in addition to

expected profits, could be more helpful for subjects using the RS contract and other complex

coordinating contracts.
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