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A growing literature shows that coordinating contracts may not improve efficiency in the laboratory to the
extent prescribed by theory. We show that this result is largely due to offer rejection where the bargaining
procedure is structured as an ultimatum offer, which is the only structure studied in the lab hitherto in
relation to coordinating contracts. We show that a less restrictive procedure does not involve this feature
and allows coordinating contracts to coordinate. Specifically, we look at three contract formats—wholesale
price, two-part-tariff and minimum order quantity. The wholesale price leads to loss of firm surplus
because of double marginalization. The other two contracts—the coordinating contracts-- allow the
manufacturer to coordinate the channel, either by pricing at cost and extracting surplus through a lump sum
payment (two part tariff) or through announcing a minimum order quantity which is equal to the efficient
quantity and extracting the surplus through price (minimum order quantity contract). Even though for fully
rational players these two coordinating contracts are equivalent, these two contracts are different under
mild bounded rationality assumptions. Proposals in the minimum order quantity treatment are far more
efficient than two-part-tariff proposals in terms of the overall surplus they imply. But in the ultimatum
context such efficient proposals tend to get rejected, leading to lower ex-post efficiency. With structured
negotiations bargaining, however, rejection rate drastically falls leading to a more direct relationship
between proposal efficiency and ex-post efficiency.
Keywords: Supply Chain Contracts, Experimental Economics, Bargaining
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1. Introduction
The most basic channel structure involves a manufacturer and a retailer. The
manufacturer sets a wholesale price for the retailer and the retailer sets the price for consumers.
This sequence results in efficiency loss, known as double marginalization, relative to the
outcome of a single decision maker or an integrated channel. The double marginalization
problem has a number of solutions (e.g., Tirole 1988) that typically involve the manufacturer
employing a mechanism (e.g., two-part tariff) that induces the retailer to charge the retail price of
the integrated channel (e.g., Jeuland and Shugan 1983, Moorthy 1987). There are many
alternative mechanisms that are theoretically equivalent in equilibrium. However, these
mechanisms may result in different behavioral responses and they are not necessarily equivalent
off-equilibrium1.
The laboratory can be useful in identifying both behavioral implications of different
mechanisms and off-equilibrium implications that may be driven by non-pecuniary utility
considerations, errors, or the expectation of these elements.
Laboratory tests typically use the simplest possible implementation of bargaining—a
take-it-or-leave-it ultimatum offer made by the supplier to the retailer. This is an extreme setting
in a sense that it maximizes supplier’s bargaining power, and offers a simple prediction that the
supplier should be able to not only coordinate the channel, but also to extract the entire channel
profit.
Laboratory studies using this implementation report two sets of conclusions.

First,

coordinating contracts fail to coordinate, and this failure is primarily due to retailer rejections.

1

For example, we will look at a two-part tariff versus minimum order quantity. In the latter, errors by the retailer are
left-truncated.
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Suppliers offer contracts that are quite efficient but a large proportion of them are rejected by
retailers (rejections range from 11% (Lim and Ho, 2007) to 26% (Ho and Zhang, 2008)). So the
resulting efficiency is often not significantly higher than the efficiency of the wholesale price
contracts (which are rarely rejected) and is always significantly below 100%.

Second,

coordinating contracts that are equivalent mathematically should result in similar channel
performance, but they do not. For example, Lim and Ho (2007) note that a two-part tariff
contract is far less efficient than a three-part tariff though the two are theoretically equivalent.
They propose a reference-dependent utility under which each price is compared to the adjacent
price. Ho and Zhang (2008) note that two part tariff is less efficient than a quantity discount
contract, even though the two contracts differ only in framing. They propose that loss aversion is
more salient in the two-part-tariff contract than in the quantity discount contract.
Ours is the first study that investigates the effect of the bargaining implementation on
supply chain contract performance. We compare coordinating contracts that use the ultimatum
bargaining (UB) protocol to another protocol under which the supplier’s and the retailer’s
bargaining power is more equal, that we call structured bargaining (SB). In this SB protocol the
players have a fixed amount of time in which supplier can propose contracts and retailer can
react to these offers. The central feature of the SB protocol is that if a retailer rejects a proposal,
the supplier can make a new offer that is either the same or better in terms of the retailer’s
absolute profit were the retailer to place an profit-maximizing offer. This feature increases the
retailer’s bargaining power relative to the UB protocol because if a supplier makes an offer, this
offer establishes a minimum retailer profit amount—the retailer cannot do any worse than the
current offer on the table. If the agreement is not reached within a fixed amount of time,
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however, the game reverts to the UB setting in which the supplier can make one last and final
offer that is at least as good for the retailer as the last offer on the table.
In this study, we investigate the effect of bargaining protocols on contract performance.
We investigate two coordinating contracts that have both been examined in the literature: the
two-part-tariff (TPT), and the minimum order quantity (MOQ).

We compare them to the

wholesale-price contract. We chose the TPT and the MOQ contracts because those two contracts
induce coordination in very different ways.

The TPT contract coordinates by setting the

wholesale price to production cost, thus making the retailer’s marginal cost the same as the
supplier’s. It is then up to the retailer to coordinate channel by selecting the order quantity that
maximizes his own profit. In contrast, under the MOQ contract, the supplier is responsible for
coordination—he coordinates the channel by setting the minimum order quantity to first best. If
the retailer accepts supplier’s offer, the channel is coordinated. Thus, the TPT and the MOQ
contracts represent two extreme coordinating mechanisms in terms of which firm’s decisions (the
supplier’s or the retailer’s) are responsible for coordination.
Our main finding is that the structured bargaining protocol significantly improves the
efficiency of coordinating contracts relative to the wholesale price contract. In fact, towards the
end of the session, channel efficiency of those contracts is nearly 100%. Since the retailer’s
bargaining power is higher under the structured bargaining protocol than under ultimatum
bargaining protocol, the retailer’s share under the structured bargaining protocol is higher also.
The two coordinating contracts result in different outcomes. Under the ultimatum bargaining
protocol, the offers are more efficient under MOQ than under TPT, but rejections are
significantly higher under MOQ as well, so the resulting channel efficiency is higher under TPT.
Since offers become more efficient and rejections are nearly eliminated under structured
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bargaining, these differences disappear, although retailers earn a slightly higher share under
MOQ.
In the next section we describe the basic analytical model and experimental hypotheses.
In section 3 we present the details of our experimental design and protocol. We report our
results in section 4, and conclude in section 5 by summarizing our conclusions, discussing
limitations, and proposing managerial implications and directions for future research.

2. Theory
2.1. The Setting and Contracts
The setting involves a simple distribution channel that consists of a single supplier and a
single retailer. The supplier has a constant marginal cost of production c. The supplier proposes
a contract to the retailer. Following the bargaining process, the retailer either rejects the offer, in
which case both parties earn zero, or places an order for q units. We assume that the retailer
faces a linear demand q = A – p where p is the retail prices and A is a constant. Since the retailer
faces deterministic demand and the product has no salvage value, we assume that the retailer’s
order will match the amount sold, given the retail price.
We say that the channel is integrated if the outcome in terms of units produced is the
same as the outcome that would have resulted from a single decision maker maximizing the
entire channel profit. The channel profit to be maximized under integrated channel is

π C = ( p − c )q = ((A − q ) − c )q .

(1)

The order quantity that maximizes this channel profit is q* = (A − c) / 2 , yielding the optimal
(first-best) channel profit of (A − c ) / 4 .
2
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If the channel is not integrated—the two firms optimize separately and independently—
and they use a wholesale-price contract in which the retailer pays the supplier w per unit, the
*
= (A − w) / 2 which is lower than the first-best
retailer optimizes his own profit by ordering qWP

order quantity q* whenever w > c. The supplier must set the wholesale price so as to maximize
his profit
*
π S = (w − c )qWP
= (w − c )(A − w ) / 4 ,

(2)

resulting in the profit-maximizing wholesale price wWP = (A + c ) / 2 . This optimal wholesaleS
price contract results in the supplier profit of π WP
= (A − c ) / 8 , the retailer’s profit
2

R
C
π WP
= (A − c ) / 16 , and the total channel profit π WP
= 3 (A − c ) / 16 , representing the efficiency
2

2

of only 75% relative to the first-best channel profit π C . This inefficiency of the wholesale price
contract relative to the integrated system is known as double marginalization.
A variety of different contracts can solve the double marginalization problem. There are
fundamentally two different ways in which a coordinating contract can be constructed. One
coordinating contract, known as two-part-tariff (TPT), is for the supplier to charge the retailer a
lump sum as well as a per unit price. Another coordinating contract we will examine is known as
minimum order quantity (MOQ), under which the supplier sets a minimum order requirement as
well as a per-unit price.
For the two-part tariff to result in an efficient outcome, the retailer’s marginal cost needs
to be the same as the supplier’s marginal cost, w=c, thus inducing the retailer to place the firstbest order. The profit is allocated via a lump-sum transfer amount F from the retailer to the
supplier.2 If the supplier wants to extract the entire channel profit, he sets the lump sum transfer
2

The two-block tariff (Lim and Ho 2007) also coordinate by setting w = c in the last block. The profit is allocated
by setting a higher wholesale price for orders below a certain break point x.
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amount to F = (A − w ) / 4 . Another mechanism for channel coordination is to let the supplier
2

control the order quantity in a more direct way, by setting the minimum order quantity qmin and
charging a linear wholesale price w per unit, as long as the retailer places an order of at least qmin
(see Pavlov and Katok (2009) for the analysis of this minimum-order-quantity (MOQ) contract).
The profit is allocated by setting a high w. In equilibrium, the supplier sets qmin = q* = (A − c ) / 2
, and if he wishes to extract the entire channel surplus, he sets wMOQ = (A + c ) / 2 (note that wMOQ
= wWP). Table 1 summarizes optimal parameters for the integrated channel and the contracting
mechanisms we are examining in this paper.
Table 1. Properties of the three contracts and the integrated channel
Contract
Integrated
Channel
Wholesale Price
Two Part Tariff
Minimum Order
Quantity

Channel Optimal w* set by Lump sum / Optimal q* by
supplier
Minimum order retailer
quantity
2
N/A
w=c
( A − c) / 2
(A − c ) / 4

Total
Profit

3 ( A − c ) /16

wWP = (A + c ) / 2

N/A

(A − c )2 / 4
(A − c )2 / 4

w=c

F = (A − w ) / 4

2

2

wMOQ = (A + c ) / 2

qmin = ( A − c ) / 2

( A − c) / 4
( A − c) / 2
( A − c) / 2

Before we proceed with articulating our behavioral model we note that the standard model
delivers sharp theoretical predictions about the relative channel efficiency of the three contracts
we are investigating. We will state this prediction as a hypothesis in it’s weak form, since there
has already been plenty of evidence that coordinating contracts do not result in 100% channel
efficiency.
HYPOTHESIS 1a. (EFFICIENCY: WEAK VERSION). TPT and MOQ contracts result in higher
average channel efficiency than does the wholesale price contract.
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R
S
R
S
π TPT
+ π TPT
> π WP
+ π WP
R
S
R
S
π MOQ
+ π MOQ
> π WP
+ π WP

.

HYPOTHESIS 1b. (EFFICIENCY: STRONG VERSION). TPT and MOQ contracts result in
100% channel efficiency.
2.2. Fairness and Errors Considerations
Previous laboratory studies of channel coordination report that rejections by the retailer
are a major source of inefficiency for coordinating contracts. For example, Ho and Zhang (2008)
report 26% rejections in TPT and 18% rejections in another coordinating contract known as
quantity discounts (QD). Lim and Ho (2007) report 11% rejections in two-block tariff and 15%
rejections in a three-block tariff.
Rejections result in loss of profit for the retailer so they can be explained either by retailer
errors, or by inequity aversion, or most likely by the combination of the two. A model of errors is
invariably a part of any econometric model, and it remains to model to inequity aversion. Note
that inequity aversion is intended to capture a non-pecuniary preference pertaining especially to
the lump sum. There are certainly ways other than inequity aversion to capture non-pecuniary
preferences with respect to the lump sum. Ho and Zhang (2008) propose an approach of placing
a separate coefficient on the lump-sum transfer that they label loss aversion. This coefficient
captures the higher rejections in TPT in their experiment relative to QD. Lim and Ho (2007)
frame the two-block tariff as consisting of three decisions by the supplier: An initial quantity, a
per unit price for that initial quantity, and a per unit price for subsequent units. Using that
framing, they propose a reference-dependent utility loss from the difference in the two prices.
Note that in both these proposed models, there is an implied non-pecuniary weight that primarily
applies to the lump sum. This weight has a strong parallel in models of inequity aversion since
the lump-sum is also the main variable responsible of inequity.
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A common approach to modeling the retailer’s inequity aversion, which we pursue here,
is a variation of a model proposed by Fehr and Schmidt (1999). Assume that the supplier made a
proposal that if accepted, will yield π S to the supplier and π R to the retailer, if the retailer
orders q. If π S ≥ π R (the supplier makes the proposal that gives himself at least 50% of the
channel profit, as is the case in ours, as well as virtually all other experiments with the
ultimatum-like structure), then the retailer’s utility from accepting and rejecting is:

(

(
)
(Reject )= 0

U R Accept,q = π R − β π S − π R
UR

)

+

(3)

where β is the retailer’s inequality aversion parameter. It is reasonable to assume that the
retailer knows his own β, but the supplier only know it’s distribution but not it’s realization.3 If
retailer does not make any errors, then as long as UR(Accept) is positive, the retailer would
accept the supplier’s offer, and rejects it otherwise. But if the retailer makes errors, then a
common way to model the retailer’s decision is to say that his probability of accepting the
contract is a function of the relative utility of accepting and rejecting—higher utility offers have
a higher probability of being accepted:
Pr(Accept ) =

eτ U (Accept ,q )
1 + eτ U (Accept ,q )

where τ is the retailer’s coefficient of certitute—a parameter that measures the extent to which
the retailer makes errors. This parameter is itself assumed to be a random coefficient distributed
normally among bidders with mean of τ and standard deviation σ τ . A reasonable assumption
about information available about τ is that the supplier knows it’s distribution but not it’s
realization.
3

Cui et al (2007) propose a full information model, in which the supplier does know the realization of β, and Pavlov
and Katok (2009) show that the Cui et al. (2007) conclusions also generalize to the incomplete information case.

-9-

Haruvy, Katok and Pavlov: Efficiency of Coordinating Contracts

In addition to the retailer’s decision to accept or reject the proposed contract, the utility
specification is important in affecting the retailer’s decision on quantity to order.

With the

specification of utility in (3), we get can derive the best reply expression for the order quantity q,
conditional on accepting the contract under the ultimatum bargaining protocol (the complete
derivation is given in the appendix).

*
qTPT
=

A + ( A + c) β − (1 + 2β ) w
B+ε
2(1 + β )

(4)

⎧ A + ( A + c) β − (1 + 2 β ) w
⎫
*
q MOQ
= Max ⎨
B + ε , q min ⎬
2(1 + β )
⎩
⎭

From the above derivation, we see that q* is independent of β whenever w=c, decreasing
in β for w>c and increasing in β for w<c for any general linear demand as specified by q = A – p.
The variable ε allows for the possibility that the retailer makes errors in setting the order
quantity; the standard assumption is that ε ~ N (0, σ ε ). There are two things to note with respect
to (4). First, it only applies when the offer gives a greater share to the supplier than the retailer,
which happens in nearly all cases (100% of all retailers who ever rejected an offer). An offer
that gives more than 50% of the channel profit to the retailer would result in the standard best
reply order (100-w)/2, assuming that the retailer is not averse to advantageous inequality.
Second, under the TPT contract, q* does not depend on the lump sum F. This is because F does
not interact with quantity ordered so the retailer’s first order condition with respect to quantity
does not include F. Of course the probability of accepting the offer is decreasing in F.
The two decisions (q and Accept) are not necessarily independent. Let us allow for a
covariance term between τ and ε.
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⎧⎛
⎛
στ
⎛ τ ⎞
⎪ 0 ⎞
,
~
N
⎨⎜
⎟
⎜
⎟ ⎜⎜
⎝ ε ⎠
⎪⎩⎝ 0 ⎠ ⎝ ρτε σ τ σ ε

ρτε σ τ σ ε ⎞ ⎫⎪
⎟⎬
⎟⎠ ⎪
σε

(5)

⎭

Thus, we can construct a likelihood function as follows:
L = ∏ ⎡⎣ϕ ((q − f (β )) / σ τ )Φ BVN (U R / σ ε | q, ρτε ) ⎤⎦
× ⎡⎣1 − Φ

BVN

( f (β ) / σ τ ,U / σ ε , ρτε ) ⎤⎦
R

(1− Accept )

Accept

(6)

Where f(β) denotes the non-error term on the right-hand side of equation (4), φ and Φ denote
the standard normal probability distribution function and cumulative distribution function,
respectively, and Φ BVN denotes the bivariate standard normal cumulative distribution function.
Note that when ρτε is equal to zero (i.e., the errors between the decision to accept and
the quantity decision are uncorrelated), the likelihood is simply the product of a simple tobit on
the quantity decision and a simple logit on the accept-reject decision. Both are standard
approaches to estimation in the literature and since each forms a valid likelihood function, the
product of these two likelihood functions is a valid likelihood function as well.
We now move on the characterizing the supplier’s decision on contract parameters, when
the supplier accounts for the retailer’s potentially being averse to disadvantageous inequality,
and the retailer’s potential for making errors. Pavlov and Katok (2009) characterized the generic
optimal contract when both players have inequality averse preferences and show that the optimal
contract is (1) conditionally efficient, and (2) pooling. In other words, the supplier should offer a
contract that, if accepted, will coordinate the channel, but will be rejected by some too-fairminded retailers. Conceptually, the supplier’s decision is how to best answer two questions: how
to coordinate the channel? And how much channel profit to attempt to extract? Let us focus on
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the first question, of how to coordinate the channel, using either the TPT or the MOQ contract,
assuming that the retailer’s decision is characterized by expressions (3), (4) and (5) (the retailer
is averse to disadvantageous inequality, and makes errors).
To coordinate the channel under the MOQ contract, the supplier has to set
qmin = (A - c)/2. Regardless of how the supplier sets w, as long as w > c, and independently of β,
*
the retailer should set qMOQ
= qmin . The supplier does not face any strategic uncertainty in

*
regards to the retailer’s decision ( qMOQ
= qmin is independent of β) and his decision is also not

affected by potential retailer’s errors (since E [ε ] = 0 ), so to the extent the supplier might deviate
from making a conditionally efficient offer, this deviation has to be entirely due to the supplier’s
errors. A key observation, however, is that if the supplier sets qmin = (A - c)/2 + εmoq, where εmoq
~N(0,σmoq ), for reasonably small σmoq, the retailer’s best reply would continue to be independent
of β.
To coordinate the channel under the TPT contract, the supplier must set w = c. It turns
*
out that when w = c, (4) becomes qTPT
=

A−c
*
, but if w = c +εTPT, qTPT
is no longer
2

independent of β. Let εTPT ~N(0,σTPT ). As long as σ TPT ≠ 0 (supplier sometimes makes errors in
setting the wholesale price under TPT) the retailer’s order quantity is function of β, which is
retailer’s private information—the supplier faces strategic uncertainty in regards to the retailer’s
best reply. This observation that the MOQ and the TPT contracts differ in the amount of
strategic uncertainty the supplier faces, lead to our next hypothesis that deals with conditional
efficiency:
HYPOTHESIS 2. (CONDITIONAL EFFICIENCY). The conditional efficiency of supplier offers
is lower under the TPT contract than under the MOQ contract. Conditional on being accepted:
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R
S
R
S
.
π TPT
+ π TPT
< π MOQ
+ π MOQ

2.3. The Bargaining Format
The two bargaining formats we investigate are Ultimatum Bargaining (UB) and Structured
Bargaining (SB). The UB protocol is an extreme case that gives the retailer the least possible
amount of bargaining power, because the supplier makes a take-it-or-leave-it offer, and the
retailer has no recourse except to reject it, causing both parties to earn zero. If the retailer is
averse to disadvantageous inequality, his utility from accepting unfair offers decreases in β. If
the supplier knew β, he would offer the retailer a portion of channel profit that the retailer would
just barely accept—the supplier would be able to coordinate the channel and extract the
maximum profit, giving the retailer only enough profit to induce him to participate. But since β
is the retailer’s private information, the supplier cannot do this. He has to offer a pooling
contract, which will sometimes be rejected and on average, retailers will earn some information
rents.
The SB protocol is equivalent to the UB protocol in equilibrium, because the supplier can
simply not make any offers during the fixed bargaining period, after which the game reverts to
the UB. However, off equilibrium path, retailer has more bargaining power under SB than under
UB because if the supplier does make an offer, the offer is binding—the retailer can now earn at
least this amount from any subsequent offer. Note that the SB mechanism increases the retailer’s
bargaining power in a very weak way, since the supplier can either not make any offers, or make
offers that he knows to be below the lower support of the β’s distribution, or make a single offer
that is the same that he would have made under UB, and never improve it. The only thing the
supplier is not allowed to do under SB that works to the retailer’s advantage is to withdraw offers
(in other words, he has to bargain in good faith).
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To better understand the SB mechanism, let us consider two extreme examples. First,
imagine that the retailer is non-strategic and simply uses (3) to respond to offers—accepting an
offer as soon as his utility from accepting becomes higher than from rejecting. The supplier can
start with a small offer, and gradually raise it until the retailer finally accepts—he can essentially
get the retailer to reveal his β, and as a result channel efficiency would improve by lowering
rejections, and the retailer will not earn his information rent. The retailer can avoid this outcome
by strategically rejecting small offers even when they are acceptable, and waiting until the game
reverts to the UG stage.
At another extreme, imagine that the supplier is acting as if the retailer is not strategic—
he starts with small offers and gradually raises them hoping to find the minimum amount the
retailer will accept—but the retailer is, in fact, strategic, and rejects all offers. At some point, the
supplier will get to a 50/50 split, which should be acceptable to all retailers with utility function
specified by (3). The above discussion makes it clear that under the SB mechanism, the retailer
has a dominant strategy to reject all offers prior to the final stage. The supplier, recognizing that
this is the case, should not make any offers until the last stage. Formally:
HYPOTHESIS 3a. (DOMINANT STRATEGY UNDER STRUCTURED BARGAINING). No offers
should be accepted prior to the final stage. No offers should be made prior to the final stage. SB
outcomes should be the same as UB outcomes.
But if retailer sometimes accepts offers prior to the final stage, either because he is not
acting strategically, or because of errors, the supplier might benefit from making early offers
because he may learn private information about β. Alternatively, if the supplier makes early
offers because he is not strategic (or he makes errors), the resulting split of channel profit may be
fairer to the retailers. In both cases, rejections should decrease and efficiency should increase.
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HYPOTHESIS 3b. (IMPROVED EFFICIENCY UNDER STRUCTURED BARGAINING). If supplier
makes offers in the first stage of the SB, channel efficiency should be higher under SB than
under UB.
Hypotheses 3a and 3b contradict one another, and a controlled laboratory experiment will
distinguish between them.
This likelihood representation permits us to form a conceptual model in Figure 1:
Contract Format

H1, H2

H3
Bargaining Format

Supplier’s Proposal

H1, H2
H3
Retailer’s Response

Figure 1. Conceptual model of the research hypotheses.
hypotheses 1, 2, and 3 respectively.

H1, H2 and H3 correspond to

Hypotheses 1 and 2 deal with the effect of the contract format that primarily affects the
supplier’s proposal. The retailer’s response is affected only through the supplier’s proposal.
Hypothesis 3 deals with the effect of the bargaining format. It affects both, the supplier’s
proposal and the retailer’s response.
Note that a key difference between this model and previously proposed models (Lim and
Ho, 2007; Ho and Zhang, 2008) is that in these other models, the difference between protocols
arises from the retailer perceiving the problems differently. In other words, the same proposal
under different protocols would receive a treatment response from the retailer. In the present
framework, we certainly test the possibility that the retailer perceives the mechanisms and
protocols differently, but we also permit for the possibility that the retailer only does this through
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reacting to the supplier’s proposal. In that case, the supplier would be responsible for any
differences in the contract and we indeed find this to be the case.

3. Experimental Implementation
3.1 Experimental Design
Contracting arrangements in our experiments are the wholesale price contract (WP), the
two-part-tariff contract (TPT), and the minimum-order-quantity contract (MOQ).

In all

treatments we set the supplier’s production cost to be c = 20 and the demand function q = 100 –
p (A = 100). For these parameters, q* = 40, yielding the total channel profit to be allocated
between the supplier and the retailer of 1600. Under the wholesale price contract, in equilibrium
the supplier charges wWP = 60, the retailer orders qWP = 20, which results in the supplier profit of
800, the retailer profit of 400, and the channel efficiency of (800+400)/1600 = 75%.
Under the TPT contract, the supplier should set wTPT = c = 20 in equilibrium, and charge
F = 1600. This results in the retailer optimal order of qTPT = 40, supplier profit of 1600, retailer
profit of 0, and the channel efficiency of 100%. Under the MOQ contract, the supplier should set
qmin = 40 and wMOQ = 60 in equilibrium, and the retailer’s best reply is to set q = qmin = 40, which
results in the supplier profit of 1600, the retailer profit of 0, and the channel efficiency of 100%.
The coordination mechanism is independent of relative bargaining power; in other words,
the predictions that wTPT = 20 and qmin = 40 are independent of the bargaining power of the
supplier and the retailer. However, the prediction that suppliers extract the entire channel profit
(F = 1600 and wMOQ = 60) is based on the ultimatum game structure, which gives the supplier all
the bargaining power, and also on the assumption that retailers will accept any non-negative
profit, no matter how small. We already know that the second assumption does not hold in the
laboratory, since all laboratory studies report significant retailer rejections that cannot be
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explained by errors alone (see Pavlov and Katok, 2009, for an explanation involving fairness
preferences).
To investigate the effect of relative bargaining power on contract performance, we tested
contracting mechanisms under two bargaining protocols. Under the ultimatum bargaining (UB)
protocol, the supplier makes an offer, the retailer either orders q or rejects the supplier’s offer; in
the latter case, the round ends with both players earning zero. Under the structured bargaining
protocol (SB), the players have 5 minutes, during which the supplier can make offers to the
retailer. If the retailer accepts an offer, the round ends. If the retailer rejects it, the supplier can
make another offer that results in the retailer’s best profit that is not lower (in absolute term) than
the profit in the rejected offer. The rationale for this “good faith” bargaining protocol is to
simulate serious negotiations. Note that since the supplier is not obligated to improve on the
offer (he can repeat the identical offer), the good faith bargaining restriction does not really force
suppliers to make higher offers to retailers. But it does increase retailers’ bargaining power, in
the sense that a retailer rejection, as long as it is made within the 5-minute period, does not result
in zero profit. If the 5-minute period ends without an agreement, the bargaining process enters
the second stage, which is identical to the ultimatum protocol—the supplier is allowed to make
one last and final offer (which may be identical to the last rejected offer) and the retailer can
either order q or declare the final impasse, which now results in zero profits for both players.
In summary, our study manipulates two factors, the contract mechanism (WP, TPT or
MOQ) and the bargaining protocol ultimatum or structured bargaining) for a 3 x 2 full factorial
design. We manipulate all factors between subjects. Participants play for 15 rounds, keeping
their same role (Supplier or Retailer) for the entire session. Each round a retailer and a supplier
are randomly matched with a person of the other role within the same cohort. We conducted all
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treatments in cohorts of six people (three suppliers and three retailers in each), and in all
treatments there were 3 or 4 cohorts in the laboratory at any given time. Participants were not
told the cohort size.

We summarize all treatments and sample sizes in Table 1. In total, 180

subjects participated in our study.
Table 2. Experimental design and sample sizes
Bargaining Protocol
Ultimatum
Structured
Contract Mechanism
Bargaining
Bargaining
Wholesale price (WP)

3 cohorts of 6

4 cohorts of 6

Two-Part-Tariff (TPT)

8 cohorts of 6

4 cohorts of 6

Minimum Order
Quantity (MOQ)

7 cohorts of 6

4 cohorts of 6

3.2 Experimental Protocol
All experimental sessions followed the same protocol. Participants arrived at the
computer lab at a pre-specified time and read experimental instructions that describe the rules of
the game, the use of the software, and the payment procedures. After all participants had had a
chance to read the instructions, the experimenter read instructions to them aloud to ensure
common knowledge. Participants then completed 15 rounds of the game, and were paid their
actual earnings accumulated from both sessions, privately and in cash. Participants were not
allowed to communicate during the experiment.
All sessions were conducted at the Laboratory for Economic Management and Auctions
(LEMA) at the Smeal College of Business, Penn State University. Structured Bargaining (SB)
protocol session lasted approximately two hours, Ultimatum Bargaining (UB) sessions lasted
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approximately one hour, the average earnings, including a $5 participation fee, were $27.
Participants were Penn State students recruited through a web-based recruitment system, with
cash being the only incentive offered. The majority of our participants were undergraduates from
a variety of majors (77%) and the rest were graduate students.

4. Results
4.1. Do coordinating contracts improve efficiency?
In this section we test Hypothesis 1. Table 3 presents summary statistics.
Table 3. Summary Statistics. Standard errors are in parenthesis
Bargaining
Protocol:
Contract type:
Overall
Efficiency
Proposal
Efficiency
Conditional
Efficiency
Share of Retailer
Rejection Rate
w
F
qmin
q (conditional on
acceptance)

Ultimatum Bargaining
WP
66%
(2%)
78%
(2%)
78%
(3%)
40%
(2%)
6%
(3%)
57.1
(2.1)
-

TPT
80%
(3%)
87%
(2%)
88%
(2%)
35%
(3%)
8%
(2%)
43.5
(3.1)
387.3
(100.8)

-

-

19.3
(1.7)

28.2
(1.5)

Structured Bargaining
MOQ
72%
(5%)
94%
(2%)
94%
(1%)
26%
(3%)
23%
(5%)
52.2
(1.4)

WP
81%
(2%)
85%
(2%)
85%
(2%)
46%
(2%)
2%
(1%)
50.5
(1.7)

-

-

36.0
(2.1)
37.0
(1.6)

TPT
90%
(4%)
96%
(1%)
96%
(1%)
42%
(3%)
6%
(3%)
32.1
(3.4)
546.8
(83.4)

-

-

23.7
(1.1)

33.6
(1.9)

MOQ
92%
(3%)
97%
(1%)
97%
(1%)
48%
(7%)
6%
(2%)
43.0
(0.73)
34.75
(2.0)
36.0
(1.1)

Figure 2 plots average channel efficiency over time for UB and SB treatment separately. Under
UB there is no statistically significant difference between the efficiency of the WP contract and
the MOQ contract (p = 0.6068), but the TPT contract is significantly more efficient that the WP
contract (p = 0.0191). Under the SB protocol, both coordinating contracts are more efficient than
the WP contract (p = 0.0263 for MOQ and p = 0.0948 for TPT). The data is in line with the
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week verrsion of hypo
othesis 1. As
A to the stroong version of hypothesis, MOQ annd TPT efficiiency
is signifiicantly below
w 100%, strongly so unnder the UB protocol (p = 0.0007 foor MOQ andd p =
0.0002 foor TPT), and
d weakly so under the SB protocol (p
( = 0.0524 for MOQ annd p = 0.07889 for
TPT), so we can reject the strongg version.

(a) Ultiimatum Bargaiining
(b) Structuured Bargaininng
F
Figure
2. Average efficiency over time.

4.2. Do MOQ
M
and TP
PT contractss differ in theeir conditionnal efficiencyy?
Figure 3 plots condiitional efficiency over tiime for the MOQ and TPT
T
contraccts, separatelly for
the UB and
a SB treattments. In UB
U treatmennts MOQ off
ffers are signnificantly moore efficientt than
TPT offeers (p = 0.04
414), but in SB
S treatmennts there is no
n significannt difference in the efficiiency
of the offfers (p = 0.4
4902). Our data is conssistent with Hypothesis
H
2 under the UB protocol, but
not underr the SB protocol.
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(a) Ultiimatum Bargaiining
(b) Structuured Bargaininng
Figuree 3. Average coonditional efficciency over tim
me.

4.3 Doess Bargaining
g Protocol Afffect Contracct Outcome??
We start by compariing conditionnal efficienccy of supplieers’ offers. For MOQ contracts,
c
theere is
no signifficant differrence in connditional effficiency of the offers (p = 0.2252), but for TPT
contractss and WP contracts SB offers
o
are siggnificantly more
m
efficiennt than UB offers
o
(p = 0..0243
for TPT and p = 0.0
0578 for WP
P). When we
w factor in retailer
r
rejecctions, howeever, we findd that
SB leadss to higher efficiency
e
forr all three coontracts (p = 0.0106 forr MOQ, p = 0.0775 for TPT,
and p = 0.0065
0
for WP).
W
L us now examine inn more dettail how coontract outcomes differr under thee two
Let
bargaininng protocols. Figure 4 plots
p
the aveerage relativee offer the supplier makkes to the rettailer,
over timee, separately
y for MOQ annd the TPT contracts.

(a) MO
OQ
(bb) TPT
Figure 4. Aveerage relative share
s
offered too the retailer ovver time.
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Retailers are offered proportionaally more witth the SB prrotocol for both
b
contractts (p < 0.00001 for
MOQ annd p = 0.0582 for TPT) but
b the diffeerences are much
m
larger for MOQ thhan for TPT
T. To
understannd why, wee need to examine
e
how
w suppliers set contracct parameterrs for thosee two
mechanissms. Figuree 5 shows how
h
parametters evolve over time under
u
the MOQ contract and
under thee TPT contraact.

(a) MOQ Contract
C
w oveer time

(b) MOQ
Q Contract qminn over time

(c) TPT Coontract w over time
(d) TPT
T Contract F ovver time
gure 5. Contracct parameters over
o
time undeer MOQ and TP
PT contracts
Fig

Recall thhat under MOQ
M
contraact, qmin conntrols the contract’s coonditional effficiency, annd w
determinnes the retaiiler’s relativve share.

W can see from Figuure 5(a) andd 5(b) that those
We

parameteers are fairly
y stable over time. Recall that there is
i no significcant differennce in condittional
efficiencyy of the MO
OQ contract due to the bargaining
b
protocol, whiich can be verified
v
by noting
n
that the two
t
lines in Figure 5(b)) are quite close
c
togetheer. The whoolesale pricees in Figure 5(a),
however,, are clearly
y different, and
a remain so throughoout the sesssion, with onnly a very small
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downward trend. Since w determines profit distribution, lower w under SB is consistent with
Hypothesis 3(b) that states that the retailer has more bargaining power under SB.
The story is quite different for TPT contract. Recall that w determines conditional
efficiency under the TPT contract—the closer w is to c, the closer should the efficiency be to
100%. As evidenced by Figure 5(c), wholesale prices start out much too high under both
bargaining protocols, but significantly lower under SB than under UB. Wholesale prices under
both bargaining protocols steadily decrease over time, which implies that conditional efficiency
increases over time.

While suppliers learn that lower w’s increase efficiency, they

simultaneously learn to extract more of the channel profit, by increasing F, so the retailer share
stays remarkably steady over time (Figure 4). TPT contracts that are being offered early in the
session (with high w’s and low F’s) are structurally close to wholesale-price contracts, so the
retailer’s share, is determined primarily by the contract structure, but by fairness considerations.
This explains relatively low rejection rates under UB (only 8%, in contrast to the UB MOQ
rejection rates of 26%).

4.4. Is there evidence for deviation due to inequality aversion?
The average deviation from optimal q is small but significant. It is -0.321 (std err 0.121)
for TPT UB and 0.566 (std err 0.295) for MOQ UB. These deviations, though small, are
significantly different from 0 at p-value= 0.009 for TPT UB and p-value=0.056 for MOQ UB.
TPT UB deviations are significantly different from MOQ UB deviations, mean difference is
0.887, std. error 0.289, p-value = 0.001. Thus, deviation from optimal q depends on condition.
Below, in Table 4, we see the estimation for the joint decision model (of quantity and
accept/reject decisions) done separately for MOQ and TPT. From Table 4, we see that β, though
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small is significant for TPT, but not significant for MOQ. This is despite the fact that MOQ
displays more rejections than TPT. The result that β is insignificant for MOQ is not merely
driven by the insignificant deviations from optimal quantity under MOQ (seen above), but also
by an insignificant relationship between Rejection and the profit of the first mover (p-value 0.12
in logistic regression) under MOQ. Thus, the higher rejections under MOQ, while clearly and
significantly driven by a profit motive (own profit significantly affects the probability of
rejection), do not appear to be driven by a relative profit motive.

Coefficient

Estimate TPT
Estimate MOQ
0.021
(0.006)
0.003 (0.036)
β
Sigma1
1.562 (0.055)
4.62 (0.201)
Sigma2
268.4 (18.76)
488.5 (50.74)
Rho12
0
0
LL
695.824
872.114
Table 4. Parameter Estimates for FS Utility estimation using the two-decision joint estimation of eqns 3-6.

5. Conclusions
A growing literature has demonstrated that the format of a bargaining contract matters
even when theoretically it should not and that bargaining contracts often fail to reach the 100%
efficiency they are intended to achieve. We showed that both results can be primarily attributed
to rejections generated by an ultimatum-game-like structure. This finding and its implications
allowed us to improve the design of bargaining contracts in two ways.
First, we proposed and tested an alternative format involving minimum order quantity. In
that format, the seller announces a minimum order quantity which is equal to the efficient
quantity, thus extracting the surplus through price (minimum order quantity contract). Although
rejections in the ultimatum version of that format are higher, we find that proposals with the
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minimum order quantity format are far more conditionally efficient than two-part-tariff proposals
in terms of the overall surplus they imply.
Second, we eliminated the ultimatum structure by allowing for structured negotiations.
With structured negotiations, rejection rate drastically falls leading to a more direct relationship
between proposal efficiency and ex-post efficiency. This allows all coordinating contracts to
reach near full efficiency and makes the difference between formats less consequential.
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Appendix. Derivation of the Joint Likelihood for TPTUG

Q* =

100 + 120 β − (1 + 2 β ) w
+ ε1
2(1 + β )

This result only applies when retailer is disadvantaged, which is the case in 100% of all
observations used.
Proof:
Let Q = A – Bp. Thus, p = (A – Q)/B
πS = (w-c)Q
πR = (p-w)Q

Start with UR = [(A-Q)/B-W]Q - F - β(πS-πR).
We take first order conditions w.r.t Q to get the optimal quantity Q*.
Q* = [A + (A+c) β - (2 β + 1)W]B/[2(1+ β)]
Plugging that back in UR we get UR = (1+ β)[(100-Q-w)Q-L]- β [(w-20)+L]
Joint Likelihood: L = P(Q)Accept*P(Reject)1-Accept
P(Accept) = P(Q>0 AND UR>0) = P(Q>0|UR>0)P(UR>0)
= exp(Q*)/(1+exp(Q*))exp(UR)/(1+exp(UR)
P(Reject) = 1 – P(Accept) = 1- P(-ε1 < Xb, - ε2 < UR)
= 1 – F(Xb,UR)
=1-cdfbvn(Xb/sigma1,UR/sigma2,rho1)
=1-cdfbvn(-ε0/sigma1,UR/sigma2,rho1)
ε0 = Q- (β0+ 100 + 120β1 - (2β1 + 1)W)/(2(1+β1))
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