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Abstract

Our research uses laboratory experiments to examhi@etheoretical results of competition
between suppliers in an outsourcing setup. We densi supply chain in which a single buyer
needs to outsource the manufacturing of a prodowing N potential suppliers. The buyer
allocates demand to suppliers not on the basigioé,pbut rather on service. We analyze the
levels of service suppliers will decide to providdéen competing on three different criteria
specified by the buyer. For the first, suppliermpete by providing the buyer a specific service
level (fill-rate), and for the second by maintaigia specific quantity of on-hand inventory. For
the third criteria, suppliers compete based onramater designed to optimize the supply chain
in favor of the buyer. Prior research and existingory predict that the decisions will reach
stability at the Nash equilibrium for all three &g of competition. Theory also predicts these
equilibrium points will be ordered, from competit®based on service level as the lowest and
those based on the optimal criteria as the highest.

Our experimental results show that the equilibrpomts reached by subjects are in fact ordered
as theory predicts. However, there are large aatisstally significant differences between
those equilibrium points and the theoretical predits. Using the Quantal Response Equilibrium
(QRE) we show that random errors can explain sohthese discrepancies. Our analyses also
suggest that, under optimal criteria for competitiother behavioral factors such as rival chasing

and loss aversion can play an influential role.

Keywords: Behavioral Operations Management; Outsourcing; oy Competition; Service

Competition; Optimal Mechanism



1. Introduction

The importance of outsourcing is widely accepteth o academia and among the practitioners.
Outsourcing, among other benefits, let companiead®n their core competencies and be more
flexible in this increasingly competitive and valatbusiness world. What is still debatable
among the experts is how to perform the outsourdihg traditional approach is to negotiate the
contract terms with the suppliers. Some buyers #uhincentives such as revenue sharing or
monetary rewards/penalties based on the qualitgeo¥ice they receive. Another approach,
which can save negotiation efforts, is to let thpmiers compete for the buyer’s business. Many
researchers have studied different forms of suppl@mpetition in an outsourcing setup.
Although outsourcing through competition has bedtely studied in the literature, the existing
theoretical results have never been, to the besbuof knowledge, subjected to empirical
verification.

In this paper, we use laboratory experiments t@stigate whether subjects who play the
role of competing suppliers make decisions accartiinthe theoretical predictions. We use the
results developed by Elahi (2013) as our theorehaais. Elahi (2013) provides the theoretical
results for different types of competition in antsmurcing setup. The author uses a stylized
gueuing model to analyze the competition betweekenta-stock suppliers when they compete
for the demand share of a buyer based on diffgreribormance measures (competition criteria).
He considers three types of competition. In thet fiype of competition, each supplier receives a
portion of the buyer's demand, which is proportioiathe service level he guarantees over the
sum of the service levels provided by all supplign®portional allocation). Since the demand
share is proportional to the service level, thigetpf competition is calleservice competition. In
this type of competition, each supplier can inceebss demand share by providing a higher
service level (while considering his competitorsivice levels). Although higher service level
can result in a larger share of the buyer’'s busingsalso means higher service cost for the
supplier. Here, we measure service by the probglmfi meeting the buyer's demand from on-
hand inventory (fill rate).

In the second type of competition, the buyer's dednas allocated to the suppliers
proportional to the inventory level that each sigpkeeps ifiventory competition). A similar

dynamics creates the competition between the gpin this case too. In the third type of



competition, the buyer’'s demand is allocated based parameter that is designed to intensify
the competition to a level where each supplier texbis maximum feasible efforogtimal
competition). This parameter is a combination of service leugtentory level, and suppliers’
cost functions. Although using this parameter {es dompetition criteria) is more complicated
than using simple criteria such as service or itmgnlevels, this type of (optimal) competition
can produce the best results for the buyer.

Through our experiments, we first want to verifythe subjects’ decisions converge to the
predicted Nash equilibrium in the three abovememtibtypes of competition. We also want to
compare the subjects’ decisions under differeneésypt competition and verify if the differences
between these decisions follow the same patterth@gheory predicts. We are specifically
interested to see if the optimal competition casdpce the desirable results for the buyer as the
theory promises.

Our results show that the subjects’ decisions db nmexessarily converge to the Nash
equilibrium. Under service and inventory competiip subjects’ decisions are usually higher
than the Nash equilibrium. Under the optimal contiget, the subjects’ decisions are usually
lower than the Nash equilibrium, except for theslefficient suppliers when the suppliers’ cost
structures are not identical. Although, subjectanca generally capture the theoretical Nash
equilibrium, the experimental results show thatdhbjects, as theory predicts, exert more efforts
under optimal competition than they exert undeemury or service competitions.

We also analyze the subjects’ behavior to providgights on the reasons behind the
deviation of decisions from the Nash equilibriume Whow that subjects’ loss aversion can
explain the less-than-predicted decisions undeimapt competition, especially when the
competing suppliers are identical. When the supplieve different cost structures under the
optimal competition, we show that subjects’ decisiare affected by their tendency to change
their next decisions toward the current decisioredenby their competitors. We call this
behavior “rival chasing”. We also examine the intpafcsubjects making random error in their
decision making process. Using the Quantal Resp&ugelibrium approach, we show that
random error can explain, to some extent, the tievisof the subjects’ decisions from the Nash

equilibrium.



The remainder of this paper is organized as followssection two, we briefly review the
related literature. Section three explains the Buppain model and presents the competition
equilibrium results. Section 4 states our hypothe€ar experimental design and protocol is
presented in section 5. We present the result péraxents in section 6. The reasons behind the
deviations of the subjects’ decisions from the th&ocal predictions are discussed in section 7.

Section 8 provides our concluding remarks.

2. Related Literature

Outsourcing through competition has been widelydiet in the literature. Bell & Stidham
(1983) might be the first who study the competitimiween suppliers (servers). They model the
competition between servers in a market place wbestomers choose their server in a way to
minimize their waiting cost. Although it is not autsourcing model, their socially optimal
allocation scheme requires a decision maker whpatlibes the customers to servers according
to servers’ processing rates. This is similar toocamsourcing model where a single buyer
allocates her demand to competing suppliers baged oompetition criterion. The authors’
socially optimal allocation scheme minimizes thedaun average of customers’ waiting cost.
Since this allocation scheme is based on the sngphrocessing rate, we can consider it as an
effort-based competition.

Another paper that models outsourcing through effased competition is Cachon & Zhang
(2007). The authors model the competition betweenitentical make-to-order suppliers who
supply to a single buyer. The buyer allocates teenahd to the suppliers based on their
processing rates. The authors show the impacffeirelint allocation schemes. In their model, the
buyer’s objective is to maximize the service lgwedvided by the suppliers. They show the form
of a linear allocation function that can produce liest results for the buyer.

There are others who model outsourcing problemsutiit service-based competition. This
stream of research study the competition betweppl&us when the share of demand allocated
to each supplier depends on the service leveluppler guarantees.

Gilbert & Weng (1998) model a principal who alleestdemand to two competing agents
(service facilities). The identical agents decid®wt their costly service rates to attract more

demand shares. The principal either allocates #meatid to the agents from a single queue or



from separate queues (equal expected waiting timE®y show the conditions which one
allocation might be superior to the other one. Hal €2003) model two suppliers who compete
for supply to a customer with deterministic demanthen the identical suppliers compete based
on delivery frequency, the authors (using an EOQef)joshow an allocation scheme that
minimizes the customer’s inventory cost. Jin & Rya012) model two identical make-to-stock
suppliers who compete based on both price andcgetevel (fill rate) for demand shares of a
single buyer. The buyer uses an allocation functionwhich the allocated demand is
proportional to an exponential function. This adtion function is characterized by a parameter
that shows the relative importance of price verservice level. The authors show the optimal
value of this parameter, which minimizes the buyeost.

Benjaafar et al (2007) compare two competition rma@ms: supplier allocation (SA) and
supplier selection (SS). In a supplier allocati&A)Y mechanism, each supplier receives a share
of the buyer’s demand which increases with theisenevel that supplier provides. In a supplier
selection (SS) mechanism, the buyer selects orgysopplier to receive the entire demand. The
probability of a supplier being selected increasgshe service level he provides. They show
(SS) can result in higher service levels. In additto service level, Benjaafar et al (2007)
introduce another competition parameter. The agtebow a reformulation of their problem in
which they choose the demand-independent comparight service cost (which they name it
supplier'seffort) as the competition parameter. They show that whendemand is allocated
proportional to a power function of this competitiparameter, supplier service level can be
maximized. The authors acknowledge that the seivés®d and effort-based competitions can
lead to different equilibrium service levels. Howewvhey do not actually compare the two types
of competition. Elahi (2007) show an optimal fordadlocation function for a service-based
competition which can result in maximum feasiblevee level for the buyer. A review of
service-based outsourcing can be found in Zhou & 2610).

Elahi (2013) models an outsourcing problem in whicéke-to-stock suppliers compete for
the demand share of a single buyer. In his modelatithor considers the suppliers’ competition
when the buyer's demand is allocated proportiomalatcompetition criterion (competition
parameter). Elahi (2013) focuses on the impadhefdifferent competition criteria. He considers

three competition criteria: service level (fill ext inventory level (effort level), and optimal



competition criteria. Since our laboratory expemmse are based on these three types of
competition, we present them in more details iise@.

In spite of relatively extensive body of theoretis@rk in this area, there has not been, to the
best of our knowledge, any empirical study thatnexas supplier competition in outsourcing
problems. This paper could be a first step alomgghth. There have been experimental studies,
however, in the related fields. Below, we briefeview experimental research in other areas of
supply chain and economics that have some sinidarid our outsourcing problem.

Economic contests and games have long been subjecexperimental examination. Rent-
seeking is one of these games that has the mosarsiies with the formulation of the supplier
competition in our outsourcing problem. In this gamvhich was first modeled by Tullock
(1980), contestants compete to win a prize (reimt)e prize could be, for instance, the
monopolistic right to provide a service to the pablThe probability of winning the prize
increases by the amount of contestant’s expendiBinee this expenditure (lobbying efforts, for
instance) usually does not create any real valuk isrspent just to increase the chance of
winning the rent, rent-seeking can be considereavaasteful use of social wealth. Under certain
conditions, the total expenditure by all contegactuld equal the value of the rent (rent
dissipation). Tullock (1980) models the probabibifywinning the prize as{/z ].Nﬂe} , Wheree
is the expenditure of contestantN >1 is the number of contestants and 0 determines the
impact of a change in expenditure on the probgbit winning. For r =1, this form of
probability function is similar to the proportiondemand allocation function in our problem.
Therefore, each contestant’s expected profit fonctvould have great similarities to a supplier’s
expected profit function in our outsourcing problésee section 3).

Milner and Pratt (1989) were the first to condwadidratory experiments to verify Tullock’s
analysis of rent-seeking. Their experiment considee competition between two (identical)
rent-seekers. The authors compare the contestapt expenditures for the casesrefl and
r =3. Their results confirm the theoretical predictithvat higher values af results in higher
expenditures. However, they observe that the aeeeagenditure for the case o&1 is higher
than the Nash equilibrium, while the average exparelfor the case of =3 is lower than what
theory predicts. In spite of most experimental aesiees in this field (including the present

research), Milner and Pratt (1989) let the subjentke sequential decisions within a time



interval instead of making simultaneous single sieais in a decision period. Moreover, the case
of r =3 does not have a pure strategy Nash equilibriurerdtbre, we cannot compare the result
of their experiment for this case with a theordtlmanchmark. In a follow up paper, Milner and
Pratt (1991) show that the less risk averse thgestdare, the more their expenditure will be.

Davis and Reilly (1998) also conduct laboratoryesupents to examine the outcome of rent-
seeking contests. They compare the average expersltfr =1 with a perfectly discriminating
rent-seeking in which the contestant with the haghexpenditure wins the contest with a
probability 100%. This type of rent-seeking cor@qhs tor =co and can be considered as all-
pay auction. They report that the perfectly dieanating rent-seeking results in higher
expenditures than the case 0f1 does. In both cases, the subjects’ average expeesliare
higher than the Nash prediction. They also show tthe subjects’ experience reduces the over-
dissipation of rent, but cannot eliminate it. Theneral tendency of competing subjects to make
decisions above the Nash equilibrium values is galyewhat we observe in our outsourcing
competition too (especially under service and itegncompetitions).

Anderson et al (1998) show that for a perfectlycdiinating rent-seeking game € o),
the subjects’ random error can explain the ovesigéion of rent. They use Quantal Response
Equilibrium approach (first introduced by McKelvagd Palfrey, 1995), to analyze the impact of
subjects’ random error. We will also show how ramderror can explain (to some extent) the
deviation of subjects’ decisions from the theowmdtigredictions. Anderson and Staffor (2003)
study the impact of cost heterogeneity and enteydie the expenditures of contestants in a rent
seeking game. Their laboratory experiments showo(@nother results) that cost heterogeneity
does not result in a decrease in the total amo@iréxpenditures (as theory predicts). Our
experimental results suggest a similar behavioeusdrvice and inventory competition. That is,
when the suppliers are heterogeneous, the sumbggcds’ decisions is higher than what theory
predicts. The literature on experimental studiesrait seeking is not limited to what is
mentioned here. A comprehensive review of thigdiiere, however, is beyond the scope of this
paper. A more detailed review of experimental stadin rent-seeking can be found in Houser
and Stratmann (2012).

The only experimental paper in supply chain thatligts simultaneous competition between

decision makers is Chen et al (2012). They exartirecompetition between retailers (buyers)



for the limited capacity of a common supplier (8gll They found that the subjects’ average
order is much less than what Nash equilibrium mtediThey attribute this behavior to subjects’
bounded rationality (random errors). The authore @Wuantal Response Equilibrium to
incorporate random errors in subjects’ decisionsil& to Chen et al (2012), we model the
simultaneous competition between decision makergr @odel, however, considers the
competition between suppliers (sellers) for theitkoh demand of a buyer. Moreover, our

competition criteria is different from what theyeus their model.

3. Theoretical Background
In this section, we describe our supply chain maahel present the theoretical formulation of the
competition setup for our experiments. We also shiber Nash equilibrium decisions for
different types of competition we consider in thesearch. The supply chain setup in this paper
follows the setup presented in Elahi (2013). Theofs of all the results of this section can also
be found in this reference.

We consider the case of a single buyer who is ontsng the production of a product among
N potential suppliers. The suppliers manufactures throduct in a make-to-stock fashion
according to a base-stock inventory policy. Dem#ath the buyer is generated according to a
Poisson process with rate with the fraction of demand allocated to suppiiglenoted by,
where 0< 4 <1 and zi'ildi =1. Accordingly, demand generated by the buyer asriaeeach
supplier with a rate ofdA. The variabled can be viewed as the probability that ongoing
demand is allocated to supplieiin aggregate, this translates to the market staaseded to the
supplier.

The suppliers’ production times are exponentiailstrbuted with the ratey,, and in
response to demand from the buyer, suppliers atljest capacity (production rate) to maintain
a fixed target utilizationp , where g =34/ and 0< p <1 for supplieri. Hence, for each
supplier the production system can be modeled dd/Bi1 queuing system. The assumptions
of Poisson arrival and exponential processing tjimesaddition to being plausible in many
practical cases, are common practice in this eide they make the derivations mathematically
tractable (see for instance Gilbert and Weng, 19€8;hon and Zhang, 2007; Benjaafar et al
2007).



Finished goods at the suppliers are managed aogptalia base-stock policy with base stock
level z (z >0) at supplieri. This means that the arrival of demand at suppkdways triggers
a replenishment order with the supplier's productsystem. Suppliers incur the inventory
holding cost. That is, each suppliencurs a holding cosh per unit of inventory per unit time.
Moreover, each supplier incurs a production apgter unit produced, and a capacity cksper
unit of capacity (measured in terms of the assedigiroduction rate). The revenue for each
supplier is based on the demand they are allocatédthe price of the produgd,per unit, at
which the buyer procures it. We assume that thieps the same across all suppliers. This can
be the case when the buyer is powerful enoughtttheeprice, or when market mechanisms set
the price (the case of a commodity product for @nse). This assumptions means the
competition is based on criteria other than price.

When a supplier cannot fulfill the buyer's demanaihi on-hand inventory, we assume the
buyer will wait until the supplier produces the kaered units. We exclude the possibility of
the buyer switching to another supplier. We alsdwede the possibility of the buyer procuring
the product from a supplier outside of the poat@fpeting suppliers, assuming that the product
is not readily available in the market. The assuompbf backordering the demand when it
cannot be satisfied from on-hand inventory is cstesit with the assumptions in earlier papers
such as Cachon & Zhang (2007) and Benjaafar ¢2@07). Netessine et al. (2006) also use this
assumption in studying the impact of customerskbetering behavior on the performance of
competing firms in a market. The assumption of bad&ring the unfulfilled demand is
particularly essential in our competition modehca switching to another supplier violates the
demand allocation rule, which is (as we will discbglow) the basis of the competition.

Backordered demand is costly for the buyer. It mighd to delayed delivery or incomplete
orders shipped to the buyer’'s own customers. Bagksrcan also negatively affect the buyer’s
production system, which are possibly accentudtagust-in-time system is used. Therefore, the
buyer measures each supplier's service level imgeof fill rate, § =Pr(l, > 0). That is, the
probability that a unit demand allocated to a si@pgk not backordered and can be fulfilled
immediately from on-hand inventory,(is the inventory level at suppliex. Hence, the buyer’s

objective is to maximize the average service lehel receives from her suppliers,

q=Y " ds. (1)



Maximizing the average service level is equivatentinimizing the probability of backordered
orders, which in turn means low backordering costlie buyer.

To encourage the suppliers to provide higher serlggels, the buyer let them compete for
larger shares of her demand based a performancesureeaThe buyer announces this
performance measure, as the criteria for demamdadlbn, before the competition starts. The
suppliers then simultaneously commit to a leveth&f announced performance measure, based
on which the demand share of each supplier is méted. We examine three different types of
performance measures, based on which the buyessstag competition. The buyer's demand
can be allocated based on the suppliers’ fill-rétexsned here assarvice competition), or it can
be allocated based on suppliers’ base-stock légghéd here as anventory competition). We
also examine the competition based on a combingddrpgance measure designed to intensify
the competition to its highest level. This competit(termed here agptimal competition) can
result in the best outcome for the buyer.

To make a decision, each supplier needs to condfidetrade-off between higher revenue
from a larger share of demand and the higher ocofstsommitting to a higher level of the
announced performance measure. Each supplier nmékekecision attempting to maximize his
expected profit in light of their competitors’ pdds decisions. Below, we explain in more
details each of these three types of competition.

In service competition, each supplier is awardetmand share proportional to the fill rate
he guarantees. The buyer uses a proportional &ibactunction a°(s,s;) which specifies the
fraction of demand allocated to supplierbased on his fill rates and the fill rates

S, =(s,..,.S1,S41.--8y , Offered by supplier's competitors. In other words,

§=0%(5.5,) = = )

z ’j\l:l Si |

In inventory competition, a supplier's demand shdgpends on his base stock level. In this

type of competition, the buyer uses a proporti@lalcation functiona' (z,z,) which specifies
the fraction of demand allocated to suppiibased on his base stock level and the base stock

levelsz, =(z,...,Z_,,2.,,...Z, ) Offered by suppliers competitors, which means

§=a(z,2)= =2 (3)

Z 'j\l:l Zi
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In optimal competition, buyer’'s demand is allocatéedording to a performance measue,

that is a combination of fill-rate and base-stamkel.

_1 Nh _Aa "
5‘Nb(p_0_k/m(4 1—pﬁ°‘H | @

Therefore, the demand share allocated to supplieoptimal competition will be

00(E. &) =t (5)
2

This type of competition can induce the maximumsilele service level for the buyerThe
performance measure defined in (4) is more comgltcand less intuitive than direct measures
like fill rate or base stock level. It is, in fa@n abstract measure that can set the shape of the
profit function such that the competition equiliom point occurs when each supplier exerts his
maximum effort. In other words, this performanceaswe can intensify the competition to its
maximum level, where each supplier spends all é&emue (and zero out his profit) to provide
the maximum feasible level of . While under the service and inventory competgjothe
suppliers can earn positive profit, supplier's grofder optimal competition is always zero.
Note, in the definition of this performance measweand 5 are interdependent parameters (
§ =1-p%). It is not very difficult to show thaf, is an increasing function of eithey or §.
Therefore, when a supplier guarantees the maximessilile level ofé , it means that he
guarantees the maximum feasible service levehiebuyer, as wéll

Suppliers’ profit functions under each of these petitions are

_ S - _n[Mhd-s)_ A
7(s,55)=a°(s,5:)A(p-¢ ~k / p) h( inp 1_[%3], (6)
7 (z,25)=a (z,2)A(p-¢ -k /)~ h[a— 1-p° )j and ©)

-1
&) =00 @ EN (PG K 1) - W(NGN ®)

! Suppliers are bound to provide a positive service level as a participation condition under this type of competition.
? Elahi (2013) shows a general form of the performance measure for optimal competition that has the ability to
induce any predefined set of demand shares at the competition equilibrium. The specific form shown in (4) induces
identical demand shares for all suppliers ( 5| =1/N). This is an intuitive selection when the suppliers are
identical. The buyer may also decide to allocate equal demand shares to heterogeneous suppliers to minimize the
risk of relying on a specific supplier. For more detailed discussion see section 6 of Elahi (2013).
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This formulation of the problem assumes (a) theebwan enforce the fill rates or base stock
levels chosen by the suppliers, (b) suppliers’ stistctures are common knowledge (a complete
information setup), and (c) suppliers participatetie competition as long as they can earn a
non-negative expected profit.

These three forms of competition have unique Naghlibrium. For the case of identical

suppliers, these equilibrium points can be fouodnfr

Service Competition: S;=(N_21j Alp=c=k/p) (9)
N { 1 P }
(1-s5)In@@/p) 1-p
Inventory Competition: Z = ( N _21) Alp _Cz:lk /p) (10)
hl1-2" it
1-p p
Optimal Competition: & -1 (11)

When the suppliers are not identical, we do noehdesed form solutions. Numerical methods
should be used to calculate the equilibrium poiltitsan be shown that the service competition
results in the lowest service level for the buymd the optimal competition results in the highest
service level. The inventory competition results ainservice level that is in between. As

mentioned before, there is a one to one correspaedeetween the service level that a supplier
provides and the base-stock level that he keepsa Assult, the highest service level in an
optimal competition means that the suppliers prewite highest level of base-stock under the
optimal competition. Similarly, the lowest level sérvice in a service competition means that
the suppliers provide the lowest level of baselstotder service competition. We will refer to

this result in our experimental design.

4. Hypotheses
Game theoretic models predict that rational playeske decisions according to Nash
equilibrium. Our first three hypotheses then conctre comparison between the subjects’

average decisions and the corresponding Nash lequiitis under different competition setups.
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Hypothesis 1: The average subjects’ decisions is equal to tmeegponding Nash equilibrium
under service competition with (a) identical supgi (b) suppliers with different production

costs, and (c) suppliers different inventory hofdaosts.

Hypothesis 2: The average subjects’ decisions is equal to tmeesponding Nash equilibrium
under inventory competition with (a) identical sliers, (b) suppliers with different production

costs, and (c) suppliers different inventory hofdaosts.

Hypothesis 3: The average subjects’ decisions is equal to tmeegponding Nash equilibrium
under optimal competition with (a) identical suppdi, (b) suppliers with different production

costs, and (c) suppliers different inventory hojdaosts.

The theoretical results also predict that our oaticompetition results in the highest service
level for the buyer, while service competition iésin the lowest service level for the buyer.

Our next two hypotheses then concern the compan$dime subjects’ average decisions under
different types of competition. As we mentioned $ection 3, there is a one-to-one
correspondence between the service level (filiratad the suppliers’ base-stock levels.
Therefore, comparing subjects’ decisions (basekdeels) under different types of competition
is equivalent to comparing the service levels (&itles) provided by the suppliers.

Hypothesis 4: The average subjects’ decisions under service ettigm are smaller than the
average subjects’ decisions under inventory coripetwith (a) identical suppliers, (b) suppliers

with different production costs, and (c) supplidifferent inventory holding costs.

Hypothesis 5:The average subjects’ decisions under inventonypatition are smaller than the
average subjects’ decisions under optimal compatitvith (a) identical suppliers, (b) suppliers

with different production costs, and (c) supplidifferent inventory holding costs.

5. Experimental Design

To investigate how decision makers perform underctbmpetition and compare the results with
theory, we conducted a series of experiments usimg different treatments. These consisted of
three treatments for each of the service, inventang optimal competitions. For each type of
competition, a single treatment was used for sepplvith identical cost structures, and two
treatments were used for heterogeneous costs. @teeobeneity in cost structure was either

because of different production costs or becauskfferent inventory holding costs.
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In all experiments the buyer’s demand was assumedrive at a rate ofi and the price of
the product,p, to be 100. The suppliers incurred a capacity cbsk =5 per unit product per
unit time to adjust their capacity and keep thédilization at ©=0.92. When the suppliers had
identical cost structures, their production costd eaventory holding costs were the same, with
¢, =c,=20and h =h, =1, respectively. For experiments with heterogengqmosluction costs
the valuesc, =20 and c, =60 were used for production coasts. For heterogenemestory
holding costs, the valudg =1 and h, =2 were incorporated. We deliberately chose a redativ
large difference between the production costs amdntory holding costs so that the extent of an
impact from heterogeneity would be more clearlydent.

Subjects in our experiments assumed the role opeting suppliers with the overall goal of
maximizing profits. Each experiment consisted ofi@@ependent rounds in which a decision
needed to be made. In order to maximize profits,sibjects needed to consider how the buyer
was allocating her demand as well as possible idasigheir competitors might make. Under all
forms of competition the decisions subjects mads inahe form of base-stock levels. As we
mentioned in section 3, there is a one-to-one spmedence between different performance
measures. Therefore, when a subject selects anc@te@l of base-stock, the values of fill rate
and optimal performance measure are also set. @ason that subjects’ decisions under all
forms of competition are the base-stock level esfct that base-stock level is the only practical
decision that can be made in reality. For instancgjpplier cannot directly set a desired fill-rate
in practice. It can only be done through choosibgge-stock level that guarantees that fill-rate.

The subjects for all of our experiments were Cdlegf Management students at the
University of Massachusetts, Boston. We conducted éxperiments in the College of
Management P5 Computer Lab. The instructors otsmdecourses let us run the experiments in
their class times as a required class activity.

To provide incentive for students to focus on maxzing profits during the experiment, we
presented each experiment as a contest througlhwhecstudents could find out how good they
were at making decisions under an uncertain cotngenvironment. In addition, we offered
cash prizes ($40, $30, and $20) to the three stad®aving the highest total profits after 30
rounds of decision-making. We conducted the expmmi in a mix of graduate and

undergraduate classes. Past experimental researoperrations management has found that
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decisions made by undergraduate and graduate $sudennot statistically different. See, for
instance, Katok & Wu (2009) and Elahi (2013).

Since the calculation of a supplier's profit coldd complicated, the experiment software
provided an interactive calculation tool. This toelhich was available throughout the
experiments, enabled subjects to enter a prosgedtigision and see their profits as a function of
the full range of decisions a competitor could makke appendix shows the user-interface
including the calculation tool.

A strict protocol was followed for conducting alkperiments. At the start of each
experiment session, subjects were asked to read-page handout describing the supply chain
setup and the decision-making process for the ctiigme The content of the handout and a
short demonstration of the experiment software prasented orally next. This presentation was
followed by answering any questions that subjeatthtrhave.

The next step in our protocol was to let subjectskvwith the software and, in particular,
examine the calculation tool. After subjects weaamifiar with the software and had a sense of
how their decisions, in combination with potentigcisions by their competitors, would affect
their profits, we had subjects compete in a 5-ropnactice session. With any remaining
guestions answered, we proceeded to start thel adogpetition. During the first 10 rounds of
competition, the subjects had 75 seconds to mattecsion. Pre-testing showed that after 10
rounds subjects had grasped the competition arldnger needed as much time. We therefore
reduced the time limit to 45 seconds for each efrémaining rounds.

After all subjects had entered a decision or theetlimit had expired, a round would end.
The software then paired subjects as competitordoraly (any subject not making a decision
was not paired and assigned a profit of zero). Wdigleisions and competitors assigned, the
software calculated each subject’s share of denaanad profit, along with their competitor’s
share and profit. These results, alongside tha fbfit the subject had accumulated, were
displayed on the screen. At that point, the nexindoof the competition was begun. See the
appendix for a sample screenshot of the user aderfluring a competition.

Before the competitions started for experimentsolving treatments with heterogeneous
suppliers, the software randomly divided subjents bne of two sets. One set was assigned a

higher cost than the other for eitheror h, depending on the particular experiment. We then
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apprised all subjects of which set they were agsigo and that those with higher costs could
expect lower profits than their competitors. Sutgjesere also made aware that, at the end of
experiments, we would normalize all subjects’ geofith respect to their costs; hence, everyone

had a fair chance of winning the prize money.

6. Results

Tables 1 and 2 show the results of our experimantgell as the corresponding theoretical Nash
equilibrium for identical and heterogeneous supgplieespectively. To analyze the results of our
experiments, throughout this research, we use Whlcaank sum test (Levine et al 2011, pp.
447-451). The unit of our analysis is the averaggekstock decisions made by each subject.

As we can see from these, the subjects’ behavimdgruservice and inventory competitions
are different from their behaviors under optimampetition. Under service and inventory
competitions, the subjects’ average base-stock sies are always greater than the
corresponding Nash equilibriums. Thevalues listed in tables 1 and 2 show that these
differences are statistically significant. The oakceptions happen under service competition for
both suppliers with different production costs &mdthe more efficient supplier when inventory-
holding costs are different. For these cases, thgests’ average decisions are statistically
equivalent to the Nash equilibrium. As a result, we@ reject Hypothesis 1(a) and all parts of
hypothesis 2. We can also reject hypothesis 1(c}he less efficient supplier. Hence, we can
conclude that the subjects, under service and towerwompetitions, tend to choose base-stock
levels higher than or at least equal to the Nasfilibgum.

On the other hand, under optimal competition, wesee that the subjects’ average decisions
are smaller than the corresponding Nash equilibnmen the suppliers are identical. We can
observe the same behavior for the subjects whothkayole of more efficient supplier (supplier
1), when the suppliers are not identical. The stibjeho play the role of less efficient supplier
(supplier 2), however, do not follow this pattetdnder the optimal competition, all the
differences are significant except for the lesscigfit supplier when the production costs are
different. Therefore, we can reject hypotheses &fa) 3(c). We can also reject 3(b) only for the

more efficient supplier.
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e Experimental
- Sample | Nash Equilibrium p-value
Competition Type Size Base-stock Level Base-stock (two tail)
Level
Service Competition 13 19 24 <0.01
Inventory Competition 12 34 54 <0.01
Optimal Competition 22 77 68 <0.01

Table 1 — Subjects’ average decisions vs. NasHilequin (identical suppliers)

Supplier 1 Base-Stock Level

Supplier 2 Base-Stock Level

Competition Type SaSrian;le p-value p-value
Nash | Experiment | (two tailed) | Nash | Experiment | (two tailed)

Heterogeneous Suppliers (different production costs: c1=20, c2=60)

Service Competition 18 19 19 >0.05 13 15 >0.05

Inventory Competition 24 32 41 0.02 18 26 0.04

Optimal Competition 28 77 51 <0.01 42 43 >0.05

Heterogeneous Suppliers (different inventory holding costs: hi=1, h,=2)

Service Competition 17 19 21 >0.05 14 19 <0.01

Inventory Competition 25 33 36 0.04 19 34 <0.01

Optimal Competition 27 77 58 <0.01 44 51 0.01

Table 2 — Subjects’ average decisions vs. NasHilequm (Heterogeneous suppliers)

Tables 3 and 4 compare the subjects’ average dasisinder different competition types. As

we can see, the experiment results strongly rgkqiarts of Hypotheses 4 and 5. This means

that the competition type indeed affects the subjatecisions. Although our results show that

the subjects’ average base-stock decisions und@mapcompetition are smaller than what

theory predicts, the optimal competition still riksun average base-stock levels which are

considerably higher than the base-stock leveldtezsirom the other two forms of competitions.

Therefore, the optimal competition can indeed mewthe highest level of average service level

for the buyer.

o Competition | Competition | p-value
Competition Types Na | Ng 4) (B) (one tail)
Service (A)
vs. 13 | 12 24 54 <0.001
Inventory (B)
Inventory (A)
vs. 12 | 22 54 68 <0.001
Optimal (B)

Table 3 — Subjects’ average base-stock decisidestfcal suppliers)
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Competition Type SurIPyrg(ieer Na | Ng Com;()[i;ition Comrgg;ition (g;lveagﬁ)
Heterogeneous Suppliers (different production costs: ¢1=20, c,=60)

Service (A) Supplier1 | 9 | 11 19 41 <0.005
Inven“écs;'ry (B) Supplier 2 9 |12 15 27 <0.005
Inventory (A) Supplier1 | 11 | 7 41 51 <0.001

Optir\rllzll (B) Supplier2 | 12 | 6 27 43 <0.001

Heterogeneous Suppliers (different inventory holding costs: hi=1, h,=2)

Service (A) Supplier1 | 8 | 12 21 36 <0.005
Inven:cs)'ry (B) Supplier 2 9 | 13 19 34 <0.001
Inventory (A) Supplier1 | 12 | 5 36 58 <0.001

Optirlllz.l (B) Supplier2 |13 | 5 34 51 <0.001

Table 4 — Subjects’ average base-stock decisioate(bigeneous suppliers)

7. Discussion

The results of our experiments suggest that thengstson of perfectly rational decision-makers,

which is the underlying assumption in the derivatad Nash equilibrium, does not necessarily
hold for the competition setups studied in thiassh. To explain the subjects’ behaviors under
different competition setups, we examine differkabavioral factors. These behavioral factors
consist of context dependent factors such as lssian and rival chasing, as well as context
independent factors such as random errors. Sinceexperimental design considers only the
case of competition between two suppliers, we lioir discussion in this section to the

competition between two suppliers too.

7.1. Loss Aversion and Rival Chasing

We can see that under service and inventory cotigpetithe subjects’ average decisions are
greater than the Nash equilibrium or at leasti@teally) equal to it. Under optimal competition,
however, we cannot see this pattern. Subjects’ageedecisions, under optimal competition, are
smaller than the corresponding Nash equilibriuncegx for the less efficient supplier when the

suppliers are heterogeneous.
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To provide some insight on this behavior we firgbd at a supplier's profit function in
response to a decision made by his competitor. Mpeeifically, we look at a supplier’s profit
when his competitor chooses either the Nash edquilib or the average decision we have
observed in our experiments. Figures 1 to 3 shasdlprofit functions. The curves with the
solid lines in these figures show a supplier's expe profit for different values of his decisions
when his competitor’s decision is the Nash equtlitorvalue. The curves with the broken line is
the supplier's expected profit when his competgatecision is the average decisions made by
subjects in our experiments.

We first notice that the rate of change in a swgsjdiprofit around its maximum point is
much steeper under the service competition tharoftthe inventory or optimal competitions. In
other words, any deviation from the optimal decgisise more costly for the suppliers under
service competition than it is under inventory ervice competitions. This observation explains
why the gap between subjects’ average decisionshendorresponding Nash equilibrium points
under service competition is (almost always) smaitean the same gap under inventory or
optimal competitions. We can see that, under sereampetition with heterogeneous suppliers
(different production costs), the subjects haveuatt managed to (statistically) capture the
Nash equilibrium. This is also the case for the enefficient supplier under the service
competition when the suppliers have different in@enholding costs. This means that although
optimal competition can provide the best resultstifie buyer (highest service level), it is more
difficult for the subjects to capture the best dexis under optimal competition due to the
relatively flat profit functions around the optimpbint. The opposite is true for the service
competition, under which the buyer receives theslsivgervice level. However, it is easier for the
subjects to capture the optimal point under thispetition.

We can also see that if a supplier's competitorosks according to the Nash equilibrium,
under optimal competition, any deviation from threstdecision will result in a negative profit
for that supplier. Therefore, subjects’ loss awmrstan play an important role in this type of
competition. When the suppliers are identical, ¢tinéy way suppliers can earn positive profit
under optimal competition is when both supplier€cidions are lower than the Nash
equilibrium. Although this is not an equilibrium ratition, to stay away from the condition that

might result in negative profit, this is exactly atlsubjects have done in our experiments.
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Figure 1 — Supplier 1's profit when the suppliers @entical
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Figure 2 — Suppliers’ profit when the suppliersenegeneous (differem)
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When the suppliers are heterogeneous, howevessubjects’ behaviors under the optimal
competition depend on the type of the supplier. $hbjects who play the role of the more
efficient supplier (supplier 1) still chose baseestlevels that are less than the Nash equilibrium.
The subjects who play the role of the less efficiempplier (supplier 2), on the other hand,
choose base-stock levels that are more than (aal eéquthe Nash equilibrium. This different
behavior might be explained by a phenomenon thabkgerved through examining subjects’
decisions. It seems that the subjects have a neyd® change their decisions toward their
competitors’ last decisions (rival chasing behgvidio formally investigate this tendency we

define the following parameter for each subjeat decision round

4 =(3-2")(7 -7)
When this parameter is positive, it means supplgenext decision ¢*) moves toward his
competitor’s last decisionz{). A negative value forq means the supplier's next decision

moves away from his competitor's last decision. Wt =0, either the supplier does not
change his decision, or the supplier’'s and his @iitgy’s decisions are the same. Table 5 shows
the percentage of positive, negative, and zeroegatf g for all suppliers in each competition

setup.

We can see from table 5 that the tendency of stdbjeamnove toward their competitors’ last
decision is much stronger than to move away fromts is the case for all types of competition
and for both types of suppliers. When the competunpliers are identical, this tendency should
not have a major impact on the subjects’ averagesidas (since their optimal decisions are the
same at the equilibrium point). This rival chastegdency might result in faster convergence of
subjects’ decisions when the suppliers are iden{ee&en when they converge to an average
decision that is different from the Nash equililbnju When the suppliers are heterogeneous, the
two types of suppliers have different Nash equilitor decisions. The rival chasing behavior
might then cause the subjects of type 1 and 2 twarge to decisions that are closer to each
other than the corresponding Nash equilibrium oiWe can see this behavior under all types
of competition (the only exception is under invegtoompetition with different, in which the
gap between the Nash equilibrium points is almbstdame as the gap between the subjects’
average decisions). This behavior is particulaidaicunder optimal competition where the profit

functions are much flatter around the equilibriupings. A flatter profit function means it is
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more difficult for the subjects to identify the opal point. As a result, the rival chasing
tendency could play a more influential role. THi®8g tendency pulls the average decisions of
the subjects of the two types toward each othevgtdhan Nash equilibrium decisions for type 1
subjects and higher than Nash equilibrium decisfondype 2 subjects). As we can see from
figures 2 and 3, this behavior does not have theesenpact on the two types of suppliers. When
the decisions of the two types of the supplierspuiéed toward each other, the more efficient
supplier (supplier 1) ends up with a negative pyrethile the less efficient supplier ends up with
a positive profit. We can also see that the diffeesbetween the subjects’ average decisions and
the Nash equilibrium is considerably larger for [gigr 1 than for supplier 2. Since this pulling
effect result in negative profit for supplier 1etBubjects who play the role of this supplier are

more desperate to improve their profit and theeefitiey tend to chase their rivals more than

their competitors do. The percentages of positiud aegativeq in Table 5 support this

argument.
. . q
Competition Supplier !
Type Suppliers Type (+) ‘ (0) ‘ (-) A
identical 52% 26% 23% 29%
Heterogeneous 1 55% 10% 35% 20%
Service (different c) 2 51% 25% 24% 26%
Heterogeneous 1 42% 34% 24% 18%
(different h) 2 52% 24% 24% 29%
identical 44% 29% 27% 17%
Heterogeneous 1 52% 5% 43% 9%
Inventory (different c) 2 53% 15% 32% 21%
Heterogeneous 1 50% 11% 38% 12%
(different h) 2 60% 7% 33% 26%
identical 56% 10% 35% 21%
Heterogeneous 1 56% 16% 28% 29%
Optimal (different c) 2 46% 28% 27% 19%
Heterogeneous 1 54% 18% 29% 25%
(different h) 2 46% 19% 35% 10%

A: difference between the percentage of positivereghtiveq

Table 5 — Subjects’ average base-stock decisioate(bigeneous suppliers)

22



7.2. Random Error in Suppliers’ Decisions

One of the approaches used in the literature (botbehavioral economics and experimental
operations management) to explain the potentiabores behind the deviation of subjects’
decisions from the theoretical results is the oaemae of random errors in subjects’ decisions.
For instance, Su (2008) and Kremer et al (2010)yajmdom error to their model to see if it can
explain the deviation of newsvendors’ decisionsrirthe optimal value. Kremer et al (2010)
conclude that the random error cannot explain #ye lgetween the theory and the experimental
results. Anderson et al (1998) apply the conceptaftestants’ random errors in an all-pay
auction (in the context of rent seeking contexas3ee if this model can explain the experimental
results. By incorporating the occurrence of randemor, they manage to explain the over-
dissipation of rents observed in experiments. Géteal (2012) model an allocation problem in
which two retailers compete for the limited capa@t a common supplier while the retailers
make random error in placing their optimal ordeamtities. They show that retailers’ random
error can explain the lower than Nash equilibriurden quantities that they observed in their
laboratory experiments.

All these papers use the concept of Quantal Resp&agiilibrium (QRE) to model the
randomness in players’ decisions. This type of ldqium, which was first introduced by
McKelvey and Palfrey (1995), assumes that eacheplayns to make the best decision but
makes random error in the process. Therefore, @dayer's decision follow a probability
distribution, in which, the best decision (the dem that maximizes the player’s expected
profit) has the highest probability of occurrendée equilibrium probability distribution is a
fixed point. That is, at the equilibrium, the bélistribution of each player about his opponent’s
decisions is the same as the choice distributiorhief opponent. The belief distributions
determine a player’s expected profit for each degite makes, while the choice distribution is
determined by the expected profit. Chen et al (1%%ow the existence and uniqueness of this
equilibrium when the players’ set of choices isctk$e and the choice probabilities are described
by a logit distribution. As we explained in sectibnthe suppliers’ decisions (choices) in our

three forms of competition are considered to bé& these-stock levelsz . Let Q, be the set of

possible decisions for supplier Using a logit form, the choice probabilities ¢aen be defined

as
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o5 5%
Pr(z )=

Eﬂi(cq)} ’
> exp{ i

AT

0z 0Q,. J12

In equation (12),E7z(z) is the expected profit of supplierover all possible random
decisions that can be made by his competitors (dowpto the belief distribution) when supplier
i chooses a base-stock level Df Therefore, the probability of each decision iases with the
expected profit of that decision. Paramefgrshows the supplier's limitation in choosing the
best decision. It is easy to see that when. c then all possible decisions will have the same
probability (uniform distribution). In other wordsshen 5 —  the supplier has no tendency

toward the best decisions (the decisions are nradecompletely random fashion). On the other

hand, =0 means that the supplier is perfectly rational &rel best decision will always be

chosen with a probability of one.

Using an iterative algorithm, we can numericalhydfithe equilibrium probability distribution
of suppliers’ decisions. Figure 1 shows, for exemghe equilibrium distributions for different
values of 8 under the service competitions when the supplées identical. The problem
parameters are the same as what we used in ouatabp experiments. As we can see, the

equilibrium distribution becomes flatter Asncreases.
014 Equilibrium Probability Distribution
0.12 -
010 - ......... 'G:_Z
0.08 -
0.06 -
0.04 -
0.02 -

0.00

Figure 1 —Equilibrium Probability Distribution ofdgisions (QRE) under Service Competition
with Identical Suppliers
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We use the Maximum Likelihood Estimation (MLE) medhto find the best value ¢ that
best explains the subjects’ behavior under eacl tfpcompetition. More specifically, in this
method, we find the value @ that maximizes the likelihood of the occurrencehsf observed
decisions under each type of competition. Tdie the total number of decisions made by each
subject T=30 in our experiments) anma be the number of subjects. The set of all baseksto
decisions made by subjects during an experiment déen be defined as

Z={z|i=1,..m and t=1,..T}. Hence, the logarithmic form of our likelihood fition can

be written as
m T
L(BI1Z)=22 In[Pr(z, ) (13)
i=1 t
where Pr(z, ) is calculated by (12). Tables 6 and 7 show the \ses off that maximize the
likelihood function under different types of comipien, along with the corresponding expected

base-stock Ievelz;RE. Since different types of competition impose difet levels of decision

complexity to the subjects, we have considered féerdnt value of for each type of

competition. The value ofz. is, in fact, the average base-stock level under @uantal

Response Equilibrium for the value @ that maximizes the likelihood of observing the
experimental data. The tables also listphe&lues (one tailed test) that show the signifieaot
the differences between the Quantal Response Bduiti and the subjects’ average decisions.
We can see the optimal value @for the inventory competition is larger than th®imal value

of S for the service competition. Our discussion intisec7.1 regarding the shape of the profit
function should explain this behavior. The sharglepe of the profit function under service
competition makes it easier for the subjects tooskobase-stock levels closer to the optimal
value (behave more rationally). We cannot extemltilpe argument to the optimal competition.
We can see the optimal value @lunder optimal competition is smaller than optimalue of 3
under inventory competition. This could be becaws®lom error is no longer the only major
factor affecting the subjects’ decisions. As wecdssed in section 7.1, other factors such as loss

aversion and rival chasing play an influential rofeler this type competition, as well.
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Service Competition

Inventory Competition

Identical different ¢ different h Identical different ¢ different h
1 =22 Z1 Z2 Z1 Z2 VARSIV A] Z1 Z2 Z1 Z2
Nash Equilibrium 19 19 13 19 14 34 32 18 33 19
Quantal Response Eq. 21 21 16 21 15 43 37 26 35 27
B 3.4 11.2
Experiment 24 19 15 21 19 54 41 27 36 34
p-value
. * 0.000 <0.05 | =0.05 | =0.05 | <0.05 0.019 0.139 | 0.244 | 0.500 | 0.000

(Experiment vs. ZQRE)

Table 6 —Average QRE base-stock level under seandenventory competitions

Tables 8 and 9 compare the differences betweerexperimental results (subjects’ average
decisions) and the Nash equilibrium with the défece between the experimental results and the

QRE. These tables show the differences only whewy dne statistically significanp & 0.05).

Optimal Competition
Identical different ¢ different h
Z1= 273 Z1 Z2 Z1 Z2

Nash Equilibrium 77 77 42 77 44
Quantal Response Eq. 67 58 36 63 36
B 8.6
Experiment 68 51 43 58 51
p-value
(Experiment vs. Z:QRE) 0.151 | 0.001 | 0.000 | 0.001 | 0.000

Table 7 —Average QRE base-stock level under optomidpetition

Tables 8 and 9 compare the differences betweerexperimental results (subjects’ average
decisions) and the Nash equilibrium with the défere between the experimental results and the

QRE. These tables show the differences only whey déine statistically significanp & 0.05).

Service Competition Inventory Competition
different ¢ different h different ¢ different h
Identical Identical
Supp.1 | Supp.2 | Supp.1l | Supp.2 Supp.1 | Supp.1 | Supp.1l | Supp.1
Zeyo — Z 4 — | - | - 5 19 9 8 3 14
Zexe ~ Zope 2 ~ | =] -] 4] 12 | -] —-1]-4] -

Table 8 —The gap of Nash equilibrium and averag& Q&se-stock levels from the experimental
results (when the difference is statistically siigaint, p < 0.05)

We can see that, for service and inventory compesif the QRE is either statistically equivalent
to the experimental results, or when there is aifsagint difference, the QRE is closer to the
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experimental results than the Nash equilibrium.other words, the QRE falls between the
experimental results and the Nash equilibrium. ®hly exception is the more efficient supplier
when the suppliers have different inventory holdiegts. In this case the QRE overestimates the

subjects’ decisions while the Nash equilibrium wedémates the subjects’ decisions.

Optimal Competition
different c different h
Identical
Supp.1 | Supp.2 | Supp.1l | Supp.2
Zeo — 7 -8 -26 | — | -19 6
Zeve ~ Zone 4 -8 7 -6 14

Table 9 —The gap of Nash equilibrium and averag& Q&se-stock levels from the experimental
results (when the difference is statistically shigaint, p < 0.05)

Table 9 shows that the Quantal Response Equilibapproach has less success in predicting
subjects’ behavior under optimal competition. Tisatthe difference between the experimental
results and the QRE is always statistically sigatfit, and in two cases this difference is even
larger than the difference between the experimemslilts and the Nash equilibrium. As we
discussed in section 7.1, under optimal competitidher factors such as loss aversion and rival
chasing could play an influential role on subjeat€cisions. The QRE results specifically
confirms the rival chasing behavior. That is, théjects’ decisions for the more efficient
suppliers are less than the QRE and the subjeetgsidns for the less efficient suppliers are
more than QRE.

8. Concluding Remarks
This research tries to contribute to the existiteydture on supplier competition by examining,
through laboratory experiments, the theoreticaultesderived in this field. We conducted
experiments under three types of competition: servinventory, and optimal. In each type of
competition, suppliers compete for the demand sbieesingle buyer based on a performance
measure (competition criteria) announced by theehuyhis performance measure is fill-rate
under service competition, base-stock level undeentory competition, and a combination of
fill-rate and base-stock level under optimal contjmet. Under each type of competition, we also
consider the impact of heterogeneity in suppliecst structure.

While the buyer’s goal is to elicit high servicevdé from its suppliers, our experimental

results confirm the theoretical, but counterintgti prediction that the buyer does not get the
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best result when she uses the same service meastine competition criteria; based on which
the demand is allocated to the competing suppli@us.results confirm that, using a proportional
allocation function, the average service level lbnger receives is higher if she uses suppliers’
base-stock level as the competition criteria. lheotwords, inventory competition is more

preferable than the service competition (buyerispective).

Our experimental results also confirm the theoattrediction that the optimal competition
criteria can induce the highest service level far buyer. Although the experimental results for
optimal competition are not always as high as tlehNequilibrium prediction, the subjects’
average decisions under this type of competitiom significantly higher than the subjects’
average decisions under service or inventory coitmres.

Although our experimental results support the thgoal predictions in terms of the
comparative output of different types of competifitghe average decisions made by subjects
does not always match the value predicted by thehguilibrium. The Nash equilibrium values
are closer to the experimental results under seremmpetition, while under inventory and
optimal competition, the differences are more proroed. The steeper slope of the suppliers’
profit function around the Nash equilibrium poimtncexplain why it is easier for the subjects to
find the optimal decision under service competitidimis slope gets flatter under inventory
competition and is more so under the optimal coripet Therefore, it becomes more difficult
for the subjects to find the best decisions. Theans, although optimal competition is the most
desirable type of competition for the buyer, it @srwith the cost of more difficulty for the
suppliers to find their best decisions.

The deviation of subjects’ decisions from the Naghilibrium indicates that subjects do not
always behave purely in a rational way; as the Naghlibrium assumes. A rational decision
maker always aim to find a decision that maximibés expected profit, while he has the
cognitive power to find that decision. When the jeats’ decisions deviate from the Nash
equilibrium value, it can be due to the reason thatdecision makers care about other factors in
addition to maximizing the expected profit. It c@so be due to the reason that they do not have
the cognitive power to accurately find their bestidions. Our results suggest that the first type
of reasons is particularly affecting the subjealgcisions under optimal competition. Loss
aversion can explains the less than Nash equitibd@verage decisions of identical suppliers

under optimal competition. When the suppliers hdifferent costs, rival chasing can explain
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why the average decisions of the two different $ypé suppliers move toward each other’s
decisions (with respect the Nash equilibrium predits).

The subjects’ inability to accurately find theirdb@lecisions can be modeled by the Quantal
Response Equilibrium. In this equilibrium, the asption is that each decision maker aims to
find the best decisions but makes random errorgalbbe way. We can see that the Quantal
Response Equilibrium predicts subjects’ behaviorcimubetter than Nash equilibrium,
specifically under service and inventory competitidhe Quantal Response Equilibrium, under
service and inventory competitions, either captutee subjects’ average decisions or
underestimates them (with just one exception). fHason behind subjects’ tendency to choose
base-stock decision that is higher than either Naghlibrium or Quantal Response Equilibrium
is not clear and needs further investigation. Ewdren the Quantal Response Equilibrium is
statistically different from the subjects’ averagdgcisions, it makes a prediction that is (almost

always) closer to the subjects’ average decisibas what Nash equilibrium predicts.
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