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Abstract

In this thesis, we conduct experiments with human decision makers on supply chain
contracting. We consider a manufacturer-retailer supply chain where the manufacturer
sets contract parameters and the retailer faces the newsvendor problem. Contrary to
theoretical predictions, we find the experimental performance of the wholesale price
contract and the buyback contract to be close to each other. The buyback contract fails
to fulfill its promise of inducing high order quantities leading to higher supply chain
profits. The manufacturers offer more profitable buyback contracts to retailers, and as a
result, the retailers make higher profit and the manufacturers make lower profit than
predicted. On the contrary, the simple wholesale price contract resulted in higher
retailer and total supply chain profits than predicted, thanks to the overstocking bias of
the retailers. Another surprising observation is that experiments with short-run
interaction between the manufacturer-retailer pairs resulted in higher profit than the
experiments with long-run interaction. Finally, we did not find consistent evidence to
support the existence of learning-by-doing, and of certain decision heuristics mentioned

in literature.
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TEDARIK ZINCiRI SOZLESMELERINDE DENEYLER:
SOZLESME TIPLERI VE ILISKI UZUNLUGUNUN ETKILERI

Niikte Sahin
Endiistri Miithendisligi, Yiiksek Lisans Tezi, 2011

Tez Danigsmani: Yard. Dog¢. Dr. Murat Kaya

Anahtar Kelimeler: tedarik zinciri yonetimi, s6zlesme, satilmayan mallarin geri alim1
lizerinden sOzlesme, toptan satis fiyati lizerinden sézlesme, davranissal operasyon,
deney, kararlarda yanlilik

Ozet

Bu tezde, tedarik zincirlerinde s6zlesmeler konusunda gercek insanlarla karar verme
deneyleri gergeklestirdik. Ureticinin sézlesmeyi 6nerdigi, perakendecinin de “gazeteci
cocuk™ problemi ile karsi karsiya kaldigi bir {iretici-perakendeci tedarik zincirini ele
aldik. Kuramsal tahminlerin aksine, “satilmayan mallarin geri alimi iizerinden
sOzlesme” ile “toptan satis fiyati lizerinden s6zlesme” "nin deneysel performanslarinin
farkl1 olmadigmi bulduk. Geri alim sozlesmesinin, perakendecinin stok miktarin
arttirarak  toplam kar1 ylikseltme beklentisini karsilayamadigimi = gozlemledik.
Ureticilerin perakendecilere beklenenden daha karli geri alim soézlesmeleri 6nermesi
sonucu perakendeci kar1 artarken iiretici kar1 beklenenden ciddi derecede daha diisiik
gerceklesti. Toptan satis fiyati iizerinden s6zlesme ise, perakendecilerin fazla mal
stoklamas1 sonucu beklenenden daha yiiksek perakendeci ve tedarik zinciri karina yol
act1. Bir diger 6nemli sonug ise beklentilerin aksine, liretici-perakendeci iligkisinin kisa
vadeli oldugu deneylerde, uzun vadeli deneylere gore daha yiiksek tedarik zinciri kari
elde edilmesi oldu. Son olarak, deneklerin zamanla daha iyi kararlar vermeyi
ogrendiklerine ve literatiirde bahsedilen karar sezgisellerini kullandiklarina yonelik

destek bulamadik.
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CHAPTER 1

1. INTRODUCTION

Supply chains consist of individual firms, each aiming to maximize its own profit. It is
well documented that the pursuit of individual profit maximization leads to suboptimal
solutions from the supply chain point of view. This is why the study of contracts
between supply chain members has attracted great attention in business as well as in
academic literature. A well crafted contract can align the incentives of the individual
firms, leading to higher overall efficiency and higher gains for all parties, including the
end-consumers. More than simply a pricing agreement, the contract is a tool to share

profits, risks and information.

Supply chain contracting and coordination literature has studied many different types of
contracts and produced a wealth of analytical models (Cachon, 2003; Kaya and Ozer,
2011). All of these models are based on a number of behavioral assumptions regarding
how people make decisions (rational decision makers who aim to maximize their
expected utility) and how people strategically interact (game-theoretic equilibrium
concepts). While widely used in modeling, experimental economists have been
challenging these assumptions through controlled experiments with human decision
makers (Kagel and Roth 1995). These studies have uncovered significant differences
between human decisions and the predictions of analytical models, and human
behavior. Hence, it would be important to test the assumptions and predictions of
analytical models through wusing such experiments before making managerial
recommendations. This is particularly important for areas where “field studies” would
be extremely difficult to conduct, such as supply chain contacting. Experiments uncover
the gaps between theoretical predictions and human decisions, allowing the
development of better analytical models that have higher explanatory and predictory
prediction power. This approach may help bridge the long standing gap between

operations management practice and research.



In this study, we consider the simplest supply chain involving inventory risk and
contracting: A manufacturer-retailer supply chain where the retailer faces stochastic
consumer demand. The manufacturer moves first by offering a contract to the retailer. If
the retailer accepts the contract, she determines how much to order from the
manufacturer and stock prior to the selling season. This is the only ordering opportunity

for the retailer, making her problem a “newsvendor problem”.

We consider two different contracts between the firms. (1) Wholesale price contract (w)
where the wholesale price is w. This is the simplest possible contract where the retailer
pays the wholesale price w per unit she buys. She cannot return unsold units to the
manufacturer. According to the analytical solution, this contract causes the retailer to
order less than the supply-chain-optimal stock quantity. This leads to inefficiency in the
supply chain. (2) Buyback contract (w,b) where the manufacturer charges a wholesale
price w, and buys back unsold units at a buyback price b. According to the analytical
solution, this contract can coordinate the supply chain with the proper choice of contract

parameters (w,b).

We chose the buyback contract because it is easy to understand and provides a nice
setting to study risk and profit sharing between firms. In addition, buyback contracts are
widely used in industries such as publishing, pharmaceuticals and computer software
and hardware (Padmanabhan and Png 1995, Wang and Webster 2009). Around 30% of
new hardcover books are returned to the publishers by booksellers (Chopra and Meindl
2007). Electronics manufacturers such as Intel provide returns policies to their

distributors (Wang and Webster 2009).

We aim to answer the following research questions:

o How is the experimental performance of the contracts compare to the predictions of
the analytical models? In a similar study, Keser and Paleologo (2004) observed that
the overall efficiency wholesale price contract is close to the predicted value;

however, the profit is more equitably shared between the firms than predicted. We



extend their work by studying the buyback contract in addition to the wholesale

price contract.

How do the experimental performances of buyback and wholesale price contracts
compare with each other? Theory suggests that the buyback contract should
outperform the wholesale price contract. In particular, the buyback contract is
predicted to induce higher stock quantities from the retailer, leading to higher

supply chain profits.

How does the length of relationship between subjects affect the results? One expects
that in a longer-run relationship, firms learn about each other and may develop
cooperation over time. At the same time, a long-run relationship runs the risk of

firms engaging in strategic moves in the early periods to signal “toughness”.

What factors do retailers consider in setting stock quantities? At the heart of our
model is the retailer’s newsvendor decision. The manufacturer manipulates this
decision through contract parameters he proposes. Numerous researchers have
showed that people do not choose the newsvendor quantity in experiments. Decision
makers are affected by irrelevant information, and resort to decision heuristics. We
would like to understand what factors the retailer subjects consider in their stock

quantity decisions. This has implications for contract design.

Do subjects learn to make better decisions over time? We would like to understand

if and how the subjects’ decisions change over time due to learning-by-doing.

The rest of this thesis is organized as follows. In Chapter 2, we summarize the related

literature. In Chapter 3, we provide information on the analytical background of our

problem. In Chapter 4, we explain our experimental setting and procedures. In Chapter

5, we compare overall results of buyback contract experiments and wholesale price

contract experiments, and we explain the individual experiments in detail. In Chapter 6,

we discuss the decision heuristics. In Chapter 7, we conclude with discussions and

future research suggestions.



CHAPTER 2

2. LITERATURE SURVEY

2.1. The Newsvendor Model

The analytical model we consider revolves around the retailer’s newsvendor problem,
and how the manufacturer can manipulate this problem through the choice of the
contract parameters. The newsvendor problem, introduced by Arrow et al. (1951), is a
fundamental building block in stochastic inventory theory (see for example, Petruzzi
and Dada 1999, Khouja 1999, Porteus 2002). Arrow et al. came up with the famous
“critical ratio” solution to the problem, capturing the fundamental trade-off between
ordering too much and ordering too little relative to demand realization. The original
model is about a newsvendor that needs to determine how many copies of a newspaper
to order and stock at the beginning of a day, to meet stochastic demand during the day.
However, the model is relevant to many different problem settings including inventory
and capacity decisions in fashion and electronics industries; capacity management in
service industries such as the airlines and hotels (Weatherford and Pfeifer 1994); and
individual health care and insurance purchasing (Rosenfield 1986, Eeckhoudt et al.

1991).

Thanks to its simple and elegant nature, the newsvendor model has been used
extensively in the development of more complicated stochastic inventory models.
However, empirical studies indicate that managers do not necessarily follow the
newsvendor solution in relevant problem settings. For example, Fisher and Raman
(1996) report the case of a fashion company (Sport Obermeyer) that does not use the
newsvendor model in order quantity decisions. Corbett and Fransoo (2007)’s survey
shows that small businesses do partially follow the newsvendor logic for high-margin

products but not for their best-selling products.



The newsvendor model, similar to any analytical model of human decision making, is
based on a number of behavioral assumptions regarding how people make decisions.
Human beings are assumed to be rational decision makers that aim to maximize
expected profit level. However, a number of experimental studies involving human
decision makers consistently found biases (i.e., observed systematic deviations in
decision making) between theoretical predictions and subject decisions. Economists
have been using such controlled laboratory experiments to study human decision
making for a long time (see, for example, Kagel and Roth 1995). In fact, Daniel
Kahneman and Vernon Smith co-received the Nobel Prize in Economic Sciences for
their pioneering work in experimental/behavioral economics. The wuse of
experimental/behavioral methods in operations management has increased rapidly in
the last years, leading to the emergence of the “behavioral operations management”

field (see Bendoly et al. 2006, Gino and Pisano 2008).

Schweitzer and Cachon (2000) conducted the first laboratory study of the newsvendor
problem. These authors show that newsvendors (retailers) overorder for a low profit
margin product, whereas they underorder for a high profit margin product. The authors
show that this “ pull to center effect” cannot be explained by risk preferences, prospect
theory preferences, loss aversion, waste aversion, stockout aversion or an
underestimation of opportunity costs. The authors offer the following three heuristics to

explain their findings:

e Mean anchor heuristic: The retailer anchors its decision on mean demand and then
adjusts towards the optimal order quantity.

e Chasing demand heuristic: The decision maker anchors on the previous order
quantity and adjust toward the most recent demand observation.

e Minimize ex-post inventory error: The decision maker regrets from not having

ordered the realized demand, although it was not the optimal decision ex-ante.

The first two are related to the “anchoring and insufficient adjustment” type heuristics
where (Kahneman et al. 1982) people anchor their decisions around some available but

irrelevant information, and insufficiently adjust around this value over time.



Bolton and Katok (2008) also observe the pull to center effect in their experiments.

They show that the retailers’ order decisions can be improved through learning from

experience, and by restricting them to place long-standing (10-periods) orders. Benzion

et al. (2008) study different demand distributions and show that the previous-period

bias is weakened over time. Bostian et al. (2008) show that the pull-to-center effect can

be explained by an adaptive learning model where the subjects learn about the

attractiveness of each order quantity alternative over time based on their past experience

(EWA model). Lurie and Swaminathan (2009) find that more frequent feedback does

not necessarily improve newsvendor performance.

Researchers have identified a number of “decision biases” to explain deviations from

the optimal newsvendor quantity:

Different utility functions: The newsvendor model assumes that the decision
maker’s objective is to maximize his expected profit. However, experimental
studies have identified other utility functions. These are related to the Prospect

Theory of Kahneman and Tversky (1979).

o Risk aversion: Eeckhoudt et al. (1995) show analytically that a risk-averse

newsvendor will order less than a risk-neutral one. Prospect theory
(Kahneman and Tversky 1979) predicts that people act risk averse in the
domain of gains, but risk-seeking in the domain of losses (reflection effect).
Corbett and Fransoo (2007)’s survey results confirm this prediction for small

business owners facing newsvendor problems.

Loss aversion (Kahneman and Tversky 1974). People are more averse to
losses than they like same-sized gains. Wang and Webster (2006) show
analytically that a loss-averse newsvendor will order less than a risk-neutral

newsvendor when the shortage cost is low.

Framing: People’s decisions are affected by the way the problem is
presented (Tversky and Kahneman 1984). Schultz et al. (2007) compare the

newsvendor results under a positive frame that highlights profit, and a

9



negative one that highlights costs. To their surprise, experiments indicate no
significant difference. Ho and Zhang (2008) illustrate the effect of framing

in the supply chain contracting domain.

Bounded rationality: Standard economic theory assumes that people rationally
choose the “best response” among alternatives. However, in practice, people make
noisy decisions. They may make calculation or recording errors due to limited
cognitive ability, limited memory and attention span. When faced with complex
decision situations, people may resort to decision heuristics as shortcuts. Su (2008)
generalizes the newsvendor model to account for bounded rationality using a
quantal response equilibrium (QRE) framework. This framework acknowledges that
people do not always make the best decision, but good decisions have a higher
probability of being made than worse ones. Gavirneni and Isen (2008) record and
analyze the thought process of newsvendor subjects in experiments. They find that
most subjects correctly identified the overage and underage costs, but failed to
convert this into the optimal order quantity. This finding suggests that the

newsvendor problem may not be as intuitive as thought by researchers.

Irrational behavior: Becker-Peth et al. (2009) analyze how subjects respond to
different parameters of the buyback contract, and use experiment data to generate
response functions to estimate the mean orders, order variances and expected
profits. The authors show that although the newsvendor subjects act irrationally,

their decisions can be predicted very accurately using these response functions.

Overconfidence: Croson et al. (2008) show that newsvendor subjects have a biased
belief that the demand distribution has a lower variance than its true variance. The
authors show that this overconfidence bias leads to suboptimal order quantities, and

they develop incentive contracts to induce optimal newsvendor quantities.
Cultural differences: Feng et al. (2010) are the first to diagnose cross-cultural

differences in the newsvendor problem. They show that the “pull-to-center” effect is

more significant for Chinese decision makers than American decision makers.
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2.2. Supply Chain Contracting and Coordination

In a typical supply chain, each firm aims to maximize its own profit, and this
decentralized decision making reduces total supply chain profits (Spengler 1950).
Supply chain contracts can be used to align the incentives of the firms with that of the
supply chain, leading to supply chain “coordination”. A coordinated supply chain
achieves the profit level of a centralized firm. As summarized in Cachon (2003),
researchers have studied different contract types to achieve coordination. Similar to our
setting, these studies generally involve one manufacturer and one retailer, where the
retailer faces the newsvendor problem. We compare the performances of the wholesale
price contract, which is inefficient according to theory, with the buyback contract,
which is a coordinating contract. Other coordinating contracts discussed in literature
include quantity flexibility (Tsay 1999), revenue sharing (Cachon and Lariviere 2005),
rebate (Taylor 2002) and quantity discount (Tomlin 2003).

Pasternack (1985) was the first to show that a buyback contract can coordinate a supply
chain. Donohue (2000) extends this work by considering a second purchase
opportunity. Taylor (2002) shows that a combination of buyback and target rebate
contracts can coordinate the supply chain when demand is a function of the retailer’s
sales effort. Emmons and Gilbert (1998) and Kandel (1996) study coordination with

buyback contracts when demand is price-sensitive.

Experimental work on supply chain contracting where the retailer faces a newsvendor
problem is scarce. Katok and Wu (2009) study the buyback and revenue sharing
contracts, focusing on their coordination capabilities. These authors, however, conduct
experiments where only the manufacturer or the retailer is human; whereas the other
firm is computerized. Hence, they ig