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ABSTRACT
We extend behavioral research in newsvendor settiygexperimentally exploring the effect of power o

newsvendor order decisions under two profit coodgi We also analyze people’s risk profiles andagp
if the expo-power utility function, which relaxdsetassumption of constant absolute risk aversixplams
observed behavior.
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INTRODUCTION

The Newsvendor problem characterizes situationsraviae procurement order, production order, or an
inventory plan must be made by a manager beforabzation of unknown demand occurs (Kaki et al.,
2013). Both leftovers and shortages are costlyhef manager orders too much, she will have to galva
leftovers or dispose them at a loss, whereas if agigkers too little, she will forgo additional prisfi
(Eeckhoudt et al., 1995). This classic single-gkiioventory problem dates back to Edgeworth’s (3888
bank reserve problem and Arrow et al.’s (1951) imtgey control policies under demand uncertainty has
been extended to more complex inventory system®i((012) and other operations contexts such as
advance booking of orders in service industries diverford and Pfeifer, 1994), operating room
management (Olivares et al., 2008), and resouloeadion and scope decisions in new product devedoy
(Gongalves et al., 2013), among others.

A behavioral approach studying how people place sVewdor orders is more recent, dating back to
Schweitzer and Cachon’s (2000) seminal Newsvendboratory (lab) experiment. Despite the simple
structure of the Newsvendor problem, experimeritalies have frequently shown that people systeaiatic
deviate from the expected profit-maximizing quantie.g., Bolton and Katok, 2008; Bostian et al.020
Schweitzer and Cachon, 2000). In particular, trstadies have shown that people’s inventory ordegs a
lower than the optimum in high-profit or low-coseNsvendor systems and higher than the optimumwn lo
profit or high-cost Newsvendor systems. This biasader behavior is known as the pull-to-center affe
(Bostian et al., 2008). Despite the pervasivenésleobias, there is no clarity on what actuallivels pull-
to-center effect behavior as suggested by therdiftenodeling approaches proposed to explain h sigcex
post inventory error minimization (Schweitzer anacion, 2000), overconfidence (Croson et al., 26itdd

in Ren and Croson, 2013), random errors (Su, 20818]), reference dependence (Ho et al., 2010), among
others.

Choice theory may provide insights into what dritygsical Newsvendor order behavior. According tis th
theory, decisions and biases are also result of pesple assign value to decision outcomes (Berinoull
1738/1954). Building on this idea, there is reseattidying how power could change the anticipatddes

of gains and losses, claiming that power holderghinbecome less loss averse and/or more risk sgekin
even when power can do nothing to affect the egped of future gains and losses (see Inesi (20id) a
references therein). Assuming a link between legssson and risk preferences and the pull-to-ceesiftesct
(Schweitzer and Cachon, 2000), we first manipytaeer through episodic priming (Galinsky et al.02p



to arguably reduce loss aversion and/or increask-seeking behavior in order to influence typical
Newsvendor order behavior. In an additional contidn of our work, we then use the expo-power tytili
function (Saha, 1993) to explain observed behavitis utility function is able to capture decreasin
neutral, and increasing risk attitudes, leveraghgpotential to explain biased Newsvendor ordéabier
(Eeckhoudt et al., 1995).

LITERATURE REVIEW

A behavioral approach to the Newsvendor problefairty recent, dating back to Schweitzer and Cat&hon
(2000) seminal Newsvendor experiment. They runbaebgperiment with both high and low profit margin
products, observing thdSubjects consistently ordered amounts lower thaa éxpected profit-maximizing
guantity for high-profit products and higher thahet expected profit-maximizing quantity for low-grof
products” (p. 418).This systematic Newsvendor result is known aspilleto-center effec{Bostian et al.,
2008). Schweitzer and Cachon (2000) also showedttis biased order behavior cannot be completely
explained by risk aversion, risk-seeking preferendaess aversion, waste aversion, stockout aversiod
underestimation of opportunity costs. They alsostered prospect theory (Kahneman and Tversky,)1979
observing that it was inadequate since in a gaig-adomain, where pull-to-center effect behavioruke out

by design, subjects’ order behavior was again stersi with this bias.

Given the pervasiveness of the pull-to-center ¢ffeg., Bolton and Katok, 2008; de Véricourt et 2a013;
Kremer et al., 2010) and its adverse effects im$eof economic performance, subsequent lab expetsme
have explored alternative explanations. For ingamostian et al. (2008) explored a model of adepti
learning behavior, Ho et al. (2010) explored a rexiee dependence model that includes asymmetric
psychological costs of leftovers and shortages, @hen et al. (2013) explored a prospective accognti
model that includes underweighting of either outgobr incoming payments, among others. Although
incremental improvements have been madefull explanation for the Newsvendor behavior ieving to

be elusive” and “It is likely that there is no siegexplanatioi (Katok, 2010, p. 39).

Although the inventory control literature is extemes no much work has been done to determine what
psychological factors are likely to influence tygidiased Newsvendor behavior. By exploring leagnin
reference dependence, and mental accounting, the dab experiments provide some exceptions. We tak
a similar approach and explore an arguably morguitoius psychological factor, namely, power. More
specifically, we examine how a sense of power &fpall-to-center effect behavior.

Different scholars have revealed how power oftegraies non-consciously and identified differenthods
and paradigms used to activate or create a psygicalosense of power outside of conscious awareness
(Smith and Galinsky, 2010). In addition, recentfilgs suggest that power may affect decision malkog
instance, power has been linked to increased aotientation (Galinsky et al., 2003), more variahled
less normative behavior (Galinsky et al., 2008k-deeking behavior (Anderson and Galinsky, 2086y,
reduced loss aversion (Inesi, 2010).

In the Newsvendor framework, a loss-averse decigiaker order less than the profit-maximizing qusnti
(Schweitzer and Cachon, 2000). Thus, loss aversiad explain pull-to-center effect behavior in lng
profit settings. According to Inesi (2010), poweduces loss aversion. Taken together, we wouldcexpe
high sense of power to reduce pull-to-center effegttavior in high-profit settings via a reductianloss
aversion. Hence:

H1: In a high-profit Newsvendor setting, the higher ploaver felt by a subject, the larger the order ditstn
placed by her compared to low and no power feelings

Loss aversion cannot account for pull-to-centeectffoehavior in low-profit settings since such bths

behavior corresponds to orders above the profitimiaing quantity. However, risk-seeking preferences
can. In the Newsvendor framework, a risk-seekingigien maker orders more than the profit-maximizing
guantity (Schweitzer and Cachon, 2000). Accordmémnderson and Galinsky (2006), power induces more



risk-seeking behavior. Taken together, we wouldeek@ high sense of power to increase pull-to-cente
effect behavior in low-profit settings via an inase in risk-seeking behavior. Hence:

H2: In a low-profit Newsvendor setting, the higher guaver felt by a subject, the larger the order ditstn
placed by her compared to low and no power feelings

We propose how power may affect typical Newsvermader behavior via influences in loss aversion and/
risk attitudes. There is some research that alreattyzes analytically how loss aversion and/ok ris
attitudes affect Newsvendor behavior. For instagahweitzer and Cachon (2000) show that both lods a
risk aversion should lead to smaller order quagithan Newsvendor optima, whereas risk seekiitgdss
should lead to larger order quantities. In addititeey also show that optima may change contingernoss
aversion and/or risk aversion and risk seekingualitis.

Also, Keren and Pliskin (2006) show that risk ai@rsttitudes in a setting with high demand vatigbcan
both increase and decrease the optimal order dyanti

In order to avoid making assumptions about riskgresces, Holt and Laury (2002), motivated by Saha
(1993), highlighted the expo-power utility functi@s an alternative to explain subjects’ risk prafees.
This utility function permits the type of increagirfor decreasing) relative risk aversion and avaigs
arguably absurd prediction of constant absolute aigersion characteristic of other utility functoauch as
the exponential (Holt and Laury, 2002). To the mé¥sbur knowledge, this expo-power utility functibas
not been tested yet as an alternative explanafidheopreviously described newsvendor biases. Gikien
flexibility offered by the expo-power utility funicin.

H3. The expo-power utility function is able to explagwsvendor biases.

EXPERIMENT

We run a Newsvendor lab experiment in which indraild first complete a power mindset task and then
make a one-shot inventory order decision for a garigem. More specifically, we create a 2x3 fatforial
between-subjects design. The factors are Profiditon and Power condition. Individuals thus make
inventory order decisions under three power comatti high (HP), low (LP) and no-power (NP), eachwo
profit conditions: high (HN) and low-profit (LN).

Power conditions

When individuals are activated with the construcpawer, whether via actual experience in a poweasfu
powerless role or by mere exposure to past expmrterelated to power or powerlessness, the feeéings
behavioral tendencies associated with power wib dle activated (Bargh and Alvarez, 2001; Smith and
Galinsky, 2010) and these individuals will behawilarly to individuals who actually possess power
(Carney et al., 2010; Smith et al., 2008).

We manipulate power following a mindset or episodioning task, which has been established as an
effective means of activating the desired powerds@t (Fast et al., 2009; Gruenfeld et al., 2008siln
2010). For example, individuals in the high-powendition were assigned to:

"Please recall a particular incident in which youatt power over another individual or individuals. By
power, we mean a situation in which you controtleel ability of another person or persons to get sthimg
they wanted, or were in a position to evaluate ¢himslividuals. Please describe the situation inclhyou
had power: events, feelings, thoughts, etc”

Profit conditions
Individuals have to choose an order quangitgf a general item, which arrives before the sthrd single
selling period. They know in advance that demantbllows an uniform distribution D ~ U[1, 100] with



integer values. They are told that they can buy emit from a supplier at a cas{40 or 80 $/item) and can
sell each unit at a prige (100 $/item) > c. They are also told that anyoedtrs are salvaged at a prc€20
$/item) < c each unit. Finally, they are also reseidh that they will forgo p — c profits for each tusinort of
demand. This parameterization is consistent withted Newsvendor lab experiments (e.g., Bolton and
Katok, 2008; Schweitzer and Cachon, 2000).

It is well-known that the optimal inventory ordaramtity is a base-stock policy characterized byctitecal
fractile:

p-c
p-s €9)

F(q") =

whereF is D’s cdf andq” the optimal inventory order quantity. The aboveapaeterization implies optimal
inventory order quantitierrﬁ_”\I =75 andq’f_N = 25items for high and low-profit conditions, respeety.

PRELIMINARY RESULTS

Power manipulation check

We first check the effectiveness of the power malaifion by performing a content analysis on theseqic
tasks done by participants. We used two coders withrelation with the project. Coders were highly
coherent in their ratings and had a high level gfeament about the effectiveness of the power
manipulation.

Newsvendor results

In Table 1, results in the high-profit conditionNHare consistent with typical biased Newsvendaleor
behavior in all power manipulations. In particulanly one of the confidence intervals around averag
inventory order quantities contains the optimaleimory order quantity (NP). In addition, none oé th
confidence intervals includes the average demaltdoégh the high-power condition seems to leacigdr
order quantities, the effect is not significanpyding no support fok1.

Table 1. Optimal and average participants’ Newswertkcisions.

) Power condition
q HP LP NP
68.24 65.81 67.67
HN 75 (3.38) (3.31) (4.36)
. . [61.6 74.8]  [59.3 72.2] | [59.1 76.2]
Profit condition 57 06 B GE EA33
LN 25 (4.23) (3.98) (5.24)
[49.6 66.2]  [57.8 73.4] | [54.0 74.6]

" Standard errors in parentheses; confidence ingeivarackets.

On the other hand, results in the low-profit coiadit(LN) show a more pronounced underperformanclin
power manipulations. In particular, besides thefidence intervals not containing the optimal invegt
order quantity, two of them are above the averagmahd (LP and NP). This is consistent with an
asymmetry in the pull-to-center effect observeafimer Newsvendor experiments (e.g., Bolton and Kato
2008; Schweitzer and Cachon, 2000). Contrary toeapectations, the high-power condition seemsad le
to smaller (and better) order quantities. Howetleg, effect is not significant, providing no suppoeither
for a reverse effect nor foi2.



Expo-power utility function analyses
To estimate risk attitudes and assess the impatahdsk preferences, we followed the approachl use
Holt and Laury (2002) and Harrison et al. (2007areleterizing an hybrid expo-power utility functi(®aha,
1993), which permits the type of increasing/dedrepselative risk aversion, but avoids the prediet of
constant absolute risk aversion. Motivated by thespect theory (Kahneman and Tversky 1979) and the
previous work done by (Xie, 2000), the expo-powsityifunction can be re-defined as:
1-r
1 —exp(—a*w; ifwy >0
U(wyj) = 1 g 1-r
—exp(—ax* (—w;)™™")

- Jif wi <0
A " if wij

Vi,j € [1,100] (2)

Wherer, A, and a are parameters to be estimated agds the possible outcome when a subject
place an order of i units and the realized demand i

If we assume that expected utility theory holds tloese choices over risky alternatives, the likaadith
function for the choices that subjects make cawifiigen for each possible order decisicas:

100

E[U;] = E(p(wij) U(w)), Vi€ [1,100] 3)
=1

J

To determine conditional likelihoods on the modkeé& Luce stochastic specification could be implet@eén
The expected utilityf[U; (w)]) for each possible order decision is calculated by

VEU E[U] Vi € [1,100] 4)
== , Vi ,
LN ELU e

Wherep is the noise that reflects actual decision-malkérmgrs or unknown heterogeneity. The conditional
log-likelihood can then be written as:

L(,r, 1w, A i,w) = an(ln(VEUi)ldecision =1) (5)

Where decision = i represents the order decisidhemewsvendor problem. This conditional log-likebd
function could be estimated for each treatmentgusmaximum likelihood. Once the parameterg andu

are determined, the expo-power utility functioncempletely characterized and we would be able to
compute the optimal inventory prepositioning bebatiased on their risk preferences, as follows:

q-1 Dmax
g =min ) U((c=9)f(D)Na=D)+ ) U((p=fDID - q) ()
D=0 D=q

We obtainedy;; of 68 units for the high profit condition and 38its for the low profit condition. These
values reflect the well know pull-to-center effeatd the higher perceived underperformance in lavfitpr
conditions. We have shown that the common undespeegnce (pull-to-center) in a Newsvendor problem
can be explained by subjects’ specific believes rastdpreferences that were accounted for an expeep
utility function, providing thus support fi3.
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