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Newsvendor’s decision-making

Abstract

This paper investigates repetitive purchase detssid perishable items in the face

of uncertain demand (the newsvendor problem). Kper@mental design includes: high
low profit levels; and uniform, or normal demandtdbutions. The results show that in
cases both learning and converge occur and are effected by: (1) the mean den{ahét
order-size of the maximal expected profit; andti@) demand level of the immediately
preceding round. In all cases of the experimergalgh, the purchase order converges to a

value between the mean demand and the quantitpdgimizing the expected profit.

Keywords: Inventory, Learning, Behavior, Management, Optation.
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1. INTRODUCTION

In the newsvendor problem, the decisimaker, facing uncertain demand distribution,
decide how many units to buy each d&ince Whitin (1955) first presented the news
problem, it has become one of tblassic models in inventory management. Intened
newsvendor problem and its various versions remairabated and many extension
have been proposed in the last decade (Khouja 128@ and Lau 1997, Shore 2004).
The newsvendor problem foasson the purchase of perishable products. Theemeiti
model maximizes the expected profit by determirtimg optimal ordesize. For the sal
convenience, the ordsize of the maximal expected profit is abbreviaisedOptimal ord
Optimal orcer and expected profit are functions of: (1) tleenitcost and the marginal

and (2) the demand distribution (Nahmias 1994).

In this paper we present an experiment in whichigpants play the role of news)
storeowners and decide on how mg@apers to order, given known demand distributi
use the results in order to answer the followingsjions:

1. Do decision-makers act according to the thezakgirediction?

2. Do the orders of the decision-makers convergrutihout the experiment?

3. What is the effect of alternative parametershenparticipants’ orders? (Different der

distributions and costs, marginal profit levels.etc

We used computerized learning experiments and iedohdual was assigned a single
combination édifferent conditions (uniform or normal demandtdbution, and low or h

marginal profit). The participants were asked toide on their order quantity in the cou
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100 periods. While other experimental studies fedum uniform distribution aeand, we

used also the normal distribution demand.

Thepaper is organized as follows. First we presesttcaat review of the literature. Sect
we define the hypotheses of our sty in the third section we describe the experiai
procedure. Next, we present the primary resultspradide some possible explanations.

Finally, we summarize the conclusions.

2. LITERATURE REVIEW

The classical newsvendor problem (Whitin, 1955)|gledith a singleperiod invent
Unless it is sold, it will lose part or all of italue. The newsvendor (the decisioake
facing uncertain demanB from a known distribution functiofr(D) with a probabi
density function f(D), has to decide on the ordearmity Q. The newsvendor proble
extremely popudr and it has been extensively reviewed by GallsgbMoon 1993, Silve

al. 1998, Khouja 1999, Petruzzi and Dada 1999 totime a few.

Since the cost of each unit@and the selling price for the customePjghe marginal pi
Cu equals P-C. The marginal lo€s equalsC (or if a salvage valus is returnedCy =C-
The newsvendor model finds the optimal order qiyaf@®*) by maximizing the expe
profit 7(Q).

To compute the expected profit of a given or@ethe profit is divided into two cases:

(a) for demand exceeding the order quant@xD: #(Q) = (P-C)Q = C,Q
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(b) for demand lower than order quantit®>D: #(Q) = (P-C)D - Cy (Q-D)
= CGD - Co(Q-D)
In the mathematical development below, (b) is dididhto (b1)=C,D and (b2)£,(Q-D).
Computing the expected profit of an ordexpitems, based on (a) and (b) yields,
@) (b1) (b2)
R War-at ~
E[7(Q]=c.[ Q- f(D)dD +c,[*D-1(D)dD -G [ (Q~D)- F(D)dD

The well-known formula for optimality conditions ¢f) is:

FlQ)- S <

" C.tC,

Carlson and O'Keefe (1969) were thestfito report an experiment with the news
problem. In this instance, the newsvendor probless part of a much larger experim
scheduling decisiomaking. The authors reported participants as magingfic decision
that no conclusion coultbe made except that "participants made almost ekimny
mistake". Fisher and Raman (1996) provided evidéme a firm engaged in manufact
fashion apparel to indicate that orgerrchase decisions do not correspond to the
order. In otherstudies, Sterman (1989) and Diehl and Sterman {(19®&cussed
anchoring phenomenon and insufficient adjustmeas o an inventory distribution sy
experiment with multiple actors, time periods, feeck and time delay. However,

studies were not designed to disentangle biast®inewsvendor context.

Schweitzer and Cachon (2000) conducted an impoetgoerimental test of the newsv
problem model. In their study, they analyzed 15siec periods of ordering for each si
with known uniform distribution. They show that participasystematically deviate fror
optimal order and that when marginal profit is &r¢gsmaller) than the cost, participant

to order less (more) than the optimal order. Bolmd Katok (2004) exteled their w
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using 100 decision rounds. They found that enharequkrience improves newsv
performance, although this improvement is, on ayereather slow.

Both Fisher and Raman (1996) and Schweitzer andhd@@a¢2000) claim that there
behavigal factors that lead to deviation from the optinmatler, such as risk and

aversion, underestimation of opportunity cost ost@aversion.

3. HYPOTHESES

This study examines three hypotheses. One is lmas#dtkeoretical model but the other two

refer to behavior-based learning theories.

First, we assume that the participant, who follothhe optimal order calculated b
newsvendor problem model, is also biased towardsiémand distribution mean. We
this assumption on the "central temdy bias" as discussed, for example, by Hollin

(1910), Helson (1964) and Elizabeth, Huttenlotled Engebretson (2000).

Formally, we assume that the participants orderig@)weightedaverage of the optimal

order Q, and the distribution mean, E(D).

Q= o*E(D) + (1-a)*(Q) for 0<ex<1 3)

The mean coefficienty, is the strength of the "central tendency bias'efach subject.

Hypotheses

H1: Participants’ order quantity .
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The participants’ order quantity is a weighted agerof the optimal order and the demand
distribution mean. For initial stages~ 1 (that is, the order is close to the mean dema
In a classic learning process, the effect of recettomes declines with experience, an
average marginal increase in profit declines wijhegience. As a result, the decisiorake

order converges to a subjective level.

H2: Learning

Individuals learn during 100 periods, and as altesu

(a) The coefficient of the mean declines over tand soo; < 1 in late periods
(b) The average profit increases.

(c) The mean and the optimal order weights convergesubjective level.

We assume that participants are affected by remginbmes (see Erev & Barron, 2001).
Johnson et al. (2005) found that in the contextaxfing stocks, consumestrongly prefer
buy winning stocks and sell losing stocks. We hgesame effect for the consumer of
newspapers. If the difference between previousdalemand and previous round order is
positive (negative), the subjects increase (deejahe orders they would with a winni
(losing) stock. The effect of feedback on inveptdecisionmaking and the learning prc

was tested in different tasks (Atkins et al (20@ghl and Sterman (1995).

H3: Effect of previous round results
The current order is higher/lower than the previonder if the difference between
previous demand and previous order is positivetimgeOver time (i.e; in later

stages) the influence of the previous round desline
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4. THE EXPERIMENTS

The experiments included 60anagement students, sophomores and juniors, adhtake
basic course in statistics. The experiments toakeplat a computer laboratdnand las
approximately one hour. Each subject was free togness at his or her own

independently of the other participants in the expent.

The participants were divided into four groups befdhe experiment to examin
combinations of two profit levels and the two, @a&ace levels (using different distributio
Two of the groups (one for each céstel) were assigned the same cost, selling pa
demand distribution as described by Schweitzer@amhon (2000): a uniform demand
of 1-300 products. The other two groups (one for each lewel) were assigned a n
demand distribution with the same megr150) and a SDo=50) that ensures that 99."

the demand distribution is within the range of D30

For the low profit level, the values of the optimaider, for the uniform and nc
distributions respectively, are: 75 and 116 fhe high profit levels, the values of the o

order are 225 and 184 for the uniform and normsttidutions respectively.

We tested the normal distribution since the demandal life situations may have normal
distribution. We also wanted to ment distribution effect by using two different dibutio

to test whether the results depended on the digimi
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the different distributions separately.

Throughaut the experiment, the participants made 100 irrgrgurchase decision rouni
following ten rounds of practice. In each roundtiggpants were informed of the cost and
price of the product. Each round was followed bgresentation of the actual demand; the
total cost of the order; the total revenue; the aedn/supply surplus; the forfeited profite

to inventory shortage; and the profit. The data prasented in a table format

Before the experiment, participants were handettemrinstructions (see appendix A),
including examples. The demand's distribution gigen to the participants as follows:
(2) for uniform distribution, participants wereddhat each value from 1 to 300 has the
likelihood of being chosen.

(2) for normal distrilntion, participants were given a table with demaedults of :

simulated days. This represented the normal digtdb in a palpable manner.
To provide concrete incentives, at the end of #peement, one of the rounds was rani

selected and the participants were paid propotiichto the profit in the selected round

cash).

5. RESULTS

Table 1 presents the average weightd¢athe mean in the first and last 20 periods &di

to equation (3). To validate the effect of learnmg the oder decisions, we used a |




Newsvendor’s decision-making

t-test to compare the average weight in the firsp@fods and in the last 20 periods

average order in the 5 blocks of 20 periods eapheisented in figures 1 and 2 in apper

Insert table 1 about here

First we see that the average coefficien) declines over time, meaning that the tende
move towards the distribution's mean declines wigesubjects move closer towards the

optimal solution of the newsboy problem. This soashown in figures 1 and 2.

76.6% of the subjects move toward the directiothefoptimum; 1.6% stay at the mea
the rest, 21.6% of the subjects move away fronogitenum. This indicates that partici

change their quantity toward the optimal order

Next, we used tests to examine the hypothesis that the averagiicent is not differ
from one, meaning that the order is equal to tharm&he results show that in most
treatments the average weight is not significadifferent from one in the first 20 pel

while in the last 20 periods, the average ordsigsificantly different from one.

The results are consistent with hypotheses (H1)Ead). Participants’ order quantity is a

weighted average of the optimal order and the dendgstribution. In the initial rounds,

o= 1.

Next, we calculated for each subject the absolo#mge in the order (in percentage) from

one period to the next period. The absolute ch@&gsed as a measure of convergence.

Next, we calculated the average change for eaatk lb20 periods.

10
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67% of the subjects show a decline in the averhgage between the first 20-period
block and the last 20-period block.
In Table 2 we show the percent of subjects thaivsdio average absolute change in each

range in the last 20-period block.

Insert table 2 about here

Table 2 shows that only 24.6% of the subjects saowverage change higher than 10%
in the last 20 periods compared to 62.5% in trst 80 periods. This shows significant
convergence into a stable order over the experinNaie, however, that this stable order

is not the optimal order from the mathematical mode

54.1% of the subjects show an average change linaer5% in the last 20 periods,

compared to 19.5% in the first 20 periods.

Table 3 shows the average profit in the first asd blocks of 20 rounds.
For each case we present the optimal order's av@raft (in brackets). This profit was

calculated by using the optimal order in each pkitgtead of the subject’s order.

Insert table 3 about here

Table 3 shows that the average profit in the 1@stainds is higher than the average pr
the first 20 rounds, meaning that the profit is@asing btween the first rounds and the

rounds, consistent with hypothesis (H2b).

11
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Table 4 presents the average rate between thd potfidand the profit calculated by us

the optimal order as follows:

y actual profit - profit using meau
optimal profit - profit using mea

“

Insert table 4 about here

Table 4 shows that the rate between the actuait jgmud the profit calculated by using the
optimal order is improving between the first roumdsl the last rounds. The results are

consstent with the finding that subjects move towatds optimum and away from the r

The negative rate at the first 20 rounds in the poafit groups is a result of an average
since participants order above the optimal orded,the cost of an wold product (9 NIS'
three times more than the profit from a sold prod8dIS).

In table 5 we present the number of times eachestibhanged his or her order quantit
one round to another in the first and last 20 reuide distinguish betweechanges towe

previous demarfdand away from previous demand.

Insert table 5 about here

Table 5 shows that participants change their otderards the demand of the pre
periods more frequently than away from thisndad in all the treatments. This indicat

participants are affected by the prior round demdrds is consistent with hypothesi

12
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The effect of prior rounds becomes weaker in tisé 28 periods indicating that the s
learns throughout thexperiment that past information is not relevanctwrent decis

making.

Overall, the number of changes towards and away fsdor demand in the first 20 peric
higher than in the last 20 periods, indicating thartticipants converge to a sutijge or

level and a subjective mean weight. This is coastsivith hypothesis (2c).

6. CONCLUSIONS

In general, there is a convergence to a statiomader quantity and stationary

coefficient throughout the experiments. This cogeace is ridected by a declining nur
of changes throughout the 100 rounds and an inerieathe participants’ profits. How
we also demonstrated that subjects converge away the level of stocking that optir

expected profit.

We found that in the fitspurchase decision rounds, participants tend tanbee bia
toward the mean demand than in the last rounds. Qibs persists, since, despite the |
convergence to a stationary order, we found a fioginitly positive mean coefficient ii
lastrounds too. While we can’t explain why subjectsnd converge to the expected
of optimal order in the newsvendor problem, thestexice of bias towards the mean,

we found can partly explain the way subjects magefthe optimal order

The results are also consistent with the hypothesis ghbjects are affected from pre

experience. If past demand is higher than pastrdamand surplus), participants te

13
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increase their order. Participants are affectedth®y demand or supply sugs. |If p
demand is lower than past orders (supply surphesiticipants tend to reduce their c

However, participants learn throughout the expenint@ reduce this effect.

Clearly, one should be very careful in generaliirggn simple experimnts to behavior
prices in real inventory problems. The experimeraswonducted in a laboratory
students and a virtual product. However, in refal $ituations the inventory manager
deal with many different products. Moreover, in@gtmaragers may use their expe!
and not theoretical results when deciding on tlieioguantity. We hope, however, tt
intriguing results of this study will motivate fhr research of the interaction be

individual behavior biases and the inventory protde
Notes

! The experiment was programmed using Visual BasicExcel.

2 For discussion on the effects of feedback forses, Atkins et al (2002).

®The average payment was 20 N.1.S, or about $5.

4 Change toward last demand is: (1) if tmemiediate previous demand is larger th
immediate previous orderan order increase from the previous order andf (B¢ immedi
previous demand is lower than the immediate previotder -an order decrease

previous order.

APPENDIX A: EXPERIMENT INSTRUCTIONS

e This is a computerized experiment in decisioaking. You will function as a ret

of a single product

14
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e The experiment is composed of a large number aidsun which you will be a:
to make inventory decisions.

¢ In each round yoare able to order the product from your suppliex atolesale
You will then sell the product to consumers atghbr price.

o Consumer demand in each round is randomly selégadknown distribution.

e The prices and profits in every round will be ipperment tokens.

Possible scenarios:

o Overage -f fewer products are demanded than the quantity grdered, you
have to dispose of some inventory (i.e. you cateep unused inventory for f
periods).

e Shortage - If more products arentgnded than the quantity you ordered, y«

have to forgo some sales.

Data after each round

After ordering the quantity from the supplier incbaround, the realized demand a

profit will be presented to you.

15
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Theoretical Example

The decision screen:

The decision screen will not change during the Brpant.

Data

Round: 1 Your order quantity:
Price: 15

Cost: 5

You then decide your order quantity. And then ptessconfirm button.

Assume that your order decision is: 380 units &edréalized demand was: 136

The results screen:

In product units: In experiment tokens:

Your order quantity: 380 The order cost: 1400

The realized demand: 136

The quantity purchased: 136 The total revenue: 2040

Overage of product: 244

Shortage of product: The forgonkesaalue: ---
Total profit 640

Payment for experiment:

Confirm

Part of your payment will be fixed (10 NIS) and thther part depends on your prof

level.

Following the completion of the experiment, onetted rounds will be randomly picket

will determine the payment for the experiment. Tinisans that the payment is depenc

the quality of your decisionThe profit/loss of the picked round will be diviiey 50

added to a fixed sum of 10 NIS.

Assume that the profit in the chosen round was: 704

Your payment for the experiment will be: 10 + (7/60)= 24.08

16
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APPENDIX B: AVERAGE ORDER IN 20-ROUND BLOCKS

FIGURE 1. AVERAGE ORDERSALONG 100ROUNDS FORUNIFORM DISTRIBUTION LOW/HIGI

PrROFIT
Low profit High profit

250 250
230 - 230 -
210 - 210 A
190 190 |
170 170 - ‘___.__,_-Q—Q/’
150 A o oo o = = = o] 150 = = El = =)
130 | 130
110 110

90 90

70 70

50 50 T

1-20 21-40 41-60 61-80 81-100 1-20 2140 4160  61-80  81-100
—<&— Actual Order = H1= Average demand — —Optimal E[profit] order

FIGURE 2. AVERAGE ORDERSALONG 100ROUNDS FORNORMAL DISTRIBUTION LOW/HIGH

Low profit High profit

250 250
230 230 -
210 - 210
190 190
170 170 1
150 - — oo 150——@-——%—
130 130 1
110 A 110 1

90 - 90 -

70 70 -

50 50 :

1-20 21-40 41-60 61-80  81-100 120 2140  41-60  61-80  81-100

—&— Actual Order - £1- Average delrr}and — —Optimal E[profit] order
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Tables

TABLE 1. AVERAGE " MEAN COEFFICIENT " IN THE FIRST AND LAST 20 PERIODS —NORMAI

AND UNIFORM .
Average coefficient of | First to Last 20
mean (o) periods
Distribution ) T-value (paired
Margin First 20 Last 20 t-test)
Profit periods periods p- value
Low 0.98 0.63"" t=3.22, p<.01
Uniform High 0.79" 0.47" t=-3.96 ,p<.01
Low 1.14 0.7" t=2.6, p=.01
Normal* High 1.07 05" t=-4.3, p<.01

* o>1 signifies average order on the side of the ntleanis opposite to the optimal level.

** Q= *E(D) + (1-a)*(Q) [(Q) is a weightedverage of the optimal order @nd the
distribution mean, E(D)].

++ Indicates significance of 5% level for the hypegis that the average weight.

+ Indicates significance of 10% level for the hypetis that the average weighl.

Table 2: Percentage of subjects in different rangesf absolute change in the first
and last 20 periods.

Average absolute change First 20 periods Last 20 periods
Exactly 0% 3.2% 16.4%
0% < change <5% 16.3% 37.7%
5% < change <10% 18% 21.3%
10% < change 62.5% 24.6%

Table 3. Average Profit in the First and Last 20 Peods - Normal and Uniform.

Average profit in the first and last| First to Last 20
20 periods periods

Distribution | Margin T-value (paired
Profit | First 20 periods |Last 20 periods| t-test) p- value

Low -225 (1) -124 (32) t=1.9, p=.04

Uniform High 621 (640) 705 (754) t=9.16 ,p<.01

Low -24 (147) 99 (183) t=3.96, p<.01

Normal High 919 (931) 994 (1006) t=5.73, p<.01

* In brackets we present the optimal order averagét. This profit was calculated by u
the optimal order in each period instead of thgesuls order.

21
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Table 4. Average Rate, Between the Actual Profit and therefit Calculated by Using
the Optimal Order in the First and Last 20 Periods- Normal and Uniform.

Average profit in the first and last| First to Last 20
20 periods periods
Distribution | Margin T-value (paired
Profit | First 20 periods |Last 20 periods| t-test) p- value
Low -16% 40% t=5.571, p < 0.01
Uniform High 36% 71% t=2.48, p=0.01
Low -48% 43% t=3.68, p<0.01
Normal High 13% 80% t=3.5, p<0.01

actual profit - profit using meau
optimal profit - profit using mea

* We calculated the rate as follow400x

TABLE 5.NUMBER OF CHANGES TOWARDS AND AWAY FROM LAST DEMAND.

Average changes towards | First to Last 20
and away from previous rounds
Distribution . demand T-value
Margin . .
Profit First 20 Last 20 (paired t-test)
rounds rounds p- value C
Uniform Towards Prior Demand 6.7 3.3 t=3.14, p<.01
Away from Prior Demand 2.6 0.9 t=3.16, p<.01
Low Paired ttest | t=3.69, p<.01 | t=3.32, p<.01 [0 D RES] |
Towards Prior Demand 10.1 5.2 t=4.9, p<.01
Away from Prior Demand 2.1 14 t=2.9, p<.01
High Paired t-test | t=7.15,p<01 | t=3.4,p<01 | S
Normal Towards Prior Demand 7.5 5 t=2.8, p<.01
Low Away from Prior Demand 2.6 0.8 t=3.5, p<.01
Paired ttest | t=5.3,p<.01 | t=4.1,p<01 [ =6 |
Towards Prior Demand 7.3 3.3 t=5.6, p<.01
High  [Away from Prior Demand 2.6 1.2 t=1.7, p=.05
Paired t-test t=4.8, p<.01 | t=4.3,p<.01 _:
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