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1 Introduction

Conventional economics makes a clear distinction between consumers and sellers.
Sellers are often depicted as firms or profit maximizing agents, but of course also a
consumer can eventually become a seller. Especially more recently this distinction is
becoming less clear as it has become easier than ever to sell objects, via for instance
online-platforms such as E-bay, Marktplaats.nl and Facebook. In these instances the
consumer actually becomes the seller. The assumptions in economics, and particularly
in behavioral economics are often of a consumer which maximizes utility and not nec-
essarily payoff' and a profit maximizing seller. However, taking the previous into
account it becomes clear that this utility maximization can also be transferred to the
seller’s side of the bargaining process, for a seller who receives utility by not purely
maximizing profits.

The objects we tend to sell have a certain value to us, which gives us a certain ex-
pectation with regard to the price we would like to receive when selling the object.
Consider a homeowner who is contemplating selling his property. This property was
bought a while ago. Therefore the initial purchasing value of the house does not nec-
essarily resemble the current expected value of the house. The seller must therefore
set a price below, equal to, or above his reference point, in which the reference point
is the price the seller expects/wants to receive for the house. If no buyer is found for
the price set by the seller of the house, the seller should lower its price in order to
find a potential buyer. It becomes clear that the seller has a certain reference point to
which he compares the possible gains or losses it acquires in the selling process. This
paper aims to model and describe the behavior of the seller, in which expectations for
the seller remain the same during the bargaining process. The buyers therefore will
perhaps face different prices for the same object as the seller, of course, aims to min-
imize the feeling of a loss and at the same time maximize the feeling of a gain. The
main question which needs to be answered in this paper will be who benefits most
in this new bargaining situation and how is the efficiency of the bargaining process
affected. The model formulated in this paper adds to the literature by introducing
sellers which have reference points and are assumed to be loss averse. This has not
been investigated previously as the seller is mostly thought of a profit maximizing
agent. However in everyday life, sellers are not necessarily profit maximizing but are
lead on by their expectations. Departing from perspective will therefore provide new
insights in the bargaining process.

The expectation is that the reference point in combination with the effects of loss aver-
sion will create higher prices. This is due to the fact that the seller would want to min-
imize the felt losses, which is best done by increasing the prices in order to not make a
loss on that transaction. However this could have a reverse impact as increased prices
would imply that a smaller quantity will be sold, consequently out weighing the deci-
sion to ask higher prices. In-line with the expectations, it is in fact found in this paper
that prices do increase as sellers are assumed to have certain reference points in com-

'To clarify: the utility maximization for consumers can lead to a different situation than a pay-off
maximizing consumer (such as valuation minus the price)
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bination with loss aversion. The consumers which have relatively low valuations for
the object don’t purchase anymore - implying that less items will be sold at each stage
of the bargaining process.

This paper’s structure is as follows: Section 2 provides a brief overview of the related
literature, and a more in depth analysis of the benchmark to which this paper’s exten-
sions will be examined. Section 3 will show this paper’s model and the methodology
involved. Section 4 will solve the model under the different cases: The bargaining pro-
cess. The results are discussed in Section 5, in which comparisons are made between
the separate Cases and the benchmark Case. Section 6 will be dedicated to discuss the
model’s limitations and extension possibilities. Finally section 7 will give a summa-
rized conclusion of the findings in this paper.

2 Literature Review

This paper aims to create a sequential bargaining model with incomplete information
on the seller’s side. Here the seller is assumed to have reference points in combination
with loss aversion. In order to give the reader more information on the creation of bar-
gaining models and loss aversion, this section will be dedicated to discuss the origin
and progression of literature which has emerged over the past years with regard to
these subjects. The section can be divided in two parts, the first paragraph discusses
overall ideas and contributions of various authors to the literature. The second para-
graph will be an in-depth analyses of one of the models which is used as underlying
bargaining model for this paper.

2.1 Bargaining models and loss aversion

One of the first bargaining models which incorporated one-sided incomplete informa-
tion was formulated by Fudenberg & Tirole (1983). They were the founders of this
string of literature by creating the simple framework in which the bargaining system
consisted of two people bargaining in a two-period framework. The seller makes the
offers, whereas the consumer can either accept or reject the offer. Once the offer is
rejected the seller has one more opportunity to sell to the consumer. After this second
round the game ends. This will be examined further in the next paragraph.

A different approach had been introduced by Kahneman & Tversky (1979). They ar-
gue that utility should be examined in a different manner. The reasoning is that the
expected utility is a function of two parts: the weighting function and the value func-
tion. The first part resembles the regular utility which is achieved when purchasing
an object, this part also captures the phenomena that people normally overestimate a
small probability outcome of occurring and underestimate the chance of a high proba-
bility outcome occurring. The second part takes into account the reference point. If the
realized outcome is higher than the reference point, it is considered a gain. If it is lower
than the reference point it is considered a loss. Since people are loss averse, one of the
implications will therefore be that losses are felt more severely than gains of equal



magnitude. Further research on Kahneman & Tversky’s (1979) work has been done
by Koszegi & Rabin (2006). They create a model which combines choice and also the
determination of the reference point. They state that the ”gain-loss utility” is derived
from the standard “consumption utility”, whereas the reference point is determined
endogenously by economic environment (Koszegi & Rabin, 2006). They show that
consumers are actually willing to pay more for an object as the probability of purchas-
ing the object increases. Also they show that as the consumer expects to purchase the
object, an increase in price will also increase the consumer’s willingness to pay. This
boils down to the fact that an increase in expectation/probability of purchasing leads
to an attachment effect, and therefore the consumer is willing to pay higher prices.

As has been shown by various authors, purely the fact of having expectations on the
good in a bargaining situation alters the purchasing decision of the consumers. More
research has been done on the field of sequential bargaining models with reference de-
pendent preference by Rosato (2013), and by Thiel (2015). Rosato’s model can be seen
as a combination of Fudenberg & Tirole (1983) and Koszegi & Rabin’s model (2006).
He creates a two period framework with consumers who are uniformly distributed
in [0,1], with reference points which are fixed for the consumers during the bargain-
ing situation. His findings are that relatively high type consumers are worse-off and
relatively low type consumers benefit in this model as the first period price increases
whereas the second period price decreases. Thiel (2015) adjusted the reference points
to be endogenously determined instead of static, which eventually lead to the results
which were in-line with Rosato’s (2013) findings.

The models discussed create interesting insights into how loss aversion and reference
points can alter the bargaining process. This work mostly focused on changing the as-
sumptions on the consumers side, while leaving the seller as profit maximizing agents.
Little theoretical work has been done on these assumptions for the seller. However
it has been shown empirically that restaurant owners can behave in a loss-aversive
manner (Kapoor, 2017). This bridges the gap for the assumption that loss aversion can
indeed also apply for the seller’s side.

This paper aims to use the insights gained from Fudenberg & Tirole (1983) and add
the reference points in combination with loss aversion as discussed by Rosato (2013).
Therefore the coming paragraph will thoroughly examine the benchmark case of Fu-
denberg & Tirole (1983), after which in the next section loss aversion and exogenous
reference points are introduced.

2.2 Solving the basic model a la Fudenberg and Tirole

This paper will show the effect of sellers with different preferences compared to a
model where consumers and sellers behave in a neutral manner®>. The bargaining
model as formulated by Fudenberg and Tirole (1983) is used as as benchmark in order
to see how the seller and consumer’s behavior changes. These authors created the first

ZNeutral refers to the situation where the agents are not assumed loss averse, nor have any reference
points.



string of literature for a simple two period, two player model with incomplete infor-
mation. Their model shows how a seller, who makes all the offers, and a consumer
who can either accept or reject these offers behave. The notion of neutrality in this
benchmark is derived from the fact that neither the consumers nor the seller are loss
averse and do not have reference points.

Fudenberg and Tirole (1983) set up their model in such a way that the seller sets the
prices and the consumers have the option to either accept or reject the offers. If the first
period offer is accepted, the game ends. If the first period offer is rejected, the game
moves on to the second period. Regardless of whether the offer is accepted or rejected,
the game ends after the second period. However, bargaining is costly (discount factor
0p for the consumers and §, for the seller). The seller and consumer want to come to
an agreement sooner rather than later because of these discount factors. The surpris-
ing results yielded from the comparative statistics show that a decrease in the buyers
discount factor might in fact make him better off (a decrease in the discount factor
implies § < 1). The reasoning for this, as explained by Fudenberg and Tirole, is the
fact that a consumer cannot credibly commit to a sub-optimal strategy, which would
compromise its optimal strategy, in advance. Therefore, if the consumer’s discount
factor is decreased compared to the discount factor of the seller, it will give the con-
sumer a different optimal strategy. This different optimal strategy is then incorporated
in the seller’s optimal strategy. Which will eventually make the consumer better off.
A decrease in the discount factor would imply the consumer is more impatient and
would rather consume today than in the future. The seller understands this process
and therefore asks a higher first period price, harming the relatively high valued con-
sumers, while asking a lower second period price, which is beneficial to the relatively
low valued consumers. The net effect will be such that more consumers will be able
to purchase the object. Vice versa, this also applies that an increase in the consumers’
discount factor actually makes him the relatively low valued consumers worse-off and
the relatively high valued consumers better off. This as the first period price will de-
crease, whereas the second period price will increase in this situation.?

3 The Model: Exogenous reference points with loss aver-
sion

In this section I depart from the Fudenberg and Tirole (1983) setting which was dis-
cussed in the previous section. This framework adopts their one-sided bargaining
model under incomplete information. The model however will include a loss averse
seller, where the feeling of loss originates from the fact that the seller sells the object
below its reference point (p,) *. If the item is sold above the reference point the feeling
of a small gain is included. This model’s setup assumes one loss averse seller which
makes all the offers and a unit mass of neutral consumers. These players bargain over

3To illustrate this for the interested reader the model as proposed by Fudenberg & Tirole (1983),
which is used as benchmark for this paper, is solved and evaluated in Appendix A.
“This can also be seen as an exogenously given expectation
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an indivisible object. The seller’s fixed and marginal costs are assumed to be zero. The
game lasts for a maximum of two periods. After the first period the buyer can either
accept or reject the first period offer. If the first period offer is rejected the game moves
on to the second period, if accepted the game ends. After the rejection of the first pe-
riod offer the buyer can accept or reject the second period offer. Either way, the game
ends after the second period.

The consumer makes the decision to purchase the object if the price asked by the seller
is equal or lower than the valuation of the consumer. The first stage utility for the
consumer which purchases the object in the first period is therefore:

Ul,buyer =V —P1;

If the consumer decides to purchase the object in the second period, ¢t = 2, the dis-
count factor should be taken into account. Therefore the utility of the consumer which
purchases the object in the second period changes to:

5U2,buyer - 5(“ - ]92,2‘)
If the consumer does not buy in either stage he will not receive any utility, nor incur
any costs. The consumer in this model therefore behaves identical to the consumer as
in Fudenberg & Tirole (1983). This paper adjusts the behavior of the seller, compared
to the benchmark setting. Therefore the seller’s first period utility function becomes:

U setter = (1 - Um,i)((l - Oé)Pl,z' + a(pl,i - px))a ifpu —pz >0
e (1 = vei) (1 — @)pri + ab(p1ri — p2)), ifpri —pe <0

The second period utility function in ¢ = 2 for the seller is conditional on the first
period price being rejected. This function takes the discount factor, §, into account and
therefore becomes:

) 5(1}””;;““)((1 — Q)pai + pai —Pr)),  ifpai—p. >0
5U2,Seller (p?,i |P1,ire]eCted) = (v zi;y i) 1
OB (1 — a)pai + al(pai — p)),  if poi —pe <0

Vg,i

If the seller does not sell the object, zero utility will be received as the seller does not
incur any fixed or marginal costs. The utility functions of the seller states that the seller
does not only derive utility from selling the object, but rather that the seller receives
utility from selling the object relative to a reference point (p,). Comparing the sell-
ing price to the reference point can either yield a gain or loss. In the first and second
period the seller receives utility by means of these two parts in the utility function.”
The first part this paper calls the selling utility, which can be found at the (1 — «) part,

5This can be compared to the literature on consumer utility with reference points as formulated
by Kahneman & Tversky (1979), with appended work from Koszegi and Rabin (2006). Here the two
parts are called intrinsic consumption utility and gain-loss utility. Where the intrinsic consumption
utility describes the utility the consumer derives from consuming the object, whereas gain-loss utility
is the utility the consumer receives from comparing the consumption utility with the expectation. This
phenomena is converted to the seller’s utility in this paper, partly the utility is received from profits:
selling utility, and partly from the gain-loss utility: reference utility.
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which is the utility received by selling the object against the first and second period
price. This is depicted by the quantity sold in that period, multiplied by the price in
that period. This boils down to the profits being multiplied by (1 — «). The second
part of the utility function can be found at the («) part. In this paper we call this the
reference utility. If the object is sold for a price in the first or second stage which is
above the reference point p, the seller will experience the feeling of a gain when sell-
ing the object. However if the price received for the object is lower than the reference
point p, the seller will experience the sensation of a loss in the reference utility. Com-
bining both parts of the utility function will accumulate to the overall utility of selling
an object at a certain price. As introduced by Kahneman & Tversky (1979), losses are
felt more severely than gains of equal magnitude. This finding is also implemented
in this paper. Therefore it will be assumed that the seller is loss averse, losses will be
felt more severely than gains of equal magnitude. This is captured by the coefficient
of loss aversion: § > 1. In this model the parameter o € [0, 1] measures the relative
importance of the reference utility compared to the selling utility. The higher a , the
more emphasis is on the reference utility. p, Depicts the price the seller asks in period ¢,
v € [0,1] denotes the valuation the consumer has for the good, v, ; denotes the valua-
tion of the indifferent consumer which still buys at price p; ;, whereas v, ; denotes the
valuation of the consumer which still marginally purchases the object at price p, ;. The
reference point , p, € [0, 1], denotes the reference point the seller has. This reference
point will be compared to the price the seller receives for the object which determines
if selling the object yields a gain or a loss. This can also be seen as an exogenous ex-
pectation the seller has with regard to selling the object. The difference between p,
and p, can be seen as the surplus the seller receives from selling the object for a higher
price than expected, or as a loss when this difference is negative. In this framework
the index ; denotes the different cases which result from evaluating threshold values
of p, for which the seller is located at different cases. This model differs compared to
Fudenberg and Tirole (1983) in the fact that two very distinct features are added. The
tirst one is the reference utility: here the seller evaluates the received price to a reference
point. The second feature is loss aversion. As the seller experiences the feeling of a
loss, this feeling is felt more severely than a gain of equal magnitude. In other words,
sellers receive a premia from selling for a price above the reference point, but a more
than proportional punishment by selling for a price under the reference point.

The game lasts for a maximum of two stages. If the first period price is accepted by the
consumer, the game ends. If the consumer rejects the first period price, the seller has
the opportunity to set a new price: p, ;. Irrespective if the consumer accepts or rejects
p2,; the game ends after the second period.

As the above section clearly illustrate, there will be multiple cases to take into ac-
count. Namely, the pricing in either period will be above or below the reference point.
Therefore the following cases arise:

Case 1 (Gain): p; > p2 > p.
Case 2 (Gain/Loss): p1 > p. > po
Case 3 Loss: p, > p1 > po



Case 4: P2 Z P1 6

The first case will not receive the sensation of a loss. However in the second case,
the second period price will be below the reference point and the loss which is felt will
be multiplied by 6 (the coefficient of loss aversion) in the reference utility section. The
third case prices below the reference point in both the first period and second period,
implying that the reference utility section is multiplied by 6 in both periods. The coming
sections will analyze the different cases.

4 Solving the bargaining process

The coming section will analyze the previously described setting of the three different
cases. First the consumer’s behavior is analyzed, after which the cases will be dis-
cussed.

The indifferent consumer is indifferent between buying in ¢ = 1 and ¢ = 2 at price
P14, this consumer’s valuation is denoted by v, ; and there is a consumer which is in-
different between buying in ¢ = 2 and not buying at all at price p,;, this consumer’s
valuation is denoted by v, ;. The discount rate for the seller and consumers are identi-
cal and equal to § € [0, 1].

The first step in order to solve the model with backward induction is to find out what
the value (v, ;) for the indifferent consumer is at ¢ = 2. The consumer with this valu-
ation is indifferent between buying in the second period and not buying at all. This
indifferent consumer can be found by equalizing the second period indifferent con-
sumer’s valuation with the second period price. The reasoning behind this, is that
there is no credible strategy for the consumer not to buy at ¢ = 2 for p,; if the valua-
tion (v, ;) of this consumer is at least equal to p» ;. Resulting in:

Vy,i — P2 = 0 (1)

This yields the consumer who is indifferent between buying in the second period
and not buying at all, with the valuation thus as shown in Equation 1 being equal
to vy; = p2,;. Therefore implying consumers with a valuation for the object which is
below v, ; do not purchase at any stage in the bargaining process.

The consumer with the valuation which is indifferent at buying in the first or second
period (v, ;) will only be indifferent if the utility is at least equal to the utility this val-
ued consumer would receive when postponing the purchasing decision to the second
period, whilst taking into account the discount factor §. Resulting with the indifferent

®Taking a look at the above cases it becomes evident that Case 4 should not be considered, as the
buyers will all anticipate that the seller will, in this case, sell for a higher price in the second period.
Therefore they will all consume in the first period, and less profits are extracted for the seller. In this
setting p; would equalize to py, however this is already considered in case one, two and three. Therefore
case 4 is discarded.



consumer’s valuation in the first period being equal to Ui puyer = 0Us puyer-

Vg,i — P1,i = 5(%,1 - p2,z’> (2)

However, ps; in Equation 2 is still a function of v, ;. So far the findings replicate the ini-
tial model as shown in Fudenberg and Tirole (1983). In order to find the optimal value
of p,; the seller’s behavior must now be optimized, which is where this paper departs
from the initial model. Therefore the coming section will start with the analysis of the
different cases.

4.1 Case 1: Gain

This section will analyze the gain case implying that the first period profit and the
second period profits are greater or equal compared to the reference point

P11 = P21 = Pa

Therefore both prices are above the reference point (p,). As Fudenberg and Tirole
(1983) showed in their paper, the seller updates its information on the buyers condi-
tional on the acceptance (or rejection) of the first period price. The seller knows that
the consumer’s valuation is uniformly distributed. With means of backwards induc-
tion the seller can optimize its overall profits, by first looking at the optimization of
the second period profits conditional on the first period price being rejected:

(U:c,l — Uy71) ((

vy 1 —a)pa1 + a(pe1 — pa)) 3)

E(WZI ’p1,1is rejected ) =

As the seller knows the consumers’ valuation is uniformly distributed, a new distri-
bution is considered in which p, ; is rejected, for which the consumers with a higher
valuation than v, ; have already purchased the object. Taking into account v,; = p21
and maximizing Equation 3 with regard to p,; yields:

67'['271

—= =0 4
(7]7271 @

Solving Equation 4 for the second period price yields:

o Ux,l + APy
P21 = —2

)
In order for the consumer, which is indifferent to buy in the first stage and the second
stage, to actually make the decision to buy in the first stage instead of in the second
stage, the utility the consumer derives from the decision to buy in the first stage (v, ; —
p1.1) must be equal or larger compared to the utility gained by buying in the second
period 0(vy1 — p21). Therefore the consumer needs to be found which is indifferent
between buying in either period. This indifferent consumer can be found as shown in
Equation 2, which leads to the following equality:

Vg1 — P11 = 5(%,1 - pz,l)
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Filling in p, ; yields:

Vg1 + Py
Uz — P11 = 0(vg1 — lTp) (6)
Solving Equation 6 for (v, ) the indifferent consumer’s valuation yields:
2p11 — pad
gy = L Pa00 7
Uz,1 9_¢ 7)

Then in the first stage the seller behaves in a manner which maximizes overall ex-
pected profits:

E(Wovemll) = (1 - Uac,l)((l - a)pl,l + a(pl,l —pm)) + 5(”:6,1 - Uy,l)((l - O‘)p2,1 + Oé(pz,l - px)) 8)
Substituting Equation 5, for both ps; and v, 1, and Equation 7 into Equation 8 yields:

2 — prad
B(Toverait) = (1 = (FHL—552)) (1 = a)prs + alpi — o))
2p1,1—pad 2p1,1—pad 2p1,1—pad
2p1,1 — prad 5 + apy (T )+ aps ( — )+ apy
(5 — () (- ) (2 )l )= p2)

©)

Taking the partial derivative of Equation 9 with regards to p; ;, and solving for p; ;
yields:

a7Tove7"all
a]91,1

=0 (10)
I have shown that the optimal price in the first period is equal to:

. a(0® 420 —4)p, — (6 —2)°

= 11
D1y 66 — S (11)

rewritten to:
a4 —0%—20)p, + (6 —2)°

pl,l - 8 — 65
The optimal first period price, as shown in Equation 12 can now be substituted in
Equation 7 in order to calculate the value of the indifferent consumer in the first period.

(12)

_— (5—1-204(5—1)]%—2
Yot = 35 — 4
The indifferent consumer’s valuation in the first period, which is shown in Equation
13, can now be substituted in Equation 5 in order to calculate the optimal second pe-
riod price, which is equal to the indifferent valued consumer in the second period, as
shown in Equation 1:

(13)

. . d+ a(b0 —6)p, — 2
Pa1 = Vyq == 65 — 8

(14)

10



4.2 Case 2: Gain/Loss

This section will analyze the second case where the seller only experiences the feeling
of a loss in the reference utility in the second period. Therefore p; > p, > p,. The steps
to calculate the optimal behavior are exactly the same as in Case 1. The only difference
can be found in the second period profit function for the seller, this changes to:

(2 = 92) (1 — )y, + a6(pnz — p2) 15

E(my2|rejected pi ,) = ”
x,2

The overall profit function therefore changes to:

E(T(overall) = (1 - U:t,?)((l - 04)]71,2 + 04(171,2 _paz)) + 5<vx,2 - vy,Z) ((1 - 04)?2,2 + @9(]72,2 _px))

(16)
As can be seen, the only parameter which is added is: 6. This parameter depicts loss
aversion when p, > p;, which in Case 2 implies p, > p». Therefore ¢ is added in front of
the reference utility part of the seller’s utility function. This models for the phenomena
of loss aversion for the seller. The calculations are executed in the same manner as
before, therefore only the optimal results will be discussed .”

—(5—2)2+202(0 — 1)p, (60 + 6 — 2) + apa (6260 + 26 — 4) — (5 — 2)%(6 — 1))

Pio = 2((f — 1) + 1)(d(c(0 — 1) + 3) — 4) 17)
A0 Da@ -2 +a(O-DO-D L@ -D) =2 g
Vpg = ((0 —1) +1)(0(x(6 — 1) +3) — 4)
. 042070 — 1)pe(30 — 1) + a((6 — 2)(0 — 1) + p,(560 — 40 — 2)) — 2
Pop = Vyo == 2(a(0 — 1)+ 1)(6(c(0 — 1) +3) — 4) (19)

4.3 Case 3: Loss

This section analyses the third case of exogenous reference points where the seller
experiences the feeling of a loss in the reference utility in both periods, therefore p, >
p1 > pa. The steps to calculate Case 3 are identical to the ones in Case 1 and 2, however
in this case the seller experiences the feeling of a loss in both periods. Therefore, in
comparison to Case 2, the only adjustments in the calculations are found in the first
period utility function for the seller, which is part of the overall utility function of the
seller:

Toverall = (1—04.3)(1—a)p1 3+ ab(p13—ps))+0 (Ve 3— vy 3) (1—)pas+ab(pa3—p.)) (20)

Since in this case p, > p;3, 0 is introduced in the part of the reference utility for the
seller in the overall utility function. The calculations are executed in the same manner
as before, therefore only the optimal results will be discussed.?

. a(0®(0(ps — 1)+ 1) +26(0(ps +2) —2) —4(0 + Op, — 1)) — (6 — 2)?
L3 2(36 — 4)(a(f — 1) + 1)

"The interested reader is referred to Appendix B in order to find the calculations of Case 2 Gain/Loss
step by step.

8The interested reader is referred to the Appendix B in order to find the calculations of Case 3 Loss
step by step.

(21)
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. 0+ a(d(@+20p, —1) —2(0 +0p, — 1)) — 2

Ve = (B —D(a(@—1) +1) ®)
. . 0+a(6(0+50p, —1) —2(0 +30p, — 1)) — 2
Pag = Uys == 2035 — D)@ — 1) + 1) @3)

4.4 Analysis interval

All optimal values for the cases have been calculated. Before the comparison is made
between these cases and the benchmark, it should first be considered if for all the fol-
lowing values the model is solvable: 6 € [1,4)°,a € [0,1],0 € [0,1] and p, € [0,1]. As
can be seen in Figure 2 the model is not continuous in p,. Therefore this section will
analyse p, in-depth.

The seller cannot sell in Case 1 for a price (p» 1) which is below the reference point
(p)'°. This poses a problem as the seller only wants to experience the feeling of a loss
in the reference utility at a threshold of the reference point (p,) which is substantially
higher than the ending of Case 1. The same holds for Case 3 where the seller can-
not sell for a price (p;,3) which is above the reference point. Case 2 ends at a lower
threshold of the reference point p, compared to the relatively high reference point for
which the seller is willing to receive a feeling of a loss in both periods (Case 3). These
intervals are shown in both Figure 1 and Figure 2.

Pz = P22 Pz = P1,2

‘ Case; ‘ ‘ Case, ‘ ‘ Cases ‘
0 Pz = P21 Pz = D13 1

Figure 1: The interval is shown for which the seller is not analyzable: the thin black

lines. Here the behavior of the seller is currently not clear.
11

YEmperical studies on loss aversion found 6 to be as low as 1.4 (Schmidt and Traub (2002)) and up
to 4.5 (Fishburn and Kochenberger (1979)) therefore the analyzable interval of [1, 4] is used

19Keep in mind that selling for a price below the reference point implies the jump to the next case, as
selling for a price below the reference point implies experiencing the sensation of a loss in the reference
utility. Conditional on o > 0
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Figure 2: The effect of the reference point on the first and second period prices in the
three cases. Using the parameters: « = 0.4, = 0.9 and 0 = 2.

As the seller’s expectation about the object increases, there is a certain threshold
for which the seller switches from Case 1 to the next Case. However, the next Case is
not Case 2 (Gain/Loss), but rather an in-between Case which this paper refers to as
Case A. As the reference point surpasses the threshold for the seller to be in Case 1, the
best response from the seller will be to alter its pricing scheme in order to postpone the
entering of Case 2: Gain/Loss. This is done by keeping p, 4 equal to p,. This is because
the seller optimally chooses to follow his expectations with regard to the object in the
second period, instead of asking a price which is below p, in the second period (which
would result in the sensation of a loss). Therefore the seller sets a price in the second
period of ps 4=p,, in order to postpone the decision to receive the feeling of a loss in the
second period. This will however not go-on forever, as following p, comes at a price,
the increased price diminishes the quantity sold. At a certain threshold it becomes
more interesting to receive the feeling of a loss in the second period than stubbornly
asking the reference price in the second period indefinitely. Asking a relatively low
second period price has the downside of receiving the feeling of a loss in that period.
However, the benefit this creates is that the quantity sold is relatively larger for a rela-
tively lower p, o, than sticking to a relatively high p,: Thus entering Case 2: Gain/Loss.

As the seller’s reference point increases even further the threshold is met for which
the seller switches from Case 2 to the next Case. However, the next Case is not Case
3 (Loss), but rather another in-between Case which this paper refers to as Case B. The
same reasoning applies here, as it did to the gap between Case 1 and Case 2. As the
reference point increases, the best response of the seller will be to postpone the deci-
sion to ask a first period price which yields the sensation of a loss in the reference utility,
as it already does so in the second period. This will yield a first period price which
is equal to the reference point: p; 5 = p,. Therefore the first period price will now be
equal to the reference point. This will remain the optimal strategy for the seller until
the threshold is met for which the reference point becomes large enough to permit the
seller to sell for the sensation of a loss in both periods, implying p; 3 < p,, and thus
entering Case 3: Loss.

13



It is now clear how the seller behaves for the second period price in Case A, and
the first period price in Case B. However, this second period price in Case A yields
a corresponding optimal first period price in Case A. The same applies to changing
the first period price in Case B will yield a corresponding optimal second period price.
Therefore the two coming paragraphs will analyze the optimal prices in Case A & B.

Case [A] This section will analyze the Case between Case 1 and Case 2 of exogenous
reference points where the seller sets ps 4(v;,4(p1,4)) = p,. Taking into account the
optimal second period price in Case A, the optimal first period price will be calculated.
In order to calculate the first period price in Case A, the optimal response of the seller
and consumer can be used as was the done in Case 1. Case A takes the optimal second
period price and imposes the restriction that this is equal to p,. Plugging in the optimal
response functions for v, 4 in ps 4, conditional on p, 4 being equal to p, and solving for
p1,4 yields the optimal first period price for which the seller optimally demands a
second period price which is exactly equal to p,.

PaA=Dp(2—a—0+ad)

Vg A = px(2 - Oé)
P2,A = Uy, A == Py

For proof the reader is directed to Appendix C

Case [B] This section will analyze the Case between Case 2 and Case 3 of exogenous
reference points where the seller sets p; 5 = p,. Taking into account the optimal first
period price in Case B which is equal to p,, the indifferent valued consumers and the
optimal second period price can be calculated. In order to calculate the optimal second
period price in Case B, the optimal response of the seller and consumer can be used
as was done in Case 2'2. Case B takes the optimal first period price and imposes the
restriction that this is equal to p,. Plugging in the optimal response functions for v, 5
in p, g, conditional on p; 5 being equal to p, and solving for p, p and v, p yields the
optimal second period price and indifferent valued consumers, for which the seller
optimally demands a first period price which is exactly equal to p,.

P1,.B = Pz
o Palal(0=2)6+2) —2)
PET G =2)(a(@—1) + 1)

(a3 =20+ 1)~ 1)
P2,B = Uy,B == (0 —2)(a(0—1)+1)

For proof the reader is directed to Appendix D

12Gee Appendix B for the optimal response functions of v, > and pa »
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4.5 Final model

Combining Cases [1, 2, 3] and Cases [A, B] the graphs depicted in Figure Figure 3 can

be constructed with prices on the y axis and the reference point on the x axis.
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Figure 3: The effects of p, on p;, while keeping the following parameters constant:ac =
0.4, 0 =2 and 0 = 0.9 for the initial graph with an § = 0.4 for the second graph

In Figure 3 the effects of the reference point on the prices becomes clear and can
quickly be analyzed. As the reference point increases the price in either period in-
creases as well. The following paragraph will discuss the prices as the reference point
increases

As the reference point of the seller increases (ceteris paribus), the prices the seller asks
increases. This is true for both the first and second period prices. As the reference
point increases even further, the seller finds it beneficial to follow the reference point
with its second period pricing, the seller leaves Case 1 and enters Case A. As the seller
is located in Case A, there will be no feeling of a loss in the reference utility. In order for
the seller to keep the feeling of a loss away, as the reference point increases, his best
response is to ask an even larger first and second period price. At a certain level the
seller’s reference point reaches a height at which committing to this rapidly increasing
price becomes inefficient. It is true that committing to this high price has the benefit
of not yielding the feeling of a loss in the reference utility, however the quantity sold
suffers greatly from this. After a certain point it becomes more interesting for the seller
to deviate from the strategy of pricing equal to its reference point in the second period.
The seller enters Case 2. The benefits of selling a relatively larger quantity outweighs
the decision to ask high prices, and thus now the seller will experience the feeling of
a loss in the second stage. As is illustrated in Figure 3 there is a drop in first period
prices as the seller enters Case 2. The reason for this drop is that as the seller priced
relatively high with reference points which kept the seller in Case A, this was only the
best strategy for the seller as the reference point was not high enough yet to permit
asking a price in the second period which would optimally yield a loss in the reference
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utility. Furthermore, the seller could not credibly ask a lower price than p; 4, as ask-
ing a lower price would optimally force the seller to ask a price which is below p, in
the second period. As the seller does not yet want to experience the feeling of a loss,
asking a lower first period price is not a proper strategy for him. However, as became
clear, the reference point is now high enough for the seller to be willing to experience
the sensation of a loss in the reference utility. Once the seller decides to price lower
than p, in the second period its first period price can drop slightly. This will increase
the quantity sold to consumers in the first period. As the reference point of the seller
increases even further and reaches its limit of Case 2 the best strategy for the seller will
be to postpone experiencing the sensation of loss again. Just as the seller did in Case
A, the seller now does not want the first period price to drop below p, as this would
imply the seller sells the object in both periods below its reference point and therefore
experiences a loss in both periods. The seller sets its first period price equal to p,,
and adjusts p» g accordingly. This strategy increases the price the seller asks relatively
quickly as the reference point increases. This strategy will also not go on indefinitely.
At a certain point it is not optimal for the seller to follow the reference point with the
seller’s first period price. As the seller decides to optimally set its first period price
lower than the reference point the seller consequentially enters Case 3. Now a loss is
felt in both periods. In this instance the seller does not ‘drop’ the prices in order to sell
a larger quantity, as was the situation between Case A and Case 2. The reason why
there is no drop is because optimally the seller would ask a lower first period price
in Case A, in order to sell a larger quantity in the first period. However, as discussed
previously this is not possible as the seller has a commitment in the second period to
P, and setting a first period price below p; 4 would subsequently compromise this
commitment to p,. However, this commitment is different in Case B. The seller sets
the first period price equal to p, for which it adjusts the second period price optimally.
Therefore the quantity sold is followed optimally in the first period and as soon at it
becomes more interesting to abandon the increasing first period price, which follows
Pz, the seller decides to enter Case 3 and therefore sells a relatively larger amount for
a relatively lower price.!

5 Results

In the coming section comparative statistics will be examined in order to analyze the
previous cases. These cases will not only be compared to the benchmark setting of
Fudenberg & Tirole (1983), but also to the other cases in order to examine the effects of
the seller’s reference points in combination with loss aversion on prices and quantities.

This model yields the results from Fudenberg and Tirole (1983) when a = 0 or
when p, = 0.

Pila=0 = m (24)
(2—-19) (25)

Uela=0 = 35

13 Appendix E covers the the parameter values which determine what Case the seller is in.
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(2-9)

P3la=0 = m (26)
Uyla:() = m (27)

This can be compared to the model in which the seller has reference utility and is loss
averse. The conclusion which can be drawn is that for all values of &« > 0 and p, > 0,
Py > Pila=o and p5 > pila—o. The reference point determines which Case is currently
effective. The interval for when a certain case becomes active for a certain reference
point is determined by three other factors: §, a and 6. Manipulating these parameters
will influence the interval location of the Cases for a changing p,. In order to get a
better idea about how the parameters influence which Case should be analyzed the
reader is redirected to Appendix E, here the formal definition of each Case’s bound-
aries are shown with also the a summary of the optimal prices and indifferent valued
consumer at each instance. The following graph will illustrate how the optimal prices
and indifferent consumers are located compared to Fudenberg and Tirole (1983). The
next intervals are calculated using fixed values for the following parameters: § = 0.9,
a = 0.4and 0 = 2 while p, changes. As can be seen in Figure 4 a change in the reference

b1
D21, Uy Vg
i |
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Figure 4: The influence of p, on the prices and indifferent consumers. Where the thick
black line represents the parameter values p, can take which coincides with Case 1, 2
and 3 respectively.

point for the seller has great implications on the prices and the indifferent consumers,
keeping all other parameters constant. This is due to the fact that the seller experiences
reference utility and also has loss aversion. Therefore less consumers will purchase the
object at higher price in both periods, when the reference point increases. In the com-
ing section the influence of 4, o, § & p, on the optimal prices and indifferent valued
consumers will be discussed.
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5.1 First stage price: p;;

The model as formulated by Fudenberg & Tirole (1983) predicts that for a low 4, p;
is relatively high, but decreases as ¢ increases. A low ¢ indicates that the future is
severely discounted, for both the consumer and seller. As the future is heavily dis-
counted, not coming to an agreement in the first period is costly. Consumers are there-
fore willing to accept relatively high prices in the first period, compared to a situation
where 0 is higher. The reason for this is that as 6 becomes higher, waiting becomes
more attractive for the consumers. This since consumers expect ps to be lower than
p1. More consumers will be interested in purchasing in ¢ = 2 for p, which gives an
incentive for the seller to lower p; in order to sell a larger quantity in the first period.
Furthermore the seller also experiences benefits from a higher discount factor as sell-
ing in the second period becomes more attractive (waiting is less costly). However as
d becomes even larger (at around § = 2), p; increases again. After this point it becomes
more attractive to sell to the high valued consumers in ¢, at a higher price, and to the
lower valued consumers in t,. Plotting p; against ¢ leads to the described U-shaped
curve, as can be seen in Figure 6.
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Figure 5: The effects of § on the first period price in Case 1, 2 and 3 respectively.

In the three Cases in Figure 5, taking « as a given, an increase in p, increases the
tirst period price for all instances of 6. This by cause of the reference utility becoming
increasingly important. Not increasing the first period price would decrease the feel-
ing of a gain in the first period (p; — p,). Therefore in order to increase the reference
utility the price in the first period should increase. The same reasoning applies when
Pz is a given and « is adjusted. The more the emphasis is on the reference utility, the
more the seller is inclined to adjust prices in order to reconcile its lost gains. The seller
will sell a smaller quantity but at a higher price and feel less lost gains. Furthermore
looking at Case 3 the same reasoning applies as before for a given « and p,, but also for
6 this applies. The higher is the loss aversion of the seller - the more will the losses be
felt - the more incentive the seller has to make as little loss per transaction as possible.
Just as with av and p, this is done by increasing the pricing scheme in order to diminish
the experienced reference utility losses.

However as can be seen in Figure 5 the intuition for Case 2 is a bit different than
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for Cases 1 and 3. The reason is because the feeling of a loss only occurs in the second
period. When the seller becomes more loss averse ¢ increases, holding other parame-
ters as given, the pricing grows even more exponentially as ¢ increases. The reasoning
for this is that normally the exponential growth is dedicated to the fact that the second
period profits become more important as ¢ increases. However as 0 is the feeling of
loss, which only occurs in period 2 (in the second case), as § becomes higher, more
emphasis will be given to the second period reference utility in order to decrease the
feeling of a loss in this second period. This is best done by increasing its second period
prices as ¢ increases. Which the seller includes in its first stage price. As this strategy,
despite selling a smaller quantity, will maximize the seller’s utility.

It is good to keep in mind that Case 2 is only a small interval, dependent on whether p,
is larger than p,, and p, is larger than p,. Which I have already showed, depend on the
underlying parameters. Figure 5 is designed to illustrate the behavior of the optimal
first period pricing with respect to J as the other parameter are assumed not to change.
In order to calculate in which Case the seller is currently present, the bounds as shown
in Appendix E should be consulted.

The overall take-away from this section is that the first period price increases as any
parameter increases compared to the benchmark of Fudenberg & Tirole (1983). In
other words, the more important reference utility becomes for the seller (higher «),
the higher the expectations (higher p,), or the more loss averse the seller is (higher 0),
prices in the first period will increase.

5.2 Second stage price: p;;

In the model as formulated by Fudenberg & Tirole (1983) the second stage price (p2)
increases exponentially in §. As § reaches its limit of 1, p, becomes equal to p;. When
0 < 1 all values of p, will below that of the first stage price, p; > p,. For high values of
9, which implies the second period to be relatively important compared to the first pe-
riod, p, will also be relatively high. The lower ¢ becomes, the relatively less important
the second stage becomes, leading to a relative low p,. As mentioned before, a low
0 implies that consumers (and sellers) find waiting to be relatively unattractive and
therefore are less inclined to postpone the purchasing decision from the first period to
the second period. The consumer will therefore want to be compensated in order to
postpone the purchasing decision to the second stage by having to pay a lower second
stage price. The seller on the other hand has the incentive to obey to these preferences
by the consumer in order to sell to consumers who would otherwise have a too low
valuation to make the purchasing decision in the first period, therefore creating profits
in the second period.

Looking at Figure 6 for the separate cases, it can be seen that o and p, each have
a positive influence on the second period prices. The same applies for § and when
d increases as well. As o increases the seller’s preferences change to be more depen-
dent on the reference utility part. Therefore the seller experiences higher utility as the
second period price increases relative to the reference point. The same reasoning ap-
plies to the reference point. As p, increases the optimal strategy for the seller is also
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Figure 6: The effects of J on the second period price in Case 1, 2 and 3 respectively.

to increase p,. This is due to the fact that the reference utility will feel less like a gain
as p, increases, or even as a loss if p, becomes large enough. In order to increase the
"feeling’ of selling for an acceptable price, the seller wishes to sell for a higher second
period price as the reference point increases. The parameter 6 has the property that it
magnifies the feeling of a loss as the seller’s losses are felt much more severely than
gains of equal magnitude, it is beneficial to diminish this feeling as much as possible.
This is done by increasing p, more (exponentially) when the relative importance of the
second period also increases (¢ increases). As the losses will be felt more severely the
seller’s best strategy will be to diminish the feeling of a loss, which is thus done by
increasing the second period price. This can best be seen in Case 2. Here the feeling of
a loss is only felt in the second period, therefore increasing the relative importance of
the second period it is intuitive that the seller would argue for a higher second period
price when 6 is also high, as J increases.

So far it can be seen that this model compared to the benchmark case of Fudenberg
& Tirole (1983) will always have higher prices in both stages for any positive value for
the parameters (o, p, and §). Now it becomes interesting to see where the indifferent
consumers are located, compared to the benchmark case.

5.3 Indifferent consumer first period, v, ;

As shown in Fudenberg and Tirole’s (1983) model, the consumer which is indifferent
between purchasing in the first period and in the second period, has a valuation which
increases in 0. The relatively more important the second period becomes for the buyer,
the more the buyer is willing to wait in order to decide to purchase the object. This
results in the indifferent consumer in the first period to have a valuation which in-
creases in . Furthermore, as § increases the first period price also increases, making
the purchasing decision less attractive in the first period. However the discount factor
argument and increasing price in the first period are related to each other: The higher
the price in the first period, the more attractive it becomes to postpone the purchasing
decision.

Now looking at this paper’s model, the indifferent consumer in the first period
increases in either of the following parameters (ceteris paribus): «, p, and 6, as can be
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Figure 7: The effects of § on the first period indifferent consumer in Case 1, 2 and 3
respectively.

seen in Figure 7. The higher o becomes, the more interesting it becomes for the seller
to increase the prices. Therefore the indifferent consumer in the first period will be
inclined to postpone the purchasing decision to the second stage, where the prices are
expected to be lower. The same reason applies to both p, and 6. The higher p, becomes,
the smaller will be the gains (or the larger the feeling of a loss) for the seller. This gives
the incentive to increase the first period price, which will as mentioned before give the
incentive for the indifferent consumer in the first period to postpone the purchasing
decision to the second period, where the prices are expected to be lower. The higher
¢ becomes, the larger will be the feeling of a loss, in the reference utility part of the
seller. This gives the incentive for the seller to increase the prices in order to diminish
the feeling of a loss. Which again, gives the incentive for the indifferent consumer to
postpone the purchasing decision to the second period. Also as the discount factor ¢
increases, implying the consumer becomes more patient, the value of the indifferent
consumer in the first period increases as it becomes more attractive to postpone the
purchasing decision. The model formulated in this paper therefore has the property
that the indifferent consumer in the first period and the first period price move along
the same direction as the underlying parameters change.

5.4 indifferent consumer second period: v, ;

The indifferent consumer in the second period, as formulated by Fudenberg & Tirole’s
(1983) model increases in §. As J increases the second period becomes relatively more
important thus more consumers would be interested in purchasing in the second pe-
riod. Also the second period indifferent consumer follows the second period prices
formulated by the seller. As the indifferent consumer in the second period is indiffer-
ent between buying and not buying when v = p,. If the valuation of the buyer is larger
than p, he will always purchase, either in the first or in the second period. Therefore,
as p is formed, it also forms the benchmark for the formation of v,,.
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Figure 8: The effects of § on the second period indifferent consumer in Case 1, 2 and 3
respectively.

In this paper’s model for any positive value of the parameters «, p,,  and 4 the sec-
ond period indifferent consumer will lie above the indifferent consumer as formulated
by Fudenberg & Tirole (1983). This is clearly depicted in Figure 8. The reason for this
is that these parameters have a positive influence on the second period price (as men-
tioned before). And the decision to purchase in the second period (or not) depends on
the fact if the consumer’s valuation for the object is in fact larger than the price which
has to be pay. The consumer will in fact deem it worthy to purchase the object until
the point is reached where the valuation for the good is equal to the second period
price. For a detailed overview of the comparative statistics the reader is directed to
Appendix F.

To summarize the previous findings Table 1 is constructed with the parameter’s ef-
fects on the optimal first and second period prices and the indifferent consumers in
each period:

Y41 P2 (& Uy) Uy
o f ) )
Pa f f g
4 f ) g
0 | First ], then 1} i T

Table 1: The summarized effects of the parameters «, §, § and p, on the prices and
indifferent consumers.

The results thus far show a clear trend of the prices and valuation of the indifferent
consumer which moves move up as any parameter increases, except for the first pe-
riod price with regards to a low value of §, which has a convex form. What can easily
be seen from this is that the consumers are definitely worse of in this situation if they
decide to purchase the object compared to the situation without reference points and
loss aversion for the seller. If the consumer does not decide to purchase the object in
this model, and conditional on the corresponding valuation of the consumer for the
object would also not high enough to purchase purchase in any stage in Fudenberg
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and Tirole’s (1983) model, then the conclusion can be drawn that the consumer would
not be worse-off, but would rather enjoy zero utility in both situations.

However, what is still inconclusive is if the seller is better or worse off in this new
situation. Of course the model in this paper examines utility for the seller, whereas
Fudenberg and Tirole (1983) examine profits of the seller, making it ambiguous if the
seller is necessarily better or worse-off in this new situation. Comparing utility with
profits will therefore not be a fair comparison. However, this model can compare the
seller’s profits compared to the seller’s profits as proposed in Fudenberg and Tirole’s
(1983) setting. So far it has been shown that the prices and indifferent valued con-
sumer in each stage increases in this model. However, these prices and indifferent
valued consumers do not necessarily change at the same rate. This as the prices might
increase at a higher rate than the indifferent consumer’s valuation. If this is true, it
would lead to the fact that a few less consumers purchase the object, however at a
relatively higher price. This could in fact increase total revenue of the seller. This will
be examined in the next section.

5.5 Profits

The profits of the seller are defined by the quantity sold times the price in each period,
whilst taking the discount factor into account. According to the model of Fudenberg
& Tirole (1983) the profits decrease as ¢ increases until about 2/3, after which the prof-
its start to increase again as ¢ increases. This is due to the fact that the prices in the
tirst period decrease until ¢ is large enough to ask higher first period prices as also
relatively high second period prices can be asked, which maximizes profits, since the
indifferent valued consumer puts more weight into buying in the second period as
well after 0 becomes high enough.
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Figure 9: The effects of § on the on overall profits. Case 1, 2 & 3 respectively.

This mechanism is still in place in this paper’s model. Very interestingly the find-
ing is that as ¢ is not too low, and not too high, it can actually increase the seller’s
profits in the first and second case, dependent on the other parameter values as can
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be seen in Figure 9. The reason for this is that as the importance of the reference point
increases or if the degree of loss aversion increases, the seller will ask higher prices in
the first and second period, which will also increase the value of the indifferent con-
sumer in the first period. However, the indifferent consumer’s valuation in the first
period increases at a lower rate than the first period price in Case 1 and 2, under cer-
tain parameter values. This leads to the conclusion that profits can in fact increase in
the model formulated in this paper. In Case 3 the profits are always lower as the seller
charges prices which increase the indifferent valued consumer’s in each period to such
an extent that the the income lost by selling to a smaller quantity are not regained by
the increased price.

5.6 Case A & Case B

The Cases A and B are only a small interval of the total analyzable region in this model
and will be discussed in this section. Their interval regions and existence depend on
certain parameters of J, o and . To see how the pricing and indifferent consumers
change as certain parameters change for these Cases the reader is redirected to Ap-
pendix E.
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Figure 10: The effects of § on the optimal prices and indifferent valued consumer in
Case A

Figure 10 illustrates the pricing of the seller for Case A & B. For Case A the first
period price increases in p,. This is due to the fact that when p, increases, the second
period price increases'®. As the reference point of the seller increases, the optimal first
period price the seller asks in Case A will also be higher. This in order to keep the op-
timal second period price constant at p,. Asking a lower price would force the seller
to optimally deviate from this strategy, which the seller does not want as he does not

14 As p, is fixed at p, in order to not experience the feeling of a loss in the reference utility
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want to experience the feeling of a loss yetl5 . Furthermore, p; 4 decreases in ¢, this is
due to the fact that as « increases more emphasis is on the reference utility of the first
period!®. As the seller is still selling for a price which is above its reference point, the
incentive is still there to lower the first period price in order to keep the second period
price equal to p, in order to not receive the sensation of a loss yet in the reference utility.
Also p; 4 decreases in J, implying that as the second period becomes more important,
the seller asks a lower price in the first period in order to make the decision to pur-
chase in the first period more attractive. The reason for this is that as § becomes higher
it becomes more attractive for the consumer to postpone the purchasing decision to
the second period, where p, = p,. In order to sell to a larger amount of consumers
in the first period, the first period price decreases as the discount factor § increases.
These two effects offset the change in the valuation of the first period indifferent con-
sumer, as he would be inclined to postpone the purchasing decision as he becomes
more patient, however the lower price in the first period is now a large enough incen-
tive to purchase in the first period. As can be seen in Figure 14, the valuation of the
indifferent consumer remains constant. This is important for the seller, as the seller
wants the second period price to be exactly equal to the reference point in Case A.
Therefore it is crucial that the seller adjusts the first period price in order to optimally
set the second period price exactly equal to p,, and therefore not receiving the sensa-
tion of a loss in the second period. This is the reason p, 4 and v, 4 remain constant.
The optimal first period price is adjusted in order to keep ps 4 optimally equal to p,,
which in turn keeps the indifferent consumer in the first period at a constant valuation.

— D2,FT — FT
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p1,B = pe = 0.65
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Figure 11: The effects of § on the optimal prices and indifferent valued consumer in
Case B

For Case B the reasoning is almost identical identical, but the seller commits itself

15Hjis reference point is not high enough yet to justify entering Case 2, and thus feeling the sensation
of a loss
16 As py 4 is equal to the reference point there will be no feeling of a gain nor loss in the second period
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to a first period price which is equal to p,. By imposing this constraint on the first pe-
riod price the seller postpones entering the next case, and consequently therefore does
not experience the sensation of a loss in the first period. If the seller is located in Case
B the reference point is not high enough to strategically ask a lower first period price.
committing to p; g = p, is therefore the optimal strategy. As J increases p, p tends to
p. at o = 1 at that point the second period price becomes as large as possible: ps g = p,.
When « increases, the second period price decreases. This as an increase in a shows
that the emphasis on the reference utility increases. In Case B the reference utility is only
experienced in the second period, in order to diminish the feeling of a loss in this part,
the second period price would be expected to increase in o. However, the reason it
does not increase in « is because currently the reference point for the seller is still low
enough to have the incentive to price according to p; 5 = p,. Since the seller’s best
strategy is to price according a fixed p, in the first period, the seller must price accord-
ing to its best response to this first period price, in the second period. Therefore, as the
seller keeps p; constant, the best response in the second period will be to decrease p,
as the a increases. The commitment for the first period price to p, also applies to an
increase in 0, as the seller becomes more loss averse, the optimal strategy will become
to increase the second periods price for low values of §, whereas the second period
price tends to p, as J increases. Here the reasoning is that the optimal strategy in the
second period, with a higher ¢, will be to ask a relatively higher price as the feeling of
a loss is multiplied by a fixed feeling of a loss per transaction. Nevertheless it becomes
clear that the optimal prices in Case B increase compared to the benchmark Case.

The indifferent valued consumer’s valuation in Case B increases in «, p, and 6. This as
these parameters increase the optimal second period price in Case B. The seller must
increase the optimal second period price in such a manner that the seller does not want
to price lower in the first period, this as the seller is committed to p, 4 = p,, as was
discussed in Section 4.5. It is shown in Appendix F how in Case A & B the prices and
the indifferent valued consumer change under varying parameter values.

The profits in the benchmark model of Fudenberg & Tirole (1983) are assumed to
be convex in §. Which was already discussed in Section 5.5.
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Figure 12: The effects of § on the optimal prices and indifferent valued consumer in
Case A

Figure 12 shows the profits for Cases A and B. Profits increase when ¢ is not too
high and not too low. Furthermore the profits increase as both « and p, are relatively
low. This is since when these parameters are relatively low, the seller sets the prices
in the first and second period in such a manner that the indifferent consumer in the
tirst period is relatively high compared to the first period price. This in turn creates
are relatively large profit, even larger than the benchmark case of Fudenber & Tirole
(1983). As discussed earlier, the increase in profits is due to the fact that the increase
in first period prices increases at a higher rate than the indifferent consumer, conse-
quently leading to greater profits. The only reason the seller can credible ask these
higher prices is due to the fact that the seller also cares about not experiencing the
sensation of a loss in the reference utility, therefore the consumers acknowledge that
the seller will optimally maximize its utility, which results in higher first and second
period prices. This in turn can yield an indifferent consumer which still purchases
the object in the first at a relatively lower valuation'”. This in turn can create a larger
overall profit for the seller.

5.7 Appended reference point

So far it is assumed that the reference point is included in the overall utility of the
seller. This is done by multiplying the selling utility with (1 — a) and the reference
utility with («). However it could be argued that it would make sense to append in-
stead of incorporate the selling utility with the reference utility. This since the reference
part could be seen as an additional gain, or as an additional loss. In order to realize
this the model can be adjusted by excluding the (1 — «) in front of the selling utility.
Then the reference utility will be an additional feeling with regard to the selling util-
ity. These results are shown in Appendix D. The results show the same findings as

7The indifferent consumer in the first period purchases at relatively lower level than the increased
first period price.
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the previous sections: The prices and the location of the indifferent valued consumers
increase as the seller experiences reference points and is assumed to be loss averse.
This robustness check shows that the previous findings are reliable under changing
circumstances.

6 Discussion

In order to analyze the behavior of the seller and consumers several assumptions had
to be implemented to the model. It is important to stress that these assumptions cre-
ate a more elegant model, with having the downside of not necessarily fulfilling the
most realistic setting. This stylized version of reality however does contribute to the
understanding of the complex dynamics which are inherent to everyday life. One as-
sumption in this paper which could be examined more in future research is the fact
that the consumers are drawn up as loss-neutral, which in reality is not the case which
became clear in the literature review. Therefore future research could incorporate a
model of a loss averse seller which has a reference point (perhaps even endogenously
determined) with also consumers which are loss-averse. This would create a model
which is a step closer to reality. Another note-worthy addition future research could
look into is the form of loss aversion itself. In this model the seller is assumed to have
linear loss aversion. However Kahneman and Tversky (1979) argue that loss aversion
is in fact not linear, but the feeling of loss changes at certain thresholds, for instance
small losses are felt more intensely than larger ones. This model only uses two-time
periods, which is a good first step to analyze a theoretical model, but in reality bar-
gaining processes can include many more rounds which could influence the decision
to price a certain way, or it could affect the consumer’s decision to purchase. Another
aspect future research can look at is the discount factor: 4. In this paper it is assumed
equal for the consumer and the seller, however it could very well be that these two
agents have a very different discount factor. Also, this paper makes the assumption
that the consumers valuation is uniformly distributed. Perhaps a different distribu-
tion would give different results. All these suggestions for future research could be
a meaningful contribution to the field of economics and push the understanding of
behavioral aspects of sellers (and consumers) to a new level.

7 Conclusion

This paper’s main focus is to examine the bargaining effects of a seller who is assumed
to be loss-averse and has an exogenously determined reference point with a consumer
who is assumed to maximize its pay-off. By introducing reference points the seller
has certain expectations about the value of the object being sold. These expectations in
turn are responsible for the pricing scheme the seller introduces. Since the seller is also
assumed loss-averse, losses are felt more severely than gains of equal magnitude, the
pricing scheme of the seller also changes as soon as the realized gains fall below the
reference point. The tendency of the seller will be such to increase the prices in order
to meet his own expectations compared to the situation where there are no reference
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points for the seller. This will be disadvantageous for the consumer who decides to
purchase the object. As the prices increase, less consumers will decide to purchase the
object in either stage, as their value for the object will become lower than the price
requested by the seller for the object. Not only the position of the consumers who pur-
chase the object worsens, but also the position of consumers who now do not purchase
the object anymore, but would purchase the object if the seller priced as if he was not
assumed loss-averse with reference points. Therefore the most crucial finding in this
paper is that loss aversion in combination with the reference point creates a credible
strategy for the seller to demand higher first and second period prices. Even though
the prices will be higher which leads to less consumers who purchase the object, in
some instances these prices can increase more rapidly than the marginal consumer’s
value for the object. This in turns implies that profits for the seller may actually in-
crease under the right circumstances.
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Appendices

A Solving the benchmark: Fudenberg & Tirole

In the coming section the simple model as formulated by Fudenberg and Tirole (1983)
will be solved. The underlying principle will coincide as the benchmark for the ap-
pended work later on in this paper.

The utility for the consumers is denoted as follows
Ul,buyer =VUz — PN

U2,buyer =Uy — P2
The indifferent consumer in the first period is indifferent between buying in ¢t = 1 and
t = 2 at price p;, this consumer’s valuation is denoted by v, and there is a consumer
which is indifferent at buying in ¢ = 2 and not buying at all at price p,, this consumer’s
valuation is denoted by v,. The discount rate for the seller is denoted as d;, and for the
consumer as 6, with ds, 0, € [0, 1].

The first step in order to solve the model with backward induction is to find out what
the value (v,) for the indifferent consumer is at ¢ = 2. The consumer with this valu-
ation is indifferent between buying in the second period and not buying at all. This
indifferent consumer can be found by equalizing the second period indifferent con-
sumer’s valuation with the second period price. The explanation for this is that there
is no credible strategy for the consumer not to buy at ¢ = 2 for p, if the valuation (v,)
of this consumer is at least equal to p,. Resulting in:

vy —p2 =0 (28)

This yields the consumer who is indifferent between buying in the second period
and not buying at all, with the valuation thus as shown in Equation28 being equal
to Uy = P2.

Thus resulting with the indifferent consumer’s valuation in the first period being equal
to Ut puyer = 06(Us puger)-

Uy — p1 = 0p(vz — p2) (29)
However, p, in Equation29 is still a function of v,. In order to find the optimal value
of p, the seller’s behavior must now be optimized.

As Fudenberg and Tirole (1983) showed in their paper, the seller updates its infor-
mation on the buyers conditional on the acceptance (or rejection) of the first period
price. The seller knows that the consumer’s valuation is uniformly distributed. With
means of backwards induction the seller can optimize its overall profits, by first look-
ing at the optimization of the second period profits conditional on the first period price
being rejected:

Uy — U
(7'('2‘]91 is rejected) = (U—y)p2 (30)
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Taking into account v, = p, and maximizing Equation 30 with regards to p, yields:

om _,_ 2p2 (31)
ap2 Uy

Solving Equation 31 for the second period price yields:

Vg

P2 =5 (32)
In order for the consumers to make the decision to buy in the first period instead of in
the second period, the utility the consumer derives from the decision to buy in the first
stage must be equal or larger compared to the utility gained by buying in the second
period. Therefore the consumer needs to be found which is indifferent between buying
in either period.This consumer can be found as shown in 29 this leads to the following
equality:

Vs — p1 = 0p(vs — P2)
Filling in p, yields:
UZ‘

Uy — p1 = 6p(Vy — §> (33)

Solving Equation 33 for v, the indifferent consumer’s valuation yields:

2p1
= 4
b= 5 (34)
Then in the first stage the seller behaves in order to maximize overall profits:
Toverall = (]- - U:v)pl + 55(”&: - vy)pQ (35)

Substituting Equation 32, for both p; and v,, and Equation 34 in to Equation 35 yields:

% % 2pr 2py
1 1 2—6p \ 2—9
overall = (1 — 53 - : : 36
U 1l ( 2_5b)p1+ (2_5b 2 ) 2 ) ( )

Taking the partial derivative of Equation 36 with regards to p;, and equalizing for p,
yields:

2p1 2pm

. 2m 2p1 205, 2-5,
Toverall = (]- 9 _ 5b)p1 + 53(2 _ 51; 2 ) 9 ) (37)
8Troverall
=0 38
o (38)
(2=
LS Ty — 39)
I have shown that the optimal price in the first period is equal to:
* 2—63)?2
P = s
2 — )2

Pr=18 45, — 20,)
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The optimal first period price can now be substituted in Equation 34 to calculate the
value of the indifferent consumer in the first period:
5 (2-5)?

* _ “(8-48,-255)

/Ux - 2—0y

L (2-0)
-6 w

The indifferent consumer’s valuation in the first period, which is shown in Equation
41, can now be substituted in Equation 32 in order to calculate the optimal second pe-
riod price, which is equal to the indifferent consumer in the second period, as shown
in Equation 28:

(2—4)
* (4—26,,—6s)

p2 = 2
(2— )
s = 42
P2 =815, — 20,) “2)
Uy ="
o= 2= ) (43)

v (8 — 46, — 20,)

Comparative Statistics: Fudeberg & Tirole

In this paragraph some comparative statistics will be examined inorder to show the
implications of the model. Filling in §;, = §; == 0.9 yield the following results:

p; = 0.4654
vl = 0.8462
=3 = 0.4231
In the drawing below the prices and values are drawn on a horizontal line.

P2,F = Vy FT P1,FT Vg, FT
0 1

Now it will be interesting to compare the previous situation where delta’s are the same
to the one where §; > J;. Assume J; = 0.9 and §, = 0.5, this yields the following val-

Pt = 0.54878
vt = 0.7317
v = ps = 0.36585

Filling in the interval depicted below, where the bottom values are equivalent to the
case with equal discounting, and the values depicted above make use of the following
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parameters: 05 > 0, [0s = 0.9; 0, = 0.5].

D2,ft = Uy, ft b1yt Vg, ft

P2, ft = Uy, ft v.
0 f y.f x, ft 1
P15t

Proposition 1: The optimal first period price depends negatively on the relative discount
factor g—z, where as the optimal second period prices depend positively on this parameter.

Proof of 1: It can easily be seen if the buyer discounts the good more, thus ¢, becomes smaller,
that the optimal first period price does in fact increase, however eventually the second period
price decreases more compared to the optimal prices with equal &’s. Therefore the conclusion
can be drawn that more consumers will buy the good, as a lower ¢, will result in a larger area of
customers, namely: 1 —v,.. Eventually this will be beneficial for the consumers as some of them
would not have bought the good for the higher second period price, and now they would.Tnking
the partial of p, and p, with regards to &, yields a positive value. Resulting in the proof that if
Oy increases, thus the discounting becomes closer to 1 (which is equal to not discounting at all)
in which the prices in py and p, increase. Analogously, decreasing the discount factor for buy-
ers is beneficial for the buyers. Therefore when the buyer becomes discounts the future heavily,
the seller acknowledges this and reacts appropriately. The seller wants to maximize profits and
does this by increasing the first period price, but decreasing the second period price in order to
sell to the heavily discounting consumers, which would otherwise not purchase the object.

B Analyzing Cases 2 & 3

Case 2: Gain period 1, loss period 2

This section will analyze Case 2, Gain/Loss, therefore p; > p, > p,. The indifferent
consumer is indifferent between buying in ¢ = 1 and ¢ = 2 at price p;, this consumer’s
valuation is denoted by v, and there is a consumer which is indifferent at buying in
t = 2 and not buying at all at price p,, this consumer’s valuation is denoted by v,. The
discount rate for the seller and consumers are identical and equal to ¢ € [0, 1].

The first step in order to solve the model with backward induction is to find out what
the value (v,) of the indifferent consumer is at t = 2, which is indifferent between buy-
ing in the second period and not buying at all. This can be found by equalizing the
second period indifferent consumer’s valuation with the second period price. Result-
ing in: v, — ps = 0. This yields the consumer who is indifferent between buying in the
second period and not buying at all, with the valuation being equal to v, = p,. There-
fore the indifferent consumer’s valuation in the first period is when U pyyer = Us puyer-

Uy — p1 = 0p(vy — p2) (44)
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However, p; is still a function of v,. In order to find the optimal value of p, the seller’s
behaviour must now be optimized.

In this paragraph we analyze the situation where the seller sets the first period price
above its exogenous reference point (p,), but the second period price below its ex-
ogenous reference point. The seller updates its information about the buyer after the
acceptance (or rejection) of the first period price. With means of backwards induction
the seller can optimize its overall profits, looking first at the optimization of the second
period profits, taking into account that the first period price has been rejected.

(e =0 (1~ )y + ab(ps — ) (45)

Uy

o =

Taking into account v, = p, and maximizing the second period profit function with

respect to p, yields:
87'('2

9ps
Solving this for the second period price yields:

=0 (46)

vy(a(f — 1)+ 1) + abp,
20(0 — 1) + 2

P2 = (47)
In order for the consumer to make the decision to buy in the first stage instead of in the
second stage, the utility the consumer derives from the decision to buy in the first stage
must be larger or equal compared to the utility gained by buying in the second period.
Therefore the indifferent valued consumer needs to be found: Us puyer = Us puyer this
leads to the following equality:

Ur = p1 = 6(vr — p2) (48)
Filling in p, yields:

vy(a(f — 1)+ 1) + abp,
20(0 — 1) + 2

Uy —P1 = 5(’000 - ) (49)

Solving this inequality for (v,) the indifferent consumer yields between buying in ¢ =

1,t = 2 becomes:
o adbp, —2py(a(f — 1) + 1)
(0 =2)(a(@—1)+1)

Then in the first stage the seller behaves in order to maximize overall profits:

(50)

Toverall = (1 - U:):)((l - Oé)pl + Oé(Pl - px)) + 6(Uz - Uy)((l - 04)]92 + 049(132 - pz)) (51)
Taking the partial derivative of 7m,.equ With regards to p;, and equalizing for p; yields:

87T0v erall
Ip1

=0 (52)
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—(0—2)%+202(0 — 1)p,(00 + 6 — 2) + v (p, (620 + 26 — 4) — (6 — 2)%(6 — 1))
2(a(@ — 1)+ 1)(6(x(@ — 1) +3) — 4)

pi=
(53)
With the optimal first period price the optimal other prices and values can be calcu-

lated.
. §+a2(0 — 1)py(00 —2) + a((6 — 2)(0 — 1) + 2p, (60 — 1)) — 2

54
Yz (@@ —1) + 1)(6(a(d — 1) +3) —4) (54)
d+a?(0—1)pz (60—2)+a((6—2)(0—1)+2p5 (66—1))—2
Py =0 == 6((0-1)+3)—4 P (55)
2 20(0 — 1) + 2

Now values for the parameters need to be filled in. In order to model “exogenous
expected value” (p,). Just as before the interval for p, needs to be calculated. The ap-
propriate parameter values are as before: o = 0.4, 6 = 0.9. The missing parameter’s
value is 6. As shown in the literature review the bound we apply to 0 is € [1.5, 4]. With
these bounds the decision is made to choose 0 = 2.

The interval which p, can take and still fulfill the requirement of p; > p, > ps should
be shown in order to determine an appropriate value. The optimal functions have
been calculated for pj and p}.

e For p; to be larger than p, it follows that p, cannot become larger than 0.6456,
thus p, < 0.6456.

This is a necessary, but not sufficient condition, furthermore the second period price
can also not exceed p,.

e For p, to be smaller than p, it follows that p, should not become smaller than
0.61897, thus p, > 0.61897

This yields the following interval in where p, can be located: p, € [0.61897;0.6456]
Taking the value p, = 0.63 , 0 takes the value of 0.9, implying limited discounting

and o with value of 0.4, showing that sellers take the reference point into account, but
only partially. And 6 = 2, this leads to the following optimal values:

Pt = 0.645532

vy = 0.879149
p3 = v, == 0.619574

This can be compared to the benchmark case where the seller has a different pref-
erence. This is depicted in the illustration below. The bottom values depict the bench-
mark case, the upper values depict Case 2 (gain / loss). The (small) thick line repre-
sents all the values p, could take and for which this case would still be relevant..
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Case 3: Loss

This section will analyze the Loss case in both periods, therefore p, > p; > p,;. The
indifferent consumer is indifferent between buying in ¢ = 1 and ¢ = 2 at price p;, this
consumer’s valuation is denoted by v, and there is a consumer which is indifferent
at buying in ¢t = 2 and not buying at all at price p,, this consumer’s valuation is de-
noted by v,. The discount rate for the seller and consumers are identical and equal to
5 €10,1].

The first step in order to solve the model with backward induction is to find out what
the value (v,) of the indifferent consumer is at t = 2, which is indifferent between buy-
ing in the second period and not buying at all. This can be found by equalizing the
second period indifferent consumer’s valuation with the second period price. Result-
ing in: v, — ps = 0. This yields the consumer who is indifferent between buying in the
second period and not buying at all, with the valuation being equal to v, = p,. There-
fore the indifferent consumer’s valuation in the first period is when U; pyyer = Us puyer-

Uy — p1 = 0(Vz — P2) (56)

However, p; is still a function of v,. In order to find the optimal value of p, the seller’s
behavior must now be optimized.

In this paragraph we analyze the situation where the seller sets the first period price
above its exogenous reference point (p,), but the second period price below its ex-
ogenous reference point. The seller updates its information about the buyer after the
acceptance (or rejection) of the first period price. With means of backwards induction
the seller can optimize its overall profits, looking first at the optimization of the second
period profits, taking into account that the first period price has been rejected.

o =

(UJI B Uy) ((

" 1 —a)py+ ab(ps — ps)) (57)

Taking into account v, = p, and maximizing the second period profit function with

respect to p, yields:
87'('2

9ps
Solving this for the second period price yields:

~ 0 (58)

va(a(6— 1) + 1) + abp,
20(0 — 1) + 2

b2 = (59)
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In order for the consumer to make the decision to buy in the first stage instead of in the
second stage, the utility the consumer derives from the decision to buy in the first stage
must be larger or equal compared to the utility gained by buying in the second period.
Therefore the indifferent valued consumer needs to be found: Uy pyuyer = Us puyer this
leads to the following equality:

Uz — p1 = 6(Vy — p2) (60)
Filling in p, yields:

v(a(f = 1)+ 1) + afp,

20(0 — 1) + 2 ) 61)

Upy —P1 = 5(7)23 -

Solving this inequality for (v,) the indifferent consumer yields between buying in ¢ =
1,t = 2 becomes:
Y adfp, — 2p1(a(0 — 1)+ 1)
(0 =2)(a(@—1)+1)

Then in the first stage the seller behaves in order to maximize overall profits:

(62)

Toverall = (1 - U:p)((l - Oé)pl + ae(Pl _px)) + 5(1)35 - Uy)((l - 04)?2 + 059(292 - pz)) (63)

adlpy — 2p1(a(f — 1) + 1)

Toverall = (17 (672)(&(9*1)“”1) )((1*Oé)p1 +a9(pl 7p1))
50py, —2 0—1)41
4 5(200Pe — (a6~ 1) (202D ) (a0 — 1) + 1) + oo
(6 —=2)(a(0—1)+1) 200 — 1) + 2
(Tt (@0 = 1) +1) + abp, (Tt (@0 = 1) + 1) + abp
(1 - a) (—C=DO-1+D) ®) + ab(—— 0D (@O-1+1) ) (6d)

20(0 — 1) + 2 20(0 — 1) +2
Taking the partial derivative of myerqy With regards to p;, and equalizing for p;
yields:

aﬂ-ov erall
Ip1

—0 (65)

Ca(0®(0(pe — 1) + 1) +20(0(ps +2) —2) —4(0 + Op, — 1)) — (6 — 2)?

= 235 — D{a(@—1) + 1) (66)

With the optimal first period price the optimal other prices and values can be calcu-

lated.
. d+ a(6(0+20p, — 1) —2(0 +6p, — 1)) — 2

N (30 —4)(a(0 — 1) + 1) (67)
. 04 a(d6(0+50p, — 1) —2(0 + 30p, — 1)) — 2
S 230 —)(al0— 1) + 1) (68)
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C Case A

In Case A the restriction is made that the optimal second period price is exactly equal
to p,. This section gives the proof how the optimal first period price is calculated for
Case A.

The first step will be to see how the seller optimally chooses p; 4, conditional on p; 4
being rejected:

Vg, A — Uy, A
E(7T27A|p17Ais rejected) = %((1 — Oé)pQ,A + O{(pQ’A — p$>>
z,A
871'27,4 _ 0
apQ,A
Solving for p, 4 yields:
Vg, A + APy
DP2.A = T

The consumer who is indifferent at buying at p; 4 and p, 4 can be found by equalizing
the payoff the indifferent valued consumer would receive in either period (taking into
account the discount factor):

Vg,A — P1,A = 5(”1,14 - p2,A)

Filling in the optimal second period price and solving for the indifferent consumer
yields:
Vg a = 2p14 — Pzt
© 2-9

As illustrated above, it is shown that the optimal second period price is a function
of v, 4 which is a function of p; 4. Case A takes the optimal second period price and
imposes the restriction that this is equal to p,. Plugging in the optimal response func-
tions for v, 4 in p, 4, conditional on p, 4 being equal to p, and solving for p; 4 yields
the optimal first period price for which the seller optimally demands a second period
price which is exactly equal to p,.

2p1,A_p.ra§

+ ap;
2—46
(p27A|(p2,A=pz)) : 9 = Pz

Solving the above equation for p; 4 yields:
PiLa = pa(2—a— 6+ ad)
filling in the optimal p; 4 in v, 4 yields:

2% (p(2—a -6+ ad)) —pyab
2—94

Vg A =

Simplifying yields:
Vg, A = pz(2 - Oé)

D24 = Uyy == Pz
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This optimal first period price will result in the second period price being exactly equal
to p,. However, of course as the seller sets this optimal first period price, there must
be no incentive to deviate from this strategy. It must therefore be considered for what
tirst period price the seller would still optimally choose p, in the second period in Case
2. If the optimal strategy for the seller would be to charge a lower price than p, with
the fixed p; 4, this will result in the feeling of a loss in the reference utility in the second
period. If this is true, than it can be concluded that p; 4 is a sub-optimal strategy and
the seller will not be able to commit to this strategy. Therefore now the seller’s optimal
tirst period price will be examined for which the seller’s commits to p, in the second
period, in Case 2: Gain / Loss.

The optimal first period price will be found by constraining the second period price to
be equal to p,:

p2,2(Vz2(P1,2)) = Px
The optimal second period price is a function of the value of the indifferent valued
consumer in the first period, which subsequently is a function of optimal first period

price. In Appendix B it is shown that the optimal second period price and optimal
valuation of the indifferent valued consumer in Case 2 are as follows:

vz o(a(d —1) 4+ 1) 4+ abp,
20(0 — 1) + 2

D22 =

_adlp, — 2p1o(a(f —1)+1)
2T T S (@ — 1) + 1)

Plugging v, » into p, » yields:

ad0pz—2p1 2(a(0—1)+1)
G e (@ —1) +1) + abp,

20(6 — 1) + 2

P22 =

Imposing p; 2 = p, yields:

ad0p;—2p1,2(a(0—1)+1)
?6—2)12;?0—1)4-1) ((0 —1) +1) + abp,

20(0 — 1) + 2 — P
Solving the above equation for p; |, ,_,. ) yields:
pe(a(6+60—2)—6+2)
p172|(1>2,2:pw) = a(9 — 1) +1

It must be true that the first period price in Case A abides to the constraint of being
at least equal or larger than the optimal first period price in Case 2, with an imposed
second period price of p,, in order to be incentive compatible for the seller to credibly
charge p; a:

pl,A’(pz,A:pz) > p172|(p2,2:pz)
pe(a(6+60—2)—56+2)

—a— >
p:(2—a—3d+ad) > N
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pe(a(§+60—2)—6+2) -0

92— o — _
Pe(2—a =0+ ad) af—1)+1 =

Simplifying:

(1= a)a(1=8)0 - Vp. _
a@—1)+1 -

As ovand 0 are larger than 0, and 6 > 1 the numerator will always be positive. As ¢ > 1,

and a > 0 the denominator will always be positive. Implying that for all values of the

parameters the requirements of p1 a(p, 4=p,) = P1.2|(ps.=p.) are fulfilled. Therefore the

optimal first period price in Case A fulfills the requirement of incentive compatibility.

Therefore p; 4 is the optimal pricing strategy in Case A.

D CaseB

In Case B the restriction is made that the optimal first period price is exactly equal to
p. This section gives the proof how the optimal second period price and indifferent
valued consumers are calculated for Case B.

The first steps will be to see how the seller optimally chooses p, 5, conditional on p; 5
being rejected. After which the value of the indifferent valued consumer in the first
period can be calculated. This will be exactly the same as in Case 2. The reason for this
is that by means of backwards induction, altering the last step of the optimization does
not alter the optimization process of the previous steps. Nevertheless, the calculations
are shown next:

Ve B — U
E(7T27B|p173is rejected) = w((l — Oé)sz + on(sz — px))
x,B
87T27B —0
8172,13

Solving for ps p yields:

v pla(@—1)+ 1)+ abp,
20(0 — 1) + 2

P2.B =

The consumer who is indifferent at buying at p; 5 and p, g can be found by equalizing
the payoff the indifferent valued consumer would receive in either period (taking into
account the discount factor):

Vg,B —P1,B = 5(%,3 - p2,B)

Filling in the optimal second period price and solving for the indifferent consumer
yields:
o adtp = pip(a@—1) + 1)
i (6—2)(a(0—1)+1)

Plugging v, p into ps p yields:

ad0pz —2p1 g (a(6—1)+1)
oo (ol — 1) +1) + abp,

20(0 — 1) + 2

DP2.B =
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Imposing p, g = p, yields:
D1,B = Pz
- pz(a((0 —2)0 +2) —2)
© (0 —=2)(a(0—1)+1)

o pe(l(0 =20+ 1) 1)
D2, = Uy,B == (0 —2)(a(0—1)+1)

Here the seller commits p; 5 to p,. However, setting this first period price results in a
tixed second period price, there must be no incentive to deviate from this strategy by
the seller. It must therefore be considered for what first period price the seller would
still optimally choose p, in the first period in Case 3, instead of a lower p,. If the
seller would prefer setting a lower p, 3, with the optimal second period price derived
from Case B: p, p, then the seller is not behaving incentive compatible. If the optimal
strategy for the seller would be to charge a lower price than p, for p; 5, with a fixed
D23 = p2.p. This will result in the feeling of a loss in the reference utility in the first
period. If this is true, than it can be concluded that p; 4 is a sub-optimal strategy and
the seller will not be able to commit to this strategy. Therefore now the seller’s optimal
second period price will be examined for which the seller’s commits to p, in the first
period, in Case 3: Loss.

As the optimal first period price is calculated in the exact same manner as in Case
2 it becomes clear that indeed the optimal strategy for the seller who commits to

Pos = pfgéfg()‘s(;?gﬁ)l};)l) leads to an optimal first period price which is identical to the

tirst price in Case B: p1 g = p,.

The formal proof:
As p1p = p, it must be such that: p;3(v.3(p13)) = P2.Bl(p1 p=p.)- Solving the above
equation for p; 3 should result in a first period price being no less than p,.

P2,3(U:c,3(p1,3)) = p27B’(P1,B:pz)

ad0py—2p1 3(a(0—1)+1)
Gy (@0 = 1)+ 1) + abp,

P23 =

20(0 — 1) + 2
_adllp, — 2py3(a(f — 1) + 1)
Ve T T )@@ — 1) + 1)

Filling in v, 3 in p, 3 yields:

ad0pz—2p1,3(a(0—1)41)
e (@O0 —1)+ 1) +abp,  p(a((§—2)0+1)—1)

20(0 — 1) + 2 (6 -2) (a0 —1)+1)

solving for p; 3 yields:
p173|(p2,3:p2,3) = Dz

pa(a((6-2)0+1)—1)
—2)(a(0—D)+1) °

Therefore the seller is behaving optimally by pricing p; p = p, and py g =
The seller has no incentive to price any lower than p, in Case B.
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E Bounds on cases and optimal values

Assuming loss aversion in combination with reference utility for the seller, the opti-
mal pricing and the indifferent consumers’ location are calculated using the following
optimal functions, depending on the location of the reference point of the seller.

For a Case to end the criteria must be met which ends that Case, which subsequently
triggers the beginning of the new Case. This section shows the bounds of a case im-

posed by its restrictions.

Case 1 requirement is p; ; > p,

(5“‘0&(55—6)2990—2 >

66 — 8 = b
Simplified to:
2—0
> Px
bad — 6cr — 60 + 8
A seller with reference point p, € [0, m] will yield the following scheme (Case
1):
. a4 —0%—20)p, + (6 —2)°
P1g = S _ 60 (69)
. 04+2a(0 —1)p, —2
/Uz,l - 35 —4 (70)
. . 0+ a(d50 —6)p, — 2
Pa1 = Vyq == (65 — 8) (71)
Case A requirements are p; , > p, > pj
842020 — 1)p (60 — 1) + (6 — 2)(0 — 1) + p.(566 — 40 — 2)) — 2
2(a(@ — 1)+ 1)(d(a(@ — 1) +3) — 4)
0+ Oé(55 - 6)2% -2
> Pa 72
ey o (72)
Simplified to:
§+20%(0 — D)p, (00 — 1) + (6 — 2)(6 — 1) + po (566 — 46 — 2)) — 2
2(a(@— 1)+ 1)(0(a(0 — 1) +3) — 4)
2 P 2
2—-9 73)

5ad — 6 — 60 + 8

A seller with reference points p, € [p;;(p.), p5 ] will yield the following scheme (Case
A):

pra=p:(2—a—08+ad) (74)
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Vpa = Pe(2 — ) (75)
P2A = Vpa == Dy (76)

Case 2 requirements are pi , > p, > pj,

—(6 —2)2 +20%(0 — 1)p,(00 + 6 — 2) + a(p.(620 + 25 — 4) — (0 — 2)%(6 — 1))
2a(@ — 1)+ 1)(0(a(d — 1) +3) — 4)
> Po 2
6 +20%(0 — )p, (00 — 1) + (6 — 2)(0 — 1) + po(560 — 40 — 2)) — 2

2(a(0 — 1)+ D)(3(a(0 — 1) +3) — 4) @7)
Simplified to:
(0 —22(a(@—1)+1)
402(6 — 1)(0 — 1) + a (620 + 6(10 — 86) + 80 — 12) — 60 + 8
2 Pz 2
(0 —2)(a(0—1)+1) 78)

2020 —1)(0 — 1) + a(5(8 — 30) + 40 — 10) — 65 + 8
A seller with a reference point p, € [p;,,p5,] will yield the following scheme (Case 2):

—(6 = 2)2+ 2020 — 1)p, (060 + 6 — 2) + a(pa (620 + 26 — 4) — (5 — 2)%(6 — 1))

Pz = 2(a(f — 1)+ 1)(0(a(f — 1)+ 3) — 4) )
. 0+ (0 —1)x(00 —2) + a((0 —2)(0 — 1) +2p, (60 — 1)) — 2 (80)
ez = (@@ — 1)+ 1)(6(c(6 — 1) + 3) — 4)
.. 042a%(0 — 1)p,(00 — 1) + (6 — 2)(0 — 1) + p, (5660 — 46 — 2)) — 2
P2 = Uyo == 2@ —1)+1)(d(ax(0 — 1) +3) — 4)
(81)
Case B requirements are pj 3 > p, > pi,
a(0?(0(py — 1)+ 1) +26(0(ps +2) —2) —4(0 + 0p, — 1)) — (6 — 2)?
230 —4)(a(0 — 1)+ 1)
2 Pe =
—(0 = 2)?+202(0 — 1)p (60 + 0 — 2) + a(p, (620 + 26 — 4) — (6 — 2)*(0 — 1)) (82)
2(a(@— 1)+ 1)(6(a(0 — 1) +3) — 4)
Simplified to:
(6 —2)*(a(0— 1)+ 1)
a (620 — 4060 + 66 4+ 40 — 8) — 65 + 8
2 Pz 2
(6 —2)%(a(60—1)+1) (83)

402(0 — 1)(6 — 1) + a (620 + 6(10 — 86) + 86 — 12) — 66 + 8
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A seller with reference point p, € [p} 5(p.), p1,3] will yield the following scheme (Case
B):

pT,B = Pz (84)
. Daa((6 —2)0+2) —2)
B = s (a0 — 1) + 1) (85)
e pe(a((0-2)0+1) 1)
Pab = B == T (a0 = 1) + 1) (86)

Case 3 requirement is p, > pj 3

0 (2B — 1) + 1) + 20(0(ps +2) = 2) = 4(0 + Opa — 1) — (5 — 2)?
236 —D)(ald—1) + 1)

P 2

Simplified to:
(0 —2)2(a(0— 1) + 1)
Po = (520 — 450 + 66 + 46 — 8) — 60 + 8

A seller with reference point p, € (p 3(p.), 1] will yield the following scheme (Case 3):

. a(0®(0(ps — 1)+ 1) +26(0(ps +2) —2) —4(0 + 0p, — 1)) — (6 — 2)?

Pis = 2035 — D@ —1) + 1) ®7)
. 0+ a(d(@+20p, —1) —2(0+0p, — 1)) — 2
Ve = (B0 —D(a(@—1) +1) (58)
. . 0+a(6(0+50p, —1) —2(0 +30p, — 1)) — 2
Pag = Uyy == 2035 — D)l — 1) + 1) ®9)

F Comparative statistics

The following shows that pj ; is increasing in p, and a. However p], decreases in ¢
until 0 = (2/3), after which p} | increases.

Opia  (4—0"—20)p,

da ~ 8-65 U

op} — 6% —

P11 _ Oé<4 0 25) <0

Op. 8 — 60

Opi,  (30° =85+ 4) (ap, — 1)
1 @ =2 0 aft 08
2% 21— 30)2 before § = 2/3 & < 0 after >
azpil _ 4(apx - 1) = 0
o) (30 — 4)3

8p} | increases in 0 until § = (2/3), after whichagg1 <0

45



The following shows that v} ; is increasing in p,, a and d.

vy, 2a(1—0)
op,  4—36

>0

vy 4 2 —p.
2% @ —];5)2 >0
vy 2p.(1-0)
da  4-30
As is shown below, p; | is increasing in p,, @ and 4.

>0

Ops1 a6 —50)

o 85—65
op3 —

p2,1: 1 —pax -0
95 (4—30)2
ops (6 — 50
P31 _ Pa ) ¢

156 8 — 60

The following shows that pj , is increasing in p, and a. However pj , first decreases in
d then increases in 6.

7 o (6 —2)26(6 — 1)(a(6 — 1) + 1)

da 2(a(d — 1) + 1)2(6(a(d — 1) +3) — 4)2

P (a2(0 —1)2 (539 — 262(40 + 3) + 45(20 + 5) — 16) — 40(36 —4)(0 — 1)(80 + 8 — 2) — (36 — 4) (520 +26 — 4))
>0 (90)
2(a(0 — 1) + D2(3(a(0 — 1) + 3) — 4)2

Opiy  20°(0—1)(00 + 0 —2) + a (60 + 20 — 4)

op. 2@ —1)+1)(6(a(0 — 1) +3) — 4)
opia _ ope (4a2(9 S22 4 a@—1) ((52 - 8) 0+ 8) + 3620 — 880 + 4) — (6 —2)(a(6 —1) +1)(a(6 +2)(0 — 1) + 35 — 2) frst < Othen > 0
a8 2(a(0 — 1) +1)(8(a(0 — 1) + 3) — 4)2
Ppio  4(a3(0—1)%p, —a?(0 — 1)(—0+2(0 — 2)p, + 1) + (20 — 40p, + 3z — 2) + 1) .
6 (6(c(0 — 1) +3) — 4)3

The following shows that v} , is increasing in p,, a and é.

8”;’2 . 20{(1 - (5)
dp,  4—130

>0

81);2 _ 2 — D& >0
9 (4 —30)2
av;,? o 2px(1 - 5)
da  4-30
As is shown below, pj , is increasing in p,, @ and ¢.

>0

ops —
P22 _ (1/(6 5(5) <0
Ops 8 — 60
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8p;,Q _ 1 — D& >0
o)) (4 —36)?
ap;,Z . pm(6 — 55)
doo 8—60

The following shows that pj , is increasing in p, and a. However pj ; decreases in ¢
until § = (2/3), after which pj , increases.

>0

Opia _ (4—0>—20)p,

da 8 — 60 =0
8p>{,1:a(4—52—25)>0
Ops 8 — 66
Opi, (362 =80 +4) (ap, — 1)
= = a fore § = 2 fter 1°
7 21— 30)2 < 0 before /3 & > 0 after
82]?1:1 o 4(041% - 1) > O

o5 (36 —4)3
The following shows that v} , is increasing in p,, o and é.
oy 2a(l-9)

_ 0
op,  4-35

81};,1 _ 2— PxCx >0
) (4 —36)?
) — 0
Ja 4—36 ~
As is shown below, p3 , is increasing in p,, @ and 9.

Opz 8 — 66

ap;,l _ 1 — P& >0
95— (4—30)2
8]3;71 o pz(6 - 55)
doo 8—60

>0

The following shows that pj , is increasing in p, and a. However pj , first decreases in
0 then increases in 6.

7 o (6 —2)26(6 — 1)(a(6 — 1) + 1)

da 2(a(d — 1) + 1)2(6(a(d — 1) +3) — 4)2

P (a2(9 —1)2 (539 — 262(46 + 3) + 45(20 + 5) — 16) — 40(36 — 4)(0 — 1)(66 + & — 2) — (36 — 4) (520 +26 — 4))

2(a(6— 1)+ D2(3(a(6 — 1) 1 3) — 4)2 Z0 o
i, ad(—403(0-1)(0-1)2pr—a?(0—1) (px (62 (0+1)+6(12—80)+8(6—2) ) —(6—2)(0—1) ) —20(2ps (62— 360+5+40—3) — (6—-2)2 (0—1) ) +6% (3ps+1)—45 (s +1)+4) 0
0 a0 1)1 120 (a(0-1)13) 472 >
. . . . . opt
p} | increases in § until § = (2/3), after which=2k2 < 0
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Opis  202(0 —1)(30 + 6 — 2) + a (620 + 20 — 4)

= >0
Ops 20— 1) + )0(ald —1) + 3) —4)
op}, opa (4(12(971)2+a(671)((6278)9+8)+36267869+4)7(672)(04(971)+1)(a(5+2)(971)+3572) .
o5 = 2(a(0 — 1) + 1)(8(a(0 — 1) + 3) — 4)? < ot =0

Ppia 400 —1)%p, — (0 — 1)(—0 +2(0 — 2)p, + 1) + (20 — 40p, + 3z — 2) + 1) .

o) (0(a(@—1)4+3)—4)3
The following shows that v} , is increasing in p,, a and é.

vk, 2 (a2(9 —1)2 (529 — 5(26 +3) + 4) + (36 —4)(8 — 1)(660 — 2) + (36 — 4)(60 — 1)) — (6 —2)8(6 — 1)(a(6 — 1) + 1)?

oa (a0 — 1)+ DZ(3(a(0 — 1) + 3) — 4)2

Ovyo  ala(d—1)(00 —2) + 200 — 2)
Ope  (a(@—1)+1)(6(a(0 — 1) +3) — 4)

>0

>0

as ((5 — ) (a@ -1+ 12 +a (a3(5 —2)(60 — 1)2 — 2a2(0 — 1)(86(6 — 3) — 20 + 4) + a(5(11 — 66) + 80 — 14) — 65 + 8))

a”;,z
o0 (@@ -1 T D)2(3(a6 — 1) 13) — 42 -0
vz 2(a®(0—1)*p, —a?(0 — 1)(—0 +2(0 — 2)p, + 1) + (20 — 40p, + 32 — 2) + 1) 50
o5 (@ —1)+1)(6(a(0 — 1)+ 3) — 4)?

As is shown below, pj , is increasing in p,, o and 6.

ops, (30— 4)pe (042(9 ~1)2(80 — 2) + 4a (6 — 1)(66 — 1) + (56 — 4)0 — 2) C (6 —2)6(0 — 1)(a(6 — 1) + 1)2

oa 2(a(6 — 1) + D2(5(a(0 — 1) +3) — 4)2 >0
Ipso  a(2a(0 —1)(60 — 1) + (56 — 4)60 — 2) .
e 2(a(0— 1)+ 1)(0(a(@ —1) +3) —4)
P} a((6=2)8(a(0—1)+1)2+ps (20°(6—1)6(9—1)2 —a25(0—1)(360—130—40+16) —2a 52 (60—13)+6(23—80) —8) — 1562 +320—16) ) <0

20 2(a(6—1)+1)2(3(a(6—1)+3)—4)2

s (0 —1)°p, — (0 — 1)(—0+2(0 — 2)p, + 1) + (20 — 40p, + 3p, —2) + 1

& (a(@—1)+1)(0(a(0 — 1) + 3) — 4)2 >0

The following shows that pj ; is increasing in p, and a. However pj ; first decreases
in ¢ then increases as J becomes higher.
Ois (52425 —4)0p,
Oa 2(36 —4)(a(f — 1)+ 1)2

opis (@ =1Da (6% + 20 — 4) py
00 230 —4)(a(d — 1) +1)2
Opis (6% + 200 — 40)
Op. 230 —4)(a(0 —1) + 1)
opis (30 —85+4) (a(@(p, —1)+1) —1)
)

_ )
a5 2(4—30)2(a(0 — 1) + 1)

>0

< first 0 then > 0
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Prig _ Aalp—D+D-1)
95 (30 —4)p3(a(d—1) + 1)

The following shows that v} ; is increasing in p,, a and é.

vy 2(6 — 1)0p, -
Oa (36 —4)(a(f — 1) +1)2
oy (200 — 26) .
Op. (36 —4)(a(d —1)+1)
Ovzs _ 2(a—1a(d —1)p, -0

90~ (30 —4)(a(6— 1)+ 1)2
rs  20a(@p. —1)+1)—1)

= — >0
o) (4—-30)2(a(@—1)+1)
As is shown below, p; 5 is increasing in p,, o, 6 and ¢.
Op3.3 _ (50 — 6)6p, -0
Jda 230 —4)(a(@ — 1)+ 1)?
opss a(bdf — 66) -0
Opr 236 —4)(a(f—1) + 1)
s (a-1aBGi-6p.
20 2(386 — 4)(a(8 — 1) + 1)2
sy _ al0+0(—p) - D+1 _

95 (4—30)2(a(0—1)+1)

As is shown below, p} , is increasing in p, but decreasing in o and 6.

a *
M = p$5 — Pz < 0
Oa
a *
Pia =2—a—0+ad >0
Pz
Opi A
— =pa—p, <0
96 b p
As is shown below, p;, 4 is decreasing in «, increasing in p,, and constant in :
op: 4
s = —p, <0
%" p
8 *
Do _ 9 050
Opa:
OPT;,A —0
1ol

As is shown below, p; 4, = v, 4 is increasing in p, and constant in o and 4.

*
apQ,A = Uya

0
Oa
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ops 4 =0
Poa=a _ 15
Ipa
OP3,4 = Vy,a —0
)
As is shown below, pj 5 is increasing in p,, but constant in «, 6 and 6.
opi 5 0
oo
8 *
Pis _150
Opa
8p>{,B —0
06
aPik,B —0
00

As is shown below, v}  is increasing in p,, but constant in o, § and 6.

av;,B o 59]91 <0
Oa (6 —2)(a(f —1) +1)2

i al(6-2)0+2) -2

o G- -1)+1) "
v} g L (v — 1)adp, <0
00 (0 —2)(a(f —1)+1)2
81);73 _ 2(0{ — 1)pm >0
20 (0—2)%(a(6—1)+1)
As is shown below, p; p is increasing in p,, but constant in «, ¢ and 6.
Win _ G-V
oo (6 —2)(a(@—1)+1)2
Opsp  a(d—2)0+a—1 .
Opr (0 —2)(a(0—1)+1)
op3 5 - (= 1Da(d — 1)p, -0
00 (6 —2)(a(f —1)+1)2
op —
P2 B _ Px — QPy -0

25 (6—22(ald—1)+1)
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G Model with appended reference utility

In this section I depart from this paper’s assumption that the reference utility is non-
separable, implying that the reference utility is appended to the profits the seller makes.
Compared to the initial model this paper describes the main implication is that (1 — «)
is completely eliminated. This separates the selling utility from the reference utility.
The other assumptions about the model are still in place. The coming section will
solve this new model, and show that the result reinforce the initial model as previ-
ously formulated in this paper. For every price the seller sets, if it is below the sellers
“expected” price p, the seller experiences a feeling of a loss when selling the item.
This model therefore uses exogenous reference points, independent from each period
in order to determine the “feeling” of the seller. The seller’s profit/utility function
therefore changes to:

S (1_Um)p1+a(1_vx)<pl_px>a1fp1_pw >0
1 — .
(1 —wv)p1 + ab(1 —vy)(p1 — pa), if p1 < pa

Simplified to:
= = va)(prtalpy = pa)) i pr = pe 2 0
(1 - Uﬂﬂ)(pl + Oé@(pl - p:p))7 ifpl < Pz

For the second period profits, it becomes:

(vz

(UI Uy)

P2+« )(p2 D), if po —pr >0
(o~ ”y)p +a9 ) (py — ), if po — pa < 0

(m2|prbeingrejected) = {

Simplified to:

(v Uy)(

if py — po > 0
(ﬂ-Q |p1beingrejected) = {(Uz P2+ Oé(pQ ))7 P2 —Pr 2

v)(p2+a9(p2 Pz)),if p2 — pr <0

The utility for the consumer remains:
Ul,buyer =VUz — PN (92)
UQ,buyer = Uy — P2 (93)

As the above setting illustrates, there are multiple cases which should be consid-
ered. These cases depend on the exogenous reference points of the seller. If p; > p,
and/or p; > p, regardless if the item is sold, it will feel like a gain for the seller. If
p1 < pyand/or ps < p, regardless if the item is sold, it will feel like a loss to the seller.
This since the price asked will be below the expected exogenous price.

Therefore this paper considers 3 cases:

* Case 1 Gain: p; > p, and p; > p,

* Case 2 Gain / loss: p; > p, and p; < p,
*Case 3 Loss: p; < p, and p; < p,
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Case 1: gain

This section will analyse the gain case, therefore p; > ps > p,. The indifferent con-
sumer is indifferent between buying in ¢ = 1 and ¢t = 2 at price p,, this consumer’s
valuation is denoted by v, and there is a consumer which is indifferent at buying in
t = 2 and not buying at all at price p,, this consumer’s valuation is denoted by v,. The
discount rate for the seller and consumers are identical and equal to ¢ € [0, 1].

The first step in order to solve the model with backward induction is to find out what
the value (v,) of the indifferent consumer is at t = 2, which is indifferent between buy-
ing in the second period and not buying at all. This can be found by equalizing the
second period indifferent consumer’s valuation with the second period price. Result-
ing in: v, — ps = 0. This yields the consumer who is indifferent between buying in the
second period and not buying at all, with the valuation being equal to v, = p,. There-
fore the indifferent consumer’s valuation in the first period is when U pyyer = Us puyer-

Ve — p1 = 6(vy — Pp2) (94)

However, p, is still a function of v,. In order to find the optimal value of p, the seller’s
behaviour must now be optimized.

In this paragraph we analyze the situation where the seller sets both prices above
its exogenous reference point (p,).Just like in Fudenberg and Tirole (1983) the seller
updates its information about the buyer after the acceptance (or rejection) of the first
period price. With means of backwards induction the seller can optimize its overall
profits, looking first at the optimization of the second period profits, taking into ac-
count that the first period price has been rejected.

m= W)y, ol =0, ) 95)

Taking into account v, = p, and maximizing the second period profit function with
respect to p, yields:

871'2
22 96
s (96)
Solving this for the second period price yields:
_ Vs Pa
P2 =y i a) ©7)

In order for the consumer to make the decision to buy in the first stage instead of in the
second stage, the utility the consumer derives from the decision to buy in the first stage
must be larger or equal compared to the utility gained by buying in the second period.
Therefore the indifferent valued consumer needs to be found: Uy pyyer = Uz puyer this
leads to the following equality:

Vg —P1 = 5(% - p2) (98)
Filling in p, yields:
(% Pz
Uy —p1 = 0(vy — (§+m)) (99)
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Solving this inequality for (v,) the indifferent consumer yields:

_ 2p1 N pxa5
T2 5 (1ta)2—9)

Vg

(100)

Then in the first stage the seller behaves in order to maximize overall profits:

Toverall = (1 - U:c)pl + 5(7)90 - Uy)pQ + Of((l - Ux)(pl _px) + 5(”90 - ’Uy)<p2 - pa:)) (101)

filling in the above equation leads to:

2p pCCa(S 2p pxaé
Toverall = (1 - (2 —1(5 - (1 4 Oé)(2 _ 5)))])1 T 5((2 —1(5 B (1 + Oé)(2 — 6))
(G- | pa (B ) | pa
2 2(1+ a) 2 2(1+a)
+a“1_«;?&_u+i§§_®»ﬂm_pﬁ+a«;?5_u+ﬁ§§—®»
- (((225; -T2 pea ))((((22515 ~ ) | peo ) —pa)) (102)
2 2(1+ ) 2 20 +a) M

Taking the partial derivative of 7, With regards to p;, and equalizing for p, yields:

aﬂoverall -0 (103)
Ip1
B R =)

P = 1(1+a) _ 20(11a) (104)

2-5 2-5)2

Simplified to:
. a((02+20—4)p, — (0 —2)%) — (6 — 2)*

A )= (6=2%) = (5-2) (109

2(a+1)(30 — 4)
With the optimal first period price the optimal other prices and values can be cal-

culated.

., O+ ald+2(6—1)p, —2) -2

v, =

’ (a+1)(30 —4)

d+ a0+ (50 — 6)py —2) — 2
2(a+1)(30 — 4)

(106)

(107)

* *
ps = v, ==

Now values for the parameters need to be filled in. In order to model “exogenous
expected value” (p,), the expected price for the seller needs to be calculated in order to
show the interval between where p, is allowed to be picked from. Therefore the other
values should be discussed first. Just as the benchmark case, this case will use a dis-
count factor of 6 = 0.9, to show limited discounting. Furthermore a value for o = 0.4
is chosen to show that the reference utility is only a part of the overall utility. With
these two parameters an interval for p, can be calculated which suffices the following
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condition for the gain case: p; > ps > p,.
The following conditions need to be fulfilled: p; > p, and p; > p,.

Filling in both optimal p; and p; equations and filling in all appropriate parameters
the following conditions are obtained:

e For p; to be larger than p, it follows that p, cannot become larger than 0.5493,
thus p, < 0.5493.

This is a necessary, but not sufficient condition, furthermore p, can also not exceed the
second period price.

e For p, to be larger than p, it follows that p, should not become larger than 0.5066,
thus p, < 0.5066

Therefore the interval for which this case requirements with regards to p, are fulfilled
is when p, € [0;0.5066].

Any value for p, can be taken which fulfills the above condition. This case will take the
middle value: p, = 0.25. The other paramaters remain the same: a = 0.4 and § = 0.9.
This yields the following results:

Pt =0.503571

v, = 0.85714
p3 = v, == 0.46429

This can be compared to the benchmark case where the seller has a different prefer-
ence. This is depicted in the illustation below. The bottom values depict the bench-
mark case, the upper values depict Case 1 (gain). The thick line represents the values
p.. could be located in.

b1
D2, Uy Vg
| I .
| | NN | |
0 Dz b1, FT Uy, FT 1

b2, F = Uy, FT

Case 2: Gain period 1, loss period 2

This section will analyse the gain with loss case, therefore p; > p, > p,. The indifferent
consumer is indifferent between buying in ¢ = 1 and ¢ = 2 at price p;, this consumer’s
valuation is denoted by v, and there is a consumer which is indifferent at buying in
t = 2 and not buying at all at price p,, this consumer’s valuation is denoted by v,. The
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discount rate for the seller and consumers are identical and equal to ¢ € [0, 1].

The first step in order to solve the model with backward induction is to find out what
the value (v,) of the indifferent consumer is at t = 2, which is indifferent between buy-
ing in the second period and not buying at all. This can be found by equalizing the
second period indifferent consumer’s valuation with the second period price. Result-
ing in: v, — ps = 0. This yields the consumer who is indifferent between buying in the
second period and not buying at all, with the valuation being equal to v, = p,. There-
fore the indifferent consumer’s valuation in the first period is when U pyyer = Us puyer-

Vg —P1 = 5(% - pz) (108)

However, p; is still a function of v,. In order to find the optimal value of p, the seller’s
behaviour must now be optimized.

In this paragraph we analyze the situation where the seller sets the first period price
above its exogenous reference point (p,), but the second period price below its exoge-
nous reference point. We now depart from the Fudenberg and Tirole (1983) frame-
work, as we introduce loss aversion for the seller. The seller updates its information
about the buyer after the acceptance (or rejection) of the first period price. With means
of backwards induction the seller can optimize its overall profits, looking first at the
optimization of the second period profits, taking into account that the first period price
has been rejected.

ry= B0 g, ) (109
Simplified to:

ro = 20 0 6 — p)) (110)

T
Taking into account v, = p, and maximizing the second period profit function with
respect to p, yields:

871'2
— =0 111
s (111)
Solving this for the second period price yields:
Vg Pel
2 _ 112
P2 = T o0 1 ah) (112)

In order for the consumer to make the decision to buy in the first stage instead of in the
second stage, the utility the consumer derives from the decision to buy in the first stage
must be larger or equal compared to the utility gained by buying in the second period.
Therefore the indifferent valued consumer needs to be found: Ui puyer = Us puyer this
leads to the following equality:

Vg —P1 = 5(% - p2) (113)
Filling in p, yields:
VLR



Solving this inequality for (v,) the indifferent consumer yields:

2p1 P20
. = — 115
"5 (Traf)2—9) (119
Then in the first stage the seller behaves in order to maximize overall profits:
Toverall = (1 - vx)(}?l + Oé(pl - px) + 5(vx - Uy)(pQ + Oé@(pQ - px)) (116)
af(adbpy —2p(ab+1)) ad0pg —2p(af+1)
Foveratt = 8(00(——@0 D) MO o)
overa 2(@9 _|_ 1) x
af(adbp, —2p(ab+1)) adOpz—2p1 (ab+1)
n (5f2)(a§+1) + (55)72)([)041641) +abz  os0p, — 2p1(af 4+ 1)
2(af 4 1) (0—2)(ad +1)
al(adbps—2p1 (af+1)) ad0pz —2p1 (af+1)
(572)(0401“) + (572)(;9“) + afp, V- (alpr—pa)+pr) (1= adlp, — 2p(ab + 1))

2(al + 1) (6 —2)(al + 1)

(117)

Taking the partial derivative of 7,yerqy With regards to p;, and equalizing for p,
yields:

aWo*uer(zll -
o 0 (118)
. —(6—2)2+0%0 (p, (024200 —4) — (6 —2)%) + a (p, (020420 —4) — (6 —2)*(0 + 1))
Pr= 2(ab + 1)(a(5(0 + 2) — 4) + 30 — 4)

(119)
With the optimal first period price the optimal other prices and values can be calcu-
lated.

. 6+ a?0(6 + pa (60 + 6 —2) —2) + (6 — 2)(0 + 1) + 2p, (60 — 1)) — 2

g (@0 + 1)(@(0(6 +2) —4) + 30 —4) (120)
5+ a(5 4 pa(200£35—6) —2) + (5 — 2)(0+ 1) + pu(550 — 40 — 2)) — 2
Pa =ty == 2(00 + 1)(a(5(0 +2) — 4) + 30 — 4)

(121)

Now values for the parameters need to be filled in. In order to model “exogenous
expected value” (p,). Just as before the interval for p, needs to be calculated. The ap-
propriate parameter values are as before: o = 0.4, 6 = 0.9. The missing parameter’s
value is 0. As mentioned in the literature review, empirical work establishes 6 to be
bound € [1.5,4]. Using these bounds, the decision is made to choose a value which is
located somewhere in between 6 = 2.

The interval which p, can take and still fulfill the requirement of p; > p, > ps should

be shown in order to determine an appropriate value. The optimal functions have
been calculated for p} and p}.
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e For p; to be larger than p, it follows that p, cannot become larger than 0.59148,
thus p, < 0.59148.

This is a necessary, but not sufficient condition, furthermore the second period price
can also not exceed p,.

e For p, to be smaller than p, it follows that p, should not become smaller than
0.559774, thus p, > 0.559774

This yields the following interval in where p, can be located: p, € [0.559774;0.59148]

Taking the value p, = 0.57 , ¢ takes the value of 0.9, implying limited discounting
and o with value of 0.4, showing that sellers take the reference point into account, but
only partially. And 6 = 2, this leads to the following optimal values:

pt = 0.59107

vt = 0.867397
py = v} == 0.56037

This can be compared to the benchmark case where the seller has a different pref-
erence. This is depicted in the illustration below. The bottom values depict the bench-
mark case, the upper values depict Case 2 (gain / loss). The (small) thick line repre-
sents all the values p, could take and for which this case would still be relevant.?.

D2, Uy
L N
| ST B |
0 Po,F = Uy FT Pz

Case 3: Loss

This section will analyse the loss (in both periods), therefore p, > p; > p,. The in-
different consumer is indifferent between buying in ¢ = 1 and ¢ = 2 at price p,, this
consumer’s valuation is denoted by v, and there is a consumer which is indifferent
at buying in ¢t = 2 and not buying at all at price p,, this consumer’s valuation is de-
noted by v,. The discount rate for the seller and consumers are identical and equal to
d€10,1].

The first step in order to solve the model with backward induction is to find out what

20The location of p; and ps is actually closer to each other, however for visual purposes they are
moved a bit more away from each other on the horizontal line. The interpretation stays the same.
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the value (v,) of the indifferent consumer is at ¢ = 2, which is indifferent between buy-
ing in the second period and not buying at all. This can be found by equalizing the
second period indifferent consumer’s valuation with the second period price. Result-
ing in: v, — ps = 0. This yields the consumer who is indifferent between buying in the
second period and not buying at all, with the valuation being equal to v, = p,. There-
fore the indifferent consumer’s valuation in the first period is when U; pyyer = Us puyer-

Vg —P1 = 5(% - p2) (122)

However, p, is still a function of v,. In order to find the optimal value of p, the seller’s
behavior must now be optimized.

In this paragraph we analyze the situation where the seller sets the first and second
period prices below its exogenous reference point (p,). This is also where I depart from
the Fudenberg and Tirole (1983) framework, as I introduce loss aversion for the seller.
The seller updates its information about the buyer after the acceptance (or rejection)
of the first period price. With means of backwards induction the seller can optimize
its overall profits, looking first at the optimization of the second period profits, taking
into account that the first period price has been rejected.

M(pz + ab(p2 — p2)) (123)

T

o =

Taking into account v, = p, and maximizing the second period profit function with
respect to p, yields:
om _ (124)
Op2
Solving this for the second period price yields:

Vg peal

2 301 a0) (125)

D2 =
In order for the consumer to make the decision to buy in the first stage instead of in the
second stage, the utility the consumer derives from the decision to buy in the first stage
must be larger or equal compared to the utility gained by buying in the second period.
Therefore the indifferent valued consumer needs to be found: Ui puyer = Us puyer this
leads to the following equality:

Uy —p1 = 0(vy — p2) (126)
Filling in p, yields:
Y R e
o= =0 = (5 + 517 o) (127)

Solving this inequality for (v,) the indifferent consumer yields:

2p1 pxa(S@

T2-5 (1+af)(2-0) (128)

Vg
Then in the first stage the seller behaves in order to maximize overall profits:
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Toveratl = (1 — v3) (p1 + @b (p1 — po) + 0(vz — vy) (P2 + @b (p2 — p)) (129)

af(adbp,—2p(cf+1)) a60p; —2p1 (af+1)
e T e T o0pe

2(ab +1)

af(adbps—2p1 (ab+1)) adbpz —2p1 (ab+1)
(e sy e iy oy v/ s i e ) 0

2(af +1)
(a(59pz —2pi(af+1)
(0 —2)(ab +1)

af(adbps —2p1 (af+1)) adbpz —2p1 (ab+1)
(532)(5911) + (5—2)(120+1) + abp, adOp, — 2p1(ab + 1)

Toverall = 5(6“9( - pﬂ?)

+

)
(130)

Taking the partial derivative of 7,,erqu With regards to p;, and equalizing p; to 0
yields:

87Toverozll
=0 131
5 (131)
9 . . _
gt = 500 = 1) — 1) +20(af(p: +2) +2) ~ abp + D+

2(30 —4)(ab + 1)
With the optimal first period price the other price and values can be calculated.
. O0(a(0+20p,) +1) —2(af(p, +1) + 1)

Ve = (30 — 4)(af + 1) (133)

adf — 2a6 + 0 + badbp, — 6abp, — 2
2(30 —4)(af + 1)

p2 = Uy - (134)

Now values for the parameters need to be filled in. In order to model “exogenous
expected value” (p,). Just as before the interval for p, needs to be calculated. The
appropriate parameter values are as before: &« = 0.4, § = 0.9. The missing parame-
ter’s value is §. Taking a look at the literature usual loss aversion parameters range
anywhere between € [1.5, 4]. Using other papers as a useful benchmark in assessing a
reliable value, the decision is made to choose 6 = 2.

The interval which p, can take and still fulfill the requirement of p, > p; > ps should
be shown in order to determine an appropriate value. The optimal functions have
been calculated for p; and pj3.

e For p; to be smaller than p, it follows that p, should always be larger than
0.610426, thus p, > 0.610426.

This is a necessary, but not sufficient condition, furthermore the second period price
can also not exceed p,.
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e For p; to be smaller than p, it follows that p, should always be larger than
0.568966, thus p, > 0.568966

In order to fulfill the above requirements, the largest value should be taken to ensure
the feeling of a loss is felt in both periods. This yields the following interval in where
p. can be located: p, € [0.610426; 1]

Taking the value p, = 0.75, ¢ takes the value of 0.9, implying limited discounting
and a with value of 0.4, showing that sellers take the reference point into account, but
only partially. And 6 = 2, this leads to the following optimal values:

pt = 0.64359

v = 0.897436
Pl = v == 0.615385

0 Pb1,FT Pz Vg, FT 1
P2, F = Uy, FT

Overall conclusion: appending the reference point

As the previous cases have shown, the overall conclusion from including the reference
utility as an appended utility create the same trend as having reference utility as part
of the inclusive utility function. The prices and indifferent consumers behave accord-
ing to the findings in the initial model. Therefore this section reinforces our previous
findings
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