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Public summary

m This paper extends the impact of consumer mental accounting on demand to the decisions of a supplier and a retailer,
and applies it to wholesale price contracts and revenue sharing contracts.

m This paper divides mental accounting by time dimension and portrays the role of mental accounting on consumers’ per-
ception of product valuation and product price by two time coefficients.

m This paper reveals the impact of mental accounting on consumers’ perception and purchase decisions, and draws some
counterintuitive conclusions.
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Abstract: Advance selling activities based on e-commerce platforms have received much attention from consumers, which
is a two-stage sales mode. However, many consumers have indicated that they are relatively happy to pay a deposit and
feel more burdened at the final payment stage. That is, consumers feel differently at the two moments even though they
know they will pay the same total amount for the product. This psychological behavior can be explained by mental ac-
counting, which means the cognitive-computational process by which individuals or households code, evaluate, and re-
cord financial behavior. With the use of advance selling, this research has developed a game theoretical model to investig-
ate how consumers’ mental accounting affects the optimal pricing and ordering decisions of supply chain members under
wholesale price and revenue sharing contracts. The analysis shows that under wholesale price contracts, regardless of the
optimal wholesale price set by the supplier, a portion of consumers will forgo the deposit paid, and the optimal order
quantity for the retailer will always be equal to the consumers’ demand at the final payment stage. In exceptional cases, the
optimal wholesale price may be equivalent to the retail price. The supplier’s optimal wholesale price increases monotonic-
ally with the consumer’s time coefficient for the price and decreases monotonically with the consumer’s time coefficient
for product valuation. Furthermore, under a revenue sharing contract, there is a situation where the supplier’s optimal
wholesale price is equal to cost. Additionally, a supplier’s optimal wholesale price exists such that none of the consumers
will forgo the deposit they have paid. The study contributes to the understanding of mental accounting in advance selling

and has implications for supply chain contract design.

Keywords: mental accounting; advance selling; wholesale price contract; revenue sharing contract

CLC number: F272.3 Document code: A

1 Introduction

Due to the improvement of the economy and the construction
and development of information networks, the material needs
of consumers have gradually expanded, while competition
among suppliers and retailers has intensified. This phenomen-
on has brought about a wide range of channels, forms, and
categories of merchandising activities. One of these activities
is the sale of goods through e-commerce platforms. In addi-
tion, to promote consumers’ consumption enthusiasm to a
greater extent, thereby increasing sales and profits, suppliers
and retailers use a variety of promotional tools, such as the es-
tablishment of additional shopping festivals, advance selling,
discounts, and full reductions. Among them, suppliers and re-
tailers rely on e-commerce platforms for advance selling pro-
motions, such as “Double 117, “618”, and other shopping
festivals, which have received widespread attention from con-
sumers. In advance selling, the retailer posts basic informa-
tion about the product on the e-commerce platform, as well as
the deposit and the rest due at the advance selling and the
final payment stages, respectively, while the consumer pays at
the corresponding advance selling and the final payment
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stages to complete the purchase of the goods.

However, there are discussions on social media regarding
advance selling that deserve attention and research. Many
consumers have shown that they are relatively happy when
they pay a deposit and that the act of paying a deposit brings a
greater sense of satisfaction. At the final payment stage, they
feel more regret and a sense of burden brought by the rest part
than the ease and pleasure of the deposit. That is, consumers
feel differently at the two moments when they know they will
pay the same total amount for the product. For a consumer,
the purchase of a product is only complete when he or she has
completed two steps of payment. These two steps are separ-
ated in time, and although the consumer knows that the
money he or she has to pay is the total price of the product,
his or her perception of the same total price is different at the
deposit stage and at the final payment stage, which may lead
to different purchase decisions. That is, consumers may forgo
paying the rest part and terminate the transaction at the final
payment stage. For suppliers and retailers, exploring the reas-
ons why consumers’ purchase intentions differ at different
moments and exploring the subsequent impact can help them
grasp the changes in demand at the deposit stage and the final
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payment stage early enough to make targeted pricing or or-
dering decisions. In addition, the impact of the time factor can
be addressed from a supply chain optimization perspective by
considering different supply chain contracts. This paper intro-
duces the concept of mental accounting to study this topic in
depth. Thaler', in conjunction with previous studies, defined
mental accounting as the cognitive-computational process by
which individuals or households code, evaluate, and record
financial behavior. In essence, mental accounting is the men-
tal process of categorizing, coding, and valuing outcomes (es-
pecially monetary outcomes). In this paper, consumers’ men-
tal accounting is divided by time dimensions to explain the
different perceptions of the same amount of money at differ-
ent moments. At the time of paying a deposit, the deposit
paid, the rest part to be made, and the expected value of the
product is valued in one set of accounts; while at the final
payment stage, the rest part paid, the deposit paid, and the ex-
pected value of the product is valued in another set of ac-
counts, i.e., consumers’ perceived value of the same amount
is different under different accounts depending on the timing.

Based on advance selling and the behavioral concept of
mental accounting, the main research question is to consider
consumers’ mental accounting in advance selling based on
wholesale price contracts and revenue sharing contracts and
to investigate how it affects consumers’ purchasing decisions,
which in turn affects wholesale pricing decisions and retailers’
pricing and ordering decisions. The study derives the follow-
ing important conclusions. In the context of advance selling
and the wholesale price contract, regardless of the optimal
wholesale price set by the supplier, a portion of the con-
sumers will forgo the deposit paid, and the optimal order
quantity for the retailer is always equal to the demand of the
consumers at the final payment stage. In exceptional cases,
the optimal wholesale price is equal to the retail price. The
supplier’s optimal wholesale price increases monotonically
with the consumer’s time coefficient for price and decreases
monotonically with the consumer’s time coefficient for
product valuation. Under the revenue sharing contract, there
exists a situation where the supplier’s optimal wholesale price
is equal to the cost. In addition, a supplier’s optimal whole-
sale price exists such that none of the consumers will give up
the deposit they have paid.

The rest of the paper is organized as follows. In Section 2,
a review of the literature on mental accounting and advance
selling is presented. In Section 3, the paper introduces the
basic assumptions and constructs a pricing and ordering mod-
el that considers consumers’ mental accounting and discusses
the important findings of the base model. In Section 4, the
paper expands on the context of revenue sharing contracts and
explores how mental accounting affects consumers’ purchase
decisions. In Section5 this paper concludes with a summary
and points out several future avenues. All proofs of the pro-
positions can be found in Appendix.

2 Literature review

Many scholars have researched how to classify mental ac-
counting. Early studies mostly classified mental accounting
by consumption categories or income categories. For
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example, Kivetz™ classified mental accounting into fixed in-
come and windfall according to their sources. Henderson
and Peterson'’ classified wealth into seven categories of men-
tal accounting, including gifts, accidental gains, lottery tick-
ets, work bonuses, money owed for restitution, sales of audio,
and inheritance. Thaler argued that mental accounting can
be divided into two accounts depending on consumption ex-
penditures. Erat et al."! investigated the role of mental ac-
counting by dividing the value of products into two accounts
with the value of their add-ons.

As research continues, scholars have broadened the dimen-
sions of mental accounting classification. Some scholars clas-
sify mental accounting in terms of the time dimension. Prelec
and Loewenstein™ argued that consumers’ perceptions of
money change over time. Gourville et al.” proposed that indi-
viduals psychologically track the costs and benefits of con-
sumer transactions to reconcile them when the transaction is
completed. In transactions where costs are higher than bene-
fits, this may lead to systematic and economically irrational
concerns about sunk costs. It instead predicts that in econom-
ic transactions where costs are significantly higher than bene-
fits, consumers will gradually adapt to historical costs over
time, thereby reducing the impact of their sunk costs on
pending welfare consumption, and refers to this gradual ad-
aptation to costs as payment devaluation. The results of Chen
et al.”’ also suggested that consumers’ utility differs across
payment moments. Quispe-Torreblanca et al.”! confirmed that
when consumers pay off their credit cards, their expenditures
on instantaneous forms of consumption are paid off more
quickly than their expenditures on consumer durables be-
cause the pain of payment can only be offset by the expected
future pleasure of consumption when the money is spent on
consumption that lasts for some time. Dai et al.””’ argued that
temporal milestones such as New Year’s wishes and New
Year’s resolutions divide the passage of time, creating many
new mental accounting periods each year.

Many other scholars have explored the direct impact of
mental accounting on consumers. Ulkii et al.'” found that
mental accounting for sunk costs drives waiting time to influ-
ence consumers’ subsequent purchase decisions and that lar-
ger purchases allow customers to offset the pain of long wait-
ing times. Kaveh and Nazari'" suggested that, influenced by
mental accounting, customers’ participation in promotions
directly influences their purchase intention.

Some scholars have investigated the application of mental
accounting in operations research. Ho et al."” developed a be-
havioral model for mental accounting for sunk costs and con-
cluded that the decay rate increases with sunk costs when
usage is higher than a reasonable value. Ho and Zhang!" de-
veloped two mental accounts, a fixed-cost account for reven-
ue and a sales profit account, to explore fixed-cost contract-
related decisions. Becker-Peth et al.' found that more than
half of the subjects in the experiment formed different mental
accounts, including gross profit, excess cost, etc. Davis et
al.l"’ showed that mental accounting predicts supply chain co-
ordination more accurately than other models while using
segmented linear value functions for calculations. Schultz et
al.' investigated the framing effect of mental accounting in a
newsboy model. Gu et al."”? added mental accounting to the
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value function to determine the individual and combined ef-
fects of loss aversion, risk aversion, and risk seeking in shap-
ing newspaper supplier ordering behavior, thus explaining the
decision bias and ordering behavior observed in the newsboy
experiment.

In addition to the key concept of mental accounting, the
sales mode of advance selling is the main scenario applied in
this paper. Most scholars explore the application of advance
selling in the context of various consumer behavior factors.
Shugan and Xie!"* explored the impact of competition driven
by consumer uncertainty about the future state of consump-
tion (rather than price discrimination) on advance selling and
concluded that advance selling can be an effective marketing
tool in a competitive environment, reducing competition and
increasing buyer surplus. Nasiry and Popescu!” investigated
the effect of the behavioral factor of consumers’ expected re-
gret on whether firms presell. The results suggest that firms
should not adopt advance selling when consumers’ expected
regret exceeds a certain threshold. Yu et al.””, on the other
hand, investigated how the optimal strategy and benefits of
advance selling depend on the interdependence of consumer
valuation, capacity levels, and other market parameters. Ma et
al.’" investigated whether manufacturers should implement
an advance selling strategy, considering their market power
and the risk aversion of consumers. Peng et al.”” studied the
price guarantee policy of sellers who practice advance selling
when consumers engage in social learning behaviors. Zhang
et al.””! proposed a pricing strategy in advance selling for a
supply chain consisting of a manufacturer and an e-tailer
under a resale contract or an agency contract, considering the
possible influence of consumer loss aversion.

Some scholars have discussed the factors that influence the
advance selling strategy. Prasad et al.” showed that advance
selling strategies are not always optimal and depend on mar-
ket parameters (e.g., market potential and uncertainty) and
consumers-related factors (e.g., valuation, risk aversion, and
heterogeneity). Wu et al.” suggested that the optimal strategy
for advance selling depends on the proportion of consumers
likely to buy in advance and the size of the discount required
to make them buy in advance. Zhang et al.”" investigated the
impact of partial refunds as a strategic price commitment
device in advance selling in the service industry. Xie et al.””
discussed boundary conditions on whether retailers should
sell in advance. Zhang et al.”® found that whether advance
selling is an appropriate option for retailers depends on asso-
ciated costs, such as losses due to return costs for retailers and
consumers and the cost of the hassle for consumers to resolve
uncertain values.

At present, the research subjects of mental accounting are
mostly consumer groups, and the topics of scholars from an
operational perspective are mostly focused on the classifica-
tion and calculation laws of mental accounting. The advance
selling model is more often considered as a scenario for re-
search in conjunction with the optimal decision-making of
suppliers and retailers. Relatively few studies have been con-
ducted to investigate how mental accounting affects supply
chain production and operation decisions in the context of ad-
vance selling.
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3 Model notation and assumptions

Under advance selling, this paper studies a supply chain con-
sisting of a supplier and a retailer and a group of consumers
who are influenced by behavioral factors of mental account-
ing in decision-making. With advance selling, consumers pre-
pay a deposit upfront and pay the rest part at the final pay-
ment stage. The supply chain members’ decision-making se-
quence is shown in Fig. 1.

First, the supplier decides the wholesale price w. The retail-
er then makes a pricing strategy and sets a deposit ratio m.
The consumer decides whether to pay the deposit at moment
t, based on the deposit and the rest part. The retailer makes
the ordering decision based on the deposit payment at mo-
ment f, and decides on the order coefficient 6. Finally, the
consumer decides at moment #, whether to pay the rest part. If
the consumer completes the payment of the deposit and the
rest part, the consumer will subsequently receive the product,
and the transaction will be completed. If the consumer pays
the deposit but forgoes the rest part, the transaction is termin-
ated, and the deposit paid is not refunded.

The following assumptions are made to better characterize
consumer behavior and the decisions of the retailer and the
supplier.

( I) The full price of product p has been determined by the
market in advance. For simplicity, p € [0, 1]. Then, the whole-
sale price w and the cost ¢ satisfyO<c<w< p< 1.

(II) The consumer’s valuation of a product with retail
price p isv, v e [0,1].

(IIT) There is an out-of-stock situation, and the probability
is f.If there is an out-of-stock situation, the retailer is re-
quired to provide a certain amount of compensation s to the
consumers.

(IV) The time factor influences consumers’ perceptions of
product valuation and product price. Let @ be the consumer’s
time coefficient for the product valuation. Let 3 be the con-
sumer’s time coefficient for the product price, 0 <f<a <1
(see Appendix for the proof).

The main variables and parameters are shown in Table 1.

3.1 Consumer utility

Since consumers perceive the value and price of products dif-
ferently at different times and their decisions are influenced
by the behavioral factor of mental accounting, this paper
refers to Chen et al.” to divide consumers’ mental accounting
by the dimension of time. At moment #, of the payment of the
deposit, the consumer’s utility is shown below.

E,=av—mp-B(p—mp~fs). (D

In Eq. (1), @ represents the consumer’s time coefficient for
product valuation. Referring to the concept of the pain blunt-
ing coefficient proposed by Prelec and Loewenstein”™, let 8
represent the consumer’s time coefficient for product price,
0<pB<a< 1 mp denotes the deposit, while p—mp repres-
ents the rest part that the consumer needs to pay at the final
payment stage. Due to the existence of mental accounting,
consumers’ perceptions of valuation and price at nondecision
moments may deviate over time. Therefore, consumers at mo-
ment #, need to multiply the time coefficients @ and 8 when
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Fig. 1. Supply chain members’ decision sequence under the wholesale price contract.

Table 1. The main variables and parameters.

Notations Definition

" The consumers’ valuation of the product, v € [0, 1]

p The full price of the product, 0 <c<w< p<1

m The ratio of deposit to full price for the product, m € [0,1]

S Probability of out of stock, f € [0,1]

s Compensation of out of stock, s € [0, p]

il The moment when the consumer decides whether to pay the deposit or not

5] The moment when the consumer decides whether to pay the rest part or not

d Probability of consumers paying the deposit, i.e., consumers’ demand at moment 71, 0 < dr < d; < 1
dy Probability of consumers paying the rest part, i.e., consumers’ demand at moment #,, 0 <dr < d; < 1
@ Consumers’ time coefficient for product valuation, 0 << a < 1

B Consumers’ time coefficient for product price, 0 < <a < 1

Retailer’s order coefficient, 6 € [0,1]

w Wholesale price set by the supplier, 0 <w < p <1

c Product cost for the supplier,c <w < p <1

E Consumers’ utility

£ Retailer’s utility
Eyw

Supplier’s utility

considering the product valuation v and price p—mp— fs at
moment z,.

When E.=av—-mp-B(p—mp—fs)>0, ie.,
ps MP+Bp=mp-fs)

, the consumer pays the deposit.

a
Since v € [0, 1], the probability of a consumer paying a depos-
it (the demand of the consumer at moment #,) is d,, where

08014

mp+B(p—mp—fs)
a
ing represented by d,, this paper imposes the constraint that d,

as0<d, <1

d=1-

. Considering the realistic mean-

Similarly, the utility of the consumer when paying the rest
part at moment #, is shown below.
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E,=v—-Pmp—(p—mp—fs). 2

The probability of a consumer paying the rest part, i.e., the
demand of the consumer at moment t,, is as follows.

dy=1-Bmp—(p—mp—fs). 3)

Since only those consumers who pay the deposit are likely
to pay the rest part, 0 <d, <d, < 1.

3.2 Retailer utility and supplier utility

Before moment ¢, the retailer only considers the deposit paid
by consumers. At moment ¢,, the retailer’s utility is

E,=mpd,. “4)

Before the final payment stage t,, the retailer will make an
order decision based on consumers’ demand d,, which is rep-
resented by 6d,, where 0 is the retailer’s order coefficient. The
quantity ordered by the retailer, 64, is determined by both the
probability of the consumer paying a deposit d, and the retail-
er’s order coefficient 6. Therefore, at moment #,, the retailer’s
utility function is as follows.

E, = -wéd, + (1 — m)pMin{d,,0d,} - Max|d, — 6d,,0}s. (5)

In Eq. (5), —wéd, represents the cost that the retailer pays
when ordering from the supplier. (1 —m)pMin{d,,0d,} repres-
ents the retailer’s revenue from the consumer paying the rest
part at moment #,. If the consumer’s demand d, is smaller than
the retailer’s order quantity 6d,, the actual sales quantity that
generates revenue is d,. If the retailer’s order quantity is smal-
ler than the consumer’s demand at moment #,, it is in a short-
age situation, and the actual sales quantity is 6d,.
Max{d, - 6d,,0}s represents the possible out-of-stock
compensation.

By combining the retailer’s utility at the advance selling
stage and the final payment stage, i.e., Egs. (4) and (5), we
can obtain the retailer’s total utility function E, as

E. =mpd, —wéd, + (1 —m)pMin{d,,0d,} — Max{d, — 6d,,0}s.
(6)

Supplier’s utility function is
E,=w-c)od,. (7

In this paper, we use backward induction to solve the
game. First, we find the retailer’s optimal order coefficient 6
and the optimal ratio of deposit to full price for product m.
Subsequently, we solve for the optimal wholesale price w for
the supplier. For simplicity of expression, let w, = p+s—

1 a-B _ =B
mm(ﬁ—fs)a wi=p+(I+a)s l—ﬁ(p fs), and
" =p+c—p_fs+ l+a

: a  a(l-p)

Proposition 3.1. When O0<p<w,<w, and c< p—_fs_

1+
e or when 0 <w <w, < p and 0 <w, <w,, the suppli-

a(l-p)

er’s optimal wholesale price w* = w,. The optimal ratio of de-

posit to full payment for the product is

. l+at+ca—p(l+a-26)+fs(1+a—-2p)—caf
p(I+a)(-1+p) '

m
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The retailer’s optimal order coefficient is
g =
a(ca(=1+P)-2(p—fs)B)
l+aR+c+a—cB)—p(l+a+-1+a)B)+fs(1+a+(-1+a)B)’

Optimal utility for retailer is

_(—1 +p—f+ fs+a+ca+p(—1+B)—(fs+ca)B)
a(-1+p) '

E =

Optimal utility for supplier is

_c-1-a+ fs(-1+B)+p(-1+a)(—1+p))
- l+a '

Ew

Proposition 3.1 gives the optimal wholesale price for the
supplier and the corresponding maximum profit from the ad-
vance selling model. At the same time, the retailer can set the
optimal deposit percentage and order coefficient to maximize
its profit. Before the start of advance selling, the supplier cal-
culates the optimal wholesale price for a given product by
working backward from the deposit, the rest part, and the
order quantity set by the retailer and the consumer’s payment
and purchase decision under the influence of mental account-
ing, combined with production costs and other factors. The
retailer then makes a two-step pricing decision based on the
supplier’s wholesale price and the subsequent payment and
purchase decisions of the consumer under the influence of
mental accounting and then makes the pricing decision at the
time of paying the deposit, i.e., the order decision before the
final payment stage, to reverse the optimal deposit ratio and
the order coefficient.

This scenario can be used to explain most of the advance
selling promotions in domestic and international shopping
festivals. In this scenario, from the supplier’s point of view,
the supplier’s profit comes from the difference between the
wholesale price and the retail price of the goods sold, and the
supplier’s decision is a pricing decision about the wholesale
price. From the retailer’s point of view, the retailer’s profit
comes from two parts: the difference between the wholesale
price and the retail price of the goods sold and the amount of
the fixed price of the goods not sold (i.e., the part of the
goods for which the consumer pays a deposit and then for-
goes the transaction). From the consumer’s point of view, the
consumer needs to make a two-step purchase decision:
whether to pay a deposit or not and whether to pay the re-
maining part after paying the deposit. The purchase decision
is influenced by the interaction of the past cost, the current
cost, and the future benefit.

This reveals that retailers and suppliers should consciously
consider the impact of mental accounting when dealing with
consumers to make optimal pricing and ordering decisions.

Regarding the payment decision of consumers and the op-
timal order quantity of retailers, the following conclusions are
obtained in this paper.

Proposition 3.2. Regardless of the optimal wholesale price
set by the supplier, a portion of consumers will forgo the de-
posit paid, and the optimal order quantity of the retailer is al-
ways equal to the demand of the consumer at the final pay-
ment stage.

The consumer’s utility at the time of paying the deposit is
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affected by three components: the deposit p, paid under the
consumer’s account at the moment of paying the deposit, the
remaining part p—mp— fs to be paid in the future, and the
expected product value v. Since the rest part p—mp— fs to
be paid in the future and the expected product value v does
not occur immediately in the present moment, mental ac-
counting is subject to a temporal discount for the consumer’s
perception. Since these two components are the gain and the
cost, respectively, which are different in nature, they are dis-
tinguished by the time coefficient @ of the consumer’s valu-
ation of the product and the time coefficient 8 of the con-
sumer’s valuation for the price. Therefore, the consumer’s
utility at the time of paying the deposit consists of three com-
ponents and satisfies E.,, = av—mp—B(p—mp— fs) > 0.

At the final payment stage, the same reasoning leads to the
fact that the consumer’s utility also consists of three parts: the
rest part to be paid under the account at this moment, the de-
posit paid in the past, and the expected value of the product
corresponding to the benefit obtained. However, due to the re-
lative magnitude of @ and g, the utility of some consumers in
paying the rest part satisfies E, = v—Bmp—(p—mp— fs) <O.
The utility of paying the rest part is negative, that is, the loss
of the deposit paid in the past and the loss of the rest part to
be paid in the account at this moment is greater than the ex-
pected gain in the value of the product. The study by Gour-
ville et al.” confirmed this phenomenon in another context: In
transactions where costs exceed benefits, consumers may
have systematic and economically irrational concerns about
sunk costs. Over time, consumers will gradually adapt to his-
torical costs, thus reducing the impact of their sunk costs on
pending welfare consumption. This gradual adjustment to
costs is called payment devaluation. Since the retailer can an-
ticipate the presence of this segment of consumers, its optim-
al order quantity is the consumer’s demand at the final pay-
ment stage, and the retailer avoids the backlog of goods
caused by inflated orders.

Thus, when making ordering decisions, retailers should pay
attention to the deviation of consumers’ perceptions of valu-
ation and price at different times and thus consider that some
consumers are likely to forego the final payment to avoid
overordering.

Based on the above analysis, we can derive the optimal
wholesale price and the retailer’s profit as follows.

Proposition 3.3. The retailer’s profit comes from two
sources: the deposit paid by some consumers and the profit
from the difference between the retail price and the whole-
p—fs 1+a

@  al-py
the optimal wholesale price set by the supplier is equal to the
retail price, and the retailer’s profit is all derived from the de-
posit given up by the consumer.

When the consumer’s /5 coefficient is larger, it is closer to
the general sales model without considering mental account-
ing. At this point, some consumers will pay more attention to
the influence of the deposit paid in the past, so that the utility
at the final payment stage satisfies E., =v—pBmp—
(p—mp— f5) <0. In this case, the utility at the final payment
stage is negative, i.e., the deposit paid in the past, and the re-
maining part required is now greater than the expected value

sale price. When 0 < p <w,<w, and ¢ >

0801-6

of the product. The deposit is a sunk cost for this part of the
consumer, so they will give up the transaction. At this point,
the unreturned deposit paid by the consumer will constitute a
source of income for the retailer. In contrast, when S is smal-
ler, it deviates more from the general sales model without
considering mental accounting. At this point, some con-
sumers will be more unconcerned about the impact of past de-
posits paid, and their utility at the final payment stage satis-
fies E, =v—pBmp—(p—mp— fs) > 0. In this case, the utility
at the final payment stage is positive, and the consumer will
pay the remaining part to complete the purchase. Therefore,
the retailer’s profit comes from the deposit paid by some con-
sumers and the difference between the retail price and the
wholesale price.
p—fs l+a
a(l-p)
the optimal wholesale price set by the supplier is equal to the
retail price, and in this case, all the profits from the differ-
ence between the retail price and the production cost are cap-
tured by the supplier. In this case, the retailer’s role in the
supply chain is only to provide an advance selling mode, so
there is no profit from the difference between the retail price
and the wholesale price. However, the retailer still makes a
profit at this point, and the retailer’s profit is derived entirely
from the deposit forgone by the consumer.

For the supplier, if the retailer has other sources of profit
(in this case, deposit revenue), it can earn profit by setting a
higher wholesale price. For the retailer, if the supplier sets a
higher wholesale price, the retailer earns less profit from the
difference between the retail price and the wholesale price,
but it can earn revenue from other sources.

By collating the above propositions, this paper concludes
how mental accounting influences decisions of a retailer and a
supplier .

Proposition 3.4. The optimal wholesale price increases
monotonically with the consumers’ time coefficient for the
price (f) and decreases monotonically with the consumers’
time coefficient for product valuation ().

When the time coefficient f is larger, it can be regarded as
having less influence on the mental accounting factor in the
advance selling scenario, and it is closer to the general sales
model without considering mental accounting. At this point,
the more consumers are concerned about the price paid at the
nonpresent point in time, i.e., the cost paid in the past can in-
fluence the purchase decision in the present to a greater ex-
tent. Meanwhile, the optimal wholesale price w is higher.
From the retailer’s perspective, it is reasonable that the time
factor £ and the optimal wholesale price w have the same dir-
ection of change. A higher time coefficient £ implies that con-
sumers are more concerned about the price they pay at the
nonpresent point in time; a higher wholesale price w implies
that the retailer makes less profit from the difference between
the retail and wholesale prices. In response, the retailer will
try to increase the deposit ratio as much as possible so that
consumers cannot ignore the deposit already paid upfront
when paying the rest part to reduce the number of consumers
who forego paying the rest part. The fewer consumers forgo
paying the rest part, the more profit the retailer can make

However, when 0 < p <w, <w, and ¢ >
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from the difference between the retail price and the whole-
sale price. This phenomenon can also explain the sunk cost
effect on individual consumption decisions. That is, the lar-
ger the time coefficient f is, the more consumers are con-
cerned about the price that is not happening in the present
moment, which means that they are more sensitive to sunk
costs, and the same unit of the sunk cost will bring more util-
ity loss to consumers.

When the time factor « is smaller, the influence of mental
accounting in the advance selling scenario is greater. At this
point, the less the consumer is concerned about the non-
present point-in-time utility, the higher the optimal wholesale
price w of the supplier. Similarly, from the retailer’s perspect-
ive, it makes sense that the time coefficient o and the optimal
wholesale price w have opposite directions of movement. A
smaller time coefficient @ implies that consumers are less
concerned about the nonpresent point-in-time benefit. In con-
trast, the other part of the consumer’s utility component, the
price paid at the nonpresent point in time, has a greater influ-
ence on the consumer’s decision. In this case, a smaller time
coefficient « is similar to the case of a larger time
coefficient £ discussed above.

Thus, when setting wholesale prices, suppliers should pay
due attention to the characteristics of their target consumer
groups about the time factor to develop targeted sales
strategies.

4 Revenue sharing contract

This section studies the case when the revenue sharing con-
tract is adopted in advance selling. The point of the revenue

Step 1

The supplier determines Step 2

The retailer determines

the wholesale price w and

the revenue sharing ratio ¢

A \

the deposit ratio m

sharing contract in this model is that the supplier and the
retailer are more integrated. The supplier sells the product to
the retailer at a lower wholesale price, and when the product
is sold to consumers, the profits are then divided between the
retailer and the supplier according to a percentage they nego-
tiated. The decision-making sequence for the supply chain
members is shown in Fig. 2.

The difference in this model when using the revenue shar-
ing contract is that the supplier first decides on the wholesale
price w and the revenue sharing ratio of the retailer, ¢, where
¢ €[0,1]. Specifically, the retailer and the supplier split the
revenue in the ratio of ¢ . 1 —¢. The remaining decision steps
are the same as for the base model.

Similar to the base model, the probability that the con-
sumer pays the deposit, i.e., the demand of the consumer at
moment #,, is d,. The probability that the consumer pays the
rest part, i.e., the demand of the consumer at moment #,, is d,.

The retailer’s utility can be expressed as follows.

E. = pmpd, —wbd, + ¢(1 — m)pMin{d,,0d,} —Max{d, — 6d,,0}s.
(®)

The supplier’s utility is

E,=0-¢)mpd, + (1 —¢)(1 —m) pMin{d,,0d,} — (c —w)bd,.
©)

Like the wholesale price contract model, this section also
uses backward induction to draw the following conclusions.

Proposition 4.1. Under the revenue sharing contract, there
exists a situation where the supplier’s optimal wholesale price
equals the cost, making the supplier’s profit come entirely
from the revenue shared with the retailer.

Step 4
The retailer determines

the order coefficient 8

\

’ |

Advance selling stage

Consumer pays the

| —
ty t;

Step 3 Step 5

Consumer pays the

deposit mp rest partp — mp

Final payment stage

Fig. 2. Supply chain members’ decision sequence under the revenue sharing contract.
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As in the base model, in general, the supplier’s revenue
comes from two sources: the profit from the difference
between the wholesale price and the cost of the product and
the revenue shared with the retailer. When the supplier’s op-
timal wholesale price is equal to the cost, the profit from the
difference between the wholesale price and the cost of the
product is zero, and both the supplier and the retailer earn rev-
enue from the deposit and the rest is paid by the consumer. At
this time, the supplier and retailer can be seen as a com-
munity of interest, in which the supplier is responsible for the
production of products, and the retailer is responsible for the
sale of products, while no other costs and expenses are in-
curred from production to sale, and the coordination of the
supply chain is achieved to a great extent. The income of both
supplier and retailer comes from the profit brought by the de-
posit, which minimizes the double marginalization of the sup-
ply chain, and there is no price difference in the supply chain.

We can find some applications of Proposition 4.1 in prac-
tice. Some retailers, in cooperation with suppliers, take ad-
vantage of such a mode to avoid the costs of storage and
transportation after production and before the sale, as well as
the price difference between wholesale and retail prices, to
maximize the overall profit of the supply chain.

This has inspired retailers and suppliers to think about
earning profits in a new way. For example, when using reven-
ue sharing contracts, even if the supplier is unable to earn a
profit from the difference between the retail price and the
wholesale price, it can earn a profit from the revenue shared
with the retailer.

Next, we would like to derive the consumer’s decision and
the optimal order quantity under the revenue sharing contract.

Proposition 4.2. Under the revenue sharing contract, there
is an optimal wholesale price such that no consumer gives up
the deposit paid and the optimal order quantity of the retailer
is always equal to the demand of the consumer at the time of
paying the deposit.

Unlike Proposition 3.2 in the base model, in this model
based on the revenue sharing contract, when the mental ac-
counting coefficient B takes a smaller value, consumers will
be more unconcerned about the impact of past deposits paid,
such that the utility at the final payment stage satisfies
E,=v-Bmp—(p—mp-fs)>0. The impact of the deposit
paid by the consumer as a sunk cost at the final payment stage
can be ignored. The consumer’s benefit from purchasing the
product is greater than the sum of the deposit paid and the rest
part to be paid, so the consumer will not give up the deposit
paid and will pay the rest part to complete the transaction. In
this case, the consumer’s demand d, at the first stage of the
deposit payment is equal to the consumer’s demand d, at the
second stage of the final payment, which is the retailer’s op-
timal order quantity. Under this condition, there is no out-of-
stock loss, and the retailer does not need to pay the cost
caused by out-of-stock loss.

This suggests that one of the factors influencing whether to
benefit from the deposit forgone by the consumer is the con-
tract used by the retailer and the supplier. Retailers and sup-
pliers should consider supply chain contracts in conjunction
with their pricing and ordering decisions to achieve profitabil-
ity through different strategies.

0801-8

5 Conclusions

This paper considers the behavioral factor of consumers’
mental accounting and explores how it affects suppliers’ pri-
cing decisions and retailers’ pricing and ordering decisions.
At the theoretical level, this study draws some counterintuit-
ive conclusions. At the practical level, this research model is
based on a real business situation, which is of great practical
significance, and it also enlightens the supply chain members
to consider the irrational factors of consumers in their actual
business activities and provides them with ideas to make and
adjust their production and operations decisions to help them
maximize their business benefits.

This paper draws the following important conclusions. On
the one hand, under the wholesale price contract, no matter
what wholesale price the supplier sets, some consumers will
give up their deposits, and the retailer’s optimal order quant-
ity is always equal to the consumer’s demand at the final pay-
ment stage. In this case, the retailer’s profit is derived from
the deposit forgone by the consumers and the difference
between the retail and wholesale prices. In the special case,
the supplier sets the optimal wholesale price equal to the re-
tail price, and the retailer’s profit comes from the deposit
already paid by the consumer. In addition, the supplier’s op-
timal wholesale price increases monotonically with the con-
sumer’s time coefficient for price and decreases monotonic-
ally with the consumer’s time coefficient for product valu-
ation. On the other hand, under the revenue sharing contract,
there is a situation where the supplier’s optimal wholesale
price equals the cost so that the supplier’s profit is entirely de-
rived from the revenue shared with the retailer. Besides, the
existence of the supplier’s optimal wholesale price means that
no consumer forgoes the deposit paid, and the retailer’s op-
timal order quantity is always equal to the consumer’s de-
mand at the time of the first stage of the deposit.

However, this paper only considers the influence of con-
sumers’ mental accounting on the decision-making of supply
chain members under the two contracts, i.e., the wholesale
price contract and the revenue sharing contract. Future re-
search can be conducted in the following directions. First,
mental accounting can be considered under other supply chain
contracts, for example, applying the influence of mental ac-
counting to repurchase contracts, quantity flexibility con-
tracts, and so on. Second, the context of dual-channel and
multichannel sales can be considered to broaden the applica-
tion scenarios of mental accounting. Finally, the impact of
other behavioral factors, such as cognitive hierarchy models
and uncertainty avoidance, on consumer decisions and the
ripple effects upstream of the supply chain can be explored.
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Proof of 8 < a. According to the retailer’s total utility function E, = mpd, —w6d, + (1 — m)pMin{d,,6d,} — Max{d, — 6d,,0}s, when

a <, the retailer’s optimal solution m* =0, 6 =1, the demand d,=1- M, and the retailer’s optimal utility
a
E =(p —w)(l - M) By the supplier’s total utility, the supplier’s optimal utility is E, = (w—c)(l - M) Since
« a
d=1- Blp=1s) > 0, the optimal wholesale price is w* = p, the supplier has no profit and the transaction is not valid, so 8 < .
a

Proof of Proposition 3.1. When 0 < p <w, <w, and ¢ <
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l+a+ca—p(l+a-2B8)+ fs(1+a—-28)—-cap The
p(I+a)(=1+p) '
. From the supplier’s utility E,, the optimal

is obtained, the optimal ratio of deposit to full payment for the product m* =
(l+p—fs)d+fs+a+ca+p(-1+p)—(fs+ca))
- a(-1+p)
wholesale price of the supplier can be obtained as w' =w, and the supplier’s optimal utility
c(—-l-a+fs(-1+B)+p(-1+a)(—-1+p3))
l+a '
Proof of Proposition 3.2. When 0 < p <w, <w, and ¢ <

retailer’s optimal utility E, =

E, =

p—fs l+a

or when 0 <w <w, < p and 0 <w, <w,, from the

a  al-p)
. . . . . 1—{Bm Wp+[(1-m W) p-fsl} d,. .
retailer’s utility E,, the retailer’s optimal order coefficient 8 = - - = — is obtained. We can ob-
Y P _m p+BI=m w)p—fsl ~ d,

a
tain the optimal order quantity 6d, = d,. There is no out of stock and d, < d,, so it can be inferred that some consumers have for-
gone the deposit paid.

p—fs l+a

a  a(l-py

the optimal ratio of deposit to full payment for the product

Proof of Proposition 3.3. When 0 < p <w, <w, and ¢ >
L={Bm'(w)p+ (1 —m'(w)) p— fs]}
MW p+BIL—m w)p—fs]’
o @=Bp=f5) @

U0 -pp From the supplier’s utility E,, the optimal wholesale price for supplier w* = p. From the composition of the
a)1-B)p

retailer’s profit, it can be deduced that the retailer’s profit comes entirely from the deposit forgone by the consumer.

from the retailer’s utility E,, the retailer’s optimal

order coefficient 6" =

- 1+
Proof of Proposition 3.4. When 0 < p <w, <w, and ¢ < p-fs - a (;), or when 0 <w <w, < p and 0 <w, <w, the sup-
a(l—
. . . - 1+ ow’ ow
plier’s optimal wholesale price w* =w, = p+c— p=fs + e , where S0 ) Y <o.
a a(l1-p0) aB Oa | | 9 g
Proof of P iti 4.1. Thi tion is d trated b ical les.Letp=—,5=—,¢c=—,a=—,8=—.
roof of Propositions is section is demonstrated by numerical examples. Let p = -, s = 105, € = 70, @ = 15 B 10
. o . . 8999 1 .
From the retailer utility E,, a set of optimal solutions 6" = 1, m" = 34200 and subsequently ¢* = 75 w' = 10 can be found. At this

point, the supplier’s profit and the retailer’s profit are both greater than zero. That is, this situation exists.
Proof of Propositions 4.2. The proof of this proposition is similar to that of Proposition 4.1 and is omitted here.
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