Virtual Coins: The Application of Loss Aversion in
Marketing

Jiawei QIAN*

Department of Economics, Sciences Po
May 16, 2025

Abstract

This paper investigates the impact of cash-equivalent reward points ("coins") on
sales profit. By developing a theoretical model, we demonstrate how coins enhance
sales profitability by leveraging consumers’ loss aversion. Taking consumer hetero-
geneity into account, we classify individuals into high-type and low-type segments
to explore optimal strategies for setting both coin allocation and pricing. This paper
indicates that a small amount of coins should be distributed to all consumers as a
means of try to increase profits. When a higher proportion of users exhibit relatively
high loss aversion, it is preferable to adopt a screening strategy.
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1 Introduction

Consumer psychology is one of the key focal points of contemporary marketing. Shiv
and Fedorikhin (1999), through two experiments, reveals that when the availability of
cognitive processing resources is not high enough and there is a conflict between affect
and cognition in consumer decision-making, affect exerts a stronger influence on the final
choice, suggesting that marketing should not underestimate non-rational psychological
drivers. The loss aversion discussed in this paper is identified by Kahneman (2011) as a
negative emotional response that activates a fast and emotion-driven system.

In the field of marketing, loss aversion can serve as an effective theoretical foundation.
Kahneman and Tversky (1979) and Kahneman and Tversky (1984) provide a specific
concept about loss aversion that losses result in greater changes in utility compared to
gains of the same magnitude. Under this theory, consumers will never derive positive
utility from receiving a coupon only to let it expire unused, which provides a foundational
guarantee for the effectiveness of many voucher-like promotional strategies.

One strategy that leverages loss aversion is the loyalty program. In such programs, con-
sumers earn loyalty points through their purchases or other interactions with the firm,
which they can then redeem. At some firms, points can be redeemed for everyday items
such as mugs or toilet paper, while others allow points to be used for purchasing their
own products. Additionally, another some companies permit customers to use points
to offset cash payments on individual purchases. Points and status often expire, which
triggers a feeling of loss and may cause excessive purchases or other behaviors aimed at
maintaining status or redeeming points.

In this paper, we focus on such points ("coins") which can be redeemed for cash discounts
and are handed out by the firm as opposed to being earned by past transactions. A
representative example is Taobao, one of the largest e-commerce platforms in China. It
distributes coins to users, which can be redeemed for cash at a fixed exchange rate of 100
coins to 1 CNY on selected products. There are three primary channels to obtain these
coins: (i) daily check-ins, (ii) completing consumption-related tasks, and (iii) engaging
in mini-game-like interactions with friends within the app. Since the first and third
methods do not require any spending and involve little time costs, these coins can be
approximately regarded as being distributed for free.

Compared to traditional promotion methods, we believe that coins deserve more study,
as they offer several advantages that are more aligned with modern marketing practices.

i) The coin strategy leverages loss aversion. Compared to direct discounts, coins tem-
porarily become our possessions, and when we lose them, we experience displea-
sure.

ii) The coin strategy directly influences the actual transaction price instead of the posted
price. Frequent discounts may undermine brand image by drawing attention to price
reductions, whereas coins do not directly alter the product’s listed price, making it
less likely for consumers to perceive pricing issues.

In this paper, we primarily investigate the impact of coin distribution on firm profitabil-
ity under the assumption that consumers exhibit loss aversion toward coins, and explore
how firms should design their coin distribution strategies accordingly. In section 2, we



present the basic setup of the model based on loss aversion and briefly explains the choice
of the utility functions. In section 3, we build the model under the simplest conditions,
providing a theoretical foundation for how coin distribution can enlarge profit. In sec-
tion 4, we develop the pooling model as a precursor to the screening model, with its
results serving as a basis for comparative analysis with the outcomes of the screening
model. In section 5, we present the screening model, which forms the core of the pa-
per. It explores how firms should design coin distribution and pricing strategies when
consumers are categorized into high-type and low-type across three parameters.

1.1 Related Work

Breugelmans and Liu-Thompkins (2017) constructed a regression model based on data
from a US-based convenience store collected between December 2005 and February
2008. In addition, they conducted a lab experiment designed to simulate a multi-store
shopping scenario. The final conclusion indicates that, for consumers without clear brand
preferences, a finite loyalty program expiration policy does have a positive effect on pur-
chasing, providing empirical support for the mechanism studied in this paper.

With reference to related literature, the main contribution of this paper lies in its analyt-
ical perspective and methodological framework.

Existing research on promotions focus on the effectiveness of promotional strategies.
Bawa and Shoemaker (1987) constructed a coupon proneness index and found that
coupon-sensitive households exhibit consistent coupon usage behavior across different
types of products. In other words, if we observe that an agent tends to use coupons
on certain product, it is likely that they will be happy to use coupons for all products.
Gopalakrishnan and Park (2020) analyzed clickstream data and search behavior and
demonstrated that coupons can help websites improve their profit by increasing the con-
sumers’ intention of visiting and that high-value customers with higher value coupons
are more likely to purchase. Liu et al. (2021) worked with a small-to-medium-sized re-
tailer in China and suggested that in the retail industry, retailers should place greater
emphasis on distributing order coupons, which are used to offset in a total order, in-
stead of price discounts. The concept of coins we focus on aligns to some extent with the
order coupons. Besides, Lim et al. (2024) discussed consumers’ strategies for utilizing
loyalty points in situations involving multiple options. They examined how consumers
choose between using points or money for purchases and how this choice is influenced by
their point-earning behavior. That the variation in perceived value of loyalty points leads
to different consumption choices reinforces the feasibility of the analytical perspective
adopted in this paper.

Langen and Huber (2023) used casual machine learning to estimate the casual effect of
coupon. In contrast, this paper adopts a theoretical approach and constructs a screening
model, which is a relatively novel approach in marketing.

2 Setup

A monopolist produces a single good with price P and zero marginal cost. The consumer
action is denoted as x € {0,1}. If z = 1, it means that the consumer buys this product;



if z = 0, it means that she does not buy the product. To promote sales, the monopolist
distributes 6, > 0 coins to the consumer. The coins can be used at checkout to deduct
an equivalent amount of currency. If the consumer does not make a purchase, the coins
will expire and can no longer be used.

We assume that the utility associated with money is linear. If the consumer purchases
the product, her utility equals the value of the product, minus the actual price she pays
and the disutility from any unused coins. If the consumer does not purchase the product,
she incurs disutility from losing all the coins.

(z) = v— (P —04) — Aug(ds — dg) = =1,
T —Aus(ds) x =0,

where A > 0 is the parameter representing the degree of loss aversion and ¢, is the
number of coins used. Here, §, — 64 > 0.

Because of hedonic adaptation, we define u; as
§ if6 <6
us(0) =19 « ... -
o ifé > 6.
Since the coins can be used to offset monetary payment on a one-to-one basis, the initial
utility function is also assumed to be linear.

For the monopolist, the profit from a purchase is

7T=P—(5d.

3 Basic Model

In this section, we analyze the model with a single consumer and derive the optimal
strategy for the monopolist seller. We add heterogeneity in the later sections.

First, note that in the optimal contract, the consumer can spend all her coins if she makes
a purchase, which means §, = 6, = 0.

In order to ensure the purchase, the participation constraint «(1) > «(0) must hold,
v— (P —=96)4 Aus(0) > 0.

Then we get
P <v464 Aus(6).

Since d7 /0P = 1, we choose P = v + § + Aus(6). Given this pricing rule, we have two
scenarios: either the firm provides coins below the threshold ¢, or above it.

If § < 6, then u;(d) = 6. We have
P=v+ (14 X),

then
T =10+ M.



Proposition 3.1. If 0 < § < 4, 7 is increasing in 6.

Therefore, we set §* = § and, consequently, P* = v + (1 + \)d. In this case, we have

™ =v+ N,
where 9% /OX = § > 0.
If § > 4, then us(§) = 5. We have
P=v+6+ .
Consequently, )
T =0+ A.

Since 7 is independent of 9, one could, in theory, raise both P and ¢ without bound.
However, consumers will not be willing to pay more actual money for the product beyond
v + 0. From the above process, we can find that the excess profit originates from the
disutility of losing the coins. The maximum disutility therefore caps the profit.

To conclude, V(P, ) € {(P*,*)}, we have

™ =v+ M.

Proposition 3.2. 7* is increasing in v, A and 9.

Here, )\ can be interpreted as the intensity of loss aversion—the greater the value of
)\, the stronger the agent’s reaction to losses. The term ¢ can be understood as the
sensitivity to loss aversion—the larger the value of §, the less likely the agent is to become
desensitized to losses. Therefore, when we consider an individual to be more loss-averse,
this can manifest in three ways: an increase in \, an increase in 9, or an increase in both.
Undoubtedly, in all these cases, the profitability of sales is enhanced.

Propositions 3.1 and 3.2 together establish that in the presence of loss aversion, issuing
coins has a positive effect on sales profit. This naturally leads us to explore the optimal
coin allocation strategies under different conditions.

4 Pooling

In reality, consumers value the good differently and exhibit varying degrees of loss aver-
sion. To promote more effectively, the monopolist may wish to tailor strategies to differ-
ent groups.

There are three ways to divide the consumers into two types (high and low): vy and
v, Ag and A, and 0y and ¢,. The high-type accounts for a proportion p € [0, 1]; the
low-type, 1 — p.

Before screening, we would like to use pooling as a baseline strategy. Since we do not
practice price discrimination, as shown in section 3, we still allow the consumers to use
all their coins. The profit in the pooling problem is

max p(P — )T {up (1) 2 ug(0)} + (1 —p)(P = 0)I{us(1) 2 ur(0)},



where uy denotes the utility of high-type consumers and «; denotes the utility of low-
type consumers.

Case 4.1. (different v) The individual rationality constraints are

vg — (P —9) > —ug(9),
v — (P —0) > —Aus(0).

We need § > 0 for an optimal equilibrium. If vy < vy /p + (A/p — \)J, the optimal profit
would be )
I vr, + AO.

Otherwise, )
™ = p(vg + AJ).

Observe that loss aversion implies that the seller is more likely (i.e., (\/p — A\)§ > 0)
to serve the whole market since the profit from serving either type is increased by a
constant. The coin strategy therefore makes it more likely that the whole market is
served.

Case 4.2. (different \) The individual rationality constraints are

v—(P—=20)>—Agus(9),
v—(P—d)=>
We still need § > 6. If Ay < A\/p + (v/p — v)/d, the optimal profit would be
I U—F)\Lg.

Otherwise, )
™ = p(v+ Agd).

Case 4.3. (different §) The individual rationality constraints are

v— (P —0) > —Aus,(0),
v—(P—20)>

If we care about all the consumers, we require § > 5, and
™ = v+ A\
If we only care about the high-type consumers, we require § > 6 and
™ = p(v+ \g).
If 6 > 0. /p + (v/p — v)A, we adopt the latter strategy.

In the cases with heterogeneous loss aversion, whether through ) or ¢, by contrast, there
is consumer heterogeneity only because of the usage of a coin strategy. Hence, the usage
of a coin strategy might cause the monopolist to restrict supply and serve only the more
profitable part of the market.



4.1 Comment

The application of pooling typically implies a baseline distribution of coins. As mentioned
in the introduction, on platforms like Taobao, every user can receive an equal, limited
amount of coins simply by logging into the app, checking in, and interacting with friends,
without the need for any purchase. These coins can be used for purchases immediately.
According to the results of the basic model and the pooling analysis, distributing a small
number of coins to all users consistently generates a positive effect on sales.

5 Screening

Now, the profit in the screening problem we want to optimize is

max Py — 81) + (1 — Pr— ).
{(Px,0k) ee(m,Ly p< " H) ( p)< L L)

We consider two ways to implement screening.

i) The first way is to adjust d, in Step 1. In this way, we allocate J;,, to the high-
type and J;, to the low-type. The remaining quantities of coins for the respective
consumer types are represented by Ad;,, > 0 and Ad;, > 0, which means that they
are allowed to use d,,, — Ad,,, and d;, — Ad,, coins in Step 2.

ii) The second way is to adjust §, in Step 2. In this way, we allocate the same J, coins
in Step 1, which means 6;,, = 65, =0, 64, = dy and 64, = ;.

Step 1 Step 2

seller allocation consumer purchase

Proposition 5.1. In the optimal screening equilibrium, it is impossible that Ad,,, = Ads, =
0.

Proof. That Ad,,, = Ad,, = 0 can be reflected in the incentive compatibility constraints
as
U—(PH—éH) ZU—(PL—dL),
’U—(PL—(SL)ZU—(PH—(SH).

If both contracts spend all their coins, the two IC constrains read regardless of any dif-
ferences in v. Combining both constraints, the profit is the same in both contracts, and
it is without loss of generality to assume pooling. O

Assumption 1. Gufficient allocation) § > max {4}.

The only part can be decided by 4, is still «(0), which is the alternative option utility. The
larger ¢, is, the larger domain is in participation constraints. There is no harm to have a
d, as large as possible, so we make § > max {4}. In the following content, we think that
assumption 1 holds by default.

Proposition 5.2. The optimal solution obtained through the first method under assump-
tion 1 can always be accomplished by the second method.



Proof. We assume an acceptable set of solutions is { (67, , Ad: , Pyy), (67

SH? S SL7A5:L’PL*)}'
We let

* *
Aés,inter — 63H - 53L'

Then, we can always make 5;*L’ = Alsjinter + 05, = 07,5 P} = P} + Adg inter and keep
A6;, = Ad;, . In this adjustment, the actual payment price remains unchanged at P} —
d;, +Ad;, , and the number of coins unused also remains at A¢7, . This implies that both

Ssr,?

the IR and IC conditions are unaffected, which means that (57, , Ad;, , P;) is equivalent

to (61,', Ad; , P;'). We have now successfully expressed a solution obtained through the
first method in the form of the second method. O

Based on proposition 5.2, we adopt the second method because it is easier to implement
and requires less information.

5.1 Screening with different v

As we use the second method here, the participation constraints are

UH—PH+(5H—>\U5(5—(5H) Z —/\u(;((S), (IRH)
UL—PL+(5L—)\U5(5—(5L) > —)\u(;((S), (IRL)

and the incentive compatibility constraints are
Vg — (PH — 6H) — )\U(g((s — (SH) Z Vg — (PL — (SL) — )\U5<(5 — 5L>7 (ICH)
v, — (PL — (SL) — /\U,g((s — (SL) 2 v, — (PH — 5H) — Au§(5 — 5H) (ICL)
By combining eq. (ICy) and eq. (IC;), we obtain
(PH - (SH) - (PL - 5L) = )\[u(;(d — (SL) — u(;(é — 5H)] .
Then, replacing P — ¢ with 7, we obtain
Ty < vy + Aug(0) — Aug(d — 0g),
L < vp + Aug(0) — Aug(d — dr),
T — T = )\[u(;(é — (SL) — u5(<5 — 6H)] .
Combine the first and third equations, we have
L S v + /\u(;((S) — )\Ug((s — (SL)

However,
vy + Au5(5) — )\U5((5 - (SL) > v+ /\u(;((S) - Au5(5 — (SL)

So the true upper bound is
T =V, + )\/U/(S((S) — )\U5<5 — (SL)
Then, according to the simplified IC constraint, we have

Ty = vV, + )\U5(5) - )\u(;(5 — (SH)



Substitute them into the profit function,
T =wvg + Aug(d) — Apus(d — o) — M1 — p)us(d — dz).
Finally, we would like to have
us(6 — dp) = us(d — 1) = 0,
which means 67 = 3, = 6. In this case, the optimal strategy is
(P, 05) = (PL,07) = (v + 6 + A8, ),

and the best profit is B
Ty =7, =7 =vL+ .

In this situation, we finally get a pooling strategy. Actually, we can foresee this result
because the difference in v cannot prevent high-type consumers from deviating, just
as what IC constraints show. Moreover, the existence of two IR constraints force us to
choose the best low-type contract. Clearly, excluding low-type customers is also feasible,
leading to a profit of p(vy + Ad) as in the pooling section.

5.2 Screening with different loss aversion

In this part, we finally consider different levels of loss aversion. As discussed above, loss
aversion can be separated into two parts—A\ and ¢§. In this section, we will state each
part individually.

5.2.1 Different )\

We assume that the consumers differ only in terms of A and they have the same §. Since
the monopolist distributes everyone § > § coins, the participation constraints are

U—PH+5H—)\HU§(5—5H) Z —)\HU5(5), (IRH)
U—PL+5L—)\LU§((5—5L) Z —/\LU5(5). (IRL)

For any agent who intends to deviate, the change in utility is determined by the change
in the actual payment price, combined with the change in the loss resulting from the
difference in the number of coins they are allowed to use. So the incentive compatibility
constraints are

v — (PH — 5H) — )\HU(;((S — 5H) Z v — (PL — (SL) — )\HU5(5 — 6L)7 (ICH)
v — (PL — 5L> — /\LU5(5 — 5L) Z v — (PH — 6H) — )\LU5(5 — 5H) (ICL)

which can be rewritten in a clearer way as

(PH — 5H) — (PL — 5L> S /\H [U5(5 — 5[,) — U5(5 — 5H)] 3
(PH — 5H) — (PL — (SL) 2 )\L [U(;((S — 5L> — U5(5 — (SH)] .

Lemma 5.3. If)\H > /\L; 5L < 5H



Proof. Based on eq. (ICy) and eq. (IC;), we have

>\H [U5(5 — 5L) — U§(5 — 5}1)] Z /\L [U(s((s — (SL) — U5(5 — 5H)]
(/\H — /\L) [U5(5 — 5L> - U5(5 - 5H)] Z 0.

For that A\ — A\, > 0,

u(;((S — 5L) — U§(5 — 6H) Z 0
U(;((S — 5L) Z U5(5 — 5H)

0—0r,>0—0py
o < 0.
]
Lemma 5.4. If)\H > /\L; Py — (SH > P — 5L-
Proof. Substituting lemma 5.3 into eq. (IC.), we have
U—(PL—(SL) ZU—(PH—(SH)—}—)\L[U(;((S—(SL)—U(;((S—(SH)]
>v— (Pg —dn)
Pp—46, < Py — oy
]

Because of lemma 5.3, without loss of generality, we let § = ;. Now, the four constraints
can be simplified as

Ty < v+ Ao,

7L < v+ Apd — Apus(0g — 61),
Ty < T+ Agus(Om — d1),

g >+ Apus(dg — dr).

where we also replace P — § with 7.

Proposition 5.5. When only ) differs, constraint IR, binds.
Proof. Since 0 < u;s(dy — 01) < 6, we always have
v+ )\Hg Z T + )\HU6(5H — 5L)

If 75 < v+ A0 — Apus(0 — 61), we have 73, = 75 + )\Hy(;((SH — ). If there is a positive
value ¢ which still satisfies that 7] + ¢ := 77" < v+ A0 — Apus(dy — 01). Then we can
also have 7} = 77* + Agus(0y — d1.). Then,

*

™ =pry + (1 —p)rp

=p(ry +e)+ (1 —p)(rp +¢)
=y + (1= p)my +e

> 7t

Finally, the eq. (IR;) must bind. O



Because of proposition 5.5, we get
7Tz =v+ /\Lg — /\Lué(éH — 5L>; 71?1 =v+ /\LS + (/\H — /\L)Ué((sH — 5L)

Then B

™ =0 + )\L(S + (p)\H — AL)ué(éH — 5L)
If \g < Ap/p, welet éy = dr, then

(Pi,07) = (P, 07) = (v 46 + ALd, )
where § > § and 7}; = 75 = v + \.d. It is a pooling strategy.
If )\H > /\L/p, we let (SH — 5L > 5, then
(P}, 0%) = (0 4+ Agd +6,9), (Pr,65)=(v+6—6,0—0),

and we have ) )

T, =0, Ty =0+ Agd, 7" = v+ pAgd.
5.2.2 Different §

Here we assume that the consumers differ only in terms of § and they have the same \.
The monopolist always distributes enough coins and the four constraints are

v — PH + 5H — )\U(;H((S — 5]_[) Z —)\U(SH(CS), (IRH)
U—PL+5L—)\U5L((5—5L) Z —/\U5L(5), (IRL)

and
v — (PH — 6H> — /\u(;H((S — 5H) 2 v — (PL — 5L) — )\u(;H(é — (SL), (ICH)
v — (PL — 5L) — )\U(;L(é — 5L) Z v — (PH — (SH> — )\u(;L((5 — 5H) (ICL)

Combining eq. (ICy) and eq. (IC.), we get

u(;H((S — 5L) — u(;H(é — 5H) Z U5L<(5 — (SL) — u(;L((S — 5H)
= U5H((5 — 5L) — U5L((5 — (SL) > U5H((5 — (SH) — U5L((5 — (SH)

u
51[
ug,

A

Figure 1: Diagram of us, and us,
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Based on fig. 1, we conduct a case-by-case analysis by categorizing into three scenarios:
5—(5L§6L,5L§5—5L§5Hand5H§5—5L.

Case 5.1. § — 6;, < d;. Then, § — 6y < 6;. Moreover, us, (0 — 1) = us, (6 — 01) = 0 — dp,
and U5H(5 — 6H) = U5L(5 — 5H) =0 — (SH

Under case 5.1, from the IC constraints, we still take the trick, replacing P — § with =,
and get
TH :7TL+)\(5H _5L>~

Then, from eq. (IRy), we have

TL <v+ )\UgH((S) — )\U(;H((S — 6H) — )\((51{ — (SL)
:’U—F)\SH—)\((S—(SH)—)\((SH—(SL)
= v+ Ao — A(6 — 6r).

Compare with eq. (ICy),

L <w +)\U5L((5) — )\U5L<5 — 5L)
= v+ M\op, — A — 61)
<+ Aoy — A6 — 0y).

So, the total profit is
T=pv+AL— A6 —0m)] +(1—p)[v+ AL — A0 —dL)]
=0+ N+ APy + (1 —p)oL —9).
So, we would like to make J}; = 6} = 6, then
= =7 = v+ My,
with P}, = P; = v+ Ay, + 0.

Case 5.2. 6, < 6 — 6, < 6y. Then, § — 6y < & — &,. Moreover, us, (6 — 1) = Oy,
U’5H(5 - 5L) =0—0p, U5H(5 - 5H) =0 — 0y and dy > ;.

Under case 5.2, eq. (IRy) and eq. (IR;) would be like

{WHSU—F)\SH—)\(é—(SH),

7TL§/U,

and eq. (ICy) and eq. (IC;) would be like

T — T §>\(6H_§L)7
WH—WLZA(SL—EL), 1f5—5H25L,
7TH—7TLZ>\(5L—5+5H), if5—5H<(§L.

For that 65 > 6, the IC constraints hold when § — 5 > §,. Furthermore, due to

§ — 6y, > 0y, the IC constraints still hold when § — 65 < d;.

11



Because we set § — &, < d, from eq. (ICx),
g <7+ Aoy —0r),
=v+ )\(5]{ — 5L)
:U+)\5H—)\((S—5H)—A[EH—(é—éL)],
S v—l—)\gH—)\(é—(SH).
Now, the profit is
T=plv+ Ay — )]+ (1 —pv
We make §; — 6, = 0, then we get the optimal equilibrium that

T =0+ Ny, T =v, ™ = v+ p\ig.

Case 5.3. 0 — 0y, > 0. Then, us, (0 — 01) = 6y and us, (6 — 01) = 6.

Under case 5.3, we have two situations. First, if § — d;; > 6 too, then us,, (§ — 6) = 0y
and us, (6 — 0y) = dr. According to the incentive compatibility constraints, we can see
that

TH = Tp,.
Then, according to the individual rationality constraints, we know that
Ty = T, = V.

Here, case 5.3 eliminates both the difference of the disutility of loss between the two
strategies and the difference of the disutility of loss between buy or not. This result tells
us that a strategy involving the generous issuance of coins but strict limitations on their
usage is equivalent to a strategy in which no coins are issued at all.

Second, if § — 05 < 6y, we have us,, (6§ — dy) = 6 — 6y and 61, < 6. Then, eq. (IRy) and
eq. (IR;) would be like

TH §U+)\5H—>\((5—(SH>,

L S v,

and eq. (ICy) and eq. (IC;) would be like

TH — T, S )\(SH — 5+5H)7

WH—WLZ)\(EL—SL), 1f5—5H25L,

TH — T, = )\(SL _5+6H)7 lfd—(SH < SL.
For that 5 > 07, and §5 > § — dp, these IC constraints always hold. We make 7, = v,
then the profit is B

sz[0+)\5H—>\<5—5H)] +(1—p)v.
We make § = §, which means that 6;; — 6;, > J5, then we get the optimal equilibrium
that ) B

Ty =v+ Ny, 7 =v, T =v+ pAg.
This result, in conjunction with the findings under case 5.2, extends the domain of defi-
nition for the screening solution under varying 0.

Finally, we need to compare the strategies obtained respectively from the three cases. If
om < 6p/p, v+ Ao > v+ pAdy and then we would choose the strategy obtained from
case 5.1. Vice versa.

12



5.2.3 Different \ and ¢

As we discussed at the end of section 3, we consider \ and ¢ to be two manifestations
of loss aversion in our model. Therefore, a person who is more loss averse is expected
to have both a higher A and a higher §, meaning they react more intensely to losses and
are less likely to become desensitized to them.

Here we assume that the consumers differ both in terms of A and 6. The participation
constraints are

v—PH+5H—)\Hu5H(5—5H) > —>\Hu5H(5), (IRy)
U—PL—I—(SL—)\Lu(sL((S—(SL) Z —)\LU(SL((S), (IRL)

and the incentive compatibility constraints are
v — (PH — 5H) — )\HU(SH(é — (SH) 2 v — (PL — 5L) — )\HU(;H((S — (SL), (ICH)
v — (PL — 5L) — )\LU(SL((S — (SL) Z v — (PH — 5H) — )\LU5L(5 — 5H) (ICL)

Combining eq. (ICy) and eq. (IC.), we get
A s, (0 = 01) = s, (0 — 0m)] 2 Ap fus, (0 — 61) — s, (0 — dn)]

_)‘Hué,_,

)‘Lur’}_

(O Agd )

Figure 2: Diagram of Ayus,, and Apus,

Based on fig. 2 and considering the properties of the combined IC function, we use § — 0y
as the basis for our case-by-case analysis.

Case 5.4. ) — 5H < SL. Then, u(sH((S — 5H) = UJL((S — (SH) =0 — 5H
If 6 — (SL < SL, we have U5H(§ — 5L) = u(;L(cS — 5L> =0 — (SL,

An (0 — 5L) (6 —0m)] = AL[(6 —0r) — (6 — 0m)]
A (0 —01) > Ap(0m — 61)
Ag — Ap)(0g —61) >0
o > 0,



and the four constraints would be like

7 < v+ Agdy — Mg (8 — ),
7L < v+ Apdp — Ap(0 —dL),
g — 7L < Au(0m — 0r),

Ty — 7L > (0 — 0r).

Then

g <7+ A0y —dr)
< v+ AL —AL(6—6) + Ay 0y — 61)
= v+ Ay — Ag (6 — 1) — A (O — 0+ 61) + A\p.(0p — 6 +61),
<0+ Agby — (0 — 85),

which means that eq. (IR;) binds. Therefore, the profit is
T=v+ )\LSL - )\L(d - 5L) +p>\H(5H — (SL)

Without loss of generality, we think § = 0. Then, if Ay > \;/p, we make 6, = 6y — Iy,
and the optimal solution is

Ty =0+ Auor, T, =0, T =0 + pAgdy.
Otherwise, we let § = 6y = §;, the optimal solution is

* * * N
Ty =7, =7 =0+ A0L.

If § — 0, > 61, we have us, (§ — 6,) = 0, and 6 > 6. The two IR constraints are

71-L§U7

{ TH §U+)\H5H_>\H(5_6H);

and the two IC constraints are

w — 7L < Ag(6g —961), if § — 6, < 6,
WH—WLS)\H(SH—(S—F(;H), 1f5—5LZSH,
Ty — 7L > Ap(0p — 6+ 6n).

For that 65 > 6, and § — §;, > 4, these IC constraints always hold.
If 0, <0 — 6 < m,

g <L+ Ag(0m —01),
< v+ Ag(dg —Ir)
= v+ Agdg — Ag (6 —6) — Mg (6g — 6 +01),
<0+ b — Ay (6w — 61).
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So, the profit is
™= +p)\H((5H — 5L)

Then we make § = 6y and dy — 6, = oy, the optimal solution is

W;[ = U+>\H5H7 7Tz =, I U—l—p)\Hé_H

If § — 6, > dy, the profit is
™= —i—p)\H(SH -0 + 5H)
The only thing we need to do is to let § = §y and the optimal solution is

Ty = v+ Agdn, T, =0, T = v+ pAgdy

Case 5.5. SL < o — 5H < SH Then U,5H(5 — 5H) =0 — 5H and ’LL(;L((S — 5H) = SL.
In the combined IC constraint,
Arr[ts, (0 = 0p) — 0+ 0] > Apfus, (6 — dr) — dz].
IfSL < 0 — (SL <6 — (SH, then U(;L((S — 5L) — 5[, =0 and U5H(5 — 5L) — 5—}—5}[ < 0, which
does not satisfy the IC constraint.

If 6 — 0, < 6, then us, (0 — 8) — 8 + 6 < us, (§ — 1) — 61, < 0, which does not satisfy
the IC constraints.

Therefore, we only care about § — §;, > § — dy, which means that 65 > §,. Then, the IR
constraints are

{ TH SU—F)\HSH—)\H((S—éH),

L S v,
If6 — 6y <6 — 6y, <y, the IC constraints are

{ g — 7L < Ag(dg —0r),

T — T, Z 0.
Then,

Ty < 7L+ Ag(0m —0L),
S U+)\H(5H —(SL)
=0+ )\HSH - /\H(5 - 5H) — >\H<5H -9 + 6L);
S U+ )\HSH - )\H((S — 6H)
The profit is
™= +p>\H(5H - 5L)

We make 0y = 6 — 07, 6, = 6 — 6y and 6y — 0;, = Oy — 61, The optimal solution is

Ty =v+ )\H(SH — 5,;), T, =0, T = +p/\H(5H — SL).

15



It is not the best solution in global domain.

If 6 — 6, > &y, the IC constraints are

{ g — 7L < A6y — 0+ g),

T — T, Z 0.
The profit is B

™= +p)\H(5H — 0+ 5H)
We let § — 6 = 0y, the optimal solution here is

* * *
Ty =T, =T =,

which can not be the best solution in global domain either.
Case 5.6. SH < o — 6H Then U(;H((s — 5H) = SH and U5L(5 — 6H) = SL.

In the combined IC constraint,
)\H[UgH((S — 5L) — gH] Z )\L[U5L(5 — (SL) — SL]

For any 0 — 6, < 6, we have us,, (0 — 0,) — 0 < us, (6 — 6,) — 6, < 0, which doesn’t
satisfy the IC constraint. So, we only care about 6 — d;, > dy. In this situation, we have
7 = 71, < v, which cannot be the best solution.

Finally, we need to compare the strategies obtained from the three cases. The solutions in
the last two cases are worse than tl;lat in the first case. So, if A\ydy > A.d./p, we choose
the strategy that (0}, ;) = (6,0 — di). Otherwise, we choose that (d};,67) = (6, 9).

5.3 Comment

Table 1: Summary of screening results

) o7 Py Py Ty s
Different v ) ) v FANFS v+ AN+ v+ v+ AS
Different A (\yy < A\p/p) & VHALOFS v+ A+ v+ AS vHALd
Different \ Mgy > Az/p) 6 6—0 v+ Agd+6 v+ —0 v+ Agd v
Different 6 (0 < 01/p) ) ) VHNL+I v+ AL+ v+ AL v+ N
Different (0 >0,/p) & 66—y v+Xg+6 v+6—06u v+ Ny v
Both (\yéy < Adr/p) 6 § VAL +0 v AL+ v+ Ao v+ Adp
Both (A\ydy > Ardr/p) 6 6—0y v+Agdg+30 v+5—0y v+ Agdy v

where § satisfies assumption 1.

Proposition 5.6. In the optimal equilibrium, 67, > ;.
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This proposition can be concluded from table 1. It is clear that we would like to gain
more profit from high-type consumers since we have shown that greater loss aversion
yields higher profit. Now, we confirm that the only way to achieve the higher profit is to
allocate more coins and use a higher price.

From our investigation about different v, we can see that it is possible to separate high-
type and low-type consumers. However, the customized strategy wouldn’t be the optimal
solution. In such cases, it is supposed to revisit the solution of pooling.

In the cases of heterogeneous loss aversion, the pooling strategy remains an important
component. However, as the number of varying parameters in loss aversion increases,
the likelihood of employing a pooling strategy decreases.

In the screening strategies, we always fully utilize the loss aversion of the high type,
which means that our optimal solution is always achieved at the boundary. This suggests
that our model may also perform well in screening involving multiple types.

The main advantage of screening over pooling in this section lies in the fact that the
screening strategy, while aiming to serve the high type, does not exclude the low-type
consumers from the market. This also increases the likelihood that the coin strategy
chooses to serve the high type.

6 Conclusion

This paper is based on the theory of loss aversion and develops a formal model demon-
strating the positive role of coins in enhancing profitability. It further proposes alternative
coin distribution schemes using a screening model. When consumer heterogeneity is rel-
atively low, applying a uniform strategy across all consumers can still yield substantial
profits. However, as heterogeneity increases, it becomes necessary to evaluate whether to
concentrate efforts on serving the high-type agents or to continue addressing the broader
consumer base. Additionally, linking coins consumption to other value-added services
may amplify the disutility consumers experience from losing coins, thereby further en-
hancing sales profitability.

This study begins with the fundamental nature of discount-based marketing strategies
and emphasizes consumer heterogeneity, potentially offering a distinctive perspective
within the current marketing landscape that increasingly values data analytics and ma-
chine learning.

We believe that the coin distribution method may prove more effective in markets char-
acterized by price fluctuations or the presence of similar products at varying price levels,
such as the airline industry or retail supermarkets.

6.1 Extra Discussion

The screening approach we use does not require too much collection of users’ personal
information, which may make it more acceptable to users and less costly to implement,
especially in the future when concerns over cybersecurity and data privacy become in-
creasingly prominent.
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Here, we then address several contentious issues surrounding loss aversion and the en-
dowment effect. If we refer only to Kahneman et al. (1990), these two concepts are
closely connected, allowing us to blur the distinction in this discussion. However, due to
the findings presented in Chapman et al. (2024), which demonstrated the endowment
effect is not correlated to loss aversion with respect to risk prospects and took cautious
utility (Cerreia-Vioglio et al., 2024) as an alternative. So, we find it necessary to treat
them separately here. If the reader is interested in cautious utility, it could be explored
as an extension. However, we put more weight on loss-aversion here since we focus on
the disutility from loss. Anyway, even if there is a potential theoretical tension between
the two concepts, neither paper denied the phenomena and it does not compromise the
validity of the results presented in this paper.

The screening model in this paper only provides solutions at the vertices, which could
be a consequence of setting the utility function as linear. Exploring alternative utility
functions might lead to different conclusions which may care about the high-type and
the low-type at the same time. However, I believe such changes would not meaningfully
alter the structural insights of the results.

In addition, several open questions remain. For example, how should our strategies
adapt when we consider more realistic settings? If we incorporate more aspects of loss
aversion, consumers may have reference prices. In such cases, we have to consider the
psychological impact of the listed prices on consumers. Similarly, if we account for more
aspects of hedonic adaptation, it is worth asking whether consumers, after prolonged
exposure to coin-allocation, would eventually come to systematically reject purchases
when no coin is offered. Moreover, it is important to consider the potential for consumer
pushback. If consumers become aware of the coins strategy, they may opt to disengage,
as seen in past instances of price discrimination enabled by big data, where users altered
their behavior once they perceived they were being targeted differently.
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