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Abstract

Purpose — In this paper, the authors study the effect of consumers’ fairness preferences on dynamic pricing
strategies adopted by platforms in a non-cooperative game.

Design/methodology/approach — This study applies fair game and repeated game theory.

Findings — This study reveals that, in a one-shot game, if consumers have fairness preferences, dynamic
prices will slightly decline. In a repeated game, dynamic prices will be reduced even when consumers do not
have fairness preferences. When fairness preferences and repeated game are considered simultaneously,
dynamic prices are most likely to be set at fair prices. The authors also discuss the effect of platforms’
discounting factors, the consumers’ income and alternative choices of consumption on the dynamic prices.
Research limitations/implications — The study findings illustrate the importance of incorporating
behavioral elements in understanding and designing the dynamic pricing strategies for platforms and the
implications on social welfare in general.

Originality/value — The authors developed a theoretical model to incorporate consumers’ fairness preference
into the decision-making process of platforms when they design the dynamic pricing strategies.
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Paper type Research paper

1. Introduction

To match supply and demand more efficiently, platforms often apply dynamic pricing
strategies. We have witnessed a few high-profile cases in recent years, for example, the “surge
pricing” by Uber and the price discrimination controversies by Amazon in 2000. With the
support of the Internet and big data technologies, platforms are able to obtain a rich set of
consumer information, including their consuming habits, spending capabilities, the urgency of
the trading needs, etc. Together with detailed supplier information, platforms can then
simulate real-time transaction scenarios to implement “dynamic pricing” individually for each
deal. Efficient market theory justifies the dynamic pricing strategies as they serve to efficiently
balance the supply and demand on a real-time basis. Indeed, studies on Uber suggest dynamic

JEL Classification — C72, C73, D47, L11, L14

© Yong Wang, Tianze Tang, Weiyi Zhang, Zhen Sun and Qiaoqin Xiong. Published in Journal of
Internet and Digital Economics. Published by Emerald Publishing Limited. This article is published
under the Creative Commons Attribution (CC BY 4.0) licence. Anyone may reproduce, distribute,
translate and create derivative works of this article (for both commercial and non-commercial purposes),
subject to full attribution to the original publication and authors. The full terms of this licence may be
seen at http://creativecommons.org/licences/by/4.0/legalcode

Funding: This work was supported by the National Natural Science Foundation [grant numbers
20171301634].

This article is based upon conference paper “The Achilles tendon of dynamic pricing — The effect of
Consumers’ Fairness Preferences on Platform Dynamic Pricing Strategie”, hosted on January 3-5, 2020,
by American Economic Association.

The authors thank all the participants for their comments. All the remaining errors are our own.

The Achilles
tendon of
dynamic
pricing

15

Received 3 August 2021
Revised 4 August 2021
Accepted 4 August 2021

.

Journal of Internet and Digital
Economics

Vol. 1 No. 1, 2021

pp- 1535

Emerald Publishing Limited
eISSN: 2752-6364

p-ISSN: 27526356

DOI 10.1108/JIDE-08-2021-0004


http://creativecommons.org/licences/by/4.0/legalcode
https://doi.org/10.1108/JIDE-08-2021-0004

16

pricing can reduce demand by pricing out the low wiliness to pay (WTP) consumers, so that
the limited supply could be allocated to high-valued demand. Besides, it induces suppliers to
increase supply with a higher reward, which is especially relevant in platform economies,
where the elasticity of supply is relatively high. The overall results of dynamic pricing
apparently are overwhelmingly positive (Cohen et al, 2016; Castillo et al, 2017). On the other
hand, many consumers complain about dynamic pricing as “price gouging” by platforms,
because prices are often increased when the service is in urgent need (as in the case of Uber). In
addition to the improper kick-in time of surging prices (mostly when demand is inelastic),
uncertainty and process opacity (Hinz et al, 2011; Chen et al., 2015) all result in dynamic pricing
having an impression of “fishing in troubled waters”. Dynamic pricing based on consumer
characteristics (i.e. price discrimination) is often conducted without the consumer’s consent
and awareness (as in the case of Amazon). They were shown to lead to greater consumer
dissatisfaction than time-based dynamic pricing (Haws and Bearden, 2006). More
problematically, they could lead to public outcry if later exposed to the public or even come
into conflict with laws and regulations of the local jurisdiction. Anecdotal evidences suggest
dynamic pricing had resulted in a distasteful reputation of the platforms and rampant
complaint from both consumers and suppliers [1]. As a result, despite the potential efficiency
gain of dynamic pricing based on economic theory, platforms often stumble over this strategy
and are increasingly unwilling to associate their business practices with, even the name of, this
strategy [2]. Therefore, there is an urgent need, from both the economic and business field, to
fully examine the pros and cons of dynamic pricing, explain why this strategy works in theory
but fails in practice and propose remedies for its implementation by platforms.

In this article, we build on the notion that consumers’ utility involves both the consumption
effectiveness, i.e. the utility derived from consumption itself, and the transaction effectiveness,
a key component of which is the perception of fairness (Thaler, 1985). For high-frequency
consumption like travel expenses, dynamic pricing usually kicks in when demands are high
and urgent. Hence, it is easy to trigger consumers’ fairness preferences. Further, we argue that
no matter the dynamic pricing takes the form of surge pricing to meet high demand, or price
discrimination based on consumer characteristics, if consumers believe that the dynamic price
is higher than the fair price (in this article, fair price is defined as the sum of cost plus half of
consumer surplus, as per Nash bargaining, see Charness and Rabin, 2002), consumers’ fairness
preferences of the price hikes will be triggered, prompting consumers to retaliate against the
platform’s “hostile” (unfair) behaviors. Moreover, if the platform and consumers are in a long-
term repeated game, one specific trading of a transaction will not only determine the
consumer’s current cooperative or non-cooperative interaction with the platform, but also
affect subsequent transactions with the same platform. Therefore, the fairness preferences of
consumers will ultimately affect the long-term development of the platform.

We first derive a general utility function of the consumer based on services/goods
provided by a specific platform and his or her other consumption choices and then introduce
the fairness preference into the previous utility function as the basis for subsequent analyses.
Next, under a dynamic game with complete information, we analyze the interaction between
consumers and platforms, in which the platform formulates dynamic pricing strategies to
maximize its profit, taking into account consumer’s private information sets (including the
fairness preference). We assume consumers’ utility contains both consumption effectiveness
and transaction effectiveness, and they may choose “consume” or “not consume/choose
alternative goods/services” in response to the prices and services offered by the platform.
Then, based on whether to take fairness preferences into account, consumers with fairness
preferences will adopt “tit for tat” or “trigger” strategies to retaliate against perceived unfair
dynamic pricing. Taking into account the differences between repeated game and one-shot
game, we derive the equilibrium strategies for platform companies and consumers in four
different scenarios and their corresponding equilibrium prices.



Our research reveals both fairness preference and repeated game have an impact on
dynamic pricing. In a one-shot game, if consumers have fairness preference, dynamic prices
in equilibrium will slightly decline, compared to consumers without fairness preference. On
the other hand, in a repeated game with consumer fairness preferences, prices are most likely
to be reduced to the fair price. Lastly, we find that consumer’s weaker retaliation and higher
income, as well as higher switching cost, are all associated with higher equilibrium dynamic
prices [3].

Our research provides a basic theoretical benchmark for the study of the combination of
fair game, repeated game and platform economics. In the digital economy era, consumers’
fairness perception is an important dimension for the platform managers to consider in
determining the dynamic pricing strategy. If platform companies do not take fairness
preferences of consumers or long-term cooperation into account in its pricing decisions, it will
likely lead to consumer dissatisfaction and retaliation, which would damage the platform’s
long-term profits. Therefore, when consumers place great emphasis on fairness, or companies
attach great importance to future profits, a fair distribution of consumer surplus between the
enterprises and consumers can be a determining factor to the sustainable development of the
platform. The findings also suggest that, in this digital economy era where it’s increasingly
difficult for consumers to hide private information from platforms, a stronger awareness of
fairness, combined with credible retaliation strategies could be the best instruments for
consumers to safeguard their rights and interests. Finally, from a social planner’s perspective,
it is important to improve the interaction mechanism between consumers and enterprises, to
ensure that consumers could reward or retaliate effectively against platform companies’
strategies based on fairness preferences, thus forming a benign feedback mechanism.

The paper makes contribution on several important grounds. First, we propose a game
theory model, by incorporating the fairness perception, to reconcile the puzzle of dynamic
pricing: namely its efficient performance in theory but uncomfortable taboo-like status in
practice. Second, the findings, from a consumer-platform perspective, supplement the
literature on price discrimination, especially with respect to its effect on consumer’s level of
satisfaction (Major, 1994; Major and Testa, 1989) and the consumer—supplier relationship
(Garbarion and Lee, 2003; Choi and Mattila, 2009; Anderson and Simester, 2010). While the
literature focuses on a perception of price stickiness by the consumers, this paper introduces
the fairness perception as a different channel. Third, by comparing the one-shot game with
repeated games, the paper also contributes to the analysis of repeated game concerning the
relationship of platforms and consumers. The existing studies generally focus on platform
strategies in the early period to establish business goodwill (Tirole, 1996). Our study provides
an important angle of how consumer’s fairness perception can affect the relationship in a
repeated game. Lastly, our findings contribute timely to the policy discussion on platform
regulation. For example, a credible retaliation strategy of the consumer depends on the
availability of other goods/services, which calls for regulator’s intervention to foster platform
competition.

2. Background and research development

There are two forms of dynamic pricing: the first is to charge differently in accordance with
dynamic changes of supply and demand that affect the partial equilibrium (Kimes, 2000,
Robinson and Lakhani, 1975). The prices depend on dynamic factors influencing supply and
demand, such as limited production supply capacity (Biller et al., 2005), fluctuations in costs of
raw material, labor (Robinson and Lakhani, 1975), uncertain market demand, as well as
production timeliness (Gallego and Van Ryzin, 1994). In platform economies, the “surge
pricing” strategy of Uber is associated with matching the “supply and demand,” which fits
the first definition of dynamic pricing.
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The second is to charge differently based on the characteristics of targeted consumer
groups/individuals (Yelkur and Neveda DaCosta, 2001). In this case, platforms utilize
available consumer information, e.g. the historical purchase records, to estimate the
willingness to pay and charge accordingly. This dynamic pricing strategy is, in essence,
price discrimination (Taylor, 2002). Historically, this form of dynamic pricing mainly aimed
at customer groups, thus it belongs to third-degree price discrimination. For instance, e-
commerce platforms adopt dynamic pricing strategies according to the characteristics of
consumer groups (Gupta et al, 2000; Oh and Lucas, 2006); or airlines identify consumer
identities and key purchasing elements to determine their current purchasing psychology,
and then design multi-tariff pricing models to customers; or DiDi Corporation (a Chinese
ride-hailing platform company) divides Beijing into more than 70 regions to plate
differential pricing. With digital technologies, third-degree price discrimination can evolve
into “personal-based pricing”, i.e. the first-degree price discrimination. Again, take Uber as
an example, there has been instances of charging different people at different prices for the
similar services (Chen et al, 2015; Widdoes, 2016). For example, the Uber platform
states that

.. .the algorithm calculates the shortage of transport capacity through the real-time ratio of demand/
supply within the user’s area; and then combines other characters to determine the probability of the
order’s sale. If the order’s transaction probability is too low, suggested prices will be calculated based
on historical data and current conditions.

Matthew Dunn (Uber staff) also points out that Uber uses machine learning algorithms to
predict consumer characteristics, such as the income status, willingness to pay, etc., based on
which individual-level price discrimination can be applied.

Hence, it can be deduced that a platform’s dynamic pricing pattern is different from the
traditional pattern. Dynamic pricing, traditionally, is mainly determined by supply and
demand variations at different times. Now platforms can conduct sophisticated real-time
based dynamic pricing and “personal-based” price discrimination by using the advanced
digital technologies.

Efficient market theory suggests that dynamic pricing should be efficiency-improving, by
matching supply and demand on a real-time basis. Supply response on platform can be much
faster compared to supply of traditional goods, thus improve the signaling effect of prices.
Consumers, on the other hand, are independent decision-makers and able to make rational
analysis about the dynamic prices to make optimal decisions. Based on this argument, a large
body of literature on dynamic pricing aims to detect their regulatory effects. Cohen et al.
(2016) show that surging price are statistically consistent with reduced expected waiting
time, increased supply and decreased demand. Castillo et al (2017) proposes that, when the
demand exceeds supply, the conventional pricing of online ride-hailing platforms will force
limited drivers to take long-distance orders, reducing effective working hours and wasting
resources, leading to low efficiency (wild goose chases). In their paper, the authors prove that
the net effects of dynamic pricing on consumer surplus, driver surplus and social welfare are
all positive.

Empirical studies on dynamic pricing, much of which focus on Uber, reach more
mixed results. Cohen et al. (2016) suggests Uber generates a large total consumer
surplus, equivalent to six times the company’s commission and two times the driver’s
income by analyzing the Uber dynamic pricing data. Castillo et al (2017) also find
evidence of lowing “wild goose chase” with Uber data, albeit mitigated to certain extent
by the application of surge pricing. Besides, Chen et al. (2015) pointed out that Uber is a
black-box by using surge pricing algorithm and raise important questions about
fairness and transparency.



However, the existing studies mainly focus on one-shot game between companies and
consumers, or the regulating effects on market equilibrium, without considering the impact of
price discrimination on the relationship of parties involved, such as the loss of the
transactions’ effectiveness induced by increased price, and its effect on the long-term
interaction. Building on studies in behavioral economics on consumption effectiveness and
transaction effectiveness as different components of consumer’s utility, and price fairness as
a key component of transaction effectiveness (Thaler, 1985), we apply fairness perception as
the mediating variable between the decisions of consumers and companies. We investigate
the impact of consumers’ fairness preferences on the company’s pricing strategy and the final
surplus distribution. Many studies point out price discrimination will trigger consumers’
perception of fairness, thus affecting consumer’s level of satisfaction (Kaufmann et al., 1991;
Kimes, 2002; Urbany et al, 1989). We find evidences from the literature to support our
reasoning. Existing empirical studies on ride-hailing often find that consumer demand is
inelastic (Cohen et al, 2016), which, to some extent, reflects the urgency of demand during
price surging. However, according to Kahneman et al (1986), consumers find it difficult to
accept rising prices except for costs-induced, while increasing prices when demand is tight
will intensify consumers’ dissatisfaction.

Our framework of analysis builds on the literature of fair game and social preference.
Rabin (1993) first introduced fairness preferences into the game theory, emphasizing that
people have both self-interest preferences and fair and reciprocal preferences. Hence,
individual behaviors depend on the perception of others’ motivations. He applied a “kindness
function” to identify the behavioral motives, claiming people intend to “reciprocate” or
“retaliate” against others, even at the expense of their own material interests. On the basis of
Rabin (1993), Falk and Fischbacher (2001), Charness and Rabin (2002) further extend the fair
game to incorporate income distribution of the players. They show that people’s judgment of
the others’ behaviors depends on the outcomes of their income distribution. The resulting fair
income distribution from several experimental games suggests that people have a social
preference for an equal utility distribution. Bolton and Ockenfels (2000) also find that people
will compare others’ income with themselves in a transaction, and a roughly equal
distribution will be viewed as fair allocation. Based on their research, Xia ef al (2004)
emphasize that both the cognitions of companies’ unfairness preferences and unfair outcomes
of pricing strategies will trigger consumers’ fairness preferences. However, the existing
studies on this topic concentrate on incentive contracts and principle-agent issues in the labor
market (Xiang and Wang, 2013), while paying little attention to the quantitative research of
product market. In this article, the measurement of “fairness” incorporates the above-
mentioned concepts. The consumers’ fair perception of the platform’s pricing motives
depends on if a fair distribution of the consumer surplus is achieved. Similarly, consumers’
fairness perception refers to the cognition of companies’ motives, relying on whether dynamic
pricing promotes a fair outcome. For example, if the dynamic price is higher than the fair
price, it will be viewed as a signal of the company’s non-good intention, which could trigger
consumer’s retaliation. Many studies have shown that, after feeling offended by unfair prices,
consumers will develop emotional reactions such as anger, depression, and extremism
(Finkel, 2001, p. 57), which, in turn, results in their retaliatory behaviors, such as ending
trading relationships, spreading negative information or other retaliatory behaviors against
corresponding manufacturers (Campbell, 1999). Depending on whether to take fairness into
account, and the difference between a one-shot game and repeated game, we obtain
equilibrium strategies and equilibrium pricing for platform companies and consumers under
the four different scenarios, and analyze the impact of fairness and long-term repeated game
on dynamic pricing.
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3. Model setup

Consider a situation where a platform, abbreviated as platform in the following text of the
section, has complete knowledge of consumers’ preferences and constraints, and it formulates
profits-maximizing dynamic prices according to this information set to charge individual-
based prices. We assume that the utility of a consumer includes consumption effectiveness
and transaction effectiveness (fairness preferences). Each consumer chooses to “consume” or
“not consume” to maximize his total utility given the price provided by the platform. If the
price exceeds the maximum that he can tolerate, he may turn to consume alternative goods/
services, even if their consumption effectiveness may decrease. If the price exceeds the fair
price but is within the maximum threshold, the consumer will accept the offer, and the
transaction will continue, but the consumer may take certain retaliatory measures ex post. If
the transaction goes through, the platform’s income equals its price; otherwise, the platform’s
income is zero. Since the marginal cost of a single transaction has little effect on the platform’s
total cost, we set the marginal cost to zero in this model. Thus, the problem of maximizing
profit for the platform is equivalent to the problem of maximizing revenue.

First, we derive a general utility function based on a service provided by one platform and
its substitute goods provided by its competitors, and the consumer’s other product options.
Then we introduce fairness preferences to derive a specific utility function as the basis for
subsequent analysis. Next, we apply a non-cooperative game framework to analyze the
interaction between the consumer and the platform, in which the platform formulates profit-
maximizing dynamic prices according to the consumer’s private information set. The
consumer chooses to “consume” from the platform or not. This is a dynamic game with
complete information. Then, based on whether to take fairness factors into account or not,
and whether to incorporate a repeated game or not, we obtain equilibrium strategies and
equilibrium pricing for the consumer and the platform in four different situations.

3.1 General utility function without fairness preferences
First, we derive the general utility function without fairness consideration.

Let us assume that the consumer, with the budget constraint I, chooses goods/services set
(X,Y,Z), including what is provided by the platform, denoted by X, whose price is py,
alternative goods/services, denoted by Y, whose price is p,, and other necessary
consumptions Z, whose price is p, under. Note that we assume (X,Y) = (1,0) or (0,1).
X, Y belong to the consumer staples, and the consumer has to choose one of the two to
maximize his utility u:

Maxu=u(X,Y, Z)

st pX +p,Y +p2 <1

(1) Suppose the consumer chooses X, which is provided by the platform, then we have:

Max v =u(1,0,7)
st pe+pZ <1

In this case, the utility of the consumer is then a function of I and p,:
U= Vx([ _px)

(2) Suppose the consumer chooses alternative consumer goods/services Y, then:
Max v =u(0,1,2)
st.py+pZ<I



In this case, the utility of the consumer is then a function of / and p,: The Achilles
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Assume V, and V, are continuous and derivative, p,, p, < I, then with Lagrange mean value pricing
theorem we have:

Vr(f_jf; — VD) _viir— ap) # Vi), 0600, 1) =2
We get:

Vol =) = Vi(l) = VI(D)ps

Equivalently,

Vil =) = Va(I) = Vi(D)py

To simplify the notation, let 7, be the utility generated from consuming X, m, be the utility
generated from consuming Y, and %; be the marginal utility of income of the consumer, which
usually decreases with income I. Then we get the net utility of consuming X or Y,
respectively:

Vx(] 7px) = my — k]px
Vy(l _py) = my — kipy

That is, the net utility of consuming what the platform provides is related to the consumer’s
consumption satisfaction, income and the price offered by the platform.

3.2 Utility function with fairness preferences
Next, we apply Rabin’s kindness function to define the utility function that includes fairness
preferences:

Defimition 1. If player 7 believes player j is choosing strategy b, the kindness player ¢ is
giving to player j by choosing strategy a; is given by:
7j(bj, a;) — 74 (b;
filai, bj) = M
7 (b]) _ ﬂ]zmn(bj)

7

@
if () ##" (by), otherwise f(a;,b;) =0

In formula (1), 7;(b;, a;) represents player j’s payoff brought by player i choosing strategy
nj’?(bj) represents player j’s highest possible payoff, ﬂ]’-”"”(bj) represents player j’s lowest
possible payoff. z{(b;) = w and it represents the “equitable payoff’, a general
reference point against which to measure how generous player 7 is being to player ;. If
filai, b)) <0, player ¢ is giving j less than his equitable payoff, this shows player 7s
unkindness to player ;. On the contrary, f;(a;, b;) > O means player ¢ is giving j more than his
equitable payoff, meaning player 7 is kind to player . f;(a;, b;) = 0 describes the neutral point
where player ¢ gives j his equitable payoff.
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Definition 2. Player 7's belief about how kind player j is being to him is defined as:
; ﬂ'l‘(Cl' b) — 77."-‘(6’1')
g b ) = (e i
D) = ey — (e
if 7'(c;) — 2" (c;) #0, otherwise f}(b;,¢;) =0

1

Note that definition 1 and definition 2 are notationally different, but their functions are
formally equivalent, and their value must lie in the interval [-1, 1.

Let the fairness coefficient 7 represent players’ preference for fairness and» € [0, 0).7 > 0
shows players value both material utility and fairness, which means they are equipped with
fairness preferences and will act according to their belief about “how kind the other player is
being to him.” The lager 7 is, the bigger the weight for player 7's kindness function will be in
his utility function.

SO, player 7's expected utility incorporating both his material utility and the players’
shared notion of fairness is:

Ul-(ai, bj, Cl') = ﬂi(dl‘, b]) + V,);l.(b]', Cl)[l +fi(al-, b])] (3)

Equation (3) displays the fact there is a trade-off between a player’s fairness preference and
material utility. If player 7 believes player j is treating him kindly (}j-i(b]-, ¢;) > 0), then 7 will
treat j kindly by choosing an action ;, such that f;(a;, b;) is positive. If, on the other hand,
player j is treating player ¢ badly as perceived by play ¢, then j?'(b]-7 ¢;) will be negative, and
player ¢ will choose a negative f;(a;, b;).

To apply the specific utility function to our simulation, we denote the consumer as player
1, the platform as player 2, and the consumer chooses a strategy a; € {(X,Y)|(X,Y)
= (1,0) or (0,1)}, and the platform’s strategy is denoted as by € {px|p» > 0}, the consumer
believes that the platform believes his strategy tobe ¢; € {(X, Y)|(X, Y) = (1,0) or (0,1)}.

Given p,, the fairness utility of the consumer is:

Ui((1,0), 55, (1,0)) = m((1,0), ) + 175 (b, (1,0))[1 + £1((1,0),5.)]

3 (1 De “)
me—klj)x—}—gi’ 5T my—my
by + T

The first half of Equation (4), m, — krp, , represents consumption effectiveness, which is
decided by consumption effectiveness coefficient m, and surging price p,. In addition, when
the income is higher, the impact of price surging on the total utility will be smaller. And the

Dx

latter part of Equation (4), %r - W represents the consumer’s transaction
y ky

effectiveness, which is generated from his perceived kindness of the platform, and it is
determined by the surging price of the platform, the price of alternative goods/services, the
consumption effectiveness gap m, —m, and the income. Specifically, a lower platform
surging price py, higher price of alternatives p,, greater consumption effectiveness gap
m, — my, higher income and larger perceived kindness all lead to higher utility U;. Note that
the fairness coefficient r measures the impact of the believed kindness on the transaction
effectiveness, and greater fairness coefficient r contributes to greater total utility.



Similarly, when the consumer chooses alternative goods/services, then we have ci:  The Achilles

(X,Y) = (0,1). The utility of the consumer is: tendon (,)f
Ui((0,1),0x, (0,1)) = my — kym, +7*0 6) dynamic
=my — ki, pricing

Formula (5) reveals positive impact of the consumption effectiveness 7, and negative impact
of the price p, of choosing “alternative goods/services” on its total utility, and the margin 23
decreases with higher income.

4. One-shot game between the consumer and the platform
4.1 Complete information dynamic game with no fairness preferences
In a complete information dynamic game where the consumer does not value fairness, the
platform formulates its profit-maximized dynamic prices. Then, the consumer chooses to
consume, ie. (X, Y) = (1, 0); or not consume, ie. (X, ¥) = (0, 1), to maximize his total utility
given the price provided by the platform (see Figure 1).

Player 1 maximizes his own utility by choosing (X, Y), given the surging price provided
by player 2 p,. If the utility of “consume” is greater than “not consume”, the choice would be:

My _klpx > my _kl py

my —m
px <py+M
ky

In this case, the platform would set p; to the neutral point, that is, p1 = py + ™7

On the contrary, if the utility of “consume” is less than “not consume,” player 1 would turn
to “alternative goods/services.” The platform’s income then equals to 0.

Generally, as choosing to “consume” the goods/services provided by the platform would
be more convenient than “not consume/choose alternative goods/services”, we assume that

my > my, and we can get the Nash equilibrium solution:

My — M,
br=pDy+ T ©6)
My —m
Lope<ty+—7p—
Recall that X = D,(py) = " _Im is player 1’s demand function for X,
0, pe2py+—7—

and we can get the consumer surplus as follows:

me —my

(1) When 0 < py < py + = - " the consumer surplus equals to py + T

(2) When p, =p, + i k_1 ™ the consumer surplus is 0;

My — My,

(3 When p, = 0, the consumer surplus equals to p, + B

(M — iy, )
The platform company The consumer
) . (Player 1) “ Consume ”
(Player .

yer 2) Px Figure 1.

C C Sequence of actions

“ Not consume ” with no fairness

preferences

(my - klpyw 0)
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Figure 2.
Sequence of actions
considering fairness
preferences

4) Whenp, = p, + =" it reflects that the platform is implementing first-degree price
discrimination Strategy, and obtains all the consumer surplus.

In a complete information dynamic game not incorporating fairness preferences, the platform
choose to set prices to the highest cost of choosing alternative goods/services and obtain all
the consumer surplus.

4.2 Complete information dynamic game considering fairness preferences
When the consumer cares about fairness, the platform first formulates profits-maximizing
dynamic prices based on the consumer’s fairness preferences. The consumer chooses to
consume, ie. (X, Y) = (1,0) or not consume, ie. (X, Y) = (0, 1), to maximize the total utility
given the price provided by the platform (see Figure 2). Using (4) and (5) we get:

Based on the consumer’s choice, the platform sets its profit-maximizing price as follows:

3 (1 D
—kipe 4+ 7’(@ —m> > my — kipy

This leads to:

5 <<1 1 )( +mx—my>
X a . 3 y - 4
2 2 + ,{),/e,ﬂnt —my k]

When p, < (% A — ) (Py ) the utility of “consume” will always be higher

Dykp+mx —my

than the utility of “not consume”, thus the platform sets p, to this critical value.
When /3 (b, (1,0)) > 0, that is, 37 (% —%) > 0, and we get p, < (ﬁy L omes my)_
YT R

ke

and obtains half

of the consumer surplus, the outcome will be regarded as fair by the consumer. Therefore,

If the platform with information superiority prices at 5 (py

a price lower than %(py+m“k—_1my) will be regarded as kindness; on the other

hand, p, > (py + 2 1””) will be perceived as unkind behaviors. In this case, if

br < ( o L )(y + 2 1’"‘) is satisfied, the consumer will still choose to

pﬂfrﬂw my
“consume”, but to take into account the fairness utility, the consumer will take retaliatory
measures against the platform (which will be discussed in detail in the “repeated game”

section). If p, > (% + Hi) ( y ) the consumer will choose not to consume.

[mx*klpx'* T(z N rﬁx my) px]

The platform company The consumer

“ Consume ”
(Player 2) (Player 1)

Px

*“ Not consume ”

(my - kipy’ 0)



To summarize, after incorporating the fairness preference, if it is a one-shot
game, the consumer’s retaliatory measures shall have no impact on the platform. But,
to ensure a transaction, the platform still needs to keep prices down. The equilibrium
price is:

1 1 My — My
24 ———— !
Dykr +my, —my

Theorem 1. When consider consumers’ fairness preference, the greater consumers’
fairness coefficient (the degree of fairness preference) is, the lower the
platform’s equilibrium price will set.

Therefore, the platform tends to price between fair price (half of the cost of “alternative goods/
services”) and maximum price (equivalent to the cost of “alternative goods/services”). The
specific value depends on the fairness coefficient 7. The greater attention the consumer pays
to fairness, the more violent her utility will change when given unfair prices, the lower price
she will get.

The influence of Income (/) on platform’s pricing decision is categorized by consumer’s
fairness coefficient (r) and the cost of alternative choice (m, —m,). When » < % (my —my),
the smaller the %; is or the larger the [ is, the lower the high price and the higher the fair
price will be. When% (my—my) <7< % (my —my), the smaller the % is or the larger the 7 is,
the lower the high price and the higher the fair price will be. When » > ‘—é(mx —my), the
smaller the %; is or the larger the I is, the higher the equilibrium high price and fair price
will be.

4.3 Comparing one-shot game based on whether to incorporate fairness preferences
Combining (6) and (7), we have:

Pr =Dy + ,m The first degree of price discrimination, when the consumer does not
have fairness preferences

_ 1 m x — My . . . .
be = <2 * 2+m> <p C ) The upper price limit when the consumer has fairness preferences
T

1 My — My

2\ +75— The fair price

=0 The price of perfect competition when the platform don’ t have
information superiority

Therefore, the platform tends to set a high price to obtain information rent and obtain
more consumer surplus. When the consumer has fairness preferences (r > 0),

b= (2+ 3 ) b+ ) e (5 (o + 25 ) L by + 5 ), the platform will

p;\ ky +mx my I

set a price higher than fair price but lower than the price where it obtalns the entire surplus.
Note that 7 = 0 leads to p; = py + ™7 consistent with the outcome not incorporating
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Figure 3.

The relation between »
and p, in a one-shot
game with fairness
preferences

px VS I
my—m
Py+ g
&
mx—m
2Pyt L e e
r
fairness preferences; and 7 — + coresults in p, = 3 (py m*kﬂ , indicating that, when the

fairness coefficient is infinite, the price will be set at the fair price. So, we have the following
Figure 3:

5. Repeated game between the consumer and the platform

5.1 Repeated game without incovporating fairness preferences

In a repeated game, the consumer still makes decisions based on the platform’s current
pricing in each stage. Based on the analysis in the one-shot game without considering fairness
preferences, we learned that if the dynamic price p, is less than p, + m“'k_ " the consumer

chooses to “consume”; while if the dynamic price p, is larger than p, + ™ the consumer’s
1

optimal choice would be “not consume”.
If the consumer adopts “tit for tat” strategy, then we get:

1 Ifp, < ( y + m) the consumer will choose to “consume,” denoted as al.

@ If L ( y + m) < br < py + ™5 the consumer will still “consume,” but they will
retaliate against the platform for the price higher than cooperative outcome (let the
loss of the platform’s next-period income for the retaliatory measure of the consumer
be /) [4], and this strategy is denoted as a?.

(3) If px > py + ™7™ the consumer does not consume, denoted as a.

Given all the values within the range of p, <3 (py P T )), and 1 (py w)
< pr <Dy + 7 B the consumer’s strategies will be the same, which results in the same
effect on the platform. In addition, all prices of py > p, + ™" give zero profits to the
platform. To maximize the platform’s profits, the final optimal equ111br1um prices will be set

at px — (py m,\ ﬂ’LJ) or px _p} 17’lx 17ly

ke



Let the platform’s discount factor be § = iz, in which R is the discount rate, thenits ~ The Achilles
profit function will be: tendon of

If the platform chooses low price p, = %( ) ) the consumer will choose to

“consume” every time. We have: dyn.amlc
1 my —m 1 my —m pricing
mo(b =t (n+ ) a) =L (2 o 4
2 ky 2 ky ®
1 n my — my 1 27
“2\7 ky 1-6

If the platform chooses high price p, = py +
but retaliate the next time, then we have:

@Qm+?ﬁiﬁga0::(y+@%;@g(y+5+§+n“)+@ﬁﬂ5+§+ﬁﬁ+“)
1 1
1 me —my\  Op
*175(y+ ky ) 1-6
©)

Comparing (8) and (9), we get the equilibrium solution of repeated game not incorporating

Z the consumer will choose to “consume”,

fairness preferences: If § > ﬁ (py + m“%/”y), br = % (py m’fki) (the low price); otherwise,

br = by + ™5 (the high price).
Therefore, in a repeated game without fairness factors, when the loss of the platform
resulted from the consumer’s retaliation is larger (the greater the g is), the fair price

by =1 ( )y + m‘) is more likely to be reached. Other parameters also have an effect on the

pricing strategy. When the platform values future profits more (the larger the §1is), when the
cost of “not consume” is smaller (the smaller the p, and m, —m,), or when k; is larger or [ is

smaller, the fair price p, =1 ( )y w) will be reached more likely.

5.2 Repeated game incorporating fairness preferences

In repeated game, if a dynamic pricing p; is perceived by the consumer as unfair (le < 0),and
we assume the consumer has fairness preferences (» > 0), then she will retaliate against the
platform to increase her total utility U = z + f(1 + f), which, in the model, is reflected by the
construction of f; < 0.

Theorem 2. When consider both platform and consumers’ repeated games and
consumers’ fairness preferences, the greater consumers’ fairness
coefficient (the degree of fairness preference) is, the more likely the
platform is to set the fair price and a lower equilibrium high price.

We still assume that the consumer adopts “tit-for-tat” strategies:

Ifp, < (py L m)) the consumer will choose to “consume” each time, and will not feel
treated unfairly, denoted as al. If the total utility of choosing “consume” is larger than “not

consume” when fairness preferences are incorporated, but f; = %r(% #) < 0=

Pe > ( y mx_’m}) the consumer will choose to “consume” but retaliate against the
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platform out of fairness preferences denoted as a2 If the total utility of choosing to “consume”
is less than “not consume” when fairness preferences are incorporated, that is,

R r— ) by + "5 ), the consumer will not consume, denoted as a3.

Dyky +mx my

Given that all the Values are within the range of 1(p, m) <Pe <
1 mr my 5 . .
(2 + m) ( » ) and p, < ( X ™ }> the consumer’s strategies will

be the same, which results in the same impacts on the platform. In addition, all prices of

be > ( P L ) (py + 2 7 '”y) give zero profits to the platform. To maximize the

bykr \mx my

platform’s profits, the final optimal equilibrium prices will be p, = % (py +m*_m)‘)

ky
My — My
o = (e o),
ﬁy}’]+lﬂx my

Still assume the platform’s discount factor be &, then its profit function will be:

If the platform chooses low price p, = 1 < y + ’"‘) we have:

1 my —my 1 1 my —m, 9
n2(2<y+ T ),a1>72(y+ T (146+68+...)

1 +mx—my 1
2\ ky 1-6

If the platform chooses the high price p, = (% + L ) (py ML m’) we have:

10)

2+/;}/] tamx — [

1 1 my —my 2 |1 1 my —my v} s 52 3
n((2+2+ 3 )(pur T >‘al)(2+9 3 )(p\+ 3 )(1+6+6 +. )+ (PE+E+S+. )

2+
Dbykr +m, —m, Dykr +my —m,

1 " 1 (17 . my — m).) 1 5p
2 24 3r g ky 1-6 1-6

Dykr +my —my

()

Comparing (10) and (11), we obtain the equilibrium solution of repeated game incorporating
fairness factors:

my — m,
by + T
If 6> (2 . 3 >ﬂ 12)
pykl + m, —m,
pe=1 <py + 2 _'"y) (the low price/fair price); otherwise,
1 1 my — m, . .
pe=|=+ by +———— | (the high price) 13)
2 94 3r k]

Dykr +my —my,



According to (12) and (13), consumer’s retaliatory measure only affects platform’s critical
value of discount factor.

Lemma 1. When considering both platform and consumers’ repeated games and
consumers’ fairness preferences, the more extreme consumers’ retaliatory
measure is, the lower the critical value of platform’s discount factor is, the
more likely the platform is to set the fair price.

According to (12) and (13), the influence of Income (/) on platform’s decision is categorized by
consumer’s fairness coefficient () and the cost of alternative choice (m, —m,).

Lemma 2. When considering both platform and consumers’ repeated games and
consumers’ fairness preferences, when » < % (my — my), the smaller the %; is
or the larger the I is, the lower the high price and the higher the fair price will
be, while the lower the critical value is. When 2 (m, —my) < 7 < 3 (m, —my),
the smaller the %; is or the larger the I is, the lower the high price and the
higher the fair price will be, while the higher the critical value is. When
7> %(mx —my), the smaller the % is or the larger the [ is, the higher the
equilibrium high price and fair price will be, while the higher the critical
value is.

The equilibrium price p, affects consumer’s utility through its influence on consumer’s
consumption effectiveness and transaction effectiveness. When consumer’s fairness

coefficient () and income (J) is relatively large ( > 4 (m, —my), ky < }% Er — (my — my)}),

the marginal variation of consumption effectiveness (CE) on p, is smaller than the marginal
variation of transaction effectiveness (TE) on p, while the marginal variation of consumption
effectiveness (CE) on %; is greater than the marginal variation of transaction effectiveness
(TE) on &*. Compared with consumers with low income, consumers with higher income gain
most of their utility from consumption effectiveness which is weakly influenced by price.
Therefore, platform tend to set high price for consumers with high income while set fair price
for consumers with low income.

Lemima 3. When consider both platform and consumers’ repeated games and consumers’
fairness preferences, the smaller cost of alternative choice (the smaller the p,
and m, —m, are), the lower the platform’s equilibrium price will set and the
lower the critical value will be.

Another parameter that can contribute to the fair pricing is a greater loss of the platform
resulted from the consumer’s retaliation is larger (the greater the fis). Otherwise, the platform
tends to set the high price, where p, = <% + +> (py + m"k;m‘)

37
2+Pyk[+”lx oy 1

5.3 Comparing repeated game basing on whether to incorporate fairness preferences

Theorem 3. Compared with one-shot game without fairness preferences, platform
and consumer’s repeated game and consumer’s fairness preference can
both urge the platform to set the fair price or lower the equilibrium
high price.
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Combining the equilibrium solutions of (8), (9), (10) and (11), we have:

» < by m}) The consumer does not have fairness preferences and
T Y ky "
o< ( )y + 2 T m)’> 12
by (1 4 > (p e m)) The consumer has fairness preferences and
r= et ) (™ _
+P;k’+m), my ki 5< <17y mX m)) 2+31”/(ka1 +my — my»ﬁ

pe=1 (py + %) Fairness not incorporated and 6> (py + 2 m”) /2 or fairness

incorporated and &> ( py + %) [@+37I(pykr + my —my))B

p:=0 The price of perfect competition when the platform don’t have
information superiority

When the consumer does not have fairness preferences (» = 0), the platform have a small

My — My

discount factor 6 < ﬁ (py +=% >, the cost of choosing “alternative goods/services”

m, —my is high, or the loss of the platform’s next-period income for the retaliatory measure of
the consumer £ is small, the platform will set the high dynamic price p, + " When the
consumer has fairness preferences » > 0, the dynamic price p, will fall between the fair price
and the highest price where it obtains the entire surplus, and the specific value

(;+2+—) (py + T [mi) depends on the consumer’s valuation on fairness 7.

A higher » contributes to a lower dynamic price p,. When the consumer has fairness
preferences 7 >0, the platform attach greater importance to future profits
17} +rmﬁ,m}

5> , the cost of choosing “alternative goods/services” is lower, the loss of

(Zﬁm B
the platform’s next-period income for the retaliatory measure of the consumer £ is larger, or
when the consumer pays more attention to fairness (greater 7), the platform will be more likely

mr m)

to set its price at a fair price % by + . Figure 4 illustrates this relationship.

6. Conclusion
This paper applies fair game and repeated game theory to analyze dynamic pricing strategies
adopted by platforms, as well as the relationship between dynamic prices and consumers’
fairness preferences, income levels, the impact of consumers’ retaliation on companies, alternative
costs of switching to other substitute goods and companies’ discounting factors (see Figure 4).
Our research reveals both fair game and repeated game will impact on the fair pricing. Ina
one-shot game, if consumers have fairness preferences, dynamic prices will slightly decline.
Besides, in long-term repeated game, dynamic prices may also be reduced to fair prices if the
platform values future profits enough. Moreover, when fairness preferences and repeated
game are considered simultaneously, prices are most likely to be reduced to the fair price.
In addition, we prove that smaller platform’s discount factors, less consumers’ emphasis on
fairness, weaker retaliation, higher income and higher switching cost all lead to higher dynamic
prices. The equilibrium prices will exceed the fair price, but will still be lower than the price under
first-degree price discrimination (the specific value depends on the size of the parameter), vice versa.
In the platform economy era, complete information game has become prevalent with the
development of the Internet and algorithms auditing techniques. Our research indicates that



px VST

M= my

py + Ty s TR

4 K 2+ 3r B
pyKi+my—m,

Px

1 My —my
2Pyt

r

fair game and repeated game have important implications on business strategies, especially
on dynamic pricing strategies. When consumers place great emphasis on fairness, or the
companies attach great importance to the future profits, a sustainable strategy for the
platform is to divide the consumer surplus fairly between the platforms and consumers.

Therefore, in a digital economy, managers should pay attention to consumers’ fairness
preferences when determining the dynamic pricing strategies. Meanwhile, consumers should
develop fairness preferences to safeguard their rights and interests. From a social planner’s
perspective, it is important to enforce smooth interaction mechanism between consumers and
platform companies, and foster platform competition to ensure consumers can credibly
retaliate against platform’s unfair pricing strategies.

7. Omitted proofs
Proof of Equation (4):

Ui((1,0),px, (1,0)) = m1((1,0), ) + 7 (bx, (1, 0))[1 + £i((1,0), )]

((1,0),5:) — #((1,0)) 13y (1,0)) — 75(b)

h((1,0)) — &7((1,0)) <1+ Th(bs) — 757 (b) )

ui((1,0) ,px),u]((170)7o)gu1((170)7s) <Hﬂ2(px,(1,0))—ng(px)>
ul((L 0)70) — M1((1, 0)73) n.);(px) — ﬂg””(j)x)

= 7((1,0) ,px)+/2

=u:1((1,0) , py) +7

1 1
k my — k[px - é (mx + (my - klp))) 1 px - E (px + 0)
=My —kipx +7 P + 2.0

i 1k 1 1
3~ Ipx +é 117‘»- +§mx 7§my

= M, 7k1px +§7’ k,py+mx mpy
:mx*ksz+57 E*Tmy

by +
1
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Figure 4.

The relation of r and p,,
in a repeated game
with fairness
preferences
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Proof of Theorem 5.
1,1

(1) Equilibrium high price p, = ( o L ) (py m*_m))

Dy k[+m( my [

3 My —my
_p +mx—my7 7<py+ bt )
32 J k[ 4pyk1 + 4(mx — le) + 6r
3r(m, — my) m, —m
W, mem X Ts [4Dykr + 4(m. — my) + 6r] + 4py-3r< )y + k—,y>
Ok k7 [4Dyks + 4(m, — m,) + 6@2
o ome— my 3r(m, —m,) 12rpy (bykr + my — my)
B Rk +am—m) <6 |, [4p,ks + 4(m, —m,) +61]°
Let g%‘ = 0, simplify the equation and get:
21) [4(m, — my) — 31k} + 4py (m — my) [4(m, —

my) + 31l + (m, —
2py ,
4[{%[4(1%, ~my) — 37] {4(m, —m,)"[4(m

B —4p, (m, — my)[4(m; —my) + 37]
L 4p2[4(me — my) — 37]
—3r][2(m, —

m)[2(m, — m,) + 3r](m,

—m,) +3r] =0

4 s 4 0,
Ifr<§(mx—my), %, >0 in & € (0, +00), 1fr>§(mx—my), e
<0 in k€ (0,+00).

my —my
(2) Critical value § = ( AN

)2
_ ij;+%+2}} (my —my)
)  [2Pykr+2(m, —my)+37|p
p

3r
2+])yk, “+my —my

Let g,f = 0, simplify the equation and get:

py [2(m, — my,) — 3r|k2 + 4p, (m, — my)zky + (

—my,)’[20my —my) + 3] =0
B —me(mt —my )2 by 4 2 12
6 = BR0m, —my) — 3] p’[Z(mx ) = 37]{4(% —my)" = (me —my)*[20m, — my) = 3r)[20m, — my) + 3]}
Ifr <5 (me—my), 8> 0inky € (0, +00); if 7 > § (my —my), £ < 0in ks € (0, +c0).
Proof of statement *:
CE = my — k]px

7E = 34( 1 p;;h -
2"\ 2 pJ -
(1) Marginal variation on p,.

aCE
e

x my) + 37]2 - 2(mx - m))[4<m\ - m})
my) + 3r][4(my — my) + 311}



OTE _ §r
A
When &y < L (37— (m—m,)], [iE] < o2
When & > L (17— (m,—m,)], [<] > o2
(2) Marginal variation on ;.
oCE
B =
0TE Sr(myg —my)
Ok X(pykl +m, — my)2
If [ o] > || then, =) <

Simplify the equation and get:

20%k; + 4py (me — my)ky + [2(my — my) — 3r](my — my) > 0

If 7 > 2 (m, —my,), the solution is &; > 0.

Notes

1

See Gurley, B. “A Deeper Look at Uber’s Dynamic Pricing Model.” Above the Crowd, 11 Mar. 2014,
abovethecrowd.com/2014/03/11/a-deeper-look-at-ubers-dynamic-pricing-model/. LiuLiu. “What Is
the Reason for DiDi’s Existence as a Rogue Enterprise?” Sina Blog, 21 June 2017, blog.sina.com.cn/s/
blog_65be90b90102wt5t.html. And Dholakia, Brown, R. G. “Uber’s Surge Pricing: 4 Reasons Why
Everyone Hates It.” Government Technology: State & Local Government News Articles, Emergency
Management, 27 Jan. 2016, www.govtech.com/applications/Ubers-Surge-Pricing-4-Reasons-Why-
Everyone-Hates-It.html.

For example, a commentary on Harvard Business Review suggests that business managers use a
different name, rather than dynamic pricing, for the strategy. See https://hbr.org/2015/12/everyone-
hates-ubers-surge-pricing-heres-how-to-fix-it

They will exceed the fair prices, but still are less than the prices under first-degree price
discrimination, and the specific value depends on the size of the parameters.

This is a repeated game with credible threat. The consumer’s retaliatory measures mainly include:
spreading negative remarks, “not consume.” If they only spread negative remarks, p,.—f > 0; if only
“not consume”, p,—p = 0; and if “not consume” and spread negative remarks at the same time, p,—
p < 0. The outcome of retaliation by the consumer can depend on a myriad of factors, including
especially the consumer’s social influence. This is difficult to model or predict in today’s digital era.
Therefore, in this model, we simply include it as a parameter, which is chosen by the platform.
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