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Article History:  Abstract. The complexity of consumer free-riding behavior is a current significant 
problem, as modern online purchasing channels sharply compete with the tradi-
tional ones. The purpose of this study is to examine the impact of showroom-
ing behavior by free-rider consumers on product valuation within a decentralized 
supply chain. Also, we examine how the consumers’ use of the benefits of the 
experience achieved in the offline channel to buy from the online channel influ-
ences their product valuation in a decentralized supply chain and influences the 
profits’ level of offline retailers. We develop an e-commerce model for product 
valuation when customers visit a brick-and-mortar unit for products and then 
buy them online. Results have indicated that the free-riding customers’ product 
valuation is between online and offline customer product valuations and the price 
at which the customer becomes a showrooming customer is influenced not only 
by the offline price, but also by the degree of the online channel acceptance and 
the shopping services value factor. This study has managerial consequences in 
decision-making of sellers, especially for traditional stores which to maximize the 
profit must optimize the offline additional services, to reduce the phenomenon of 
free-riding and at the same time not to generate additional costs.
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1. Introduction 

Modern consumers are increasingly attracted to online product purchase channels, given that 
the range of stores and online sales platforms has diversified hugely lately and the migration 
from offline stores is accentuated. Currently, online retailing has experienced a much wider 
development than the offline one (Wang et al., 2022b), there are various types of online dis-
tribution for manufactures (Lim et al., 2016), such as direct distribution on their own platform 
or distribution on an independent platform specialised in e-commerce who buys, acquires the 
products from the manufacturer or charges a predetermined commission (Hult et al., 2019), 
fact that led to the appearance of multiple distribution and supply channels (Pi et al., 2022), 
that are in competition or in a collaborative relationship. 
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Nowadays, amid e-commerce expansion, catalyzed by the COVID-19 pandemic, brick-and-
mortar retailers are forced to implement strategies that improve their competitiveness or to 
avoid bankruptcy (Chen & Chi, 2021). However, the physical stores where the products are 
exposed create an opportunity for many consumers to analyse and compare targeted charac-
teristics of products, as offline stores tempt them by offering trial samples, explanations from 
sellers and attractive product layout (Zhou et al., 2018). This creates free-rider consumer be-
haviors and channel-switching habits of customers, which either initially turn to offline search-
es for products after which they make the purchase from the online store – “showrooming” 
or proceed in the opposite manner – “webrooming” (Nosi et al., 2022; Goraya et al., 2022). 

Consumers can use one of the following shopping models: showrooming, webrooming, 
the exclusively offline shopping mode or the exclusively online shopping manner, depending 
on the benefits that each of them provides (Redondo & Charron, 2023). For each consumer, 
the value of products is influenced by cognitive biases, and the neutral valuation of goods 
is difficult to achieve, because there are numerous psychological mechanisms and personal 
idiosyncratic needs or preferences that affect the way consumers determine and perceive 
product valuation (Liu et al., 2022b; Zhong et al., 2023). Value judgments on the quality of 
the products formed during the direct touch-and-feel shopping experience in offline stores 
contribute decisively to the determination of product valuation, so free-riding experiences in 
a dual-channels supply chain affect how consumers set their own valuations on products and 
reduce consumer perception asymmetries regarding product quality (Pi et al., 2022).

Establishing product value is a process primarily impregnated by the consumer’s subjec-
tivism, the psychological resorts that trigger the degree of utility of a good, the perception 
of the quality level of the product, as well as by objective factors, such as those specific to 
the market, product availability, price, adjacent transport costs, etc. To such a mixed back-
ground of factors that affect the establishment of product valuation for consumers is added 
the phenomenon of free-riding, which influences consumers’ perceptions and contributes to 
the final choice of the purchasing channel. 

Free-riding behavior catalyses cannibalization processes between offline and online chan-
nels, which requires sellers to differentiate products between channels and to establish price 
or quality differences between the products offered, to optimize profits in both ways of 
selling, offline or online (Tian et al., 2022). The most important challenges that sellers face in 
optimizing results involve strategies to differentiate prices, product quality and the types of 
products they provide in the two types of channels, offline and online.

Inspired by the previous literature considerations, we address the following research questions:
RQ1. How is the customers’ valuation of products influenced by their free-rider behaviors 

and channel-switching habits? What are the impacts on product valuation of the free-rider 
consumers’ showrooming behavior to use the benefits of the experience obtained in the 
offline to buy from the online channel? How does the extremal purchase behavior, either to 
buy only online or only offline, affect the product valuation?

RQ2. How does product valuation in the presence of free-rider behavior influence the 
utility function of customers, the probabilities of choosing the online or offline channel, as 
well as the specific demand of the online or offline channel? Can product valuation in the 
presence of free-riding behavior contribute to optimizing profit on the offline channel?

To address these questions, we set the following research objectives: 
O1. Defining a product valuation that mathematically models the customer’s free-riding 

behavior and the extremal preferences of customers only for online or offline purchasing, in 
compliance with the assumptions imposed by the economic reality.
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O2. Determining the expressions corresponding to the utility function of customer for the 
previous established product valuation of customer, setting the offline and the online channel 
probabilities of choosing and the offline and the online channel demand. 

O3. Providing a decentralized supply chain model and optimizing the expected profit 
function in the offline channel, depending on the additional services provided to customers.

To achieve these purposes, we consider a decentralized supply chain, consisting of a re-
tailer that operates through an online sales channel and another that sells through a physical, 
offline store. We focus on the behavior of customers who initially turn to the offline channel, 
to view and/or test the product and get information about it from specialised personnel. Such 
a consumer develops a free-rider behavior, more precisely showrooming and goes to the next 
stage of acquisition to an online channel, where he makes the purchase, capitalizing on the 
experience gained in the offline channel. 

This study analyses how the consumer’s free-riding behavior is reflected in product val-
uation, determined as the difference between the value they are willing to pay for that 
product and its utility. In modelling of product valuation, the types of decision-making at the 
extremes of customer buying behavior are also considered, represented by those who buy 
either directly from the online channel or directly from the offline channel. This represents 
an innovative research direction and covers an information niche identified in the previous 
literature. We start by configuring the customers’ properties with the valuation of the product 
and then developing according to this demand, the usefulness of the customer’s choice and 
the expected offline profit functions. For the developed models, we made numerical examples 
to test the validity of the results. 

The contribution of the article to the literature results from the fact that it addresses a 
little-explored topic, regarding the incorporation of the effects of free-riding behavior in 
establishing the product valuation of consumer. To the best of our knowledge, the existing 
studies on free-rider problem do not consider the situation in which the product valuation 
of customer is modelled both in the free-riding behavior approach and in the extreme pur-
chasing behaviors either online or offline. 

Against such a background of scarcity of the previous literature, this study proposes an 
innovative model of product valuation for the decentralized supply chain, going through the 
stages of establishing the valuation of the customer’s product, the utility function and the 
demand function corresponding to the online and offline channel. The profit optimization 
of offline merchants affected by free-riding behavior is modelled, considering the model 
developed for the product valuation of customers. 

The following sections of the paper present the literature review (section 2), describe the 
research methodology (section 3) and develop the product valuation and demand function 
models in the decentralized supply model, as well as present the findings (section 4). Section 
5 presents the results and discussions for the decentralized supply model, and the final sec-
tion contains the conclusions and future directions of research.

2. Literature review 

There are mainly three streams of previous literature related to our study, regarding the 
comprehensive approach to the free-riding phenomenon and its statistics, product valuation 
with the showrooming effects, and the influence of free-rider behavior on the profitability 
of retailers. 
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The first topic of the relevant literature describes the expansion of e-commerce in the 
contemporary period and thus shows the foundations on which the free-riding phenomenon 
has developed. The e-commerce growth in the last seven years from 1450.3 billion USD to 
3640.6 billion USD and its growth perspective is to achieve 5557.5 billion in 2027 (Zavia-
lova & Lindlahr, 2023). The e-commerce growth rate (14.4% yearly) is much greater than 
total worldwide sales in 2021–2016 periods that is only 1.065% growth rate, as displayed in 
Figure 1 (Statista, 2023).

The development of the Internet era in the 1990s has favored the evolution of e-com-
merce, which created impressive growth in the last two decades. It is assessed that 87% of 
shoppers research online before acquiring and mobile shopping sums 63% of all e-commerce 
sales and it is estimated that by 2040, 95% of all acquisitions will be made online (Statista, 
2024a). 

In the Western countries, about 55% of millennials try a product in-store but buy it on-
line (Zollo et al., 2020) and in the US 73% of consumers shop both online and in physical 
stores (Nosi et al., 2022). The multi-channel shopping is on the rise, with consumers gradually 
utilizing a range of technological devices like laptops and smartphones to shop all the time, 
day or night (Chen et al., 2022). 

Globalization has changed the ways in which actors interact in all types of contemporary 
markets (Batten et al., 2023; Caporin et al., 2021) and nowadays, consumers are putting 
their health and time in the first place. More than that, they are looking to avoid crowded 
places and enjoy well-being and accessibility. For that, in the retail sector, the consumers 
are visiting physical stores solely to view or try a product, with the intention of purchasing it 
online (Goraya et al., 2022). This procedure is known as multichannel shopping, which offers 
the possibility for consumers to buy through different channels without suffering additional 
costs (Heitz-Spahn, 2013). The application of multichannel strategies by sellers may ease the 
creation of superior consumer knowledge, thereby enabling sellers to obtain financial benefits 
from such actions (Marino & Lo Presti, 2019).

In most countries, around 2 percent of e-commerce sites visitors turn to shop products 
(between 2023 Q1 and 2024 Q1) (Statista, 2024b). The competition between sellers is becom-
ing more and more aggressive and consumers tend to visit more sites and to see more offers 
before shopping. Also, the free-rider effect (to observe the same product in various sources – 
on-line or off-line and to buy the cheaper product) tend to lower the on-line shopping sales.

Figure 1. Total retail sales worldwide from 2021 to 2026, in trillion U.S. dollars 
(source: Statista, 2023)
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Cross-channel comportment, classified as cross-channel free-riding or within-firm lock-in, 
involves a first engagement of the consumer with a sales channel, followed by a change of 
channel and seller, in the case of free-riding or followed only by a change of channel and not 
of the seller, in the case of within-firm lock-in (Maggioni et al., 2020). 

The prevalence of the free-riding phenomenon in contemporary economies makes the 
subject to be intensely analyzed in specialized studies, in both forms of manifestation, show-
rooming or webrooming. In the tug-of-war between online and offline retailing, the previous 
literature positions the benefits and costs of both alternatives and emphasizes that the choice 
of channel is not only based on price, but also on mechanisms of perception of product quali-
ty by consumers (Chimborazo-Azogue et al., 2021; Gensler et al., 2017). Unlike physical stores, 
online retail platforms still have disadvantages, which prevent consumers from buying directly 
from online, related to the lack of information resulting mainly from the inability to feel and 
touch the targeted products before delivery (Wang et al., 2024). Consumers’ showrooming 
impetus is catalyzed by retailers’ strategies to increase their sales by setting up physical show-
rooms where products can be inspected and encouraging customers to buy online from the 
same retailer, through methods of placing tablets in stores, barcodes, QR codes, high-speed 
Internet and recommendations from sellers (Zhang et al., 2020). 

The aspects that differentiate showrooming from webrooming are the subject of a vast lit-
erature, intensely explored from multiple perspectives, such as how channel combinations af-
fect individual customer experiences, respectively the impact of webrooming and showroom-
ing on smart shopping perceptions and feelings (Flavián et al., 2020). The authors showed 
that consumers who chose webrooming as a form of purchase believe that they saved more 
time and/or effort to a greater extent than those who chose showrooming. 

The second subject explored by previous studies and relevant to our theme is related 
to the product valuation of consumers manifested in free-riding conditions. Although the 
phenomenon of free-rider attracts the interest of research and there are numerous studies in 
the field, the specific previous literature on the influence of free-rider behavior of consumer 
on the customer’s product valuation is not vast. 

The utility function is a tool that describes the level of satisfaction or happiness that a 
consumer obtains from various goods (Mohajeryami et al., 2016), and consumers collect infor-
mation from various sales channels and purchase products from the channel that maximizes 
their utilities (Basak et al., 2017). In order to make the optimal decision regarding retail price 
setting or profit maximization, the economic organizations need to know the customers pur-
chasing behavior and decision, described in the specialized literature through the customer 
purchasing utility function (Liu et al., 2022a; Méndez-Vogel et al., 2023; Peng et al., 2022; Zhai 
et al., 2022; Yuan et al., 2022).

The free-rider problem represents a market failure that occurs when the beneficiary of 
different common resources does not pay for producing or consuming them. Free riders are 
usually a problem for common pool resources users because they overuse the resources and 
consequently it is possible to under-produce, overuse or degrade these goods. Also, it is not 
fair to consume a resource without pay, compared with other consumers.

Usually, the free-rider problem can be expressed in terms of Prisoner dilemma. Two play-
ers can choose whether to contribute or not to the production of a common resource. The 
possible decisions are for each player to Contribute or to not contribute – to Defect (promise 
to other player the contribute behavior and to Defect). 

The payoff matrix is expressed in Figure 2. If both players contribute, then they have the 
same payoff – 5 units each, if both of them defect, then they obtain 2 unites each, and in the 
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situation which one contribute and one defect, the contributor had 1 reword unit and the 
defector had 6 reword units (he uses the good without contribution). 

In this game the Nash equilibrium is (Defect, Defect) strategy, but the Pareto optimum 
is (Contribute, Contribute) that indicate a failure of cooperation between participants – for 
static game. Of course, that indicates a tendency to free-rider and finally both of them obtain 
lower payoffs. This behavior can be different in the case of repeated, dynamic game, where 
is possible to implement cooperative strategies. 

The third theme of prior literature that arouses our interest is represented by the impact 
that the value of free-rider products has on retailers’ profitability and competitiveness. Vol-
ume of services offered by the offline store, are directly correlated with the level of demand 
and with the quantities stored by the offline store, both in the case of centralized scenarios 
or in the case of decentralized ones (Yin et al., 2022). 

Regardless of the nature of the relationship between the main two channels, online and 
offline, both in the case of decision models, centralized or decentralized, the market demand 
but especially the preferences of the customers towards certain particular qualities of the 
products, require partial or total coordination of the two channels when we are talking about 
the manufacturer’s investments in improving the product and the retailer’s investments in 
advertising and services, so a financial effort of the manufacturer to modernize can cause the 
retailer to make an additional effort to increase the advertising level (Truong & Truong, 2022).

The literature on dual-channel management has extended rapidly and focuses on the 
competition in price and/or marketing effort (Yang et al., 2015; Politis et al., 2014), the effi-
ciency of online, physical retail and hybrid stores (Levary & Mathieu, 2000), pricing choices 
of a retail and direct channel (Ahn et al., 2002), price differences between an offline channel 
and an online channel (Chun & Kim, 2005) and optimal pricing strategy for a retailer selling 
its product through both the traditional and the Internet channel (Khouja et al., 2010). 

In a decentralized channel, manufacturers have a superior chance to control a higher 
direct price than in a centralized channel (Yang et al., 2021). This also allows retailers to raise 
their retail prices. The digitalization of supply chains has an important power on both the 
resilience and performance of these chains (Yang et al., 2024).

An analysis of a dual channel supply chain (consisting in a producer who sells a unique 
good in its online channel, and a traditional seller) reveals that a free-rider behavior of retailers’ 
pre-sale service (Guo et al., 2022). In this way the retailer’s optimal effort level decreases at the 
same time together with the producer’s profit and the performance of the overall supply chain. 

In the situation where the online and offline channel are owned by different owners, chan-
nel conflict manifests itself and competition intensifies, and free-riding behavior undermines 
the online retailer’s profit (Liu et al. 2020). Price battles between online and offline channels 
erode the profitability of retailers/manufacturers, as online channels manage to save time, 

Figure 2. Prisoner’s Dilemma on free-rider problem (source: prepared by authors)
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space, labor costs and thus offer lower prices than in offline channels, which, in order to 
attract customers and obtain greater competitive advantages, are forced to offer additional 
services, that lead to increased costs (such as more timely releases, more thoughtful free 
experience, more convenient return or exchange services, etc.) (Zhang et al., 2023). 

It’s not just the prices that make consumers experience show-rooming behavior and swing 
between offline and online channels. For physical retailers it is important to understand what 
types of additional services and what intensity to set to keep the customer on the offline 
channel and at the same time does not affect their profit maximization target. Approaches 
to this issue show that through the effort of additional services of the offline store (sales 
promotion, advertising, exhibition halls, etc.) the consumer demand can be influenced (Wang 
& Chaolu, 2022). The solutions that could lead to optimizing the results of offline retailers 
and reducing the free-riding behavior of customers are related to consumer orientation in 
omnichannel strategy, segmentation and personalization marketing strategies (Moliner & 
Tortosa-Edo, 2024). 

3. Model framework

Based on Liu’s et al. (2022a) approach to customer channel choice, in this paper we pro-
pose a new function for modelling free-riding customer purchase utility, a function that 
now depends not only on the customer’s acceptance of the online channel, but also on the 
experience gained in the offline channel. Consequently, in this manner, we intend to improve 
the demand functions used in establishing the optimal decision that maximizes profits cor-
responding to supply channels. 

We denote with pon, the unit manufacturer online retail price, and with poff, the unit offline 
retail price. The online retail price includes both the production cost and the online selling 
cost con, while the offline retail price (Yin et al., 2022), includes the acquisition cost, acqp  and 
the offline selling cost, coff, which means that onp ≤  offp .

If v denote the product valuation of customer, according to Liu et al. (2022a), v is a 
continuous random variable uniformly distributed, ~ 0,v U v    with the appropriate density, 
( )u v . Also, we consider that on the offline channel, the customer benefits from a series of 

additional services, s, s∈,   1s ≥ , such as, shopping assistance or product trial, provided in 
the offline shop. The service level s is biger than unit when the shop provides a service which 
effectively contributes to increasing the desire to buy, and s is equal to unit, when the shop 
provide no additional service (Li et al., 2013). So, the offline selling cost coff, it reflects, among 
other things, the cost of the services provided ( )C s , where ( )C s  is a convex increasing func-
tion depending on the service level s (Yin et al., 2022).

The offline shopping services, s, when   1s > , also contributes to increase product valua-
tion from v to ( )s vb , with a factor ( )sb , named the shopping services valuation factor, which 
is described by a continuous concave over unit function (Liu et al., 2022a). 

In Table 1 we describe the notations used in the following to define and investigate the 
properties of the expression that we suggest for free-riding product valuation, to describe the 
appropriate demand function and to provide the model through which the optimal offline 
channel stocking and the optimal services cost can be established. 

Regarding a , the online channel customer acceptance, 0,1 . a ∈    When 1a = , the online 
acceptance is maximum, 100%, the customer’s visit to the offline store being without any 
additional contribution. When 0a = , the online acceptance is minimal, 0%, and the customer 
certainly prefers the offline store.
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Table 1. Notations and interpretations (source: prepared by authors)

Notations Interpretations

onp Unit manufacturer online retail price

'
onp Unit online retailer price

offp Unit offline retail price

acqp Acquisition cost

onc Online selling cost

offc Offline selling cost

s Additional services, s∈ ,   1s ≥

( )C s Cost of the provided services, a convex increasing function

( )sb Shopping services valuation factor

( )sγ Added value of the online retailer

a Customer acceptance of manufacturer online channel, 
0,1 a∈  

θ Customer acceptance of retailer online channel, 
0,1 θ∈  

v Product valuation of customer, a continuous random variable, 
~ 0,v U v    

( )u v Density of v

onv Online product valuation of customer

 free ridingv Free-riding product valuation of customer using manufacturer website 

'
 free ridingv Free-riding product valuation of customer using retailer website

offv Offline product valuation of customer

onU Manufacturer online utility function of customer

'
onU Retailer online utility function of customer

0ffU Offline utility function of customer

choiceU Choice utility function of customer, { }00, ,choice on ffU max U U=

D Market size
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Notations Interpretations

onP Choosing online channel probability

offP Choosing offline channel probability

ond Demand on the online channel, on obnd D P= ×

offd
Demand on the offline channel, off offd D P= ×

offε Uncertainty caused by markets changes, is a continuous random variable

f Density function of offε

F Cumulative distribution function of offε

m Average of offε

,a b   Values range of offε

Q Ordered quantity

z Offline product channel stocking factor, offz Q d= −
 

ϕ Unsold products unit salvage 

( ),offEP s z Expected offline profit function

The free-riding customer behavior is the situation in which, directly or after visiting the 
offline store, the customer decides to purchase the product using the online channel (Chou 
et al., 2016; Wang et al., 2022a). The purchasing channel switching is usually motivated by the 
lower level of the online price, pon, but it implies the assumption by the customer of some 
disadvantages such as the extension of the purchase time or the possibility of impediments 
related to delivery (Zhang et al., 2021; Tahirov & Glock, 2022; Xu et al., 2022). Moreover, the 
offline retailer can control the level of additional services, s, reducing them when predicting 
weak free-riding customers behavior or, on the contrary, he can refill them when there is a 
significant free-riding behavior (Tian et al., 2022). This leads to the necessity of the most ap-
propriate mathematical modelling of the free-riding online customer utility. For this reason, 
in the following section, we propose a new utility free-riding function that includes both the 
total acceptance of the online channel, corresponding to the situation where the customer 
directly uses the online channel or when the offline services do not contribute to increasing 
product valuation, as well as the situation where the acceptance of the channel online is null 
and the customer relying only on the offline product valuation.

To achieve the objectives of our study, which were announced in the first section, we 
formulated the following working hypothesis:

Hypothesis H1: The customer free-riding product valuation is between online and offline 
customer product valuation. 

End of Table 1
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Proposition 1, presented in section 4.1, is formulated to validate this hypothesis. Also, in 
section 4.2, we performed the mathematical calculations to provide the expressions of cus-
tomer utility, of channel choosing probabilities and of offline and online product demand. 
In the same section we formulate Proposition 2 which provides, from the point of view of 
economic interpretation, the maximum valuation of the online product price for which the 
customer can become free-riding.

To find the decentralized supply chains model, in section 4.3, through Proposition 3, we 
show both that the expected profit function of offline channels admits a local maximum 
valuation and the way to find the optimal valuations   for the offline channel stocking and for 
services provided cost, valuations   that maximize the profit offline. To complete our research, 
we proceed to section 5, in which a series of numerical simulations is presented to explain 
the implementation of our model. We emphasize that all the mathematical proofs are original 
and part of them, those of the Propositions, are in the Appendix. 

4. Results 

The objective of this section is to bring improvements to the existing theory and models 
concerning the purchasing behavior of customers in the context where the consumer must 
choose one of the available marketing channels to acquire a certain product. The buyer 
has multiple purchase channels at their disposal, such as manufacturer’s online channel, the 
retailer’s offline channel or the retailer’s online channel. We propose a new function for the 
mathematical modelling of the consumer’s free-riding valuation. We present and prove cer-
tain theoretical results regarding the properties of this function. 

4.1. The product valuation of customer

If we focus our attention on the product valuation variation, then in the situation where the 
online channel belongs to the manufacturer, the customer online product valuation is the 
same as the customer product valuation because the manufacturer website is one of the 
factors that matter in the product valuation of the customer. Also, we can say that it can 
increase from the v valuation to the ( )s vb , where the valuation is multiplied by the contri-
bution brought by shopping services, and more, for the situation in which the customer, after 
visiting the offline store, decides to be free-riding customer and he returns on online channel 
to purchase the product, we propose a free-riding product valuation: 

 ( ) ( )  1free ridingv s v = a + − a b  . (1)

For this new free-riding product valuation formula, the following assumption must be 
verified.

Proposition 1. When the shopping services valuation factor ( )sb  is greater than or equal 
to unit ( ( ) 1sb ≥ ), and the customer acceptance of manufacturer online channel a  takes 
values   from 0 to 1 ( 0,1 a ∈  ), then the free-riding valuation is between online valuation and 
offline valuation:

  on free riding offv v v≤ ≤ .
 

(2)
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Or,

 
( ) ( ) ( )1v s v s v ≤ a + − a b ≤ b  . (3)

The purpose of Proposition 1 is to validate the Hypothesis 1 presented earlier. Further-
more, besides to the property ensured by Proposition 1, the free-riding product valuation, 

 free ridingv , through the analytical expression proposed by us, presents, in addition to the 
existing expressions from the specialized literature (Liu et al., 2022a), the advantage that it 
also models limit, the extreme situations, of total acceptance or total elimination of the pur-
chase option from the online channel. Thus, for the situation where the customer decides to 
purchase directly online, without considering the offline store as an alternative, or when his 
visit did not at all change the decision to buy online, we have online acceptance 100%, with 

1a =  and ( ) 1sb =  and the relation (2) becomes:

  on free riding offv v v= = .
 

(4)

Or in other words, the customer free-riding product valuation is equal to both online and 
offline customer product valuation. In the opposite situation, in which the customer decides 
to make the purchase offline, presenting an online acceptance of 0%, with 0a =  and ap-
preciating that the purchase from the offline store has a series of precise advantages with 
( ) 1sb > , the relationship (3) becomes:

 ( ) ( )v s v s v≤ b = b .
 

(5)

Which is equivalent to the situation where the customer free-riding product valuation is 
equal to offline valuation but exceeds online customer product valuation. 

  on free riding offv v v≤ = . (6)

For the other valuations   of ( )0,1a∈  and ( ) 1sb ≥ , the customer is in the free-riding 
position.

4.2. The demand function corresponding to online and offline channels

Using the definition of the purchasing utility (Liu et al., 2022a) as well as the product valuation 
modelled as in relation 1, the customer’s utility function, corresponding respectively to the 
offline and online purchase, is: 

 
( ) ( )1on onU s v p = a + − a b −  = ( ) ( )  1 onv s v pa + − a b − .

 
(7)

And the following (Liu et al., 2022a): 

 ( )0ff offU s v p= b − .
 

(8)

By optimizing the utility function, the customer decides to choose the purchase channel 
and at the same time, the demand function can be determined. So,

 { }00, ,choice on ffU max U U= .
 

(9)

The utility is zero, 0choiceU = , when it is considered that the purchase of the product is 
not useful and therefore it is not purchased.
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Using relations (7) and (8), we can say that relation (9) can also be written:

 

( ) ( ) ( )

( ) ( )

( ) ( ) ( )

0

,
1 1

, ,  
1

0, ,
1

off onon
on

off on off
choice ff

offon

p pp
U when v

s s

p p p
U U when v max

ss

pp
when v min

s s

 −
 < ≤

  a + − a b a b − 
  −  = >    ba b −        ≤  a + − a b b  

.

 

(10)

Because on offU U≥  ⇔ 
( ) 1

off onp p
v

s

−
≤

 a b − 
 and 0onU >  ⇔ 

( ) ( )1
onp

v
s

>
a + − a b

, also, on offU U<  

⇔ 
( ) 1

off onp p
v

s

−
>

 a b − 
 and 0offU >  ⇔ 

( )
offp

v
s

>
b

.

The probability of choosing the offline channel is ( )off choice offP P U U= = , so from relation 
(10) we obtain: 

 
( ) ( )

( ) ( )

( )
, 

1

,    
1

off on off

v
off on off

off

p p p
max

ss

p p p
P P v max u v dv

ss
 − 
   ba b −   

  −  = > =    ba b −     
∫ .

 

(11)

For the calculation of offP , we explain: 

 
( ) ( )

( ) ( )

( ) ( )

,   1
1

,  
1

,   1

off on
on off

off on off

off
on off

p p
if p p

sp p p s
max

s ps
if p p

s s

  − a  < − a +      b− a b −     =      ba b −   a    ≥ − a +  b b  

.

 

(12)

Because:

 
( ) ( )

   
1

off on offp p p
ss

−
> ⇔

  ba b − 
 

( )
1on offp p

s

 a < − a +
 b 

.

 

(13)

Proposition 2. When 
( ) ( ) ( )

,  
1 1

off on off off onp p p p p
max

ss s

 − −  =    ba b − a b −     

, we have the the following 
ordering of the price values:

 
( )

1on off offp p p
s

 a < − a + <
 b 

.

 

(14)

The statement of Proposition 2 can be interpreted as a customer can change the offline 
channel by returning to the online one and thus, he became a free-riding customer, only in 

the situation where the offline price is set at a value lower than 
( )

1offp
s

 a − a +
 b 

. Substitut-

ing in relation (11), the results given by relation (12), we obtain:
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 ( )( ) ( )

( ) ( )

1 ,   1
1

1 ,   1

off on
on off

off
off

on off

p p
if p p

sv s
P

p
if p p

v s s

  − a  − < − a +
  ba b −  =    a − ≥ − a +  b b  

.

 

(15)

The demand in the offline channel:

 ( )( ) ( )

( ) ( )

1 ,   1
1

1 ,   1

off on
on off

off
off

on off

p p
D if p p

sv s
d

p
D if p p

v s s

   − a   − × < − a +   ba b −    = 
    a  − × ≥ − a +

  b b    

.

 

(16)

Where with D  was denoted the market size. Regarding the probability of choosing the on-

line channel: ( )on choice onP P U U= = , from the relation (10), when 
( ) ( ) ( )1 1

off onon p pp
s s

−
<

 a + − a b a b − 
 

which means: 
( )

1on offp p
s

 a < − a +
 b 

, we obtain: 
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( )
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1

1

 
1 1
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1 1
off on

on

s p s p
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 a + − a b −b ⇔ =
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(17)

So:

 

( ) ( ) ( )
( )( ) ( ) ( ) ( )

( )

1
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1 1

0,   1

off on
on off

on

on off

s p s p
if p p
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s

    a + − a b −b a   < − a +    ba b − a + − a b   = 
  a ≥ − a +  b  
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(18)

And the demand in the online channel:

 

( ) ( ) ( )
( )( ) ( ) ( ) ( )

( )

1
,   1

1 1

0,   1

off on
on off

on

on off

s p s p
D if p p
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    a + − a b −b a   × < − a +    ba b − a + − a b   = 
  a ≥ − a +  b  

.

 

(19)
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4.3. The decentralized supply chains model

In this section, we study how the optimal decision changes if we use the modelling proposed 
by us in section 4.1 for the valuation of the free-riding product,  free ridingv . We will consider 
the case where the supply chain is made up of two independent members, namely, the online 
store unit and the offline store unit. The two units operate each by pursuing the maximization 
of their own profit, thus being in the position of competitors on the market, but still having 
a common interest, that of selling as large a quantity as possible of the assortment of the 
same product.

We will put special emphasis on the situation where the offline store focuses on mak-
ing optimal decisions to avoid the situation where a customer who has benefited from the 
services of visiting the offline store, decides to switch the channel and thus make the online 
purchase. 

Thus, our research aims to study the optimal level of offline services, expressed through 
their related costs, the research necessary to optimize the interest of the physical store, that 
of reducing the phenomenon of free-riding.

To achieve this, the offline expected profit function, offEP , must be maximized. The offline 
expected profit depends on two variables, namely the offline channel stocking factor of prod-
uct which is equal with the difference between ordered quantity and demand, offz Q d= −  
and the additional services s which is expressed by the cost of the services provided, ( )C s . 
Also offEP  considers a continuous random variable that describes the uncertainty caused by 
changes in market offε , with , ,    f F m and ,a b    that are its density function, cumulative dis-
tribution function, average and values range respectively, and the unit salvage of the unsold 
products, denoted by ϕ .

Forwards we consider offline expected profit function given by Liu et al. (2022a): 

 
( ) ( ) ( ) ( ) ( )  , 1off off off off acq offEP s z p c d m z b p d z C s= − + + + − − + − −  

 ( ) ( ) .
z

off off off off
a

p c F d− − ϕ ε ε∫
 

(20)

Proposition 3. If the free-riding product valuation,  free ridingv , is ( ) ( )  1free ridingv s v = a + − a b   
then the offline expected profit is a concave function.

Proposition 3 provides the optimal offline channel stocking factor of product z, and the 
optimal cost of the services provided, ( )C s , in which the offline expected profit reaches the 
maximum value. These two values, which by the way constitute the local extremum point of 
the offline expected profit function ( ( ), )offEP s z  are determined by solving the system ob-
tained by equating the first-order partial derivatives to 0, equations system which is described 
and can be consulted in the Appendix.

5. Discussion

To investigate the impact of the customer online channel acceptance and of the experience 
gained in the offline channel, on the profit variation, in this section, we generate four nu-
merical examples that show how the offline profit is influenced when the customer’s online 
acceptance and experience gained in the offline channel varies. Taking into account the 
modelling previously proposed for free-riding product valuation, as well as the corresponding 
form of the relationship (20) that gives the offline expected profit, in Figure 3, we represented 
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the profit variation corresponding to three valuations   of online acceptance. Thus, the profit 
variation 1EP , corresponds to an online acceptance of 60%, 0.6a = , also 2EP  and 3EP , cor-
respond respectively to values 0.5a =  and 0.4a = . The other parameters are considered the 
same in all three cases, namely 10acqp = , 20offp = , 12onp = , the sale cost 5offc = , 100v = , 
the shopping services value factor ( )s sτb = , with 0.8τ = , the market size, 200D = , 8ϕ = , 
the services provided ( ) 20.1C s s=  and ~ 10,20off U  ε   .

As can be seen from Figure 3, the decrease in the valuation of the customer online chan-
nel acceptance is directly reflected in the increase in the valuation of the expected offline 
channel profit:

 0.6 0.5 0.4a = > a = > a = , (21)
require: 
 1 2 3EP EP EP< < . (22)

Also, for the three examples considered, we observe that the offline channel can register 
a profit only in the situation where the customer online channel acceptance does not exceed 
the value of 60% and the effort of the offline shopping services, s, keeps a value above unity 
but not greater than 10 in the case of an online acceptance of 50%, respectively 14 units for 
an acceptance of 40%, exceeding these values   also leads to the profit non-recording of the 
offline channel.

For the value 0.4a = , the market size reduced by 10 times, 20D =  and the other pa-
rameters remaining unchanged, we studied the level of the expected profit when ( )s sτb =  
varies. Thus, we considered three values   for τ, namely 0.8τ = , 0.7τ =  and 0.6τ =  to be able 
to interpret the profit variation, 1EP , 2EP  and 3EP , variation given by the level of services, 
Figure 4. 

Thus, for: 

 0.8 0.7 0.6τ = > τ = > τ = . (23)
Is obtained:

 1 2 3EP EP EP< < . (24)

which is interpreted as follows: Along with the increase of the shopping services valuation 
factor, an increase in offline profit is also recorded.

Figure 3. The impact of the customer online channel acceptance on the offline profit variation 
(source: own projection using GeoGebra Calculator Suite)
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To provide a better exploration of expected profit according to the effort of offline ser-
vices, we kept all the levels of the parameter values   that were used in the previous example 
and we only varied the value of the percentage in which the customer accepts the online 
channel. Thus, in the calculation processing that led to Figure 5, we considered an accep-
tance of 50%, corresponding to 0.5a = , while in the calculation processing corresponding 
to Figure 6, the acceptance was 70%, which means 0.7a = .

Simultaneously exploring the evolution of the expected offline profit (EP) shown in Fig-
ures 4, 5 and 6, it can be said that as the customer acceptance value of the online channel 
increases (a), the maximum value that can be reached by the profit of the offline retailer 
decreases simultaneously with the subtraction of the interval corresponding to the additional 
services effort (s) for which the profit is positive.

We selected one of the three offline expected profit functions which have been plotted 
in these three graphs mentioned above (Figures 4–6), namely EP2. It can be observed that an 
increase in online acceptance of the customer, from the value of 40% to the value of 60%, the 
other parameters remaining the same, involves a decrease in the maximum allowed value of 
the profit by approximately 16 times, from the value of 1.6 to the value of 0.1. Also, the length 
of the interval corresponding to the effort of offline services, s, decreases approximately eight 
times, from 4 units to less than half a unit.

In a decentralized supply chain consisting of two different retailers – one with a physical 
store and the other operating through an online channel – this study provides a framework 
for product valuation from the customers’ perspectives and demonstrates that the valuation 
of free-riding falls between online and offline valuations. This free-riding valuation is based 
on the combination of customers’ acceptance of the sellers’ online channel (a, which is in-
fluenced by their experiences gained from offline channels), the shopping services valuation 
factor (b(s)), and the product valuation from the customers’ perspectives (v). Additionally, 
we demonstrate that customers’ acceptance of seller online channel (a), founded on the ex-
perience gained in the offline channel, plays a decisive role in the profit equation of offline 
retailers whose physical stores allow free-rider autotelic customers experiences, satisfy their 

Figure 4. The impact of the experience gained in the offline channel on the offline profit 
variation, when the online acceptance is 40% (source: own projection using GeoGebra 
Calculator Suite)
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haptic expectations and needs for touch, without convincing them to buy directly, but for 
various reasons turn to online channels for purchases. 

There are several practical implications for offline retailers in profit management derived 
from these findings, which are described below. In the primary instance, offline retailers must 
focus on the types of additional services offered in their physical store, as this will help reduce 
showrooming, encourage customers to make in-store purchases, and optimize profit. The 
challenge for physical retailers lies in discovering the optimal combination of product pricing 
(poff), product stocking factor (z), and the additional services (s) that effectively retain custom-
ers in the physical store for their purchases. On the other hand, brick-and-mortar retailers 
need to understand the mechanisms that could lead to a decrease in customers’ acceptance 
of retailers’ online channel (a, based on experiences gained from the offline channel), and 
implement strategies that persuade customers to buy from their physical store. 

Figure 5. The impact of the experience gained in the offline channel on the offline profit 
variation, when the online acceptance is 50% (source: own projection using GeoGebra 
Calculator Suite)

Figure 6. The impact of the experience gained in the offline channel on the offline profit 
variation, when the online acceptance is 70% (source: own projection using GeoGebra 
Calculator Suite)
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First, our study shows that offline retailers, faced with free-riding customers and show-
rooming behavior, could optimize their profit in situations where customers prefer online 
channels by offering a level of additional services that retain customers for in-store purchases, 
without negatively impacting their target profit margins. Although price remains a key factor 
influencing free-riding and showrooming behaviors, our model emphasizes the significance 
of additional services provided by brick-and-mortar stores in retaining customers (Zhang 
et al., 2023; Wang & Chaolu, 2022). Effective marketing segmentation and personalization 
strategies, the development of multichannel sales, and proper supply chain management 
can all help reduce showrooming and enhance the efficiency of in-store retailers (Moliner & 
Tortosa-Edo, 2024). Our research is in line with prior studies indicating that showrooming can 
harm brick-and-mortar retailers when the additional services offered by these physical stores 
do not persuade customers to make purchases in-store, leading them to migrate to online 
channels instead (Lei & He, 2024; Mitra, 2022; Liu et al., 2020). 

Second, in the showrooming context, customers’ acceptance of retailers’ online chan-
nels – based on their experiences gained in offline channel – serves as the cornerstone for 
managing profits within the framework of offline retailers. Identifying the mechanisms under-
lying consumers’ choices between online and offline shopping channels could significantly 
contribute to optimizing the profit of today’s offline retailers. They must understand that 
the choice of purchase channel is based on a complex set of individual distinctions among 
consumers and intrinsic factors external to the individual, that characterize each respective 
purchase channel. Although pioneering studies in the field of psychological factors influenc-
ing multichannel customer behavior date back nearly two decades, the topic remains open to 
interpretations and new discoveries, the practical utility of which can be leveraged by offline 
retailers to maximize profits. 

Behind the central concept we have used regarding the customers’ acceptance of retailers’ 
online channel (a, based on the experience gained from the offline channel) lie sophisticated 
reasoning and complex psychological traits of customers, along with objective characteristics 
of the purchasing channels that they can compare. All products are theoretically suitable for 
free-riding and showrooming, but electronics, fashion, furniture, and home products are the 
categories that lend themselves best to showrooming, given their characteristics, such as high 
prices and functionalities, or the need for fit, which are analyzed in physical stores prior to 
online purchases (Sharma et al., 2023). 

The competition between online and offline channels is conducted with different and 
rather disproportionate means, favoring online stores, which benefit from advanced technolo-
gies for interactive product presentation, 24-hour accessibility from any Internet-connected 
location, and modern promotional methods, including electronic word-of-mouth signals about 
the product quality and customers’ experiences (Rosillo-Diaz et al., 2024). As e-commerce 
expands, multichannel distribution fosters the development of channel change, showroom-
ing, and webrooming behaviors, which adequately address the main limitation of online sales: 
the need for physical trials (Loupiac & Le Nagard, 2024). The opportunity for customers to 
experience physical trials in brick-and-mortar stores incurs significant costs related to supply 
expenses, logistics, storage spaces, and specialized personnel, and even under these condi-
tions, it is sometimes impossible for all products to be physically available in stores (Loupiac & 
Le Nagard, 2024). Offline sellers are compelled to compete with online retailers implementing 
increasingly advanced augmented and highly interactive technologies, mobile shopping gami-
fication, smart gloves etc. (De Canio & Fuentes-Blasco, 2021). Recent development in product 
testing related to virtual try-on technologies based on augmented reality have negatively 
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impacted the supremacy of physical product testing, further reducing the likelihood that cus-
tomers will purchase from offline channels (Loupiac & Le Nagard, 2024).

Modern marketing methods for identifying the relationships between consumer pref-
erences and purchasing channels choices provide practical support to offline merchants in 
profit management. Multichannel customer behavior can be influenced by various combina-
tions of psychographic features such as risk attitudes (readiness to take risks), cognitive abil-
ities (need for cognition), motivation (chronic shopping orientation, autotelic or instrumental 
need for touch, resistance to change, exploratory buying behavior tendency), personality 
(neuroticism, openness, conscientiousness, agreeableness, extraversion), and decision-making 
style (rational, intuitive, dependent, avoidant, maximizing, regret), as well as several external 
factors influencing channel choice, including channel attributes (information, service quality, 
price advantage), marketing efforts (promotions), social influences, contextual factors (time 
pressure, regional or technological accessibility), and channel experience (retailer loyalty) 
(Blomker & Albrecht, 2024). 

6. Conclusions 

In this study, we investigate the influence of showrooming behavior on the product valua-
tion of customers, which has been ignored in the previous literature, but proves to have a 
significant issue in competitiveness of companies. We consider a decentralized supply chain 
consisting of two distinct retailers, one that operates through a physical store and one that 
owns an online channel. The customer’s choice to purchase similar products between offline 
and online channels depends on the product valuation, for which we have developed a valid 
and appropriate mathematical model. This model considers both the free-riding behavior of 
customers who use the experience gained in the online channel to complete their purchases 
in the online channel, and the choice of either the online or offline channel. It should be 
emphasized that our approach has the additional advantage that free-riding product valu-
ation completely covers the range defined by online and offline product valuations, while 
respecting all the conditions regarding the ordering of the price values   corresponding to each 
channel or free-riding situation. 

We prove that the free-ride valuation is between the consumer on-line valuation and the 
consumer off-line valuation. Also, we establish the price range for free-riding, respectively the 
interval between on-line prices and off-line prices for free-riding. The model results indicate 
a concave expected profit function for the seller. 

This study provides several managerial implications. When is noticed an increase in the 
preference of customers to use the online store, before or after visiting the offline one, our 
results can be useful for the economic decisions of the offline stores, which must establish 
a level of services that, on the one hand, reduce the phenomenon of free-riding but which 
at the same time does not generate too much cost effort, thus ensuring profit optimization. 

Taking into account on the one hand the growing trend of customers’ appetite to pur-
chase online, and on the other hand the results obtained in our research, namely that when 
customer online acceptance increases, the maximum expected profit is reduced regardless of 
how great the effort of the offline channel is, we can conclude that in order to increase the 
profit, the retail stores have apply our results to determine the optimal value of the effort 
simultaneously with the optimization of other operational parameters which lead to increased 
profitability.
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While this study addresses the challenging issue of determining the free-riding product 
valuation and optimizing profits for offline retailers facing free-riding customers and show-
rooming, it presents some limitations. This study does not differentiate between various 
product categories and does not delve into the psychological and/or contextual factors that 
could underpin the acceptance of online channels by free-rider consumers who engage in 
showrooming. The study develops a valid mathematical model and numerical simulations 
without using other research techniques, such as empirical studies, experiments or inter-
views, which could yield different results. The investigation focuses on a decentralized sup-
ply chain involving two different retailers: one with a physical store and another operating 
through an online channel. Other supply chain types, such as centralized or hybrid models, 
are not examined, although studying them could reveal important aspects for the retailers 
involved, particularly regarding profit optimizing in scenario involving free-riding and show-
rooming customer exposure. Additionally, the research does not consider the reverse face 
of cross-channel behavior, represented by webrooming, where customers discover products 
online and then purchase them in physical stores. 

Regarding further directions, our future research considers the application of the pro-
posed formula for modelling the valuation of the free-riding product for the determination 
of centralized or hybrid supply chains models. This study can be extended to situations where 
there is online competition between the manufacturer’s website and the website of an online 
shop or retailer. 
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APPENDIX

Proof of Proposition 1 

When 0,1 a ∈    ⇒ 1 0− a ≥  but ( )1 s≤ b , then:

 ( ) ( ) ( ) ( )1 1 1 1s s− a ≤ − a b ⇒ ≤ a + − a b .
 

(25)

Multiplying the relationship (25) with a positive valuation v, we have: 

 ( ) ( )1v s v ≤ a + − a b  .
 

(26)

On the other hand, when 

 ( ) 1    0s andb ≥ a ≥  ( ) ( )( )1   0  1 0s s⇒ − b ≤ ⇒ a −b ≤  ⇒

 ( ) ( ) ( ) ( )0 s s s s⇒ a −ab ≤ ⇒ a +b − ab ≤ b ⇒

 ( ) ( ) ( )1 s s⇒ a + −a b ≤ b .
 

(27)

And from the relationship (27), we have:

	 a + (1 − a)b(s)v ≤ bsv. (28)

Finally, relation (3) follows from relations (26) and (28). 
Therefore, we have proved the Proposition 1. 

Proof of Proposition 2 

From relation (13) we obtain: 

 pon < pof f1 − a + abs. (29)
For the second inequality, we start from relation (27) which implies:

 ( ) ( ) ( )1 s sa + − a b ≤ b  ⇔  
( )

1 1
s
a

− a + < ⇔
b

 ⇔  
( )

1off offp p
s

 a − a + <
 b 

.

 

(30)
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Using the results obtained in the previous calculations (relations (29) and (30)), we obtain:

 
( )

1on off offp p p
s

 a < − a + <
 b 

.

 

(31)

Therefore, we have proved the Proposition 2.

Proof of Proposition 3

The offline expected profit function is (Liu et al. 2022a):

 ( ) ( ) ( ) ( ) ( )                                  , 1off off off off acq offEP s z p c d m z b p d z C s= − + + + − − + − −

 ( ) ( )
z

off off off off
a

p c F d− − − ϕ ε ε∫ .

 

(32)

To prove that the offline expected profit is a concave function we have to prove that its 

second-order differential is negative defined, which is equivalent to showing that: 
2

2
0offEP

s
∂

<
∂

 
and ( ), 0H s z > . The partial derivatives of the first order are:

 ( ) ( ) ( ) ( )
( )( )
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′
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a −
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(33)

and 

 
( ),offEP
s z

z
∂

=
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 ( ) ( )off off acq off offp c p p c F z− − − − − ϕ .
 

(34)

The second-order partial derivatives are:
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(38)

then, the Hessian matrix is: 

 ( )
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2
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Because ( ) 0s′′b < , ( ) 1 0sb − ≥  and ( ) 0C s′′ > , we have:

 ( )
2

2
, 0offEP

s z
s

∂
<

∂  
(40)

and its determinant is:
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(42)

so, 

 ( ), 0H s z > . (43)

Relations (40) and (43) imply that the differential of the second order is defined negatively, so 
the offline expected profit is a concave function. Therefore, we have proved the Proposition 3. 


