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“Freemium” is a popular business model adopted by the vendors of digital products, and it has aroused extensive attention in the
academia. *e existing research studies commonly explore the business model from the perspective of network effect, but lack the
attention to the small-world features of network effect. In order to explore the effect of the small-world network, the current work
presents a two-period optimization model of monopolist. *e optimization model is incorporating with the Freemiummodel and
the small-world feature of consumer base. *e optimization model is solved analytically, and the comparative static results show
that if the integrating network effect caused by the strong and weak relationship group is sufficiently high (or the small-world
feature of the user group is prominent), the user group network exerts a positive effect; if the integrating network effect is not
sufficiently high (or the small-world feature of the user group is not prominent), the user group network exerts a negative effect;
especially, if the integrating network effect is low or moderate, the premium product is supposed to be free for the consumers. *e
conclusions enrich the understanding on the operation of digital products firms in the academia and industry.

1. Introduction

*e business model of Freemium is named by Wilson [1]
using the portmanteau word combining “free” and “pre-
mium.” Anderson [2] describes this business model as of-
fering a basic version for free to anyone in order to attract
some users to pay for the upgrading premium version.
Freemium is popular in the digital products industry: firms
often allow consumers to use products with basic func-
tionalities for free and charge for the products with value-
added functionalities [3]. For example, YouTube allows
users to watch videos for free but charge for the value-added
services such as avoiding advertisements. For another in-
stance, mobile app developers provide free products and
charge through in-app purchase [4, 5].

If done right, Freemium can create massive a user base
for the companies and convert free users to paying cus-
tomers [6]. Industry data shows that the 98% profit of
Google’s Play Store and 95% profit of Apple’s App Store are
contributed by the Freemium applications [7]. However, in
reality, many digital products firms still struggle with the
consequences of this free-to-fee switch [8]. For example, the

mobile app developers hesitate to charge the hidden prices
through in-app purchase [9]. *erefore, how to determine
the price of value-added products to maximize profit in this
“trying before buying” service is a sharp challenge for digital
products vendors when they implement the Freemium
model.

In the digital products industry, the social network
properties of the user base significantly impact the decisions
of the firms [10]. It leads to the network externality effect that
enables the users to enjoy a better utility from the installed
base. *e reason why the network externality improves
consumers’ utility is that the consumers could obtain ad-
ditional utility depending on the size of the user base [11].
For example, the group-wide interactions help the individual
users improve their understanding of product performance,
which leads to a higher utility [12]. Hence, impacted by the
network effect, consumers might be willing to pay a higher
price for the product [13].

An important fact needed to be considered is that the
social network, which exists in the user base and generates
network externality, is not a regular network, but a small-
world network. In a regular network, each node is equally
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connected with the other nodes (see Figure 1). However, the
consumer community in the reality often exhibits such a
small-world feature: each member of a group has a close
relationship with a few members, and these members’
performance has greater impact than others (see Figure 2).
*e network with this feature is called a “small-world
network” [14], which is popular in digital products. For
example, in Twitter and Facebook, users have a strong in-
teraction with a few closely related people or a few opinion
leaders. *erefore, digital products vendors are supposed to
determine the optimal pricing strategy with the small-world
network.

To explore the optimal pricing of digital products with
the small-world network externality, the current work de-
velops a consumer utility model integrating the small-world
network effect. Basing on the utility model, the current work
also develops the optimizationmodel on the pricing decision
of digital products vendor. *e decision model is solved
mathematically, and the comparative statics show that the
small-world feature of the user base may not contribute to a
higher profit unless it is not prominent (or the intensity of
network effect is high). In addition, if the intensity of net-
work effect is low or moderate, the premium product is
supposed to be adopted freely to enlarging the installed base.
Comparing with the previous studies, the current work
contributes a novel understanding that the small-world
network has a dual effect on the Freemium model. *is
understanding serves as a useful supplement to the existing
research, and enriches the knowledge on the role of network
externality effects.

*e rest of the paper is organized as follows. Section 2
reviews the literatures related to the current work. Section 3
explains the development of the utility function that in-
corporates the small-world network effect and the optimi-
zation model of the digital products vendor. Section 4 shows
the solution of the optimization decision model and the
comparative static analysis. *e comparative static analysis
is conducted for exploring the impact of such networks on
the digital products’ price and the vendor’s profit. *e
conclusions and limitations of the current work are pre-
sented in Section 5.

2. Literature Review

Despite its increasing popularity, Freemium, the business
model widely adopted by the digital products firms, still
services as a topic of heated debate. For example, the firms
always face the dilemma of balancing between improving
the quality of the free product and creating demand and
the value-added product: providing a free product with
enough high quality may decrease the demand of the
premium product for it may not offer significant added
value [15].

*e prior literatures exploring the Freemium model of
digital products focus on the network externality effect, which
is the prominent economic characteristic of digital products.
Cheng et al. [16] explored a special free strategy called “the
hybrid free strategy” that combines the characteristics of
functionality- and time-limited free trial strategies. *ey

explored the impact of network effect on the price and profit
of the vendors in the hybrid free model. Shi et al. [17] in-
vestigated when Freemium is optimal for companies with
network externality. *ey found that Freemium might be
typically suboptimal even with the network effect, and the
firm is supposed to charge the low-end product for free only if
the consumers of the high-end product could obtain larger
utility from an expansion of the installed base.

*e prior literatures mentioned above are based on a
potential hypothesis that the network formed by the con-
sumer group is the regular network in which all members of
the group pose the same impact on other member. In
contrast with the existing literatures, the current work
captures the small-world feature of the user base that the
consumers would be impact more by their closed “friend.”
*e small-world feature is very common in social network
[18], but the existing research lacks analytical investigation
on it. In addition, the prior literatures believe that the user
base is positively impacting the products’ prices and sup-
pliers’ profits; on the contrary, the current work suggests that
taking into the small-world feature, the user base may also
perform a negative effect.

Figure 1: *e regular network.

Figure 2: *e small-world network.
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3. Model Settings

3.1. $e Product’s Behavior. A digital products provider M
with market monopoly launches free product sF and value-
added product sP pricing as p. *e two products, sF and sP,
are compatible with each other; moreover, the functional-
ities of sP are better than sF, i.e., sP > sF. As is known to all,
digital products (e.g., Google Chrome and YouTube) defi-
nitely have some functionality; therefore, it is defined that
sF > 0, sP > 0. Both of sF and sP are given exogenously, andM
determines the optimality of p to maximize the profit.

3.2. Consumers’ Utility. Following Hotelling’s spatial model,
the current work assumes that the consumer vi uniformly
distributed over [0, 1], and the value of vi represents the
valuation of the consumer. In the reality, consumers tend to
experience free products first and then decide whether to
purchase value-added products according to their own
experience. Hence, a two-period model is presented in the
current work to simulate the consumers’ behavior. In the
free-period, consumers decide whether to experience the
free product sF. In the premium-period, consumers who
choose the free product sF decide whether or not to purchase
the value-added product sP. Each consumer will select at
most one unit of sF or sP.

3.2.1. Consumers’ Utility from sF. In the current work, sF
represents the functionalities of the free product, and the
subscript F represents free-period.*e utility of consumer vi
obtained from free products sF in the free-period consists of
two parts. *e first part is the utility from the inherent value
of sF. *is part is defined as vi · sF. *e second part is the
utility from the effect of network externality. In the small-
world networks, the nodes have a closer relationship with a
few other nodes.*erefore, parameter η(0≤ η≤ 1) is defined
as the small-world coefficiency of the consumer base. η
represents the proportion of the individuals closely relating
to a certain consumer in the group: when η is small, the
small-world feature of the consumer base is prominent (the
consumers are closely related to only a few individuals);
specially, if η achieves the lower bound (η � 0), it means that
the consumers have no closely related individuals in the user
base. When η is high, the small-world feature of the con-
sumer base is weak (the consumers are closely connected
with a large number of individuals in the user base); spe-
cially, if η achieves the upper bound (η � 1), it means that all
the consumers closely relate with each other in the user base.

*e user base of sF is defined as QF; hence, η · QF and
(1 − η) · QF are, respectively, the number of individuals
strong and weakly relating to the comsumer. *erefore, η ·
QF could impose a strong network effect on consumers’
utility, and (1 − η) · QF imposes a weak network effect on
consumers’ utility. In the current work, the intensity of the
network externalities generating from these two groups are
λs and λw(λs > λw). *e two parameters, respectively,
measure the extent that each an additional user of the two
relationship groups contributes to consumers’ utility.

*erefore, the utility of vi obtained from sF is shown in
equation (1), where cF is the learning cost of sF.

uF vi, sF( ) � vi · sF + λs · η · QF + λw · (1 − η) · QF − cF.
(1)

3.2.2. Consumers’ Utility from sP. In the current work, sP
represents the functionalities of the premium product, and
the subscript P represents the premium-period. In the
premium-period,M introduces the value-added product sP,
and the utility of consumers obtained from sP consists of two
parts. *e first part is the utility from the functionalities of
sP, and it is denoted as vi · sP in the current work.*e second
part is the utility from the network effect generated by user
base. Given the compatibility of sF and sP, all the consumers
who adopted sF would have network effect on the consumers
who purchase sP. *erefore, the network effect of sP is still
generated by the user base QF. *e intensity of network
effect in the premium-period is assumed to be equal to that
in the free-period.*e reason is that the intensity of network
effect depends on the characteristic of individual user. For
example, if the consumers are capable of communicating
with each other, they would enjoy a higher utility from the
installed base, and vice versa. In reality, the characteristic of
users are relatively stable with time; therefore, the intensity
of network effect is stable during the two periods. Hence, the
network effect of the strong relationship group of vi is λs ·
η · QF and that of the weak relationship group of vi is
λw · (1 − η) · QF. *e learning cost of sP is defined as cP, and
the utility that consumer vi obtains from sP is shown in the
following equation:

uP vi, sP( ) � vi · sP + λs · η · QF + λw · (1 − η) · QF − p − cP.
(2)

3.3. Optimization Model to Determine the Price of sP. In the
free-period, the consumer whose utility is positive would
adopt sF; that is, the consumer who adopts sF in the free-
period satisfies vi ≥ ((cF − [λs · η + λw · (1 − η)]QF)/sF). *e
parameter Λ � λs · η + λw · (1 − η) is defined as the intensity
of the integrated network effect (INEI) cogenerated by the
strong and weak relationship groups. *e parameter Λ is
hereafter defined as “Integrated Network Effect Intensity
(INEI).”

Given that 0≤ vi ≤ 1, the demand of sF is
1 − ((cF − Λ · QF)/sF). Inspired by Cheng et al. [16], all
consumers of the user base contribute to the generation of
network effects. *erefore, QF � 1 − ((cF − Λ · QF)/sF), and
it could be deduced that QF � (cF − sF)/(Λ − sF).

In the premium-period, the consumers whose utility is
positive would purchase sP; that is, the consumer purchasing
sP satisfies that vi ≥ (p + cP − Λ · ((cF − sF)/(Λ − sF)))/sP.
*erefore, the number of consumers who purchase sP is
1 − ((p + cP − Λ · ((cF − sF)/(Λ − sF)))/sP). *e monopolist
determines the price of sP to maximize the profit. *is
decision problem can be expressed by the following opti-
mization model in which p is the decision variable and the
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monopolist’s profit R is the target function. kc + kF · sF +
kP · sP is the development cost in which kF(kP) represents
the variable cost of developing sF(sP) and kc is a constant.

Max
p

R � p · 1 −
p + cP − Λ · cF − sF( )/ Λ − sF( )( )

sP
[ ]

− kc + kF · sF + kP · sP( ).
(3)

4. Results and Analysis

4.1. $e Solution of Optimization Model. *e second-order
condition of the optimization model (3) is as follows.

z
2
R

zp2
� −

2

sP
. (4)

It can be obtained that (z2R)/(zp2)< 0, which shows
that the optimization model is a concave function and has
the maximum value. *e optimality of the optimization
model (3) can be obtained through the first-order condition
that (zR)/(zp) � 0, and the solution of the optimization
model (3) is shown as follows.

p∗ �
1

2
sP + cP − Λ ·

cF − sF
Λ − sF

( )[ ],

R
∗
�
1

4sP
sP + cP − Λ ·

cF − sF
Λ − sF

( )[ ]2 − kc + kF · sF + kP · sP( ).
(5)

4.2. Analysis on the Optimality

4.2.1. $e Situation$at Λ Is Low. When the intensity of the
integrated network effect is low (Λ< sF · ((sP + cP)/
(sP + sF + cP − cF))), p

∗ < 0 and the following proposition
can be obtained.

Proposition 1. When INEI is low, technically, Λ< sF·
((sP + cP)/(sP + sF + cP − cF)), the provider is supposed to
offer the premium product for free and subsidizes the users.

In the other situation that INEI is low, the utility of
consumers from the network effect is lower, so as that from
the premium product. *e lower utility makes less con-
sumers purchase the premium product. In this situation, the
vendor could attempt to enlarge the use base through of-
fering cash back services, such as bonus, to consumers.

4.2.2. $e Situation $at Λ Is Moderate. When the intensity
of the integrated network effect is moderate
(Λ � sF · ((sP + cP)/(sP + sF + cP − cF))), p∗ � 0 and it de-
rives the following proposition.

Proposition 2. When INEI is moderate, technically,
Λ � sF · ((sP + cP)/(sP + sF + cP − cF)), the provider is sup-
posed to allow the consumers to adopt the premium product
freely.

In the situation of INEI being moderate, the utility of
consumers obtained from the network effect is still being
lower, and this makes the premium product attract less
consumers. In this situation, the vendor could attempt to
keep the premium product as free to enlarge its demand.

4.2.3. $e Situation $at Λ Is High. (1) Comparative Static
Analysis on Intensity of Network Effect.When the intensity of
the integrated network effect is high
(Λ> sF · ((sP + cP)/(sP + sF + cP − cF))), p∗ > 0. Inspired by
Ashworth and de Mesquita [19], the features of the opti-
mality could be explored through the monotone compar-
ative static for p∗ and R∗. *erefore, the comparative static
analysis on intensity of network effect (i.e., λs and λw) is
employed to investigate the impact of network effect in-
tensity on value-added product price and the vendor’s profit.
*e first-order partial derivatives of p∗(R∗) on λs(λw) are
shown as follows:

zp∗

zλs
�
zp∗

zΛ ·
zΛ
zλs

�
1

Λ − sF
·
sF · QF
2

· η,

zp∗

zλw
�
zp∗

zΛ ·
zΛ
zλw

�
1

Λ − sF
·
sF · QF
2

· (1 − η),

zR
∗

zλs
�
zR
∗

zΛ ·
zΛ
zλs

�
1

Λ − sF
·
sF · QF
2sP

· sP + cP − Λ · QF( ) · η,
zR
∗

zλw
�
zR
∗

zΛ ·
zΛ
zλw

�
1

Λ − sF
·
sF · QF
2sP

· sP + cP − Λ · QF( ) · (1 − η),
(6)

where QF represents the number of consumers who adopt
the free products; thus, QF ≥ 0. p∗ � 1/2[sP + cP − Λ · ((cF −
sF)/(Λ − sF))] denotes the optimal price of value-added
products; hence, p∗ ≥ 0, sP + cP − Λ · ((cF − sF)/(Λ − sF))
≥ 0. *erefore, whether the first-order partial derivatives are
positive or negative is determined by Λ − sF, and the fol-
lowing equations and proposition are obtained.

zp∗

zλs
or

zp∗

zλw
( ) >0, if Λ> sF,

<0, if sF · sP + cP( )/ sP + sF + cP − cF( )( )<Λ< sF,


zR
∗

zλs
or

zR
∗

zλw
( ) > 0, if Λ> sF,

< 0, if sF · sP + cP( )/ sP + sF + cP − cF( )( )<Λ< sF.


(7)
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Proposition 3. When INEI is (or not) sufficiently high,
technically,Λ> sF (or sF · ((sP + cP)/(sP + sF + cP − cF))<
Λ< sF), the optimal price of the value-added product and the
maximum profit of the monopolist increase (or decrease) with
the intensity of network effect.

When INEI is sufficiently high, it could be deduced from
(2) that the network effects largely increase the consumers’
utility of value-added products. In this situation, the con-
sumers are willing to pay a higher price for such items.
*erefore, the increasing λs and λw might be helpful to
increase the price of the value-added product when INEI is
sufficiently high. *e increase in prices is beneficial to the
profit; hence, λs and λw could also positively impact the
profit of the monopoly vendor when it is sufficiently high.

In the other situation that INEI is not sufficiently high,
the utility of consumers from the value-added products
would be much lower. Hence, the attractiveness of value-
added products to consumers would decline. In this situa-
tion, plenty of consumers prefer to use the free product
continually in the premium-period rather than purchasing
the value-added product, and the monopolist is supposed to
decrease the price of the value-added product to lure con-
sumers. Given that the price reduction of value-added
products, the revenue of the monopolist would also decrease
correspondingly. *erefore, when INEI is not sufficiently
high, λs and λw might negatively impact the price of the
premium product and the profit of the vendor.

(2) Comparative Static Analysis on Small-World Feature.
*e comparative static analysis on parameter η is performed
to explore the impact of the small-world feature on value-
added product price and the monopolist’s profit. *e first-
order partial derivatives of p∗ and R

∗ with η are shown as
follows:

zp∗

zη
�
zp∗

zΛ ·
zΛ
zη

�
1

Λ − sF
·
sF · QF
2

· λs − λw( ),
zR
∗

zη
�
zR
∗

zΛ ·
zΛ
zη

�
1

Λ − sF
·
sF · QF
2sP

· sP + cP − Λ · QF( ) · λs − λw( ),
(8)

where QF represents the demand of free products; thus,
QF ≥ 0. p∗ � 1/2[sP + cP − Λ · ((cF − sF)/(Λ − sF))] denotes
the optimal price of value-added products; hence, p∗ > 0,
sP + cP − Λ · ((cF − sF)/(Λ − sF))> 0. Since QF � ((cF − sF)/
(Λ − sF)), sP + cP − Λ · QF > 0. *erefore, whether the first-
order partial derivatives are positive or negative is deter-
mined byΛ − sF. SinceΛ − sF � λs · η + λw · (1 − η) − sF, the
following equations and proposition are obtained.

zp∗

zη
or

zR
∗

zη
( ) >0, if η> sF − λw( )/ λs − λw( )( ),

<0, if η< sF − λw( )/ λs − λw( )( ).
 (9)

Proposition 4. When the small-world feature of the cus-
tomer group is (or not) sufficiently prominent, technically,
η< ((sF − λw)/(λs − λw)) (or η> ((sF − λw)/(λs − λw))), the
optimal price of value-added products and the maximum

profit of the vendor decrease (or increase) with the small-
world feature.

When the small-world feature of consumers is suffi-
ciently prominent, the value of the small-world parameter η
bellows the threshold (sF − λw)/(λs − λw). *us, the size of
the consumer’s strong relationship group is small, and the
network effect generated by the user group is weak. In this
situation, the increasing value of η does not substantially
improve the consumers’ utility from value-added products.
*erefore, the monopolist is supposed to decrease price to
attract consumers. *e decrease of price is not beneficial to
the revenue of the firm; hence, the small-world coefficiency η
negatively impacts R∗ if its value is not sufficiently high.

When the small-world feature of the consumer group is
not sufficiently prominent, the value of η exceeds the
threshold (sF − λw)/(λs − λw). Hence, the consumer’s strong
relationship group is large. According to (2), the consumers
who are affected by the strong network effect would obtain a
higher utility when using value-added products; and those
consumers would be willing to pay a higher price for the
value-added product. In this situation, the small-world
coefficiency η positively impacts p∗, that is, p∗ increases with
η, and vice versa. *e increase in prices is beneficial to the
vendor’s profit; hence, η performs a positive impact on R

∗.

4.3. Managerial Insights. *e models and the propositions
presented in the current work have important implications
for the digital products firms in terms of management and
operation.

First, the network effect might exert increasingly com-
plicated impacts on the price of products and the profits of
firms due to the small-world feature of the user base.
Specifically, the network effect would not impose the positive
impact until the intensity of the integrated network effect is
high or the small-world feature of the consumer group is not
prominent.*erefore, digital products firms are supposed to
increase their profits through increasing the impact of each
consumer (to other consumers) in the user base or make the
consumers maintain close contact with as many other in-
dividuals as possible, through which the consumers would
obtain considerable positive externalities from their social
group.

Second, the digital products firms are supposed to set
skimming prices for their products in the situation that
the intensity of the integrated network effect is sufficiently
high, or the size of the consumer’s strong relationship
group is large. In this situation, consumers can obtain
high utility from the value-added products via the small-
world network and, thus, are willing to pay a high price
for the value-added product. In such a market environ-
ment, the firms could obtain profit fast through the high
price.

*ird, the digital products firms should adopt pene-
tration pricing strategy in the situation that the intensity of
the integrated network effect is not sufficiently high or the
size of consumer’s strong relationship group is small. In this
situation, the network effect has a negative effect on the
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consumer utility and then the consumers are not willing to
pay a high price for the value-added products. In such a
market environment, the firms should attract consumers by
providing free products and then expand the market size of
value-added products through the low price. Moreover, if
integrated network effect becomes much lower, the firms are
supposed to enlarge their installed base through complete
strategy (the premium product is also free) or even offering
cash back bonus to the consumers.

5. Conclusions

A significant reason of the global soar in digital products is
the popularity of the Freemium business model; and the
current work explores the effect of the user base’s small-
world feature in the Freemium of digital products. In this
work, the consumer utility model is presented, and the
model considers the small-world network feature. On the
basis of the utility model, the optimization model is derived
in which the small-world feature is a key parameter. By
solving the optimization model and conducting comparative
static analyses, the current work investigates the mechanism
of the small-world network effect on the price of value-added
products and the profit of digital products vendors. *e
results of the comparative statics show that taking the small-
world feature into account, the network externality would
generate positive effect on the premium product’s price and
the vendors’ profit only if the small-world feature of the user
base is not prominent or the intensity of network externality
is sufficiently high. *e current work shows the great sig-
nificance of the network effect; since the definite impact of
the network effect to firms’ profit, the digital products
providers in the reality, such as Facebook, YouTube, and
Twitter, are struggling to enlarge their user base.

Finally, the current work still has some limitations. First,
the current paper leaves out another form of Freemium. For
example, the digital products firms could sell advertising space
within the free product but charge to the firms who intend to
advertise in the space [20, 21]. *e future work might explore
the left forms of Freemium to provide a comprehensive un-
derstanding of this popular business model in digital products
industry. Second, the current work does not take into account
that the utility of consumers may decrease with time. Existing
literatures, such as work by Shivendu and Zhang [22] and Dou
et al. [23], have analyzed the effects of decreasing consumers’
utility on the firms’ determinations. It would be interesting,
inspired by the existing literatures, to investigate the Freemium
model with the variable utility. *ird, the Freemium model is
also widely adopted by the digital products firms providing
novel digital services. For instance, the Software-as-a-Service
(SaaS) firms provide the flexible on-demand software service
for their consumers [24]. It is definitely a challenge exploring
the Freemium model from the perspective of these new forms
of digital services.
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