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Abstract

This article considers three situations when versioned information products
introduce sequentially, then compares vertical differences and pricing strate-
gies. The result shows that three equilibriums exist in the different sales or-
ders under the vertical product differentiation. Price of high-versioned prod-
uct will be highest when firm provides high-versioned product first then low-
versioned product. It is the best strategy for covering the market and max-
imizing profits. For providing low-versioned product first then high-versioned
product, the price of high-versioned product and the total market demands
are affected by the waiting cost threshold. In addition, increasing of network
externality will cause the increasing of the profit, price and demand of high-
versioned product, but the demand for low-versioned product will be re-
duced.
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1. Introduction

Information products are common in the work and life of consumers. Version-
ing is a widely used sales method for information products. Version differences
can meet different consumer needs and increase market share. For example, Mi-
crosoft sells Windows systems in a series of editions for the Home, Enterprise,
Professional, and Gold. Information products with vertical differences apply to
different consumer groups, with increasing market share. Different versions are

sold at different prices, which can bring about an increase in profits.
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In reality, the information product versioning strategy is to meet the needs of
more consumers and expand market share. This paper analyzes the vertical dif-
ference and pricing strategy of high and low versions based on maximizing
market demand, as well as the impact of network externality on profit and mar-
ket share.

2. Related Literature

Stress and Counterproductive Work Behavior

Many scholars have studied the vertical differences or version pricing of infor-
mation products. Baake and Boom [1] studied the compatibility decision-making
problem of enterprises under the network externality. They pointed out that,
enterprises were more likely to obtain compatibility and higher profits under the
interaction of vertical differences and network externalities. The research of
Sundararajan [2] suggested that manufacturers influence the quality of products
and pirated products through price discrimination. When there was no price
discrimination, manufacturers always set lower quality. Bhargava and Choud-
hary [3] studied the versioning strategy of network externality. When the mar-
ginal utility was a constant, the two version strategy with quality differences was
optimal. Noh and Moschinl [4] studied the different duopoly market in terms of
product entry and containment strategies. Studies by Lee et al [5] had shown
that offering free products or services was to attract more consumers, expand the
scale of the network, and then profit more by launching high-quality products or
services. Nobuo [6] studied the Bertrand price competition strategy of Internet
products with vertical differences between two monopolists. Chen and Seshadri
[7] pointed out that manufacturers’ development and pricing of information
products are affected by the continuous heterogeneous external choices in the
market. Wu and Chen [8] argued that the multi-version strategy was optimal in
the presence of piracy. When there was no piracy, a single version was the best
strategy. Bhargava and Choudhary [9] pointed out that information products
were more favorable in product quality differentiation when the market share of
low-quality products alone. Cheng and Tang [10] believed that a free version
was the best choice when the network effect was strong. A study by Chappell et
al [11] showed that different versions of product quality evaluations led to
product quality differences. Li et al [12] studied the conditions for versioning of
information products, and the number of versions, the determination of the dif-
ference in quality. They found that if the consumer utility was the linear utility
function, the products with different qualities had willingness to pay. Hui et al
[13] believed that the information products that provided vertical differences
were not affected by consumer heterogeneity. Lambertin and Tampieri [14] stu-
died that if the market entry time was an endogenous variable, the equilibrium
of observable delay games was the first to enter the market for low-quality en-
terprises.

From the above research, it can be found that the current research on the
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pricing of information products does not consider the difference in quality selec-
tion. This paper analyzes the vertical difference and pricing strategy of high and

low versions based on maximizing market demand.

3. Modeling

In order to expand market share, the providers choose to sell multiple versions
of information products. The vertical difference between the high version and
the low version is the quality difference. Assuming the quality parameter of the
high version is s, =1, the quality parameter of the low version is

s, =Asy; =4, A€(0,1) is the quality discount for the low version. Supposing
the provider sells a lower version at a known price ( p,,). The price of the high
version of the product is a decision variable ( p,,), p,, < p,, . The consumer’s
evaluation of the quality of the product is 8-s, € obeys uniform distribution
[O,V], represents the purchaser’s evaluation of the unit quality product, V is
market capacity. The additional utility generated by network externalities is
H-q-Ss, ue (0,1) indicates the network externality coefficient. When a con-
sumer buys at most one unit of product, the consumer’s utility is expressed as
@-s—p-q-s—p. Most of the studies often use such a representation. For the
simplicity, assuming that the fixed cost and marginal cost of the information
product is zero. In addition, the versioning cost of the product is not considered.

The utility function that consumers choose to different versions is:

('9+ﬂQH)SH ~Pn
U= (9+lqu)sL_pLO (1)
0

Total market demand ¢ =g, +¢,
U, =0,U, =0. The critical point for the evaluation value of purchasing the

high and low version separately is:

p V4
HH:_H_quH’eL:S_L_:qu (2)

SH L

U, =U, . The critical point for evaluating the difference between the pur-

chase of the high version and the low version is:
‘9HLz(pH_pLo)/(SH_SL)_,U(C]H_QL)/(SH_SL) (3)
The provider’s revenue function is:
1= pydy +Pods 4)

The provider sells both versions of the information products, determining the
quality discount A of the lower version according to the maximum demand
firstly, selling at a known price p,,, and then deciding the sales price of the
high version p,, . according to the profit maximization.

In the order of sequential sales of different versions, considering three strate-
gies: 1) simultaneous selling high version and low version; 2) first selling high

version, then selling low version; 3) first selling low version, then selling high
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version. Consider the following separately:

3.1. Simultaneous Selling High Version and Low Version

When 6 ¢€[0,6,), consumers do not buy any products. When 6 ¢€[6,.6,,],
consumers buy low version. When 6 e[6,,,V], consumers buy high version
(Figure 1).

The demand function is

_Pui—Pro + /u(qm _ﬂ1qu)
1-4 -4

_Pui—Pro_ P _ /u(qm _ﬂ'ﬂu)
1-4 1-4 1-4

Determining the low version quality discount based on the total market demand.

le =4 pLO _ ( ) L0 (6)
2 1-p 2p,+4

qm =V
(5)

qr

* 2PLoAz

A = (7)
2p+4
r 14 . 4
(=) 24,
. V(-2 A (1+
qu: ( 'u)_ﬂ_ 1( lu) (8)

24, 4, 24u

L
o VraC-m+apn] pl A[V(-#)=2p0]
1 4(1-u) 4, 44,

+V2(1—,u)[V/12(1—y)—Al] ©)

ALV (1-u)-2py, |

* 1_[* * *
P >0’a | >0,aqu >0’(3qu <0
ou ou ou ou

1 2 3 4
0<pu<—sdy =2V upyy (=), dy =(1=u) 4 =(1-p)’ 4, = (1- )"
Proposition 1: When the provider chooses to sell both high and low versions,

only when the network externality is met 0< u < %, the demand for lower ver-
sion products is greater than zero.
No buying Buying low version Buying high version
A A A
[ \ |
I | | I
f 1
0 o, O v

Figure 1. The consumer r’s decision when simultaneous selling the high and low versions.
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* 1
When g;, >0, the network externality is met 0<,u<5. Proposition 1

shows that in the case of a versioning strategy, when the provider chooses to sell
both high and low versions, it is possible to obtain more buyers only when the
network externality is small.

Proposition 2: If the high and low versions are sold at the same time, the
M. At this time, the total
2p 4
market demand was maximized, but it still failed to reach full market.

quality discount for the lower version is /1, =

When the network externality is small, the low version quality discount

2p,,A
“Pu% 1 the case of a small network externality, si-
2p+4

multaneous selling high version and low version can’t attract all potential buyers

should be set at 4 =

in the market.

3.2. First Selling High Version, Then Selling Low Version

Due to the asymmetric information, the consumers do not know that the pro-
vider will delay the sale of the low version product. When 6€[6,,,6,, |, con-
sumers who originally purchased a lower version product only changed to a
higher version. When 6 €[0,6, ), consumers do not buy any products. When
0€[6,,6,], consumers buy low version. When 6e&[6,,V], consumers buy
high version (Figure 2).

The demand function is

Gy =V = Dyr + Gy,

Pro
91> = Puo> —
4

Determining the low version quality discount based on the total market demand.

10
_/J(‘IHz_QLz) (10)

* 14 Pro
=— 4 £L0 11
pHZ 2 + 2(1_/1) ( )
* 2pp4,
A= (12)
u[V (1= ) (1=2p)+ py |
g =—  _Pu
2(1-p) 24,
i = V(1—2,u)+ﬂ (13)
2(l_ﬂ) 24,
q =V
No buying Buying low version Buying high version
A A A
[ \l \l
| | | |
0 01, QH \

Figure 2. The consumer r’s decision when first selling high version, then selling low version.
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o L 2pn (1-26) ] piy (1-241)

(14)
’ 4(1-p ) 44,
P> >0, oI, >0, Oy >0, 9q,, <0
ou ou ou ou
Proposition 3: The purchaser sells the lower version after selling the high ver-

2pp4, ]
ulV (1= p)(1-20)+ pyy ]
total demand is V; achieving full market. At this time, the high version price is
* V Pro
=—4+——
pHZ 2 2 (1 _ ,U)

Proposition 3 shows that the provider sells the low version after selling the

sion, and the lower version quality discount is A, =

high version, and can make the total demand reach the market full coverage. For
high version products that are sold firstly, the provider can charge a higher price
to increase profits. For the lower version products that are sold later, the re-
maining consumers are acquired, so that the market reaches full coverage.

Proposition 4: In the strategy of selling low versions after selling high ver-
sions, as the price of lower versions decreasing, the market demand for high ver-
sions increases, and the market demand for lower versions decreases.

When the low version is free, the market can still reach full coverage, at which
time the total profitis 2/4(1- ).

3.3. First Selling Low Version, Then Selling High Version

The utility function that consumers choose to different versions is:
(0+uq, )= py —Au

U= (€+:qu)ﬂ’_pL0 (15)
0

Defining 6, = Prs ™ Pro _ 4 = Aad13) A , Au>0 indicates the waiting

1-4 -4 -4
cost of preferring a high version. When 6 €[0,6, ), consumers do not buy any
products. When 6 ¢€[6,,6,], consumers buy low version. Due to information
asymmetry, the consumers do not know that the provider will delay the sale of
the high version product. When @ e&[6,,,6,], if their waiting cost is greater
than the waiting cost, they will choose to purchase the low version, otherwise
they will wait for the high version. When 6 €[6,,V], consumers buy high ver-

sion (Figure 3).

No buying Buying low version Buying high version

A \ \
[ \f \f \
|

0 QL 6)3 V'

Figure 3. The consumer r’s decision when first selling low version, then selling high version.
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The demand function is

- —y _Pus" P +,U(qH3—i3qL3)_ Au

! 17, (A ) .
_Pus —Pro_ Pro _/”(qH3 _ASQLS) u
q;3 = +uq,;+
1-4 -4 1-4 1-4

Determining the low version quality discount based on the total market demand.

. V(1-
Pus ZK+ Pro _ (1-4#) pro _Au (17)
2 l-u  2p,+ A4 2
* 2p, A
ﬂ/j — pLO 2 (18)
2po+ 4
. vV A; Au
qn3 =

20-n) 24 2(1-p)

J :V(I—Zu)_@_As(l+y)+ﬂ (19)
B 24, A, 24u 24,

gV C3) p A
’ 24, A, A, 24,

*_V(4PL0_2A“)_P_ZO+AS[V(I_ﬂ)—szo:l+ A’ AAu

I = 5 (20
’ 4(1-u) 4, 44, 2(1-p) 2 20)

y? (1—;:){1//12 (1-u) —u[ Vi (2-u) —AuJ+A5}+2V2pLOy(2—/J)

0= (1= ) (V= D) (1= 1) =2y, ]

P >0, oIl >0, 04,5 >0, 04,5 <0
ou ou ou ou

A= \2(V 1= Aut) ppg Ju (1 )

Proposition 5: If first sell the low version and then sell the high version, the

2p04,
2ppy +4s

quality discount of low version is A, = . At this time, with the waiting

cost increasing, the price of the high version decreases, and the total market de-
mand increases.

This is due to the asymmetric information, some consumers will not wait for
the delayed high version because of the high waiting cost. They will choose to

the low version.

4. Analysis

Considering the comparison of the above three sales orders, we will show the
results in Tables 1-3.

Consider the comparison between the high version pricing and the total prof-
its, which can be obtained from Table 1:

Proposition 6: p,,, < py, < Py, s <Iy,, <IT,,,.

Proposition 6 shows that for high version selling firstly, the provider obtain
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Table 1. Pricing and profit differences in three different sales orders.

Different sales orders High version price profit
14 V(l1- &
Simultaneous selling LA - % <
2 l-u  2p,+A4 4(1—;[)
First high version Vo Pu . V:
then low version 2 2(1-u) 4(1-p)
First low version - 14 P V(1-u)p,, < Vp,,
then high version 2 2(1-p)  2p,+4 1—p
Table 2. Market share differences in three different sales orders.
Different sal
HHierent saies High version demand Low version demand Total demand
orders
Simultaneous 14 N A V(l—2,u)_h_A1 (1+u) V(2—3,u)_p,_0 4
selling 2(1-p) 24,u 24, A, 24u 24, A4, 4
First high VP r(i-2u)  p, v
version 2(1-u) 24, 2(1-u) 24,
Fistlw V. 4 V0-24) p, AQ+p)  V(2-34) p, A
version 2(1-p) 24,u 24, A 24,u 24, A4, A4

Table 3. Impact of network externalities on pricing strategies under three different sales
orders.

Different sales orders High version price  profit High version demand Low version demand
Simultaneous selling + + + _

First high version
then low version

First low version
then high version

the highest price and the highest total profit. If the provider sells the high ver-
sion first, because there is no competition of the low version in the market, a
higher price can be charged.

Consider the comparison between high and low version demands and total
demands, which can be obtained from Table 2:

Proposition 7: ¢, <qy3 < P qu <di <P 6 <45 <P;-

As you can see from Proposition 7, if selling a high version firstly, the high
version does not attract the consumers the most, but the low version of the post
sales attracts all the remaining consumers. For the simultaneous sale of high and
low versions, the high version gets the highest market share and the low version
gets the lowest market share. The sale of the high version firstly will be able to
fully cover the market.

Proposition 8: The increase in network externalities will increase the price and
demand for high version and total profits, but reduce the demand for low version.

Proposition 8 shows that as the externality of the network increasing, the price
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and sales of the version products will be increased, but the effect of the low ver-
sion to expand the market share of the product is reduced. When the externality
of network increases to a certain extent, the appeal of the low version will be
weakened and even exit the market. Therefore, the versioning strategy does not
always expand the market share of products. In reality, many information prod-
ucts with strong network externalities, such as some video, audio and online

content products with head effects are only available in a single version.

5. Conclusions and Managerial Implications

In order to expand the market, providers usually offer different versions of in-
formation products to meet the needs of different consumers. In this paper, for
the three different sales orders, the corresponding low version quality discount is
determined, which maximizes the market coverage and gives the high version of
the optimal pricing according to the maximum profit.

For the simultaneous sale of high and low versions, only when the network
externalities are small, the low version is likely to attract consumers. At this time,
it does not attract all potential consumers, and the market has not reached full
coverage. But this strategy is not without any benefit. This strategy shows that
consumers are buying more high version products. This is conducive to provid-
ers to attract core users of a certain scale for forming a good reputation.

For the sale of the low version after the sale of the high version, the corres-
ponding low version quality discount can be used to achieve full coverage. The
high version of the product is the most expensive, the low version has the high-
est market demand, and the optimal total profit is also the highest. For high ver-
sion products that are sold first, because there is no competition of the low ver-
sion, the provider can charge a higher price, thereby increasing profits. For the
low version products that are sold later, all the remaining consumers are ac-
quired, so that the market reaches full coverage. So it is the best strategy to
choose to sell the high version first.

For the sale of the high version after the sale of the low version, the high ver-
sion price and the total market demand are affected by the waiting cost. As the
waiting cost increasing, the high version price decreases and the total market
demands increase. At this time, the market demands of the low version will in-
crease, while the market share of the lower version increasing greater than that
reduced by the high version, so the total market share will increase.

Under the three sales strategies, as the externality of the network increasing,
the price and demands of the high version increase, and the total profit also in-
creases. With the low version of the demand reducing, the attraction to con-
sumers is weakened, and even exited the market. Therefore, the versioning

strategy does not always expand the market share of products.

6. Future Research

As an extension to our work, the study of quality selection and competition
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strategies for competitive market with network externalities is an important one.
In the competitive situation, we can also consider the dynamic pricing of mul-
ti-period purchases, the cost of conversion of products and different qualities.
These situations are more reflective of reality. In the market of information
products, there are differences in the scale of enterprises, and the resulting
economies of scale also affect the pricing and quality selection, which is another

direction that this paper can consider.
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