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How should durable goods firms combine online and mass media

advertisements to promote sales?

Chieko Fujisawa®
Konan University
and
Norihiro Kasuga*

Konan University

Abstract

We develop an advertising strategy for durable goods firms applying a dual time-period model
while considering three-stage game in a Cournot competition. We assume that firms employ two
advertising approaches; one is online advertising, which escalates consumers’ willingness to
purchase goods and the other is conventional mass media advertising, including television and
radio, which presents a limited ‘evoked set’ of goods. The term evoked set implies that consumers
only consider a small group of brands prior to making a purchase. As firms understand the
character of each advertisement, sales strategy is devised to target a heterogeneous consumer
through advertising. Should firms only choose one type of advertisement or a combination of the
two kinds of ads available? In this model we assume that firms directly consider both types of
advertising. Our analysis demonstrates that online advertisement raises the total number of
consumer-product matches in the competitive equilibrium. We also show that firms combine the
two types of advertisement to apply the differing effects of each format. Moreover, firms increase
revenue through an appropriate mix of advertising strategy, although the cost of advertising might
increase. Regarding the future direction of advertising, we anticipate that the combination of both

online and conventional strategies will persist, maintaining the growth of a diverse product market.
JEL classification: D15, D43, 113, D82
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Introduction

The development and proliferation of Internet technology has pushed the online media
advertising market to expand year after year, surpassing mass media advertising in momentum.
Google, a subsidiary of Alphabet, reported a 22% increase in revenue in its financial statements
for the fourth quarter of 2018 from $39.12 billion in revenue in the fourth quarter of last year,
while Alphabet's revenue was only 99% of the previous year's. Digital platform companies such
as Google and Amazon are trying to provide targeted consumers with the advertising information
they want from data such as the articles they read, videos they watch, searches they perform, and
websites they visit. If a consumer browses a car website with the intention of purchasing a car,
the digital platform company will provide customized car advertisements for those who may be
interested in or considering purchasing a car. This kind of advertising is also called targeted
advertising. This targeted advertising is acceptable to rational consumers who gather the
necessary information and use it in their consumption choices. On the other hand, persistent
targeted advertising gives consumers a rejection of online advertising, so personalization is being
promoted by attaching advertisements that anticipate users' consumption preferences to free
delivery services. Mass media such as TV commercials and traditional advertising provide goods
information to a wide range of viewers through sensory methods. The effect is to create an evoked
set of goods that consumers are willing to buy. The evoked set refers to the target group of brand
purchases that consumers consider before making a purchase. Many brand companies spend
millions of dollars on advertising to enter the evoked set of consumers. Mass media advertising
revenue has not declined much in the past few years, as shown in Figure 1. This seems to suggest

that rather than digital advertising replacing traditional advertising (mass media advertising), the



two types of advertising may develop a complementary relationship in the future. In the case of
durable goods such as tableware and clothing, the external effects of reputation and advertising
are important for long-term demand growth. In recent years, mass media advertising revenue did
not reduce much, as displayed in Figure 1.

Figure 1

Total Media Ad Spending in the US, Traditional vs. Digital,
2018-2023
billions

2018 2019 2020 2021 2022 2023
Bl Traditional> El Digital**

Note: *includes directories, magazines, newspapers, out-of-home, radio and
TV, **includes advertising that appears on desktop and laptop computers as
well as mobile phones, tablets and other internet-connected devices, and
includes all the various formats of advertising on those platforms, includes
SMS, MIMS and P2P messaging-based advertising

Source: eMarketer, February 20719

T10045 www. eMarketer.com

From https://www.lyfemarketing.com/blog/ -marketing-vs-traditional-marketing/

In this study, we use a two-period model to analyze the advertising strategy of a durable goods
firm that tries to maximize its profits by using two types of advertising in a multi-period market.
Since durable goods are classified as "exploratory goods" and are more dependent on advertising
than "experiential goods" or "trust goods," it is important for the firm to be among the candidate
brands that consumers are willing to buy based on their information gathering. We analyzed the
advertising strategies of firms competing in the Cournot competition in a three-stage game to see

how firms combine or do not combine the two types of advertising to maximize profits. The first



strategy combines the two types of advertising. The second strategy uses only media advertising

or online advertising.

Our results show that a firm's advertising strategy depends on advertising cost and

advertising effectiveness. Firms' online advertising choices are selected when there is a large

degree of additional consumer goods valuation due to customized advertising. Therefore, if there

is a gap between the goods information and the consumer's goods evaluation, firms will use mass

media advertising in the first period to disseminate general goods information to consumers.

When there is a high degree of congruence between consumers' evaluations and the goods

information provided by advertising, firms employ online advertising to stimulate the purchasing

motivation of the target consumers by conveying the goods information. Therefore, if firms use

the two types of advertising appropriately, social surplus will increase due to increased demand.

In the first period one firm will adopt mass media advertising and the other firm will adopt online

advertising if the additional consumer valuation due to advertising is moderate. However, in the

second period, both firms adopt online advertising in order to stimulate the residual demand of

consumers who are already aware of additional goods information. These results show that even

with the development and growth of the Internet, traditional media remain an important means of

advertising for companies.

The remainder of this paper is organized as follows. In Section 2, we have reviewed the

previous researches that are related to our theoretical model. In Section 3, we have described our

model and assumptions to analyze the firms’ advertising strategy. In Section 4, we have tried to

explore optimal means for both firms to maximize their profit with advertising strategy. In Section

5, we have discussed two types of advertising effect regarding durable goods. In Section 6, we



conclude the paper.

2. Literature review

Until now, there have been numerous studies regarding the relationship between

advertisement and manufacturing. Boerman et al. (2017) suggested that online behavioral

advertising is advertiser-controlled with regards to the level of personalization and consumer-

controlled by knowledge. Crampes et al. (2009) found out that media operators are financed both

from advertisers and customers regarding media competition with free entry. Goldfarb (2014)

found out that the fundamental economic difference between online and offline advertising is a

substantial reduction in the cost of targeting. Goldfarb and Tucker (2011) presented online

advertising substitutes for offline advertising, in their study. Johnson (2013) examined how the

increasing ability of firms targeting their advertisements towards particular individuals influences

market outcomes regarding consumers’ advertising avoidance. Bergemann and Bonatti (2011)

characterized the competitive equilibrium in the advertising markets by distinguishing offline and

online on the basis of targeting ability, and further investigated the interaction of offline media

and online media. The results of their study revealed that the revenue of offline media decreases.

Grossman and Shapiro (1984) investigated why firms in the context of product differentiated

market focus more on advertising than others. However, in their model, consumers’ choice does

not impact by the type of advertising. Dukes (2004) investigated a differentiated product market

competition regarding the prices and advertising, and found out that lesser differentiated product

markets have higher market levels with respect to advertising levels. He assumed that the

producer’s purpose regarding advertising is to increase the demand for its product by informing



consumers about the product’s existence, availability or price. Esteban and Hernandez (2017)

studied the market interaction of pricing and informative advertisings, which basically comprises

of two types of direct advertising, such as opt-in advertising and without permission direct

advertising. Chen and Whinston (2011) found out that with respect to advertising endogenously

evaluated within the product market competition, a prominent advertising position might not be

desirable for a firm with competitive advantage. Iyer et al. (2005) analyzed the strategic

advertising choices regarding firms with respect to imperfect competition (firms selling

differentiated product). In their model, the consumers are divided into two groups that the firms

target through advertising messages. Esteves (2009) paid attention to the informative effect in

advertising. He further examined the dynamic effects of customer poaching regarding the

homogeneous product markets, in which firms evaluate the effect of price discrimination on the

efficiency properties of advertising. Chen et al. (2019) analyzed consumers' reactance to online

personalized advertising and found that consumers' reactance is mediated by individuals' rational

choice factors. Chutani and Sethi (2012) and Crampes et al. (2009) conducted studies regarding

the durable goods market. They investigated the dynamic durable-goods duopoly with respect to

manufacturing along with two independent and competing retailers using advertisement. The

present study is related to Dukes (2004), Iyer et al. (2005) and Athey and Gans (2010), who

analyzed the impact of targeting on supply and price of advertising. On the other hand, we have

examined how firms adopt different advertising for profit maximization with reference to Chutani

and Sethi (2012) and Crampes et al. (2009).

3. Model



In this section, we have described the basic set up of our model and presented our
assumptions about the product, firms, advertising and consumers. It was assumed that the firm ‘i’
(=1, 2) has adopted effective advertising and sells Good ‘i’, which are durable goods, such as cars
and bags. We have used a two-period model where durable goods produced by the firms last for
two-periods. The reasoning behind the assumption with respect to two periods is that it simplifies
the analysis and facilitates comparisons with most of the existing literature. Further, both firms
have the same marginal cost, ¢, and have adopted Cournot competition. As both the firms face
production capacity constraints for their goods, the assumption regarding the Cournot competition
seems reasonable. Moreover, it was assumed that the goods do not depreciate over time to avoid
the influence of durability and upgrade,' thus Good ‘i’ provided in both the periods are identical.
That is, in the second period, the current Good ‘i’ and used Good ‘i’ are considered perfect
substitutes. There is no time for discounting regarding the firms and customers as the value of the
good with respect to both firms has the same spillover. We have also assumed that mass media
advertisement, such as television advertisements, creates evoked set by a growing recognition of
goods, and online advertising increases consumers’ eagerness to buy goods. In such situation,
firms attempt to raise demand with the help of such advertisements. The effectiveness of the two
advertisements is different regarding mass media and online advertisement, and costs are different
as well. When one firm anticipates a rival firm’s advertising strategy, the firm concerned
corresponds to such strategy to earn a higher degree of consumer’s evaluation and sales. Firm ‘i’

adopts mass media or online advertisement to stimulate a consumer’s willingness to buy with the

! Bulow (1986) studied the influence of durability in the selling market.



help of advertising. Online media advertisement requirements depend on the advertising cost and
stimulates a consumer’s desire to buy with respect to the Good ‘i’s distinctive feature. We also
assume that the consumer, who is a rational being, accepts the effectiveness of online
advertisement as well as the mass media advertisement effect (Chen et al., 2019). Further, we
assume a linear inverse demand function and consider a three-stage game with the following time
structure:

- Stage 1: Firms ‘i’ and ‘j’ decide mass media or online media advertisement in the first period
and the second period in order to maximize their own profit.

- Stage 2: In the first period, both firms provide their goods simultaneously.

- Stage 3: In the second period, given the sales of first period, both firms provide respective
products simultaneously using the advertisement.

To find the best choice for firms, we have used the backward induction method.

3.1 Demand side

We consider that the consumers’ willingness to pay increases through the evaluation of
customers with the help of advertising. How much can the firms increase a consumers’ willingness
to pay? We assume consumers are rational because they can anticipate the future value of the
goods purchased today. We have considered & as a consumers’ basic willingness to pay for Good
‘i’, and it is deemed as the valuation of Good ‘i’ for a given period. Further, we assume a

continuum of consumers who are heterogeneous. Therefore, § varies across consumers and is



assumed to be uniformly distributed between - oo and a (where a > 0) with a density of one.’
Following Feros (2004), we have allowed negative values of § to avoid corner solution when
all the consumers enter the market. Consumers’ additional evaluation e (> 0) by the advertisement
homogeneity is related to externality. When Firm ‘i’ adopts mass media advertisement, b is the

(3R]

external effect and when Firm ‘i’ adopts online advertisement, g is the external effect. The

EE)

parameters of demand side externality » and g are based on Good ‘i ’s additional evaluation ‘e’.
Moreover, we assume b, g €(0, 1). Hence, when both firms use mass media advertising,
consumers’ valuation of quality is § + be. When both firms adopt online advertising, consumers’
valuation of quality will be § + ge. This demand structure is similar to that in Foros (2004) and
the quality of durable goods depends on the number of expected consumers connected to firm i,
Consumers consider the timing of purchase in order to determine, whether first or the second
period provides a better value of Good ‘i’ for consumers. When a consumer buys Good ‘i’ in the
first period, he or she retains it until the end of the second period. When both firms adopt mass
media advertisement in the first period and online advertisement in the second period, type &
consumers who buy Good 1 at price pi; gain a surplus in both the periods, which is denoted by
26 + be + ge — p11 > 8 + ge — Py; > 0. Where, pii denotes the price charged for Good i’ in the
first period, and p,; denotes the expected price for Good ‘i’ in the second period. If a type &
consumer buys Good 2 at price pi, it is denoted by § + be —pi + pPy; >0.1f § + be—pu+

P21 <0, then the consumer will not buy Good 7’. If both the firms are active in the first period,

in equilibrium, the prices adjusted by 5 e must be:*

2 Katz and Shapiro (1985) show that the consumers’ valuation at s + v(¢°;) depends on the number of
consumers who are expected to be connected to the firm.

3 If firms are active in the second period, in equilibrium, the price is p,,—ge = p,, — ge.



pu—be— pPy1 =pu—be— pyy =Pu (D
Equation (1) is formed as long as both firms are active and externality*exists. Thus, the two firms
generate a total output of z1 = g11+q12 (¢1i> 0) in the first period, where ¢ is the demand for Good
‘i’ in the first period. P; denotes consumer’ willingness to pay for goods in the first period. For a
given P;, type & consumers with willingness to pay for two periods as § > Py, enter the market.’
As we assume a uniform distribution, the prices must ensure that z; = @ — P, as long as both firms
are active in the first period. Considering equation (1), the inverse demand function with respect
to the first period is given by:

pi=atbe—qu—qut Py i=1,2 (2)
If Firm ‘%’ adopts online advertisement in the first period, the inverse demand function regarding
the first period is given by:

pi=a+ge—qu—qut Py 3)
Given the sales with respect to the first period, if both firms are active and adopt online ads in the
second period, the prices adjusted by g;e must be the same, that is, p1— ge = p»— ge = P>, where,
p2i denotes the price charged for Good %’ in the second period, and P, denotes the consumer’s
basic willingness to pay for goods in the second period. For P,, consumers with a — z; > P, will
enter the market. If both firms adopt mass media advertisement in the second period, the prices
adjusted by b; e must be the same, that is, p21 — be = p2o— be = P>. As we have assumed a uniform

distribution, there are active consumers in the second period. They generate a total output of z, =

4 If Firm 1 adopts net ads and Firm 2 adopts mass media ads, p11— ge — Pp1 =pia—be— Pyp =P
> The demand for goods in the first period is represented by zl=f; dp =a—P,.



g21+ q22(q2i> 0), where ¢o; denotes the demand for Good i’ in the second period.® When the two
firms supply the total quantity Q = z; + z,, prices regarding each period must ensure that z;= a —
P; and z;= a — z; — P, When firm %’ adopts online or mass media advertisement, the inverse

demand function with respect to the second period is given by:

Di=atge—qu—qun—qi—q; Y
Or
pri=at+be—qu—qu—qi—qj ©

3.2 Supply side

Given the consumers’ demand, both firms decide with respect to mass media advertisement
or online advertisement in the first and second period, and play an output game to maximize their
profits. When firm ‘i’ adopts mass media advertisement for Good %’ in the first period, the total
cost is fe?, where f'denotes a coefficient of mass media advertising. We assume f'to guarantee that
m,; > 0. If firm ‘i’ adopts online advertisement, cost of single good is y (> 0).” When firm *i'
adopts mass media advertisement in both periods, firm %’ faces maximization problem in the first

period, which is as follows:

r%?.XHi =qia+be—qn—qut D)+ Goi Do —2/& (6)

® This equation is as follows: z» :fpa_21 dp =a-z - P,

7 Bulow (1982) pointed out that high marginal costs are a signal of lower future output, and thus, higher
future prices. However, the current study does not investigate this impact. Hence, we set ¢=0.

10



Here, §,; denotes demand at expected price p,; under gi1+ gi2. f’ denotes Firm “i”s mass
advertising cost. When firm ‘i’ adopts online advertisement in both periods, it faces

maximization problem in the first period, which is as follows:

%?Xni =qn(a-eg—qu—qu+t Pi—v)+ Gz P22 —7). (7)

When firm ‘i’ adopts mass media advertisement in the first period, and adopts online
advertisement in the second period, Firm ‘i’ faces maximization problem in the first period,

which is as follows:
rrc}?x [i =q12(a+eg—qu—qu+ Pyy) + G2z (Paz—v) —fe. (8)

Thus, for a given ¢, and g11 + 12, Firm ‘i’s maximization problem in the second period is as

follows:

n{}aXﬂzi:CIh(Pzi*V):qzi (ateg—qu—qu—qi—qz—v)or )

2i

I‘gax Tyi=qai* pai—fe’=qui(a+be—qu—qu—qi—qj) —fe. (10)
20

4. An optimal advertising strategy for both Firms
In this section we investigate, optimal media advertisement for durable goods firms. Firm ‘i’

‘

considers three strategies. First, Firm %’ adopts mass media advertisement for two periods.

Second, Firm %’ adopts mass media advertisement in the first period, and adopts online
advertisement in the second period. Third, Firm %’ adopts online advertisement for two periods.

There six strategy combinations can be formulated. The firms’ media strategy has been presented

in Figure 1. Therefore, we have examined the six combinations as follows.

11



4.1. Case 1: Both Firms choose mass media advertisement in both
periods (mm)

Third stage: Maximization problem in the second period

When both firms adopt the same mass media advertising firms’, the maximization problem have

been represented as follows:
max ;™= qai - pai—fe'= qui (a+be—qu—qi— qi—qz) —fe’. (11)

q2i
‘mm’ denotes that both firms adopt online ads. After solving the maximization problem
regarding Firm ‘i’, we have:

Qi =(atbe—qi—qy)3. (12)
On substituting g3;™ into Equation (5), we get

pyi™ =(atbe—gu—qn)3 (13)
The equations (12) and (13) are dependent on ¢11, g12.
Second stage: Maximization problem in the first period
When both firms are active during the second period, expectation price is denoted by pai = pai®.
Substituting p7i™ into Equation (2), we get:

pii = ai—qi—qit Dy = (da+4b—4(q11—q12))/3. (14)

Regarding a given ¢ij, from Equation (12), (13) and (14), Firm %’ solves the following problem:

max [[{*™= g pif™ + q3i™ - pi"- 24’ (15)
max [["™= qio - pi3" + qF5" - pH" - 2 (16)

8 Xue and Su (2011) noted that to complete the model, it was necessary to assume that consumers
correctly anticipate the prices charged in the second period: p> = p, by Tirole (1988, pp. 81).

12



st [T >0
Solving Firm ‘i's maximization problems from Equation (15) and (16), we get:
qii™ =(10a + 105 e)/32. (17)

The abovementioned equilibrium values are presented in Table 1.

4.2. Case 2: Both firms adopt online advertisement in both periods (nn)
Third stage: Maximization problem in the second period
When both firms adopt the same online advertisement, firms’ maximization problems are

represented as follows:
rgixﬁ% Gi(pri—v)=qi(ateg—qii—q—qi—q—7). (18)
‘nn’ denotes that both firms have adopted online ads. Solving Firm ‘i’s maximization problem,
we have:
azi = (a+2eg—qi—qi—v)/3. (19)
Substituting q5{* into Equation (4), we get:
Pyt =(a+eg—qu—qu+2v)3 (20)
Second stage: Maximization problem in the first period
When both firms are active during the second period, expectation price is Pai = p»i’. Substituting

p3i* into Equation (3), we get:

piit =a+teg—qu—qut Py =(4a+4deg—4(qu—qi)+2v)/3. (21)

? Xue and Su (2011) noted that to complete the model, it was necessary to assume that consumers
correctly anticipate the prices charged in the second period: p> = p, by Tirole (1988, pp. 81).

13



Considering the equations (19), (20) and (21), for a given qij, Firm ‘i’ solves the following

problem in the first period.

max [1t"=qu @ —v)+ ¢GT@ir—v) (22)
max [15"=q12 (13 —v)+ a5 (37—v). (23)

Solving Firm %i’s maximization problems regarding Equation (21) and (22), we have:
a1t =(10a +el0g— v )/32. (24)

The abovementioned equilibrium values are presented in Table 1.

4.3. Case 3: Firm ‘i’ adopts mass media (am), Firm j adopts online
advertisement (an) in both periods
Third stage: Maximization problem in the second period
Solving firms’ maximization problems from Equation (9) and (10), we have:
457" =(a+ (2b-g) e—qu—qu+v)i3. (25)
a5} =(a+(2g-b)e—qu-q-27)3. (26)
Here, ‘am’ denotes firm ‘i’s mass media advertising choice and ‘an’ denotes firm ’s online
advertising in both periods. We assume 2b;— g;j > 0 and 2g;— bi > 0, where i.j = 1, 2, i #j. After
substituting g5 and q5{* into Equation (3), we get:
pait =(a+(2b—gle—qu—qi+v)/3 (27)
pait =(a+(2g—b)e—qu—qi—2v)/3 (28)
From p,; = p3; and P, =p3;, Firm 7’s price in the first period is as follows:
pii"t =a+eb—qi—qijt Py = (4a+ (5b—ge —4(qii—q1))) /3. (29)

From Equation (29), Firm ’s price is as follows:

14



P = (4a+ (5g—ble—4(qii—qi) + v) /3. (30)

The maximization problem for Firm %’ in the first period is as follows:

HC}?_X [1¢™=qui - p{™ + q5" " pai"— 2fe? and 31)
IE?X H;m: q1j (pil]n_ v) +CI§}1 (pzajn —y). (32)
J

Solving Firm ‘i’s maximization problems with respect to Equation (31) and (32), we have:
@E" =Q20a+221b—11g)e + 7 v )/64. (33)
30 =(0a—(21g—11b)e—9 vy )/64. (34)

The abovementioned equilibrium values are presented in Table 1.

4.4. Case 4: Both Firms adopt mass media advertisement in the first
period and adopt online advertisement in the second periods (mo)
Third stage: Maximization problem in the second period
The Firms’ maximization problems are represented by Equation (9) in three cases. Solving Firm
‘i's maximization problem, we have:

Qi =(a+ge—qi—qi—v)/3. (35)
We assume 2gi— gj > 0, where i.j = 1, 2, i #. On substituting q,; into Equation (4), we get

Pz =(a+ge—qu-qu+2v)3 (36)
Second stage: Maximization problem in the first period
When both firms are active during the second period, the expectation price is pai = px'®,

Substituting p;; into Equation (3), we get:

10 Xue and Su (2011) noted that to complete the model, it was necessary to assume that consumers
correctly anticipate the prices charged in the second period: p> = p, by Tirole (1988, pp. 81).

15



pii° =ai—qi—qiit Dy = (@da+(3b+2g)e—8(qn—qn) +2v)/3. (37)
Here, ‘mo’ denotes that both firms adopt mass media ads in the first period.
Considering the given g, with respect to Equation (35), (36) and (37), Firm ‘i’ solves the

following problem:

max [17°=qu p1i° + a53°(P3i°—v )& (38)
max [[7°= g2 - pf° + a3 0By~ v) -~ fe' (39)
st [I7*° =0

After solving Firm ‘i’s maximization problems regarding Equation (38) and (39), we have:
q1° =(20a + (8 + 2g)e + 16 v )/64. (40)

The abovementioned equilibrium values are presented in Table 1.

4.5. Case 5: Firm ‘i' adopts mass media and advertisement (amo) in each
period, Firm ¢’ adopts online advertisement (ann) in both periods
Third stage’s maximization problem regarding both firms in the second period is the same with
respect to Equation (35) and (36). Therefore, from p,; = p;; and Py; =p;;, Firm 7’s price in
the first period is as follows:

pii"’ =a+tbe—qi—qit Py = (4a+(2b+2g)e —AHqii—qi) +2v)/3. (41)
Here, ‘amo’ denotes ‘Firm ‘i’ choosing mass media advertisement’, and ‘ann’ denotes Firm ’
selecting online advertisement’ in both periods. Considering Equation (3), Firm %’s price is as
follows:

pii" = (4a +deg —4qi—qi) +2v) /3. @2)

16



The maximization problem for Firm %’ in the first period is as follows:

max [[270= g P + g8 (pS™ — )~ e’ and )

1t

max [17™=q 1]"= v) + a5]" 07" =7 ). (44)
j

Solving Firm ‘i’s maximization problems from Equation (43) and (44), we have:
qi"°® = (20a + (33b—13g)e + 31 v )/64. (45)
;"™ =(20a — (15b—35g)e — 17 v )/64. (46)

The abovementioned equilibrium values are presented in Table 1.

4.6. Case 6: Firm ‘i’ adopts both periods mass media (amm) and firm ¢’
adopts mass media and online advertisement (4mo) in each period
Third stage’s maximization problems with respect to both firms in the second period are the same
regarding Case 3. Therefore, considering py; = p3; and Py =p3;, Firm 7’s price in the first
period is as follows:

P =atbe—qui—qiit Py = (4a+2(b+g)e—4qi—qy) +v)/3. (47)
‘amm’ denotes ‘Firm ‘i’ choosing mass media advertisement in both periods’ and ‘amo’ denotes
‘Firm ‘> choosing mass media advertisement in the first period and online advertisement in the
second period’. Considering equation (4), Firm ‘/’s price is as follows:

pim® = (4a + (5b—g)e — 4(qii— q) +v ) /3. (48)

The maximization problem with respect to Firm ‘i’ in the first period is as follows:

max [[F™™= g - p™™ + q5"™ - pg™™ — 2fe’ and (49)

11

max [1/™°= gy p{™ + af"® @A™ —v) ~fe (50)
J
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Solving Firm %’s maximization problems regarding Equation (49) and (50), we have

q2m™ = (20a + (115 + 9g)e + 24 v )/64. (51)
qme = (20a + (27h—Tg)e — 8 v )/64. (52)

The abovementioned equilibrium values are presented in Table 1.

5. The acceptance condition of advertisement fee for firms and firms’

decision

Firm %’s production condition g3/

> (0 regarding the second period requirement is as
follows:

v, = 2(ateg)/5 (53)
Therefore, online advertising fee has to be y (< .) with regards to Firm 5.

Similarly, from n7}™ > 0, the condition of an investment coefficient f for the durable goods

firm is as follows:

£ =(a+ be)’ /128¢°, (54)
Therefore, the investment coefficient has to be £ (< f') for Firm i.
Figure 2
Both firms’ advertisement strategy in online and mass media
Firmi \ Firm; mm mo nn
mm Hlnm, l—[;nm l—[flmm, l—[fmo l—[flm’ H;ln
mo Hflmo’ ;;mm I—Hno’ H}no l—[?mo, ;znn
nn ?n, jlm H?,TLTI’ H;zmo ‘EITL, ;m
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Under these condition of two fee, such advertising fee condition, We set e” =qer {e: [["™(b,
e f)> 0}, & =ar{e: [I{™(b, g e /) = TIf"(b, g e) } and é = {e: [7(b, g e /) =
[1#(b, g, )}, € =aer {e: TIF™°(b, g, e.f) = TI"(b, g, e) }. It shows € < e. When Firm ¢’
adopts mass media advertisement in two periods (mm), if0<e< &, [["™< [1#" < [[#™° then,
Firm ‘i’ adopts mass media advertisement in the first period and chooses online advertisement in
the second period (mo). If é < e < &', [IM™ <[I&™° < [I%", Firm 9%’ adopts online
advertisement for both the periods (nn). When Firm 5 adopts ‘mo’, if 0 < e < &, [[#™™ <
[1¢™ < [1™°, then, Firm %’ also adopts ‘mo’. If & <e<e', [[*™™ <[I™° < [I#"™", then Firm
‘7" adopts ‘nn’. When Firm ¢ adopts ‘nn’, if 0 < e < e, [[7"< [ < [1#™° then Firm i
adopts ‘mo’. If € < e <e’, [[¥< [[#™° < [I™, then Firm 95’ adopts ‘nn’. In view of the

‘e

symmetry, Firm ' gains same choice. Therefore, the following proposition was presented:

Proposition 1. In equilibrium, if 0 < e < €, then both firms adopt ‘mo’. If € <e < e, then each
firm adopts a different media, i.e. Firm %’ adopts ‘mo’ and Firm 5 adopts ‘nn’. If € <e<e’,

then both firms adopt ‘nn’.

The Firms’ choice is dependent upon ‘e’. If the advertising message effect ‘e’ is small, as both
firms primarily attempt to impress a thing on an unspecified majority consumers’ mind regarding
good ‘i’ by offering lower costs in the first period, such as television ads. Moreover, as firms
target specified consumer with the help of monitoring data in the second period, firms adopt ‘mo’.

On the other hand, if ‘e’ is large, as both firms attempt to impress a thing on a specific consumer's
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mind through online ads, both firms adopt ‘nn’ from the beginning. If ‘e’ is medium level, then
each firm adopts an inverse choice. Furthermore, we pay attention to the change of the price
elasticity regarding the different the advertisement. In the first period, consumer is more sensitive
to the price than the second period. In addition, when ‘e’ is higher, price elasticity of demand due
to the online advertising becomes higher than mass media. Especially, in the second period, as
price elasticity under the online advertising is higher than mass media, durable-goods firm get
additional demand by a small price change. It means that the first period’s price also is higher

than mass media advertising.'!

The following Figure 3 shows that when "b" is fixed, the area selected by a company

nn

changes according to "e" and "g". In this figure, we seta=1, f=1, ¢ =0.05, b = 0.6.

Figure 3

0.6 r e
- ann/ amo,

"' Whena=1,b=0.6,g=0.8,e=0.5, y=0.05, the price elasticity (= (p/q)/(dp/dq)) in the second period
is 1.43 with ‘nn’ and 0.77 with ‘mo’. The price elasticity (= (p/q)/(dp/dg)) in the first period is 1.29 with
‘nn’ and 1.20 with ‘mo’.
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If b > g, as Firm i ’s boundary is higher, € > e. Therefore, when Firm % adopts ‘mm’, if 0
<e< &, [I™ < [I#™ <[I#™°, Then, Firm I adopts ‘mo’. If é <e<e’, [["™ < [[&™° <
& then Firm I adopts ‘nn’. When Firm §” adopts ‘mo’, if 0 <e< &, [[#™ < [[{™" <
[17*°, then Firm %’ adopts ‘mo’. If & <e<e', [[¥™™ <[] < [I#™, then Firm %’ adopts
‘nn’. When Firm 5 adopts ‘nn’, if 0 <e < e [ < [[F"'<[I#™°, then Firm %’ adopts ‘mo’.
If &€ <e<e', [ <I¥™° < [, then Firm ‘i’ adopts ‘nn’. Therefore, we have the

following lemma:é

Lemma 1. If b > g, in equilibrium, if 0 < e < &, both firms adopt ‘mm’. if é <e < &, both firms

adopt ‘mo’. If & <e<e", both firms adopt ‘nn’.

6. Concluding remarks

In the present study, we examine how firms use advertising properly to the specified and
unspecified majority consumers to keep up sales for long periods with the help of two types of
advertising. From results, firms make proper use of advertising and stimulate their buying
intention with mass and online media advertising to spread demand in each period. As online
media advertisement is more important tool than mass media advertisement for increasing a firm’s
profitability, firms would like to increase online media advertisement, but it seems excess online
media advertisement sometimes leads consumers’ negative response. It explains mass media
advertisement is an important tool in the progressive Internet society as usual. We have a think

as online and mass media advertising have different abilities, the two media have complementary
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or reciprocal relations regarding firms, as well. That is, the combination of online and mass media
advertising is a useful form of advertising for the growth of product market. In future study, we
would like to examine the relationship of consumer’s negative advertisement effect and firms’

advertisement strategy using two types advertisement.
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TABLE 1

Equilibrium Values Duopoly market in the three case

Firm i (Firm j) qii Pli q2i Pp2i
mo (mo) (20a+2e(9b + g )+16 (4a+2e(b+g))/8 (4ate(6b—10g) - 16 (4a+e(6b—10g) +16
v)/64 v )/32 y)/32
mm (nn) (20a+e(33b —13g) + 31 (4ate(5b—g)+3v)/8 (4a-e(3b-7g)- 13 (4a-e(3b-7g) - 13
v )/64 v)/32 v)/32
nn (mo) (20a — e(15b—-35g ) - 17 (4a+e(3b-7g)+3 (4a-e(Bb+7g)- 13 (4a—-e(3b+7g)— 13
v )/64 v)/8 v)/32 v)/32
nn (nn) (10a + 10eg — v )/64 (2a+2eg+3v)4 (2a+2eg—5v)/16 Qa+2eg+11v)/64
mm(mo) (20a + e(10b +9g) + 24 (4a + e(5g—6b) )/8 (4a+e(-11b+21g)—24  (4a—e(17b+21g) + 8
v)/64 v)/32 v )/64
mm (mm) (10a + 10eb)/32 (2a + 2eb)/4 (2a + 2eb)/64 (2a + e(9b — Tg))/64
mo(nn) (20a—5e(3b + 7g) — 17 (4a+e(Sb—-g)+3v)8 (4a—e(Bb—Tg)—13v)/32 (4a—e(3b—-T2) +26
v)/64 v )/32
Revenue [[70l= (440> + 64y 2 + [1¢™= (17642 + 163 vy 2 [1#™°=(176a*+ ey [1¢™= (1764 — 88a(5

Adae(b+g)+ 64y e(b—  +ve(788h—524g)+  (586b-3229)+88a (3 v
g)+e? (27h> +27g% — 88a 3y + 10be —6eg)  + 5be—eg) +e*(339b%—
1052)))/256 +4eX291H2 —362bg +  238bgtT5g)+355 y
_of 115¢2))/1024 — 26%f 2))/1024 — f

[17""= (11a* + 22abe + [1§™ "= (176a>+ 64v?2  [I{""=(176a4>+339y 2

’b?))/256 — 26 +128ey (b—g)+88ae  + 110y e (3b—Tg) -

By —7b) +eX603b> —  88a(5y + 3be-Teg) +
590bg +163¢2))/1024— 116> (3b — Tg)?)/1024
2%

[1/"°=(176a> + 576  *

23

v +3e(2b+5g)) -
4e*( 115b*—362bg +
1291g)2+ 4e y (229b
339 )+ 531 v %))
/1024

[17"= (442> +27 vy 2 -
44e’g> — 44 y eg —

44a(y - 2eg) ))/256



+768ey (b—g)+ 88ae(—
b+5g)+e* (267H* -
622bg + 531g%)) /1024~

ef
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