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ABSTRACT

Bass model captured the diffusion behavior of new products in the market
successfully in 1969 by dividing consumers into innovators and imitators. Bass
indicated that Bass model can estimate sales peak and the timing of sales peak if they
get the sales data during three continuing periods. In 1987, Norton and Bass
developed a multi-generations model (Substitution Bass Model) to simulate the
diffusion behavior and substitution behavior among multi-generations.

However, what they defined new products are those innovative applications which
never exist in the market, such as the first TV ~ the first computer ~ the first cell phone.
Nowadays, there are rarely real new products but new generations. Consequently, one
of our contributions is creating a new model based on Bass model, capturing the
behavior that how new generations occupy old markets and predicting sales peak and
the timing of it of old generation. In addition, this article explains the reason of the
high accuracy of Bass model. On the other hand, this article merges the estimating
method of Bass model, Tellis’s takeoff (1997) and our new model, constructing a way
for managers to forecast the sales amount of generations in the future.

This article indicates the substitution behavior among generations. Future research
can also apply our framework to discuss the relationship between different brands,
expanding the new product field.

Keywords : Multi-generations products; Bass model; Diffusion of innovation; Takeoff
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Chapter 1 Introduction

1.1 Research Background and Motives

During 20" century, plenty of new products have emerged in the world. What we
named “new products” is that they solve human problems by unexpected new
technologies. Humans need time to learn new products and get used to them. In other
words, humans have to change their behavior from a familiar one to a new one. In the
past two decades, human living are transforming immensely as the continuing
progress of technology. Different necessaries which are based on information, Internet,
digitization and communication technology appeared around human surroundings
such as MP3 player, cell phone and notebook. Recently, the prevailing iPod even
becomes a new lifestyle. Besides, the innovative Tivo breaks the limitation that we
have to follow the TV schedule to wait for what we want to see. We can choose
programs we like any time. Tivo helps people arrange their leisure time conveniently.
Thus, to past consumer, accompanying the pace of digitization and the improving
technology, there emerged unimaginable new products which can change human

living custom. In this article, we discuss not only new products but innovations.

An innovation is an idea, practice, or object perceived as new by an individual or
other unit of adoption (Rogers, 1962). In Tellis’s opinion, innovation, the process of
bringing new products and services to market, is one of the most important issues in
business research (Tellis, 2006). And if an adoption of an innovation by an individual
or other unit of an adoption can diffuse quickly, we call the innovation is success. So

far, there is a great deal of articles researching all aspects of diffusion of innovations
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within forty years.

However, nowadays, these kinds of innovating applications are getting mature,
there are few breakthroughs invented in the global market. What we have is the “Next
Generation”. Engineers are devoting to develop new products which are based on old
products to pursue growth. For example, wireless communication is advancing from
2G to 3G to wimax and operating system is progressing from Windows XP to Vista.
That is to say, there are nearly no genuine “new products” today. Therefore, the main
purpose of this article is trying to contribute to develop a model to discuss the
relationship between “New generations” and the old ones because that the
competition and replacement relationship are more important in the future. On the
other hand, not every innovation can be adopted successfully by consumer. Although
the information we received is almost how an innovation succeeded, how fast a
product diffused, the truth is that there were large number of products failed or cannot
be popularized by the masses behind the successful ones, such as the failure of the
UltimateTV of Microsoft. Consequently, one of the purposes of this article is to
discuss the diffusion relationship among those products which substitute each other.
These kinds of products include its own multiple generations, meaning that 3G can
capture the market of 2G, and opponent’s products. The importance of researching
diffusion relationship is that corporations usually invest a lot on new technologies and
new products. In order to make a precise decision to avoid wasting money on
launching new products, production and inventory, estimating the growth of new
generation and the decline of old generation accurately becomes a crucial issue to

managers.



The same as previous articles, this article narrows the rage of the definition of new
products to consumer durables. The feature of consumer durables is that consumer
won’t repurchase within short time and purchase one unit at a time. Under this
condition, we can analyze the diffusion behavior of targeted products. In regard to

previous knowledge, we’ll discuss particularly in the review.

The theory of adoption and diffusion of new ideas and new products by a social
system has been discussed at length by Rogers (Bass, 1969). Early 1960,
understanding how a new product succeed became a popular issue. Rogers, a master
of communication studies, first published the book “diffusion of innovations” ,
explaining why some good ideas and products are able to become popular and spread
quickly while the others can’t. The writing has been affecting many fields widely,
including marketing, economics, anthropology, sociology and so on, especially in
communications and technology adoption studies. As the publishing of diffusion of
innovations, there sprang up a lot of articles exploiting the concept to research the

issue of new products in the new product area of marketing.

During the development of knowledge on new products within the forty years, the

main directions on which new product area focus can be categorized into five groups :

1.1.1 Methods of enhancing new product development processes

The papers here consider that firms face a challenge in deploying the “voice of the
customer” in the R&D, engineering and manufacturing stages of product development.

The articles deal with how a firm uses what customer eager to proceeds innovation.



The advantage lies not only on rising revenue but increasing the probability of
adoption. Griffin and Hauser (1993) focused on identifying, structuring, and
prioritizing customers needs, illustrating how a product-development team might use
the voice of the customer to create a successful new product. In addition to answering
how to identify customers’ needs, they illustrated how customers’ needs cbe arrayed
into a hierarchy of primary, secondary, and tertiary needs, so that ultimately
customers’ preferences can be measured and compared. This article only discusses

how an organization coordinates efficiently.

Shocker and Srinivasan (1979) highlighted the emergence of a new, proactive
research model - multi attribute research - which investigates the structure of
customer decisions with respect to the market offerings of a firm and its competitors.
In order to predict customer behavior in a wide range of future environments, they
focus on developing an understanding of customer decision, so that they can forecast

customers move even in the absence of data.

More recently, Nowlis and Simonson (1996) investigated the factors that moderate
the impact of a new feature on brand choice. They proposed two principles: multi
attribute diminishing sensitivity and performance uncertainty. They demonstrated that
how new features affect market share and sales volume depends on the preexisting

characteristics of the products to which those new features are added.

The accomplishment of this field lies on forwarding diffusion of new products by
designing new product features accurately. Nonetheless, this field cannot assist

companies to manage the growth and decline of their launched multiple generation



products.

1.1.2 Preproduction testing and evaluation of new product designs

Pretest is an important procedure to observe the reactions of customers. It can
decide whether a new product is launched or which part need to be adjusted. This
field investigates how a new product be evaluated and tested before the investment for
production is made. Here includes research on beta testing procedures, pretest market
models, prelaunch forecasting methods, information acceleration, and test market
methods.

Silk and Urban (1978) introduced ASSESSOR which is a set of measurement
procedures and models. It is able to estimate the sales potential of a new packaged
good before test marketing, thereby assisting companies to save the costs from the
high failure rate of new packaged goods in test markets. Afterward Urban and Katz
(1983) published a validation of the ASSESSOR model. Their results suggested that
the ASSESSOR pretest market system did well in predicting test market shares.
Recently, Urban, Weinberg, and Hauser (1996) showed how to forecast consumer
reaction to a real new product. Their approach made use of a multimedia
virtual-buying environment that simulated future situations and experiences, making it

possible to determine whether the new product would be viable at target launch date.

This area is able to help the decision of launching a new product or not. However, it

is useless to help manage a launched product.



1.1.3 Methods of forecasting the adoption and growth of new products

Bass (1969) proposed a masterpiece which has been influencing new product field
tremendously, named Bass model. Bass model allows us for calculating the sales peak
and the timing of the sales peak by data from earlier stage. It can also help depict the
successive increases in the number of adopters and predict the continued diffusion
process. Bass model improved our understanding of the structural, estimation, and
conceptual assumptions underlying diffusion models of new product adoption. Many
researches cited Bass model and used it to develop revised models which are added
other important variables like price and advertisement. Mahajan, Muller, and Bass
(1990) provided a detailed review which categorized new product research into five
areas: basic diffusion models, coefficient estimation considerations, flexible diffusion
models, refinements and extensions, and use of diffusion models. They identified a
number of research issues within these five areas that could be help make more

effective, realistic and practical diffusion models

Robertson and Gatignon (1986) pointed out that previous researches only focused
on individual level rather than on organizational level. They therefore presented an
alternative paradigm based on organizational adoption and competitive behavior

instead of individual adoption.

Norton and Bass (1987) further proposed an improved model to solve the multiple
generation issue on high-technology products. The launch of new generations of
high-technology products will capture the market of earlier generations, including its

own earlier types and its competitors. Besides, multiple generation products became



important due to the common situation that new technologies were applied in old
applications instead of creating a new application, resulting in new generations
competed with old generations rather than finding a new market. Thus, managers have
to consider the impact of the launch of a new generation particularly to calculate the
accurate purchases of earlier generations and the new generation and to avoid
destructive competition on the growth of its earlier generations. The model that
Norton and Bass developed includes diffusion effect and substitution effect, based on
Bass diffusion model (1969). Norton and Bass also demonstrated the forecasting

properties of their model.

By the end of the 1980s, there existed abundant conceptual diffusion researches
which surveyed different coefficients, providing enough data for meta-analysis.
Sultan, Farley, and Lehmann (1990) made empirical generalizations from a
meta-analysis of more than 200 sets of coefficients. Their results suggested that the
diffusion process is affected more by such factors like word of mouth than by innate
innovativeness of consumers. Furthermore, they also indicated that the coefficient of
innovation is fairly stable under a wide variety of conditions but the coefficient of
imitation varies widely with the innovation type, the estimation procedure, and the

presence of other coefficients.

More recently, Golder and Tellis (1997) proposed the existence of takeoff point
which is characterized by a dramatic increase in sales, advancing our understanding of
the growth of innovation. They investigated the data of “really new” household
consumer durables and found that the takeoff tends to appear as an elbow-shaped

discontinuity in the sales curve. Consequently, they further addressed the essential



issues that how much time does a new product need to reach the takeoff. Their work
gave managers an understanding which can help observe whether a new product

diffuses successfully or not.

1.1.4 Market entry and defense strategies

Hauser, Tellis, and Griffin (2006) reviewed researches on innovation and classified
these researches into five fields. They spend two fields on reviewing market entry
strategies, which included technological revolution, strategies for entry, and portfolio
management, and reviewing defending against market entry strategies, which
included the rewards of entrants and strategies of defense. The research stream here
addressed whether, when, and how a firm should innovate or should defend against

innovation by competitors.

Ofek and Sarvary (2003) suggested that R&D competence can encourage a leader
to invest in order to obtain technology leadership, while the presence of reputation
effects can encourage a leader to reduce the investment on R&D, resulting in

alternating leadership between a duopoly of firms.

A number of early papers supported the statement that entering a market first will
have long-term advantages. On the other hand, Golder and Tellis (1993) used
different methodology to reexamine the rewards to pioneers and argued that even if
there is a pioneering advantage, later entrants are often able to conquer it. Shankar,
Carpenter, and Krishnamurthi (1998) also showed that an innovative late mover can

grow faster than the pioneer, slow the pioneer’s diffusion and reduce the effectiveness



of the pioneer’s marketing spending. Besides, innovative late movers are advantaged
in that their diffusion can hurt the sales of other brands, but their sales are not affected
by competitors’ diffusion. In contrast, non-innovative late movers have smaller

potential markets, lower repeat rates, and less marketing effectiveness than a pioneer.

1.1.5 Contextual and structural drivers of innovation

Chandy and Tellis (2000) examined whether new entrants are more likely to introduce
radical innovation. They found that prior to World War I, small firms and new

entrants were more likely to introduce radical innovations. However, the pattern

reversed after the war.

1.2 Research Objective

After reviewing previous five fields in new product area, some theories are still
useful in present society while others are too simple to describe the complex
competition of today’s multiple generations. Hence, this article aims to create a
multiple generation model based on Original Bass Model (1969) and Substitution
Bass Model (1987) in order to solve the competition relationship among multiple

generation products.



Chapter 2 Literature Review

2.1 Diffusion of Innovation

Rogers published the first edition of diffusion of innovation at 1962 and published
the fourth edition at 1995. Rogers defined innovations as the processes by which that
innovation “is communicated through certain channels over time among the members
of a social system.” He categorized adopters of any new innovation into five groups:
innovators (2.5%), early adopters (13.5%), early majority (34%), late majority (34%)
and laggards (16%) by using two statistical coefficients, mean and standard deviation.
Figure 1 illustrates the categorization. And each person can belong to different

categories for different innovations.

Figure 1 Different type of adopters categorized by Rogers

Innovators, E
2.5% Early :

' Early 1 Late '

adopters, | it ! orit |

| ' majority, «  majority,

|13 | oryy TASTY

! L 34% v 34% . Laggards, 16%
x c2zd x -0 x % s

Resource: Rogers (1962)

This classification and the five terms have been accepted and used for many years
by researchers. Rogers also indicated the four factors of diffusion of innovations: time,
innovation, communication channels and social system. He re-categorized the five

stages of adoption in the later editions as figure 2.
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Figure 2 Five stages of the adoption process

Resource: Rogers (1962)

(1) Knowledge: the individual is first exposed to an innovation but lacks information
about the innovation. (2) Persuasion: the individual is interested in the innovation and
actively seeks information/detail about the innovation. (3) Decision: the individual
takes the concept of the innovation and weighs the advantages and disadvantages of
using the innovation and decides whether to adopt or reject the innovation. (4)
Implementation: the individual employs the innovation to a varying degree depending
on the situation. During this stage the individual determines the usefulness of the
innovation and may search for further information about it. (5) Confirmation: the
individual finalizes their decision to continue using the innovation and may use the

innovation to its fullest potential. (Rogers, 1995)

2.1.1 S-curve

Rogers also indicated the presence of S-curve which is the graph formed by
cumulative adoptions. Figure 3 is an example of S-curve, showing a cumulative

number of adopters over time.
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Figure 3 S-curve

Cumulative number

Numbers

of adopters

New adopters

» Time

Resource : Rogers (1962)

Diffusion of Innovation in a certain social system follows s-shaped distribution.
According to diffusion theory, a diffusion process of innovation in a social system is
capable of self-sustaining when the adopters reach a certain ratio of the total
population of a system. This ratio, sometimes replaced by absolute numbers of
adopters, is critical mass. Usually, the critical mass is about 10%~20% of the total
population of a system (Rogers, 1995; Ure, 2001 ; Valente, 1995). After reaching the
critical mass, the diffusion process of an innovation will take-off, which means
spreading drastically. This process continues until most of the potential adopters have
adopted the innovation. Finally, the process levels down and reaches the saturated
point which is the point that no increases happens on new adopters. This process, as a

result, forms s-shaped curve.

2.2 Bass Model
However, in spite of the particular discussion of the book” diffusion of innovation”,

12



Bass (1969) considered that the discussion is largely literary and not supported by real
data. Consequently, Bass proposed a model to capture the tendency of the diffusion

process by real data.

Bass used the data of consumer durables to analysis the diffusion behavior because
of the characteristic that consumer durables are not repurchased in a short time and
usually are purchased one unit at a given time. This characteristic help Bass observe
the pure diffusion behavior without misleading by repurchases. Bass applied the
concept of hazard function to new product growth model, assuming that the
probability that an initial purchase will be made at T given that no purchase has yet
been made is a linear function of the number of previous buyers. Bass expected to
find the sales peak of consumer durables and the timing of sales peak based on

present data. According to Bass’s definition, the function is:
P(T)= p+(2)v(T) (1
Where P(T) is the probability that an initial purchase will be made at T given that
no purchases has yet been made and Y(T) is the cumulative adopters. The coefficients

p, q and m will be explained next. Bass redefined Rogers’s categorization of adopters

(innovators, early adopters, early majority, late majority and laggards) into two

classifications:

Figure 4 Bass’s categorization of adopters

pr=—mmp

Resource : Bass (1969)
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(1) Innovators: adopt an innovation independently of the decisions of other
individuals in a social system
(2) Imitatorss : are influenced in the timing of adoption by the decisions of other

members in the social system

Due to Bass’s categorization, the constant p in equation] represents the effect of
innovators in a social system, standing for the probability of an initial purchase at
T(0). When T=0, meaning that at initial stage, the cumulative purchases of an

innovation are supposed to be zero ( Y(T)=0 ). Consequently, the adopted probability

at T(0) should be p, P(0) = p. The term = = Y(T) shows how imitators react.

Imitators always adopt an innovation as others do. The more adoption people made,
the more pressure imitators get. Therefore, as cumulative purchases Y(T) raise, the
adopted probability P(T) goes up. The constant q is used as the coefficient of imitators
and the constant m represents the total potential market of initial purchases in product
life cycle. According to Bass’s definition that P(T) is the probability that an initial
purchase will be made at T given that no purchases has yet been made, P(T) can also

expressed by following:

fT)
1-F(T)

P(T) = =p+2Y(T) (2)

Where f(T) is the likelihood of purchase at a given time T and F(T) = jET f(t)dt

Thus, F(T) times total potential purchases m equal to cumulative adopters Y(T)
and f(T) times m equal to S(T), which is defined as the sales happened at a given

time T. Besides, the integration of S(T) is the cumulative adopters Y(T).
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F(T)*m = Y¥(T), f(T) *m = $(T) and ¥(T] = [} S(t)dt (3)
Expanding equation2 and replacing ¥n by F(T), equation2 becomes

f(T)=[p +qF(T)][L — F(T)] (4)

Solving this nonlinear differential equation4 can help draw the curve of f(T)

and F(T) by giving T and find the sales peak and the timing of sales peak.

1 — g~ p+aT dF (T) [(P a q)f e~ ipralT
FT)l=— | fiT)= = i
™ de—lpraT £ g ) dt P {[ﬂ e~ lp+aT 4 1]_}
p
1 a L _m(p+q) ~ [T _m(g —p)

In order to get coefficient p, q, m, Bass replaced f(T) by > and F(T) by D

m m
turning equation 4 into following:
S(T) = pm+ (q —p)¥(T) — 2Y(T)’ (5)
This equation shows the behavioral rationale that initial purchases made by
both innovators and imitators and innovators are not influenced by the number of
adopters while imitators “learns” from others. Thus p is related to innovation and
q is related to imitation. Then, Bass connected the concept of bell-curve that the
sales at a given time form a bell-shaped curve as time goes on with equation5.
That is to say, Bass used real data of an innovation to create the bell curve
function:
S(T) = a+ bY(T) +c¥(T)* (6)

Since a=pm,b=gq—p,c= —%,
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p==,q=—mnc

m
Furthermore, due to b = q — p, Bass obtain this quation b = —me — — .
m

Rearranging the above equation, it willbe m*c+ bm+a=10 .

—a+-BT—=
Thus, m = ———=
&b

After calculating coefficient p,q,m, the sales peak and the timing of the sales peak

can be found easily.

2.3 Takeoff

Golder and Tellis (2004) refered to takeoff and slowdown of product life cycle. We

summarize it and the stages of product life cycle in figure 5 :

Figure 5 Takeoff, Slowdown and product life cycle

M sales

Slowdown

Takeoff

|—>Introduction4—|—> Growth <—|—>Maturity<—|—> Decline 4—|

Resource : Tellis (2004)

time
| -
»

Takeoff is the timing where introduction stage turns into growth stage and
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slowdown is the timing where growth stage turns into maturity stage. Next, we’ll

review literatures following the sequence of these stages above.

Bass model presumed that there existed a certain purchases (p times m) at initial
stage. However, sales of most successful new products are very low at introduction
stage and soared suddenly at a certain time which is called “takeoff”. Then sales are

grown fast after the point takeoff.

Gort and Klepper (1982) defined the diffusion of innovation as the spread in the
number of producers engaged in manufacturing a new product. Nonetheless, we can’t
assure if the increase of producers is identical with the increase of consumer adoption
because that they did not observe the real consumer behavior. Kohli, Lehmann and
Pae (1999) defined an “incubation time” as the time between product development
and market launch, finding that the duration of incubation time will affect the
coefficient of Bass model. The longer the incubation time existed, the lower the

coefficient of innovation (p) and the longer the time to sales peak happened.

Golder and Tellis (1997) defined the point “takeoff” of new product sales as the
time that the introduction stage turns into growth stage of product life cycle. They
found that the takeoff tends to appear as an elbow-shaped discontinuity in the sales
curve showing an average sales increase of over 400%. They also indicated that when
the base level of sales is small, a relatively large percentage increase could occur
without signaling the takeoff. In contrast, when the base level of sales is large, the
takeoff sometimes occurs with a relatively small percentage increase in sales. In the

end, they examined several marketing variables and discovered that price and
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marketing penetration strongly correlates with takeoff. Tellis, Stremersch and Yin
(2003) investigated the takeoff-related issue in Europe and showed that sales of most
new products display a distinct takeoff in various European countries and the
time-to-takeoff varies substantially across countries and categories. Their research
displayed that cultural difference explains the different duration to takeoff while

economic factors can’t.

Since this sudden increase on sales need a lot of resource to cooperate like
production, inventory and logistics, understanding the occurrence of takeoff and what
drives it is very crucial to managers. Nevertheless, the present literatures about takeoff
were all verified by the data of successful new products rather than all launching
product. Those literatures, therefore, can only help measure when the takeoff happens

rather than judge whether the takeoff happens or not.

2.4 Growth

Although Bass model has been a great paradigm aiming to deal with growth stage
in marketing field, there still existed some limitations had to be break. Following are

extensions of Bass model and limitations of Bass model.

2.4.1 Redefinition of Bass model

In contrast to Bass’s explanation of coefficients p, q that p is related to innovator
and q is related to imitator, Rogers’s definition that innovators are the first 2.5%

adopters of all potential adopters is quite different from Bass’. In other words, Bass
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defined innovators as buyers who are not influenced by others instead of buyers who
adopt an innovation first. So how does Bass model associate with classic normal

distribution proposed by Rogers?

Mahajan, Muller and Srivastava (1990) proposed a rewritten form of Bass’s basic
assumption (equation2).

dN(t)

n() === = plm — N(T)] + ZN(©[m— N(T)] (7

Where n(t) is equal to s(t) and N(t) is equal to Y(t) in Bass model.

They suggested that the term “innovator” in Bass model should not be called
innovator because those buyers are necessarily not the first adopters in Rogers’s
definition. Therefore, they cited Lekvall and Wahlbin’s opinion (1973) that the
coefficients p, q in Bass model should be referred to as the coefficient of external
influence and the coefficient of internal influence, respectively. They thought that the
potential adopters of an innovation are influenced by two means of communication:
mass media (external influence) and word of mouth (internal influence). And
innovators are influenced only by mass media communication while imitators are
influenced only by word of mouth communication.

Lekvall and Wahlbin also proposed an explicit expression to estimate the total

adopters affected by external influence.

143

N,(t) = msln [m] (8)

Consequently, adopters influenced by internal influence are N,.; = N(t) — N, (t)
This explanation helped connect Bass model with Rogers’s work. Next, how does

Bass model compare with Rogers’s five categories? This answer is simple. Mahajan,
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Muller and Srivastava (1990) indicated that the point of inflection represents one
standard deviation away from the mean of the normal distribution. Thus, finding the

point of inflection of Bass’s equation can yield five categories of Bass model.

2.4.2 Limitation of lacking data

Bass model yields good prediction when adding sales data. However, managers
want to know how consumers react to new products before launching instead of after
launching. To solve this problem, Mahajan, Muller and Bass (1990) suggested that if
no data are available, parameter estimates can be obtained by using either

management judgments or the diffusion history of analogous products.

2.4.3 Including Marketing Variables

Bass model do not contain marketing variables such as price and advertisement.
Managers would like to know how to improve sales through those variables.
Kamakura and Balasubramanian (1988) discovered that the decline of price only
influences the adopted probability of products which have higher price.

Price seems to play different role among products. Horsky and Simon (1983) added
the expenditure of advertisement of producers at given time T into Bass model. Bass,
Krishnan and Jain (1994) created the Generalized Bass model, adding two factors,

price and advertisement, into Bass model:

"2 = [p+ qF(1)] = x(1) (©)

1-Fi

Where x(t) is present marketing investment, the expression is as following:

APr(t)
Prit—1)

20

+ B, x (10

A1)

x(t)=1+p, *



APr (t) is the change of price while AA (t) is the change of expenditure on
advertisement. They found that the fitness of Bass model is good enough as the
percentage of change on decision variables remains constant while the fitness
provided by Generalized Bass model is better than by Bass model as the

percentage of change on decision variables alters remarkably.

2.4.4 Including Supply Restrictions

Some researchers discussed other restrictions in management. Jain, Mahajan,
and Muller (1991) discussed supply side limitation such as limited production
ability and limited logistics ability. They deemed that consumers transform into
waiting applicants from potential adopters first, then transform into adopters in

the end. Here is their model:

daic)

22 o+ () A+ (2)«NO|m-AD -NOI—c() rAD)

And

= ¢(t) = A(t)

d ()
£

d

The term d‘;% reflects the change of waiting applicants. This change consists of

increases on waiting applicants A(t) and the number of adopters N(t) and decreases
because waiting applicants A(t) becomes adopters. c(t) is the supply coefficient,
meaning that a certain percentage of waiting applicants can really get the merchandise
due to limitation on supply side. They produced the formula of increasing new
adopters as following:

q

p+(2)a® + ()« N®|Im- A® - NI

1.-' '\n'l/

dz(t) dA(t) di\'(t)_
dt  dt | dt _[
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Ho, Savin and Terwiesch (2002) further discussed the real situation: In the presence
of a supply constraint, potential customers who are not able to obtain the new product
join the waiting queue, generating backorders and potentially reversing their adoption

decision, resulting in lost sales.

2.4.5 Including Competitive Effects

Some researchers considered the influence on the diffusion of present brands
resulted from the entry of new competitors. One new brand may result in two effects:
(1) A new brand will increase the market potential of the product category due to
product diversity and raising promotion. (2) A new brand will reduce the diffusion of
present brands due to competition. Mahajan, Sharma and Buzzell (1993) investigated
camera market, indicating that the new brand entry, Kodak, got exceeding 30% sales
of existing brand Polaroid’s potential buyers while bringing about the market
expansion. Krishnan, Bass and Kumar (2000) investigated cell phone market, finding
that the diffusion effect created by new brands entry differs among different markets.
Some increase market potential while others obstruct the diffusion speed of their
competitive brands. Although these articles discussed competitive impact, they didn’t

explain the impetus behind the phenomenon.

2.4.6 Including Technological Generations

Norton and Bass (1987) assessed the market penetration of successful high-tech
multi-generations products based on Bass model. They used 4k, 16k, 64k ,256k

DRAM as samples, developing a model to deal with the substitution effect among
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multi-generation products. To facilitate our later discussion, we use the term
“Substitute Bass model” to represent their model. Following lists a formula of a
simple situation between two generations:

Y, (t) = my F(t)[1 — F(t — t,)]

Y,(t) = F(t—1,)[m, + m,F(t)] (12)

T, 1s the launching time of second generation, Y;(t) is the cumulative sales at given
time T of generation 1, F i(t) is the cumulative adopted rate and m; is market potential
of generation i. This model captured the diffusion and substitution effect quite well.
Next, Norton and Bass (1992) continually applied this substitution model to other
industry such as recording media and computer products and pharmaceuticals.
Mahajan and Muller (1996) explained a leapfrogging phenomenon: some consumer
skip a generation, adopting the latest generation directly. Kim, Chang and Shocker
(2000) tried to coordinate substitution effect and complementary effect in a new

model.
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Chapter 3 Research Methodology

3.1 The drawback of Substitution Bass Model

In Substitution Bass model, each generation has the same coefficient of external
influence p, coefficient of internal influence q and has its own potential market (m;,
my.... m,). This assumption generated the same cumulative density function F of each
generation, which means generations have the same growth pattern if they don’t
influence each other. The only difference among those cumulative density function is
the emerging time. Then Bass identified these nonlinear equations:
¥y(t) = m F(£)[1 —F(t—7,]]

Ya(t) = F(t—71;)[my +m,Fy (9][1— F(t—13)]

Y;(t) = F(t—t3)[my +F(t— 1) [m; + F(m]][1— F(t—1,)]

v, (t) = F(t— 7 )[m, +F(t— 13)[m; + F(t —7,)[m; + mF(Y]]]

Yi (t) = shipments of generation i, F(*) = [5-1_%‘_';]] (where ais g/pand b is p + q),
m; = the incremental potential served by the iy, generation, that is, that not capable of

being served by any generation j <1i. T; is the emerging time of generation i.

There is a crucial concept behind this model. It assumed that there exists two
markets m; and m,. m; consists of the consumers who are attracted by the functions
of generation 1 while mj are attracted by the new functions of generation 2. In
addition, most new generations own the functions of old generations. Thus, m; may
change their mind to buy generation 2 but m; has no possibility to buy generation 1

because what catch their eyes are new functions.
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Since m; and m; are different market segments, the life style and the consumer
behavior of m; and m; may exists inconsistency. Some market segments are
influenced easily by words of mouth while the others are affected quickly by mass

media.

Thus, the coefficients of external and internal influence of different generations
should be different (p;#p2#..... pn and qi#q2%...... (n) Our first step is to relax the
assumption of the Substitution Bass model that the coefficients of internal influence,

qi, q2...9n and external influence py, p,...pn are the same.

Returning to the Substitution Bass Model, we realize that parts of potential sales of
the previous generation transfer to the next generation. For example, parts of potential
market m; switch to the sales of generation 2. Then sales S, consist of its expanding
application and the transition from m;. Bass solved substitution behavior of
successive generations by giving all generations a certain cumulative function F,
isolating each generation’s potential market, generating transferring equations and

using data to observe the fitness between real data and estimated curves.

Consequently, the different shapes of curve are caused by its own potential market
and the transfer of previous potential market. However, following our relaxation of
the equal coefficients of external and internal influence, it should be generate two

different cumulative functions F; and F,

Next, we try to prove Fi#F,#.... F,. As we can see in this graph derived from Bass’

article:
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Figure 6 Sales Data of DRAM
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Although its R values of those three curves are remarkably high (S (t): 0.9672, S,
(t): 0.9646, S5 (t): 0.9993), we can easily observe that the gap between real sales and
estimated sales becomes bigger when the next generation takes off. The forecast of
generation i is inaccurate when generation 1 + n (n =1,2,3..etc) started to grow or have
started growing. The forecast is only accurate in the preceding periods. Therefore, we

may say that the high R*values result from the preceding periods.

Besides, the Substitution Bass model aims to deal with the high-technology product.
Nevertheless, the data it used is the unit shipments of different DRAM and SRAM.

Today, most high-technology products we mentioned are consuming electronic
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products. The tendency of consuming electronic products is very different from those
elements which are inserted into them. The quantity of those elements is not equal to
the real sales of consuming electronic products. As we know, in consuming electronic
products, suppliers accept new generations and eliminate old ones to force consumer
to buy a new generation. Thus, the tendencies of adopting different generations of
DRAM and SRAM are more alike. In other words, using the data of DRAM and
SRAM instead of the data of the sales of consumer electronic products is not a
suitable method to handle this high-technology issue. The data of DRAM and SRAM
cannot stand for the real sales of consumer and the timing of consumer’s adoption.

To sum up, we think the high R? values is caused by the data during preceding periods
and by the data from inserted elements instead of the real sales of consuming
electronic products. According to previous discussion, generations influence each
other. The method of calculating the coefficients of Substitution Bass model can only
capture the sales tendency when generation i is not influenced by the following
generations but fails to yield a good prediction to generation i when generation i+1

has started to grow.

We should focus on the phenomenon: When next generation starts to grow or has
been started growing, the prediction will have a bigger deviation. Because
Substitution Bass model already captures the transitional behavior, we can easily
presume that the inaccuracy is resulted from the unprecise emerging F. This
presumption fits with our relaxation that the same coefficients of external and internal
influence of different generations are wrong. Different coefficients must result in
different cumulative density function F. The identical cumulative density function

F produced by Substitution Bass model, of course, will generate inaccurate
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forecasting curve.

3.2 Research Framework

3.2.1 Parabola

To develop our equation, we have to explain our basic principle. Given two
downward parabolas Y; and Y>,

¥, =a,;X*+bX+¢c , ¥,=aX +b,X+c,

We can generate a new equation that:

Y=Y, + Y =(a;+a)X + by +b.)X+ (g +2,) (13)

From equationl3, the combination Y remains a parabola as the following graph.

Figure 7 Parabola

Y, Y2

v
X

Besides, observing the following graph (figure 8) derived from Substitution Bass
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model, we plus all the sales together and find that the curve of the sum seems to
match with a certain parabola. This finding fits with the principle of equation 13.

In diffusion behavioral aspect, the sum of all generations represents a diffusion
process of a certain category so that the curve of the sum will match with a certain
parabola. Therefore, in our model, we don’t separate each generation from others but
combine them, using a systematic point of view to solve this issue. We think the
forecast of the diffusion of whole market sales is more accurate than individual

product sales.
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On the other hand, equation 13 can help explain why the R” of Bass’s evaluation
are so high ( Norton, John A ; Bass, Frank M 1987, 1992).
Bass (1969) succeeded in using bell-curve to simulate the sales at a given time S(t).

S(t)=a+b¥(t— 1)+ c¥ (t—1)

Thus, in multi-generation environment, no matter the transition of sales occur or
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not, the sum of the sales of all generations at a given time T must forms a parabola.
This explains why Bass always succeeded in good fitness because Bass investigated
the whole market of a certain category. In our model, we’ll start from the whole

market sales and try to assess the interaction among brands.

3.2.2 Conceptual Diffusion Model of Multi-Generations Products

Initial purchase or replacement purchase

Following that, we need to define all the purchases more clearly. In reality, most
people buy old generation first and purchase a new generation few years (even few
months) later. However, we can’t take this kind of behavior as “replacement
purchases” because they pursue a new one for stronger entertainment or for satisfying
themselves. In other words, they won’t buy if the new one is similar with the old one.
Therefore, we should still take this kind of purchases as what Bass defined, “initial
purchase”. Since we take it as initial purchase, we can still follow Bass’ basic
accepted assumption, “the probability that an initial purchase will be made at T given
that no purchase has yet been made is a linear function of the number of previous

fit)

buyers”. That is, el is a linear function of the number of previous buyers.
—F(D

Unlike Substitution Bass model, we doubt that the transition behavior

equation shouldn’t be written like equation 12.

Y,(t) = myF(t)[1 —F(t —1,)]

¥y (t) = F(t—1y)[m; + myF(1)]
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As we can see in figure 9,

Figure 9 Constitutions of Generations
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Generation 1
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When t = T, parts of m; times F(T,) people adopt generation 1 and the rest switch
to generation 2 while m; times F(T,) people adopt generation 2 if there is no advanced
generation. Our argument about the Substitution Bass model lies on that m; has no
impact from generation 2 before 1, But according to their
equation Y, (t) = m,F(t)[1— F({t— t,)], it seems that they presume all m; is affected
by generation 2 at the given time t= T,. Thus, we set up a variable o(t) to represent the
transitional fraction of old generation and construct our model:

Y, (t) = Fy(t) «+my = [1 — a(t)]

Y,(t) = F,(t— 1) = m, + F;(t) = m,; = a(t) (14)

Where Y, is the cumulative adopters of generation 1, m,is the potential market of
generation i, T is the launching time of generation 2 and F, is the cumulative
density function of generation i. Following our previous discussion, we relax the

limitation of the same F, allowing different generation has different F. F, *m, = «a
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captures the transition behavior while equation 14 owns adoption and transition

behavior.

Next, we add the concept of substitution model proposed by Fisher and Pry (1971).
Their result is that the log of the ratio of the market share of the succeeding

technology to that of the first is a linear function of time:
n(2)=kt; j>i (15)
Where a; and a; are the fractional market shares of innovations at time t, j is newer
than 1. k is a constant of proportionality, i and j are technologies. Equation 15 can be
related to our transition fraction F, = m, = a because what Fisher and Pry discussed
is how new technology replace old one in original market. We can generate following

equation from equation 15:

i f el’“ (16)

4
Since a, and a; has the same total market m = m, + m,, we can rewrite equation 16:

m=a; 5
|=—I=ekt : S:S-’Ekt 17)
m=aj 5 !

From equation 17, we know S, (t) = §, (1) = ™"

and we can use present data to
calculate the constant k. Then, according to S,(t) = S,(t) = e*°, we construct the

following equation:

Y, (1) = Y, (1) = & (18)

Differentiating equation 14 and applying to equation 18:

mfef—Fom,
Family (1455
qmyq (1+e™)

o (t) + L{_t'i'a[tj = (19)
Fyi(t
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To solve this linear first-order differential equation, we have to calculate the

integration factor I(t) first:

-I:,d

Jg—dt
I(t) = e F: =gl = F, (1)

kt
Thus, following the solution that 1[t) = a(t) = [ I(t). [W—H]dt

fj_E' fz Mz

|n1-:_'1+el'“:_‘|

F,«alt) = f (20)

To solve the right complicated integration function, we have to apply numerical
quadrature rules by matlab to calculate the real value of it. If we get the value of
right item, a(t) can be measured due to the predictable F,. The calculation method
will be discussed in next chapter. What we focus on here is the sales peak and the
timing of sales peak. Since the value of =(t) has helped for predicting the future state

of generations, it’s unnecessary to find a'(t).

Following is how to find the sales peak of Si(t) and the timing of it.

d'lll:

( Si(t) is the sales purchased at a given time t, = 5, (1)
Since 3(t) = 3, (t)(1 + e¥*) , we, therefore, can calculate the value of Sy(t) easily

by adding the predictable exogenous values S(t) and the exogenous constant k. Then

we can draw the forecasting curve of Si(t).

S(th

Because equation 20 is a function of time, we are able to differentiate it:
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ds; () [ 5(t) }’ _ s'+eMs’ (o —ksit)] 21)
de |i1+ekt:| N li:l +E|=“::I2
Given the formula consisted of coefficients p, q, m from Bass model,
4 2o (p+ale 4 3 —(p+alie L.
m(p+q)°e m(p+aq)e « (Qg-te+ad _ 1y
S(1) = — ,S'(1) = -
[ﬂ p-lpTalt L 1]2 [ﬂ e”\PTat 4 1] 3
j2 P
We replace equation 21 by above formulas:
dsy (1) _ :e_r-p_q-:t]%-:_'p+ q_‘lz [p+qi+ip+gq— k_‘lel'“:] .::Ee—f.t}—q.it_i'j 22
de :Ee—".tl-ﬂl-:“+1] ? (1+ek)?

In order to find the timing of sales peak, we must set equation 22 equal to zero.

And we note that the exponential value and coefficients of p, q, m must exceed zero.

L

+q .
-9

In I.-E.

T
pTq

Iniz
Consequently, only at the time that t* = —=

ort' = , the sales of

i

generation 1 per unit time reach its sales maximum or minimum amount. In next

chapter, we’ll discuss which time is the timing of sales peak of generation 1.
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Chapter 4 Discussion

4.1 Assessing sales amount

Following is the operating procedure of generating sales prediction.

Generation2

Generation1

T1 T T2

Figure 10 Assess sales amount

When t = T}, there is only generation 1 existing in the market. By applying sales
data of generation 1, managers can easily predict 5, (t) = f, (t) * m, by applying
Bass’s method. This forecast is accurate because no sales of generation 1 switch to
generation 2. However, the forecast appears deviation since generation 2 has launched.
According to our previous discussion, we abandon the isolating data from generation
1 and generation 2 because the individual data from both generations actually affected

by two potential adopters.

Therefore, combining both data to generate an aggregate data is a precise way to
find 5(t) = 5, (t) + 5, (t). The finding of aggregate sales S(t) doesn’t directly help
managers because what managers care is the sales and the future market position of

their products. But by applying equation 20, we can produce the forecasting sales
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sty ) and can, of course, calculate Sy(t).
[1+e%)

curve of Si(t) ( §,(t) =

elt

) (23)

S, (t) = 8(t) = (G
From equation 23, obviously, we can get S;(t) and Sy(t) after estimating the

constant k. By applying the sales of generation 1 and generation 2 to equation 18 as

Fisher and Pry, a certain constant k is available. Finally, we obtain S;(t) and Sx(t)

through the aggregate sales S(t) and the estimated constant k.

4.2 Assessing density function

The same as above method, using the data during the time before the launching
time (T) of generation 2, the density function f; and the cumulative density function F,
can be estimated by the coefficients p;, q;, m;. We emphasize that f; cannot be used to
generate the accurate amount of sales when other generations appear but can help

produce the potential density function f, of next generation.

Practical curve of

Generation2

, Original curve of
Switch from S;

Generation2

WOriginal S,

Figure 11 Components of S,

The method is simple. From figure 11, sales of generation 2 at a given time

compose of switch from S; and original sales of generation 2 S,. Thus, the gap
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between the practical sales of generationl and the forecast of generationl generated
by f; must be the switching part to generation 2.

812 (t:'l = SlfD:"EE‘aS[ - 81 (t)

Where S;1(t) is the switching part to generation 2

Since the sales of generation 2 consist of the potential adopters of generation 2 and
the switch of generation 1,

Sioriginal = 5,(t) = 8.2(1)

Practical data of generation 2 Sy(t) minus the switching part S»(t) brings Saeriginal.
By treating S>original @s the original sales data of generation 2, we are able to produce
the coefficients of p,, g2, my and then the density function f, can be formed. F, can
also be found by integrating f, but the density function f; is enough for us to calculate

the variable a(t) which represents the transitional fraction of old generation.

4.3 The transitional fraction o(t)

fym,

= dt , using numerical

g Lkt
According to equation 20 that F, = a(t) = | :1—2“ e

quadrature rules through matlab can solve a(t). And if we let the time t be infinity, the
ultimate allocation state of both generations can be estimated.

o, (D)™ £, (t)m,

: JF'i'iL—E!"“_m (1+ e*%)
o:[?-?} = lim -

) [—== Fl[t:l

From above equation, managers will know how many adopters of generation 1

change to generation 2 and realize the whole practical markets of both generations

they need to serve.
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Estimating af(t) at any time is unnecessary because both S(t) and S,(t) are available
by previous method and temporary cumulative sales Y(t) and Y,(t) aren’t very

important to managers. However, we can still estimate them:

T8(t)

kt

e
1= ek“j dt

'fiit)=[ Siﬁt)dt=f dt . Y,()= [S:(t)dt=[5(t)-‘(

As the procedure of calculating a(t), both integrations of S;(t) and Sy(t) need using

numerical quadrature rules by computer to solve it.

4.4 The timing of sales peak

Generation 1:

. —E+at) By 32 a1+ fptg—k) 5[ Tem (Bralt_q)
. . ds, () [e t]p‘p gl [lptai+ipta-kle ]'-1:E 1)
By setting equation 22 that = -
dt [EE—.F+-:|.'I:_ 1] |:'1—ek‘t_'-:

equal to zero, we can find that S;(t) reaches its sales maximum and minimum when

In i3

e el and t.F = B .
k = ptaq

4.4.1 Two extreme values

Comparing t;" and t, * which is bigger depends on the amount of three coefficients.
Ift," is earlier than t, , it means t; " is the timing of sales peak and t," is timing of the
minimum sales. Since S;(t) goes up at early stage and is replaced step by step by
generation2, the presumption that the earlier time t;" is the timing of sales peak is
reasonable. Note that the timing t,  is equal to the timing of sales peak of the whole
market category S(t) (Bass,1969). Thus, the timing of sales minimum of S;(t) is the

timing of sales peak of S(t). This means a large percentage of S;(t) transforms to
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generation2 and generation2 probably has a quite large potential adopters. Both
conditions make S(t) reaches its maximum at tl* and minimum at tz*. In contrast, if

t," is earlier than t; ", it means the timing of sales peak of generation] is equivalent to
the whole market, standing for that there is rare percentage of S;(t) changes to
generation2 and the potential adopters of generationl is much bigger than generation2.

This situation results in a small constant k and causes a longer time tl*.
4.4.2 Only one extreme value

If k is less than p plus g, we cannot count t,” because of the definition of napierian
logarithm (In). In other words, the timing of sales peak of generationl is equal to the
whole market. Therefore, like above discussion, there is rare percentage of S;(t)
changes to generation2 and the potential adopters of generation] is much bigger than

generation2.

4.5 Sales peak

Generation 1:

By

If generation] reaches its sales peak at T =t,", we replace t,” with - "; =% and S(t)

with the coefficients p, q, m into equation 20 that S, (t) = —E . The sales peak in

terms of the coefficients p, q, m is:
(k—p—q)*m=(p+ P79 5=
p-a)sm=(p+a)(z=p= )
S‘1 I:t‘l-) - i(p+

k:q p & [—:‘\. [—q)_- kq.l_ l]:
p ‘k—p—q

If generationl reaches its sales peak at T = tz*, the outcome will be:
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s, () = 22T

4q[1 + ()P7]

Finally, we know when is the timing of sales peak and the amount of sales peak of
generation 1 as long as estimating the aggregate coefficients p, q, m and the constant
k. In the end, we have to point that we can obtain two curves S;(t) and S,(t) by
generating coefficient k and aggregate sales curve. Consequently, we are able to find
the sales peaks and the timings of sales peaks of both generations easily by observing

the curves we produced.
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Chapter 5 Conclusion and Suggestion

5.1 Conclusion

In order to forecast sales accurately, managers should understand the knowledge of
new product growth. The first step is following Tellis and Golder (1997) that the
takeoff tends to appear as an elbow-shaped discontinuity in the sales curve showing
an average sales increase of over 400%. That is to say, managers have to observe the
soaring sales increase of over 400% before applying sales data to produce sales
forecast because Bass model need sales data which are made after takeoff point to

generate an accurate prediction.

After crossing the takeoff point, managers who are responsible for the first
generation just follow Bass’s method to generate coefficients p, g, m and then

calculate the timing of sales peak and the sales amount.

It
T =—— ; SI(T':,I=

Besides, using potential market m times the density function fi(t) is able to estimate

Si(t). Thus, by giving different times, managers can draw the predicted sales curve.

Tt

m(p + q) e

S(t) = P
[% ag~hpTalt L l]:

After new generation reaches the takeoff point, managers start calculating the sum

of two generations’ sales and exploiting the aggregate data to generate the aggregate
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sales forecast. Since the forecast of the total market is more precise and the interaction

between two generations follows the conclusion of Fisher and Pry (1971), managers

sie) ke
are able to estimate the sales tendency by §,(t) = — ) and 3, (t) = &(t) = [ﬁ).

Giving different times t, managers can also draw the sales curves of both generations.
In addition, after new generation comes out, the reduction in Si(t) (5,¢,,e0aze — S1(t))
is switching to generation2. Therefore, using the sales data of gneration2 minus the
switching part from generationl produces the original coefficients p»,q»,m; and the
density function of generation2. The purpose of getting original information of

generation? is to find the transitional fraction a(t).

dt

Jf f-lel{t . f: ml;
1+ef my(1+e5)

F(Y)

a(t) =

By letting the time be infinite o , managers can measure the ultimate distribution
of both generations. Knowing the final distribution is very important because
managers can realize how many customers they need to serve and how many assets

and facilities they need to invest. Calculating a(::c:,'l can prevent over-investing.

In the end, managers are able to find the timing of sales peak and the sales amount

of generationl by the coefficients from total sales:

In (2200
If the timing of sales peak is t,* = % ,
. (p+q)
_ (k—p-glsms(p+) ()T K
The sales amount will be 5, (t,;") = g
9, B+ =
kepelde( )T & 4]
o3 ) .
If the timing of sales peak is t,” = —= | the sales amount is §,(t,") = ——F
N PTaq - , - My
4q[1+(Z)E+1]

B
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In regard to generation2, since we can draw the sales curve of generation2, it is not
difficult to predict when will generation2 reaches its peak. In fact, generation2 are
usually influenced by next generation. Thus, differentiating S, (t) to find the timing
without considering the impact from next generation is definitely generating a wrong

forecast.

5.2 Limitation and Future research

5.2.1 A lack of data of generation2

In Mahajan and Muller’s review of new product growth (1990), they reveal that
managers can apply their experience to guess the value of coefficients p, g, m when
there is no data existing. Following their discussion, managers are able to draw the

forecast curve without data.

However, there is no truly new product today. What we have is new generation.
Therefore, managers get to know the new launching product must be influenced by
previous generation. Thus, only founding the average values of coefficients k, p», q2,
m; can help managers guess the descending S(t) and rising S,(t). Furthermore, given
that managers know the average values of coefficients, managers can decide the
launching timing of new generation to prevent generationl from losing too much sales
to generation2. Managers should let generation2 substitutes for generationl after

generationl matures.
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5.2.2 Competition between different brands

This article aims to deal with the issue that new technology replace old one.

Therefore, parts of potential sales of generationl change to generation?2.

Y, (t) =Fy(t) *my = [1—a(t)]

We presume that people won’t go back to adopt old generation. But, if we research
the competition behavior between different brands, the situation must be more
complex. People may switch to generation2 from generationl and switch back to
generationl again. Thus, constituting an improved model based on the concept of this

article may solve this issue.
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