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ABSTRACT

RAD decisions and the dynamics of diffusion for new pro-
duct innovation have been studied separately by econo-
mists and marketera. This paper develops a nev product
launch-time decision model that integrates that research.
The best time to launch the new product balances the
risks of premature launch against the sales (and profit)
lost by unnecessary delay. Several objective functions
are evaluated to illustrate the rationale and implica-
tions of the model.

INTRODUCTION

In this paper, we recognize the launch-time of a new pro-
duct as the bridge betwsen the R&D phase and the market
diffusion phase of a new product innovation. We develop
a model in which the "diffusion power" of a new product
and its market potential are two major determinants of
the optimal time for a new product introduction. K basic
premise of the model is that a delay in launch time
increases the diffusion power or attractiveness of the
offering on the one hand, but is accompanied by a higher
level of market penetration by existing products and
lowered potential penetration on the other. Therefore,
the model suggests that a new product should be launched
when those two effects are properly balanced.

The paper is organized as follows. First, we review the
literature on issues and modeling approaches to the R&D
decision and first purchase diffusion dynamics. Then we
build a new product launch time decision model that ana-
lyzes the relationships among (a) R&D and marketing
investments, (b) the diffusion dynamics of the market,
and (c) new product sales performance, and we analyze the
model to develop an optimal launch time. Finally, we
discuss uses and limitations of the work and outline
directions for future research.

LITERATURE REVIEW

The market launch of a new product usually accompanies a
transition from R&D to marketing investment, although
these two categories of investments overlap. These two
phases, R&D decision-making and market-diffusion dyna-
mics, have been studied separately.

New Product/R&D Decision Models

A number of economists have developed R&D models that can
be classified as decision theoretic models, game theore-
tic models, wmodels of industry evolution, stage models
and sequential or nonsequential optimal satopping models.

Kamien and Schwartz (1972, 1982) developed a decision
theoretic R&D model and found that the speed of innova-
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tion will increase with an increase in the intenaity of
rivalry up to a point, but will slow down as it Q0n-
tinues. In game theoretic models, the 1nterdependonce
among rivals' R&D spending decisions is analyzed as an
internal variable (Loury 1979; Lee and Wilde 198g.
Dasgupta and Stiglitz 1980; Reinganum 1981, 1982). Ané
Nelson and Winter (1982) suggest that the evolution or
industry structure over time should be incorporated ip
R&D decision models.

Stage models of R&D decisions are based on the assumption
that an R&D decision 1involves continuous information
search and decision making through a well-defined sequen-
tial development process. Roberts and Weitzman (1981)
suggested a sequential stopping rule approach where a
decision 1s made at each stage based on the available
information about the expected terminal benefit and the
R&D costs of the project. Urban and Hauser (1980)
suggested a series of GO/NO-GO decisions over the RAD and
commercialization stages: opportunity identification ..
design -- testing -~introduction -- profit management.
Optimal R&D atopping rules also have been developed in
nonsequential (or continuous) R&D search models.
Deshmukh and Chickte (1977) developed a markovian RaD
decision model that allows technological and wmarket
uncertainties; Lee (1982) alsoc analyzed a continuous-type
R&D search model.

The literature on R&D decision models suggests: (a) the
uncertainties related to technological and market suc-
cesses are important factors influencing the expected
benefit of an R&D project; and (b) the objective for R&D
decision making is usually taken to be a function of the
expected benefit of new product profit performance and
R&D costs. Howsver, we note that most of the models
ignore the uncertainty or dynamics of the customer-side.
Most R&D models have assumed that the demand or the sales
growth of the new product is given and known in advance
of the market launch of the product. The dynamic.aspect
of new product sales over time has been studied through
first purchase diffusion models in the marketing litera-
ture.

Market Diffusion Models

A number of models with varying levels of complexity and
applicability have been developed to ald in forecasting
and controlling a new product's market performance.
Recent reviews of diffusion models (Lilien and Kotler
1983; Mahajan and Peterson 1985; Yoon 1984) suggest that:
{(a) innovation and imitation effects are two major com-
ponents of these models (Bass 1969; Dodds 1973; Nevers
1972); (b) marketing variables have been successfully
incorporated into diffusion models for some specific pro-
ducts and situations (Robinson and Lakhani 1975; Horsky
and Simon 1983; Lilien, Rao, and Kalish 1981; Dolan and
Jeuland 1981), but no single best model has been iden-
tifled; (c) market potential has been assumed constant or
& runction of information level (Bass and Bultez 1982),
reservation price (Kalish 1983), or other relevant exter-
nal variables (Mahajan and Peterson 1979; and (d) most of



the diffusion models are purposely kept simple to permit
the development of analytic results. Most models have
focused on the behavior of a single product's sales.
Recently Peterson and Mahajan (1981), Teng and Thompson
(1983), and Eliashberg and Jeuland (1982) have analyzed
competition among new products in a limited framework.

The new product entry decision in a diffusion environment
has been astudied by Kalish and Lilier (1986). They
develop & market diffusion model that incorporates
possible negative feedback associated with introducing a
product before it is ocompletely, technically ready and
find that significant penalties may be associated with
introducing a new technology too soon.

Through this review we see that economists have studied
R&D decisions, usually assunming a given reward for inno-
vation without considering the dynamic aspects of the
diffusion process and the uncertainty on the customer's
side. Marketing scientists, on the other hand, have
mainly studied diffusion dynamics or optimal marketing
policies assuming a given R&D result. We proceed to
develop a model-framework that bridges that gap.

THE LAUNCH-TIME MODEL

A new product's diffusion power (or competitive strength
or attractiveness) and market potential are two major
factors affecting its optimal launch-time. We assume
that a delay in launch time increases diffusion power,
but also permits a higher level of market penetration by
existing products. Our analysis will show that to maxi-
mize initial sales penetration, a new product should be
launched when the ratio of the new product's diffusion
power relative to the untapped market potential level is
equal to (minus) the ratio of the marginal diffusion
power of the new product to the marginal untapped market
potential. When the innovating firm's objective is NPV
maximization over more than one period, the optimal
launch time may come earlier or later than when it is
one-period sales maximization, depending on the discount
rate, the level of diffusion power and the untapped
market potential.

Product Type and Market Situation

Product type, market structure, stage in the product life
cycle and the nature of market potential are important in
modeling a new product situation. We look at the
following conditions here: (a) the new product |is
expected to be superior to existing products in terms of
quality; (b) we assume that the product has passed the
screening, evaluation, and basic development stages, and
we focus on R&D effort made for. the improvement of the
product's quality; (c) we assume that the new product and
other competing products in the market can be charac-
terized by their quality levels. This implies that pro-
duct positioning in terms of price, distribution,
production capacity, and target market can be incor-
porated into the definition of quality; (d) we assume
that the market is in the early stage of its life cycle
(introduction or growth stage). Potential market size
may vary depending on the quality lsvel of the new pro-
duct; we consider an oligopolistic, rather competitive
market where both competitive entry and marketing com-
petition are common. Innovation rivalry influences the
aize of market potential through the improvement of pro-
duct quality, while marketing competition influences the
market share composition among brands.

Consumer or business goods such as personal computers,
home VCR's, word processors, or electronic coplers in the
1980's are examples of the product type specified above.
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Conceptual Framework

For the situation specified, we suggest the conceptual
model {llustrated in Exhibit 1, which shows interactions
between RAD and marketing decisions, market diffusion
dynamics, and ssles performance.

EXHIBIT 1

A CONCEPTUAL FRAMEWORK FOR THE NEW
PRODUCT R&D-DIFFUSION MODEL

New Product New Product Market
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New product R&D and marketing decisions. The rela-
tive quality level of a new product is determined by the
firm's R&D investment for the new product and intensity
of innovation rivalry. Relative marketing efficiency is
determined by marketing investment for the new product
and market rivalry. Relative quality level and relative
marketing efficiency determine the attraction level (or
attraction share) of the new product.

Market diffusion dynamics. Market potential, inten-
sity of innovation rivalry, and marketing rivalry deter-
mine market sales. Market potential is influenced by
innovation rivalry and marketing rivalry.

New product sales performance. The market share of
the new product is determined by the current attraction
share and the carryover effects of previous market share.
The sales rate of the new product is computed from the
market share of the new product and market sales over a
specific planning horizon. Finally, the profitability of
the new product can be estimated from the sales rate, the
product's price and the costs for R&D and marketing.

The length of the planning horizon affects the complexity
of the analysis of this model. We will study a one-
period planning horizon by assuming that the competitive
strength of the new product will remain fixed over a spe-
cific planning horizon. This assumption makes the model
simple but leads to the elimination of some dynamic
interactions. Therefore, we also study the implications
of the model in a multiple period framework.



OPTIMAL LAUNCH-TIME CONDITIONS
Maximization of Initial Market Penetration

Achieving a target sales level is frequently mentioned as
a major objective of new product RaD/marketing decisions.
For example, in a study of 81 new business products,
maximization of sales s the most ffequently oited
measure of performance (48.1%, Yoon 1984). A sales maxi-
mization obJjeotive is based on the observation that the
destiny of a new product (especially & new industrial
product) is determined by the sales achieved during the
first few years following its introduction into the
markst (Choffray and Lilien 1980; Yoon and Lilien 1985).
For this analysis to be appropriate, we assume that pro-
duct price is set by the market.

The product's sales is equal to the market sales level
times its market share or:
S(t)

=z Sm(t) SH(t), where: (&)

S(t) = sales of a new product during a planning period
beginning at time t,

market sales during that planning period,

market share during that planning period.

Sm(t) =
SH(L) =

The market sales on the right-hand side of this equation,
Sm(t), can be decomposed to yield:

S(t) = Um(t) Dm(t) SH(t), where: (2)

Um(t) = untapped market potential during a planning
horizon beginning at time t, and

Dm(t) = market diffusion rate during the same planning
period.

Here we define "diffusion power," D(t), as follows:

p(t) = Dm(t) SH(t), where: (3)

D(t) = diffusion power of a new product in a dynaaic and

competitive diffusion market during a planning
period beginning at time t.

Diffusion power is a measure of the competitive strength
of a new product in a dynamic diffusion market because it
combines the effect of the relative attraction share of
the new product compared to other products, and the
market diffusion rate. Then, new product sales becomes a
function of the diffusion power of a new product and
untapped market potential:
S(t) = Um(t) D(t) (€
A simple and intuitive way of modeling market share,
SH(t), is:

SH(t) = a AS(t) + (1-a) SH(t-1), where: (5)

AS(t) = attraction share of the new product during the
planning period, and

a = rate of realizing equilibrium market share.

Equation (5) says that we can interpret AS(t) as the

long-run equilibrium market share of the product and a

(0<a<1) is the rate of realizing that share. For the
one-period problem, SH(t-1) = 0, and so we have
SH(t) = a AS(t).

Thus for the one-period problem we get:

D(t) = Dm(t) a AS(t) (6)

And the one-period new product sales function becomes:
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S(t®) = Ua(t®) D(t®), where:
$5)
S, Um and D are evaluated at the new product launch 14
we,

te,

In equation (7) we assume that the relat

power, D(t%®), increases over t*(: new p:;;;ctiffunxgn
time). Untapped market potentisl, Um(t®), Bay 1n1'“"ch
or decrease over the early phase of the 1ife Coyoze
depending on the behavior of market potential°YCI‘
penetration level, but it will ultimately decrease as tha
market penetration level goes up. In such aituaticthe
one-period sales performance is likely to increase 1n8'
tially but ultimately decrease with t*. To derive o :1-
mal launch time conditions for a new product, we aetpt,l~
first derivative of equation (7) with respect to te he

to zero, yielding: ®qual
(dD(t®)/dt? )/D(t?) = -(dUm(t®)/dt®)/Um(L®) or 8)
D(t®*)/Um(t®) = ~(dD(t®)/dt®)/(dUm(t®)/dt*) (9)

which implies that for maximlzing the initial one-periog
sales penetration, a product should be launched when the
ratio of the new product's diffusion power is equal to
(minus) the ratio of the marginal rate of diffusion power
to the marginal untapped market potential,

When D(t*) increases and is concave and Unm(t®)
decreases monotonically with t®, the optimal launch times
are shown in Exhibit 2 for four situations.

In situation 1 of Exhibit 2, the optimal launch time, T®
is found where a decreasing function DD (zmarginal dirl
fusion power/diffusion power level of the new product)
and an increasing function Il (=-marginal untapped market
potential/untapped market potential level) intersect, As
long as curve DD lies above curve II, an innovating firp
should delay the launch time of the new product because a
higher initial sales performance can be achieved through
the higher diffusion power, resulting from a delay in the
new product's launch time. In situation 2, curves DD and
II intersect twice, but the first intersection will be
optimal if the market 1is stable over the relevant
planning horizon. In situation 3, curve DD lies above
curve II for all t®*, which indicates that the effect of
the untapped market potential on the initial sales per-
formance of the new product is insignificant. Thus, the
optimal launch time is obtained when the marginal dif-
fusion power becomes zero. In this situation, only the
behavior of diffusion power is relevant for the optimal
launch time decision. In situation 4 curve DD lies below
curve II for all t®, meaning that the new product project
should be terminated.

If curve DD shifts downward, an earlier entry of the new
product will be desirable since curves DD and II will
intersect at an earlier launch time. A downward shift of
curve DD may occur due to a change in "a" or "Dm(t®)" in
equation (8). A higher value of "a," which means a
faster rate of realizing equilibrium market share in the
initial period, will shift the diffusion power of the new
product upward and so will shift the DD curve downward
resulting in an earlier optimal launch. Similarly, a
higher market diffusion rate, Dm(t®), will hasten the
launch time of the new product.

A higher II curve will stimulate an earlier entry of a
new product, due to either a lower market potential level
or a higher market penetration level. A lower market
potential will result in a higher II curve, and an
earlier optimal launch time. A higher market penetration
level raises curve II, resulting in an earlier optimal
launch time.



EXRIBIT 2

FOUR POSSIBLE LAUNCH TIME SITUATIONS

1 \ 1/5 D
: D » : I .
™ L
Launch Time Launch Time
Situation 1: Unique Situation 2: Two Solution
Launch Situation --
Time Choose Earlier
Time
D
I
D /////’\\
I
L] =R 1 |
Launch Time Launch Time
Situation 3: Diffusion Situation 4: Do Not Launch
Power Product
Drives
Launch
Time
DD: ratio of the marginal diffusion power to the
diffusion power level of a new product.
I1: ratio of the marginal untapped market potential to
the untapped market potential level.
T#: optimal new product launch time.
(dD(t®)/dt®)/D(t*): DD -(dUn(t®)/de®)/Um(t®): II

In summary, the optimal launch time for maximizing the
initial sales penetration of a new product balances pro-
duct's diffusion power and untapped market potential. A
unique optimal launch time is obtained in most situations
where a new product's diffusion power increases concavely
and untapped market potential decreases monotonically.

Two-period NPV Maximization

In a multi-period eavironment, an innovating firm may
consider NPV maximization, combining such issues as
discounting, dynamic pricing and advertising policies,
the dynamic behavior of production costs, and the word-
of-mouth effects in the diffusion market. Here we ana-
lyze a simple NPV maximization problem that allows
discounting over a two-period planning horizon after the
market launch of the new product.
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We write the objective function as follows, evaluating it
at the launch time of a new product:

2(t®) = m(S(t?) & (1-r) S(t%: 1)) where: (10)

Z(t®) = NPV of a new product launched at time t®,

S(t®*+1) = second-period sales volume of the new product
launched at t*,

m = unit margin of the new product,

r = discount rate, 0<r<1, and

te = new product launch time,

If we assume that the unit margin of the new product, m,
is constant, (10) becomes:

Z'(t%®) = S(t¥) + (1-r) S(t.1) (1)
This two-period NPV problem becomes the same as the ini.
tial one-period sales problem when the discount rate "pv
approaches 1,

Applying a conventional maximization rule, we set the
first derivative of equation (11) with respect to the new
product launch time t*® equal to zero, or:
dZ' (t®)/dt® = d(S(t®) + (1-r) S(t%+1))/dt® =z 0 (12)
Substituting for S(t%)
first-order condition:

from equation (1) we get the

d(Um(t®) D(t*))/dt® = -(1-r) d(Um(t*+1) D(t%+1))/dt¥ (13)

Um(t®) = untapped market potential during the first
period for a new product launched at time t®,
diffusion power of the new product during the
first period,

untapped market potential during the second
period for the new product launched at time t®,
diffusion power of the new product during the
second period.

D(t%) =
Un(t®*+1)=
D(t®*+1) =
To explore this relationship and relate it to the one-
period sales maximization problem analyzed earlier, we

express Um(t®+1) and D(t®*+1) in the second period as pro-
portions of Um(t®) and D(t®):

Um(t®+1)= b(t*) Um(t®), where: (14)

b(t®) = change in the rate of untapped market poten-
tial over the initial two periods for the new
product launched at time t%, and

D(t®+1) = e(t*)D(t®), where: (15)

e(t®) = changing rate of diffusion power of the new

product over the initial two periods.

The change in rate of untapped market potential, b{(t%),
depends on the behavior of market potential and cumula-
tive market sales over the two-period planning horizon.
And the term e(t®), will depend on the intensity of inno-
vation and marketing rivalry in the new product's dif-
fusion market.

Substituting equations (14) and (15) in the optimal
launch time condition equation (13) we get:

d(Um(t®) D(t*))/de® =

-(1-r) d(b(t®) e(t*) Um(t®) D(t®))/dt* (16)
Letting h(t%*) =
relationship:

b(t®*) e(t*) we get the following

D Um' + D' Um = -(1-r) (h' D Um + h(D Um' + D' Um)), (17)



where: Um = Um(t®), D = D(t®), h = h(t®) = b(t¥) e(t?),
Um' « dUm(t®)/dt®, D' = dD(t%)/dt®, and h' = dh(t®)/dte,
The optimal launch time condition {s
rearranging (17) as:

obtained by

D'/D & ~Um'/Um = ((1=-r)h'})/(} &+ (1=r)h) (18)
Equation (18) is the same as the optimal launch time con-
dition for maximizing the initial one-period sales
penetration in equation (9), except for the term:

G = ~((1=r)h')/(1 « (1-r)h), where: (19)

r = discount rate, and h = b(t®*) e(t®) where b(t®) is the
changing rate of the untapped market potential and
e(t*) is the changing rate of the diffusion power
over the initial two periods.

Thus we can use the behavior of the term G to build on
the analysis of the last section, characterizing the
optimal launch-time conditions. G depends on the values
of the discount rate, r, the growth rate of the untapped
market potential b(t¥) and its marginal rate of change,
and the growth rate of diffusion power e(t*) and its
marginal rate of change. Since (1-r) and h(zb(t®) e(t®))
are positive, the sign of G is determined by the sign of
h' (=d(bt®) e(t®))/dt®).

A positive value of h' implies a delayed launch of the
new product relative to the initial sales maximization
objective when the objJective is two-period NPV maximiza-
tion. If h' is positive, G is negative, leading to a
downward adjustment of curve II in Exhibit 2 and a
delayed optimal launch time. A positive value of h'
reflects the situation that:

(d(b(t#))/dL®)/b(t®) > - (d(e(t?))/dt)/e(t?) (20)

Inequality (20) looks very much like a comparison of
elasticities. Indeed, the terms in the denominator --
b(t®) and e(t®) -- serve as normalizing factors, so we
can read inequality (20) as saying h' is positive if the
proportional growth rate in diffusion power is greater
than the proportional decrease in market potential. This
implies a delayed launch relative to the one-period case.
The reverse situation implies an earlier launch.

As the discount rate, r, is lowered, it can be seen from
equation (19) that the value of G increases if h' is
negative (delaying introduction) and increases if h' is
positive (hastening introduction).

Operationalizing the Model

Space limitations preclude a full illustration of
how this model can be operationalized. (For details, see
Yoon 1984.) Several observations can be made, however.
(1) Product ratings along Kkey performance dimensions
(speed, versatility, reliability) can easily be combined
into "attractiveness" ratings for the new and established

products. These ratings can be combined in a form such
as:
AS; = ATy
]
where: ATy = overall attractiveness rating for product i
= }:wkl“ik
k
Wy = importance of dimension k (k=1 = relia-
bility, e.g.)
rig = rating of product i on dimension k.

(2) Untapped market potential oan usuall

standard market research procedures. (;)bﬁnobtnined by

numerical analyses resulted in Exhibit 2 o8t of our
’

(unique) launch time) or situation 4§ (do .:::ut::" !
product). ) An earlier 1 unch
prod aunch time s associateg

® A new product with a high degree of
® Aggressive, rapidly growing competitors
o A high discount rate for the firm

Buperiority

SUMMARY, LIMITATIONS, AND FUTURE WORK

Based on the framework in Exhibit 1, we deve:
el

product launch time decision model ar':d analyzedapietd t.. o

how the optimsl launch time conditions could be ro e

The main results are: ound.

(a) In the new product launch time de

the diffusion power of a new product and unzi;;:: :d:l,
potential are the two major factors determining the ort:t
mal launch time for maximizing the initial sales perpor.
mance in a competitive, diffusion market. Since a de?r-
in the launch time increases diffusion power byt .12’
accompanies a higher level of market penetration bo
existing products, a new product should be launched suc:
that those two effects are balanced to optimize a rele
vant objective function. A key contribution of thi;
model is its identifying and relating the important
factors that must be measured and balanced in making the
launch time decision.

(b) Optimal launch time conditions for initial sales
maximization were derived and illustrated for several
possible situations. When the marginal diffusion power
decreases over time and is concave, a unique optimum
exists in most situations. When the diffusion power is
given by an S-shaped curve, an innovating firm may need
to choose between an early entry and a delayed entry in
certain situations. The two-period NPV maximization
objective was also analyzed to show how the discount rate
and the growth rates of the diffusion power of a new pro-
duct and untapped market potential shift the optimal
launch time derived for the initial sales maximization
objective. -

We recognize several limitations of this model. One
originates from the assumption that the decision maker
can estimate the untapped market potential and the effec-
tiveness of the firm's R&D effort, and, thus, the growth
rate of the diffusion power of the new product over time.
A stochastic model would be an alternative formulation
that could relax this assumption and deal with the
inherent uncertainty related to the technological success
of R&D investment and the evolutionary nature of the
industry more directly. Another limitation is that
several important issues in new product planning are not
considered. For example, the company's reputation as au
innovator of good quality products or product portfolio
considerations may be major concerns in a new product
launch time decision in addition to the direct sales per-
formance of the new product. A long-range new product
planning model would be able to deal with these issues
within a comprehensive product planning framework.

Consider two possible extensions of the model. One is to
relax the independence assumption between R&D and
marketing budget decisions, leading to a flexible, budget-
constrained R&D-marketing mix problem. For example, when
a substitution relationship exists between the R&D budget
and the marketing budget for achieving a target attrac-
tion level of a new product, the optimal R&D-marketing
mix will include a longer delay in launch time than 1in
the case of the budget-contrained R&D-marketing mix (Yoon
1984).
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Another extension is a multi-period problem, including
dynamic marketing policies. In a dynamic environment the
NPV maximization objective may be appropriate. The
distribution of new product sales over the multiple
planning periods will be critical. Dynamic optimal poli-
cies should be developed for each marketing instrument.
For example, more sales in the early’ periods of the
planning horizon will increase the value of the objective
function over the whole planning horizon if imitative
potentisl buyers exist. In order to stimulate the
earlier purchase of a new product, an innovating firm may
develop an advertising policy that allocates more
spending in the earlier periods of the planning horizon.
The firm may need to develop a dynamic optimal pricing
policy that conaiders cost dynamics,

On net, while recognizing its limitations, the model pro-
vides an appropriate framework to balance the R&D and
marketing decisions that must be weighed in deciding when
a product should be launched.
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