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Abstract: This study explores previous research studies in the area of the diffu-
sion theory and under this issue, the importance for any investment decision.
Moreover, it is shown how a decision-maker on the basis of the product life cycle
of an innovation, and the diffusion curve can make a decision based on invest-
ment NPV. It will be explained which particular significance the diffusion process
on an investment NPV has. To involve investment risks, the Real Option theory
was used for the NPV. The paper firstly defines the central theories of issues. Fur-
thermore, the studies are analysed on set criteria on the background of the influ-
ence of factors. For the analysis, the literature of the different areas of expertise
was systematically examined and evaluated according to the set criteria. The fac-
tors identified in this paper show that the innovation and imitation coefficient, ini-
tial purchases, investment amount, and time of investment have the greatest effect
on an investment. Furthermore, the shown decision path enables a reduction of
investment risk and a higher planning flexibility.

Keywords: diffusion process, Bass model, product life cycle, innovation, in-
vestment decision, real option, optimal investment behaviour, net present value.

1. Introduction

Innovations can be found in the fields of economy, politics, society and science. An
indicator for measuring the innovative development of an economy or a business is
the number of registered patents. Germany notified in the field of Technology dur-
ing the 2014 the most patents with 32,000 patent applications. Germany is therefore
compared with other European countries far ahead of the second place France
(Bundesgerichtshof, 2015). The company with the highest spending on research and
development (R & D) in the international ranking was the Volkswagen Group , with
R & D expenditure of 11.4 billion US dollars (Booz & Company, 2014).
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But what happens after the R & D process with the new technologies and innova-
tion? Imply the new findings for a company economic success they will be intro-
duced innovations in the market. Raymond Vernon published in 1966 his theory for
the course of the product life cycle, which describes a function of time and sales, as
developed a product on the market. Frank M. Bass illustrated a few years later with
his work in 1969 to the diffusion theory, how is it mathematically possible to esti-
mate the market development with reference to the original purchaser of innovative
products. Rogers extended the diffusion model in 1983 and did more on the aspect
of innovation of the whole diffusion process. This development in the market is
decisive for success or failure of the product or even the entire company.

As a consequence companies are faced with far greater tasks relating to the
launch and the phase-oriented course of the product life cycle. In this context, com-
panies need to make investment decisions again and again. A theoretically based
approach for this is the Real Option theory, which takes into account not only the
performance of an investment, depending on the cost, but also fluctuating market
risks in the review involving such which was shown by Dixit and Pindyck in 1994.
Another basis for decisions on an investment represents the net present value (NPV)
method. This theory is mostly used in practice.

In literature different explanations can be found, which affects an investment de-
cision. This paper focuses on the impact of the diffusion of products during an in-
vestment decision in a company. The basis for decision is in general based on the
classic NPV method, but it is rather carried out using the Option theory. In contrast
to standard valuation techniques such as the NPV method, the Real Option analysis
tries to take account of the changes of the risk during a project, and that the under-
taking has the opportunity to respond. This is in direct context of diffusion theory,
since the combined techniques provide a more accurate value and thus provide a
more accurate basis for decisions on investments. Therefore, this theory provides
the company a fortuitous planning flexibility and deviates from the results of the
classic NPV method.

From this background, the aim of this paper is to describe a mathematical deci-
sion path, which gives the decision makers of a company more planning certainty
and involves investment risk in the underlying decision aid. This decision aid
should serve using only one formula to make that decision based on the NPV. To
derive this mathematical formula, first the relevant literature was analysed on the
participating disciplines according to the list of criteria and defines and interprets
the key issues. Furthermore, an attempt was made based on the acquired expertise to
derive a mathematical fact. Afterwards a discussion was carried out, which aimed to
identify relevant factors that might influence the investment decision in a company,
in connection with the diffusion of innovative products and services.

In this manner, a method for decision-making basis of investments has been cre-
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ated, with which it is possible to carry out a forecast of the underlying NPV, and to
make an investment decision by using the properties of the NPV. This paper will
focus on this background with the following question: Does the diffusion of prod-
ucts affect the optimal investment behaviour of decision-makers in a company? It
will be shown, which factors on the basis of this new Decision Methods influence
an investment decision.

In the first part of this paper, the model of the product life cycle will be presented
and a determination of the innovation concept is made. Further, the theory of diffu-
sion described and carried out the mathematical formulation of the Bass diffusion
model under this point of view. In addition, a brief definition of the Option theory is
performed. In the middle section the methodological approach for this work is de-
scribed. In the last section, the value-based development and the investment behav-
iour of decision-makers, including the real option theory is considered in the context
of the product lifecycle, which is closer concluded.

2. Methodical Approach

The following chapter will provide an overview of the methodological approach and
the resulting selection of literature corresponds to this paper. Moreover, are to be
determined factors that affect the investment behavior.

Approaches Influencing Investment Decisions

An investment decision is a binding agreement about which the investment project
is to be realized. Thus an investment decision is not an arbitrary act, but presents a
certain extent the result of a planned designed problem solving process. The result
of an investment decision is determined by a various number of factors, for example,
by the oriented to corporate goals investment purposes, by personal characteristics
of the decision-makers and by the information available on the project. The invest-
ment decision is preceded by a decision-making process. These decisions are for-
ward-looking and therefore are generally based on data that are subject to uncertain-
ty (Al-shammari & Masri, 2015).

The main factors influencing the investment include interest, the current income
and current production and future expectations of investors (Kumar & Lim, 2008).
Investments are funded from depreciation counter values. Only when the investment
is greater than the depreciation, there is an increase in the capital stock (Zizlavsky,
2014). In this study, it is primarily of interest which influence the product diffusion
to the investment decision has. It will be shown that the diffusion follows the cash
flow development, and thus has a direct impact on the investment. Premachandra
(2004) has already been shown that the diffusion has a decisive influence on the
cash management of an enterprise. DeFond and Hung (2003) has further shown how
it is possible by a simple calculation of the diffusion, to calculate the cash flows of a
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company.

The cumulated and discounted cash flows are the bases for the NPV calculation
and the thereon based investment decision. To carry out the calculation more accu-
rately, the risk is to be included. Pringles et al. (2015) show how it is possible to
calculate the NPV by a simulation based on the Real Options Theory. Moreover
demonstrated Lukas and Welling (2014) how the real options theory is connected to
the game theory and how it is possible to derive in this situation the NPV. Now
should be included using the real options theory a cash flow forecast based on the
diffusion model.

Investment decisions will affect the company's development sustainable. Due to
the associated long-term capital commitment, investment decisions are ahead of
most correctable only at the expense of considerable financial disadvantages. By
investing an increase in fixed costs of the company is connected, whereby the em-
ployment risk increases. The disclosed method should, in the long term, reduce the
investment risk for a company

Conceptual Framework and Critical Review Criteria

First, the aim of the literature review is to identify factors that drive the optimal
investment behavior in general. For the selection step, used the following method
was used. First, a keyword search was conducted for articles that contained to the
topic and all sub criteria. Next, the full articles were assessed whether diffusion or
investment decisions on the base of the NPV were their central subjects. If this cri-
terion was not satisfied for a given article, that article was not maintained for the
final review analysis. Inclusion criteria for each paper were as follows: (1) includes
or explores the drivers of diffusion, (2) focuses on diffusion and investment pro-
cesses and not on general or solely on drivers of investment decision based on the
NPV. This set of publications was then critically appraised and evaluated, with a
focus on identifying factors that positively affect investment decision in companies.
Furthermore, not only central factors should be identified, but also the central mod-
els of the subject areas, as well as the pioneer of the individual subject areas. Based
on this research, the central models have been analysed and interpreted, and consid-
ered further developments and review of existing models more accurate. It was then
attempted to summarize the various theories and models in a mathematically formu-
la. After this final step, the factors identified in the literature search with the influ-
encing factors in the formula were compared and evaluated. Subsequently the find-
ings were compared with the existing research question and discussed.

Diffusion in the Product Life Cycle of innovative Products

The decision maker of a company is in accordance with the development of a new
product in the situation to make a decision. They must decide to continue to invest
in the product and introduce it to the market or to cease further research and devel-
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opments. The following subchapter will clarify involves defining the concept of the
product lifecycle, innovation and the diffusion.

The Product Life Circle and the Role of Innovations

The product life cycle is an ideal-type model, which represents the sales develop-
ment of a product over time. In this context, the development of profits is shown.
One of the founders of the model was the scientist Raymond Vernon, who pub-
lished his theory on this topic in the year 1966th. The relation, shown in the model,
has an S-shaped curve, and can be divided into various phases. This ideal typical
course is due to the diffusion and adoption of innovations in a social group (Aumayr,
2006). The graphic below shows the S-shaped curve of the product life cycle.
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Fig. 1. Phase model of the product life cycle. Prepared by Aumayr (2006, p. 283).

As can be seen in the figure, the curve is divided into six phases. Overall, the per-
formance and the expression of the phase are subject to uncertainty. The company is
striving by forecasting methods to minimize the uncertainty in which they are esti-
mated the curves. This is primarily for direct investment of great importance, as this
example, the optimal investment timing is determined and thus the risk of default
for investors can be minimized.

The stages of the product life cycle have, depending on the product and market,
different expressions and timings. Due to the exact phase identification, it is possi-
ble to coordinate the financial management more efficient and to make investment
projects targeted. The company may use the financial instruments phase accurately
and maximize profits and thus minimize the investment risk (Aumayr, 2006).

Closely related to the product life cycles, and the thereby associated diffusion
process, are innovations. Innovations are at each beginning of a new incipient prod-
uct life cycle. Therefore, innovations are for new products or services that will be
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introduced on the market. In the literature diverse definitions due to various differ-
entiation possibilities of the concept of innovation can be found. As one of the
foremost researchers in the field of diffusion and innovation theory is Everett M.
Rogers. He defined innovation as follows: ,,An innovation is an idea, practice or
object that is perceived as new by an individual or other unit of adoption (Rogers,
1983,8S.11).«

The above definition suggests different approaches that may lead to the emer-
gence of an innovation. An innovation is generally subject to a technical change,
which is attributable to the application of new technologies. In order to segment the
innovation of market and corporate vision, they can be differentiated about the type,
the source and the change extent (OECD/Eurostat, 2005). As you can see, the dif-
ferentiation of the innovation concept is carried out via four dimensions. These di-
mensions influence different market acceptance on the demand side or the corporate
strategies on the supply side. The underlying new generation can take place both on
producer or consumer level or at two levels. The innovation process can therefore
be summarized as the totality of all R & D activities and the associated launch and
market acceptance. If the innovation accepted in the market is being built on the
consumer level, a new and personal benefits increase. The increase in utility or ben-
efits fall to corporate level can be estimated only after the market launch. To per-
form this estimate, however, the need of other methods is required.

3. Explanation of the Bass Diffusion Model

In the previous chapter it was explained how after an innovative development pro-
cess after the launch of the product arise a product life cycle. In the following chap-
ter the diffusion process is represented, in order to explain how the idealized course
of the curve is produced.

Determining the Process of Diffusion
The diffusion is the process of the dissemination of an innovation through different

communication channels in a social system. In these channels, new information will
be created or shared in order to create a mutual understanding of the innovation by
the participants in the system. This understanding is necessary, because the process
of market launch is characterized of uncertainty for market participants and the flow
of information will reduces this. This contributes, among other things, also to the
fact that the innovation will not be accepted by the market participants at the same
time but at different time (Rogers, 1983).

The aim of the diffusion model is to describe the market spread of innovation
from the beginning of the introduction by the amount of potential users over the
time. Using the Bass diffusion model the time of adoption of the individuals can be
determined in the market. It is one of the most famous models to describe product
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growth and will still often used in a modified form of application. Due the calcula-
tions it is possible to derive the product life cycle. Thus, the diffusion theory forms
the interface between the innovation and its related development by the market ac-
ceptance within the product life cycle (Mahajan & Muller, 1979). The adoption de-
scribes the process of first contact of potential buyers with the innovation. Altogeth-
er this process includes the first contact between the innovation and the buyer, as
well as acceptance and purchasing the product (Rogers, 1983).1 The diffusion pro-
cess is therefore the totality of all adoption processes. The graphical representation
is shown in Figure 2.
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Fig. 2. Adoption and diffusion curve in comparison. Prepared by Hensel and Wirsam (2009,
p. 33) and Rogers (1983, p.247).

The diffusion curve represents the cumulative adoption processes over time, as
seen in the figure above. The adoption curve, however, specifies the time of adop-
tion of innovation again and represents the typical course of total diffusion process.
The diffusion process can be further divided into a time competent. This describes,
in terms of time at a specified interval, as long as the individual players in the mar-
ket need to adopt the innovation. For this situation the speed of the adoption process
can be derived and a time horizon for the product life cycle is defined. This means
for the product life cycle, that the diffusion indicates the distribution of sales over
time (Hensel & Wirsam, 2009). The time of acceptance can be characterized by five
customer groups: lst Innovators; 2nd Early adopters; 3rd Early majority; 4th Late
majority and Sth Laggards. The aforementioned groups are sorted by the time of
product acceptance. They represent customer groups differs in their income, their
interest in innovations and their position in the social network and the associated

! The acceptance or rejection is preceded by a process which is designated in the literature as the innovation deci-
sion-making process. It is divided into knowledge-, persuasion-, decision-, implementation- and confirmation phase.
For a detailed description of these phases, see: Rogers, E.M., 1983. Diffusion of Innovations, 3rd ed., New York:
Free Press, pp.163-206.
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therewith access to information (Rogers, 1983).
Explanation of the theoretical Approach of the Bass Diffusion Model

The Bass diffusion model assumes that there are market actors who accept innova-
tions independent of external influences from their own inner impulses. This group
is referred by Bass as the innovators. The compulsion to purchase is determined in
this group of buyers not by the increasing constraint, but due to increasing buyer
numbers. This is quite different with the buyer group 2 to 5. They are driven by
compulsion just described to adopt the product and ultimately to buy. They are
called imitators.2 According to the calculations of Bass the innovators are the first
2.5 percent of buyers, the remaining 97.5 percent will be determined by the imita-
tors, like shown in Figure 2 (Bass, 1969).

To make a formulation of the theoretical facts of the case, (Bass, 1969) made

some basic assumptions, on which is oriented in the following explanations. The
classical diffusion model assumes a normal distribution density function that results
in the graph to the bell-shaped form. Given the likelihood that a new purchase is
made at time t, and up to this time, no purchase was made yet, current buyers are a
linear function of the following form:

Figl=p — (g M) =TT, ¢y
This formula represents the number of initial purchases by the innovators. The

overall market is designated by M. ¥i£) is the number of previous buyers. The coef-
ficient p indicates how many adoptions were made by innovators and is also known

as innovation coefficient. The product (g / M) = Fie) represents the number of pur-
chases by the imitators, where q is called the imitation coefficient (Bass, 1969). In
order to derive the entire diffusion equation, the likelihood of the purchases will be
at time t, assuming that no recent purchases were made formed in the next step:

[FeXl/N - Flel] = Pld = p+ (g A M) »¥E) = p+ g »Fleh )
For the probability of purchase at the time t and the hypothesis that & (W) =0 ap-

3
plies Fe = -rE' Fr) 8T If we now form assuming that t the final moment of the
interval is and m the number of sales in that period, the density function over the

period [0.] makes the integral and solves this product, you get the Bass diffusion
equation and therefore the entire first demand in this period (Bass, 1969):
Nigl =0 + (g — g o ¥t} - (g / WF= PG5 3)

By the Bass diffusion model it is possible to reduce the uncertainty of investment
decisions, since it permits a forecast of the market situation. A forecast is only pos-

2, Imitators are influenced in the timing of adoption by other members of the social system (Heller & Hustad, 1980, p. 1).”

8
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sible using historical data sets and the estimation of the innovation and imitation
coefficient and the market potential. The market potential remains in forecasting a
constant magnitude and does not change over time. By regression analysis it is pos-
sible to estimate these parameters. The temporal distribution of the predicted initial
purchases now forms the diffusion curve. Especially in marketing and product
launch with a high degree of innovation will make use of the model. Companies can
make such an estimate of the sales planning and coordinate financial policies with
respect to the curve and of the market penetration of the product efficiently.

Value-based development and optimal investment behavior

In the previous chapters the product life cycle of an innovative product and the re-
lated development of sales already been examined in more detail. In the following,
the value-based development is to be examined more closely, depending on the pre-
viously examined facts and this context, the real option theory are introduced as a
decision tool for investing.

4. The Relationship between the Diffusion Model and an In-
vestment Decision

In the previous chapters, the mathematical derivation for forecasting of first sales
was explained. Well, shall be determined by this model, the expected value of the
total demand. For the mathematical calculation of the initial sales will be descripted

by #:. Furthermore, must the logistic diffusion curve be used, to calculate a continu-
ous time series with the diffusion model. This formula has the following form (Si-
mon & Sebastian, 1987):

g
'rf T,
147 e )

With formula (4) can now the number of initial sales at time t under estimate the

growth rate  and the estimation of the initial stock An calculate. It is assumed that
the initial stock represents the buyer who bought a product before the observation

date.  in this case represents the remaining potential buyers. With the described
formula, it is possible the cash flows of the company over time to determine. It is
assumed that the company has in the interval considered constant variable costs of
production ¢ and constant prices p in each period. In addition, no fixed costs in-

curred. To obtain the actual sales in the period under must be *: deduced by t. For
the cash flow CF of the first sales at time t, the function has the following form:
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Through historical data of an industry or product type, the parameters of the for-
mula can be estimated by a regression analysis. A market analysis of the price and
the cost can be determined. Now it is possible to calculate the company's initial pur-

chases and product life. Then the lifetime and returning cash flows from production

EFiE =

G = .

can be determined.

The diffusion process is responsible in his basic idea on an innovative step at the
product level. The associated R & D process represents the first investment in the
product for a company. The following development within the product life cycle is
characterized by uncertainty with respect to the sales figures and market acceptance.
This development makes a significant impact on production planning, which repre-
sents the second investment for the company. A result of the forecast by Bass diffu-
sion model, this uncertainty can be reduced because as the adoption timings and the
associated initial purchases may be allocated to the individual product life phases.
The cash flow forecast provides the company planning flexibility with regard to
financial management, production planning and related corporate capacity and sales
volumes. The empirical life can be determined as well. In this context, the market
saturation level and the diffusion curve can be determined by the cumulative adop-
tions to determine, for example, the time for a change of product. Until this change,
the company needs to invest in the current production.

The Option to Investment and the Product Life Cycle

The real option theory is concerned with the determination of the favorability of
projects where an investment is necessary. The possibility of investing gets thereby
an option character, similar to the valuation of stock options. The option theory con-
sists in that an investment in this stage, to a later or not at all can be realized. Under
the consideration of these possibilities and fluctuating market risks that may relate
to changes in the tax situation, price volatility or price fluctuations, the cost of the
project will be formed depending on the sunk costs and the returns from the project.
This is in contrast to the decision-making basis of the net present value method, in
which applies the simple decision rule: is the net present value greater than zero -
then invest (Dixit & Pindyck, 1994).

Within the product life cycle stages from a business perspective can be tracked
different objectives. During the induction phase the objective is focused on the im-
plementation of the first purchases, whereas in the growth phase, the primary goal is
to gain market share. In the maturity stage and phase of decline the focus is on prof-

10
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it optimization and finally the revenue phase, reduce costs (Aumayr, 2006). The
performance in each phase behaves in the optimal case proportional to the devel-
opment of paragraphs. The development, however, could be determined by the dif-
ferent target tracking in phases. The real option theory in this case represents an
important instrument to coordinate on investment in relation to the objective rela-
tions in the individual phase’s optimum.

Basically, it is assumed that the company wants to maximize its NPV over time.
The net present value is primarily on the development of cash flows and the dis-
count rate, which is determined by the internal rate of return. So in order to maxim-
ize the NPV the sum of all quotients of cash flow and discount rate are maximized
(Wiesemann et al., 2010).

Thus, the value of an investment in the context of the capital value maximization
can be determined, first, some assumptions must be made. The investment is re-
garded as final. Furthermore, the company has always waiting option and to make
the investment to another time or not at all in order to gain better market infor-
mation and thereby reduce the resulting opportunity costs. The NPV usually not
considered this possibility. Because is valid invest when the NPV is dependent on
its cash flows greater than its costs. The opportunity costs are not considered here,
but they would be part of the investment costs (Dixit & Pindyck, 1994).

To determine the value of the investment, the investment costs I be maximized
depending on the value-based development of the project cash flow. The perfor-
mance of the project is dependent on the development of cash flows. This cash flow
development follows a geometric Brownian motion and is afflicted in the empiri-
cism with high uncertainty. The expected value of the project at the time T as part
of the geometric Brownian motion, so results from the maximizing the difference of

¥y and I multiplied by the exponential of Brownian motion that is a function at the
time t and the discount rate p. To make a determination of the project value, herein-
after the uncertainty o is the Brownian motion neglected. First, however, must be

the integral of the function @&F = @=EF dt he formed within the limits of &F2 and
CF from 0 to T. Now we get the value growth of the project function of the form
€F = CFR» & g here describes a coefficient of Brownian motion. Afterwards the
integral within the limits from 0 to T must be formed. A primitive function newly
formed is now being used in the formula of the expected project value; we obtain

the value of the option to invest in response to the development of the cash flows of
the following form (Dixit & Pindyck, 1994):

FRR}I= WR »e™ =[)w g™ (6)

In order to generate continued growth and thus make NPV maximization, the
formula can be taken that the cash flow development must be greater than the in-

11
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vestment. The by formula (5) calculated cash flows can now be used in formula (6).
Thus, the expected NPV depends not only from a simple cash flow estimate, but is
subject to a precisely calculated diffusion curve, and takes into account the real op-
tions theory, the risk of the investment.

5. Discussion of the Determinates of Optimal Investment Be-
havior

Basically, the optimal investment behaviour of an undertaking depends by many
factors. By a decision aid as the real option theory, the investment risk is however
mitigated and investment behaviour can be approximated to the optimum, so that
the NPV of a project and the company can be maximized. The choice of the optimal
investment timing and volume of investment significantly contributes to this maxi-
mization. Dixit and Pindyck (1994) have shown how it is possible, the option to
invest and additionally environmental risks, included in the calculation of the NPV.
The option to invest and the environmental risk are the first factors influencing in-
vestment decisions.

Essentially, the investment decision depends in connection with the capital value

maximization of the expected recoveries of the project, as they should promise a
greater value than the investment over the planning period. The future value of the
investment depends on the development of the cash flows that follow the course of
the product life cycle, as this represents the ratio of sales over time of a product.
With the Bass diffusion model (1969)and the model of Simon and Sebastian (1987)
this future development of the paragraph on the basis of the initial purchases can be
determined. The model depends largely on the innovation and imitation coefficients
which are representative of the adoption of the two groups of buyers. The product
diffusion and the associated initial purchases are thus more determinants.

The adoption process is highly uncertain and therefore difficult to estimate for the
company. The acceptance of a product within a social system has significant influ-
ence on the future development of cash flows and thus on the value of the invest-
ment. It thus represents one of the greatest determinants of optimal investment be-
haviour.

Furthermore, the future cash flow development of the fixed and variable costs of
production and the product price in the relevant period is affected. Logically, the
level of investment has always been an influence on whether or not it should be
invested. Therefore, it is of great importance for the company, this investment in
terms of future cash flow development to put in the relation therefore to determine
the optimal investment. Also, the optimal investment time within the product lifecy-
cle helps to maximize the NPV of the project, thus creating long-term value for the
company. The diffusion is therefore directly related to the optimal investment be-
haviour of decision-makers of a company, because they affect the future develop-
ment of cash flow and thus act directly on the capital value of the project and devel-

12
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opment of the company.

6. Conclusion

The diffusion process represents an initial purchaser model and describes the adop-
tion timing of a product by the purchaser, as Rogers (1983) showed. With the Bass
diffusion model (1969) it is possible to determine the adoption curve and the diffu-
sion curve. In addition, it can be determined from this situation then the product
sales over time and the market saturation level. Overall, the life cycle model from
Raymond Vernon (1966) can derive precise and the sales, which are determined
over time.

The sales trend is for the value-based development of the project and the whole
enterprise of great importance. It was determined that of the NPV of the future de-
velopment of sales and consequently also of the cash flows is dependent. Thus, if an
investment decision made on the basis of the NPV maximization, the cash flow de-
velopment is a direct influence size of investment decision. In terms of future cash
flow development there is a strong uncertainty. Dixit and Pindyck (1994) have
shown how it is possible to reduce this uncertainty and nevertheless to calculate a
meaningful forecast. This is caused primarily by the adoption timing, which will be
described in the diffusion model by the acceptance of innovators and imitators. An
innovative product enhances the market uncertainty by the buyer also.

The diffusion of products has a direct impact on the sales development of a com-
pany and thus directly affects the value-based development and the investment deci-
sion related to it. In the context of the diffusion theory and the NPV developing of a
business, it would be interesting for future research, in which relation the Innova-
tion expression stands on the diffusion rate of a product. With this knowledge, the
planning period of the product life cycle might be ahead of the launch influenced by
the company so as to adjust the capital performance of the project to the planning
horizon of the company.

Therefore, the result of this paper was that the investment behaviour of a compa-
ny at a capital value-maximizing decision basis most influenced by the adoption and
the resulting diffusion process. The diffusion of products has a direct impact on the
investment behaviour since they directly affect the future cash flow development of
the company and thus substantially contribute to the future development of the pro-
ject NPV. The first part of the underlying research question is whether the diffusion
influence an investment decision, can thus be affirmed. This influence is to be re-
garded as positive, as the company thus attempting a more precise planning of cash
flows. In connection with the real options theory, the calculations become even
more precise, because the investment risk is involved.

With the help of the Real Option Theory an informed NPV-based decision-
making basis arises, that takes into account with regard to the future development of
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market uncertainty and also different investment timings. So it is possible to find a
function of the future performance of the project an optimal time to invest, which
provide the company with more flexibility and planning security.

References

Al-shammari, M. & Masri, H., 2015. Multiple Criteria Decision Making in Finance,
Insurance and Investment 1st ed. C. Zopounidis, ed., New York: Springer.

Aumayr, K.J., 2006. Immer am Ball : Die Entwicklung von Maflnahmen zur Gestal-
tung des Produktlebenszyklus. In Erfolgreiches Produktmanagement. Wiesbaden:
Gabler Verlag, pp. 283-296.

Bass, F.M., 1969. A New Product Growth for Model Consumer Durables. Man-
agement Sience, 15(5), pp.215-227.

Booz & Company, 2014. The Global Innovation 1000: Navigating the Digital Fu-
ture. 1st ed., p.6.

Bundesgerichtshof, 2015. BBSR - Indikatoren zur Innovationstétigkeit am Bau im
internationalen Vergleich. 1st ed., p.17.

DeFond, M.L. & Hung, M., 2003. An empirical analysis of analysts’ cash flow
forecasts. Journal of Accounting and Economics, 35(1), pp.73—100.

Dixit, A.K. & Pindyck, R.S., 1994. Investment under Uncertainty, New Jersey:
Princeton University Press.

Heller, R.M. & Hustad, T.P., 1980. Problems In Predicting New Product Growth
For Consumer Durables. Management Science, 26(10), pp.1007-1020.

Hensel, M. & Wirsam, J., 2009. Die Abbildung des Diffusionsprozesses in Diffu-
sionsmodellen. In Diffusion von Innovation - Das Beispiel Voice over IP. Wiesba-
den: Gabler Verlag, pp. 8-60.

Kumar, A. & Lim, S.S., 2008. How Do Decision Frames Influence the Stock In-
vestment Choices of Individual Investors? Management Science, 54(6), pp.1052—
1064.

Lukas, E. & Welling, A., 2014. On the investment—uncertainty relationship: A game
theoretic real option approach. Finance Research Letters, 11(1), pp.25-35.

14



Philipp/Journal of System and Management Sciences Vol.6(2016) No 2, 1-15

Mahajan, V. & Muller, E., 1979. Innovation Diffusion And New Product Growth
Models In Marketing. Journal of Marketing, 43(4), pp.55-68.

OECD/Eurostat, 2005. Oslo Manual: Guidelines for Collecting and Interpreting
Innovation Data 3rd ed., The Measurement of Scientific and Technological Activi-
ties, OECD Publishing.

Premachandra, .M., 2004. A diffusion approximation model for managing cash in
firms: An alternative approach to the Miller-Orr model. European Journal of Opera-
tional Research, 157(1), pp.218-226.

Pringles, R., Olsina, F. & Garcés, F., 2015. Real option valuation of power trans-
mission investments by stochastic simulation. Energy Economics, 47, pp.215-226.

Rogers, E.M., 1983. Diffusion of innovations 3rd ed., New York: Free Press.

Simon, H. & Sebastian, K., 1987. Diffusion and Advertising: The German Tele-
phone Campaign. Management Science, 33(4), pp.451-466.

Vernon, R., 1966. International Investment and international Trade in the Product
Cycle. Quarterly Journal of Economics, 80(2), pp.190-207.

Wiesemann, W., Kuhn, D. & Rustem, B., 2010. Maximizing the net present value
of a project under uncertainty. European Journal of Operational Research, 202(2),
pp-356-367.

Zizlavsky, O., 2014. Net Present Value Approach: Method for Economic Assess-
ment of Innovation Projects. Procedia - Social and Behavioral Sciences, 156(April),
pp.506-512.

15



