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ABSTRACT

Software systems are today a part of more or less every organization. 

The varieties of software used in organizations are ranging from simple 

log-keeping applications to advanced decision support systems. The task 

of a priori valuation of software investments has attracted a lot of re-

search for a long time. One of the main themes of this research has been 

which types of consequences software investments result in and how 

these consequences can be incorporated in the a priori valuation of the 

investment. Much of this research has stated the problem as how to in-

corporate intangible consequences in the valuation since intangible costs 

and benefits are assumed to represent a large part of the consequences 

from a software investment. These consequences are therefore highly 

relevant in the appraisal of software investments. This thesis is con-

cerned with the question of how intangible consequences can be incor-

porated in the a priori valuation of a software investment. To answer this 

question, this thesis presents a theoretical model for the valuation of a 

software investment based upon a discounted cash flow model in con-

tinuous time. The general model argued for in this thesis is that usage 

results in consequences which must be translated into cash flows to be 

incorporated in a discounted cash flow model. The software usage is 

chosen as the underlying value creating function since it is the basic un-

derlying function that creates all consequences specific to the software 

investment. This thesis develops a stochastic cash flow model to incor-

porate the uncertainty and characteristics of when the intangible conse-



quences have an effect on the cash flow by adopting a Brownian motion 

into the valuation model. To find an analytic model for the problem, the 

expectations of the future cash flows is transformed into risk-neutral 

expectations. This allows us to use the risk-free rate of return as a dis-

count factor in the model.  

Keywords: Software investment valuation, usage, intangible conse-

quences, cash flow, discounted cash flow model, stochastic process. 
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CHAPTER 1 
SETTINGS

This chapter introduces the purpose and the research question for this 

thesis. The background to the problem underlying this thesis is discussed 

to motivate the study. The chapter also includes a description of the struc-

ture of the thesis. 

BACKGROUND
Firms have made investments in software systems for several decades 

now. These investments can be in the form of enterprise resource plan-

ning systems, supply chain management systems or customer relation-

ship management systems (see Aral et al., 2006) just to name a few types 

of software investments.  

Firms and organizations have spent and continue to spend resources on 

software investments; Shafer and Byrd (2000) reports that the annual 

spending on software investments between 1980 and 1992 went from 

$60 billion to $160 billion in USA (measured in constant 1987 prices). By 

2002, this figure had grown to $780 billion (Jeffery and Leliveld, 2004). It 

is not only private firms who invest in software; governments around the 

world are predicted to spend $150 billion in 2007 and increase these in-

vestments by 4% annually until 2010 (The Information Management 

Journal, 2007). 
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Despite the fact that organizations spend resources on software invest-

ments, there is inconclusive evidence of the return of these investments. 

Hitt and Brynjolfsson (1996) and Clemmons (1991) argue that there is a 

low or even a negative return on software investments. These results are 

contradicted by later a posteriori micro level studies that show increase in 

productivity and firm performance, i.e. profits, see Brynjolffson and Hitt 

(2003); Goodridge and Clayton (2005);  OECD (2004; 2005).  

However, on the investment level there is still inconclusive evidence of 

the results of software investments. Jeffery and Leliveld (2004) estimated 

that 68% of corporate software investments do not meet their budget or 

are not completed in time and projects for $100 billion to $150 billion 

has failed totally for US firms between 2002 and 2003 alone. In a study 

by Wilcocks and Lester (1994) it is stated that over 22% of the invested 

money in software’s are wasted and in the range of 34% to 40% of all 

projects yield no net benefit regardless of how it is measured. 

Given the above, it could be said that firms burn money that could have 

been used better for a higher return from an economic perspective. This 

is indicated in a study by Hochstrasser and Griffiths (1991) which re-

ports that only 19% of the analyzed firms use rigorous methods for the 

valuation of software investments; this result was also confirmed by Les-

jak and Vehovar (2005). It can be argued that firms make the wrong in-

vestments since no rigorous valuation is undertaken prior to the deci-

sion-making. These investments should not have been made given a 

proper model for the valuation of the investments. Another stated rea-

son for the poor results of software investments is that costs for these 

projects are significantly underestimated (Fitzgerald, 1998). One of these 

costs not often included in the valuation is the complementing invest-

ments that must be made to fully gain the potential of the software in-

vestment (Brynjolfsson, 2003; Schniederjans and Hamaker, 2003). The 
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cost of these complementary investments, e.g. implementation of new 

processes and staff reorganization, often exceeds the cost of the actual 

software investment (Brynjolfsson, et al., 2002).  

From an a priori point of view the difficulty of software investment 

valuation is to assess the consequences that the investment results in. 

Hallikainen, et al. (2002) Fichman (2004) argues that the consequences 

from a software investment are more uncertain and harder to estimate 

than consequences from a traditional investment, e.g. machinery re-

placement investment. The main stated reason for this is that the conse-

quences from a software investment are mainly intangible and occur dur-

ing a longer time period with a time lag (see e.g. Lee and Kim, 2006; 

Love et al., 2005). This could result in a valuation difficulty when the 

most common used methods for evaluating investments do not take in-

tangible consequences into account (see e.g. Bacon, 1994).  

If the decision of the software investment is based only on traditional 

investment valuation models this could lead to the approval of the 

wrong software investments, as indicated above, because not all conse-

quences may be correctly incorporated (Lubbe and Remenyi, 1999). This 

view is shared by Milis and Mercken (2004) who argue that software in-

vestments have special characteristics as high risk, long-time returns and 

large portion of intangible/hidden benefits and costs. Other researchers 

have argued that it is harder to estimate the benefits as well the total ex-

pense for the investment than in the case of a more traditional invest-

ment (Anandarajan and Wen, 1999).  Some researchers (e.g. Bellantine 

and Stray 1998; 1999; Falk and Olve, 1996; Lefley, 1994; 1996; Small and 

Chen, 1995) even conclude that investment valuation techniques are not 

applicable on software investments as a result of the above.  
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PURPOSE AND RESEARCH QUESTION 
A software investment is argued to be difficult to value with traditional 

investment valuation models because of the characteristics of the conse-

quences resulting from it. This study aims at solving some of these diffi-

culties. In other words, the purpose of this thesis is to: 

Develop an analytic model to estimate the return of a software 

investment. 

For the model to be effective it must be made plausible that the model 

can handle the consequences that are difficult to estimate. The reader is 

referred to Chapter 2 for the discussion concerning the conditions posed 

on the model. The problem of software investment valuation has been 

an ongoing discussion in information systems (IS) research for quite 

some time now (See e.g. Banker and Kauffman, 2004; Chan, 2000; 

Dedrick et al., 2003). From an economic stand point, the problem is the 

valuation of the investment, i.e. to estimate a priori the return of the 

software investment. As noted above the problem of estimating the re-

turn of a software investment has been to a large extent been motivated 

due to consequences that are difficult to estimate. In order to pursue the 

purpose of this thesis, the following research question is stated: 

How can the effects of consequences that are difficult to estimate 

be incorporated in the assessment model for the return of a soft-

ware investment? 

Although much research has argued it to be more or less impossible to 

use investment models to estimate software investments, this thesis at-

tempts to show how more advanced models can be applied in an attempt 

to overcome this problem. The chosen approach for this thesis is to de-

termine the difficulties of the valuation of software investments by ana-
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lyzing the consequences that the investment results in to see which are 

difficult to predict and why. By doing so, we can suggest a way to include 

these consequences in the assessment of the return of the software in-

vestment. The term “return” is used as a measure of the difference be-

tween the capital spent on the investment and the capital gained by the 

investment. We shall use the terms “return” and “value” synonymously 

through out this thesis.  

We shall make a final comment on the purpose of this thesis concerning 

what type of software investments the purpose is viable for. On a general 

level we can distinguish between two types of software investments. The 

first type of investment is when we, or someone else for our account, 

develop the software in-house. The cost for the development can then 

be seen as the cost for the investment. The second type of software in-

vestment is an of-the-shelf type of software that may have to be adapted 

for the specific organization. Since the purpose of the thesis states that 

we are to develop an analytic model for estimating the return of the 

software investment, we do not make any formal difference between the 

two types of software investments. There may however be differences in 

the uncertainty of the total size of the investment and when the cost for 

the investment occurs depending on which of the two types of software 

investments a firm is making. To stay neutral between the two types of 

investments and to maintain a general level analysis, the variable I  refers 

to the total expected cost of the investment. The reader is referred to 

Chapter 7 for a more thorough discussion on this topic.  

FRAME OF REFERENCE 
The frame of reference for this study is based on theories from corpo-

rate finance, or more specifically, capital budgeting. The field of capital 

budgeting is concerned with how a company plans and manages its long-

term investments (see e. g. Ross et al., 2004). For this study an invest-
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ment is defined as “the sacrifice of an immediate and certain satisfaction 

in exchange for a future expectation whose security lies in the capital 

invested” (Massé, 1962 in Rapp, 1974), cf. Baddeley (2003). This means 

that an investment involves a negative cash flow today (i.e. the expense 

for the purchased asset) that shall be recuperated by the uncertain future 

net positive benefits from the asset invested in. When making an invest-

ment, the ground rule is that the value of the future net benefits shall 

exceed the present capital invested, i.e. create more value on long-term 

basis then it consumes (e.g. Copeland et al., 2000; Jensen, 2005). So the 

field of capital budgeting is about how investments shall be valued and 

which investments a firm shall make. The reader is referred to Chapter 2 

for further discussions of the underlying assumptions of the theoretical 

frame of reference for this thesis. 

We shall also use principal-agent theory in the discussion how a software 

creates value through the usage of it. Principal-agent theory is introduced 

to explain the difficulty, and perhaps the solution, of determining the 

actual value of the software.  

A NOTE ON THE CHOSEN APPROACH 
This thesis is based on a theoretical approach, i.e. there is no systematic 

empirical study underlying this thesis. The reason for this is due to the 

purpose of the thesis. The validation of the developed model is seen as a 

second stage outside the scope of this thesis. The data used for this the-

sis is instead previous research. The main part of the data that is used for 

this thesis is different categorizations and descriptions of consequences 

from a software investment. This data is collected for two reasons: 

Firstly, to gain an understanding of which types of consequences make a 

software investment difficult to assess a priori. Secondly, we have to 

know why these consequences are difficult to predict in order to find a 

way to include them in the investment assessment model.  
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SOFTWARE CHARACTERISTICS – A 
BACKGROUND
This section provides an introduction to the characteristics of the case 

for this thesis, the software investment. The software investment is cho-

sen due to the argued difficulty of estimating the return. This is argued to 

be a result of the characteristics of the consequences from the software. 

A consequence is, in one way or another, economic and therefore a cost 

or a benefit. A benefit is defined as a revenue or a cost decrease. Al-

though this study is focused on a software investment that is purchased, 

some aspects of development may be included in investment cost of the 

software such as making the new software compatible with the rest of 

the system already in place. 

In this thesis it is argued that it is not the amount of money spent on the 

software that creates the value but rather the usage of the software (see 

e.g. Devaraj and Kohli, 2003). To determine the a priori value of the 

software we therefore need to know the expected usage of the software. 

Models for predicting the usage of a software is an ongoing discussion in 

the IS/IT literature (see e.g. Venkatesh et al., 2003). But due to assimila-

tion gaps the usage of the software does not follow the pre-expected 

diffusion curve of adoption in the organization (see e.g. Davidson and 

Heslinga, 2007; Fichman and Kemerer, 1999). The usage of the software 

leads to consequences of which we are interested in the economical con-

sequences. As already discussed above, all of these consequences are not 

directly expressed as economic consequences but may still have an effect 

on the outcome of the investment. These consequences pose a difficulty 

from a valuation point of view.  

To further complicate matters there are reported time lags between the 

investment and the effects from the investment (see e.g. Lee and Kim, 

2006). These aspects will be analyzed further in Chapter 4 and Chapter 5. 
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A software, as any other investment, must be maintained. Since the 

software is a complicated system the cost for maintaining it is uncertain 

(see e.g. Zang and Windsor, 2003). A special case of software mainte-

nance is the upgrading of software to e.g. include new functionality, 

which is often expensive and have uncertain result (see e.g. Mukherji et 

al., 2006). These upgrades can be made more or less continuously by 

adding a little at the time or by adding a lot at predetermined times. 

These aspects will be discussed further when the cash flow function is 

discussed in Chapter 4. 

To be able to benefit from the software it has to be implemented to be 

used. The implementation cost and implementation time has shown to 

be problematic to predict in studies since there are no agreed upon mod-

els for predicting the implementation in an accurate way, see e.g. Fran-

calanci (2001) 

The above discussion serves as a short background to different charac-

teristics of a software investment. This discussion will be returned to in 

mainly Chapter 3 where the characteristics of the consequences from a 

software investment are discussed. Chapter 5 and Chapter 6 will con-

tinue the discussion of how the characteristics of these consequences can 

be incorporated in an investment assessment model for software invest-

ments. 

DELIMITATIONS 
Since not all consequences can be necessarily expressed in economic 

measures, some researchers have adopted other approaches to evaluate 

software investments (e.g., information economics (e.g. Parker et al., 

1989), multi criteria decision-making (e.g. Stewart and Mohamed, 2002), 

Analytic Hierarchy Process (e.g. Boucher and MacStravic, 1991; Boucher 

et al., 1993; Boucher et al., 1997)) to incorporate the various sorts of 
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consequences from the investment, with the aim of providing a better 

basis for the decision. These approaches are models for decision-making 

and not investment valuation models. Since the firm has scarce resources 

the decisions whether to undertake the investments must be made in 

accordance with lowest opportunity cost. To make sure of this, every 

investment strategy must be evaluated from an economic view. The 

above models provide a decision given the alternatives but a firm can 

always reject investments if the gain is lower than the opportunity cost 

involved. These models will therefore not be included in this study since 

we are interested in determining the return of the software investment. 

In this thesis usage is argued to be the value creating process. Under-

standing why people decide to adopt or reject using the software is a 

challenging issue from a research point of view as well as from a practical 

point of view (Venkatesh and Davis, 2000; DeLone and McLean, 1992). 

Several models have been developed and used to predict and explain 

usage, e.g.; Technology acceptance model (see Davis, 1989; Davis et al., 

1989); technology acceptance model 2 (see Venkatesh and Davis, 2000); 

theory of reasoned action (see Fishbein and Ajzen, 1975; Ajzen and 

Fishbein, 1980); theory of planned behavior (see Ajzen, 1991); the uni-

fied theory of acceptance and use of technology (see Venkatesh et al., 

2003). We are interested in the usage of the software over time and not 

the models predicting usage or the variables in these models effecting 

intended usage. We will therefore not discuss these models this thesis. 

For a discussion about these models and how well these and other mod-

els predict and explain variations in usage the reader is referred to 

Venkatesh et al. (2003).  
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STRUCTURE OF THE STUDY 
This first chapter has presented the purpose this thesis and provided a 

background to motivate the problem to be solved in this thesis. The 

structure of rest of this thesis is as follows: 

Chapter 2 

This chapter contains the discussion of the various conditions 

posed on models for them to be argued sufficient. This chapter 

also contains the discussion of usage as the value driving process 

for the software. Also, a basic background model for investment 

analysis is introduced.  

Chapter 3 

In this chapter the consequences that arise from the software in-

vestment are discussed. The chapter continuous with an analysis 

of the difficulties the consequences from a software investment 

may pose from a valuation point of view.  The chapter ends with 

a simplified categorization of consequences that will be used for 

the development of the model for determining the return of the 

software investment. 

Chapter 4 

A first candidate for a model determining the return of the soft-

ware investment is presented in this chapter. This chapter also 

contains a discussion of how the software creates cash flows. 

Prior to this discussion, a cash flow is formally defined. This 

chapter concludes with a short discussion of why usage is difficult 

to predict using a principal-agent reasoning.   

Chapter 5 

In this chapter the characteristics of a cash flow function for the 

software is derived based upon the analyses in Chapters 2, 3 and 

4.
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 Chapter 6 

This chapter contains the proposed way of model the return of a 

software investment by utilizing a stochastic cash flow function.  

Chapter 7 

This chapter concludes the study and makes suggestions for fur-

ther research. The chapter also discusses how the stochastic proc-

ess meets the motivated characteristics of a relevant cash flow 

function for a software investment. 
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CHAPTER 2 
CONDITIONS

POSED ON THE 
MODEL

In this chapter the theoretical view underlying this study is discussed. 

Various conditions and assumptions underlying the models used in the 

study are introduced and discussed. 

DEFINITON OF A MODEL 
For this study we define a model as a representation of reality (Ackoff & 

Sasieni, 1968). The model that we shall develop here maps various con-

sequences into cash flows, which are compared over time by predeter-

mined rules to determine whether the investment yields a positive or 

negative return.  

In accordance with symbolic or mathematical models in general, letters 

and symbols will be used to model the economic characteristics of the 

software investment.  In this study, we will use deterministic and sto-

chastic models depending on the various assumptions made about the 

modeled reality. We distinguish a deterministic model from a stochastic 

model by assuming that all relevant information is known about future 
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states and there is no uncertainty concerning these future states. When 

dealing with stochastic models this assumption is not made and instead 

various scenarios of the future are assigned probabilities, see Berglund et 

al. (1974). 

CONDITIONS POSED ON THE MODEL  
For the model to be effective we are going to develop some conditions 

that the model should meet. These conditions help us to determine 

whether the developed model performs the task it is set up to do or not. 

These conditions also assist in the development of the model because 

they govern the simplifications we need to make. Some of the conditions 

that will be introduced are in strict sense assumptions we make rather 

than conditions for the model. To maintain simplicity, we will refer to 

these as conditions as well.   

For the discussion below and generally for this study we assume that the 

following general model for investment valuation can be used:

GIfV , .

By this we are saying that the return V of the investment is a function of 

the expected investment I and the economic net benefit G from the in-

vestment. A more thorough discussion about the economic net benefit 

will follow below but for now it can be understood as the residual money 

the investment yields at different times.  

Condition 1: Investment criterion 
The first condition that the model must meet is that it should be able to 

answer the question if the investment shall be undertaken or not from an 

economic point of view. The above model for valuation of the invest-

ment should be accompanied by a criterion that determines whether the 

investment is a success or a failure. The criterion does not have be the 
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same for all models since we admit different types of answers from dif-

ferent models. We state the criterion for the model as 

0,VIVMAX .

The criterion states that we would only go forward with the investment I

if the return of the investment IV  is higher in comparison to not mak-

ing the investment 0V . Given the above general function for the in-

vestment valuation, we only undertake the investment if the net eco-

nomic benefit minus the cost for the investment is positive, i.e. have a 

positive return If the investment gives the same return as not making the 

investment we are indifferent and will maximize whichever of the two 

choices we make. This criterion can be seen as a special case of saying 

that the investment should earn its time adjusted spending back. 

Condition 2: Consequences of an investment 
In this study a consequence is defined as an organizational effect that 

occurs as a result of the software investment. We can define this formally 

by saying that a consequence is as an outcome (C  C11, …, CMN) that is 

determined by the state of the world (S  S1, …, SM), i.e. the different 

modules included in the software, and the effort (A  S1, …, SN) made 

by the user. The matrix below shows how the variables are mapped. 

A/S A1 … AN

S1 C11 … C1N

… … … …

SM CM1 … CMN

Matrix 1. The mapping of the consequences based upon 

 actions taken and the state of the world occurring. 
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For a model to be effective it should be able to incorporate the out-

comes of an investment in the valuation. A discussion about which out-

comes that should be incorporated will follow below. 

Condition 3: Time value of money 
The third condition we pose for the model is that it should be able to 

handle time value of money. 

Figure 1 illustrate that the economic net benefit from the investment 

may occur at different times. The effect of time value of money is that 

the value of e.g. G2 at t1 is not G2 but lower since the effect of time value 

of money. This is equivalent to say that the value of money sooner on a 

time line is worth less. The model needs to be able to deal with eco-

nomic net benefits gained at different time points on a time line. We also 

require that with the use of the model we can take into account the time 

value of money. By doing so, comparison between net benefits from 

various years can be made. This is done by the conversion rate of time 

value, i.e. the opportunity cost of capital (k). The most convenient way is 

to translate the economic net benefits back to t0 where the investment, 

and thereby the investment decision, is made. The conversion of these 

net benefits back in time along the time line is made by tk1
1  in dis-

-I0

G1 G2 G3 G4 GT

t0 t1 t2 t3 t4 T

Figure 1 The illustration between the economic net benefit from the 

investment, the initial investment and the time value of money
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crete time or by kte  in continuous time. This condition is closely related 

to the next condition we will impose on the model. 

We can adjust the above discount factor to take into account fixed prices 

as well by writing thke )*(  where h denotes the deflator defined by 
0P

Pt .

In the former equation Pt is price at time t and P0 refers to the index 

price at the time we would like to compare Pt with. The functional form 

of h is kept neutral to keep the expression as simple as possible. 

We can see why 212212 ),()( tttGtG  must hold; assume that G rep-

resent funds available for consumption and U(G) represents the utility 

gained from consuming the economic net benefit. If you can choose 

whether to consume G2 at t1 or lend it out and therefore omit your own 

consumption that period for consumption at t2 instead. Since the utility 

function is increasing, i.e. higher utility is preferred before lower utility; 

you would want a compensation for postponing your consumption. This 

compensation (k) equals the time preference of money, which is the 

same as time value of money based on under the assumption of no risk 

for default. So to omit consumption for one period we would require 

)1()1( 1 kGkG  in discrete time setting and kk GeGe *1  in continu-

ous time setting. Therefore condition 3 for discounting Gt holds. The 

reader is referred to e.g. De Matos (2001); Hirshleifer (1970); Lancaster 

(1963) for further discussions of ways for deriving the result and Freder-

ick et al. (2002) for a thorough discussion of the topic. 

It shall be noted that k is strictly dependent on the risk of the project 

and given well functioning capital markets we can assign a unique value 

for k depending on the risk level of the investment. This will be further 

discussed below.   
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Condition 4: The goal function of the firm 
The next condition we will impose is that the model must support the 

goal function of the firm. To do so, we must first assume the goal func-

tion of the firm for this study. The goal function is defined as the pur-

pose of existence for the firm. For the goal function to be useful it must 

assist the managers and help them deciding which investments shall be 

undertaken. This condition is directly linked to the first condition above. 

In this study, the goal function of the firm is assumed as to maximize the 

long run market value of the firm (cf. Brealey & Myers, 2003; Ross et al., 

2007). This goal function is called the value maximization proposition 

(Jensen, 2001a). Total value in this sense does not only include equity but 

debt, preferred stocks and warrants, i.e. the total value of the firm’s long-

run financial capital. The firm maximizes the long run market value of 

the firm by maximizing the net benefits from activities such as invest-

ments with positive returns. 

Other goal functions have been proposed in the economic literature. 

Stakeholder theory (Freeman, 1984) is one example whereas profit 

maximization is the standard assumptions in micro economics for firms1.

Since stakeholder theory tries to optimize the value of several variables at 

the same time we argue that it is not suitable as goal functions for the 

firm, see Jensen (2001a; 2001b) for further development of the reasoning 

and Cools & van Praag (2003) for empirical results. The proposed value 

function for the firm only seeks to maximize one variable and therefore 

it is more helpful for decisions concerning mutual exclusive choices and 

to help guide the management of the firm when seeking value in an un-

certain future (Rose, 1999). The problem with profit maximization as a 

                                             

1 See Donaldson & Preston (1995) for a review of various aspects of the stakeholder theory. 
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goal function for the firm is the timing issue of which profit shall be 

maximized and this may lead to boosting the short run results by avoid-

ing necessary activities for the long run profits. 

Condition 5: Value added or value eroded 
Now when the goal function for the firm is stated we will add an addi-

tional condition for the model. We impose that the model must be 

linked and supportive of the goal function of the firm. We therefore de-

mand that the model is capable of showing the expected effect on the 

long-term market value of the firm. This condition may be closely related 

to the first condition imposed above given the above goal function of 

the firm and how the investment criterion is stated. A difference be-

tween the investment criterion and this condition is the function they 

have; this criterion is a measure of size of the return whereas the first 

condition imposed above is a decision rule used to decide whether the 

investment shall be made or not. 

Condition 6: The set of consequences the model can handle 
We will impose yet a sixth condition for the model. 

Figure 2 defines B as a subset of C, i.e. CB . We define set C as all 

consequences from a software investment. In a similar way we define 

Figure 2 The sets of consequences from a software investment 

C

B’

B
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subset B as the consequences from the software investment that can be 

directly transformed into net economic benefits. The difference between 

C and B would then represent the consequences that are difficult to es-

timate. These are the consequences that have been argued by previous 

research be difficult to incorporate in economic valuations the software 

investment2.  So we impose the condition that the model should be able 

to include the consequences from set B. We further impose that it 

should be made likely that the model can incorporate some of the con-

sequences that are difficult to estimate. So we define these as B’ that is a 

subset of C, CB' . We therefore require that BB'  for the model to 

be suitable and CBB ' . For the model to be effective it we require 

that it can handle not only consequences already expressed in economic 

measures but also takes into account the characteristics of all conse-

quences from a software investment. 

THE SETTING FOR THE INVESTMENT 
DECISION
The setting for the decision about the investments is nothing we impose 

conditions on onto the model for but rather make assumptions about. 

We assume that the decision maker and the firm are risk-neutral and that 

the decision maker is ultimately one individual. The assumption concern-

ing risk-neutrality is made on a modeling basis since it makes the model-

ing easier. If the decision maker is risk-neutral we do not have to esti-

mate the shape of the risk-averse or risk-seeking decision maker’s utility 

curve. It might come out as a strong assumption but under the assump-

tion that financial markets are efficient and complete (see Modigliani & 

Miller, 1958) the firm can always balance the overall increase/decrease in 

                                             

2 See Chapter 3 for a more thorough analysis of various consequences from a software invest-

ment. 
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risk that the firm added by counter strategies in the financial market. The 

firm can thus hedge the risk by buying or selling financial assets3.

If the firm has a large portfolio of various investments the above does 

not cause the same problem on a firm level due to diversification and 

therefore the overall systematic risk of the firm will not affected. The 

early development concerning diversification and risk was made in 

Markowitz (1952) and generalized by Lintner (1965), Mossin (1966) and 

Sharpe (1964). The reader is referred to Elton et al. (2003) for an overall 

discussion of the topic. Their reasoning can be used for real investments 

as well as long as we can assign a proper risk for the investment, i.e. the 

systematic risk of the investment. 

The assumption concerning an individual decision maker is made be-

cause it gives us only one utility function to handle, explicitly or implic-

itly, and this utility function is merely a representation of the firm 

owner’s utility function given the foal function of the firm.

In this thesis we differentiate between models for investment valuation 

and models for decision making. The former asserts a value to the soft-

ware investment and the latter is used to decide if the investment shall be 

undertaken or not, i.e. the yes or no decision. The result from the in-

vestment model can be an input variable to the decision model where 

several variables may form the yes or no decision. Although we could 

argue that if all the relevant consequences are incorporated in the in-

vestments valuation model, the model could act as decision maker due to 

the goal function of the firm and the investment criterion complement-

ing the assessment model to be developed in this thesis. 

                                             

3 See Hull (2006) for more on financial assets and strategies for financial markets. 
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It is unfortunately unlikely that all the relevant consequences will be in-

cluded in the investment valuation model since some consequences will 

be unknown at the time for the decision. The answer given by the in-

vestment valuation model should therefore be treated as a part of the 

basis for the decision concerning the investment rather than the final go 

or no go decision about the investment.  

CONTINUOUS TIME MODELS 
The modeling in this thesis will mostly be in a continuous time setting. 

The reason for this is that the usage of the software is more similar to a 

continuous process rather than a discrete process, or rather; a continuous 

process is a better approximation of the software usage. This implies that 

the net economic benefits from the usage of the software are best mod-

eled as a continuous process. The continuous time setting is also chosen 

for mathematical reasons since continuous time mathematics is more 

applicable for modeling stochastic processes. 
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CHAPTER 3 
ECONOMIC

CONSEQUENCES
FROM A SOFTWARE 

INVESTMENT

In this chapter an analysis of various types of consequences from a soft-

ware investment is introduced. The aim of this analysis is to determine 

which consequences are difficult to estimate. This chapter will introduce a 

more effective and more relevant categorization of the consequences based 

on the goal function of the firm. 

INTRODUCTION
 Research has distinguished between various consequences from a soft-

ware investment due to their characteristics. As previously stated a con-

sequence is an effect that occurs as a result of an investment and can 

represent a benefit as well as a cost. In this thesis a benefit can refer to 

revenues as well as cost reductions4. This effect does not necessarily have 

to be an economic effect. 

                                             

4 This way of viewing a consequence is in line with Renkema and Berghout (1997). 
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The categorization of investment consequences in the Figure 3 below 

has been suggested by Rapp (1974). It should be mentioned that the 

categorization is not made for software investments but for more pro-

duction oriented investments and maintenance decisions concerning 

them. The categorization could on the other hand be viewed as a general 

categorization and thereby useful for analyzing specific software invest-

ment consequences. The categorization is used here since it is multi-

dimensional in the way consequences are differentiated. We shall also use 

it as a starting point for the development of a more effective categoriza-

tion of the various kinds of consequences caused by a software invest-

ment.

The categorization is not made for a specific investment valuation 

model. The categorization further assumes that there is a separate model 

for the decision making where the information from the valuation model 

Conse-
quences
of an 
invest-
ment
decision 

Unknown 
conse-
quences

Known 
conse-
quences

Conse-
quences
which
cannot be 
measured

Conse-
quences
which
can be 
measured

Conse-
quences
which
can be 
evaluated

Conse-
quences
which
cannot be 
evaluated

Conse-
quences
which
can be 
evaluated 

Conse-
quences 
not used 
in the 
model 

Conse-
quences 
used in 
the 
model 

Informa-
tion not 
used

Informa-
tion used 
for the 
decision 

Informa-
tion not 
used

Figure 3 Consequences from an investment decision (Rapp, 1974)



41

is used as input. The categorization distinguishes between unknown and 

known consequences where the unknown consequences are sorted out 

from further categorization. Unknown consequences are those that are 

not expected at the time for the valuation. The known consequences are 

expected consequences and can either be measurable consequences or 

not, and further, they are consequences that can be possible to evaluate 

or not. In this categorization a consequence can be possible to evaluate 

but does not have to be measurable, i.e. to be able to evaluate a conse-

quence it is not necessary to be able to measure its effect first. 

Why is it important to distinguish between various kinds of conse-

quences caused by a software investment? There can be at least two re-

lated reasons for this: One, since different investment valuation models 

can handle different sorts of consequences it is preferable to be able to 

sort consequences by their characteristics. By doing so, the valuation 

model for the investment can be chosen so that the most necessary con-

sequences can be incorporated in the investment valuation. The second 

reason would be to know which consequences cannot be incorporated 

directly in the investment valuation model to find other ways to incorpo-

rate their effect. We must therefore know how the different conse-

quences from a software investment behave so we can distinguish them 

according to the above. By differentiate them in accordance to the above 

we will be able to know which consequences can be directly incorpo-

rated in the investment valuation model and which ones have to be in-

corporated indirectly. 

SOFTWARE INVESTMENT CONSEQUENCES 
In this part of the chapter we will introduce the different types of conse-

quences that a software investment is argued to result in. When the con-

sequences are introduced and exemplified, we will analyze the differences 
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between them to motivate a more effective categorization to be used 

when developing the investment valuation model. 

The table below shows the various categorizations that have been used 

in previous research to describe different types of consequences from a 

software investment. 

Planned - Expected - Realized  Farbey et al. (1993) 

Tangible - Intangible  Andarajan and Wen (1999); Bryn-

jolfsson and Hitt (2000); Farbey et 

al. (1993); Irani (2002); Kaplan 

(1986); Lee (2004); Love and Irani 

(2001); Love et al. (2004); Lubbe 

and Remenyi (1999); Milis and 

Mercken (2004); Stefanou (2001) 

Direct - Indirect  Farbey et al. (1993); Hochstrasser 

(1990); Irani and Love (2001) Love 

et al. (2004); Whiting et al. (1996) 

Hard - Soft  Hochstrasser (1990) 

First order - Second Order Hochstrasser (1990) 

Social Subsystem Ryan and Harrison (2000) 

Tangible - Irreducible - Intangible  Riel (1998) 

Qualitative - Quantitative  Andarajan and Wen (1999) 

Primary - Secondary  Mensah and Miranti (1989) 

Quantitative - Non-Quantitative Kaplan (1986); Accola (1994) 

Strategic - Tactic - Operational  Love and Irani (2001) 

Strategic - Management - Opera-

tional

Farbey et al. (1993) 

Financial - Non-Financial Irani and Love (2001) 

Hidden - Non-Hidden Ryan and Harrison (2000) 

Table 1 Different types of consequences from a software investment. 
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By the categorizations in the above table, a consequence, economic or 

non-economic, can be planned, expected but do not have to be realized. 

A consequence can be tangible or intangible where the effect on the net 

economic benefit of an intangible consequence is not obvious or is diffi-

cult to measure whereas the economic value of a tangible consequence is 

immediate. Improved organizational integration is stated as an example 

of an intangible consequence by Irani (2002). An improved organiza-

tional integration may be expected because of the usage of the software 

which will lead to a better economic performance. If so, the intangible 

consequence will have an impact on the long-term market value of the 

firm. Intangible consequences are also called non-financial consequences 

and tangible consequences are called financial consequences, see e.g. 

Irani and Love (2001). Riel (1998) discusses a type of consequences be-

tween intangible and tangible consequences as irreducible consequences. 

An irreducible consequence is a consequence that is somewhat measurable 

and can be quantified by some operational measure but needs a special 

cost or benefit model to be transferred into monetary terms. 

A consequence can have direct/non-hidden or indirect/hidden effect on 

the firm. A direct consequence would be an immediate consequence 

caused by the software as data volumes of transaction (Irani and Love, 

2001) and would therefore have an effect on the net economic benefit 

directly. An indirect consequence refers to the effect of the software on 

the personnel and the organization, as e.g. the use of management time 

or organizational restructuring (Ibid). The indirect consequence refers to 

the same type of consequences as the social subsystem changes from a 

software investment. A hard consequence can be seen as a tangible or a 

direct consequence whereas a soft consequence can be seen as an intan-

gible consequence or an indirect consequence based on the given exam-
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ples. The same could be said for the quantitative and qualitative conse-

quences as for hard and soft consequences. 

Another way of differentiate consequences is to look at causal relation-

ship between usage and the effect of the consequence. In the above table 

this perspective is captured by first-order or a second-order conse-

quences and primary or secondary consequences.  

The final way of separating consequences in the above table is by look-

ing at the organizational level they occur on or the time-length before 

the consequence is expected to be realized. The more strategic the con-

sequence is, the more intangible it is argued to be whereas more opera-

tional consequences tend to more tangible, see e.g. Irani and Love 

(2001); Lee (2004).  

A MORE EFFECTIVE CATEGORIZATION OF 
CONSEQUENCES FROM A SOFTWARE 
INVESTMENT
The above discussion aims to show that categorizations have been made 

from different perspectives and all of these are not necessary economic 

perspectives. Because of the defined goal function in Chapter 2 we are 

only interested in the economic consequences that occur due to usage of 

the software investment. More specifically, we are only interested in the 

consequences that have an effect on the net economic benefit from the 

investment. The reason for this is that it is only the economic conse-

quences that have an effect on the net economic benefit, which have an 

effect on the long-term market value of the firm. It is therefore only 

these consequences that shall be included in the investment valuation 

model. 



45

Given the goal function of the firm, we need to know how the effects of 

various consequences on the net economic benefit. To do so we will 

differentiate between a consequence and the effect that consequence has 

on the net economic benefit. By doing so, we can make a unique list of 

types of consequences from the above table that is based on their char-

acteristics that is more manageable since they share similarities with each 

other. A consequence is, as discussed previously, the effect on the or-

ganization due to the usage. This effect can be more or less di-

rect/indirect and tangible/intangible with the result that it may or may 

not be measurable on some scale a priori, i.e. it is expected or not ex-

pected. The effect on the net economic benefit can due to this be di-

rectly measured given the usage or may have an effect on the net eco-

nomic benefit at a later time, a time point we do not know a priori.  Based 

on the characteristics of the consequences and the effect they have on 

the net economic benefit we pose the following categorization of conse-

quences and their effect on the net economic benefit: 

Consequence Effect on the net economic benefit 

Tangible 

at time t

Tangible 

at time t

Intangible 

at time t

Tangible 

At time t+s

Table 2 The unique feature of the different consequences and their effect on the net 

economic benefit 

A consequence can be tangible or intangible at time t. If the consequence 

is tangible at time t it can be valued directly at time t. This is independent 

on what organizational level the consequence occurs and if it is di-

rect/indirect, qualitative/quantitative, etcetera as long as we can measure 

the consequence on some scale. If the consequence is intangible at time t

we cannot measure it at time t and therefore not value it at time t. How-
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ever, given that it is an economic consequence it will have an effect on 

the net economic benefit from the software at time t+s where s is a ran-

dom time-lag variable.

We do not include consequences that are intangible at time t whose ef-

fect on the net economic benefit are intangible at time t+s since we do 

not have any information about the effect from these consequences on 

the net economic benefit. These consequences will be seen as unknown 

consequences, as developed below. 

Given the view of the various consequences from previous research and 

their effect on the net economic benefit we only differentiate based on 

when the effect on the net economic benefit occurs. If the consequence 

does not have an effect on the net economic benefit then it is of interest 

because of the goal function of the firm and the valuation model to be 

developed in this thesis.   

CONSEQUENCES USED IN THIS THESIS 
To capture the difference in the characteristics of consequences and their 

effect on the net economic benefit we will differentiate consequences on 

two levels. On the first level we differentiate between expected conse-

quences, see Farbey et al. (1993), and unknown consequences. An ex-

pected consequence is a consequence that is believed to occur due to the 

usage of the software investment. For the consequence to be expected 

we must know when and to what extent the consequence will occur. If 

we know this the consequences can be valued, i.e. transformed into a net 

economic benefit for the investment. The expected consequences can be 

seen as the known consequence in Rapp (1974). It is referred to an ex-

pected consequence to emphasize the a priori view of the consequence.  

The second type of consequence on the first level is the unknown con-

sequences. An unknown consequence is a consequence that we do not 
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have any information about at the point of time for the valuation. Since 

we do not have any information about it we cannot include it in the in-

vestment valuation model. Figure 4 below shows the distinction between 

unknown and expected consequences. 

Note that we argue, in contrast to Rapp (1974), that the consequence 

must be measurable on some scale for us to be able to value it at the 

same time t. If the consequence is not measurable on any scale at time t,

we cannot value the consequence at that time and therefore not include 

the consequence in the software investment model.  

Given the various types of consequences referred to in Table 1 and Ta-

ble 2 above, it is likely that the characteristics of all consequences would 

not fit this categorization. We will therefore introduce a second level in 

the categorization to better capture the differences in the characteristics 

of the expected consequences. We will do so because some of the con-

sequences have non-immediate effect on the net economic benefit from 

the software investment, as discussed above. By a non-immediate effect 

we mean the effect on the net economic benefit due to a consequence 

cannot not be measured and therefore not valued at time t.  There is 

Unknown 
consequence
at time t

Expected 
consequence 
at time t

Not measur-
able at time t

Not able to 
value at time t

Not in the in-
vestment valua-
tion model 

Measurable at 
time t

Able to value
at time t

In the invest-
ment valuation 
model

Figure 4 Unknown and expected consequences from a software investment
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therefore a lag effect in time between the consequence and the effect on 

the net economic benefit from the usage of the software investment. To 

capture this difference in the characteristics of the consequences, we will 

divide the expected consequences into time-dependent and time-

independent consequences. This separation is done to capture the differ-

ence between the effect on the cash flow of a tangible and intangible 

consequence. We use the terms time-dependent and time-independent to 

emphasize the functional dependency of the filtration process with re-

spect to time, i.e. the effect on the net economic benefit is a function of 

usage that occurs over time.  

A time-independent consequence is a consequence that can be measured 

direct at time t and therefore also valued at time t. A time-dependent 

consequence is a consequence that cannot be measured at time t but will 

have an effect on the net benefit from the software investment at time 

t+s. The variable s is random variable because lag-time may be different 

for different consequences and s may thus take on different values. The 

difference between the time-dependent and the time-independent con-

sequences is when the consequence has an effect on the net economic 

benefit from the software investment. Whereas time-independent conse-

quences can be measured on some scale and then valued directly at time 

t, the lagged effect of the time-dependent consequences show up in the 

net economic benefit. These consequences are therefore called time-

dependent since their effect on the net economic benefit is time-

dependent, i.e. they are a function of time. The characteristic of the time-

dependent variable is shown in Figure 5 below. 
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A dashed arrow in Figure 5 indicates a binary choice of direction in the 

figure. Note that consequences that do not have an effect on the net 

economic benefits will not be included in the investment valuation 

model for the software. This is because it is only the consequences that 

affect the net economic benefit that affect the long-term market value of 

the firm. We are therefore only interested in the economic consequences 

from the software investment. 

A COMPARISON BETWEEN THE VARIOUS 
CATEGORIZATIONS
Although the categorization presented above may seem different from 

the categorizations in Table 1 above it shall instead be seen as a more 

general categorization. In a comparison between the categorization pre-

sented in Table 2 and time-dependent and time-independent expected 

consequences, they do include the characteristics of the various eco-

nomic consequences from Table 1 above.  

The main difference between the developed categorization and the ones 

presented in Table 1 is that a more effective categorization is developed 

to support a defined goal function of the firm. Given the goal function 

of the firm we only differentiate via one perspective; do have an effect or 

do not have an effect on the long-term market value of the firm. Given 

this perspective we do not have to differentiate on the basis of where in 

Expected 
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Not measur-
able at time t

Not affecting 
the net eco-
nomic benefit 

Not in the in-
vestment valua-
tion model 

Affect the net 
economic
benefit at t+s

In the invest-
ment valua-
tion model 

Figure 5 The behavior of time-dependent consequences



50

the organization the consequence occurs or in what order the conse-

quence occurs.  

The aim of the time-independent consequence is to capture the conse-

quences from previous research that do immediately have an effect on 

the net economic benefit. The time-dependent consequences are meant 

to capture the affect of the consequences which have an effect on the 

net economic benefits are not immediate after the usage, e.g. intangible 

consequences, second order consequences, indirect consequences. The 

common denominator for theses consequences is that the all may in-

clude economic consequences that have a lagged effect on the net eco-

nomic benefit. 

A CONCLUDING NOTE 
From the above discussion it becomes clear that the using a software 

leads to several consequences. The discussion behind Matrix 1 in Chap-

ter 2 may have to be revised. It is more likely that an effort made by the 

user depending on the state of the world (i.e. the different modules of 

the software) leads to an vector of consequences C={C1, …, CN} where 

each of the elements in this vector represents a different kind of conse-

quence (i.e. intangible, tangible, etc). We would therefore get a three di-

mensional matrix because it is likely that different efforts made in differ-

ent modules leads to different vectors of consequences. To get the dis-

cussed matrix, the vectors of consequences must be evaluated for indi-

vidual consequences. 

Chapter 4 will introduce cash flows as the relevant input measure for 

value to be used in models for investment valuations. The chapter will 

motivate why cash flows shall be used in the investment valuation model 

instead of the net economic benefit discussed in this chapter. Chapter 5 

will concentrate on how the consequences from the above more effec-
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tive categorization of consequences from a software investment can be 

mapped into a cash flow function given relevant assumptions which will 

be argued for. The aim is to get the cash flow function to capture the 

characteristics of the different consequences.  
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CHAPTER 4
THE BASIC 

INVESTMENT
VALUATION MODEL 

In this chapter a first candidate for a cash flow based investment valua-

tion model for software investments is proposed that is aligned with the 

goal function of the firm.  This chapter concludes with a short discussion 

of why the usage of the software is difficult to estimate. 

INVESTMENTS VALUATION AND THE 
GOAL FUNCTION OF THE FIRM 
For the model to be effective it has to take into account the conditions 

introduced in Chapter 2. To do so, the economic net benefit must be the 

cash flow (CF) from the software investment. A cash flow will be de-

fined in detail below but for now we view the cash flow as the difference 

between inflow of cash and the outflow of cash from the firm due to the 

investment. We are hence only interested in the incremental cash flows 

and which is consistent with the stand-alone principle for investments 

(Ross et al., 2005). Given the cash flows we can relate the basic invest-

ment model to the value function of the firm via time value of money 

and the investment criteria. 
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As long as we use cash flows in the model instead of revenues or profits 

the model will yield an answer that is consistent with the goal function of 

the firm because cash flows are the inflow of cash minus the outflow of 

cash from the firm, see below for the formal definition of cash flow. The 

difference is the cash left that changes the long time value of the firm. 

So, as long as we measure the difference between the discounted cash 

flows against the outflow of cash for the investment, i.e. f(I,CF’) where 

CF’ denotes the time-valued cash flows with the risk motivated k, and 

only go forward with the software investment if it creates more money 

than it consumes we will obey the value function of the firm. We must 

therefore have that the utility of the investment is higher than the cash 

used for buying the investment, i.e. IIU )( .

A FIRST CANDIDATE FOR THE MODEL 
Given the discussion above, we can define a basic model as a candidate 

for the modeling of the return of a software investment. The basic 

model will have to be a discounted cash flow (DCF) model if the condi-

tions in Chapter 2 shall be met. From the family of DCF-models the net 

present value (NPV) is the most suitable candidate for modeling the re-

turn of a software investment since NPV is closest related to the goal 

function of the firm. This way of valuing investments is one of the most 

used in software valuations by organizations; see e.g. Bacon (1994). The 

model 

T
kt dtetfINPV

0

)(

takes into account the time value of money, and risk, since it is a dis-

counted cash flow model. The model is aligned with the goal function of 

the firm given the criterion 0,NPVMAX  , i.e. invest only if 0NPV .
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By acting according to this criterion we expect that we only make in-

vestments that do not erode the value of the firm.  

The NPV approach has a technical feature that makes it suitable for the 

modeling, i.e. it is separable in time. This is easiest shown if the NPV 

function above is stated in discrete time instead as 

TTtt

T

t
t

t

k
CF

k
CF

k

CF
NPV

)1(

1

)1(

1

)1( 11
1

.

The above formula shows that the NPV is calculated by summing all the 

discounted cash flow. The technical feature that makes the NPV suitable 

is that none of the terms in the equation is dependent on previous or 

next term in how it is treated in the calculation. This gives us the oppor-

tunity to add terms. Also, CF does not have be the same in every period. 

Given the characteristics in the above formula, the NPV calculation is 

separable in time. The reader is referred to Rapp (1974) for a more thor-

ough discussion about separability. 

THE CASH FLOW FUNCTION 
The NPV is suitable as long as tCFtf )( , i.e. the time-dependent func-

tion is the cash flow for the software investment, which is for now de-

fined as:  

CapNWCOCFCF tt

where 

tttt TcEBITOCF A
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and NWC  denotes the change in the net working capital during the 

period t. ttt NFANFACap A1  where NFA denotes the net fixed 

asset and Tct denotes the corporate tax for the period. In the calculation 

of the operating cash flow tOCF . tEBIT  denotes the earning before 

interest and taxes and measures the operating earnings for the firm. The 

variable tA  denotes the depreciation for the period. The depreciation is 

added back in the calculation of the operational cash flow since it is a 

non-financial cost, i.e. there is no outflow of cash from firm due to the 

depreciation of the investment. Depreciation can be seen as the per-year 

cost for using the investment and is stated for every year due to tax pur-

pose. Since the NPV calculation subtracts the entire cost for the invest-

ment I separately, there is no need to do this on year-to-year basis. The 

above cash flow formula is time dependent so it is defined over t-1 to t.

The cash flow can also be derived by summing up the cash flow to or 

from bondholders and stockholders with the same result by looking at 

the sources of cash instead of looking at the usage of cash (Ross et al., 

2004). 

The cash flow function may have to be redefined given the characteris-

tics of the consequences of a software investment. We will therefore re-

turn to the cash flow function in Chapter 5 to see how specific conse-

quences from a software investment can be incorporated.  

HOW A SOFTWARE CREATES CASH FLOWS  
We can derive cash flows from a software investment in three funda-

mental ways. The first and most obvious way is by acknowledging I0 to 

be the same as 
1t

CF . The cost for purchasing the software is a cash out-

flow from the firm and therefore has an effect on the cash flow for that 

period. The second way is by selling the software which produces a cash 

inflow to the firm by increasing the operative cash flow positively. This 
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does not necessarily yield a large cash flow since the market for used 

software ought to be small because of the asset specificity of the product 

and contractual agreements to prevent consumer arbitrage. 

This leaves us with the third way of how a software investment yields 

cash flows, which is the usage of the software, as suggested by Devaraj & 

Kohli (2003). Usage is defined as the interaction of the personnel with 

the software. We further argue that the type of consequences usage re-

sults in is depending on the sum of usage and the quality of the usage. 

The latter is imposed since people may make mistakes when using the 

software, e.g. enter the wrong account number when accounting with the 

result that the process has to be redone. This would increase the usage 

but not the value created by the usage of the software. 

The estimation of usage 
It is observed that the adoption of a software results in an assimilation 

gap (Davidson & Heslinga, 2007; Fichman & Kemerer, 2001) which can 

be seen as a special case of X-inefficiency (see Leibenstein, 1978). Similar 

results are found in Jones (2006) where it is shown that less than 50% of 

the installed functionality is used. 

As one way of understanding the difficulty of assessing the actual usage 

and thereby the resulting cash flow from the software, is to use a princi-

pal-agent approach (see e.g. Jensen & Meckling, 1976; Ross, 1973).  

When implementing the software to support an existing function of the 

firm, the management seeks to alter the behavior of the employees, i.e. 

get them to use the new software. There may be a conflict to this since it 

is the management (i.e. the principal) who benefits mostly from this un-

der the assumption that he/she has a partly outcome based salary func-

tion from the firm (e.g. a bonus attached to his salary based on the 

profit). The employees on the other hand do not necessary get the same 
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benefit but have to bear the effort of the change. So the principal has to 

create an incentive for the agent to use the software. Since the existence 

of outcome uncertainty (see Eisenhardt, 1989) and low degree of task 

measurability (see Anderson, 1985; Eisenhardt, 1985) given that the 

principal can observe the agents’ behavior over a long time, a behavioral 

based contract is a preferred contract because of the lower cost.  

Given the results from the empirical studies concerning models for usage 

prediction of software systems, an outcome based model may solve the 

goal conflict between the management and the employees. By instead 

setting up an outcome based incentive scheme the employees gain di-

rectly from the usage and have a better reason to use the software. This 

is supported by the low degree of task programmability (see Eisenhardt, 

1985; 1988) depending on the type of software and given that the em-

ployees cannot be forced to use the software, which is in line with the 

empirical findings above. For a more thorough discussion of the implica-

tions of principal-agent theory, see Laffont & Martimort (2002), Rapp & 

Thortsenson (1994) or Eisenhardt (1989). 

As a final remark we argue that usage is the value creating process for 

the software. The relation between usage and net benefits created by 

usage is not necessary a linear relation. A reason for this is that usage 

does not necessarily lead to cash flows directly but to consequences. 

These consequences are mapped into cash flow to be used in investment 

valuation models. Not all consequences become cash flows at the same 

time period as the consequence occur as seen in Chapter 3. This is be-

cause of the difference between the time-dependent and time-

independent consequences. 

Chapter 7 will continue the above discussion concerning how the usage 

of the software can be predicted by adopting a principal-agent frame-
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work. The purpose of that discussion is the make the behavior of the 

cash flow function less uncertain and therefore easier to estimate. 
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CHAPTER 5 
A REVISED CASH 
FLOW FUNCTION 

The main objective of this chapter is to model the relationship between 

usage of the software and the cash flows resulting from that usage. 

INTRODUCTION
For the discussion we assert that one unit of usage will lead to one set of 

consequences from which we derive a cash flow, i.e. C CF, where 

C denotes the vector of different consequences from the software usage. 

The variable  denotes the usage of the software and CF as previously 

defined. The aim is to find the characteristics of CF so it meets the char-

acteristics outlined in Chapter 2. In this way the cash flow can be derived 

for the software investment. The aim is therefore to map the conse-

quences discussed in Chapter 3 into cash flows under the specified con-

ditions in Chapter 2. 

CASH FLOW FUNCTION REVISITED 
Given the definition of the cash flow function, it is clear that it measures 

the inflow of cash minus the outflow of cash for the firm whereas profits 

include non-cash items. On a long-term basis, cash flow reveals what is 

left to pay out to bondholders and stockholders and hence determines 
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the value of the firm. The relationship between investments and the firm 

value is given by IVFirm , i.e. the value of the firm is determined by 

the portfolio of the investments the firm makes. The same cash flow 

function can be used for the individual investment as well as for the the 

firm as such due to the so called “stand alone principle”(Ross et al., 

2004). 

In the case of software we can simplify the cash flow function given 

above to  

CapOCFCF tt .

The software investment will not likely have an effect on the net working 

capital since the networking capital is the difference between short term 

assets and short term liabilities, i.e. 0NWC . We include the capital 

spending since the maintenance of the software can be treated as a se-

quential investment depending on the maintenance strategy applied. If 

the maintenance is not treated as a sequential investment it will still show 

up in the CF as a part of the EBIT where operating costs and benefits 

are included.  

MAPPING THE CONSEQUENCES INTO 
CASH FLOWS 
In this section we will discuss under what conditions the different con-

sequences from the more effective categorization from Chapter 3 can be 

mapped into cash flows. The discussion will be divided into two parts; a 

first part for the time-independent consequences and a second part for 

the time-dependent consequences. The former consequences represent 

the consequences that can be measured and valued at time t. The latter 

consequences refer to the consequences which cannot be measured and 

not valued at time t but has an effect on the cash flow at time t+s.
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Time-independent consequences 
Some consequences from the software investment are easier to map into 

cash flows due to their effect on the cash flow. Given the way the NPV 

is calculated and the definition of f(t) the consequences which are already 

stated in financial terms will not pose any problems for the model. Given 

that the consequences are known a priori, i.e. expected, the above cash 

flow function would include the consequences that can be measured and 

valued at time t. The definition above indicates that the consequences 

and the resulting cash flow is static, i.e. TCFCFCF 21 . If we re-

define the cash flow function to 1)( ttCFtf , where t denotes the 

change in the cash flow, the cash flow function is defined for non-static 

cash flows resulting from the mentioned consequences. Given that t is 

known the NPV function can be defined for the new cash flow function. 

The figure below shows the case when t=1(solid) and t=1.25 (dashed) 

for CF1=1.

Figure 6  Static and increasing cash flow over time.

Tt1 t2 t3 t4 t5 t6 t7 t8 t9 t10

CF
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Figure 6 above shows the same cash flow function that was assumed in 

Figure 1 in Chapter 2 in the case of t=1, i.e. the solid bars. The point of 

rewriting the cash flow function is to make it more realistic and make it 

able to incorporate a growth or a decrease in the cash flow. 

Adding more consequences to the cash flow function 
The above definition of cash flow only partly includes the consequences 

from the above suggested more effective categorization. A new variable 

may need to be added to the cash flow function to fully capture all the 

consequences. If these omitted consequences could be captured by t

there is no need for adding a new variable. That is not likely as a result of 

the analysis in Chapter 3. The consequences that are not included in t,

and therefore not in 1ttCF , do not share the same characteristics as the 

consequences included and we need to include them separately.  

The consequences that need to be added to tCF are: The time-

dependent consequences. From now on we let  denote these conse-

quences. These consequences are problematic in the sense that they are 

not often expressed in economic terms and may not influence the cash 

flow at the same period as the usage occurs. In some cases  will not 

have an effect on the cash flow at all and we may ignore them since they 

shall not influence the valuation of the investment. For most cases will

influence the cash flow to an uncertain amount at an uncertain point in 

time. So the effect of Ttt 0,  is unknown but Tntsn ,

do show up in the cash flow from the software. The variable s is the size 

of the expected lag effect on the cash flow because of . This is illus-

trated in Figure 7 to Figure 9 below for three different examples of .
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As we see in the Figure 7 to Figure 9 above the size of s is a random 

variable since  may have an effect on the cash flow at different times 

depending on the type of consequence.  

To include the  in the cash flow function we need to redefine the cash 

flow function again. Let ),(XfCF  to include all types of the conse-

quences from the more effective categorization of consequences from 

the software. X is now denoting the consequences that can be measured 

and valued at time t, i.e. the time-independent consequences. An exam-

0 nt Ts

Figure 7 A first example of 

0 nt Ts

Figure 8 A second example of

0 nt Ts

Figure 9 A third example of 
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ple of a cash flow over time is shown in Figure 10 below. The graph in 

Figure 10 combines the characteristics from X and  explained above. It 

shall be noted that Figure 10 shows only one of many possible cash 

flows plots and it is the resulting characteristic of the cash flow due to 

the effect of X and  that is aimed to be illustrated.  

THE BASIC MODEL REWRITTEN 
In order to include the difference in the characteristics of X and  the 

basic form of the NPV function has to be rewritten. The following func-

tional form of the basic investment model is imposed instead: 

dssfdtestEdtetXINPV s

T

s

T
stkkt

t

0 0

)(
0

where stn and 0s .

Figure 10 An example of the characteristics of the cash flow 

T

CF 

t1 t2 t3 t4 t5 t6 t7 t8 t9
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The first integral in the above expression sums up the time effect of the 

time-independent consequences. The second integral defined over all s 

sums up the lagged effect, i.e. the time-dependent consequences. 

With the function above, the functional form of the cash flow function 

is defined. The previous discussion has also provided a revised model for 

estimating the return of the software. In order to estimate the return of 

the software investment the explicit form of the cash flow function has 

to be found. This function must result in a pattern that agrees with the 

characteristics argued for CF for the conditions in Chapter 2 to be satis-

fied. Chapter 6 will analyze under which assumptions a stochastic proc-

esses can be used as the analytic function for the cash flow function. 

Given the analytic cash flow function we can estimate the return of the 

software investment by determining the relevant discount rate for the 

software. 
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CHAPTER 6 
MODELING THE 
RETURN OF THE 

SOFTWARE 
INVESTMENT

This chapter introduces an analytical model for estimating the return of 

the software investment based on an explicit cash flow function. 

INTRODUCTION
To model the return of the software investment an explicit model for the 

cash flow function from the previous chapter must be defined. It must 

be possible to argue that this cash flow function incorporates the charac-

teristics of the consequences that can be valued )( tt X  and the conse-

quences which cannot be valued at t, i.e. . We will later return to the 

discussions in Chapter 2 and Chapter 5 to see how well the model meets 

these conditions.  

A STEP BY STEP APPROACH TO THE 
MODEL 
The challenge is to find an explicit model that can handle consequences 

that can be valued at time t and consequences that cannot be valued or 
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measured at time t but has an effect on the cash flow at time t+s. The 

former kind of consequences does not pose any problems since if they 

can be valued they already appear in the cash flow from the software 

investment. So to find a suitable model the latter kind of consequences 

must be incorporated when they have an effect on the cash flow. To do 

so we will use a variable that is positively correlated with these conse-

quences. We assume that usage is expected to increase over time, i.e.

TintE
inn tt 0,0 ,

in accordance with diffusion theory for technologies (see discussions in 

e.g. Meade & Islam, 2006). If usage increases, which is assumed to be the 

underlying function for value creation from the software (see e.g. Deva-

raj & Kohli, 2003), we also assume that the cash flow will do the same, 

i.e.

TintCFCFE
inn tt 0,0 .

We will therefore include time in the cash flow function since time de-

termines the expected usage in the future. Since consequences that can 

be measured and valued directly have an effect on the cash flow directly, 

we include X into the model. 

Given the above we argue that the cash flow function including  is a 

function of time and usage that is also time dependent, i.e. 

tXfCF t , , as starting point for the modeling. Since it is stated above 

that usage will increase over time the stated growth factor  must be 

included into the cash flow function. If the cash flow function would 

have been deterministic we could now state the final cash flow function 

given the above. This would imply that we would know exactly the cash 
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flow given the level of usage. This is not likely as a result of the discus-

sion in Chapter 3 concerning the different consequences from a software 

investment. To include the uncertainty in the relationship between usage 

and the resulting cash flow, a volatility term is included,  in the cash 

flow function.  

Before we can model the return of the software investment the charac-

teristics of the consequences which cannot be measured at time t must 

be included. These consequences are argued to have an effect on the 

cash flow with a time lag s at time t. To include the size and the charac-

teristics of this effect on the cash flow we include a Brownian motion, 

defined below, in the cash flow function. 

The stochastic process 
Given a probability space, there is a continuous process B(t) of 0t  for 

each Ww  that satisfies B(0) = 0 and depends on w. The process B(t),

0t , is a Brownian motion if for all mtt10  the increments  

)()(,),()(),()()( 112011 mm tBtBtBtBtBtBtB

are independent and each of these increments are normally distributed 

with 

iiii

ii

tttBtBVar

tBtB

11

1 ,0
.

The Brownian motion is the continuous time version of a scaled sym-

metric random walk process with the difference that it is normally dis-

tributed and does not exhibit linearity between time steps, i.e. the trajec-

tory is nowhere linear and has no natural time step. This is referred to as 

the self-similarity of the Brownian motion. Intuitively, the self-similarity 

means that no matter how small part of a trajectory of a Brownian mo-
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tion is magnified, it still exhibits the same irregularity as the entire trajec-

tory.  

An example of a trajectory of a symmetric random walk and a Brownian 

motion are plotted below for 5 years (T)5 in Figure 11 and Figure 12.  

The random walk is generated with one increment per time period and 

for the Brownian motion 100 increments have been used. The expected 

value of each increment is 0 since the up and down ticks are equal in 

size, on average, due to the distribution and since they have the same 

probability. The variance, given by the above formula, is thus 1 for the 

random walk and 100
1  for the Brownian motion.  

-1,5

-1

-0,5

0

0,5

1

1,5

2

2,5

0 1 2 3 4 5

Figure 11. The trajectory of a symmetric random walk. 

In figure 11 we can see the same type of behavior as for the characteris-

tics of how  has an effect on the cash flow from the software invest-

ment that was in Figure 6 in Chapter 5. Both examples show non-

expected irregularities over time. The limitation of the symmetric ran-

dom walk is that it is a discrete time process with only 1 increment per 

                                             

5 For methods on how to generate Brownian motions using different software the reader is referred to e.g. 

Black (2005); Stojanovic (2002).
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period of time. Since usage is assumed to be best approximated by a con-

tinuous process we will use the continuous time version of a scaled 

symmetric random walk instead, which is the Brownian motion seen in 

Figure 12 below. The scaled symmetric random walk is generated by 

scaling down the size of the steps taken by the symmetric random walk 

while speeding up the time in the function, i.e. adding more increments. 

We shall make one technical note on the differences between the scaled 

symmetric random walk and the Brownian motion. The trajectories 

shown in the figures represent merely an example of both. For the case 

of the random walk it is one case of a finite set of trajectories. This is not 

true for the Brownian motion since the probability space for a continu-

ous process is infinite. If we were to generate two examples of both 

processes, chances are that the second trajectory of the Brownian mo-

tion would differ more that the second trajectory of the scaled symmetric 

random walk due to the fact that it is a continuous process.

-1

-0,5

0

0,5

1

1,5

2

0 1 2 3 4 5 6

Figure 12. The trajectory of a Brownian motion with T=5 and N=500.

Due to being a continuous process that is generated by letting N

the Brownian motion provides us with a greater flexibility concerning 

when the effect of the consequences that cannot be measured at time t
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can affect the cash flow. This can be seen if the trajectory in Figure 12 is 

compared with Figure 6 in Chapter 5. The trajectory in Figure 12 has a 

greater resemblance with the effect of  on the cash flow from the soft-

ware investment then the trajectory in Figure 11. The effect of these 

consequences with the time lag s can now be modeled as a stochastic 

process, i.e. a sequence of random variables, on the probability space.

 The Brownian motion is defined over a probability space which shall be 

defined rather intuitively. A probability space consists of the triple 

PFW ,,  where W denotes the sample space which is a set describing all 

possible outcomes of the cash flow. In a continuous time setting the 

sample space is infinite. The variable F is the -algebra of subsets of W,

WF , for which we assign measures, i.e. these are the events that are of 

interest for us. In continuous time F will play the role of a filtration 

process. Finally, P is a function assigning probability measures that as-

signs values from the set 1,0 , i.e. 1)(0 AP  to the event A which is a 

subset of F. We also have 0)(,1)(,1 OPWPP , i.e. the sum of all 

probabilities equal 1 and the probability for the sample space is equal to 

1 while the probability for the null set (denoted O) equals 0.

We will not go into more technical details here. The reader is referred to 

e.g. Aggoun & Elliot (2004); Jacod & Protter (2004); Papoulis & Pillai 

(2002); Shreve (2004) for a more complete discussion of probability the-

ory and the underlying measure theory.  

The cash flow function 
Since the return is dependent on the consequences that can be measured 

and valued at time t and time as a variable for expected usage which we 

allow uncertainty in, we must develop some methods for calculating the 

return over time. If the case of a deterministic function we would use 

total differentiation for expressing the total dynamics of the return and 
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the chain rule for the rate of change in the chain reaction. Since stochas-

tic functions are unpredictable, rules of deterministic calculus cannot be 

used. Rules of calculus for stochastic processes must therefore be used. 

These rules will be introduced after the stochastic cash flow function is 

defined. Let the change, i.e. the derivative, of the cash flow function of 

the software investment be given by 

0,,, tdBtXdttXdCF tttt .

 In the above function ),( tX t  is the drift of the process and ),( tX t

represents the diffusion of the process. The function states that the con-

sequences that can be measured and valued increase over time. Time is 

included as a measure of usage which will increase over time. The func-

tion takes into account the uncertainty in the consequences that can be 

measured and valued at time t, i.e. the time-independent consequences, 

as well as in the usage. The Brownian motion is included to capture the 

effect on the cash flow from the consequences that cannot be measured 

at time t, i.e. the time-dependent consequences. We will use this stochas-

tic differential equation (SDE) to model the cash flow.  

The SDE above is suitable for the purpose of this thesis since it differen-

tiates the changes in the deterministic trend, i.e. the drift, from the un-

certain effect of  which is captured by the diffusion of the process. In 

this way the time-independent consequences are treated separately from 

the uncertain effects from the time-dependent consequences that have 

an effect on the cash flow with a time-lag s.

The dynamics of the cash flow function 
In order to express the dynamics of the above SDE we apply the sto-

chastic counterpart of the chain rule, i.e. Ito’s lemma, on the SDE. Un-

der the assumption that the cash flow function is twice differentiable 
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with respect to Xt and once with respect to t, the dynamics of the cash 

flow function is given by: 

)(
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There is no formal difference between the integral form and the differ-

entiated form of a SDE since the integral only sums up the increments in 

the differentiation. Since we have the explicit form of the function we 

can rewrite the dynamics from the Ito formula into the form of our SDE 

and get 
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The reader is referred to e.g. Malliaris (1983); Merton (1992); Øksendal 

(2003); Protter (2005) for the derivation and a more thorough discussion 
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of Ito’s lemma and Protter & Jarrow (2004) for the history of stochastic 

calculus in finance. 

Before solving the task of determining the return of the software in-

vestment we must define a martingale. We say that an adapted stochastic 

process is a martingale, TttM 0),( , given a probability space if 

)()()( sMsFtM  for all Tts0 .

This process has no tendency to rise or fall over time. If the process 

have a tendency to rise it is called it a submartingale and if the process 

have a tendency to fall it is referred to as a supermartingale.  

Given the above we see that the Brownian motion is a martingale and so 

is our cash flow function if 0),( tX t , i.e. the cash flow function does 

not increase over time. Since we assume an increase in the cash flow 

function over time we need to transform the cash flow function into a 

martingale in order to find an explicit solution for return of the software 

investment. An intuitive interpretation of the above is to say that the 

martingale process maps the present value of the function. For a more 

thorough discussion of the above see e.g. Björk (2004); Karatzas & 

Shreve (2001; 2004); Musiela & Rutkowski (2005).  

Given the above we can now develop the model which estimates the 

return of a software investment.  

AN ANALYTIC MODEL FOR THE 
SOFTWARE RETURN 
In order to make sure that that the cash flow function can handle the 

increase in usage and therefore also an increase in the cash flows over 

time we will use the lognormal distribution of the cash flow function 
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instead of the normal distribution. The difference is that the distribution 

of the logarithm of the cash flow is normally distributed and the process 

is more suitable for present value calculations as seen below. This feature 

is already “built in” in the Brownian motion since the percentage 

changes, i.e. CFCF / , are normally distributed the absolute change in 

CF  is lognormally distributed. The logarithm of the cash flow function 

is then a stochastic process following a generalized Brownian motion, 

since: 
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with the expected value t
t eCFCFE 0  and the variance given by 

1
222 tt

tt eeCFCFVar  with simplified notation (Dixit & Pindyck, 

1994). The integral version of the final term in the cash flow function 

above can be written as 

t

ss

t

s

sst dsdBCFCF
0

2
0

2

1
exp

with simplified notation where exp denotes the exponential e. The above 

formula shows how the continuous cash flows from the software in-

vestment are summed. In order to get the present value of the cash flows 

we introduce an adapted interest rate process (Rt) and a discount process 
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t

st dsRD
0

exp  with dtDRdD ttt .  The discounted return of the 

software investment can now be written as  

t

ssss

t

s

stt dsRdBCFCFD
0

2
0

2

1
exp .

which is the present value of the cash flow from the software invest-

ment. To get a NPV function, we subtract the investment cost I from 

function. In order for the above to be the final model we must be able to 

explicitly state the market price for the risk, i.e. 
t

tt
t

R
k , in the soft-

ware investment. This can be seen from the differential form of tt CFD

below, which is derived by applying Ito’s lemma to the right hand side of 

the integral form of the function for tt CFD . The differential form of 

tt CFD  is written as 

)()()( ttttttttttttttt dBdtkCFDdBCFDdtCFDRCFDd .

In order to find k we must be able to estimate the cash flows from the 

investment in order to find a benchmark traded asset whose risk measure 

we then can use under the assumption of the law of one price. To cir-

cumvent this problem we may instead change the probability measure 

for which the Brownian motion is defined for into a martingale measure. 

By using the martingale measure the stochastic process becomes risk-

neutral and can use the observable risk-free rate (R) in the valuation of 

the software investment. So by changing the measure we change the 

mean of the process but leave the uncertainty, as stated by the variance, 

intact. 
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Stating the model 
To change the probability measure we introduce the Radon-Nikodým 

derivative. This derivative can be seen as the bridge between the two 

probability measures. Let 

dP

dQ
Z

be a Radon-Nikodým derivative for a single variable between the prob-

ability measure P and Q.  In order for it to be usable to change the prob-

ability measure it must be ensured that the two measures are equivalent, 

i.e. 0)(dZQ iff, if and only if 0)(dZP . We do so by stating that  

W
EZdPwZWQ 1)()(  and then by rules of complement the zero 

set must have a zero probability under either measure. The above Ra-

don-Nikodým derivative can be generalized to a process by letting 

TttFZEtZ 0,)()(  where tF  is the filtration process. The Ra-

don-Nikodým derivative process is a martingale which can be shown 

with iterated conditioning.  

For the above to make sense for continuous time stochastic processes 

we define  

dukBB

dukdBkZ

t

utt

t

uu

t

ut

0

0

2

0

~

,
2

1
exp

given 

T

u duZkE
0

2 .
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The new stochastic process for tZ  is a martingale that we will use to 

change the mean of the cash flow function for the software investment 

while leaving the variance structure unchanged, i.e. we subtract the risk 

premium and make the process risk-free. We see that the process of Zt

will do so by observing the way that kt is a part of the process. The last 

formula above (the Novikov condition) is imposed so that the Radon-

Nikodým derivative process does not vary too much, i.e. stays finite.  

The process tB
~

 is a new Brownian motion which is a martingale defined 

over a new probability space (Q, F, W) instead of (P, F, W). This new 

probability measure Q is a risk-neutral probability measure and the proc-

ess thus becomes a martingale. The reason why we will use the risk-

neutral measure is that we can then use the risk-free rate of return as a 

discount factor and thereby we do not have to determine the “correct” 

risk premium for the investment.  

Given the probability measure above for Q and the new Brownian mo-

tion that is defined over it, we can rewrite tt CFD  as

tttttt BdCFDCFDd
~

)(

or 

t

uuuutt BdCFDCFCFD
0

0

~

which is an Ito integral and thus a martingale. 

The cash flow function for the software investment has a mean rate of 

return that equals the interest rate process under Q. This can be verified 
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by substituting tBdkdtdWt

~
 into the initial cash flow function 

which then becomes 

tBdCFdtCFRdCF ttttt

~
.

We can now model the return of the software investment. We do so by 

replacing the Ito integral in the discounted cash flow function presented 

before with 
t

ss

t

ss dsRBd
00

)(
~

 and get 

IdsRBdCFCF
t

ss

t

sst

0

2

0

0
2

1~
exp .

The above discounted cash flow model gives us the explicit return of the 

software investment and is our final model. 

The next chapter will conclude this thesis with discussions of the impli-

cations of this approach and give suggestions for further research on 

modeling software investment returns. For more about the used ap-

proach in this thesis see e.g. Shreve (2004).  
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CHAPTER 7 
CONCLUDING
DISCUSSION

In this chapter the implications of the model is discussed. The chapter be-

gins with a summary and the conclusion of the study ends with sugges-

tions for further research. 

SUMMARY AND CONCLUSIONS 
In this thesis it has been shown how the return of a software investment 

can be determined. It has been argued that a suitable model for deter-

mining the return should be based upon a discounted cash flow ap-

proach since the value maximization proposition is seen as the goal func-

tion of the firm. The posed model is  

IdsRBdCFCF
t

ss

t

sst

0

2

0

0
2

1~
exp .

In Chapter 5 a NPV based solution was presented based on an implicit 

cash flow function. In Chapter 6 we showed how an explicit cash flow 

function could take into account the characteristics argued for. 
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The assumption underlying the discounted cash flow model is that usage 

leads to consequences which can be translated into cash flows. One class 

of consequences (Xt) does not pose any problems since we can measure 

them and value them, i.e. express them as cash flows when they occur. 

The second class of consequences ( t) is more problematic to incorpo-

rate using traditional DCF models, i.e. DCF models based on determinis-

tic cash flow functions. They are argued to not be measurable at time t

and therefore we cannot value them at time t, i.e. they do not affect the 

cash flow at that time period. It is argued that the effect of t on the cash 

flow is lagged with a priori s, where s is a random variable. To incorporate 

t in the cash flow function a Brownian motion is applied. The final step 

in deriving the above model is the change of the probability measure of 

the outcomes of the cash flow function. By doing so the cash flow func-

tion can be transformed into a martingale and we can use the risk-free 

rate of return as the discount process.  

Returning to the purpose and the research question 
The research question for the thesis stated in Chapter 1 was: 

How can the effects of consequences that are difficult to estimate 

be incorporated in the assessment model for the return of a soft-

ware investment? 

The difficulty of valuing a software investment, as argued in previous 

research, is due to the characteristics of t, which denotes the conse-

quences that are intangible according previous research. The characteris-

tics of these consequences are that they are not measurable at time t and 

cannot therefore be valued in the same time period as stated above. If 

they affect the cash flow they do so at t+s where s is a random variable. 



85

The developed model tackles the problem by including a Brownian mo-

tion in the cash flow function. The Brownian motion is a stochastic 

process that is used to capture the characteristics of t. The cash flow 

function now includes the unpredictable behavior that cannot be in-

cluded in a traditional investment valuation model. The characteristics 

we want to include are the time lag s and the size of t.

CONTRIBUTION OF THE THESIS 
The thesis has two main contributions. The first contribution is the 

analysis and the result of that analysis of the previous research concern-

ing consequences from a software investment. By acknowledging the 

goal function of the firm and using cash flow from the investment as 

input we can reduce the amount of consequences to focus on. This is 

done by separating the consequences based on their characteristics. The 

key difference in the characteristics of the consequences is when they 

affect the cash flow from the software investment and the degree of un-

certainty.  

The second contribution of this thesis is the developed model. The 

model is a first is a first attempt to use stochastic cash flow models in-

cluding the effects from intangible consequences. 

LIMITATIONS OF THE DEVELOPED 
MODEL 
The suggested model shall not be viewed as a final solution but merely as 

a first attempt at to solve the problem of valuing software investments 

with a new approach. The solution is analytic and based on rather strict 

assumptions.   
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A limitation of the usage of the Brownian motion is that it requires the 

increments to be normally distributed with mean zero and a unit vari-

ance, i.e. 

tsstNBB st ,,0~ .

This process is not suitable if the expected cash flow function is too er-

ratic, i.e. the increments are not normally distributed. If the cash flow 

exhibits jumps the model will not be able to handle this since non-

anticipated events will be asserted zero probability. To avoid this situa-

tion the cash flow can be assumed to follow a different distribution, e.g. 

a Poisson distribution or a combined Gaussian-Poisson distribution. See 

the section on suggestions for further research for a further discussion of 

this.

Since the Brownian motion has an infinite number of trajectories it can-

not be argued that the true trajectory is modeled. By using a Brownian 

motion we can argue that we include the erratic effect t has on the cash 

flow. In this way the model takes into account the uncertainty of the 

cash flow due to t.

The final model is based upon a log-normal distribution of the cash flow. 

One limitation of this is that the cash flow must stay positive over time if 

it starts with a positive value. This might seem restrictive and be more 

easily argued for modeling the benefits from the software investment 

rather than the cash flow. We use the distribution under two assump-

tions: First, non-operating cost is included in I, e.g. maintenance costs 

are viewed as sequential investments. Second, it is mainly the benefits 

from the software investment that drives the behavior of t, cf. e.g. An-

andarajan & Wen (1999). 
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SUGGESTIONS FOR FURTHER RESEARCH 
In this section suggestions for further research are discussed. 

A further developed model 
One suggestion for further research is to analyze how a more general 

model for valuing software investments can be developed. A more gen-

eral model should be able to cope with cash flows that are not necessar-

ily normally distributed or log-normally distributed. This model would 

circumvent the limitations of the developed model raised in the previous 

section.

Usage as an explicit variable 
A second suggestion for further research is drawn from the discussion of 

the difficulty to predict the actual usage of software systems. The most 

common used models for predicting software usage in IS/IT-research 

are behavioral based models with “intention” as a dummy variable for 

actual usage. These models are developed out of theories from social 

psychology and in general predict less than 50% of the actual usage ac-

cording to Venkatesh et al. (2003). 

In chapter 4 the difficulty of software usage prediction was discussed 

from a principal-agent point of view. It would be interesting to study 

how an outcome based model for determining the actual usage could be 

developed and how this model could be included in a cash flow function. 

The point of getting a better prediction of the actual usage is that this 

would give a less uncertain cash flow function and therefore easier to 

estimate. This cash flow function would explicitly derive its behavior 

from the actual usage instead of using a dummy variable. 

Different investment strategy 
A third suggestion for further research concerns how real option tech-

niques can be used in software investment valuation. If the characteris-

tics of the cash flow function are so uncertain that traditional models for 
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investment valuation cannot be used, as argued by some research, then a 

different investment valuation strategy might be needed. An option 

strategy takes a different view on the investment decision by valuing the 

opportunities an investment constitutes. It also takes into account the 

inherent flexibility that can be implemented in the investment decision 

making process. This strategy differs from the NPV valuation used in 

this thesis which implicitly assumes that the investment is a non-

reversible opportunity.  

It is suggested for future research to define the types of options that can 

be implemented in software projects and how these can be used to make 

the valuation of software investments less uncertain. An important topic 

for this research is to develop models for when these options are opti-

mally exercised since holding the option is an opportunity cost due to 

forgoing the cash flow from the underlying asset. 

Reality check 
The fourth suggestion for further research is of a different type than the 

above since it is an empirical suggestion. Little is known how the cash 

flow actually behaves from different types of software investments. Do 

all types of software investments produce consequences that fit the cate-

gorization made in chapter 3? Can all consequences be mapped into cash 

flows using the developed model in this thesis? Although being a catego-

rization on a general level there ought to be differences between the 

characteristics in cash flows from different types of software invest-

ments. 

It is therefore suggested for future research to study if there is a differ-

ence in the characteristics of the cash flows depending on the type of 

software. If software investments can be classified based on their cash 

flow behavior the valuation of these investments might be made easier 

and more reliable. 
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The cost of the investment 
The fifth suggestion for further research concerns the total cost of the 

investment. In this thesis the expected cost is used as the measure for the 

investment cost in order to keep it neutral. Depending on whether the 

software investment constitutes the development cost or the cost for the 

off-the-shelf software, it is likely that there is difference in the uncer-

tainty of both the total cost and when the cost of the investment occurs. 

In the case of software development the cost uncertainty may be higher 

than for the off-the-shelf software. On the other hand, the uncertainty 

concerning the ability to predict the actual usage of the software may be 

lower for the developed software since it is developed for specific organ-

izational needs and a given specific organizational context. 

The suggestion for further research is to analyze the relationship be-

tween how the software is acquired and how it affects the ability to pre-

dict the actual usage of the software. 
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