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ABSTRACT 
As the dependence of IS/IT has grown in modern organizations, IT investments have 
soared in the last couple of decades. Large amounts of money are spent with the hope that 
the investments will generate value for the business organizations using the systems. It is 
hence easy to understand the needs for methods to assess the business value of IT-
investments. The investment decision is basically about selecting the best IT-system or the 
best combination of IT-systems, i.e. the system(s) that provides the most business value in 
dimensions that are important business-wise. However, a problem with many of the avail-
able methods is that they often fail to concretely explain what technical characteristics the 
IT systems(s) should have to achieve the business value desired. A complicating aspect of 
IT-investment evaluations is also that the evaluations usually include a high degree of un-
certainty.  

In this thesis, an IT investment evaluation method is presented that indicatively assesses 
the differences in contribution to business value from IT-investment alternatives. The 
method provides, at a relatively low cost of investigation, indications of not only the tech-
nical differences between the IT-investment alternatives in a specific investment situation, 
but also an assessment of the differences in types and amounts of their business value. The 
presented method has been applied in a large case study at an electric power company. 
Furthermore, it also incorporates concepts found within Enterprise architecture (EA), 
particularly in how the information used in the evaluation is collected. 

The presented thesis is a composite thesis that, besides an introduction, includes five pa-
pers (paper A-E). Paper A presents an outline of the method as well as its application in 
the case study. It also presents the theoretical fundaments for the criteria used for the tech-
nical evaluation and the business value assessment including the method’s applications in 
relation to Enterprise architecture. The following two papers primarily present necessary 
steps in the development of the method. First, paper B presents the process to develop a 
functional reference model (used for the functional assessments in the method), including 
its application in the case study. Second, a breakdown of the term business value into a set 
of IS/IT-affected value dimension is presented in paper C. The last two papers present the 
final steps, i.e. the technical evaluation of the investment alternatives (paper D) and the 
final business value assessment (paper E). The papers include the methods to perform 
these analyses as well as the application of the method in the case study and the results of 
the case study.  

Key words: IT-investments, IT-investment evaluation, Business value assessments, Enter-
prise architecture, Technical evaluation of IT systems, Electric power industry 
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INTRODUCTION 

INTRODUCTION 

OUTLINE OF THE THESIS 

This thesis is divided into six sections that together constitute the thesis. The first section is 
an introduction with the background of the presented work, the purpose of the research, 
related works, a summary of the results in terms of the IT investment evaluation method 
presented in the thesis and results of the application of the method in the case study, con-
tributions made in the research, and a description of the research design. This is followed 
by five sections (paper A through paper E) with the five papers that constitutes the main 
part of the thesis and contains the details of the research and the results. Four of the papers 
have been published in conference proceedings and one paper has been published in the 
Journal of Information Systems and e-Business Management.  

BACKGROUND 

Many enterprises today rely on IS/IT1 to conduct their business. As the importance of 
IS/IT has grown, IT investments have soared in the last couple of decades. For example, 
Piesello [1] states that IT-investments in 2000 were almost US$ 2 trillions worldwide. The 
potential business value hoped to be achieved by investments can be expected to be much 
higher. The increased complexity and integration of IT-systems complicate the situation. It 
is easy to understand that there is a need for methods to assess the business value of an IT-
investment. In essence, the investment decision is about selecting the best IT-system or in 
many cases the best combination of IT-systems. However, the best IT-system(s) for the 
organization might not be the IT-system(s) with the most functionality, the best informa-
tion security, the best data quality etc. The best IT system(s) is that which provides the 
most business value in dimensions that is important business-wise, for instance in terms of 
increasing business processes efficiency, enabling a more flexible organizational structure, 
improving decision making etc. At the same time, the business value of the IT-investment 
to a large extent comes from the functionality it provides and its other non-functional 
qualities2 such as how easy the IT system(s) are to use, the data quality in the system, the 
information security etc. Hence an investment evaluation also needs to include a technical 
assessment of the investment and to relate this assessment to the impact on business value. 
Furthermore, the resources available to perform an IT-investment evaluation are in many 
cases highly limited. This is emphasized when looking at the application of IT-investment 
                                                           

1 Although some authors make a distinction between IS/IT or IS/ICT, and IT-systems this is not done in this t. 
The terms are used interchangeably thought the thesis.  
2 In the thesis, the terms non-functional quality, non-functional quality attributes, and non-functional attributes 
are used interchangeably to denote the technical characteristics of IT-systems not related to their functionality. 
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evaluation methods in practice. Ballantine [3] lists six different studies where the general 
conclusions were that very few formal methods were used in practice, and if they were used 
they are often relatively simplistic methods. One interpretation of these results is that a 
reason for not using IT-investment evaluation methods it that it often takes a considerable 
amount of time and resources to do the evaluation. This implies that the effort needed to 
conduct the evaluation and to assess the business value of the IT-investment must not be 
too large. Another complicating aspect of IT-investment evaluations is that the evaluations 
usually include a high degree of uncertainty. Apart from the fact that the benefits of IT-
investments to a large extent are intangible, the information used for the evaluation often is 
both incomplete and contradicting, and obtained from sources with varying trustworthi-
ness. The limited resources available for investment evaluation of course also contribute to 
the problem since it is rarely possible to obtain complete information. This implies that in 
order to produce relevant results an IT-investment evaluation method would have to pro-
vide an estimate of the uncertainties related to the results of the method.  

An industry with a long tradition of extensive usage of complex IT-systems is the electric 
power industry. Today, a large electric utility has hundreds or even thousands of IT-
systems and the size of the systems varies from the large enterprise resource planning sys-
tems to small custom-made niche products. The electric power industry has also undergone 
considerable changes in the last decade following the deregulation of the electricity mar-
kets. One effect of the mergers and acquisitions that took place following the deregulation 
of the Swedish market in 1996 was that the IT portfolios within the electric utilities grew 
considerably. The utilities ended up with a large numbers of IT-systems that are more or 
less intended to perform the same tasks. Furthermore, different parts of the organization 
are using different systems for the same type of tasks. Hence there seems to be a potential 
for consolidation either through selecting one, or a least a limited number of IT-systems to 
perform each type of task.  

The problems above are of course not limited only to the electric power industry. One 
general approach that has been proposed for the holistic management of IT in an organiza-
tion is Enterprise architecture, which is a model-based approach to aid and improve the 
decision-making related to the IT-systems in an organization. Although the information 
available in Enterprise architecture models can be used in assessments of IT-investment, 
the models are often fairly general in their nature and aiming at supporting many different 
purposes. Hence, for selecting the best IT-system or combination of IT-systems, a specific 
IT-investment evaluation method is an essential way to further improve the decision-
making.  
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RESEARCH PURPOSE 

The overall purpose of the research project has been to develop a method that indicatively 
assesses the differences in business value contribution from IT-investment alternatives. 
This means that the method should, at a relatively low cost of investigation, provide an 
indication to not only the technical differences between the IT-investment alternatives in a 
specific investment situation, but also the differences in types and amounts of business 
value the investment alternatives can be expected to generate. Furthermore, since IT-
investment alternatives today seldom is a choice between a number of IT-systems used in 
solitude, the method need to incorporate that the investment alternatives can be combina-
tion of a number of individual IT-systems, also called systems scenarios3. Specifically the 
following requirements were stated on the method: 

• The impact on business value of the investment alternatives should be assessed in 
the method.  

• The method should also include a technical evaluation of the investment alterna-
tives. This means that the functional as well as non-functional qualities of the in-
vestment alternatives should be assessed.  

• The amounts of resources used to perform an evaluation must be limited.  

• The method should make the uncertainties related to the assessments explicit. 
This is important since information available to make assessments can be ex-
pected to be incomplete and contradicting. 

• The method should be based as much as possible on existing literature. Given the 
extent and range of the available literature, it must be limited and adapted to suit 
the purposes of the method.  

• Finally, the method should be tested in a larger case study of an investment case. 

RELATED WORKS  

The work done in this thesis is related to a number of disciplines. Foremost, since the 
method presented is a method for assessment of IT-investments it is related to the disci-
pline of IT-investment evaluation. Enterprise architecture, being an approach for holistic 
management of complex IT-systems, is of course related to the presented work Also, En-
terprise architecture models can be an important source of information for answering the 
evaluation questions in the method. Since the method also incorporates technical assess-

                                                           

3 A scenario consists of changes to, or implementation of, a single IT system or a combination of IT systems, 
intended to support a certain part of the business, for instance sales, production, or asset management.  
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ment of the IT-investments, Technical assessment frameworks is a related area. Besides 
these three main related disciplines there are other adjunct disciplines, such as methods to 
assess and aggregate uncertainties, which are related to the way the results in the presented 
method are derived. The work is also related to Requirements engineering in the sense that 
the method can be viewed as a form of pre-stage to Requirements engineering.  

IT-INVESTMENT EVALUATION 
As IT-systems has become a critical part of modern organizations methods have been 
developed and proposed in order to assist organizations in identifying and selecting IT 
investments as well as assessing the implications of an investment. In the literature a large 
number of more or less elaborate methods have been presented as means to evaluate IT-
investments, ranging from applications of financial methods such as Net Present Value 
(NPV) to more elaborate methods such as Benefits Management [2]. Other examples of 
methods are Information Economics [4], Return On Management [5], McFarlan Matrix [6], 
COCOMO [7], PENG [8], Harles and Royale[9]. Some other methods are found in for 
instance [13],[14],[15],[16],[17],[18],[19],[20],[21],[22],[23],[24],[25],[26],[27],[28],[29],[30], 
[31],[32],[33],[34],[35],[36],[37], and [38]. In fact, Berghout and Renkema [10][11] found 
more than 60 different methods for IT-investment evaluation in literature. There are also a 
number of categorizations of benefits from IT-investments presented in literature such as 
Farbey et. al.[17], who divides benefits into eight general dimensions (Strategic benefits, 
Management benefits, Operational efficiency and effectiveness, Functionality, Support 
benefits, Information benefits, and Communication benefits) or Wen and Sylla [24] who 
separates the benefits of IT-investments into four groups (Effort and operating process 
performance, Management support, Competitive advantage, and Business transformation).  

However, there are a number of problems related to many of the methods. First, the less 
complex methods such as Net Present Value and Return on Management, although simple 
in their structure often fail to correctly incorporate all the relevant aspects from the com-
plex nature of IT-investments. Although they appear straightforward is it often difficult to 
use in practice since it is a fairly complex issue to correctly derive for instance the exact 
numbers needed to perform a NPV analysis of complex IT-investments. Second, although 
the more composite methods such as Hares and Royale [9], Farbes et al [17], or PENG [8] 
incorporate more aspects of IT-investments and in particular the impact on business, they 
fall short of concretely explain what characteristics the IT-systems should have in order to 
achieve the business values desired, for instance whether the IT-systems should have high 
information security or not in order to provide the most business value. Third, many of the 
methods are fairly general in their approach and the descriptions are often on a high level 
providing limited support, if any, for organizations in actually doing the investment analy-
ses. The implication is that it often takes extensive experience to conduct relevant and 
correct analyses.  

A well-known complicating issue related to IT investment evaluation is that many of the 
benefits for IT-systems are intangible [36]. It is well recognized [17][38][27][10] that there 
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are problems related to assessing benefits from IT-investments and much criticism has for 
instance been raised towards the traditional financial investment evaluation techniques that 
too poorly consider intangible benefits such as improvements in organization flexibility, 
improved decision-making etc.  

ENTERPRISE ARCHITECTURE 
In the discipline of Enterprise architecture, methods and tools for management of the 
complex combinations of IT-systems in modern organizations are found. One of the first 
articles on the subject of Enterprise Architecture is John Zachman’s, “A Framework for 
Information Systems Architecture“[39]. Since then many authors have contributed to the 
field of Enterprise architecture, for instance [40],[41],[42],[43],[44],[45],[46], 
[47],[48],[49],[50],[51],[52],[53],[54],[55],[56],[57],[58], and [59]. Within the discipline a 
number of frameworks have been suggested for management and as a basis for evaluation 
of IT-systems in organizations such as the Zachman framework [39], DoDAF [60], FEA 
[61], and TOGAF [62]. These architecture frameworks take a holistic approach to IT and 
organizational systems, by promoting a consistent architectural modeling of all the subsys-
tems constituting a complex enterprise.  

However, there are a number of persistent problems. First, the frameworks are often fairly 
ambitious and general in their approach but the information needed for populating an 
architecture model can be quite costly to collect. This makes it important to be explicit on 
which analyses the architecture will be subjected to in order not to collect data that is not 
relevant for the model’s use [64]. Thus the information needed has to be carefully selected 
for the present purposes [65]. An important goal of this thesis is to assist in determining 
relevant questions to ask related to evaluating IT investments. The identification of rele-
vant questions is important since historically many EA initiatives have failed because cur-
rent EA frameworks suggest the creation of models that are too ambitious [54]. It is simply 
not possible to maintain a model containing detailed information on every aspect. The 
plethora of information within the models hinders the extraction of relevant decision sup-
port. In order to model only those artifacts relevant for IT management decision-making, it 
must be clarified which questions the model should answer. Second, architecture frame-
works today lack support for expressing the uncertainty that is built into their models. As a 
result, the quality of the architecture analysis as decision support is in practice often un-
known to the decision maker [53][55]. Hence there is a need to be able to include estimates 
of credibility of the information gathered in the models as well as aggregating theses esti-
mates into an assessment of the uncertainty in the results of analyses performed. Finally, 
the support to explicitly relate the technical characteristics of Enterprise architecture sce-
narios to business value is often fairly limited. An Enterprise architecture scenario (EA 
scenario) is a model with a configuration of systems, applications, processes, etc. It de-
scribes a current or future state of IT within an entire organization or a subset of it and is 
used to represent decision alternatives. [63] Being able to relate the characteristics of a 
scenario to different types of business values does not only improve the ability to demon-
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strate business value of the scenario but also provide traceability of how the business value 
is generated.  

TECHNICAL ASSESSMENT FRAMEWORKS 
In literature, numerous assessment methods that measure the functionality and the non-
functional qualities of IT-systems can be found, such as data quality [67][69], security 
[66][53] and many more [68][70][71][72][73][74][75][84][85][86][104][105]. These methods 
are not Enterprise architecture frameworks per se but rather methods and ways to assess 
specific characteristics of the architecture and the IT-systems found in the architecture.  

Although many of the frameworks are more or less concrete on how to evaluate IT-
systems from a technical point of view, the explicit relations to business value dimensions 
are often less apparent. Many of these methods also lack explicit links to the business value 
and ways to express the characteristics of the IT-systems in business value terms. However, 
many of these methods have been used in the work when developing the technical evalua-
tion parts of the method [67][81][76][66][77][74][75][84][85][86][78][82][83] [56][104].  

ADJUNCT DISCIPLINES 
Requirements engineering. A discipline related to the present thesis is Requirements 
engineering, which a discipline that concerns the elicitation and formulation of the func-
tionality and non-functional quality a system should possess [87][88][89][90][91][92] [93]. 
The relation to the work in the thesis is twofold. First, the technical evaluation criteria of 
the method in the thesis, foremost the functional aspects, can be viewed as a form of high-
level requirements on the IT-investment. Second, the business value dimensions, when 
linked to the functional and non-functional attributes, can be used as a tool for expressing 
requirements in business value terms. Third, a natural next step after applying the pre-
sented method is to use the results when setting up a more formal requirement specifica-
tion of the IT-investment. In this work both the functional and non-functional quality 
attributes can be further developed in order to form formal requirements on the IT-
investment. 

Methods to assess and aggregate data while considering uncertainties in data. In 
the presented work, an evidential reasoning algorithm presented by Yang and Xu [94][95] 
has been used when aggregating the data for the technical evaluation (paper D) and the 
business value assessment (paper E) while  incorporating the credibility assessments of the 
data. The algorithm has the ability to aggregate uncertain, contradictory and incomplete 
answers without getting a bias towards a predefined distribution. It is an elaboration of the 
evidence combination rule of Dempster-Shafer theory [96][97] and a form of attribute 
decision analysis (MADA) approach. Other related approaches are found in for instance 
[98],[100],[101],  and [102].  
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RESULTS 

The results of the research are outlined in the two sub-sections below. First, the developed 
IT investment evaluation method is presented in brief. Second, results from the application 
of the method in the case study are presented. Please note that the details of the results are 
found in the included papers (paper A-E) and the purpose of these two sub-sections is to 
summarize the main results.  

 

Figure 1. The IT-investment situation. The decision-maker should select the scenario that generates the most business 
value, which in the example in the figure would be Scenario C. Note that there can be more or fever than three scenarios 
to choose between and that one of the future scenarios can be the present situation. 

THE IT INVESTMENT EVALUATION METHOD 
As stated above, the overall purpose of the research project has been to develop a method 
that indicatively assesses the differences in contribution to business value for IT-
investment alternatives. Figure 1 illustrates the IT-investment situation that the presented 
method is intended to be applied in. The decision-maker is faced with a selection of num-
ber of IT-systems scenarios that could perform certain tasks (denoted scenario A, B and C 
in Figure 1). From a business point of view, the obvious choice of investment is in the 
systems scenario that will deliver the most business value. 
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Figure 2 The main parts of the developed method. 

The developed method basically consists of two main parts, as indicated in Figure 2. First, 
a technical evaluation of the investment alternatives, expressed as systems scenarios, is 
made as shown to the right in Figure 2. This evaluation includes an evaluation of the func-
tional fulfillment as well as an assessment of the non-functional quality attributes such as 
information security, usability, or performance, of the investment alternatives. In order to 
assess the functional fulfillment a list of desired functions, called a functional reference 
model, is developed. Second, the business value assessments are derived by relating the 
functions and non-functional quality attributes to so-called business value dimensions as 
shown to the left in Figure 2. The business value dimensions, for instance increase effi-
ciency, increased flexibility, and improved communication, are a breakdown of the differ-
ent types of business value that can be generated from IT-investments.  

Part I, Technical evaluation 

In order to perform the technical evaluation part of the model, four steps need to be ac-
complished. First, a functional reference model is derived. The functional reference model 
is situation-specific in terms that it has to be developed for each investment situation since 
the desired functions is dependant on which business domain the investment alternatives 
should support. In short, development of the functional reference model starts with find-
ing a general or standard functional reference model if possible. General reference models 
are available from a number of organizations such as standardization organizations, and IT-
systems vendors. The general reference model is then refined in a number of steps in order 
to be adapted to the investment situation at hand. In the thesis, the method to develop a 
functional reference model, including criteria to use when adapting the general reference 
model to the specific situation at hand are presented (paper B). The method and the criteria 
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have also been applied to derive the full scale functional reference model in the case study. 
The full scale reference model itself is found in [103]. 

Second, measurements for the non-functional quality attributes are developed. These are 
not, as the functional reference model, situation specific and the measurements developed 
in the thesis are intended to be reused in any investment situation where the investment 
evaluation method is applied. The non-functional quality attributes as well as the particular 
questions used for assessments of each attribute are based on extensive literature studies. 
See paper A and D for details on these studies as well as the literature used. The number of 
questions found in the literature was limited in order to be able to make the assessments 
with a reasonable amount of resources. The thesis first presents a list of suitable non-
functional quality attributes to evaluate investment alternatives for (paper A) as well as a 
detailed breakdown of the attributes into quantifiable questions used for the assessments 
(paper D).  The literature used to derive the questions is also found in paper D.  

Third, the investment alternatives are defined. As stated earlier, these are expressed as 
systems scenarios, i.e. combinations of IT systems that together form a potential combina-
tion intended to support the part of the business under investigation. The systems scenar-
ios are defined by stating what systems that implements the functions in the functional 
reference model. In the case study, the scenarios were based around large standard systems 
that where complemented with supporting systems. The thesis presents the scenarios used 
in the case study in paper D. 

Fourth, based on the functional reference model, the breakdown of the non-functional 
quality attributes, and the systems scenarios the technical evaluation is made. For each 
systems scenario, documentation of the IT-systems in the scenario is studied and experts 
on the systems are interviewed in order to determine the scenario’s level of functional 
fulfillment as well as for answering the questions related to the non-functional quality at-
tributes. The evaluation also incorporates the credibility in the gathered data. The results of 
the technical evaluation of the scenarios are then used in the next part of the method 
where the business value of the investment alternatives is assessed. Paper D presents how 
data is collected as well as how the results are derived based on the MADA-approach from 
[94] and [95]. The paper also includes the application of the method to the data in the case 
study. 

Part II, Business value assessment 

To derive the business value assessment of the investment alternatives, four additional 
steps are taken. First, the business value is broken down into a number of business value 
dimensions such as increased efficiency, and better communication. As with the measure-
ments for the non-functional quality attributes, the business value dimensions are not spe-
cific for each investment evaluation situation. The intention in the thesis has been to create 
a taxonomy of the different types of business value that can be achieved by the employ-
ment of IT systems. The main reason for the breakdown is that the term business value in 
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itself is so complex that it does not provide meaningful results to use the term business 
value directly when trying to identify how much business value a certain function or system 
generates. People simply cannot in most cases state how much business value a function X 
generates. However, they are more likely to able to identify that function X for instance 
improves their ability to communicate with colleagues. Hence the business value dimen-
sions are used as a tool in the method to express what types of business value a certain 
function or non-functional quality attribute generates. The dimensions are based on a large 
literature study of documented benefits and business value of IT-systems. The study in-
cluded over 500 papers and books and 625 individual evidence of business value were 
extracted from 84 sources in order to derive the business value dimensions. In the thesis, 
the dimensions are first outlined in paper A and presented in more detailed in paper C. 
Paper C also presents details on how the literature study was conducted. 

Second, the relations between functions and non-functional quality attributes on one hand 
and the business value dimensions on the other are derived, i.e. it is determined in what 
business value dimensions the functions and non-functional quality attributes generate 
business value. It is hence in this step where the technical aspects of the IT-investment are 
related to the business value. That is accomplished by letting the people in the organization 
that will use the IT-investment state in what dimensions a certain function or non-
functional quality attribute generates business value. This means that it is not IT-experts 
but people in business organization that should derive these relations. It is also one reason 
why it is the functions of the functional reference model that are related to the business 
value dimensions and not the functions of the systems scenarios. Another reason is that 
systems scenarios can be added, deleted or altered without having to redo the linking to 
business values. Although the relations between functions and non-functional quality at-
tributes, and business value dimensions are not systems scenario specific they vary with the 
investment situation since they are dependant on what business domain the investment 
should support. In paper E the method to derive the relations as well as the relations found 
in the case study are presented. 

Third, the business value dimensions are prioritized by business managers. The business 
value dimensions provide a way to express which business value dimensions are important 
to the organization for the investment situation at hand. In the suggested evaluation 
method, the business managers responsible for the part of the business that the IT-
investment will support are hence asked to prioritize the business value dimensions. Paper 
E presents how the prioritization is done in the method as well as the results of the priori-
tization done in the case study. Paper C also illustrates how prioritizations be used for 
another purpose, that is for expressing differences in priorities between different parts of 
the organizations and different management roles.  

Fourth, the aggregated business value of the IT-investment alternatives is derived by aggre-
gating the results of all the previous steps. The investment alternative with the highest 
functional fulfillment and best non-functional qualities in the most important functions and 
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non-functional quality attributes receives the highest business value. The importance of 
functions and non-functional quality attributes are determined by how strong their rela-
tions are to the prioritized business value dimensions. Besides the aggregated results, the 
method provides a number of intermediate results in each step of the method. One such is 
for example a prioritization of the functions of the functional reference model based on a 
business value perspective. Paper E presents the method used to aggregate the business 
value for the investment alternatives as well as the aggregation done in the case study. The 
aggregation of the business value in the suggested method are done using an adapted ver-
sion of the MADA-approach presented in [94]and [95]  

To account for the uncertainty and incompleteness in data, credibility estimate heuristics 
are used in the data collection. These take factors such as age of information, how certain 
the respondent is of his/her own answer, and the area of expertise of the respondent into 
account. The heuristics are based on witness psychology and source criticism as employed 
in historical research [70][105]. See paper D for the heuristics used in the data collection for 
the technical assessments and paper E for corresponding heuristics when deriving the 
relations between functions and non-functional quality attributes, and the business value 
dimensions. The credibility estimates are then used when aggregating the results in the 
method in order to determine the uncertainty in the results, both in the technical evaluation 
(paper D) and business value assessments (paper E).  

RESULTS FROM APPLYING THE METHOD IN THE CASE STUDY 
The suggested IT investment evaluation method has also been applied in large case study at 
an electric utility. In the case study, the method was applied to the asset management proc-
ess within an electric distribution unit and in a hydro power production unit. The full re-
sults of the case study in the electricity distribution unit are presented in paper A-E. Results 
from the hydropower production unit are found in paper B and C. 

In order to derive the functional reference model for the case study, 20 interviews were 
conducted lasting about 30 hours. The IT-investment scenarios were then developed dur-
ing one-day workshops, one with the electricity distribution unit and one with the hydro 
power production unit, which included between 5 and 10 participants representing the end 
users of each business unit, and IT system experts for the most important systems in the 
scenarios. In order to collect the data for the technical evaluation of IT-investment alterna-
tives 27 interviews, lasting altogether approximately 44 hours, were conducted of which 
about 30 hours were spent on the function evaluation and 14 on non-functional quality 
attribute evaluation. The respondents were system experts and users of the systems mainly 
working within the electric utility. To determine in what dimensions the functions and non-
functional quality attributes generate business value, 19 interviews were conducted lasting 
about 30 hours. The respondents consisted of end-users of the business units conducting 
the work tasks the systems in the IT-investments scenarios should support. Finally, the 
prioritization of the business value dimensions was made in a survey with 15 senior busi-
ness managers at the business units. 
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Table 1. The functional weight of the main systems in the scenarios at the electricity distribution unit. 
 System A System B Other systems Total number of systems 

in the scenario 

Scenario 1 38% 18% 44% 14 

Scenario 2 45% 19% 35% 12 

Scenario 3 0% 59% 41% 8 

 

Results from technical evaluation 

Figure 3 presents the aggregated results from the technical evaluation of the IT-investment 
alternatives at the electric distribution unit. Three investment alternatives (systems scenar-
ios) where identified in the workshop. Scenario 1, which is the present situation based 
around a best-of-breed asset management system, (System A); Scenario 2, a future scenario 
in which an upgraded version of System A is introduced; and Scenario 3 wherein the pre-
sent asset management system is replaced by an asset management module, (System B), 
from the same suite as the ERP4-system presently used at the company. See Table 1.  
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Figure 3. On the left side is the aggregated functional fulfillment and uncertainty of the functional fulfillment for the 
three scenarios. On the right side are the aggregated measures of the non functional qualities of the three scenarios. 

As seen in Figure 3 there appears to be no major differences between the investigated 
scenarios from a functional perspective but scenario 2 and 3 are slightly better than sce-
nario 1. This is consistent with what was to be expected, since both scenario 2 and 3 are 
future scenarios with emphasis on more modern asset management applications than sce-
nario 1. The vertical bars in Figure 3 indicate the aggregated uncertainty of the results when 
considering the credibility of the answers as presented in paper D. This illustrated the un-
certainties related to these types of evaluation with incomplete and inconsistent answers. In 
the case study it was found that the answers that actually were obtained had a relatively 
high credibility. There were though a number of questions both related to the functional 
fulfillment and non-functional quality attributes that were not answered due to limited 

                                                           

4 ERP is the acronym for Enterprise Resource Planning 

12 



INTRODUCTION 

resources. The most efficient way to reduce the uncertainty of the results would have been 
to obtain answers to these questions. However, obtaining additional answers increases the 
cost of the evaluation. This illustrates the possibilities in the method to compare increased 
costs of evaluation against impacts on the quality, i.e. uncertainty, of the results. Turning to 
the results on a more detailed level, consider for instance the result for the individual non-
functional quality attributes of the two main systems in the investment scenarios, as shown 
in Figure 4. For the non-functional quality attribute Usability there is a significant differ-
ence between the systems also when considering the uncertainties in the results; there is no 
overlapping uncertainty. For the other attributes there are most likely differences but the 
uncertainty of the results is not high enough for the results to be certain. More detailed 
discussion of the results of the technical evaluation is found in paper D.  
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Figure 4. The differences in non-functional quality attributes between system A and system B. 

Results from business value assessment 

Turning to the business value assessments, the aggregated business values of the three 
investment scenarios for the electricity distribution is found in Figure 5. The results are in 
line with that of the technical evaluation. When aggregating the technical evaluation with 
the prioritization of the business value dimensions, see Figure 7, and the derived links 
between the functions and non-functional quality attributes on the one side and the busi-
ness value dimensions on the other side, the result was that scenario 2 and 3 had a slightly 
higher aggregated business value. This is also shown when the business value assessments 
are traced back to the main functions of the functional reference model, as shown in the 
bottom diagram in Figure 5.  
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Figure 5. Top: The aggregated business value of the three systems scenarios at the distribution unit. Bottom: Business 
value generate by three individual functions for the scenarios. Please note that not all functions are presented here. 

An intermediate result of the business value evaluation is the derived relations between the 
functions and non-functional quality attributes on one side and the business value dimen-
sions on the other side. As an example, Figure 6 below presents the aggregated strength of 
the relation between the functions and nonfunctional quality attributes, and the each of the 
25 business value dimensions. As seen there are significant differences between the rela-
tions. While there are for instance relatively strong relations between the functions and 
non-functional attributes to the dimension Information, i.e. differences between the sce-
narios in functions and non-functional quality attributes will highly influence the differ-
ences in business value for this dimension. On the other hand, there are almost no relations 
between the functions and the non-functional quality attributes and the dimension Lock-In 

14 



INTRODUCTION 

effect/ Switching Cost. Hence, no matter the functional fulfillment and non-functional 
qualities the scenarios, only very little business value can be generated in this dimension. 

Aggregated strengths of relations between functions and the business value dimensions
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Figure 6. Aggregated strength of the links between functions and the business value dimensions presented for each 
business value dimension. 

Another intermediate result is the prioritization of the business value dimensions used to 
aggregate business value in each business value dimension. The results are here presented 
in Figure 7 both for the hydropower production unit as well as the electricity distribution 
unit. As seen, the prioritizations differ between the business units and are in line with their 
different types of business. For instance, in the electricity distribution unit there is a closer 
and more direct relation to customers than in the hydropower production unit, and the 
dimension Customer relations is also prioritized higher for the electricity distribution unit. 
See paper A and paper E for more discussion of the results of the business value assess-
ment of the scenarios and paper C for more details on the prioritization of the business 
value dimensions.  
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Prioritization of Business value dimensions
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Figure 7. The relative importance of the business value categories according senior business managers at the electricity 
distribution unit (gray bars) and hydropower production unit (black bars) respectively. 

Feedback from the electric utility on the results 

As seen in Figure 3 and Figure 5 above, similar conclusions can be drawn based on the 
results of the business value assessment as well as the technical evaluation. No conclusive 
recommendation regarding which scenario to choose can be made based on this material 
since the uncertainties in the results are too high. However, this is an accurate representa-
tion of the decision situation in question. There was great uncertainty in the electric utility 
with regard to which system that actually provide the most business value as well as best 
functional fulfillment and non-functional quality attributes. Furthermore, the method is 
aimed at giving a good first indication regarding which scenarios are good and which are 
not. In this case, the result was interpreted by the utility as that present scenario was good, 
but that the introduction of either one of the other two (Scenario 2 and Scenario 3) was 
preferred. The decision makers at the electric utility also found the method and its results 
helpful not only for pointing out differences between scenarios and assisting in the decision 
making, but also that the method facilitated communication between the business man-
agement and IT management. The method eliminated much of the gut-feeling normally 
involved in making scenario evaluations.  
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CONTRIBUTIONS 

As stated earlier, the overall purpose of the research project has been to develop a method 
that indicatively assesses the differences in contribution to business value for IT-
investment alternatives. In this work a number of specific contributions have been made as 
listed below. The details of the contributions are found in the included papers (paper A-E).  

• A method to assess the business value of IT investment alternatives. The 
overall method presented in the thesis for evaluation of IT-investments is of 
course the primary contribution of the thesis. It combines technical evaluations of 
the IT-investment with assessments of the impact on business value of the IT-
investments while also considering the credibility of the information used in the 
assessments. The application of the method in the case study also showed that the 
resources needed to apply the method and do the assessment are fairly limited. An 
overview of the method is found in paper A and B but the method is described in 
more detail in paper E.  

• A method to evaluate the technical quality of IT-investments (functional 
fulfillment and non-functional quality) including uncertainty estimates of 
the results. The presented IT-investment evaluation method also includes a 
method to assess the technical quality of IT-investments, expressed as systems 
scenarios. Furthermore, it includes a way to account for the credibility of the in-
formation used in the evaluation. The credibility estimates are also aggregated in 
the method using the MADA-approach in Yang and Xu [94][95] and hence the 
evaluator gets an assessment of the overall quality of the analysis. The technical 
evaluation can be used in solitude without relating it to the business value dimen-
sions. The method has also been applied in a comprehensive case study. An over-
view of the method is found in paper A and B and the method is described in 
more detail in paper D. 

• A categorization of different types of business value from IS/IT expressed 
in terms of business value dimensions. The work includes a taxonomy of 
types of business values that can be achieved from IS/IT. It is derived from an 
extensive literature study. The taxonomy is based on 84 sources (narrowed down 
from an initial 500 sources) and constitutes an aggregation of 625 documented 
benefits from IS/IT. Besides being a part of the IT-investment evaluation method 
presented in the thesis, the categorization can be used in itself as tool or checklist 
when discussion or assessing business values from IS/IT in other situations. An 
overview of the taxonomy is found in paper A and it is described on more detail 
in paper C.  
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• Method to develop and refine functional reference models including an ap-
plication of the method to asset management within the electric power in-
dustry. First, the thesis includes a method to develop and refine a functional ref-
erence model in order to assess the functional fulfillment of IT-investments. Sec-
ond, although the functional reference model developed in the case study was tai-
lored to fit the specific company under investigation much of the model can be 
reused in for similar types of systems in other companies, foremost electric power 
companies. (See also the discussions in the not included papers V [107] and VI 
[108].) The method and its application in the case study are found in paper B. 

• A framework to assess non-functional qualities of IT-investments. The de-
veloped set of questions used in the presented IT-evaluation method can of 
course be used in other situations for evaluating non-functional quality attributes 
such as interoperability, information security of combinations of IT-systems. The 
framework is developed as a high level aggregation of more detailed literature on 
methods to assess the non-functional qualities. The overall dimension of the 
framework is presented in paper A while the detailed questions, including the lit-
erature base, and its application in the case study are found in paper D.  

• A method to relate the technical characteristics (functional and non-
functional) to the business value dimensions. The presented IT-investment 
evaluation method contains a method to explicitly relate technical characteristics 
of IT-investments, expressed in the functional reference model and the frame-
work for non-functional quality attributes, to different types of business value di-
mensions. The method is hence a way to relate functional and non-functional 
high level requirements5 on the IT-investment to the business value. Also in this 
case the credibility of the information used in the evaluation is accounted for us-
ing the MADA-approach. The method, including the application in the case study 
is found in paper E. 

RESEARCH DESIGN 

This section covers the methodological aspects that have guided the present work. The 
particulars of how the research has been conducted are found in paper A-E.  

In literature, a number of research strategies can be found. Table 2 below presents a num-
ber of different research strategies (adapted from [109]). The different strategies varies with 
what type of research questions, how much control the investigator has over the event 
investigated as well as the degree of interaction with the studied object. 
                                                           

5 In this case the word requirement does not refer to more formal IT-systems requirements. The functional 
reference model and the breakdown of the non-functional quality attributes is rather interpreted as a form of high 
level requirements on the IT-systems.  
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Table 2. Research strategies. Adapted from [109]. 
 Type of research question Control over 

event 
Interaction

Survey study Who, what, where, how 
many/much 

No None 

Archival analy-
sis 

Who, what, where, how 
many/much 

No None 

Case study How, why No Partly 

In the presented work mainly two strategies have been used. For the development of the 
functional reference model, the measurements for the non-functional quality attributes, and 
the business value dimension, a form of Archival analysis was used. The details of the 
method used to refine the functional reference model based on a general reference model 
are found in paper B. How the measurements of the non-functional quality attributes were 
derived from previous studies and the literature is described in paper D. As stated earlier, 
are the business value dimensions based on a large literature study- It is presented in over-
view in paper A and more detail in paper C how the dimension were developed based on 
the material found in the literature.  

The Case study strategy was used for the technical evaluation as well as the business value 
assessments of the investment alternatives. Paper D presents the particular method applied 
for the technical evaluation while paper E presents the details of the method related to the 
business value assessment. Besides these two main strategies, a Survey study was used 
when the business managers prioritize the different business value dimensions. See paper B 
and paper E. 

Table 3. Strength and weaknesses of the data collection methods used in the thesis. Adapted from [109]. 

 Strengths Weaknesses 
Interviews and 
Surveys 

Targeted – focused directly on topic of 
study 
Insightful – provides perceived causal 
inferences 

Bias due to inaccurately con-
structed questions 
Response bias 
Inaccuracies due to poor recollec-
tion 
Interviewee says what interviewer 
wants to hear 

Documentation Stable – can be reviewed repeatedly 
Unobtrusive – not created as a result of 
the study 
Exact – contains exact names, references 
and details of an event 
Broad coverage – long span of time, 
many events and many settings 

Retrievability  can be low 
Biased selectively, if collection is 
incomplete 
Reporting bias – reflects (un-
known) bias of author 
Access – may be deliberately 
blocked 

There are also a number of data collections methods that can be used, for instance Docu-
mentation, Archival Records, Interviews, Direct observations [109]. Table 3 presents the 
data collection methods used in the presented work. Interviews were the primarily type of 
data collection method. Structured interviews were used both to gather information for the 

19 



BUSINESS VALUE ASSESSMENT OF IT INVESTMENTS 

technical evaluation of the investment alternatives (paper D) as well as the business value 
assessment (paper E). The data gathered in the interviews were in some cases comple-
mented with data from documentation; both for the technical evaluation and the business 
value assessment. Data for the business value prioritization (paper A, C) where collected 
using a form of web-based survey, based on the Analytical Hierarch Process algorithm [99].  

Finally, the main type of data analysis method used is the evidential reasoning algorithm 
suggested by Yang and Xu [94][95] as described in the Related works section above. This 
was used both in the technical evaluation (paper D) as well as the business value assess-
ment (paper E). 
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