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This study explores the post-audit practices in information system investments. The focus 

is on ex-post profitability analysis of Finnish public organization real-life case investment 

project and how cost-benefit analysis should be done for such advanced investment 

projects, which contain conditionality and diminishing uncertainty. And secondly how 

active ex-post management can be used to affect the profitability and outcome of the 

investment project. Additionally, the theory examines the role of post-audit in capital 

investment projects.  

The empirical section analyses case information system investment project and explores 

issues in the cost-benefit analysis of advanced information technology investment 

projects. Secondly, trends in the post-audit process are examined with expert interviews 

with the case organization directors. Thirdly, numerical analysis is done to analyse the 

influence of more advanced capital budgeting methods than traditional capital budgeting 

methods in evaluating information system investments. The numerical methods used are 

net present value, internal rate of return, sensitivity analysis and fuzzy pay-off method. 

The latter two are included to understand different possible outcomes for investment 

under different uncertain conditions ex-ante.  

The results from the case study indicate active ex-post management diminishes the 

uncertainty and may be used to improve the profitability of the project, and that intervals 

in ex-ante encourage in making more accurate estimates. Advanced profitability analysis 

methods are found advantageous compared to traditional capital budgeting methods in 

information system evaluations ex-ante and ex-post. This thesis can be used for business 

decision-makers to improve both information system investment decision support and 

understanding of the benefits of active ex-post management.  
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Tässä tutkimuksessa tarkasteltiin tietojärjestelmäinvestointien jälkitarkastuksen 

käytäntöjä. Painopisteenä oli suomalaisen julkisen organisaation investointihankkeen 

jälkikannattavuusanalyysi ja selvitys, kuinka kustannus-hyötyanalyysi tulisi tehdä 

kehittyneille ehdollisuutta ja epävarmuutta sisältäville investointihankkeille. Sekä kuinka 

aktiivista jälkihallintaa voidaan käyttää vaikuttamaan investointihankkeen 

kannattavuuteen ja tulokseen. Lisäksi teoreettisessa osuudessa tarkasteltiin 

jälkitarkastuksen roolia pääomasijoitusprojekteissa. 

Empiirisessä osiossa analysoitiin tapaustutkimuksena tietojärjestelmäinvestointiprojektia 

ja tarkasteltiin edistyneiden tietotekniikan investointiprojektien moderneja haasteita 

kustannus-hyötyanalyyseissä. Toiseksi jälkitarkastusprosessin trendejä tarkasteltiin 

asiantuntijahaastatteluilla tapaustutkimuksen kohdeorganisaation johtajien kanssa. 

Kolmanneksi tehtiin numeerinen analyysi, jossa analysoitiin perinteisiä kehittyneempiä 

pääomabudjetointimenetelmiä perinteisten pääomabudjetointimenetelmien rinnalla 

tietojärjestelmäinvestoinneissa. Numeerisina menetelminä käytettiin nettonykyarvoa, 

sisäistä korkokantaa, herkkyysanalyysiä ja kannattavuusjakaumamenetelmää. 

Tapaustutkimuksen tulokset osoittavat, että aktiivinen jälkijohtaminen vähentää 

epävarmuutta ja sitä voidaan hyödyntää hankkeen kannattavuuden parantamiseen, sekä 

että intervallit rohkaisevat laatimaan tarkempia kannattavuusarvioita. Edistyneet 

kannattavuusanalyysimenetelmät suoriutuvat perinteisiä pääomabudjetointimenetelmiä 

paremmin tietojärjestelmien ennakko- ja jälkiarvioinneissa. Tätä opinnäytetyötä voidaan 

käyttää yritysten päätöksentekijöiden parantamiseen sekä tietojärjestelmien 

investointipäätösten tukemiseen että aktiivisen jälkijohtamisen hyödyn ymmärtämiseen. 
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1  Introduction 

The motivation of the study arises from governmental-level of interest to adopt robotic 

process automation, and other different types of efficiency-seeking information system to 

maximize both efficiency and benefits, as well as minimize costs of implementation and 

upkeep of given systems. In developed countries, more advanced dynamic information 

processing and optimization is a must for any company and organization, public or 

private, to maintain their market share or reputation as a trustworthy service provider in 

the modern world. 

Topics like robotic process automation, digital transformation and enterprise resource 

planning are a consequence of information technology advancements. They all require 

information systems to happen. The continuous race of looking for and adapting emerging 

technologies in the quest of efficiency and a competitive edge in the modern digital 

landscape. As the challenges that today’s companies face are often driven by international 

competition, the implementation of an efficient information system in a smart and 

calculated way is a must for any company driven for growth. Post-audit monitoring allows 

real options to be utilised in information systems investment projects, and thus adjusting 

the outcome and profitability of such investment is possible with active management. 

Sandström, Kyläheiko and Collan (2016) state that the literature on capital budgeting 

often sees investments as static after the investment decision has been made, while in 

reality these is room for operational management to happen in investment processes any 

time after the investment decision has been made and before the economic life of 

investment process is fully finalized, this leaves an open space for operational 

management of investments that can be used to change the trajectory of investment 

profitability.  

In today’s competitive marketplace, information systems are the primary agents for 

organizational development and change. Increasing investments information system 

infrastructures in customer relationship management, enterprise resource planning, 

robotic process automation and other kinds of digitalization tools are pivotal to match 
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competitors in same business field. Information systems are essential for modern 

companies to stay in business and to maintain effectivity. (Irani and Love, 2008, pp. 20–

24) 

The purpose of this thesis is to study the ex-post profitability analysis of an information 

system investment. This is done by examining a real-world Finnish public organization 

investment case and by way of making an ex-post cost benefit analysis on an information 

system investment to evaluate the value created long term versus costs of such 

investment, real options and post-audit are used as an operational investment management 

tool for value creation and risk mitigation in investment process. Benaroch (2018) noted 

that information technology investment valuations carry a large amount of uncertainty 

and flexibility within, that may be proactively exercised for the company’s advantage 

with control and active countermeasures to transform the projected outcomes of 

investments. As information systems investments are subject to be adjustable ex-post, 

more sophisticated methods such as real options approach can be utilized in the ex-ante 

analysis. Trigeorgis (2002) remarks that real option analysis works well as a tool to 

simplify complex problems in investment valuation, where both uncertainty and 

flexibility are present, thus allowing for more precise analysis and profitability valuation 

with managerial control. Buckhout et al. (1999) remark that there are remarkable issues 

within information systems investments due to it being hard to estimate the benefits and 

cost ex-ante, and so on average the cost of an information system implementation is 178 

per cent more than estimated and the implementation time is 230 per cent more than 

evaluated. Although the main purpose of the research is to examine the post-audit 

profitability analysis of information system investments, the study contribution 

encourages decision makers to utilize advanced capital budgeting methods in making 

information systems investment evaluations and motivates to take into account the 

strategic benefits of such investments on top of the financial benefits which are more 

straight forward to evaluate. 
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1.1  Motivation of the Study 

Considering the fact, that Finland has been considered among the global front runners by 

digital economy and society indicators by Digital Economy and Society Index (2022), it 

can be regarded as so, that while in Finland digitalization is already an ongoing project, 

and post-audit analysis for these advanced information systems investments can be 

applied to provide new insights about the possibilities to take the project success rates 

further, still the largest beneficiary from the research will be any given company or 

organisation planning ahead information system investments and exploring ways on 

implementing them successfully. The study is influenced also by the statistics on 

profitability of information system investments, and the reasonings that separate 

successful projects from those that do not live up to the expectations. Based on research 

concluded by Buckhout et al. (1999) it was highlighted that just bare 30 per cent of 

information system investments fulfil the set goals for them financially. 

It is acknowledged that earlier studies on information system investments on the topic 

have been implemented a few in published Master’s theses in Finland (Jurvanen 2014; 

Komulainen 2021). These studies on information system investment evaluation ex-ante 

provide valuable information on how these complex information technology 

infrastructures can be evaluated before the investment decision. However, in this study, 

ex-post analysis is carried out to support dynamic decision-making by utilizing data 

streams with aim of better estimation of information system investment profitability 

trajectory. Benaroch (2018) states that information system investments contain both risk 

and real options, which can be utilized by project management to affect the profitability 

of an such investment. The relationship of the thesis to different disciplines is presented 

below in figure 1.  
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Figure 1. Focus of the research in relation to other disciplines 

 

1.2  State of The Art  

The literature review is represented as a state of the art. The purpose of this is to collect 

and gather the best-known methodology as well as the highest level of development 

achieved to date on the given topic. Databases that were used as the main source of the 

literature are Elsevier Science Direct, Emerald Insight and EBSCO Business source 

complete. The initial research term was the following: 

 

“Information systems post-audit valuation” 

 

The first stage search provided stock of 2 748 articles. The search was limited to articles 

and journals published in the period from 1990 to 2022. During the first stage, the aim of 

the search query is to be very simple. Before finalizing the above-mentioned search query, 

multiple trial search queries were tested for their relevancy and ability of finding relevant 

articles.  
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The second stage includes scanning the results and excluding irrelevant articles. 

Secondly, Boolean operators were added to the search query to further reduce the 

selection and target the relevant articles. Strings that were added for the search were: “IS 

real option” and “MIS ERP investment”. In total, the initial scan of 2 748 articles was 

narrowed down to 8 relevant studies.  

Thirdly, backward tracing was performed to spot scientific contributions that were not 

captured by search strings (Webster & Watson, 2002). Backward tracing was done by 

going through the introduction, abstract and literature-review sections of earlier findings. 

Total of seven new entries were added to the stock of relevant articles during this process, 

resulting the final number to be 13 relevant studies. The state of the art literature selection 

process is illustrated in figure 2 below. 

 

 

Figure 2. State of the art literature selection process 
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1.3  Objectives 

According to Saunders et al. (2015, 44–45) a clear research objective is needed to direct 

the aim of the research and structure research questions accordingly to solve a research 

problem. The analysis of managerial real options in post-audit of capital investment 

projects, and especially more technically complex information systems investment 

projects highly that are often prone to catastrophic errors in ex-post estimations, is 

beneficial for all parties who aim to advance digitalization and improve the level of 

efficiency in all kinds of processes that will eventually trickle down to everyday life. The 

objective of this study is to analyse the value provided by dynamic ex-post of information 

systems investments and compare how the trajectory of investment profitability is 

affected by ex-post decision-making. The second objective of this thesis is to examine 

whether the profitability evaluation of information systems investments can be improved 

by including additional operational management with continuous valuation of the original 

evaluated project’s performance to occurring performance. 

 

The research questions in this study are introduced as the following: 

 

What kind of academic research related to the post-audit practices in 

capital projects has been carried out in the past? 

 

What issues are there to be considered in the cost-benefit analysis of 

information systems investments based on the expert interviews? 

 

Are there any significant trends in the information systems post-audit 

process, which are not included in the current literature? 
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1.4  Data and Method 

Data used in the analysis is collected from expert interviews and both articles and data 

from case organization providing information about information systems investment 

costs. Model-related information of information systems projects is based on literature 

providing numerical and scale analysis values from previous information systems 

investments.  

Values at use in this research are based on costs and benefits data of the case organization 

information system investment. Maximum and minimum estimations will be made using 

multiplied values of numerical realized data as the aim of the study is not exact 

correctness of predictions, but instead enlightened clarity financial possibilities of ex-post 

of information system projects. The objective of the research is to analyse the benefits 

gained from post-audit of information systems investments utilising real options and 

advanced methods for evaluating opportunities within a project. Thus, supportive 

numerical estimates are included in the case study, as illustrated below in figure 3.  

 

Figure 3. Case investment profitability evaluation. 
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Net present value is a common capital budgeting method, in which the investment 

profitability is calculated by estimating all the cash flows from an investment project. 

Different post-audit measures are compared comparatively based on the net present value 

estimations. Internal rate of return is a discount rate calculated from the net present value 

that makes the total return of all cash flows equal to zero. The traditional quantitative 

performance measures for all kinds of capital investments are: 

 

- Net Present Value 

- Internal Rate of Return  

 

Additionally, sensitivity analysis of net present value and internal rate of return will 

produce beneficial information on factors and measurements that have the largest 

influence on the profitability of information systems investments ex-post. For further 

advancement in the evaluation, fuzzy pay-off method is applied addressing the financial 

benefit real options of proactivity and decision making in ex-post information systems 

investment phase. Two approaches that will be used to address the key managerial 

opportunities in changing the profitability trajectory: 

 

- Sensitivity analysis 

- Fuzzy pay-off method 

 

1.5  Thesis structure 

The structure of this thesis is organized in the following way illustrated in figure 4 below. 

The thesis is constructed of six chapters, including introduction, background, literature 

review, data and methodology, case study and conclusions. First chapter is an 

introduction to the topic, where also background and motivation for the study are 
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discussed. Second chapter presents the background for the study. Third chapter includes 

analysis of post-audit on information systems investments and research related to ex-post 

profitability analysis of information systems investments. Data and methodology are both 

presented in the fourth chapter where empirical part of this study is presented, and then 

the results obtained from empirical case example are introduced in chapter number five. 

The fifth chapter presents the empirical case study of the research and its results. In the 

final chapter, chapter number six, conclusions and discussion are included as well as the 

results from chapter number five are analysed with limitations of the study considered, 

and the research questions are answered.  

 

 

 

                     Figure 4. Structure of the study  
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2  Background 

Today, more than ever before, companies must successfully profitably make investments 

in information technology to both be able to grow and sustain their positions in the market 

against competitors.  Investments in information system technologies are important 

factors in determining the competitive advantage of companies (Porter, 1985). The focus 

of this thesis is to evaluate not only the financial, but also the long-term strategic 

importance of information systems investments with a Finnish public organization as a 

case example. Information technologies allow traditional companies to gain efficiency, 

by improving their process performance in technological areas of work. While the core 

tasks of companies do not necessarily change with an information system investment, the 

speed of processing gets enormously accelerated when these repetitive business processes 

become standardized in a way that smart applications can deliver the same results as 

human could, but much faster and improve the level of performance. In this study, Finnish 

public organization robotic process automation (RPA) information system investment is 

examined as a case. The goal of the investment project was to decrease labour costs and 

improve the overall level of performance at work by automatising repetitive tasks. By 

doing this, the case organization freed up time of its professionals, which could then 

instead be focused on tasks that require human effort. This way, the information systems 

investment provides benefit through labour cost savings and higher processing 

performance while maintaining the same level of quality. 

Post-audits have been traditionally used to analyse the cost-benefit from an investment 

project, evaluate an investment projects performance and screening of a finished 

investment project to analyse the actual outcome compared to the planned outcomes 

(Neale and Holmes, 1990). Alternatively, post-audits are a tool for validation and 

demonstration of performance of a model or a project, as commonly post-audit is 

performed as the final stage of an investment protocol after results of a model are 

presented (Anderson and Woessner, 1992). As highlighted by Marthandan and Tang 

(2010), information systems investments are commonly evaluated using the same 

principles as common capital investments, that include payback period, internal rate of 

return, return on investment and net present value. Common capital investment budgeting 
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methods are practical when regular capital asset investments with foreseeable costs and 

benefits are known with certainty. Irani et al. (2008, pp. 22–24) have addressed that due 

to the unsteady nature of information system investments, regular evaluation methods do 

not consider intangible or indirect costs and benefits. According to Benaroch (2018) 

information systems investments contain time-dependent decreasing amount of 

uncertainty, for which reason both real options exist, and traditional capital budgeting 

methods fail, as they do not include conditional variables that change the trajectory of 

profitability for an investment. A study by Diamond Cluster International Inc. that 

surveyed 130 senior chief information officers or chief technology officers revealed, that 

only 20 per cent of them had any financial training or understood financial metrics of an 

information technology investment, which made quantifying the benefits of such an 

investment difficult (Chabrow, 2003). Analysis by Buckhout et al. (1999) on information 

systems investment profitability show, that on average the implementation time is 230 

per cent more than estimated, the cost is 178 per cent more, and 70 per cent of the 

information systems fall short on the set goals.  

To overcome the main challenges in information systems investment profitability 

analysis, multiple scholars have contributed to alternative methods for analysing the 

profitability of these investments. Both ex-ante and ex-post evaluation methods have been 

used in long life cycle investment literature, however this thesis will only view ex-post 

methodology, that allows managerial proactivity to have an effect on how such 

investments will play out. The driving factors for information systems investments are 

the development of digitalization and robotic process automation through technological 

advancements. Traditional and advanced capital budgeting methods are presented below 

to evaluate their success in information systems investment project decision making and 

evaluation. 

2.1  Digitalization 

Digitalization is seen as the process of turning information digital. The need for digital 

assets stems from organizational performance increasement goals, that digital 

technologies such as data storing devices, automated systems and digital communications 
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systems fulfil. (Kuusisto, 2017) Study by Mergel et al. (2019) states that the digital 

transformation refers to re-engineering of business functions for value creation and 

development in operating methods to reduce manual labour by implementing new 

technologies to automate services. Digitalization acts as an organizational enabler that 

drives data-related organizational agility and learning, as physical boundaries are overrun 

with increasingly large amounts of information stemming from different software in use. 

Further transitions to from software to another are simpler and faster compared to pre-

digital era of organizational transformation and transition process, which has also led to 

digital strategy management being an important factor in business planning. (Kuusisto, 

2017) Technological development will drive digitalization forward with advancements in 

different types of information systems available to be implemented in businesses and 

organizations. 

2.2  Information Systems 

Information systems enable digitalization in businesses and thus are considered to be in 

the key role for running a business effectively in today’s world. Information systems 

architecture and infrastructure are often linked in enterprise-wide applications related to 

enterprise resource planning, customer relationship management and organizational 

process learning. Increasing investments in information systems arise from strategic 

needs of managers to be able to deliver services on par with competitors. (Irani and Love, 

2008, pp. 20–22) 

Information systems are most commonly software-based interconnected units that collect, 

stock, process and distribute both information and data. Information systems assess data 

and contain mechanisms to both control and monitor operations to ensure that set targets 

are being met. Monitoring mechanisms in information systems are critical in target 

evaluation as information is used in developing business processes such as profitability. 

Businesses and organizations commonly have multiple different types of information 

systems in use. Information systems can be categorized into three different main groups; 

personal, group and enterprise information systems. Personal information systems are 

such systems that improve the individual users task processing speed and efficiency. 
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Group information systems are collaborative structures, which increase the ability to 

communicate and collaborate both within the workplace and with customers. Enterprise 

information systems are usually considered the largest, advanced, and complex 

information systems as their purpose in organizations is to redesign business practices 

digitally and automate tasks. (Reynolds & Stair, 2018, pp. 6–11) Information systems are 

of pivotal importance for companies seeking to gain benefit from technological 

advancements by enabling software-based automation to improve efficiency in processes. 

2.3  Robotic Process Automation 

Digital transformation has been fuelled even more rapidly in the last few years when more 

and more practices, jobs and services have transformed into an online form. This change 

in the characteristics of how technologically businesses are run has resulted in a constant 

need of being more efficient in one’s work. Companies must leverage various digital tools 

to meet the increasing customer demand as well as to enhance the productivity in various 

processes. An efficient process organization to rationalize and organize processes from 

start to finish is a critical factor for success in companies. (Barreto & Todesco, 2021) 

Software-based robotic process automation is one tool to automate services and speed up 

processes. Robotic process automation solves the problem of how more work can be done 

without more human resources at use. With robotic process automation, repetitive 

processes can be trained to the software to perform, which will free up the time of workers 

to focus on different tasks and thus enhancing the overall performance. Robotic process 

automation solutions can be used to replace existing business practices as well as in 

creating of new business processes. (Willcocks et al. 2017) As such, successful 

investment projects in information systems that include robotic process automation may 

enable the businesses to maintain core competencies while being able to focus on the 

specific professional industry that is the main competency of the business while 

improving the total process performance. 
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2.4  Net Present Value method 

Net present value method was formalized and popularized by Irving Fisher (1907) in his 

release, and the method has onward the middle of the 20th century been included in 

capital budgeting and has been accepted as one of the most important methods for 

investment decisions and valuation analysis. Researchers in the field of information 

systems have also utilized net present value in comparing project profitability and 

different options, but also to note the possible hardships of using net present value in 

information technology investments (Frezatti et al. 2012; Özogul et al. 2009; Marthandan 

et al. 2010). 

Calculation of net present value is formulated on market value of an investment, the cost 

of an investment and concept of time value of money. Net present value acts as an 

evaluation of value added in present terms to an investor if a certain investment project 

was to be agreed upon. Thus, net present value is defined on present value cash inflows 

and outflows for which reason, net present values of investments can be comparted to 

each other by their numerical values for the outcomes of investments. Positive net present 

value indicates that an investment project can repay capital expenditures with a chosen 

interest rate, that represents opportunity cost in the calculation; and is able to create added 

value to the investor, which is equal to the amount the net present value is positive. Zero 

net present value indicates that the investment creates enough value for the repayment of 

capital expenditures, but there is no added value created. While negative net present value 

indicates that enough value cannot be generated from the project to cover the capital 

expenditures of the project, thus the project will make the investor lose money. 

Mathematically: 

𝑁𝑃𝑉 =  ∑
𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑖

(1 + 𝑟)𝑖

𝑛

𝑖=0

 

Where: 

NPV   is the net present value, 

Cash flowi  is the net cash flow for period i, 
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r   is the discount rate, 

n   is the lifetime of the investment. 

 

The utilization of net present value method requires an estimate of the net future cash 

flows of an investment project and evaluation of the discounted cash flows. Özogul et al. 

(2009) state in their study, that while traditional investment valuation methods such as 

net present value are generally proven effective, strategic issues and managerial 

opportunities are not accounted for as intangible possibilities and thus more advanced 

methods are needed for more advanced investment projects. 

2.5  Internal Rate of Return method 

Internal rate of return is profitability analytics metric, which is widely accepted and used 

alongside the net present value method and payback period method. Internal rate of return 

method is defined as a discount rate r, with which the net present value estimation equals 

zero. In case internal rate of return equals higher than the discount rate, the investment 

project should be accepted as it is profitable, and if the internal rate of return is negative 

then the investment project should be rejected. Comparison of investment projects with 

the internal rate of return method is executed so that projects with an internal rate of return 

higher than the discount rate are ranked accordingly and the project with the highest 

internal rate of return is then chosen. As calculation of the internal rate of return is derived 

from net present value method, the same formula for calculating the estimated cash flows 

apply. Mathematically: 

 

0 =  ∑
𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑖

(1 + 𝐼𝑅𝑅)𝑖

𝑛

𝑖=0
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2.6  Payback period method 

Payback period method examines investment projects on the factor of time that it takes 

to receive the initial costs from an investment project. Payback period method considers 

the discounted cash flow costs that sunk into an investment project, as well as the 

discounted cash flow incomes that are cumulatively gained from an investment by time, 

and these two factors are considered in analysing the time it takes the incomes to match 

the sunk costs of an investment. Payback period method does not contain profitability 

factors in the analysis, thus making it complementary method that is often in combination 

with net present value and internal rate of return method used to also analyse the speed 

that an investment project turns profitable based on estimations. The payback period 

estimated in this research is discounted to the present value and the estimate represents 

the annual period in which the incoming investment cash flows have paid back the sunk 

costs of the investment. 

 

2.7  Sensitivity analysis 

Sensitivity analysis is a method to analyse uncertain variables impact on investment 

projects profitability. Multiple scenarios are projected with pessimistic, likely, and 

optimistic outcomes for different variables. Only one variable is changed at time in the 

analysis. Uncertain variables are the variables that have a large impact on project outcome 

compared to other variables. As the other variables remain constant in different analyses, 

it can be analysed which variables have the most impact on investment project outcome. 

In this research the impact is measured by the change in project net present value estimate. 

Lastly, identified uncertain variables in project are analysed by the change in net present 

value estimation on project outcome to forecast multiple possible scenarios and identify 

potential risks related to single uncertainties in investment projects. (Dayananda 2002, 

pp. 133–135) 
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2.8  Fuzzy pay-off method 

Real options in investment projects can be evaluated with fuzzy pay-off method that 

considers application of managerial flexibility in profitability modelling. The fuzzy-pay 

off method presents the use of fuzzy numbers in pay-off distribution modelling, where 

three scenarios are constructed. These net present value estimate scenarios that create the 

fuzzy net present value of an investment project are optimistic, best estimate and 

pessimistic. Weighted average of positive values in the estimate is the real option 

probability. Pay-off is presented as trapezoidal or triangular distributions of three or four 

projected cash flow scenarios separately in distribution. Fuzzy net present value is 

calculated with assigning all different scenarios degree of membership 0 or 1, 

respectively. Using fuzzy net present value over a single number benefits the decision-

makers as uncertainty in the investment is reflected with most likely outcomes for the 

investment project. (Collan, Fullér & Mezei, 2009) Fuzzy pay-off net present value of 

three scenarios illustrated in figure 5 below. 

 

 

Figure 5. Triangular fuzzy pay-off distribution defined by three points. (Adapted from 

Collan et al. 2009) 
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Value of the real option can be calculated from estimated cash flow scenarios by 

determining fuzzy mean from the positive area of the triangular fuzzy pay-off distribution 

while taking the negative area into account by valuing it as zero. Equation for calculating 

the real option value from fuzzy net present value estimation in fuzzy pay-off method is 

presented in the following way (Collan, Fullér & Mezei, 2009; Collan, Haahtela & 

Kyläheiko, 2016): 

 

𝑅𝑂𝑉 =  
∫ 𝐴(𝑥)𝑑𝑥

∞

0

∫ 𝐴(𝑥)𝑑𝑥
∞

−∞

∗ 𝐸(𝐴+) 

 

 

ROV   is the real option value, 

A   is the fuzzy net present value, 

E(A+)  is the fuzzy mean value of the positive side of the pay-off distribution 

∫ 𝐴(𝑥)𝑑𝑥
∞

0
   is the area below the positive part of the pay-off distribution 

∫ 𝐴(𝑥)𝑑𝑥
∞

−∞
   is the area below the complete pay-off distribution  
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3  Literature Review 

The purpose of the literature review is to find previous publications on the post-audit of 

information systems investments. Publications related to post-audit of capital investments 

are also considered as the main literature for this study, as the research solely on 

information system investment post-audit is very limited. Relevancy for publications is 

considered by first titles, secondly abstracts methodologies and conclusions. Databases 

that were used as the main source of the literature are Elsevier Science Direct, Emerald 

Insight and EBSCO Business source complete. Scientific papers across multiple research 

areas are considered, however limited to only include business economics. 

Fundamentally, most significant publications are filtered.  

Boolean operators were used to combine the keywords in the search. The relevant articles 

were found using keywords and combinations of keywords in search, that are: “IS 

valuation real option post-audit”, “MIS ERP investment” and “information systems”. The 

publication year is filtered after the first phase of selection of literature. The publication 

year filtered is from 1995 to 2022 to focus on most relevant time span of publications for 

the research, as information systems have not existed long prior the past decades. 

Selectively singular articles prior this year have been filtered, as the interest of this 

research is to gain broad understanding of the topic. However, continuing the filtering 

process as presented earlier in chapter 1.4., total of 13 studies are to be seen relevant for 

the literature review. 

3.1  Findings of the literature review 

Earlier literature on capital project investments has largely been around investment 

planning, as an alternative to post-audit perspective of investment profitability 

management or continuous profitability analysis of IT/IS investments. The literature 

covering post-audit of large investments is scanty, which means, according to my best 

knowledge, that there is a research gap in the topic, that this thesis can be focused on to 
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fill. Furthermore, research papers focus on analysing the real options of investments and 

post-audit or investment management will both be covered.  

Udo (1993) proposed an early model for managing rapidly developing technologies, 

correcting problems at early levels to ensure longevity and success of an information 

systems project. Benaroch (2018) analysed impact of managerial flexibility in 

information technology investments, conducting that there are embedded real options for 

continuous development and improvement as well as risk reduction and cost lowering. In 

the majority of studies related to post-audit of investments the cost-benefit analysis is 

studied with qualitative approach utilizing intervals and numerical estimates (see, Neale 

et al. 1990; Azzone et al. 2001; Frezatti et al. 2013; Sandström et al. 2016). The 

effectiveness of different post audit procedures has also been addressed, in some cases it 

is found that post-audits can be costly and only used in projects that have had 

shortcomings. However, more recently post-audits have received attention of research 

articles (see, Frezatti et al. 2013), that focus on proactive uncertainty-reduction and 

continuous performance increasement.  

In a series of papers in 1980s and 1990s, Neale explored the post-auditing practices in 

use of companies, with focus on the United Kingdom. The author identified that ex-post 

project management and post-auditing share the same shortcomings and benefits together, 

thus at minimum either one should be in practice for companies to ensure satisfaction in 

the outcome of investment projects. The author found benefits of post-audit to range from 

organizational learning to process improvement, as post-audit provides valuable 

information related to the actual outcomes of projects that compared to initial estimates 

will help the companies to explore spots for improvement. (Neale, 1989) In his research 

paper released in 1991, Neale continued the discussion about the use of investment post-

audits in different sectors, where he explored manufacturing and service sector 

companies’ investment post-audit practices. The study concentrated on how differently 

post-audit practices are respected and viewed inside different industries in the United 

Kingdom. Neale (1991) highlighted in his study that the service sector companies do not 

utilize post-audit as a practice nearly at all, while industrial companies utilize it 

commonly. It was emphasized that post-auditing in the service sector is not more difficult, 

nor less beneficial than when done in industrial companies, yet it is highly neglected 
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practice in the whole service industry. In particular, he stated that the general post-audit 

process remains the same as do the benefits and their extent no matter in whichever 

industry the post-audit is done for an investment project. He found that while some service 

sector companies even perceived post-audit practice inappropriate practice in their field, 

they placed emphasis of post-audits more on learning and remedying found difficulties in 

projects for corporate efficiency improvement which likewise industrial companies 

categorically focuses on the same end goal. (Neale, 1991) 

Neale and Holmes (1990) demonstrated in their study the value of post-auditing phase in 

a capital budgeting of an investment project with focus on valuing on-going projects for 

performance increase and attention to those which are not performing as outlined. Project 

ex-post evaluation model was defined for examining budget estimates as well as 

performance. The authors addressed the aims and benefits of post-audit based on expert 

executive responses on how highly regarded different aims were. They found the main 

aims to be encouraging investment proposals to be more objective and realistic, to help 

improve with future capital investments and to help improve performance of already 

operating projects that do not obtain the initial goals set to them. The authors highlighted 

among other findings that less than half of the surveyed companies, which were by the 

time the 384 largest companies within the United Kingdom, regularly practiced post-audit 

in any event. The paper demonstrated that an implementation of systematic post-audit, 

instead of only using post-audit on projects with shortcomings, helps both in decision-

making and turning under-performing projects successful as well as making already 

performing projects exceed expectations. In their study, the authors addressed that post-

audit is often neglected and overlooked, while it provides exceptionally valuable 

information, as speed of collecting data and presenting the findings is considered to be 

difficult.  

Examining research contributions on the topic in the 1990’s, Prueitt and Park (1991) 

explored the impact of post-audit in monitoring capital budgeting process, with a focus 

in comparing predicted results of investment projects with those actually happened and 

also explaining the reasoning behind these two. The authors identified several sources of 

uncertainty in initial forecasts, which were later eliminated, thus increasing both the 

operations and accuracy of forecasts. Initial forecasts of investment project profitability 
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formed with limited available information are identified as relatively general estimations, 

while revisions on performance and proposed errors provided a drastically stronger 

estimation. Graphically illustrating model on investment performance was built to 

monitor the performance and uncertainty of project throughout different phases. The 

original model recognized each of its element contributing to forecasts being subject to 

uncertainty. It was learnt that management in charge of projects often believed initial 

estimates were final true values and did not leverage post-audit information at all in 

updating the estimates. Based on these findings, the focus of initial estimates shifted 

closer to distribution parameters in the graphical presentation, which alleviated the 

process of updating the estimates to track how well the projectiles stay within the 

designed budget. Near continuous updating was identified as the leading diminishing 

factor for uncertainty. The paper demonstrated that near-costless information provided by 

the investment project provides advantages in estimation and beneficial data for 

consecutive decision making.  

Udo (1993) studied how information systems can transform manual tasks into programs 

that run on computers in multiple different fields such as payroll systems, as a response 

to need of gaining competitive advantage through efficiency. Information systems were 

presented as an advanced form of cost saving, quality advancement and overall client 

satisfaction. Strategic information systems were evaluated to investigate optimal system 

design and structure for continuous further development, and it was found that nearly all 

information system investments become antiquated promptly as environmental changes 

that derive from external factors that are mainly competitors making technological 

advancements or investments related to information systems. Importantly, the value of 

post-audit was brought up as a major contributing factor to project success. Based on the 

findings, projects that had been continuously evaluated performed better and had longer 

lifespans compared to projects where post-audit was careless or non-existent. It was learnt 

that despite projects performing effectively at the time, evaluation, and continuous 

identification of any problems within projects should be properly committed to ensure 

longevity of lifespan for information systems. Prioritizing the optimization of the 

performance of information systems models can significantly affect both productivity and 

evaluation positively. The study also highlighted the value of information systems project 

evaluation to gain experience and avoid problems with future projects.  
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Azzone and Maccarone (2001) constructed a post-auditing system in Italy to test how 

project performance was affected when an integrated model was implemented to analyse 

and help in decision-making. The model was calibrated to analyse most common 

operations and configurations of firms to identify both patterns and correlations between 

different units of the post-auditing system. The resulted system demonstrated that post-

auditing process can be performed systematically at all stages of investment. Indeed, the 

post-auditing system results indicated that especially information technology companies 

and their investments were prone to having high levels of uncertainty, which was reduced. 

The study emphasizes, that while post-auditing system improves capital budgeting and 

enhances both investment evaluation and future scenario prediction by learning from data, 

it is still used as a tool to judge people in charge of investment projects, which leads to 

an overestimation of cash flows and undermine of the learning from the data of the 

system. With an empirical investigation, Azzore et al. (2001) noticed that by using a mix 

of numerical and non-numerical information was to improve decision-making and capital 

budgeting process, as long as organizational support was given for post-audit system 

learning process. It was found that post-audit system implementation and learning process 

need to be addressed and pursued on an organizational level first, so that great 

improvements in capital budgeting and investment project forecasting are achieved. 

Collan and Liu (2003) addressed the problem with managing long life cycle investments 

with capital budgeting. In their study, the authors introduced soft computing as a tool for 

integrating investment management systems to facilitate decision-making with help of 

up-to-date information framework of investment process. They presented intelligent 

agents as computational programs to automatize tasks and perform assigned actions 

independently. The intelligent agents represented in their research work responsively, 

reactively, and take initiative to solve problems both on their own and together with other 

intelligent agents. This problem that was solved with intelligent agents was that 

traditional capital budgeting in investment projects was often lacking data and 

information about the investment, and thus decision-making could be improved and 

developed further via the utilization of relevant real time information about the projects. 

The study emphasizes the value of information streams stemming from the ongoing 

operations in a complex option analysing role with financial implications and 

fundamental possibilities in project improvement via dynamic decision support systems. 
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It was also noted that, intelligent agents are supposed to be only used in decision support 

rather than directly in decision-making, thus their role is limited to only assist the 

management of investment projects by providing relevant continuous information about 

progress and ongoing processes, so that decision making will be performed based on more 

advanced identified knowledge. Importantly, the research highlighted that in today’s 

world investment planning and management are often separated which creates issues in 

decision-making and investment management as dynamic nature of large investments is 

often not used to best of its potential that modern information gathering tools would allow. 

Bardhan, Bagchi and Sougstad (2004) examine the value and relevance of real options in 

a portfolio of information systems projects. Model was built to incorporate project 

interdependencies of 31 information systems projects in an investment portfolio to 

analyse the expected costs and benefits of options. The built model utilized individual 

project data as a tool to prioritize the importance of different projects and also value 

managerial flexibility in decision-making in post-audit project management. The resulted 

model was applied to Internet-enabled energy service investment projects, where payback 

period is long and investment process tracking is often mishandled due to the inability to 

incorporate traditional capital budgeting methods in information systems investment 

valuation. With the model, the authors seek to account for the strategic value of real 

options and managerial flexibility in project management with process prioritization to 

better optimize information systems portfolio project investments. The key findings of 

the study are that real options approach in portfolio information systems investments 

takes into account future value of projects more accurately, as proactive decision-making 

is utilized as a tool to dynamically alter the project outcome. The study contributes to the 

research in the real options and post-audit investment management in information 

systems portfolio investment projects. 

Herath and Herath (2008) studied the application of real option method in information 

technology investments project valuation with integrated post-audit system, which 

incorporates learning from data streams to improve project valuation. The authors 

suggested the use of real options and post-audit to counter the difficulties of taking into 

account uncertain conditions in investments to information technology. The study 

highlights the value of utilizing post-audit learning in adjusting initial investment 



31 

 

performance and profitability forecasts. In addition, a model was built to apply 

conditional uncertainties in information technology investments. Introduced Bayesian 

learning applying model suggested dividing information technology investments into 

multiple parts, thus allowing sequential real options to be modelled and investment 

opportunities to be exploited through learning from the investment project. The model 

simulated multi-stage sequential real options as well as post-audit real options to see if 

the investment project performance was improved with a continuous data stream and 

managerial revisioning in optimal investment strategies. Based on the findings, the usage 

of up-to-date data improves the estimates in information technology projects and reduces 

the rejection of projects that traditional capital budgeting methods would reject. It was 

learnt that post-audit helps understand and control the investment process and improve 

decision-making process. The study conducted that active learning throughout the post-

audit investment process is a valuable tool to better estimate project valuation.  

Özogul, Karsak and Tolga (2009) introduced the usage of the real option methodology to 

replace traditional capital budgeting methods in advanced hospital information system 

investments. The investment simulation model was altered to include managerial 

flexibility through the implementation of real options that help in the justification of 

investment decisions. The hospital sector lacks behind when it comes to information 

technology, and thus improvement in healthcare standards and reduction in costs with 

implementation of information systems are not to be ignored. This is the main argument 

in the research paper as why incorporation of real options in investment decision-making 

are needed. The study emphasizes the differences between traditional capital investments 

when compared to more complex investments in information systems, as in information 

systems investments contain uncertainty and unfixed variables that can be used to an 

advantage with strategic decision making. The presented model utilizes decision tree 

technique in considering probabilities of different strategic real options that exist in 

information technology investments. Whereas, according to the study traditional capital 

budgeting methods fall short in considering risk and taking into account different 

conditional risks in investment projects. It was also noted that even when investments are 

not justified using traditional capital budgeting methods, they can still be worth doing for 

strategic purposes that are taken into account when real option methodology is utilized in 

investment decision-making both ex-ante and ex-post. Overall, the model was a success 
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in aligning business strategy, information technology and the objective of maximizing 

shareholder value with information system investments.  

Frezatti, Bido, Cruz, Barroso and Machado (2013) developed a model to bridge the gap 

in financial and strategic perspectives of investment management to examine how more 

advanced investment analysis methods can both formalize strategic planning and improve 

decision-making in post-audit. Implementing additional appraisal tools within the model 

to evaluate investment projects found to provide value through risk mitigation and project 

control. The authors noted that the strategic benefits of post-audit stem from real options 

that the investment process information discloses. They addressed real options in post-

audit investment phase regarding capital expenditures, performance of the project and 

efficiency can be measured, tracked and compared against the estimated values for them 

during the investment planning phase. The authors simulated the performance of the 

model using the input data provided by 82 companies that were surveyed, and with the 

model it developed possible to conduct advanced appraisal methods as well as link 

strategic and financial benefits of ex-post real options in formal investment project 

decision making process. To be mentioned, the use of external funding was found to be 

an enabler in using more advanced investment analysis methods as companies perceived 

external funding riskier. The key findings of the study are, that strategic investments are 

not often fit when evaluated only with traditional capital budgeting methods such as net 

present value method or internal rate of return method, but more advanced appraisal 

methods for investment process evaluation are fit to be used, and often offer further 

methods for investment project advancements through real options through managerial 

decision-making through process performance reflection.  

Sandström, Kyläheiko and Collan (2016) present utilization of information systems as a 

tool to unify investment planning, analysing and profitability management. The authors 

highlighted that long lifecycle capital investment planning is carefully analysed, however 

ex-post investment management and monitoring is not thoughtfully played out in capital 

investments. The paper presents fuzzy dynamic profitability analysis system to unify 

investment planning, management and post-audit together. The system focuses on 

bridging the gaps between different investment stages with unification for corporate 

learning and efficiency in investment processes. The authors address the value of post-
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audit data in investment process operational management as continuous investment 

process information can effectively be used in support of analyst’s decision making in 

investment profitability and progress tracking. They also noted that while post-auditing 

is difficult and brings extra costs, it is still more beneficial to do than not to do as 

opportunities for organizational learning of investment processes, improvement in project 

profitability evaluation as well as project performance tracking all provide the investing 

organization real options for assessing and utilizing real options in investment projects 

with incoming data. Additionally, post-audit information is based on quantitative 

information only as qualitative information is found difficult to collect and utilize 

efficiently, fuzzy numbers based on expert opinion are used to solve this problem and 

include qualitative information in estimates regarding investment project processes. The 

study emphasizes the use of continuous information in investment management through 

fuzzy number estimates that by new information get closer to the actual outcome and thus 

making the estimated triangular project net present value estimate narrow down with new 

information. The key findings of the study are, that active strategic investment 

management provides valuable information in actively improving the investment 

profitability trajectory through utilization of real options and unification of all investment 

stages into one. 

Benaroch (2018) examined in his study the value of proactive real options in information 

technology investments to reduce uncertainty through applied conditional mitigation. 

This mitigation included impulse-type of elements in uncertainty reduction, which were 

complementary, synergetic, or substitutive to each other. The objective of the study was 

to demonstrate the value of proactive managerial flexibility in real options to reduce 

uncertainty and to suggest value creation through implementing real options. The author 

developed a model to demonstrate the conditional mitigations in cybersecurity investment 

case, where active investment management with real options was utilized in risk 

management as well as cost reduction. The case presented Japanese multinational 

insurance company information systems investment project in cybersecurity in which 

deployed uncertainty-reducing mitigations were utilized with sensitivity analysis to value 

the flexibility in real options. It was found by the author that the higher the initial 

uncertainty, the more beneficial it is to passively wait new information about the project 

while in scenario with less uncertainty, the key elements that cause uncertainty have been 



34 

 

identified and real option utilization provides added value to the project through risk 

mitigation or through added understanding for decision-making. As an example, the 

impact of mitigation was identified on the amount of uncertainty in the investment 

profitability estimate and diminished volatility of the investment due to applied mitigation 

ex-post investment.  

3.2  Summary of the literature review 

To briefly review the history of post-auditing practices and real options in investment 

management, the vast majority of prior research have focused on the risk mitigation 

through utilization of ex-post real options embedded in managerial decision-making 

through new information in advanced investments instead of profitability management or 

project performance development (see, Benaroch 2018; Frezatti et al. 2012). Lately, the 

focus on the research has been more on utilization of future scenario forecasts through 

simulation of real options through advanced simulation modelling methods or fuzzy 

numbers (see, Sandström et al. 2016; Benaroch 2018). Summary of the literature review 

and the main findings are presented below in Table 1.  

 

 

Table 1. The summary of the literature review 

Document title Focus Scope Key findings 

Post-auditing 

practices by UK 

firms: aims, benefits 

and shortcomings 

(Neale 1989) 

Post-Auditing. 

Benefits, 

Shortcomings, 

Decision-

making 

To conduct an 

empirical study in 

the United 

Kingdom on the 

found benefits 

and shortcomings 

of post-audits. 

The surveyed companies reported 

that the key benefits included 

process improvement and 

organizational learning, while 

shortcomings included time lag of 

development in found information as 

well as hardships of including post-

audit information in organizational 

structure and culture. 
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Post-auditing capital 

projects (Neale & 

Holmes 1990) 

Post-Auditing 

Benefits, 

Decision-

Making, 

Evaluation, 

Quality 

management 

To conduct an 

empirical study 

where companies 

that do post-audit 

are compared to 

companies that do 

not. 

The companies that use post-audit 

frequently as a tool for investment 

management have an increased 

understanding in investment 

processes and decision-making 

about investment projects is 

performed better.  

 

It is acknowledged that post-auditing 

is helpful in turning poorly 

performing projects into successful 

and already performing ones into 

excessively performing. 

Investment Post-

auditing Practices: A 

Comparison 

of Manufacturing 

and Service Sector 

Companies (Neale 

1991) 

Post-Auditing 

Benefits, 

Shortcomings, 

Decision-

Making, 

Evaluation, 

Quality 

management, 

To continue 

examine the 

issues and 

possibilities in 

post-audit 

practices in 

different 

industrial sectors. 

The results of the study emphasize 

that post-audit practice is important 

tool for learning, process 

development and performance 

enhancement in all types of 

industries, not only limited to 

manufacturing businesses but also to 

be as well suitable in the service 

sector. 

Monitoring Project 

Performance with 

Post-Audit 

Information: Cash 

Flow Control Charts 

(Prueitt & Park 

1991) 

Post-Auditing 

Benefits, 

Decision-

Making, 

Evaluation, 

Budgeting, 

Forecasting 

To develop a 

model able to 

forecast and 

follow-up on 

forecast accuracy.  

The study emphasized that post-

audit processes are beneficial and 

near costless tool to track project 

performance, reduce uncertainty and 

to improve project performance with 

improved ex-post decision-making  
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Managing 

Organizational 

Bias in the 

Post-audit of 

MIS Projects (Udo 

1993) 

Post-Auditing 

Benefits,  

Information 

Systems, 

Decision-

Making, 

Transformation, 

Budgeting 

To examine the 

impact of 

effective post-

audit in advanced 

information 

systems 

investment 

project success. 

The study demonstrated that the 

value of post-audit in adding value 

and optimizing efficiency is 

emphasized in more complex 

investments with increased 

uncertainty and ability to learn such 

as information systems investments.  

The design of the 

investment post-audit 

process in large 

organisations: 

evidence from a 

survey (Azzone & 

Maccarrone 2001) 

Post-Auditing 

Benefits,  

Information 

Systems, 

Transformation, 

Learning, 

Performance, 

Evaluation 

To develop a 

model to perform 

post-audits to 

present what type 

of organizational 

improvements 

can be achieved 

with 

implementation 

of post-audit 

system. 

The resulted model demonstrated the 

usefulness of post-audit system in 

investment management and 

organizational learning, and to 

formalization of the capital 

investment process to tackle issues 

in investment control and 

performance evaluation when 

compared to initial estimations.  

Fuzzy Logic and 

Intelligent Agents: 

Towards the Next 

Step of Capital 

Budgeting Decision 

Support (Collan & 

Liu 2003) 

Post-Auditing,  

Fuzzy logic, 

Transformation, 

Learning, 

Performance, 

Planning, 

Real options 

To develop 

dynamic capital 

management 

model with fuzzy 

logic that 

enhances 

decision-making 

and investment 

management 

The developed model is capable to 

automate data collection and 

analysis tasks with intelligent 

software integration in investment 

projects. 

 

It is concluded that investment 

management and quality of 

budgeting estimates improve with 

utilization of up-to-date information. 
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Prioritizing a 

Portfolio of 

Information 

Technology 

Investment Projects 

(Bardhan et al. 2004) 

Information 

Systems,  

Real options, 

Decision-

making, 

Performance, 

Planning 

To construct a 

simulation model 

to apply real 

options in 

portfolio of 

information 

systems 

investments with 

the aim of 

optimize project 

management. 

The model results indicate that 

utilization of nested real options in 

portfolio investment projects 

increase optimization and decision-

making accuracy, and on the other 

hand, decrease project specific 

volatilities.  

 

The model works as a decision 

support system to optimize 

prioritization of most value 

providing projects, to help tackle 

issue related to launching the wrong 

projects first. 

Investments in 

Information 

Security: A Real 

Options Perspective 

with Bayesian 

Postaudit (Heralth & 

Heralth 2008) 

Post-Auditing, 

Information 

Systems,  

Real options, 

Decision-

making, 

Performance, 

Planning 

To develop a real 

options analysis 

and post-audit 

modelling tool for 

information 

systems 

investment 

evaluation. 

The resulted model allows active 

learning and evaluation revision in 

which forecasts can be updated with 

up-to-date information to justify 

sequential investments.  

 

The model is promising in exploring 

real options in post-audit decision-

making process to reduce the bias in 

project forecasting via active 

learning. 

A real options 

approach for 

evaluation and 

justification of a 

hospital 

information system 

(Özogul et al. 2009) 

Information 

Systems,  

Real options, 

Decision-

making, 

Performance, 

Planning 

To develop a 

model to value 

information 

systems 

investments with 

multiple 

interacting 

options. 

The developed simulation model 

suggest that strategic flexibilities of 

real option method valuation are 

favourable in information systems 

investment evaluation. The study 

highlights the use of real options 

framework in projects where 

strategy and financial value are 

linked together. 

Investment 

Decisions on 

Post-Auditing, 

Real options, 

To examine how 

large capital 

It is identified that investment 

analysis mechanisms differ whether 
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Long-term Assets: 

Integrating 

Strategic and 

Financial 

Perspectives 

(Frezatti et al. 2012) 

Decision-

making, 

Performance, 

Planning 

project 

investment 

decision-making 

is formed in 

different 

companies. 

internal or external funding is used 

in investment funding. The impact of 

external funding used is noted in 

increase of deep analysis methods in 

budgeting process of investment 

projects.  

 

The study highlights perceived risk 

in investment as deciding factor for 

companies to utilize advanced 

analytics methods for evaluation. 

Managing 

uncertainty in long 

life cycle 

investments: 

unifying investment 

planning, 

management, and 

post-audit with a 

fuzzy DSS 

(Sandström et al. 

2016) 

Post-Auditing, 

Information 

systems, 

Real options, 

Decision-

making, 

Performance, 

Planning, 

Evaluation 

To develop a 

model to unify 

investment 

planning, process 

management and 

post-audit. 

The resulted information systems 

model demonstrated that with 

unification of all investment 

processes the need for separate post-

audit diminishes if used solely in 

profitability analysis. Also, 

increased up-to-date information 

would lead to better analysis and 

decision making in investment 

profitability management.  

Real Options Models 

for Proactive 

Uncertainty-

Reducing 

Mitigations and 

Applications in 

Cybersecurity 

Investment 

Decision Making 

(Benaroch 2018) 

Post-Auditing, 

Information 

systems, 

Real options, 

Decision-

making, 

Performance, 

Planning 

To develop a 

model to present 

real options in 

information 

systems 

investment and 

the value of 

altering 

profitability 

distributions with 

proactive 

decision-making. 

The developed model enhances 

decision-making process in 

information systems investments 

with profitability distribution 

modelling with multiple paths. The 

model is acknowledged to improve 

data-based investment valuation 

through extensive risk control. 
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4  Data and Methodology 

The theoretical framework of the thesis is established from the literature review 

conducted in the chapter 3 as secondary research, where existing research information 

and data was both summarized and aggregated in aim of increasing the effectiveness and 

overall impact of this research study. The empirical part of the study concentrated on 

conducting a case study about a Finnish public organization information systems 

investment post-audit profitability analysis. Secondarily, the value of opportunity in 

subject of profitability, that arise with data stemming from the investment projects ex-

post via real options. The numerical evaluations were based on numerical data from the 

case organization. Since there is no public data available on the nature of conditional real 

options in ex-post investment phase, maximum and minimum estimates were made based 

on multiplied estimates of the information system investment data from the case 

organization.  

Focus of the empirical part is dedicated to analysis of financial benefits that stem from 

proactive post-audit of information systems investments, thus ex-ante dimension of 

information systems investment is not in the spotlight on in the case. A Microsoft Excel 

-file was created for the case example, the file includes a tool for embedded real options 

in total cost ownership analysis. The demonstrated tool will be used in identification of 

potential real options in ex-post information systems project phase in optimizing and 

maximizing the profitability of the system. The Microsoft Excel -file will provide results 

for both traditional capital budgeting methods, such as net present value method, internal 

rate of return method and payback period method. As well as more advanced capital 

budgeting methods that include real options, as traditional capital budgeting methods are 

not a good fit for information systems investments as conditionality that is included in 

this type of investments is not considered in traditional capital budgeting methods 

(Benaroch, 2018). Sensitivity analysis of the net present value and internal rate of return 

will be used to generate data on factors, that have the largest influence on the profitability 

of information systems investments ex-post. Also, fuzzy pay-off method is applied in the 

tool for inspecting the possible real options in ex-ante phase. 
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4.1  Data  

The model developed in this research is based on earlier research articles on ex-post real 

options in information technology investments as well as quantitative non-publicly 

disclosed data by Finnish public organization on nine-figure information systems 

investment project. Due to the added level of protection, numerical values have been re-

adjusted to keep certain information confidential, however the estimates of model contain 

the same level of accuracy and detail as done with the original values.  

As the purpose of the model is to forecast the financial value of real options at different 

stages of information systems investments, data related to costs and benefits of real 

options at ex-post stage of information systems investment will serve as main inputs. Data 

covering the costs and benefits of real options at ex-post is obtained from directors at case 

organization via expert interviews and during modelling different real options scenarios, 

each different simulation will follow the trajectory of a last obtained outcome. Including 

this aspect will challenge the traditional capital budgeting methods and include multiple 

different estimated profitability outcomes, based on effectiveness and proactiveness of 

managerial decision-making ex-post investment. 

Empirical part explored the post-audit investment project management perspective and 

expert interview opinions relevant to the real options in the information systems 

investment project. Total of 8 organization directors directly involved in the nine-figure 

information systems investment project decision-making were interviewed. The 

interviewees represent a wide variety of organizational positions and seniority degrees to 

yield more broad and comprehensive knowledge and perspective of the topic. Both the 

interviewees and the organization providing the data for the information systems 

investment project will remain anonymous, thus identifying information and private 

insider knowledge that is considered sensitive is not presented. The organizational 

positions and departments of the case study interviewees are presented in the table below. 
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 Table 3. Case organization interviewees positions and departments. 

 

 

Expert interviews were conducted in October 2022. Each interview lasted between 30–

45 minutes and were remotely held in Microsoft Teams. The interviews were recorded 

and later transcribed to collect and interpret the results. The interview questions were 

separated into two categories: ex-ante information system investment questions and ex-

post information system investment questions. The first category explored the methods 

and tools in practice for evaluating information system investment projects ex-ante and 

the issues related to cost-benefit analysis of information systems investments ex-ante. 

Utilization of real options in initial information system investment project evaluation was 

also studied in comparison to findings of the literature review. The second category 

discussed the ex-post of information system investment projects with focus in methods in 

use for investment project operational management as well as the issues related to the 

current practices. Secondly, realized outcomes compared to initial evaluations were 

questioned as well as background on how the current practices could be improved to help 

in organizational decision making and project management. Relation of ex-post 

investment management to the findings of literature review were also highlighted in the 

second category of interview questions. The interview questions and their categorization 

can be found in Appendix 1.  
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4.2  Methodology 

The empirical part of this research is conducted using qualitative case study. Qualitative 

method is good in exploring a phenomenon in its real manner to create understanding and 

clarify the subject. While in quantitative research the analysis is derived from 

standardized data, in qualitative research linguistic information is also used to interpret 

reasoning as well as non-standardized data that needs to be classified in categories. In 

qualitative research, conceptualisation of analysed non-standardized data that is linked 

together by themes to create understanding is how structures are formed for insights to be 

done. These interpretations are applicable for the given context, however with inductive 

approach conceptual frameworks may be applicable in similar contexts. (Saunders et al. 

2015, pp. 568–571) 

Case study is a method which can be utilized to achieve a rich complete picture of the 

chosen framework and thus it is important to have the interest of the study clear and not 

generalize a unique case with the insights gained from within. Insights unfolded are 

applicable to the case organization in the context of the case study to provide value and 

create understanding of the business phenomena covered. (Thomas 2021, pp. 48–55) 

This paper is of descriptive single case type, where Finnish public organization 

information system project is presented and studied in the real-life context. Within this 

paper, there was a single unit of analysis which was examined from a holistic perspective. 

As the aim of the paper was to get in-depth information about the phenomenon, an expert 

interview was chosen as the data collection method. The case study research in this paper 

was based on a single case that was designed to be exploratory research, with the focus 

in post-audit profitability analysis of a Finnish public organization information systems 

investment project and in more detail, how the ex-post management of the nine-figure 

investment was operated. Inductive approach was chosen for the research with a 

combination of organization directors expert interviews, scale question data and 

numerical estimations for profitability and cost-benefit analysis for the investment project 

to illuminate the case from different angles for a holistic view on the case as whole. 

(Saunders et al. 2015, pp. 645–648) 
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Saunders et al. (2015, pp. 184–188) state that single case study is an empirical 

investigation for a unique case to be deeply analysed and throughout examined with 

current and historical data. In this research the historical data is past academic research 

on the field. To increase the depth of the study, numerical estimates are also included 

alongside the expert interviews conducted.  

The applicability of the utilized method is evaluated compared to predicted results and 

benefits and how applicable is the method in ex-post information systems investment 

profitability evaluation. For the method to be regarded as highly applicable, optimally the 

most relevant trajectories for managerial decision-making should be identified while 

considering the constraints, conditional criteria risks, and functionalities of the investment 

project. The method should be reliable and applicable to provide consistent easily 

acknowledged value that can be benefitted from in improving decision-making. 
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5  Case – Finnish Public Organization IT Investment Post-Audit 

In this chapter the empirical case will be described, explained, and presented. The case is 

based on case study consisting of case organization expert interviews and numerical case 

example where data stem from the case organization is used to evaluate the case 

information systems investment project with both traditional and advanced capital 

budgeting methods.  

5.1  Case description 

The case study was conducted in cooperation with the case organization. The case 

organization is a Finnish public organization who have recently invested in a nine-figure 

information systems project to replace nearly all their previous information systems with 

a single large information system to run its main day-to-day businesses. In the process 

nearly 70 information systems were decommissioned as they were not up to modern 

standards in speed, maintenance efficiency and cost, thus providing little to no future 

value for the organization and being optimal targets for replacement. The main three 

selection criteria for ex-post decision-making were obtained during the expert interviews 

and they included improvement in robotic process automation process, improvement in 

data quality and availability and alignment with the existing information system. 

The case focuses on Finnish public organization nine-figure information systems 

investment project ex-post profitability analysis. The numerical part of the case study was 

conducted with actual information systems investment project information from a Finnish 

public organization where ex-ante and ex-post investment analysis methods were 

embedded utilizing numerical data from case organization and information regarding it 

collected from case organization expert interviews to both provide applicable insights for 

information systems investments. As well as to study the phenomena of ex-post decision 

making. The objective of the case study is to demonstrate the functionality of post-audit 

and examine if the results of the proposed method deviate from previous results obtained 

by the case organization. As the study was conducted with information, data and expert 
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interviews from a single Finnish public organization, the design of the research is a single-

case design with a singular information systems investment project as unit of analysis. 

This study focuses on the ex-post investment operational management of the information 

systems investment project, thus having a focus on information system post-audit process 

and overall financial impact of the information system investment to the case 

organization. 

The financial savings and costs of real options in ex-post information system investment 

are used as the basis for adjustments in both incoming and outgoing cash flows during 

the investment period, in the case of a Finnish public organization, which is fifteen years. 

Discounted cash flow analysis is subsequently performed on the savings and increased 

benefits from the implemented and realized real options in ex-post decision-making 

compared to original capital budgeting of information system without ex-post real options 

capabilities. The discount rate used is set based on case organization internal investment 

evaluation discount rates at use for ex-ante investment project evaluation. Operational 

costs and benefits for the information system investment are stem directly from case 

organization data regarding the investment project, operational costs are the annual 

investment project costs grouped together, while the operational benefits are the annual 

investment savings for the case organization from replacing old information systems at 

use with new better and more cost-efficient one. The information system lifespan in the 

estimations is set to be 15 years, as this is the span of detailed analysis and planning for 

the project in the case organization from expert interview information. One product 

management senior director interviewee noted that the investment is aimed to be upkept, 

improved and optimized further than this even up to 25 years if possible. However, in this 

thesis the numerical estimation is limited to 15 years as during that time frame the 

investment project is expected to have turned profitable by the initial case organization 

evaluations regarding the information system.  

Traditional capital budgeting methods for profitability analysis are used in the 

information systems investment analysis and include net present value method, internal 

rate of return method and payback method. Furthermore, more advanced profitability 

analysis methods are used where conditionality can be implemented in adjusting 

profitability trajectory ex-ante, methods used include sensitivity analysis and fuzzy pay-
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off method. With conditional ex-post real options in information system investments, 

more advanced profitability analysis methods are used to analyse if they provide financial 

benefit, reduce uncertainty in decision-making or provide benefit in managing large 

investments.  

To ensure longevity of the information system project in the case organization, 

continuous future development and changing parameters of the system needs to be fast 

and cost-efficient. The case study point of view is in post-audit investment phase where 

opportunities for development are analysed and development of the system is done by 

executing projects that are found beneficial in terms of cost saving, time saving or faster 

processing speed. 

5.2  Model explanation 

Model was created in Microsoft Excel to analyse the impact of post-audit decision making 

in net present value of information systems investment. Three initial cash flow models 

were created to examine to influence of understanding real options in in ex-post phase of 

information systems investment. Primarily the cash flow models share the same input 

variables and assumptions. Traditional capital budgeting methods are analysed to 

understand the need for more advanced valuation methods in information systems 

investments in literature (see, Özogul et al. 2009; Benaroch 2018). The models created 

included model where managerial flexibility was utilized and ex-post investment 

information was enabler in decision making and, one model was created where ex-post 

investment data was analysed in risk mitigation but not for financial benefit.  

The model is based on Finnish public organization nine-figure information systems 

investment and real options in ex-post investment phase are stem from expert interviews 

with organization directors. The investment in information systems is to replace multiple 

old small information systems in place to completely overhaul the infrastructure of 

information systems of given case organization. The model was designed to describe the 

influence of active investment management and managerial decision making in 

information systems investment profitability.  
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5.3  Assumptions for the model 

In this analysis, initial costs for the investment project used in the model are based on 

Finnish public organization case information. The operating cost estimates are weighted 

average cost estimates based on information provided by the case organization. The post-

audit real option benefits are based on expert interview answers on scale questions related 

to managerial opportunities with decision-making to impact the project profitability. In 

this analysis the profitability is calculated based on cumulative costs compared to 

cumulative benefits that stem from the information systems investment project and 

different profitability trajectories account for real options through managerial 

opportunities with project decision making at different ex-post operational project 

management phases. The project lifetime is assumed to be 15 years in the model, while 

in many studies an information systems investment project lifetime is assumed to be 10 

years. As stated in chapter 5.1., this assumption has been done based on expert interview 

information regarding continuous improvement in the information systems investment 

project which is done to ensure the future usability and viability of the information system 

as the main tool for the organizations employees to carry out the key day-to-day tasks 

with it. 

5.4  Results on numerical case 

This section presents the results and analysis of the study, built upon conducted expert 

interviews and numerical case example for information systems investment project under 

different capital budgeting methods. The results are divided into two sections, the first 

section presents a numerical example for information systems investment project 

evaluation using both traditional and advanced capital budgeting methods in which 

estimations are made from both numerical information from the case organization and 

collected expert interview information about the investment project. In the second section 

starting in chapter 5.5., the case study will go through both ex-ante and ex-post 

profitability analysis of information systems investments with focus in what kind of issues 

are there in the cost-benefit analysis of information systems projects as well as what kind 

of operational management tool is in practice for the post-audit process of such 
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investments. Also, results from scale questions with answer range from 1 to 10 are 

presented and interpreted in the second section of the results.  

Firstly, ex-ante information systems investment process, evaluation and issues related 

cost-benefit analysis are presented as well as interviewees views on suitable methodology 

to use to compare information systems investments in comparison to findings related to 

practices in place from the literature review. Secondly, ex-post information systems 

investment operational management processes, issues related to the investment 

management and the key factors of importance of post-audit are discussed, along with 

what improvements in the current post-audit practices would be beneficial for the 

organization.  

The numerical case was performed based on expert interviews with the case 

organization’s directors. Given the public nature of the organization doing the investment 

in an information system a numerical total cost of ownership analysis with cost-benefit 

estimates was modelled for an information system investment. With investment life cycle 

of 15 years used in the numerical models. In the numerical case example, the traditional 

capital budgeting methods were compared to more advanced capital budgeting methods 

with conditional uncertainty and real options. Traditional capital budgeting methods 

meaning the net present value method, internal rate of return method and payback period 

method. The advanced method in practice were the fuzzy pay off method and sensitivity 

analysis. Cash flow estimates obtained from the case organization were used in 

performing the numerical estimates related to cash flow and profitability. 

5.4.1  Net Present Value 

Traditional capital budgeting methods were performed with ex-ante profitability analysis 

focus analysing the initial information systems investment project profitability estimates 

based on the case organization information. The inputs used in the traditional capital 

budgeting method best estimate are stem directly from case organization data regarding 

the case information system investment. The results of the analysis are presented in Table 

2. Please see the Appendix 2 for the numerical case model.  
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Table 2. Profitability indicators for the information system investment 

 

In general, these results indicate that this simple net present value method estimation 

would support decision making towards acceptance of the investment project based on 

the initial evaluation with limited input information. However, noted by Benaroch (2018) 

that traditional capital budgeting methods fail in information system investment 

evaluation due to not representing uncertainty and conditionality that can largely impact 

the project profitability outcome. For example, Buckhout et al. (1999) critically reviews 

that 70 per cent of information systems fall short on set goals. Marthandan and Tang 

(2010) review that information system investments are commonly evaluated with the 

same traditional capital budgeting practices as more predictable capital investments, that 

are practical when costs and benefits are foreseeable, and the level of uncertainty is low. 

Chabrow (2003) highlights in his study that barely 20 per cent of the information 

technology decision makers had any financial training or understanding of information 

systems. 

One interviewee stated that the current information systems are in a state where they are 

highly costly to run, inefficient to update and weakly performing in comparison to their 

modern counterparts. Multiple interviewees noted that by upgrading the old non-efficient 

systems with modern cost-effective systems the case organization should end up 

generating more savings than costs from the project, so that the investment evaluations 

should be profitable even at the very initial stages. This increasement in operating 

efficiency will directly lead to more work automation and less human hours worked on 

the main area of expertise in the organisation, which in return results in higher 

profitability and improvement in the total cost-benefit analysis evaluation ex-ante.  

Results on the traditional capital budgeting methods in table 2 indicate that the case 

information systems investment project was closely examined and planned ex-ante to 

ensure economic viability of the investment. The analysis also provided insight into the 



50 

 

information systems investment benefits and estimated payback time of the initial 

investment costs with the operational investment fees that are budgeted to be annually 

occurring due to development, optimization, and upkeep of the system. The change in the 

profitability outcome of the changes is reflected in the following chapter beginning with 

an ex-ante investment real options analysis as well as analysis of the variables in the 

numerical estimate through sensitivity analysis. Multiple interviewees noted, that while 

traditional capital budgeting methods were in place during ex-ante evaluation for the case 

investment project, they were not the main deciding factors based on which the decision-

making was made on. As discussed in the literature review, multiple researchers suggest 

more advanced capital budgeting methods to be used for information system investments 

(see, Özogul et al. 2009; Benaroch 2018). 

5.4.2  Fuzzy pay-off method 

Analysis of the information systems investment project focused on three estimated 

scenarios, all in where cost-benefit analysis for cumulative cashflows was modelled in 

different scenarios that included maximum, best estimate and minimum. The numerical 

estimates are based on data regarding the information system investment from the case 

organization, and the maximum scenario values are estimated to be 1,2 times higher than 

the best estimate scenario based on actual data, while the minimum estimate are 0,8 times 

as high as the best estimate values. The gained from having an interval profitability 

estimate compared to single net present value estimation in information technology 

investment stems from implemented conditionality and uncertainty in investments of this 

kind that a single value estimate fails to represent (see, Benaroch 2018). The operational 

inflows and outflows for the duration of the investment lifespan modelled based on case 

organization data regarding the case information system investment. Represented below 

in figure 6. 
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Figure 6. Discounted cumulative cashflow scenarios 

 

The results of the analysis indicate that ex-ante investment decision making can benefit 

from utilizing fuzzy intervals in the project net present value estimation. In general, the 

results indicate that the lower limit outcome is negative net present value of 64,55 million 

euros, while the most likely outcome is positive net present value of 27,20 million euros 

and the best-case outcome is 118,84 million euros net present value with discount rate of 

15,0 % for operational incoming cashflow and 7 % for investment cost outflow. In 

accordance with the previous results of the net present value calculation utilizing three 

different scenarios, figure 7 below presents the end outcome results from fuzzy pay-off 

method in a triangular pyramid shape. Real option value based on fuzzy pay-off method 

was 24,46 M€, but it is not further analysed in this research as it would not bring added 

value as the fuzzy pay-off method is used for illustrative purpose to showcase the 

investment projects different possibilistic profitability. The profitability distribution 

illustrates that in two of the three estimated net present value estimations the outcome is 

profitable. Due to the nature of the case organization, it is not possible to set a hard cap 

to the development expenses if further development is needed to the information system 

to ensure secure operational state, thus benefit optimization and operational readiness 

must be prioritized to ensure that the project will remain profitable.  
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The positive mean outcome for the information systems investment utilizing the fuzzy 

pay-off method is in line with the findings from the expert interviews. An interviewee 

stated that while the net cashflow remains negative during the first years, eventually the 

benefits gained from both shutting down old operations and having better and more 

efficient processing systems in practice will reap the benefits and the time after that will 

clear the reasoning behind why the information systems investment was necessary to do 

in the first place. The profitability distribution support the decision-making process by 

showcasing the up-to-date best knowledge of how the profitability of the investment case 

will end up being. Multiple interviewees highlighted that the numerical data was 

evaluated in comparison to the ex-ante estimates to ensure that project costs and benefits 

would remain at such balance, that over time the savings will cover the investment costs. 

Buckhout et al. (1999) highlighted that just 30 per cent of information system investments 

fulfil the set goals for them financially. It can be interpreted that while the ex-ante 

information system investment evaluation distribution is largely on the profitable side, 

that still operational investment management is needed to ensure that the investment 

project does not end up being non-profitable for the organization.  

 

 

Figure 7. Triangular pay-off distribution of case information system investment project 
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Özogul et al. (2009) applied real options method in information system investment project 

evaluation to link together business strategy and financial value. Their research suggests 

that modelling multiple profitability outcomes helps decision makers understand the 

factors related to conditionality and uncertainty in information systems investments. The 

four interviewed product management unit directors who out of the interviewees had the 

largest impact on the initial ex-ante evaluations all highlighted the importance of using 

modelled scenarios in the case information system investment project to understand 

profitability outcomes as well as how changes in different factors affect the total project 

profitability. This way the academic literature and the findings from the case study are in 

line with the practices of cost-benefit analysis of information system investments. As 

stated before, the case organization can not set a hard cap on the case investment 

development expenses, this would lead to trouble in case security and usability would be 

at concern for the organization. Hence, the case organization must rely on upkeep cost 

minimization and system benefit maximization to concretely ensure that the case 

investment does not slip to the negative side of the profitability distribution. This is noted 

in the case organization, and the interviewees saw the need to follow global megatrends 

closely to make the strategic and financial benefit out of new developments in multiple 

fields to drive improvement in the current cost-benefit scenario of the case information 

system. They see that the key factor in ensuring project profitability will end up positive 

with a new investment is putting resources in benefit maximization, as the costs are more 

near the minimum due to effective procurement practices while room for improvement in 

the obtained benefits through the system cannot similarly objectively be set. 

5.4.3  Sensitivity Analysis 

The case for the sensitivity analysis was built in accordance with the data available on the 

information systems investment project to reflect the actual investment environment in 

which the net present value calculations of project profitability are performed. Figure 8 

is showing the relationship between the key factors that can change the trajectory of 

profitability for the case information system investment project. In fact, only major 

increase in discount rate can affect the net present value estimation, since either increase 

in operational costs or reduction in operational benefits does not affect the net present 

value estimation as drastically.  
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Figure 8. Sensitivity analysis of information system investment project 

 

From the diagram above, we can more closely examine the three different variables effect 

on the profitability of the case information system investment project profitability ex-

ante. Out of the three variables, operational benefits have the steepest slope compared to 

the other variables. Increase in operational benefits can be noted to be the key factor in 

optimizing the information systems investment project through ex-post project 

management since for example 20 % decrease in the benefits causes the project net 

present value estimation to fall from 27,2 million euros to negative 63,1 million euros.  

Both discount rate and operational costs have relatively similar sensitivity to changes. 

The sensitivity of discount rate functions as an incentive to the investment project 

decision-makers, since for example 10 % decrease in the discount rate leads to increase 

the profitability of the investment project with 24,0 million euros under the given 

estimates. It is also to be noted that with decrease of 10 % in the operational benefits the 

information system investment project net present value estimation is already negative 

4,5 million euros. The impact of operational costs on profitability is less impactful than 

the effect of operational benefits, but the effect should not be ignored. Furthermore, even 

an increase of 10 % in the operational costs would lead the project profitability decrease 

from 27,2 million euros to 2,1 million euros. However, it is to be noted that with 



55 

 

sensitivity analysis the examination is focused on the change of a single variable at time, 

while all the other variables remain the same. This is rarely the case in real life, but the 

method is still useful in providing insight into how the inspected variables influence the 

project profitability outcome. 

Based on the expert interviews, the largest operational costs stem from the continuous 

development of the information system. It is brought up in the interviews that no 

unexpected costs are expected to occur in the case information system development. Tens 

of thousands of simulations are run, which are used as the basis for decision making in 

keeping the information system’s operational reliability and future-proofness in the best 

possible level. It is brought up during the interviews that with the case investment project 

no other factor other than the operational benefits stem which are stem from savings from 

shutting down old systems and benefits gained from the new system are predicted to be 

due to change and make an impact on the project profitability. All the initial operational 

costs, the discount rate and thirdly the savings from shutting down old systems are highly 

predictable and foreseeable, hence the only major factor subject to change is the 

operational benefits of the new system implementation, thus prioritizing the benefits is 

the key objective in the case organization.  

 

5.5  Ex-ante investment  

Interviewees were asked to describe how is the identification of need for new information 

system investment projects done. Multiple interviewees drew attention to characteristics 

that information system investment projects manifest ex-ante and ex-post to ensure that 

the investment process goes successfully. The identification practices in place in the case 

organization stem largely from regulation set by the government, that the case 

organization must follow with their information system. Secondarily, interviewees 

pointed out that a large amount of the identification is from customer feedback received 

by the case organization, which is then evaluated for applicability whether improvements 

could be done based on it. Thirdly, automated data science is at use to collect information 
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and produce analytics of key performance factors regarding the information system to 

highlight risks and problems with the project based on data. The discussed traits of 

identification can in most cases be applied to other companies and organizations who are 

considering or planning to do an information system investment, as well as other types of 

large capital investments especially with continuous development opportunity with 

managerial decision making. Finally, it was highlighted by all interviewees in product 

management unit of the case organization that identification of new technologies and 

advancements in the information technology is a source of identifying information system 

investments that has recently developed more rapidly with technological advancements 

more often, and thus the readiness state of new technologies is followed actively to 

support the identification process.  

In the second interview question, interviewees were asked what the main methods for 

initial comparison of information system investment alternatives were. The interviewees 

emphasized the hardship of estimating both the benefits gained from an information 

system as well as the total costs of a such investment. Strategic planning for information 

system investments is complex and usually multiple alternative approaches are present to 

any given issue that is raised. Thus, focus on ex-ante investment evaluation should be 

directed towards ranking or comparing the alternatives in the best way possible. 

Interviewees pointed out that this calls for organizational directors from different 

departments that are affected by the information system to come together and work 

towards a common shared operational goal. It was further pointed out by an interviewee 

that understanding the extent to which any given solution reaches, is a necessity as the 

risks are shared if the information system investment project goes wrong or does not live 

up to the expectations evaluated in the very first ex-ante stages either financially, 

performance wise or given other way of lacking from what is expected. Interviewees from 

different departments of the case organization had different practices for initial 

comparison of alternatives. Interviewees in the administrative unit pointed out that cost-

benefit analyses are carried out for all types of information technology investments as 

they prove and easy way of comparing the different alternatives, while the security and 

risk management unit interviewee noted that in their range of responsibility the directors 

come together and a strengths, weaknesses, opportunities, and threats analysis is 

conducted to compare what kind of issues and benefits different practices would provide.  
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In the third interview question, the interviewees were asked with what methods the 

profitability for these investment projects is evaluated ex-ante. All the interviewees 

pointed out, that cost-benefit analysis is the key method which is used to evaluate the 

profitability ex-ante. Few interviewees brought up that cost-benefit analysis is used in 

both ex-ante investment and ex-post investment management. The same interviewees 

continued that cost-benefit analysis is an important tool for prioritization of different 

small mandatory information technology projects, as well as a tool for evaluating and 

ranking information system investment alternatives by different metrics. The added value 

lays in possibility of turning non numerical information usable in decision-making 

process.  

During the expert interviews, it came clear that information system investment 

profitability evaluation ex-ante is overall a difficult process. Multiple respondents from 

different departments highlighted that they see an information system investment can 

only be made successful, if the company or organisation who is either buying the software 

from a third party or having internal software personnel knows for certain the very 

specific wants and needs from the software. One interviewee stated out that in the case 

information system investment the system was bought from a third party, but that the case 

organization had professionals from all its main departments to guide and ensure that the 

project fulfils all the set needs for it. Hence, the company should not limit the focus 

specific numerical details of project profitability or product payback estimates through 

cost-benefit analysis but aim to understand strategic business goals and guide information 

system decision making through them. The scale question average from expert interviews 

regarding how satisfied the case organization interviewees were with the ex-ante 

evaluation practices regarding how accurate they are brought up that on average the score 

was 6,88 out of 10, while the lowest was five and highest was 8. Please see the numerical 

values from Appendix 3. The spread of ex-ante evaluation satisfaction regarding accuracy 

was quite narrow and it can be interpreted that in the case organization ex-ante 

profitability for information system investments is evaluated carefully to avoid too 

optimistic evaluations for information technology projects. It is to be noted that the case 

organization has a history of large information technology investments and that each of 

the interviewees had previous expertise in large information technology project 

implementations before the case investment project. Analysis of ex-ante information 
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system investment evaluations are highlighted in the academic literature to work poorly 

due to the complexity of this type of investments (see, Udo 1993; Bardhan et al. 2004). 

The results from expert interviews contradict the academic literature when it comes to the 

ex-ante information system investment accuracy. Number of interviewees elaborated with 

their numerical answer, that the benefit analysis of the ex-ante evaluation is a hardship 

where a lot more resources need to be invested for it to become as good as it could 

optimally be to help support creating accurate initial evaluations. 

In the fourth interview question, the interviewees were asked kind of issues there are in 

the cost-benefit analysis of information system investments in the case organization. 

Issues related to the cost-benefit analysis were highlighted by multiple interviewees to be 

disruptive in the sense of decision-making, as especially smaller projects or subparts of 

larger projects are often dismissed in a sense that they are merely just ordered to be 

completed without too much analysis made into them. The process is stated to be like this 

for smaller projects because of analytics and analysis requiring work to be done which 

will cause a backlog for the unit which handles data analytics, thus leaving smaller 

implementations out of the scope of in-depth cost-benefit analysis. One interviewee 

highlighted that while cost estimation is hard in software investments such as information 

system investment projects, it is still much harder to estimate the benefits gained that stem 

from the new system in place. Multiple interviewees pointed that benefit allocation is 

hard in the case organization as the case investment project is said to affect nearly 

everything in the organization and thus benefits from other functions are hard to fetch 

numerically and direct to the benefits of the case investment from other key functions of 

the case organization. 

These results are in line with the findings from the academic literature on the topic, where 

it is highlighted by Buckhout et al. (1999) that information system investment cost-benefit 

analysis is regarded hard and on average the implementation time is 230 per cent more 

than estimated, while the costs are 178 per cent more than initially evaluated. An 

interviewee pointed out that benefits can be divided into two subsets, internal benefits 

which mean savings that occur from individual workers amount of time saved throughout 

one year for example that is freed up to be allocated into processes with more productivity 

that the software cannot replace. And secondly, external benefits that are the more abstract 
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gain the company will get with having more competitive system in place that eases and 

speeds up the end user’s or customer’s process of dealing with the company. This external 

benefit is found to be difficult to estimate ex-ante. The estimated value added therefore is 

mainly based on internal benefit estimations as well as estimated costs for the information 

system investment project. Benaroch (2018) noted that the evaluations are hard to make 

initially, as the information system investments carry a large amount of uncertainty and 

conditionality in them, which complicates the evaluation process. The academic literature 

on the topic is in line with expert interview answers regarding the difficulties in ex-ante 

cost-benefit analysis of information system investments.  

One interviewee pointed out that while information system does in general enhance 

productivity by automation, it is difficult to redirect the time that is freed up from the 

workers towards other job-related activities or tasks, as the current technological practices 

do not yet sufficiently answer to this in other way than directly cutting allocated time 

from automated task towards another task where time should be spent. This issue leads 

to some of the efficiency gains getting unaccounted and most typically lost, which means 

that worker in whose task some area got automatized has now more time to do less tasks. 

Özogul et al. (2009) stated that strategic flexibility and real options in evaluations of 

information system projects can be utilized tackle the issue considering conditionality in 

evaluations. Interviewees were asked to rate from 1 to 10 on a scale, on how much room 

for improvement do they see in the ex-ante cost-benefit analysis for information systems, 

and the average score was 7,75 out of 10, which is a clear indication that the current 

practices in cost-benefit analysis as well as information system ex-ante profitability 

analysis have room for improvement. The spread of answers was from 6 to 9 from the 

interviewees to this scale question. The high average score brings up the issue in 

information system ex-ante evaluation, that is brought up in the academic literature as 

well. 

In the fifth interview questions, the interviewees were inquired about the need of using 

evaluation methods with implemented real options, as in academic literature modern 

information system investments are evaluated with advanced capital budgeting methods 

with outcome intervals, instead of traditional capital budgeting methods. As this type of 

investments contain conditionality and uncertainty, whereas traditional capital 
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investments do not in the same scale (see, Özogul et al. 2009; Benaroch 2018). Similar 

intervals in project outcomes were not in use in the case organization, but all the eight 

interviewees responded that they would see benefit from having such outcome intervals 

at use, especially for large projects. It was brought up that the current practice of having 

a crisp single number estimate as an end goal net present value estimate can force 

decision-makers to steer the project baseline in an inefficient way. It is needed to be 

understood that in agile software projects some phases can take longer or shorter time 

than expected, and it should not be used as an initiation tool to micromanage by 

readjusting the project timeline. Several interviewees pointed out that such intervals could 

be then updated by new information when the project goes forward.  

From the interviews it came clear that the idea of continuously updating the project 

projections and following whether the progress was on track with the estimations was 

received welcomingly with anticipation and interest towards the idea of utilizing fuzzy 

net present value instead of just a single estimate ex-ante. These findings are in line with 

study by Sandström et al. (2016), where it is highlighted that investment process 

unification and the use of fuzzy net present value lead to better analysis and decision 

making in investment management. The interviewees were asked how large of an 

improvement would they see fuzzy NPV in ex-ante information system evaluation 

compared to single NPV estimate, and the answer spread was from 7 to 9, with the 

average being 8,25 out of 10. This numerical information also proves that the expert 

interview answers from organization directors are in line with the results from academic 

literature on how advanced investments are not fit to be evaluated directly on the same 

parameters that more simple investment projects. The numerical results of the case study 

presented in 5.4.1., 5.4.2. and 5.4.3. are in line with both the academic literature and the 

expert interview results. The traditional capital budgeting method results presented at 

5.4.1. at table 2 do show that the case investment would prove profitable but fail to 

highlight the uncertainty and conditionality that is captured and presented in 5.4.2. and 

5.4.3. with advanced capital budgeting methods with real options in figure 7 and figure 

8, where the amount of uncertainty and conditionality in the investments is visualized and 

presented in an easy-to-understand form. Whereas the traditional capital budgeting 

method profitability estimates presented at table 2 fail to show the room for error that can 
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lead to the investment project ending up multiple times the estimated single net present 

value negative if the investment management is not properly operated.  

5.6  Ex-post investment 

The sixth interview question was what kind of operational management tools are in 

practice for the information system performance tracking. Strategic management and 

process optimization of information system project were discussed with the interviewees. 

The four distinctive main topics emerged when interviewees were asked what kind of 

operational management tools are in practice for tracking the performance the case 

information system project. These are customer satisfaction, evaluation of realized 

process metrics to evaluated metrics and simulation modelling using tens of thousands 

model simulations and tracking the quality of work. Highlighting that the case 

organization is a Finnish public organization, thus having customer satisfaction and ease 

of usability on an elevated level of importance in their operations and process of ensuring 

that the public will have no trouble of access to the services provided by the case 

organization is an understandable prioritization. This calls for mutual co-operation inside 

the case organization, as well as coordination between different departments to ensure 

that all customer related collected metrics and feedback is considered in determining the 

optimization strategy for the information system in ex-post management.  

The information system post-audit management process is given an important role in the 

case organization. Multiple interviewees pointed that operational management of the 

information system is shared practice between multiple departments, that collaborate to 

ensure that the programmed processes have actualized according to the baseline 

projections. A few from different departments stated that on weekly basis the 

performance of automated processes is evaluated, and interviewee from security and risk 

management unit stated that monthly new technological advancement in the field of 

software is evaluated based on their state of readiness and comparability of being 

integrated into the information system to improve the current practices. It was highlighted 

my several interviewees, that this practice has already proven useful, and the information 

system design has been improved as a result. Furthermore, one interviewee stated that 
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this is crucially important practice in the try to ensure the future-proofness of the nine-

figure information system.  

In the seventh interview question, the interviewees were inquired on what they view as 

the main issues in the ex-post investment management related to information system 

optimization, as well as numerically how much room for improvement do they see in the 

ex-post investment management for information system optimization. The spread of 

answers was from 4 to 9, while the average was 6,13 out of 10. Out of all scale questions 

regarding this one the spread of answers was the highest. Both the highest score 9 and the 

lowest score 4 are from within the same unit, which is the product management unit which 

is at charge of the product ownership at the case organization, other than that most of the 

answers were close to the average score. The interviewee who gave the numerical score 

of 4 commented on this score, that ex-post investment management is still poorly handled 

when compared to the potential that the practice has with resources of the case 

organization as well as the technological readiness of tools that could be embedded to 

make the system optimization process better. The interviewee continued that the post-

audit practice does not have a clear blueprint of how it should be handled which has led 

to some units neglecting the practice while others spend resources on it heavily. 

Meanwhile, the responder who gave the highest score of 9 elaborated that he believes in 

the big picture the practice is almost as good as it could be, as large amount of the 

functions involved are automatized nearly completely and that the projects of greatest 

importance in the case organization do get enough resources in the ex-post management. 

The responder continued that the only downside to be pointed out is that there are no 

direct guidelines to follow that could be used to decide how much resources should be 

allocated to projects of different sizes.  

Published academic papers on ex-post investment management regularly point out the 

need of having possibility to include real options to account for the uncertainty (see e.g., 

Udo 1993; Collan & Liu 2003; Heralth & Heralth 2008, Özögul et al. 2009; Sandström 

et al. 2016) The case organization utilizes real options in the ex-post investment 

management and multiple interviewees highlight the room for improvement in the current 

ex-post management practices. Regulated automatically updating ex-post system with is 

considered to be the next step in the how the current practices are expected to evolve.  
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In the eighth interview question, the interviewees were asked how the current ex-post 

investment management practices could be improved to better the decision making and 

operational management of the investment project. One interviewee commented that in 

his opinion ex-post investment management is as an excellent tool for project tracking as 

well as performance increasement through a stream of data. Prueitt & Park (1991) noted 

that the key benefits of post-audit are related to project performance tracking as well as 

improved decision-making with up-to-date data from the project. Multiple interviewees 

brought up that the data collection and analysis could be improved inside the whole case 

organization to be automatic, which would reduce the amount of manual work and 

improve the investment management by increased level of automation. Collan & Liu 

(2003) concluded that post-auditing can implemented to automatically collect and analyse 

data to improve estimates regarding the investment projects. One interviewee noted that 

the ex-post investment practices in the case organization are in a good state, but that 

artificial intelligence and machine learning are somewhat neglected as tools for 

improving the investment management practices. Heralth & Heralth 2008) highlighted 

that an effective management of investments allows active organizational learning stem 

from automation in data collection and analysis ex-post. The academic literature 

regarding the ex-post management of investments and the expert interview answers are 

in line with how the ex-post should optimally be organized in a business. The ex-post 

investment management is in a good place in the case organization, as venue for future 

improvement is quite clear from expert interviews as most of the interviewees brought up 

similar practices of improvement.  

Knowledge of capabilities of modern technology is something any modern company with 

information technology in place is expected to have, and interviewees believe this to be 

even more important skill in the future. Multiple interviewees responded that while the 

process is automated to a certain extent, there still is room for improvement in that field 

by documenting all the key numerical information, so that it could be used in cost-benefit 

analysis ex-ante and ex-post investment. Sandström et al. (2016) have pointed out this 

unification of investment processes into one large process in their research. One 

interviewee commented on this, that it is far easier said than done, but that the case 

organization is still on the path towards unification and ex-post management data process 

automation. The academic literature and the expert interviews both highlight the 
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unification of investment stages into one as the next step for improving the ex-post 

investment management.  

In the ninth interview question it was brought up that in academic literature related to ex-

post operational management, the key benefits include organizational learning, better 

decision-making, and evaluation revision for project optimization (see, Sandström et al. 

2016; Heralth & Heralth 2008). Interviewees did consider these factors from the academic 

literature the same as how they themselves see the benefits of post-audit operational 

management to be. It was brought up by multiple interviewees, that the largest benefit of 

ex-post investment management was the support in decision-making process with up-to-

date information about how the information system is performing against the evaluations. 

The steepening pace of required information available possesses challenges, and 

automation is highlighted in the interviews that has been found suitable tool that can 

answer the demand. Technological advancements are needed as agility and readiness to 

adapt were highlighted by multiple product management unit senior director interviewees 

to being even more important in the future. Interviewee from the administrative unit 

brought up the concern of ensuring that efficiency gains created by robotic process would 

in fact not lead to workers having less work by themselves in the same time frame. The 

interviewees were asked scale question on how valuable they see the role of ex-post 

investment management tool as a tool for project optimization. The spread of answers 

was from 7 to 10, with an average of 8,63 out of 10. The lowest score of 7 was from an 

interviewee from the administrative department, who commented that the ex-post 

management is not up to his best knowledge the main tool at use in the case organization 

for project optimization, as it is only utilized in its full extent for large information 

technology projects and not for the small ones, which still are mandatory to complete for 

the case organization. Other interviewees all of whom rated the score 9 or 10 out of 10 

stated that looking backwards is the best way to try looking to the future, and that the data 

stem from the information system itself is the most valuable asset in optimizing its further. 

Few interviewees stated that while in the case organization the organizational learning 

often cannot directly come from the project optimization, it has still proven useful more 

than once to bring up factors based on data that humans have not noted before, that have 

led to improving practices in areas other than the project as well. The findings of the 

expert interviews on the value of ex-post investment management as a tool for project 
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optimization support the findings of the academic literature on the topic, where post-

audits are seen highly important for optimizing investment projects further (see e.g., 

Azzone & Maccarrone 2001; Prueitt & Park 1991; Collan & Liu 2003; Frezatti et al. 

2012) 

In the tenth interview question, the interviewees were asked how well the investment 

project realized outcomes related to cost, benefits and process performance match the 

initial evaluation. And secondarily a scale question on how closely the initial project 

evaluations match the outcome regarding process performance, cost, and time to setup. 

The spread for the scale question was from 8 to 10, while the average was 9,38 out of 10. 

In contrast to the published academic literature, the case organization investment ex-ante 

evaluation regarding information system investment did not fall short of its expectations. 

Academic papers on the topic highlight the hardship of evaluating information system 

investment projects ex-ante due to lack of financial understanding, as well as lack of 

understanding of the conditionality within the investment, which is why barely 30 per 

cent of information system investments fulfil the set goals for them (see, Buckhout et al. 

1999; Chabow 2003). This was the highest score out of all scale questions in the expert 

interviews. The interviewees pointed out that the case nine-figure investment project was 

planned out throughout and follow up metrics for the project development were utilized 

in development. One interviewee noted that earlier mentioned profitability distributions 

in ex-ante evaluations would have had a positive impact on the investment planning, as 

capturing conditionality and uncertainty was mentioned to be troublesome for the 

investment project. Multiple interviewees pointed out that transformational projects that 

change the way the whole organisation is run require support from all layers of an 

organization to succeed. And that the case project was a huge success for the case 

organization because of this. Both interviewees from the administrative department 

brought up that taking the personnel whose job is getting automized on board with 

decision making to influence the outcome of the project was an important practice to 

consider factors related to the automated tasks that were hard to interpret solely from data. 

Having representatives of all affected parties involved in the process was found highly 

successful in the case organization and it was brought up by more than one interviewee 

that listening to both internal and external customers that are served was the key success 

factor for the whole information system investment project.  
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6  Conclusions  

The purpose of this thesis was to review practices of profitability analysis in the context 

of information system investments. The field of information system investments is wide 

and the scope in this thesis was limited to post-audit and cost-benefit analysis perspective. 

The motivation of the thesis was stem from interest in Finnish public organization nine-

figure information system investment project cost-benefit analysis to obtain knowledge 

on modern information system investments ex-ante cost-benefit analysis practices and 

ex-post management practices. Ex-post practices have become more and are becoming 

progressively more important in strategic decision making and optimization of investment 

projects. Investments with increased level of conditionality and uncertainty benefit the 

most from the utilization operational management tools in use for information system 

performance tracking. This study has shown the issues related to information system ex-

ante cost-benefit analysis and the how the trends in modern post-audit process differ from 

the current academic literature.  

The academic literature on the subject does not cover case studies related to information 

system investment post-audit practices. The earlier literature on the topic is around the 

found benefits and methods of post-audit, that can be utilized in capital investment 

management. The results found in the published academic literature on the field highlight 

the value of post-audit differently than the case organization of the research. The expert 

interviews with case organization directors brought up the continuously updating post-

audit practice in decision-support and investment management to handle the investment 

management ex-post rather than only to utilize post-audit after the investment process has 

been finalized. The found evolvement of post-audit practice to continuous investment 

monitoring in the case study of this research has not been presented in published academic 

literature covering post-audit. Case study is also methodology that has not been at use in 

academic papers related to post-audit according to the state of the art conducted by the 

author of this research.  

From the perspective of methodology, the goal of the thesis was to contribute to the 

research of the field by conducting a case study as well as a numerical examination of ex-
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ante information system investment project with embedded real options. The thesis 

highlights the significance of real options in ex-ante capital budgeting of large long term 

capital investments with uncertainty and conditionality present which can be reduced in 

ex-post investment management with strategic managerial decision making. The expert 

interviews with numerical scale questions bring insight on how leading technology 

directors in Finland view the investment process for advanced information technology 

investments. The information system investment was the largest known in Finland and 

thus the results of this thesis will prove useful in elevating the level of knowledge in 

approaching information system investments. The research will prove useful in increasing 

the level of understanding of investors about information system investment projects ex-

ante profitability analysis as well as the ex-post investment management.  

The study highlights the importance to present the outcomes in a numerical manner which 

can be interpreted insightfully as well as replicated in later projects to increase 

understanding of the topic and its evolvement. The results of the numerical case example 

indicate that in this case project with Finnish public organization the traditional capital 

budgeting methods do prove an estimate close in accuracy when compared with the 

project outcome at the given time. However, it is highlighted in the literature on the topic 

that traditional capital budgeting methods do fall short in their prove of usefulness in 

estimating advanced investment projects that contain conditionality and uncertainty (see, 

Özogul et al. 2009; Benaroch 2018). This indicates that traditional capital budgeting 

methods can be used in the initial project profitability evaluations if the capital flows can 

be estimated with a high level of certainty. From the authors perspective, the project end 

goal is emphasized in the thesis study process to ensure that the conclusions fill the 

requirements that were set to the project.  
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6.1  Answering the research questions 

In this chapter the research questions stated based on thesis study goals are answered in 

detail.   

 

The main research question of this study was the following: 

 

What kind of academic research related to the post-audit practices in capital projects 

has been carried out in the past? 

Majority of the research papers contributing to the topic in the past focus mainly on 

examining post-audit practices in companies, as well as evaluating the benefits gained 

from utilizing post-audit for investment projects in companies. From the perspective of 

ex-post, the optimal investment management of advanced capital investment projects is 

studied to include possibility for strategic decision-making with active learning from the 

project to help in decision making and optimization. Multiple research papers note the 

role of active post-auditing in form of investment management in information system 

investment projects to be a major deciding factor in information system projects 

profitability. Couple published academic research contradict this and view post-auditing 

only as an external tool to evaluate the outcome against initial evaluations, rather than to 

improve at all ex-post stages. However, more recent published academic papers view the 

operational investment management phase to grow closer and closer with the post-audit 

and even consider the strategic options in ex-post phase in ex-ante profitability analysis 

of such investment projects (see, Özogul et al. 2009; Heralth & Heralth 2008; Benaroch 

2018). The case information system investment post-audit was handled in the case 

organization in similar way than the recent published academic papers view post-audit, 

more closer to the active operational investment management. Still retaining the post-

audit practices in project process evaluation and utilizing post-audit as a tool for 

organizational learning and performance enhancement. 
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The first supportive research question is as follows: 

What issues are there to be considered in the cost-benefit analysis of information system 

investments based on the expert interviews? 

According to the expert interviews with case organization directors it is clear that 

information system cost-benefit analysis process differs from the traditional cost-benefit 

analysis process, as strategic benefits and conditionality are tied together with financial 

objectives. One of the key issues highlighted by multiple executives in the analysis was 

estimating the benefits up to high degree of accuracy. The benefit estimation differs 

greatly when traditional investment projects and information system investment benefits 

are compared, and the latter are much more difficult to estimate. As lot of the benefits are 

related to better service in terms of customer satisfaction but not only limited to this, as 

commonly the pursued main benefits are directly related to cost reduction and process 

efficiency improvement through implementation of new technology.  

As already discussed in chapter 5.5., the main issue regarding information system 

investment cost-benefit analysis was highlighted by interviewees to be hard in regard to 

benefit estimation both ex-ante and ex-post due to the fact that most benefits in the case 

organization are non-financial, and thus the benefits must be accounted for and then 

turned numerical for evaluation. An interviewee from the administrative unit pointed out 

that ex-post benefit estimation is also hard due to the fact, that case investment automation 

benefit gain from freeing up worker time is not directly accounted and reallocated, thus 

leading to loss of productivity for the worker which is hard to estimate.  

The results stem from academic literature published on information system cost-benefit 

analysis highlight the issues in considering uncertainty numerically in the cost-benefit 

analyses. Expert interview results are mostly in line with the issues found in the academic 

literature, but also bring up other issues such as non-financial benefit estimation and spill 

over of gained benefits from the information system that are unaccounted for due to them 

being hard to fetch from the data and allocate to the right function. The case information 

system investment project utilized collaborative work of multiple directors specialized in 
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finance and project management in creating cost-benefit analysis, which multiple 

interviewees pointed out to tremendously push the project estimates forward as well as 

help guide the different departments to analyse costs and benefits on their regard. 

 

The second supportive research question is as follows: 

Are there any significant trends in the information system post-audit process, which are 

not included in the current literature? 

 

The current trends in information system post-audit process highlighted in the academic 

literature challenge the view of traditional post-audit process and instead describe practice 

of continuous investment operational management model. Analysing and optimizing 

investments ex-post based on investment information is acknowledged in the literature 

(see, Frezatti et al. 2012; Sandström et al. 2016; Heralth & Heralth 2008; Bardhan et al. 

2004) as one of the main development components of modern post-audit practices. This 

development of post-audit as a practice from a project exit review to continuous 

evaluation and strategic planning tool is also in place in the case organization. Post-audit 

process is given an important role in organizational decision making and continuous 

information collection and analysis allow deviation detection to enhance strategic 

planning further. In the expert interviews scenario testing with tens of thousands of 

automated tests to measure the outcome of different scenarios was pointed out as valuable 

post audit process to enhance the decision-making support model.  

Despite having found in the literature review the role of post-audit diminishing in its 

current form as solely a practice to check project outcomes in comparison to evaluations. 

The expert interview brought up that the post-audit practice is more in use than ever with 

development of continuous project monitoring practices to help project managers and 

decision makers adjust profitability trajectories of capital projects into higher value 

gained through optimization of the investment projects. Multiple interviewees from 
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different departments noted non-data sourced feedback such as customer and organization 

worker feedback as an important source for post-audit process and process improvement. 

The released academic literature on the information system post-audit practices does not 

cover non-data sourced feedback in the post audit process. It is to be repeated that the 

case organization is a Finnish public organization whose main operational task is to serve 

the people of Finland with the services they provide and thus including feedback to the 

post-audit process is a valuable addition to the practices. The key post-audit practices of 

the case organization are in line with the academic literature on post-audit, but for the 

case project performing financially well, the highlighted post-audit practices are now 

more focused on qualitative information collection and utilization on top of the automated 

quantitative information processing. One interviewee noted that at this stage, now that the 

investment project is up and running and the main thing is to ensure that the project life 

cycle will get maximized through smart decision making based on data of the project 

directly as well as understanding the modern wants, needs and possibilities of for 

information systems. 

Technological development will drive digitalization forward with advancements in 

different types of information system available to be implemented in businesses and 

organizations, thus the role of continuous project management will grow at the same rate 

or faster. Recent academic literature on the topic have highlighted similar direction of 

development, yet case studies on the topic have not been published earlier according to 

the best knowledge of the author of this research. Published academic literature on the 

topic is largely around the scope of studying the impact of post-audits, possibilities of 

implementing strategic benefits into cost-benefit evaluations for information systems 

investments and exploring how post-audits can be enablers for organizational growth and 

learning. However, this explorative case study does bring up an uncovered area in the 

field by highlighting the trends and issues in the modern post-audit practices in 

investments, and issues in information systems investment project ex-ante cost-benefit 

analysis.  
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6.2  Limitations  

There are multiple limitations for the study. The defined post-audit of information system 

of the study is based on collected empirical evidence from Finnish public organization. 

As a case study, post-audit of information system investment process has been built from 

the case organization’s point of view. The purpose of the study is limited to analysing 

possible ex-post real options in advanced technology investments utilizing data 

originating from the ongoing investment process. For this reason, sole definition from 

case organization’s point of view will be presented in empirical part of the research. Due 

to the nature of case organization being a public organization, cost-benefit analysis will 

be given large priority rather than solely relying on investment project net present 

valuation. However, as the information system investment is taxpayer funded as well as 

detailed financial and operational calculations have been considered for the information 

system investment project, primary methods for project profitability assessment are 

relatively likewise than what private companies would use.  

The methods suggested in analysis is in sole focus of current state of post-audit of the 

information system investment process, as so the study does not try to alter the current 

existing processes in place. Thus, while real options for information system investments 

in post-audit are analysed, the goal is not to suggest or plan for reengineering of the 

current practices. However, the results of the thesis are free to be used as basis for 

reengineering the execution in place. 

6.3  Future research 

Overall, the information system post-audit practices have developed over time by 

technological advancements. Further technological advancement is needed to improve 

the current practices. As earlier mentioned, case studies regarding the post-audit practices 

have not been publishes in academic papers, thus this thesis encourages to continue 

research on the field with more extensive research. Exploring the modern ex-post 

profitability analysis methods in place with different types of businesses and 
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organizations in different sectors, with other types of large capital investments can be 

studied to grow the covered area. 

Information from this thesis can be used as guidance for decision makers involved in 

advanced information technology investment projects with conditionality and 

uncertainty. Results offer indications about the capital budgeting methods and tools viable 

for information system investments based on current literature as well as nine-figure case 

investment project directors view on the topic. 
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APPENDICES 

 

Appendix 1: Interview questions 

Background questions 

i. What is your current position and how long have you worked in it? 

ii. How would you describe your job role and responsibilities?  

 

Category 1: Ex-ante information systems investment 

1. Could you describe how is the identification of need for new information system 

investment projects done?  

2. What are the main methods for initial comparison/ranking of information system 

investment alternatives?   

3. With what methods is the profitability for these investment projects evaluated 

ex-ante?  

• How satisfied are you with the ex-ante investment evaluation practices 

regarding how accurate they are?  

4. What kind of issues there are in the cost-benefit analysis of information system 

investments?  

• How much room for improvement do you see in the ex-ante cost-benefit 

analysis for information systems? 

5. In academic literature inter alia Özogul et al. (2009) and Benaroch (2018) state 

that traditional capital budgeting methods are not suitable for advanced 

information system investments evaluation, as they information system 

investments contain conditionality and more uncertainty than traditional capital 

investments. They instead suggest models with implemented real options with 
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upper and lower limit outcome to be used in ex-ante evaluation, what are your 

thoughts on this? 

• How large of an improvement would you see fuzzy NPV in ex-ante 

information system evaluation compared to single NPV estimate?  

 

Category 2: Ex-post information systems investment 

6. What kind of operational management tools are in practice for the information 

system performance tracking? 

7. What are the main issues in the ex-post investment management related to 

information system optimization?  

• How much room for improvement do you see in the ex-post investment 

management for information system optimization? 

8. How could the current ex-post investment management practices be improved to 

better the decision making and operational management of the investment 

project?  

9. In academic literature inter Sandström et al. (2016) and Heralth & Heralth 

(2008) write that ex-post operational management is important as the project 

itself can be provide information in support of evaluation revision, 

organizational learning and decision making for project optimization. What are 

your thoughts on this?  

• How valuable do you see the role of ex-post investment management 

tool as a tool for project optimization.  

10. How well did the investment project realized outcomes related to cost, benefits 

and process performance match the initial evaluation?  
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• How closely do the initial project evaluations match the outcome 

regarding process performance, cost and time to setup? 

 

Do you have anything to add?  



81 

 

Appendix 2. Numerical investment evaluation model 
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Appendix 3. Supportive scale questions for the interview 

Interview 

question 

Scale question (1 to 10) Interviewees Summary 

    1 2 3 4 5 6 7 8 Average Min Max 

Q3 How satisfied are you with 

the ex-ante investment 

evaluation practices 

regarding how accurate they 

are? 

6 8 7 5 6 8 8 7 6,88 5 8 

Q4 How much room for 

improvement do you see in 

the ex-ante cost-benefit 

analysis for information 

systems? 

7 8 9 8 9 6 8 7 7,75 6 9 

Q5 How large of an 

improvement would you see 

fuzzy NPV in ex-ante 

information system 

evaluation compared to 

single NPV estimate? 

8 9 8 8 7 8 9 9 8,25 7 9 

Q7 How much room for 

improvement do you see in 

the ex-post investment 

management for 

information system 

optimization? 

8 7 9 5 4 5 5 6 6,13 4 9 
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Q9 How valuable do you see the 

role of ex-post investment 

management tool as a tool 

for project optimization 

9 10 9 8 9 7 8 9 8,63 7 10 

Q10 How closely do the initial 

project evaluations match 

the outcome regarding 

process performance, cost, 

and time to setup? 

10 10 10 9 9 10 9 8 9,38 8 10 

 


