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ABSTRACT 

Contemporary enterprises are largely dependent on Information Technology (IT), which 

makes decision making on IT matters important. There are numerous issues that confuse 

IT decision making, including contradictive business needs, financial constraints, lack of 

communication between business and IT stakeholders and difficulty in understanding the 

often heterogeneous and integrated IT systems. The discipline of IT governance aims at 

providing the decision making structures, processes, and relational mechanisms, needed in 

order for IT to support and perpetuate the business. The adjacent discipline of enterprise 

architecture provides a broad range of frameworks and tools for model-based management 

of IT. Enterprise architecture is a commonly and successfully used approach, but the 

frameworks need to be adapted with respect to the concerns at stake in order to become 

truly useful.  

The IT organization includes all people involved in decision making regarding IT. The 

quality of the IT organization differs between enterprises and depends on aspects such as: 

are rights and responsibilities assigned to the appropriate people, are formalized processes 

implemented, and does proper documentation exist? This internal IT organization efficien-

cy is labeled IT governance maturity. One might argue that internal efficiency metrics of the IT 

organization are of moderate interest only. What really matters is the external effectiveness 

of services that the IT organization delivers to the business. This latter effectiveness is 

labeled IT governance performance. Even though it is reasonable to believe that enterprises with 

good IT governance maturity also achieve high IT governance performance, the validity of 

this assumption has never been tested. IT management’s ability to make well-informed 

decisions regarding internal IT organization matters would increase if it were possible to 

predict IT governance performance.  

The contribution of this thesis is a method for model-based IT governance decision mak-

ing. The method includes a metamodel, i.e. a modeling language, and a framework for the 

assessment of IT governance maturity and performance. The method also allows predic-

tion of IT governance performance.   

This thesis is a composite thesis consisting of four papers and an introduction. Paper A 

presents an overview of the method for model-based IT governance decision making. 

Paper B presents the mathematical foundation of the prediction apparatus, i.e. a Bayesian 

network that is based on statistical data. Paper C presents how the method can be used in 

practice to support IT governance decision making. Finally, Paper D analyzes the correla-

tion of IT governance maturity and performance. The analysis is based on statistical data 

from case studies in 35 organizations. 

Keywords: IT governance, IT governance maturity, IT governance performance, Enter-

prise Architecture, Bayesian networks. 
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INTRODUCTION 

OUTLINE OF THE THESIS 

This thesis is divided into five sections. The first section is an introduction with the back-

ground of the presented work, the purpose of the research, related works, a summary of 

the results in terms of the method for model-based IT governance decision support, con-

tributions made in the research, and a description of the research design for data collection 

and analysis. This is followed by four sections (Paper A through Paper D) with papers that 

constitute the bulk of the thesis, i.e. the details of the research and the results. Three of the 

papers have been published in conference proceedings. One paper is submitted to the 

Information Systems Management journal.  

BACKGROUND 

Contemporary enterprises are largely dependant on IT1. The number of information sys-

tems has been constantly growing over the past decades, and the systems have become 

more integrated with one another. IT is pervasive in most industries and supports both the 

core business and the administrative functions. A large enterprise, be it an electric utility, a 

car manufacturing plant, an investment bank or a hospital, employs hundreds of different 

information systems.  

Even though IT is a business enabler and a crucial support function, there exist several IT 

related problems. Firstly, many of the systems host redundant functionality as a result of 

for instance mergers and acquisitions, autonomous decentralized organizations responsible 

for acquisition of IT, or a lack of top level IT portfolio management. Secondly, legislations 

such as the U.S. Sarbanes Oxley Act [1] and the Swedish Svensk Kod för Bolagsstyrning [2] 

force enterprises to comply with requirements on information usage. Thirdly, increased 

security threats force enterprises to safeguard the information and protect the IT systems 

from intrusion and damage. At the same time, however, the information and the IT sys-

tems must be accessible to its users. Fourthly, unscheduled system downtime that hinders 

execution of business processes, or corrupted information resulting in erroneous decisions 

being made, are extremely costly and should be avoided. Fifthly, people issues such as 

organizational and geographic boundaries can delimit the interpersonal communication 

needed for IT to be managed and operated effectively. The list can be made much longer.  

                                                           

1 There are several common permutations of the acronyms IT (Information Technology), IS (Information Sys-
tems) and ICT (Information and Communication Technology), including IT, IS/IT, and IS/ICT. These are 
however used interchangeably throughout the thesis.  
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IT is a mean to achieve business excellence, as it provides a broad range of services to the 

enterprise and its customers. The rapidly changing business environment however requires 

IT to provide business flexibility, effective use of IT for growth, cost efficiency, and sup-

port for effective asset utilization. This means that there is a need for good IT governance in 

order to manage IT related problems, yet at the same time drive the business and provide 

the support needed. IT governance is all about decision making, although there are several 

slightly different definitions [3],[4],[5],[6],[7],[8],[9],[10]. In a literature study embracing 60 

articles on IT governance, the following definition that is used throughout this thesis was 

created [11]:  

IT governance is the preparation for, making of, and implementation of IT-related decisions regarding goals, 

processes, people, and technology on a tactical or strategic level. 

Further, we define the IT organization as all people involved in making IT-related decisions. 

The quality of the IT organization differs between enterprises and depends on things such: 

are rights and responsibilities assigned to the appropriate people, are formalized processes 

for important tasks implemented, does proper documentation exist? This internal IT or-

ganization efficiency is labeled IT governance maturity. One might argue, however, that inter-

nal efficiency metrics of the IT organization are of moderate interest only. What really 

matters is the external effectiveness of services that the IT organization delivers to the 

business. This latter effectiveness is labeled IT governance performance. But even though it is 

reasonable to believe that enterprises with good IT governance maturity also benefit from 

good IT governance performance, c.f. Fig. 1, the validity of this assumption has never been 

tested.  

 

Fig. 1. The assumption of the effect of IT governance maturity on IT governance performance. 

In the adjacent discipline of Enterprise Architecture, general methods and tools for manage-

ment of IT are found. The use of models is proposed to bring structure in a complex an 

ever changing management environment. Enterprise architecture supports decision making 

based on models of either the current situation or change scenarios [12],[13],[14]. The 

ability to make well-informed IT decisions regarding internal IT organization matters 

would be improved if, given the IT governance maturity, IT governance performance 

could be predicted. The main contribution of this thesis is a method for IT governance 

decision support based on enterprise architecture models. Finally, the method enables 

predictions of IT governance performance. 



INTRODUCTION 

3 

RESEARCH PURPOSE 

The purpose of the research presented in this thesis is to develop a method that provides 

IT governance decision support using enterprise architecture models. The method should 

permit modeling of IT organizations. The method should further enable assessment of IT 

governance maturity, i.e. the maturity of the internal processes of an IT organization, and 

assessment of IT governance performance, i.e. the performance of an organizations IT 

governance as seen from the business view point. The method should also enable prediction 

of IT governance performance, meaning that it should be possible to forecast the IT go-

vernance performance in an organization, given previous assessments of the relation be-

tween IT governance maturity and IT governance performance in other organizations.  

To summarize, the purpose of the research presented in this thesis is to develop a method 

that uses enterprise architecture models to support IT governance decision making, thereby 

enabling: 

 modeling of IT organizations 

 assessment of  IT governance maturity and IT governance performance 

 prediction of IT governance performance 

RELATED WORKS  

In developing a method for model-based IT governance decision making, two main re-

search disciplines were covered: IT governance and enterprise architecture. This section 

presents related and competing theories within the two disciplines.  

IT GOVERNANCE 

There are many ways to design organizations for insightful yet efficient decision making 

and the field has been thoroughly investigated for many decades [15],[16],[17],[18], 

[19],[20],[21]. Transferred to the subset of the organizational theory that considers IT deci-

sion making, the general principles are still valid. IT governance deals with the structures, 

processes and relational mechanisms involved in IT decision making, and highlights IT’s 

business supportive, or business driving function. The discipline emerged in the mid-

nineties when Henderson, Venkatraman and Loh first used the term IT governance to 

describe the interfirm relationships involved in achieving strategic alignment between busi-

ness and IT [3],[22]. Since then, several authors have contributed to the understanding of 

IT governance, including [5],[6],[7],[8],[9],[10],[23],[24],[25],[26],[27],[28],[29], 

[30],[31],[32],[33],[34],[35],[36],[37],[38],[39],[40],[41],[42],[43],[44],[45],[46],[47],[48],[49],[50

],[51],[52],[53],[54],[55],[56],[57],[58],[59],[60],[61],[62],[63],[64],[65],[66],[67],[68],[69],[70],[7

1],[72],[73],[74],[75],[76],[77],[78],[79],[80],[81],[82] and [83]. 
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From a practitioner’s point of view, frameworks that support IT governance decision mak-

ing have been developed. The IT Infrastructure Library, ITIL, [84] supports implementa-

tion of processes related to delivery and support of IT and also details establishment and 

maintenance of service level agreements and operation level agreements. ITIL receives 

massive support from practitioners all over the world, but the framework itself has tradi-

tionally provided little support for strategic IT concerns. Though improved in recent ITIL 

v3 publications [85], ITIL still does not cover the entire scope of IT governance and all 

decisions made by IT management [24].  

The Control Objectives for Information and related Technology, COBIT, [86] is the most 

well-known framework for IT governance maturity assessments [23],[24],[25],[28],[29],[83], 

It was first issued by the IT Governance Institute, ITGI, in 1998 and features a maturity 

model for IT governance, which follows the same principles as the Software Engineering 

Institute’s Capability Maturity Model [87]. Though well-known, COBIT has been criticized 

by practitioners for being too extensive and therefore hard to apply in practice [81]. The 

lack of intersubjectivity in COBIT’s model for maturity assessments, i.e. separate COBIT 

assessments of the same IT organization may not necessarily yield the same maturity level, 

has also been criticized [81]. A recent addition to COBIT is the Val IT framework [88], 

taking IT governance onto a higher level of abstraction by providing general directions on 

how to manage IT from a business point of view. 

The use of Balanced Scorecards has successfully been promoted as an approach for IT 

governance [89],[90],[91],[92],[93]. However, the Balanced Scorecards themselves do not 

provide any support of what such decisions should concern, as they merely describe a 

framework for rational selection and prioritization of difference choices. 

In the nearby discipline of strategic business-IT alignment, Hendersen and Venkatraman’s 

Strategic Alignment Model, SAM, discusses the importance of IT governance as a vehicle 

for IT and business alignment [3]. SAM is however, a purely conceptual approach which is 

acknowledged by the authors [3],[94]. Luftman’s framework, which is partly based on the 

SAM, provides more pragmatic guidance for achieving strategic alignment between busi-

ness and IT and has been applied in 500 case studies [30],[95]. Even though Luftman pro-

vides useful rules of thumb [94],[96],[97] the suggested top-down approach for assessment 

of business-IT alignment has been criticized for its lack of validity [96],[98].   

In the early 2000’s, MIT researchers Weill & Ross conducted a large set of case studies on 

IT governance performance of financially top-performing organizations. Their research 

method and the findings from more than 250 organizations were published in a book [9] 

that is perhaps the most widely cited work in the entire discipline of IT governance today. 

Though simple and sometimes criticized therefore [99], Weill & Ross’ IT governance per-

formance definition is straightforward, easy to use and well-recognized. It has therefore 

been widely used by researchers and practitioners for benchmarking purposes 

[24],[27],[28],[100],[101],[102]. Another approach is presented by Dahlberg and Lahdelma, 

who have synthesized IT governance literature in their quest for a broad framework of 
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business value delivery from IT [103]. Their framework has been used for assessment of 

the correlation between IT outsourcing degree and IT governance maturity. The frame-

work is however not very thorough and lacks operationalization, i.e. IT governance is not 

broken down into objectively measureable parts.  

ENTERPRISE ARCHITECTURE 

In the discipline of enterprise architecture, methods and tools for management of the 

complex combinations of IT systems in modern organizations are found. One of the first 

articles on the subject of enterprise architecture is John Zachman’s, ―A Framework for 

Information Systems Architecture― [104]. Since then, many authors have contributed to the 

field of enterprise architecture, for instance [105],[106],[107],[108],[109],[110],[111], 

[112],[113],[114],[115],[116],[117],[118],[119],[120],[121],[122],[123], and [124]. Within the 

discipline, a number of frameworks have been suggested for management of IT, including 

the Zachman framework [104], DoDAF [125], FEA [126],  TOGAF [127] and Spewak 

[36]. These architecture frameworks take a holistic approach to IT and organizational sys-

tems, by promoting a consistent architectural modeling of all the  IT systems constituting a 

complex enterprise and the organization that manages the systems. However, there are two 

persistent problems.  

The first problem is due to the generality and ambitiousness of the frameworks. The in-

formation needed for populating an architecture model can be quite costly to collect. This 

makes it important to be explicit on which analyses the architecture will be subjected to in 

order not to collect data that is not relevant for the model’s use [128]. Thus the informa-

tion needed has to be carefully selected for the present purposes [129]. An important goal 

of this thesis is to assist in determining relevant questions to ask related to IT governance. 

The identification of relevant questions is important since historically many enterprise 

architecture initiatives have failed because current enterprise architecture frameworks sug-

gest the creation of models that are too ambitious [119]. It is simply not possible to main-

tain a model containing detailed information on every aspect of the IT systems. The ple-

thora of information within the models hinders the extraction of relevant decision support. 

In order to model only those artifacts relevant for IT management decision making, it must 

be clarified which questions the model should answer.  

A second problem is related to how enterprise architecture frameworks can be used. Sever-

al of the frameworks mentioned above, including the Zachman framework [104], ARIS 

[130] and DoDAF [125], focus on the modeling aspects of enterprise architecture, thus 

assisting in creating exhaustive models of processes, systems, applications, information, 

etcetera. TOGAF and the Spewak framework concentrate on enterprise architecture im-

plementation [127], [36]. Given the focus of the present thesis, the analysis capability of an 

enterprise architecture framework is most important. This concern has previously been 

discussed by Lankhorst [131]. Enterprise architecture as a tool for IT management decision 

making has already been discussed in several licentiate and doctoral theses 

[132],[133],[134],[135],[136],[137]. Recent publications have proposed enterprise architec-
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ture analysis with Bayesian networks, i.e. a graphs with nodes and arcs whose relations are 

described as conditional probabilities [138],[139],[140],[141],[142],[143],[144]. The present 

thesis uses this Bayesian network analysis approach to enterprise architecture for the pur-

pose of IT organization modeling and IT governance assessments. The results are de-

scribed in the section below.  

RESULTS 

The result of the research presented in this doctoral thesis is a method for model-based IT 

governance decision making. The method relies on best practice frameworks, including the 

Control Objectives for Information and related Technology, COBIT, [86] and Weill & 

Ross’ method for IT governance performance assessments [9]. However, the method takes 

the discipline of IT governance two steps further. Firstly, it combines IT governance with a 

modeling approach inherited from the enterprise architecture discipline. Secondly, it pro-

vides information about statistical correlations between an IT organization’s internal effec-

tiveness, and the effect thereof as perceived by business stakeholders. The method features 

an ability to assess IT governance maturity and performance. Further, it incorporates a 

framework for prediction of IT governance performance given IT governance maturity, 

which makes it suitable for decision making support concerning IT organization matters. 

The following subsections describe the results briefly. 

THE METHOD FOR MODEL-BASED IT GOVERNANCE DECISION MAKING 

Given that an IT organization desires to move from a current state, the as-is model, through 

evaluating a number of possible change scenarios, to the desired to-be scenario, five steps needs 

to be taken: C.f. also Fig. 2.  

1. Create As-is Model of Current IT Organization  
This first step concerns the development of a model of the current IT organiza-

tion. The result is an as-is model that adheres to a predefined modeling language: 

a metamodel, c.f. Fig. 3. and Fig. 4. The metamodel, further explained below, pre-

scribes what entities and relations that are allowed in the model. In order to create 

the as-is model, IT managers or business managers are interviewed. 

2. Identify Change Scenarios 
As a second step, a number of possible future scenarios of the IT organization are 

modeled according to the metamodel, c.f. Fig. 3. and Fig. 4. In order to identify 

these scenarios, IT managers or business managers are interviewed.  
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Fig. 2. Model-based IT governance decision making. 

3. Predict IT Governance Performance 
So far, only descriptive models have been developed. As a third step, a normative 

assessment is conducted using a framework for assessment, c.f. Fig. 3. The 

framework for prediction is then applied to forecast the IT governance perfor-

mance of the as-is model and the change scenarios, c.f. Fig. 5. The prediction 

framework is based on the experience from previous case studies in several other 

enterprises, c.f. Fig. 6.  

4. Decide on To-be Scenario 
The previous step results in a prediction value of the IT governance performance 

of each developed scenario. This thus provides the decision maker with an esti-

mate of the overall ―goodness‖ of a scenario. Ceteris paribus the scenario with the 

highest goodness value is the rational choice. 

5. Implement To-be Scenario 
The four steps above describe a strategic planning exercise. In order to achieve 

the benefits of the new organization, the to-be scenario also has to be imple-

mented in reality. This is however out of the scope for the method and is not fur-

ther elaborated here.  
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Fig. 3. The method for model-based IT governance decision making contains a metamodel that defines how the IT 

organization is modeled in the as-is model and the change scenarios. It also contains an assessment framework for IT 

governance maturity and performance. Finally, the method contains a framework for prediction of IT governance perfor-

mance that is based on previously collected statistical data. 

THE IT GOVERNANCE METAMODEL 

The metamodel depicts IT governance maturity and IT governance performance. It con-

tains a number of entities, their attributes and the relations between the entities. The repre-

sentation of IT governance maturity is based on COBIT [86], as the framework provides 

the most relevant and detailed support available [23],[24],[25],[28],[29],[83] The metamodel 

includes processes to describe the IT organization, which is common in IT governance 

frameworks [30],[85],[86],[88]. The processes are grouped in domains. Further, each 

process contains one or more activities, which represent the actual content of the work 

performed within the IT organization. Metrics are used to monitor the execution of each 

process. The documents correspond to process inputs and outputs. The concept of roles 

being responsible, accountable, consulted, or informed on the execution of different activi-

ties is also incorporated. The representation of IT governance performance is based on the 

works of Weill and Ross [9] and consists of four objectives that senior management deter-

mines the importance and outcome of. This corresponds to their perception of the good-

ness of the services that IT governance delivers, i.e. the IT governance performance. The 

IT governance metamodel is shown in Fig. 4., and it is described  more thoroughly in Paper A.. 
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Fig. 4. The IT governance metamodel, c.f. Paper A. 

THE FRAMEWORK FOR ASSESSMENT OF IT GOVERNANCE MATURITY AND PER-

FORMANCE  

IT governance maturity is assessed by means of analyzing the white attributes in models 

that are created using the IT governance metamodel, c.f. Fig. 4. The aggregation of differ-

ent attributes into a single IT governance maturity score is based on COBIT, but in addi-

tion, the herein presented framework for assessment of IT governance maturity is more 

transparent and formalized. IT governance performance is assessed by means of analyzing 

the shaded attributes in models that are created using the IT governance metamodel, c.f. 

Fig. 4. The aggregation of different attributes into a single performance score is based on a 

method suggested by Weill & Ross [9]. The maturity and performance assessments result in 

scores presented on a scale 0-5.  The framework for assessment of IT governance is de-

scribed in Paper A. 

THE FRAMEWORK FOR PREDICTION OF IT GOVERNANCE PERFORMANCE 

The method features a framework for prediction of IT governance performance. Given 

information about the IT governance maturity in the current IT organization, or hypothe-

sized data from change scenarios, the method allows for making IT governance perfor-

mance predictions. 

The fundamental formalism for this is a Bayesian network based on influence diagrams 

[146],[147],[148],[149],[150],[151],[152]. Influence diagrams model causalities between dif-

ferent parameters by specifying conditional probabilities between them. In this formalism 
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the parameters assumes a probability distribution over a number of states. For instance, the 

IT governance maturity of a process has a 70% probability of being state ―5‖, a 30% prob-

ability of being value ―4‖, and 0% probability of being state ―3‖, ―2‖, ―1‖ or ―0‖. In the 

same manner causality is expressed in terms of conditional probabilities: there is a certain 

probability that an affected parameter has a certain state given that some other parameters 

have certain states. Given that input parameters and conditional probabilities are known, 

the Bayesian network can be used to calculate predictions of some output parameters. An 

overview of the Bayesian network for IT governance performance prediction is presented 

in Fig. 5. The conditional probabilities of the maturity of the different processes and IT 

governance performance have been set according to statistical data collected through case 

studies, c.f. Fig. 6. The framework for prediction of IT governance performance is pre-

sented more thoroughly in Paper B. 

PO1_ITProcessMaturity 

ITG_Performance

ME4_ITProcessMaturity 

PO1_A PO1_M PO1_D PO1_R ME4_A ME4_M ME4_D ME4_R

...

 

Fig. 5. The framework for IT governance performance prediction is implemented as a Bayesian network, c.f. Paper B. 

 

Fig. 6. The Bayesian network learns from previously collected statistical data. In the example, five case studies on 

different IT organizations are used in order for the Bayesian network to learn. The newly calibrated network can then 

be used to predict the IT governance performance in a sixth organization. The prediction graph has been created using 

the GeNIe tool [145], c.f. Paper B. 

STATISTICAL DATA ON THE CORRELATION BETWEEN IT GOVERNANCE MATUR-

ITY AND IT GOVERNANCE PERFORMANCE 

In the case studies within the scope of this thesis, statistical data on IT governance maturity 

and performance was collected. 35 case studies were conducted in a variety of organiza-

tions, including municipalities, large banks, manufacturing companies and small consulting 

firms, and the data has been used in order to set the behavior of the network. 158 inter-

views and 60 surveys with CIOs, IT managers, business process owners and IT operations 
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personnel were made. The findings were validated in 15 interviews with IT governance 

experts. Fig. 7 shows an overview of the identified correlations between IT governance 

maturity and performance that the Bayesian network is based upon, c.f. Paper D. 

 

Fig. 7. Correlations between IT governance maturity of different processes and IT governance performance, c.f. Paper D. 

CONTRIBUTIONS 

This section summarizes the contribution of the present work. The main contribution 

presented in this doctoral thesis is a method for model-based IT governance decision mak-

ing. However, a number of other contributions have also been made. Being a composite 

thesis, the details of the contributions are found in the included papers. Please refer to the 

included papers A-D for more thorough information on each of the contributions listed 

below. 
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 A method for IT governance decision making using enterprise architecture 

scenarios. The overall method is presented in this thesis. Basically, the method 

conjoins the contributions listed below, and explains how the combination of a 

metamodel, two frameworks for assessment and prediction, and statistical data on 

correlations between IT governance maturity and performance can be used to 

support IT governance decision making. When using the method, so called enter-

prise architecture scenarios are created and evaluated. The method is described in 

detail in Paper C but also pervades Paper A and Paper B.  

 A metamodel for IT governance. The metamodel combines the principles of 

model-based decision making from the discipline of enterprise architecture with 

content from the field of IT governance, i.e. an operationalization of the COBIT 

framework for IT governance maturity, and Weill & Ross’ framework for IT go-

vernance performance. IT governance is defined in terms of domains, processes, 

activities, metrics, documents, roles & responsibilities, and goal fulfillment. The 

metamodel is described in Paper A and Paper C. 

 A framework for assessment of IT governance. As the metamodel helps de-

scribe IT governance maturity and performance of an organization, the framework 

for assessment helps evaluating the goodness thereof. The framework for assess-

ment is based on a through breakdown of COBIT and Weill & Ross’ frameworks. 

This is presented mainly in Paper A and Paper B. 

 A framework for prediction of IT governance performance. The framework 

for prediction of IT governance performance is based on a Bayesian network 

taught with data from 35 case studies, and verified in interviews with 15 IT gover-

nance practitioners. This is presented mainly in Paper B. 

 Statistical data on correlations between IT governance maturity and per-

formance. When using the method to model IT organizations and assess IT go-

vernance maturity and performance in 35 organizations, a lot of statistical data on 

the relation between IT governance maturity and performance was obtained. Not 

only was this information used to refine the framework for prediction of IT go-

vernance performance. The knowledge of e.g. the relative impact of the IT gover-

nance maturity of different IT processes on IT governance performance was also 

analyzed separately. The analysis can be found in Paper D.   

RESEARCH DESIGN 

This section covers the methodological aspects that have guided data collection and analy-

sis in the present work. The particulars of how the research has been conducted are found 

in Papers A-D. Table 1 presents in what papers the different methods were used. The 

thesis work was preceded by writing several papers that are published but not included in 
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this thesis. The thesis work started by authoring Paper A, followed by Papers B and C that 

were written simultaneously. The work was concluded by writing Paper D, c.f. Fig. 8.  

Table 1. The use of different methods for data collection and analysis throughout Papers A-D. 

  Paper 

A 

Paper 

B 

Paper 

C 

Paper 

D 

D
at

a 
 

C
o

lle
ct

io
n

 

Interviews √ √ √ √ 

Surveys √ √ √ √ 

Expert Validation    √ 

A
n

al
ys

is
 

Pearson Product-Moment Correlation    √ 

Linear Regression √  √  

Bayesian Networks √  √  

 

 

Fig. 8. The order in which the included papers were written. 

DATA COLLECTION 

Three different methods were used for data collection in this thesis work, namely inter-

views, surveys and expert validation, cf Table 1. All data collection has been guided by 

Yin’s theories on case study research, with the main goal to ensure validity and reliability 

[153]. 

Interviews 

Semi-structured interviews were conducted in order to get the data needed to model IT 

organizations. The interviews were conducted by researchers and master thesis students, 

guided by a number of standardized questionnaires for IT governance maturity and per-
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formance assessment. The use of such increases the reliability of the study [153]. When 

applicable, the same questionnaires were responded to by several respondents, in order to 

ensure construct validity [153]. For practical reasons, this was however not always the case. 

More than 1000 questions were to be answered in each organization. Typically, between 2 

and 30 interviews were made in each organization, resulting in a total number of 158 inter-

views. Papers A-D are based on the result of interviews and describe the interview metho-

dology briefly, but Paper D provides the most comprehensive description. 

Surveys 

In most organizations, surveys rather than interviews were used for a part of the data col-

lection. This was due to difficulties in meeting some of the desired respondents in person. 

In those cases, a structured survey form was sent to the respondent, who answered via 

email. In most cases, the same survey form was responded to by several respondents in 

order to enhance construct validity [153]. 60 survey answers were collected. Papers A-D are 

partly based on results from surveys and describe the survey methodology briefly, but 

Paper D provides the most comprehensive description. 

Expert Validation 

Data was collected through interviews and surveys, and analyzed according to the section 

below. However, the findings had to be verified and validated [153]. This was done in terms 

of conducting a second round of interviews with experts in the field. Fifteen IT manage-

ment consultants, IT analysts, CIOs and researchers were presented the preliminary find-

ings from the study, and asked to comment upon them. The outcome was an improved 

understanding of the results, which is described in Paper D.  

ANALYSIS 

The collected data was analyzed using several different methods, c.f. Table 1. The Pearson 

product-moment correlation coefficient was employed in order to determine the strength 

of the correlations between IT governance maturity and IT governance performance. Li-

near regression combined with Bayesian networks was employed in order to predict IT 

governance performance. 

Pearson Product-Moment Correlation 

In general statistical usage, correlation refers to the departure of two variables from inde-

pendence. There are several ways to perform correlation analysis, including Pearson corre-

lation, χ2, Point biserial correlation, Spearman's ρ and Kendall's τ [154],[155],[156]. The 

Kolmogorov-Smirnov test determines whether the collected data adheres to a normal 

distribution [154]. If this is the case, the Pearson product-moment correlation coefficient, r, 

is known to be most accurate for analysis of correlation strength [155],[157]. It is obtained 

by dividing the covariance of the two variables by the product of their standard deviations. 
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The Pearson product-moment correlation coefficient was used to describe the relation 

between IT governance maturity and IT governance performance in Paper D. 

Linear Regression 

Linear regression is a form of regression analysis in which observational data are modeled 

by a function which is a linear combination of the model parameters and depends on one 

or more independent variables [155],[156]. In bivariate linear regression, the model func-

tion represents a straight line Y = aX + b, where a and b are scalar constants. Linear regres-

sion combined with Bayesian networks were employed to obtain predictions of IT gover-

nance performance out of statistical data. This is described in Paper B.  

Bayesian Networks 

A desired feature for the method for model-based IT governance decision making was the 

ability to predict IT governance performance, and Bayesian networks can be used for that 

purpose. A Bayesian network contains a directed graph together with an associated set of 

conditional probability matrices [146],[147]. The graph consists of nodes and arcs. The 

nodes represent discrete variables, whereas the arcs represent causal or influential relation-

ships between variables. The relations are mathematically described in the conditional 

probability matrices. Bayesian networks enable modeling of and reasoning about uncertain-

ty, and they can learn from previous observations. An example of a Bayesian network and a 

conditional probability matrix, representing the chance nodes X, Y, and Z and how these 

relate is shown in Fig. 9. The conditional probability matrix next to the network can answer 

questions like ―What is the probability of X1 occurring, given prior knowledge of Y2 and 

Z1?‖. More comprehensive treatment on Bayesian networks can be found in the literature 

[150],[151],[152],[158]. In the present work, Bayesian networks were used in combination 

with linear regression to predict IT governance performance, given previous statistical data 

on IT governance maturity and performance. This is described in Paper B.  

Y Z

X
y 1 y 2 y 3 y 1 y 2 y 3 y 1 y 2 y 3

x 1 P(x1 | y1,z1) P(x1 | y2,z1) P(x1 | y3,z1) P(x1 | y1,z2) P(x1 | y2,z2) P(x1 | y3,z2) P(x1 | y1,z3) P(x1 | y2,z3) P(x1 | y3,z3)

x 2 P(x2 | y1,z1) P(x2 | y2,z1) P(x2 | y3,z1) P(x2 | y1,z2) P(x2 | y2,z2) P(x2 | y3,z2) P(x2 | y1,z3) P(x2 | y2,z3) P(x2 | y3,z3)

x 3 P(x3 | y1,z1) P(x3 | y2,z1) P(x3 | y3,z1) P(x3 | y1,z2) P(x3 | y2,z2) P(x3 | y3,z2) P(x3 | y1,z3) P(x3 | y2,z3) P(x3 | y3,z3)

z 2 z 3

Y

X

Z z 1

 
Fig. 9 A Bayesian network with nodes and arcs, and the conditional probability matrix for node X given Y and Z. 
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ABSTRACT 

 

Does good IT governance improve the effect of IT? This paper presents the IT Organization Modeling and 

Assessment Tool (ITOMAT) which has been created to overcome operationalization and subjectivity 

weaknesses in the Control Objectives for Information and related Technology (COBIT) framework. ITO-

MAT was applied to assess IT governance maturity in four case studies. Simultaneously, external metrics 

of the effect of IT were collected and correlated to the maturity levels. Based on the correlations, a model 

linking internal and external measures was created. The model can be used to predict the effect of IT given 

the maturity levels of IT processes. 

Keywords: IT governance, IT organization, effect of IT, COBIT, modeling 
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1 INTRODUCTION 

IT governance is an important issue on the agenda of many enterprises. Although there has 

been a need to provide guidance on the use of IT since the early days of computing, the 

actual term IT governance did not appear until the nineties, when Loh, Hendersen and 

Venkatraman used the term to describe the complex array of interfirm relationships in-

volved in obtaining strategic alignment with business and IT [14][5]. Effective IT gover-

nance provides mechanisms that enable IS/IT management to develop integrated business 

and IT plans, allocate responsibilities, and prioritize IT initiatives [13][18][26]. 

In this paper, we propose a method for IT governance maturity assessment within an en-

terprise. This kind of assessment is essential for good monitoring, enhancement and man-

agement of IT processes and structures. In particular, by using a method for assessing IT 

governance maturity, it is possible to compare and rationally select between potential future 

scenarios. For instance, if the decision-making authority for acquisition of commodity 

software is moved from business unit level to IT operations level, how would that improve 

the maturity of the affected processes? The possibility to perform trade-off analysis be-

tween potential scenarios is one of the most important benefits of having an efficient IT 

governance assessment method in place. Another benefit is the possibility to benchmark 

against other organizations. Also, a good IT governance assessment method can provide 

useful prescriptive results about what can be done to improve the governance of IT within 

the organization under evaluation.  

Currently, a few such methods aiming to support IT governance exist. Weill & Ross have 

developed an IT governance framework based on just a few questions that can be used to 

assign responsibilities for high level IT decision making, but their work gives no further 

guidance on how the IT organization should actually perform their labor [25]. The 

ISO/IEC 20000 and its preceding IT Infrastructure Library (ITIL) might aid the creation 

of processes related to delivery and support [9][16]. ITIL also details establishment and 

maintenance of service level agreements (SLA) and operation level agreements (OLA). 

However, ITIL gives no support for strategic IT concerns. The most recognized, publicly 

available, framework for IT governance is COBIT, which is discussed more thoroughly in 

the third section of this paper [7].  

The second section of this paper contains a set of requirements that a method for IT go-

vernance maturity assessments should fulfill. Section three presents COBIT and its degree 

of fulfillment to the requirements. Section four presents the IT Organization Modeling and 

Assessment Tool (ITOMAT), which intends to overcome some of the problems with 

COBIT [20]. ITOMAT is also tested against the requirements. Section five suggests exter-

nal metrics that can be used for black box assessment of IT governance, i.e. the effect of 

IT governance from the business point of view. Section six presents results and methodol-

ogy from an ongoing case study on the correlation between ITOMAT IT governance ma-
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turity and external maturity of IT governance. The paper ends with conclusions, acknowl-

edgements and references. 

Table 1. Requirements on good IT governance maturity assessments. 

ID Requirement Domain Description 

RQ1 Consistency with 

common concep-

tions 

Validity The method should be based on well-known IT governance 

sources within academia and practice. 

RQ2 Descriptive opera-

tionalization 

Reliability The method should support unambiguous and objective 

depiction of IT governance in an organization by means of a 

precise representation. If two analysts individually face the task 

of describing the IT governance in an organization, a descrip-

tively operationalized language would result in both obtaining 

equal models, while a fuzzier language would not. 

RQ3 Normative opera-

tionalization 

Reliability The method should support unambiguous and objective 

analysis of IT governance. It should clearly state how different 

IT governance concerns affect maturity scores. 

RQ4 Support for effi-

cient data collection 

Cost The method should provide an efficient representation of IT 

governance so that data could be collected with little effort.  

RQ5 Support for effi-

cient analysis 

Cost The method should support efficient normative judgments of 

IT governance so that analysis can be made easily and at a 

reasonably low cost. 

2 REQUIREMENTS ON GOOD IT GOVERNANCE 

MATURITY ASSESSMENTS 

In measurement theory, the goodness of an assessment is specified in terms of validity and 

reliability [10]. For practical applications, these benefits need to be traded against the cost 

of performing the measurement. The following subsections present a set of requirements 

within the domains of validity, reliability and cost, which are also summarized in Table 1. A 

more elaborate description of the requirements can be found in [20]. 

2.1 VALIDITY 

Validity is often defined as the extent to which a measure accurately reflects the concept 

that it is intended to measure. In the case of a badly calibrated method for IT governance 

maturity assessment, perhaps the general goodness of business processes or the administra-

tive concerns of IT operations is actually evaluated. The method should therefore rely on 

existing state of practice definitions of the subject.  
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2.2 RELIABILITY 

Reliability may be defined as the extent to which a measure yields consistent, stable, and 

uniform results over repeated measurements of the same unit. Repeated assessments, or 

assessments made by different analysts, should lead to the same results each time. There-

fore, the maturity assessment method must be succinctly operationalized, which means that 

the method must be unambiguous with respect to two important aspects. Firstly, the me-

thod should be operationalized with respect to the data that needs to be collected. Second-

ly, the method should be operationalized with respect to aggregation of data into assess-

ment results, which are typically presented in terms of a maturity level.  

2.3 COST 

Upon applying assessment methods in the real world, it is of utmost importance that as-

sessment costs are kept at a minimum. The assessment costs can be divided in two differ-

ent parts. Firstly, there is the cost of collecting data such as performing interviews or study-

ing enterprise documentation. Secondly, there is the cost of performing the analysis by 

transforming the collected data into truly valuable support for decision making. At best, it 

should be possible to employ the assessment method without the help of knowledgeable 

yet expensive consultants. 

3 COBIT’S IT GOVERNANCE MATURITY AS-

SESSMENT METHOD 

Control OBjectives for Information and related Technology, COBIT, is a well-known 

framework for IT governance improvement, risk mitigation, IT value delivery and strategic 

alignment maturity assessments [2][3][4][6][17][24]. The framework was first issued by the 

IT Governance Institute, ITGI, and Information Systems Audit and Control Association, 

ISACA, in 1998 and has been constantly evolving ever since [7][8]. It describes the IT 

organization by means of 34 processes, within four domains: Plan & Organize, Acquire & 

Implement, Deliver & Support, and Monitor & Evaluate. Each process contains several 

activities and a set of detailed control objectives, i.e. statements of the desired results to be 

achieved by implementing control procedures for the processes. Metrics such as key per-

formance indicators (KPI), key goal indicators (KGI), and critical success factors (CSF), are 

suggested in order to monitor the general goodness of each process. Lists of inputs and 

outputs for each process are also presented. Further, each process is connected to a capa-

bility maturity model (CMM). The latest versions of COBIT also contain RACI matrices, 

which suggest stakeholders to be Responsible, Accountable, Consulted, and Informed 

regarding the activities according to above. Table 2 considers COBIT’s degree of fulfill-

ment to the requirements on IT governance maturity assessments. 
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Table 2. COBIT‟s fulfillment to requirements on good IT governance maturity assessments, cf [8] 

ID Requirement COBIT 

fulfillment 

Comment/Evidence 

RQ1 Consistency with 

common concep-

tions 

Yes + COBIT is a de facto standard in the field, c.f. 

[2][3][4][6][17][19][21][22][24]. 

RQ2 Descriptive 

operationalization 

Partly + COBIT lists all the processes, activities, documents, etc. 

needed to correctly represent IT governance concerns.  

- COBIT hosts a sometimes incongruent notion of activities 

and resembling control objectives, c.f. [8], processes PO1, PO2, 

AI4, DS1, and DS2.   

+ COBIT provides a scale on which to measure: A. ―Awareness 

& Communication‖, B. ―Policies, Plans and Procedures‖, C. 

―Tools & Automation‖, D. ―Skills & Expertise‖, E. ―Responsi-

bility & Accountability‖, and F. ―Goals and Measurement‖, c.f. 

[8] pp. 21. 

- COBIT provides no guidance regarding what information is 

needed for assessment of A, C, and D, according to above, c.f. 

[8] pp. 21. 

- COBIT does not separate (descriptive) representation from 

(normative) assessment. 

- COBIT does not elaborate on exactly what data is needed 

collect in order to assess each process. 

RQ3 Normative 

operationalization 

No + COBIT provides scales for process level maturity assessment. 

- COBIT describes what can be measured, e.g. [8] pp 107, but 

provides no information regarding the connection between this 

process description and the attribute maturity, [8] pp. 21. 

- COBIT does not describe aggregation from attribute maturity 

to process maturity models, e.g. [8] pp. 108. 

- COBIT does not elaborate on how process maturities may be 

aggregated to a mean maturity for the 34 processes.    

RQ4 Support for 

efficient data 

collection 

No - Data collection and analysis is not clearly separated in COBIT 

and must both be carried out by experienced analysts. 

RQ5 Support for 

efficient analysis 

No  - COBIT does not provide any support for efficient analysis. 
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4 ITOMAT - THE IT ORGANIZATION MODEL-

ING AND ASSESSMENT TOOL 

As demonstrated in the previous section, COBIT did not fulfill all requirements for a 

good IT governance maturity assessment method. In particular, COBIT performs weakly 

with respect to requirements RQ3 to RQ5. This paper proposes a method for model-based 

maturity assessment of IT governance which is based on the existing COBIT framework. It 

leverages the benefits of COBIT and mitigates some of the weaknesses. The proposed 

method can thus be viewed as an extension of COBIT and will hereafter be named the IT 

Organization Modeling and Assessment Tool, ITOMAT. The method contains two parts 

[20]: The modeling language provides a descriptive representation of how IT is governed 

within the assessed company. The analysis framework provides support for the evaluation 

of whether the given IT governance structure is good or bad. 

4.1 THE ITOMAT MODELING LANGUAGE 

As mentioned previously, it was decided to base the IT governance modeling language on 

the existing COBIT framework. The structure of COBIT allowed identification of entities 

and relations, as described in the following subsection. 

4.1.1 Entities 

The notion of processes to describe the IT organization is commonly used and was inherited 

directly from COBIT. The content of 34 processes relevant for management, control and 

operation of IT is detailed. However, since not two organizations are alike on process level, 

the notion of a general process serving as a container of elements with finer granularity, i.e. 

activities, was chosen. COBIT distinguishes between activities and detailed control objec-

tives. Even though there is a conspicuous overlap between the detailed control objectives 

and activities, they are not completely alike. It the belief of the authors of this paper that, 

given COBIT’s origin of being a tool for IT auditors, the detailed control objectives are 

certainly convenient for auditors performing a check-list style revision of a company’s IT. 

The activities are however better aligned with the RACI matrices and they were therefore 

selected for the modeling language. Each process contains one or more activities, which 

represent the actual content of the work performed within the IT organization.  

It is frequently stated in COBIT that certain documents should be produced to assure that 

activities are correctly executed. The documents are represented as process inputs and 

outputs in COBIT, and modeled in the same way in ITOMAT.  

COBIT also lists a vast number of metrics that can be used to monitor the progress of 

each process and its maturity. Those are represented as metrics in ITOMAT’s modeling 

language.  
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Moreover, COBIT contains an equally large amount of goals for activities, processes and 

IT in general. By now, these are excluded from the modeling language, as we did not want 

to assess the existence of goals within an organization, but rather desired to focus on the 

current achievements. An IT organization’s fulfillment to external metrics is considered in 

Section 5. A very important aspect of IT governance concerns the locus of IT decision 

making. No less than 19 different stakeholders for IT governance are presented in COBIT. 

Since few IT organizations employ all of them, ITOMAT’s role entity features a more 

coarse representation featuring just five stakeholder groups. ITOMAT’s roles has inherited 

the distinction between executives, business and IT from Weill & Ross [25] but has added 

two more roles from COBIT in order to represent IT operations and audit, c.f. Table 3. 

Table 3. Roles in ITOMAT and COBIT. 

ITOMAT role COBIT role 

Executives The Board  

Chief Executive Officer 

Chief Financial Officer 

Business Business Executive 

Business Process Owner 

Business Senior Management 

IT management Chief Information Officer 

Chief Architect 

Head Development 

Program Management Officer 

IT operations Head Operations 

Deployment Team 

Head IT Administration 

Training Department 

Service Managers 

Service Desk/Incident Manager 

Configuration Manager 

Problem Manager 

Compliance, audit, risk and security Compliance, audit, risk and security personnel 
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4.1.2 Relations 

The RACI matrices provided by COBIT states that each IT related activity may be asso-

ciated with a role, so that the role is responsible, accountable, consulted or informed with respect to 

the activity. These relations were incorporated in the modeling language. 

However, in ITOMAT, the relations connect roles with processes instead of activities, as 

stated in COBIT. This decision was made to minimize the number of relations to be mod-

eled. Where COBIT originally states that four relations should be mapped for 19 roles and 

some 200 activities, ITOMAT suggests mapping the same relations for just five roles and 

34 processes. As mentioned previously, the interfaces between COBIT’s processes contain 

mainly documents. In order to model this, relations to denote inputs and outputs were 

created. A measures relation connects a metric with a process. Finally, a is a part of relation 

denotes that a process contains one or more activities. Figure 1 shows how responsibilities, 

metrics, documents and processes can be modeled. 

 
Figure 1. Example of IT governance model, based on the ITOMAT modeling language. 

4.2 THE ITOMAT ANALYSIS FRAMEWORK 

In the previous subsection, a language for modeling the parts of an IT organization rele-

vant from an IT governance perspective is presented. By using such, it is possible to create 

a model of any organization’s current or future IT governance structure. In the following 

subsections, a framework for assessing the maturity of such a model is presented. A stan-

dardized set of internal metrics is presented in subsection 4.2.1 and a procedure for aggre-

gation of separate metrics into a total maturity score is presented in subsection 4.2.2. Table 

4 lists the internal metrics that are taken into account, and presents how maturity levels are 

assigned. 
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4.2.1 Internal metrics 

COBIT provides a plethora of performance indicators, responsibility assignment sugges-

tions, activities and goals that can be monitored in order to obtain good IT governance. 

COBIT also contains process level maturity models. However, the maturity models pre-

sented in COBIT contain only a few lines of plain text describing the characteristics for 

each maturity level, and the framework doesn’t detail the connection between the metrics 

and maturity levels. In other words, it is not clarified how monitoring of a single metric 

would affect the maturity of an entire process. As mentioned previously, one of the pur-

poses with ITOMAT is to overcome this problem.  

By studying the process level maturity models carefully, the authors of this paper identified 

four generic metrics. These are activity execution, assigned responsibilities, documents in place, and 

metrics monitoring, c.f. Table 4. These are called internal metrics, IM, as they assess the perfor-

mance of the IT organization as a white box, from looking at what is performed rather 

than what is delivered.  

Given the value of an internal metric, a maturity level has to be assigned. Slight modifica-

tions of the maturity models presented in COBIT had to be made to minimize the subjec-

tivity of the assessment. The maturity model in COBIT defined for processes was in ITO-

MAT generalized to allow for maturity assessments at activity level, i.e. the activity execution 

metric. The maturity levels for the assigned responsibilities metric are assigned in terms of the 

number of RACI relationships specified for each process and role, and how well these are 

aligned to the relationships stated in COBIT. For documents in place and metrics monitoring, the 

maturity model is based on a linear assumption of COBIT’s focus on quantity in documen-

tation and monitoring of metrics. This gives ITOMAT a clear advantage, allowing an or-

ganization to be modeled using a maturity model with well defined levels linked to the 

outcome of specific metrics 
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Table 4. ITOMAT‟s internal metrics, IM, for assessment of IT governance maturity, MI. 

MI:  

Internal 

maturity 

level 

IM:  

Activity execution 

 

IM:  

Assigned responsibili-

ties 

IM: Documents 

in place 

IM:  

Metrics 

monitoring 

0 No awareness of the importance of issues related 

to the activity. No monitoring is performed. No 

documentation exists. No activity improvement 

actions take place. 

No relations exist 0 % 0 % 

1 Some awareness of the importance of issues 

related to the activity. No monitoring is per-

formed. No documentation exists. No activity 

improvement actions take place. 

R or A relations exist 20 % 20 % 

2 Individuals have knowledge about issues related 

to the activity and take actions accordingly. No 

monitoring is performed. No documentation 

exists. No activity improvement actions take 

place. 

R or A relations exist. 

At least 40 % or 

relations in line with 

COBIT. 

40 % 40 % 

3 Affected personnel are trained in the means and 

goals of the activity. No monitoring is per-

formed. Documentation is present. No activity 

improvement actions take place. 

R or A relations exist. 

At least 60 % of 

relations in line with 

COBIT. 

60 % 60 % 

4 Affected personnel are trained in the means and 

goals of the activity. Monitoring is performed. 

Documentation is present. The activity is under 

constant improvement. Automated tools are 

employed in a limited and fragmented way 

R or A relations exist. 

At least 80 % of 

relations in line with 

COBIT. 

80 % 80 % 

5 Affected personnel are trained in the means and 

goals of the activity. Monitoring is performed. 

Documentation is present. Automated tools are 

employed in an integrated way, to improve 

quality and effectiveness of the activity 

R or A relations exist. 

100 % of relations in 

line with COBIT. 

100 % 100 % 

. 

4.2.2 Aggregation of internal metrics  

Since COBIT does not elaborate on how different internal metrics, IM, should be aggre-

gated to maturity scores, MI, on process or enterprise level, a series of assumptions is made 

in ITOMAT to overcome this problem. For each process, the metrics are aggregated into 

maturity scores.  The maturity score of a process, MIProcess, is naïvely calculated as the average 

of its underlying activities, the documents in place, monitoring of metrics and the assigned 

responsibilities. The metrics can also be assigned weights. In the formula below, i is an 

activity index and the sum of all weights WActivity should be equal to one. 
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The naïve assumption is that all metrics have equal weights, e.g. W = 1/4 for each. The 

enterprise level maturity could be computed as the average maturity of all underlying 

processes. Also at this level, weights could be assigned to each process. 

J

j

jprocessjprocess

enterprise
J

MIW
MI

1
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However, there are other ways to aggregate maturity from different processes into a single 

maturity score. All processes influence the total maturity score differently, and what really 

matters is not the internal maturity of the IT organization, but rather its fulfillment to busi-

ness requirements. Correlating the maturity of IT processes according to ITOMAT, with 

assessments of the business’ perception of IT quality, would provide valuable input to set 

such weights, W. This correlation could be made by conducting case studies, and such will 

be described in section 5. Before that, we will however elaborate on whether or not ITO-

MAT complies with the requirements stated in Section 2, cf Table 5. Please also refer to 

Table 2 for a comparison of COBIT and ITOMAT. 

Table 5. ITOMAT‟s fulfillment to requirements on IT governance maturity assessments. See also TABLE 2 

ID Requirement ITOMAT 

fulfillment 

Comment/Evidence 

RQ1 Consistency with 

common conceptions 

Yes  + ITOMAT is solidly based on COBIT. 

RQ2 Descriptive opera-

tionalization 

Yes + ITOMAT inherits all concepts from COBIT.  

+ Objective assessment is improved by detailing precisely 

what entities and relations that should be modeled. 

RQ3 Normative opera-

tionalization 

Yes + ITOMAT provides a fully transparent and formalized 

analysis framework that enables aggregation of single me-

trics to comprehensive maturity scores on process and 

enterprise level. 

RQ4 Support for effi-

cient data collec-

tion 

Yes + ITOMAT provides a modeling language that enables 

modeling to be separated from analysis. The modeling can 

be performed by people with little knowledge of the norma-

tive aspects of IT governance assessments. 

RQ5 Support for effi-

cient analysis 

Yes + ITOMAT provides an automated analysis framework that 

can be applied without assistance of an experienced (expen-

sive) consultant. 
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5 INTERNAL AND EXTERNAL IT GOVERNANCE 

MATURITY 

As discussed previously, COBIT and ITOMAT both aim at assessing the maturity, MI, for 

IT governance of an organization. This is done by studying internal metrics, IM, of the IT 

organization, i.e. the activities, metrics, documents, and responsibility assignments. But the 

overall goal for IT governance, and IT in general, is to support the business in reaching its 

goals such as minimize costs, become a more flexible actor on the market, proactively 

provide new services, etc. Whether or not this is accomplished is not evaluated in COBIT’s 

and ITOMAT’s maturity models. Both focus on the internal quality of IT governance. In 

order to determine whether an IT organization is truly good, one has also to study it from 

the outside by using external metrics, EM. The external quality of an IT organization could 

be measured in two different ways. One could either use financial metrics, such as turnover, prof-

it, number of employees, total cost of IT, number of incidents, etc. However, financial metrics 

tend to be quite abstract. Many things other than the quality of the IT organization might 

influence them. Another option would be to study the effect of IT by using percepted IT 

quality metrics. Such information could be collected by surveying business people on the 

quality of the services that the IT organization delivers, such as service level compliance, or 

if the IT organization is flexible once the business desires to change strategy. The disadvan-

tage of using percepted IT quality metrics is the increased subjectivity - the answers might 

depend on who the question is asked to. There are several criteria for evaluation of per-

cepted IT quality, including the following: 

 Literature support for use of metric exists 

 The metric can be operationalized 

 Possible to assess metric on objective scale 

 Low cost for obtaining trustworthy answer 

 The metric is somehow affected by IT 

Several metrics were evaluated according to these criteria, including a list of IT goals pre-

sented in COBIT (which however not is included in COBIT’s maturity models) and ques-

tions from Weill & Ross’ large scale IT governance survey on 250 organizations worldwide 

[7][25]. A survey form with 14 percepted IT quality metrics was created, cf. Table 6. An 

assessment framework was created and each metric was normalized.  
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The average of the external metrics correspond to an external maturity score ME ranging 

from 0 to 5, just as in the case of ITOMAT’s internal maturity score MI, c.f. Section 4. ME 

is considered a function ME=f(EM). Moreover, a set of general financial metrics was iden-

tified. In the next section, it is described how both internal and external metrics were col-

lected in a case study and how correlation between them can be calculated.  

Table 6. External metrics, EM, for assessment of IT governance maturity.  

 

How important are the following outcomes of your IT  
governance, on a scale from 1 (not important) to 5 (very  
important)? 

B1a Cost effective use of IT 
B1b Effective use of IT for growth 
B1c Effective use of IT for asset utilization 
B1d Effective use of IT for business flexibility 

What is the influence of IT governance in your business on  
the following measures of success, on a scale from 1 (not  
successful) to 5 (very successful)? 

B2a Cost effective use of IT 
B2b Effective use of IT for growth 
B2c Effective use of IT for asset utilization 
B2d Effective use of IT for business flexibility 
B3 Is IT well aligned with the business?  I.e, is there a close  

match between IT's offered services, and the actual  
business requirements on IT services? 
No, IT is not at all aligned with the business requirements 
IT is to a small extent aligned with the business requirements 
IT is to a large extent aligned with the business requirements 
IT is completely aligned with the business requirements 

B4 Do up-to-date descriptions of IT's offered services and  
service levels exist? 
No, such descriptions do not exist or are not up-to-date 
Up-to-date descriptions exist for a few IT services 
Up-to-date descriptions exist for most IT services 
Up-to-date descriptions exist for all IT services 

B5 Does IT comply with agreed-upon service levels?  If such  
do not exist, does IT comply with requirements implicitly  
stated by the business? 
No, not at all 
Yes, but just for a few of the offered services 
Yes, for most of the offered services 
Yes, for all of the offered services 

B6 
To what extent have critical business operations been  
affected by IT service interrupts over the past 12 months? 
Weekly 
Monthly 
Yearly 
Never 

B7 
How many percent of all IT projects are delivered on time,  
on budget, and according to business quality standards? 
0-25% 
25-50% 
50-75% 
75-100% 

B8 Upon installation or upgrade of hardware and software, to  
what extent does the IT department get it right the first  
0-25% 
25-50% 
50-75% 
75-100% 
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6 ITOMAT CASE STUDIES 

A series of case studies has been initiated. The overall goal of the case studies is to find 

internal metrics for IT governance that highly correlates with external metrics of the IT 

governance. Once it is established which IT processes that are indeed correlated with the 

perceived quality of IT, a more efficient assessment of IT governance maturity can be 

made. By August 2007, four case studies have been carried out in order to calibrate the 

method for data collection and correlation analysis and ten more studies are initiated. The 

following subsection elaborates on the case study methodology and the results from each 

study. In the subsequent subsection, a linear regression between MI and ME is presented, 

and Bayesian network [11][15] is outlined.   

6.1 COLLECTION OF INTERNAL AND EXTERNAL METRICS 

For each of the four organizations under evaluation, between six and 30 interviews were 

held with IT stakeholders such as the CIO, IT architects IT operations personnel, and risk 

managers. The purpose was to model the IT organization according to ITOMAT. All 34 IT 

processes according to COBIT and ITOMAT were assessed. Models of the IT organiza-

tions were created in the METIS enterprise architecture tool [23], by using an ITOMAT 

metamodel according to Section 4.1 especially designed for the purpose. The external me-

trics were collected by sending out a survey to business process owners or people with 

similar responsibilities. The remainder of this subsection gives a brief description of the 

companies under evaluation and presents the obtained results. Some numerical results for 

the four case studies are presented in Table 7. 

Company A is a medium-sized company that produces, distributes, and sells energy to 

57.000 private and corporate customers in Sweden. The annual turnover of the electric 

utility is about EUR 120 Million. A small department with six full-time employees has the 

overall responsibility for enterprise IT, but operation and support is partly outsourced to an 

external service provider. Six two-hour interviews were made. 

Company B is a small, Sweden-based biotech company. Its IT organization consists of 16 

persons centrally located, and a dozen more distributed over several countries. US Food & 

Drug Administration’s traceability regulations apply and highly affect the work of the IT 

organization, which is clearly document driven. 20 interviews, one hour each, were made. 

Company C is a multinational investment bank. The study was delimited to the markets 

division, located in the UK. The IT department consists of approximately 30 employees, 

but many more are involved in near-IT processes regarding risk management and com-

pliance. IT is a highly important asset and business enabler for Company C. Cost is not 

really an issue when striving to ensure excellent IT support for business processes. 30 in-

terviews of thirty minutes each were made. 
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Company D is the Scandinavian branch of an international mobile telephone service pro-

vider. The IT department consists of approximately 100 employees, responsible for IT 

service delivery to 1200 employees and thousands of cell phone users. The organization 

still remains in the spirit of a startup company, but formal back office processes for IT are 

increasingly implemented. Twelve interviews of one hour each were made.    

Table 7. Results for internal maturity of process PO1, MIPO1, internal maturity of enterprise, MIEnterprise, and 

external maturity, ME, based on four case studies.  

Case study MIPO1 (ITOMAT) MIEnterprise (ITOMAT) ME (Survey) 

Company A 1.0 1.5 1.0 

Company B 2.2 2.0 1.6 

Company C 2.4 3.4 4.0 

Company D 2.2 2.0 1.4 

6.2 CREATING A MODEL FOR IT GOVERNANCE MATURITY PREDIC-

TION 

The processes were assessed by studying four internal metrics according to Section 4.1: 

metrics monitoring, activity execution, documents in place and assigned responsibilities. The models were 

then subjected to the analysis framework presented in Section 4.2, and the internal maturi-

ty, MI, was calculated for all processes. A Pearson correlation [1] was performed to analyze 

the relation between MIs of the four internal metrics. 136 processes served as input data 

for three MIs, but since assigned responsibilities has not yet been assessed for Company A, 

only 102 processes could be used for correlation analyses. Statistically significant, positive 

correlations were found in most cases according to Table 8.  

This means that if an organization displays a high maturity MIDocuments regarding e.g. the docu-

ments in place metric for a process, it is also highly certain that upon assessing the metrics 

monitoring for the same process, MIMetrics would also be high.  

But does good internal IT governance maturity affect the quality of IT delivered to the 

business? The authors hypothesize that ME=f(MI) and MIs for the 34 processes, according 

to the first formula in Section 4.2.2, were correlated to ME. As an example, the internal 

maturity for process PO1: Define a strategic IT plan of companies [A; B; C; D] were MIPO1 = 

[1.0; 2.2; 2.4; 2.2;], cf. Table. The corresponding external maturities were ME = [1.0; 1.6; 

4.0; 1.4]. This corresponds to a Pearson correlation [1] of magnitude 0.6 with a significance 

of 0.4, i.e., the higher the maturity MIPO1, the higher the value of the average external metric 

ME (August 2007, four case studies). 

The Pearson correlation coefficient does however not depict how MI and ME are inter-

linked; it just stipulates the strength of the relation between them. One approach to ap-

proximate this function is linear regression [1]. This includes finding a linear equation so 
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that: mMIkMEMIfMEME ApproxApprox *);( By applying linear regression to 

the example above, the relation between MIPO1 and MEApprox could then be written 

as: 4.0*2.1 1POApprox MIME . 

Table 8. Pearson correlation coefficients [1] between internal metrics, based on 102/136 IT processes from four case 

studies. 1 means perfect positive correlation, 0 means no correlation. 

Pearson Correlation Metrics  

monitoring 

Activity  

execution 

Documents 

in place 

Assigned  

respons-ibilities 

Metrics  

monitoring 

Correlation 1 0.30(*) 0.54(*) 0.53(*) 

Sig. (2-tailed)  0.00 0.00 0.00 

N 136 136 136 102 

Activity execution Correlation 0.30(*) 1 0.41(*) 0.16 

Sig. (2-tailed) 0.00  0.00 0.10 

N 136 136 136 102 

Documents in 

place 

Correlation 0.55(*) 0.41(*) 1 0.42(*) 

Sig. (2-tailed) 0.00 0.00  0.00 

N 136 136 136 102 

Assigned  

responsibilities 

Correlation 0.54(*) 0.16 0.42(*) 1 

Sig. (2-tailed) 0.00 0.109 0.00  

N 102 102 102 102 

*. Correlation is significant at the 0.01 level (2-tailed).  

Such equations were created for the relation between MI of all 34 processes in ITOMAT, 

and ME. The remainder of this subsection will outline how linear regressions for ME and 

MI can be used together with Bayesian networks to make statements on which IT 

processes really affect IT quality from a business point of view. 

Clearly, in order to make correct statements, an infinite amount of data would be needed. 

Furthermore, due to the variety of the datasets, i.e. the differences between organizations 

under evaluation, a linear regression may never perfectly predict the maturity of ME given 

MI. 

Apart from having a model that returns perfectly certain results, the second best choice 

would be to account for the certainty of the predictions.  In order to coarsely estimate the 

certainty of the linear regression, the error of the approximations was calculated. Given the 

value of the assessed internal maturities, e.g. MIPO, the standard deviation between the dif-
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ferences in ME and MEApprox was calculated. The result was 34 models of the relation be-

tween a single MI, and a range of possible values for the approximation MEApprox.  

A more general model that accounts for the combination of all MI and MEApprox was created 

by using a Bayesian network [11][15]. Such can be described as a probabilistic graphical 

model that represents a set of variables and their probabilistic dependencies. A Bayesian 

network consists of several nodes, each defined with a Conditional Probability Matrix 

(CPM). Such matrices define the state of a node given the state of the nodes it is influenced 

by. A Bayesian network was created with one node for each process’ MI, and one node 

representing ME. The CPMs were populated with certainties from the linear regressions 

with a range of values for MEApprox. This was done using the GeNIe tool [10] which allows 

simulation of MEApprox, given that just a few of the internal metrics MI are known.  

Figure 2 shows an example screenshot from GeNIe. Based on the four case studies, MEAp-

prox would correspond to maturity level 1 with a certainty of 50 %, given that MIPO1=2, MI-

PO3=2, MIP41=1, MIPO7=0, and the remaining MIs unknown. All in all, it would be possible to 

make a coarse prediction of the effect of IT by just assessing the internal quality of four IT 

processes. Since only four case studies have been made so far, these approximations are 

not yet significant and the methodology has just been outlined in this paper. The Bayesian 

network will however become truly useful as soon as more data is collected. This will be 

accomplished once a large series of ongoing ITOMAT case studies are finished by fall 

2007. 

 

Figure 2. Excerpt from Bayesian network with internal and external maturities that can be used to predict IT gover-

nance maturity and effect of IT. 
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7 CONCLUSIONS 

This paper has presented the IT Organization Modeling and Assessment Tool, designed to 

overcome the problems of validity, reliability and cost that are commonly associated with 

such methods today. One of the major benefits is that the person performing the assess-

ment doesn’t necessarily have to be an IT governance expert, since the analysis part is 

performed automatically. Further, ITOMAT has been applied in four thorough case studies 

in order to collect internal metrics for IT governance maturity. External metrics on IT 

governance maturity were also collected.  

A Bayesian network representing the relation between internal maturity of IT processes, 

and the effect of IT is outlined. Such network can be used either to define which IT 

processes really affect the quality of IT, as seen from the business point of view, or to make 

quick assessments of IT governance maturity by assessing just a few processes. As more 

data is collected, the network will become truly useful. 
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ABSTRACT 

The goal of IT governance is not only to achieve internal efficiency in an IT organization, but also to sup-

port IT‟s role as a business enabler. The latter is an ability of an organization here denoted as IT gover-

nance performance. IT management cannot control the IT governance performance directly. Instead, their 

realm of control includes several IT governance maturity indicators such as the existence of different IT 

activities, documents, metrics and roles. Current IT governance frameworks are suitable for describing IT 

governance, IT-systems, and business processes, but lack the ability to predict how changes to the IT gover-

nance maturity indicators affect the IT governance performance. This paper presents a Bayesian network for 

IT governance performance prediction. Bayesian networks are widely used for goal modeling and prediction 

in other research fields. Data from 35 case studies conducted in a variety of organizations has been used to 

determine the behavior of the network. An assumption on linearity is introduced in order to compensate for 

the limited amount of data, and the network learns using the proposed Linear Conditional Probability 

Matrix Generator. The resulting Bayesian network for IT governance performance prediction can be used to 

support IT governance decision-making. 

 

Keywords: IT Governance, Bayesian networks 
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1 INTRODUCTION 

Although there has been a need to provide guidance on the use of IT since the early days 

of computing, the concept of IT governance did not emerge until the nineties. Hendersen 

& Venkatraman [8] and Loh & Venkatraman [18] used the term to describe the complex 

array of interfirm relationships involved in achieving strategic alignment of business and 

IT. Effective IT governance provides mechanisms that enable IS/IT management to de-

velop integrated business and IT plans, allocate responsibilities, and prioritize IT initiatives 

[16][26][33]. 

It is important to ensure that the IT governance is not only designed to achieve internal 

efficiency in the IT organization, such as deploying good IT processes and making sure 

that the means and goals are documented. The final goal of good IT governance is to pro-

vide the business with the best support needed in order to conduct business in a good 

manner. The IT governance mechanisms should be chosen so that the impact on the busi-

ness is maximized. There are many activities in the IT organization that can be changed, 

but clearly, not all changes affect the business in a positive way. From an IT manager’s 

point of view, it would be of great interest to know what impact each change made to the 

IT organization would have on the business, in order to choose the most beneficial way to 

govern IT. 

Several frameworks for IT governance exist. Weill & Ross have developed a high level IT 

governance framework that can be used to assign responsibilities for IT decision making 

[34], but their work gives no further guidance on how the IT organization should actually 

transform theory into practice. The IT Infrastructure Library (ITIL) details establishment 

and maintenance of service level agreements (SLA) and aids the creation of processes re-

lated to delivery and support [11][22]. Though ITIL has traditionally provided little support 

for strategic IT concerns, this has been improved in recent ITIL v3 publications [23]. ITIL 

v3 will probably gain market share in the future, but currently the Control Objectives for 

Information and related Technology (COBIT) is most well-known known framework for 

IT governance improvement, risk mitigation, IT value delivery and strategic alignment 

maturity assessments [4][7][9][25][30][32].  

In this paper, IT governance performance describes the goodness of an enterprise’s IT 

organization from a business point of view. Current IT governance frameworks, as pre-

sented in the paragraph above, are mainly of descriptive nature, i.e. they describe the state 

of an IT organization according to best practice on IT governance. None of them has 

however the ability to foresee how the IT governance performance is linked to the maturity 

of the IT organization in terms of its activities, level of documentation, etc. This paper 

proposes a method for prediction of IT governance performance. In particular, by using 

such method, it is possible to compare the current state of IT governance performance 

with future scenarios. For instance, if the decision-making authority for acquisition of 
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commodity software is moved from business unit level to IT operations level, how would 

that affect the IT governance performance? Making such predictions also enables prescrip-

tion, i.e. not only evaluating different scenarios, but also to chose rationally between them.  

A method for IT governance performance prediction should be based on previous experi-

ence, which could be gathered in several ways. For instance, knowledge from experts in the 

field could be collected in a best-practice based library of actions that could be taken to 

improve the business. Another option would be to study a variety of organizations and 

base the method on the findings. The organization enjoys good IT governance perform-

ance if business stakeholders are satisfied with the support that IT delivers to the business. 

By aggregating information from many organizations, a model for the correlation between 

IT governance performance and the maturity of the IT organization could be created. The 

research described in this paper is based on the findings from 35 organizations. Figure 1 

shows a conceptual view of the model for IT governance performance prediction. On the 

left side is IT governance performance, as seen from the business point of view. The aim 

of any organization would be to improve the IT governance performance to increase 

stakeholder satisfaction and make sure that business runs as smoothly as possible.  

 
Figure 1. The conceptual model for IT governance performance prediction. The IT governance performance, as seen from 

the business viewpoint, is not directly controllable. Within the realms of control for IT management are IT processes and 

IT governancematurity indicators. 

IT governance performance is not directly controllable by IT management, but IT proc-

esses for e.g. hardware acquisition, IT project management and IT strategy are in the realm 

of control. Even though such IT processes are difficult to measure directly, they comprise 

numerous and measureable IT governance maturity indicators such as maturity of individ-

ual IT related activities, level of monitoring, level of documentation and level of role as-

signment. It is reasonable to believe that some of the IT governance maturity indicators are 

correlated with IT governance performance. A model for prediction of IT governance 

performance would need to take into account and define the impact of each one of the IT 

governance performance indicators.  

A method appropriate for modeling IT governance performance prediction needs to be 

able to represent a number of things. Firstly, basic-decision making support requires that 

the method is able to represent the decision maker’s domain of control, his goals, and the 

causal relations between that which can be controlled and the desired goals. Secondly, the 
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method should express causal uncertainty, i.e. uncertainty with respect to how concepts 

affect each other. Thirdly, the method should be able to learn from previous experience. 

Several prediction methods are used in the research community today, including Dempster-

Shafer, Bayesian networks, neural networks, and multivariate analysis. Of the above pre-

sented methods, the Bayesian networks best fulfill all the requirements [15]. Another key 

feature for Bayesian networks is the existence of readily available graphical tools for deci-

sion support on the market, which makes modeling easy and straightforward. Based on the 

above discussion, Bayesian networks are used for IT governance performance prediction in 

this paper. 

What is novel in this work is the use of empirical data from a large number of case studies 

as a base for decision-support in IT governance. The vehicle chosen for realization of the 

decision-support tool is a Bayesian network, whose mathematical apparatus is described. 

The value from understanding the novel aspect of this work is to gain detailed knowledge 

of the strength of the correlation between different IT governance maturity indicators, and 

IT governance performance. This allows IT managers to focus their effort on improving 

the IT processes that really have an impact on IT governance performance. The Bayesian 

network used to visualize the correlations can be used to predict IT governance in different 

change scenarios.  

2 IT GOVERNANCE 

It was decided to base the IT viewpoint of the Bayesian network, cf. Figure 1, on COBIT 

as this framework provides the most relevant and detailed support for IT governance [12]. 

The business viewpoint is based on the IT governance performance measure developed by 

Weill and Ross [34]. 

2.1 COBIT 

COBIT [12] is the most well-known framework for IT governance maturity assessments 

[4][7][9][25][30][32]. It was first issued by the IT Governance Institute, ITGI, in 1998 and 

has been constantly evolving ever since. COBIT features a maturity model for IT govern-

ance, which follows the same principles as the Software Engineering Institute’s Capability 

Maturity Model [10]. The framework also provides a definition of IT governance as con-

sisting of four domains: Plan & Organize, Acquire & Implement, Deliver & Support, and 

Monitor & Evaluate. The domains define 34 processes, each process containing a number 

of IT governance maturity indicators, such as activities, documents, metrics and support 

for role and responsibility assignment. The domains and processes in COBIT are described 

briefly in the following subsections.  

The process domain Plan and Organize (PO) covers ten IT processes of strategy and tac-

tics concerning the identification of the way IT can best contribute to the achievement of 

the business objectives. The realization of the strategic vision needs to be planned, com-
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municated and managed for different perspectives. A proper organization as well as tech-

nological infrastructure should be put in place.  

To realize the IT strategy, IT solutions need to be identified, developed or acquired, as well 

as implemented and integrated into the business process. In addition, changes in and main-

tenance of existing systems are covered by this domain to make sure the solutions continue 

to meet business objectives. The process domain Acquire and Implement (AI) covers the 

seven processes that concern acquisition and implementation. 

The process domain Deliver and Support (DS) is concerned with the actual delivery of 

required services, which includes service delivery, management of security and continuity, 

service support for users, and management of data and operational facilities.  

All IT processes need to be regularly assessed over time for their quality and compliance 

with control requirements. The process domain Monitor and Evaluate (ME) addresses 

performance management, monitoring of internal control, regulatory compliance and gov-

ernance.  

2.2 WEILL AND ROSS 

IT governance performance is the quality of the services that the IT organization delivers, 

as seen from a business viewpoint [34]. In the early 2000’s, MIT researchers Weill & Ross 

conducted a large set of case studies on IT governance performance of financially top-

performing organizations. Their research method and the findings from more than 250 

organizations were published in a book that is perhaps the most widely cited work in the 

field today [34]. Weill & Ross defined IT governance performance as the effectiveness of 

IT governance in delivering four objectives weighted by their importance to the enterprise, 

c.f. Table 3. Though simple and sometimes criticized therefore [29], Weill & Ross’ IT gov-

ernance performance definition is straightforward, easy to use and well-recognized. It has 

therefore been widely used by researchers and practitioners for benchmarking purposes 

[1][3][9][30]. 

3 EMPIRICAL DATA 

The IT governance performance predictions discussed in this paper is based on empirical 

data from 35 organizations. Due to the nature of the study, organizations could not be 

randomly selected, but instead had to be chosen based on their willingness to participate 

and on their geographic location. However, significant effort was put into finding organiza-

tions from a wide range of industries and of different sizes to make the results as general as 

possible. 

In total, 13 case study investigators conducted 158 interviews and collected results from 60 

surveys in 37 organizations throughout the study, c.f. Table 8. Two organizations decided 
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to drop the study without finishing, resulting in 35 useable cases. About 50% of the organi-

zations were multinational with offices in several countries, all having headquarters in 

Europe. The number of employees in the investigated organizations spans from 10 to over 

50000 with a median value of 2000. The revenue ranges from 1 M€ to 480 B€, with a me-

dian of 0.46 B€. All studies were carried out in 2007 and 2008, except for one of the pilot 

case studies that was made in 2006. The findings were validated in 15 interviews with IT 

governance experts. 

4 BAYESIAN NETWORKS 

Friedman describes a Bayesian network, B=(G, P), as a representation of a joint probability 

distribution, where G=(V, E) is a directed acyclic graph consisting of vertices, V, and 

edges, E [6]. The vertices denote a domain of random variables X1,…, Xn, also denoted 

chance nodes. Each chance node, Xi, may take on a value xi from the finite domain 

Val(Xi). The edges denote causal dependencies between the nodes, i.e. how the nodes 

relate to each other. The second component, P, of the network B, describes a conditional 

probability distribution for each chance node, P(Xi), given its parents Pa(Xi) in G. It is 

possible to write the joint probability distribution of the domain X1,…, Xn using the chain 

rule of probability, in the product form: 

n

i

iin XPaXPXXP
1

1 |,...,  

In order to specify the joint distribution, the respective conditional probabilities that appear 

in the product form must be found. The second component P describes distributions 

ii XpaxP |  for each possible value xi of Xi, and pa(Xi) of Pa(Xi), where pa(Xi) is the set 

of values of Pa(xi). These conditional probabilities are represented in matrices, here on 

called conditional probability matrices (CPMs).Using a Bayesian network, it is possible to 

answer questions such as what is the probability of X = x1 given that Y = y2 and Z = z1. An 

example of a Bayesian network and a CPM representing the chance nodes X, Y, and Z and 

how these relate is shown in Figure 2. The CPM next to the network answers the question 

121 ,| zyxP  stated above. More comprehensive treatment on Bayesian networks can be 

found in e.g. [14][27][24][21].  

The generic process for constructing Bayesian networks consists of the three steps for 

defining the nodes, the relations and the conditional probability matrices. These are de-

scribed in the context of IT governance performance prediction in the following sections. 
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5 DEFINING THE NODES 

The concept of IT governance as consisting of processes, activities, roles, documents and 

metrics was adopted from COBIT. The use of processes to describe an IT organization is 

commonly employed in many frameworks, e.g. COBIT and ITIL, and is also used in the 

herein proposed approach. Further, each process contains one or more activities, which 

represent the actual content of the work performed within the IT organization. The docu-

ments correspond to process inputs and outputs as stated in COBIT. Metrics are used to 

monitor the execution of each process, and a representation for metrics monitoring is also 

incorporated. 

 Table 2. Four node types describe each IT process in the Bayesian network. Each node type can be assigned maturity 

levels ml0-ml5 according to the legend. 

Maturity 

Level (ml) 0 1 2 3 4 5 

Node type A:  
Activity 
execution 

 

No awareness of 

the importance of 

issues related to 

the activity. No 

monitoring is 

performed. No 

documentation 

exists. No 

activity 

improvement 

actions take 

place 

Some awareness of 
the importance of 
issues related to the 
activity. No 
monitoring is 
performed. No 
documentation exists. 
No activity 
improvement actions 
take place. 

Individuals have 
knowledge about 
issues related to the 
activity and take 
actions accordingly. 
No monitoring is 
performed. No 
documentation 
exists. No activity 
improvement 
actions take place. 

Affected personnel 
are trained in the 
means and goals of 
the activity. No 
monitoring is 
performed. Documen-
tation is present. No 
activity improvement 
actions take place. 

Affected personnel 

are trained in the 

means and goals of 

the activity. 

Monitoring is 

performed. 

Documentation is 

present. The 

activity is under 

constant 

improvement. 

Automated tools 

are employed in a 

limited and 

fragmented way 

Affected 

personnel are 

trained in the 

means and goals 

of the activity. 

Monitoring is 

performed. 

Documentation 

is present. 

Automated 

tools are 

employed in an 

integrated way, 

to improve 

quality and 

effectiveness of 

the activity 

Node type M: 

Metrics moni-

toring 

0 % 20 % 40 % 60 % 80 % 100 % 

Node type D: 

Documents in 

place 

0 % 20 % 40 % 60 % 80 % 100 % 

Node type R: 

Responsibility 

assignment 

No relations 

exist 

Responsible or 

Accountable 

relations exist. 

Responsible or 
Accountable 
relations exist. At 
least 40 % or 
relations in line 
with COBIT. 

Responsible or 
Accountable relations 
exist. At least 40 % 
or relations in line 
with COBIT. 

Responsible or 

Accountable 

relations exist. At 

least 80 % of 

relations in line 

with COBIT. 

Responsible or 

Accountable 

relations exist. 

100 % of 

relations in line 

with COBIT. 
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Y Z

X
y 1 y 2 y 3 y 1 y 2 y 3 y 1 y 2 y 3

x 1 P(x1 | y1,z1) P(x1 | y2,z1) P(x1 | y3,z1) P(x1 | y1,z2) P(x1 | y2,z2) P(x1 | y3,z2) P(x1 | y1,z3) P(x1 | y2,z3) P(x1 | y3,z3)

x 2 P(x2 | y1,z1) P(x2 | y2,z1) P(x2 | y3,z1) P(x2 | y1,z2) P(x2 | y2,z2) P(x2 | y3,z2) P(x2 | y1,z3) P(x2 | y2,z3) P(x2 | y3,z3)

x 3 P(x3 | y1,z1) P(x3 | y2,z1) P(x3 | y3,z1) P(x3 | y1,z2) P(x3 | y2,z2) P(x3 | y3,z2) P(x3 | y1,z3) P(x3 | y2,z3) P(x3 | y3,z3)

z 2 z 3

Y

X

Z z 1

 

Figure 2. A Bayesian network and the conditional probability matrix for the chance node X given Y and Z. 

The concept of roles being responsible, accountable, consulted or informed on the execu-

tion of different activities is also incorporated. The role representation features the distinc-

tion between executives, business and IT as stated by Weill & Ross and in the Val IT 

framework [34][13], but also employs IT operations and audit roles taken from COBIT 

[12]. Indicators for IT governance maturity, as seen from IT’s viewpoint, can be obtained 

by gathering information on the above mentioned entities for each IT process. Then, the 

activity execution (A), metrics monitoring (M), documents in place (D), and the responsi-

bility assignment (R) can be evaluated [28]. The latter are represented as chance nodes in 

the Bayesian network for IT governance performance prediction. The nodes are assigned 

maturity levels according to Table 2.For instance, the Bayesian network representation of 

the COBIT process AI6, ―Manage changes‖, consists of the nodes AI6_A, AI6_M, AI6_D, 

and AI6_R. The maturity of each node is determined according to the scale presented in 

Table 2. If, for process AI6, more than 20% of the documents mentioned in COBIT are in 

place, the node AI6_D is given the maturity level ml1. The entire IT organization is repre-

sented by means of 136 different nodes, i.e. four IT governance maturity indicators for 

each of COBIT’s 34 processes. 

Table 3. Weill & Ross‟ IT governance performance objectives are used in the Bayesian network [34]. 

Q1. How important are the following outcomes of 

your IT governance, on a scale from 1 (not impor-

tant) to 5 (very important)? 

Cost effective use of IT 

Effective use of IT for growth 

Effective use of IT for asset utilization  

Effective use of IT for business flexibility 

Q2. What is the influence of IT governance in your 

business on the following measures of success, on a 

scale from 1 (not successful) to 5 (very successful)? 

Cost effective use of IT 

Effective use of IT for growth  

Effective use of IT for asset utilization 

Effective use of IT for business flexibility 

As mentioned earlier the purpose of the Bayesian network is not solely to study the IT 

organization in terms of controllable maturity indicators. The main goal is to predict the 

uncontrollable business perception of IT governance performance by studying the control-

lable IT governance maturity indicators, cf. Figure 1. 

Weill & Ross have previously determined IT governance performance in 250 top perform-

ing organizations by letting senior management rate the importance of a few objectives, cf. 

Table 3 [34]. The same objectives have been used in the research presented here. Weill & 

Ross’ objectives were aggregated and transformed into performance levels pl0-pl5 for the 

node ITG_Performance according to Formula 1. Please also refer to Table 2. 
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6 DEFINING THE RELATIONS 

In order to use a Bayesian network for predictions, not only knowledge about different 

nodes and their maturity levels or intrinsic performance levels is needed. It is also necessary 

to define how the nodes are related. According to previous research, the processes in CO-

BIT well delimit the scope of the work performed by the IT organization [28]. The IT 

processes are controllable by IT management, and it is reasonable to believe that the ma-

turity of an IT process is causally linked to the IT governance performance. The IT proc-

esses can be measured indirectly through analyzing the controllable activities, documents, 

metrics, roles and responsibilities, i.e. IT governance maturity indicators. There is a causal 

relation between the IT governance maturity indicators, and the IT processes. By determin-

ing only the maturity of one or more of the indicators as discussed in Section 4 (e.g. the 

nodes representing documents in place, PO1_D,…, ME4_D), the network can provide a 

prediction of IT governance performance. This is the idea behind the Bayesian network for 

prediction of IT governance performance, c.f. Figure 3. As a matter of fact, two separate 

IT governance maturity indicators or two IT processes are not necessarily independent. 

They may well co vary, hence the direction of the arrows in Figure 3. The strength of the 

causal relations in the network is mathematically described as CPMs. 

PO1_ITProcessMaturity 

ITG_Performance

ME4_ITProcessMaturity 

PO1_A PO1_M PO1_D PO1_R ME4_A ME4_M ME4_D ME4_R

...

 

Figure 3. The Bayesian network for IT governance maturity prediction features 34 IT Process Maturity nodes ranging 

from PO1 to ME4 [12]. 

7. DEFINING THE CONDITIONAL PROBABILITY 

MATRICES 

The conditional probability matrices define the chance nodes in the Bayesian network for 

IT governance performance prediction. In order to do so, the network must be learned, i.e. 
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the parameters in the matrices need to be determined. The basic approach for this is to 

collect empirical data for the nodes by conducting case studies. Then, Bayesian network 

learning algorithms can e used to assign the parameters to the matrices. 

7.1 REQUIREMENTS ON METHODS FOR LEARNING BAYESIAN NET-

WORKS 

There are several methods for learning Bayesian networks. This subsection briefly presents 

requirements for evaluation of four such methods. 

The amount of data sets that the network can learn from is often limited. Therefore, the 

learning method must be able to obtain representable conditional probabilities based on a 

fairly small number of datasets. As shown in Figure 3, the structure of the network has 

already been determined and a learning method should not change it. In other words, the 

user herself should be able to choose network structure. The desired ability to learn condi-

tional probabilities without changing the structure of the network is denoted parameter 

learning. Finally, it is deemed that the output of the method should be a conditional prob-

ability matrix. 

7.2 EVALUATION OF METHODS FOR LEARNING BAYESIAN NET-

WORKS 

Four methods were evaluated, including the Expectation Maximization (EM), B-Course, 

Path Condition (PC), and the Necessary Path Condition (NPC) algorithms. The evaluation 

is focused on the requirements presented in the previous subsection, namely support for 

learning from a limited number of data sets, parameter learning, user choice of structure, 

and method outcome. 

The most common method for learning Bayesian networks with statistical data is called the 

EM algorithm [5][17]. The main disadvantage with EM learning is that, when using only a 

small number of datasets, the learning will result in conditional probability matrices with 

zero entries. This means that if a set of values has not appeared in any of the learning cases, 

the set cannot be used for prediction. 

B-course is a web-based online data analysis method  that allows the user to analyze data 

for multivariate probabilistic dependencies [20]. The outcome of the method is a Bayesian 

network structure with learned conditional probability matrices. The main drawback with 

this method is that it learns the structure from data. It is not possible to force an already set 

structure upon B-course and only learn the parameters of the variables. B-course also re-

quires large number of datasets to provide useable conditional probability matrices. 

The PC algorithm is a constraint-based learning algorithm. This means that the algorithm 

uses statistical tests to derive a set of conditional independent and dependent statements, 

and learns the structure of a Bayesian network. The NPC algorithm is an enhancement of 

the PC algorithm which intends to bridge the latter’s deficiencies in learning from small 
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number of data sets. Both algorithms have the disadvantage that their outcomes are struc-

tures and not CPMs [19].  

To summarize, the main requirement is that the method should be able to learn parameters 

based on collected data, which excludes the PC and NPC algorithms. Since data collection 

in the case of IT governance performance prediction is made through case studies, a key 

requirement is the limited amount of data sets available. Neither the EM algorithm nor B-

course addresses this issue. The result of the evaluation of the methods is visualized in 

Table 4. Linear regression is a commonly used method for prediction of the outcome of 

one variable based on the information of other variables [2][31]. It may thus also be appro-

priate for learning conditional probability matrices in Bayesian networks. The main weak-

ness of this approach is that the outcome of a linear regression is not a conditional prob-

ability matrix, but rather an equation y=ax+b. However, if the outcome of linear regression 

could be translated into a CPM, the approach would be appropriate for our purposes. 

Table 4. A comparison of different learning approaches for Bayesian networks. 

Method / 

Requirement 

EM  

Algorithm 

B-Course PC  

Algorithm 

NPC 

Algotithm 

LCPMG 

Support for 

learning from a 

limited number 

of data sets 

   √ √ 

Parameter learn-

ing 

√ √   √ 

User choice of 

structure 

√    √ 

Method outcome CPM CPM & 

Structure 

Structure Structure CPM 

7.3 THE LINEAR CONDITIONAL PROBABILITY MATRIX GENERATOR 

Unfortunately, no linear learning approach with conditional probability matrices as out-

come exists in the readily available tools for Bayesian statistics. Therefore, the Linear Con-

ditional Probability Matrix Generator (LCPMG) was developed. In general, LCPMG takes 

into account gathered observation data, processes it, and returns a conditional probability 

matrix made with an assumption of linearity in the input data. The generator works accord-

ing the following steps: 

Observations on a quantitative scale of measurement are made and a structure is decided 

upon. Assume 20 simultaneous observations of the variable X  and Y . The nodes X  and 
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Y are causally related to one another in the network, X affecting Y . The observed values 

are on a continuous scale 5...0ix  and 5...0iy . 

A linear regression on the observations is performed according to standard procedures 

[2][31]. The result is an equation baXYestimate
, where a and b are scalar constants. The 

residuals constitute the difference between the linear approximation that is fitted to the 

observations
ii YX , , and the actual observations 

estimateYYR . The standard deviation S 

of the residuals, an approximation of the certainty with which the linear approximation is 

made, is calculated. The purpose of the LCPMG is to generate a discrete CPM from a 

continuous linear approximation 
estimateY . In order to do that, six different ranges for yi are 

created, given that: 

5,4,3,2,1,0ix , 5.55.45.35.25.15.05.0 543210 yyyyyy .  

Based on the linear approximation and the standard deviation S, the probability mass P(yi | 

xi) in each cell of the CPM is calculated, c.f. Table 5. The total probability 
1)|(

5

0

y

y i xyP
 for 

each 5,4,3,2,1,0x . As an example, if the linear approximation is 15.0 xyestimate
, and the 

standard deviation for the residual vectors equals 5.0 , this corresponds to P(
2y |

2x ) = 

68.27 % [2][31]. In summary, the LPCMG has now transformed two arrays with observa-

tions on a continuous scale, to a CPM describing the causal relation between two nodes in 

a Bayesian network. 

Table 5. The CPM is created from a continuous linear approximation. Each cell holds  

the probability mass for P(Y | X) 

.

x 1 x 2 x 3

y 3 P(y3 | x1) P(y3 | x2) P(y3 | x3)

y 2 P(y2 | x1) P(y2 | x2) P(y2 | x3)

y 1 P(y1 | x1) P(y1 | x2) P(y1 | x3)

X

Y

 

Returning to the requirements on methods for learning Bayesian networks and comparing 

the LCPMG to other already available methods one finds that the LCPMG fulfills all four 

requirements. Table 4 shows a final comparison of some common learning approaches for 

Bayesian networks and the here proposed LCPMG. 

7.4 USING LCPMG FOR CREATION OF A BAYESIAN NETWORK FOR 

IT GOVERNANCE PERFORMANCE PREDICTION 

The LCPMG is suitable for generating the CPMs of nodes that are linearly related to one 

another. In the case of IT governance maturity prediction, the Bayesian network has got 

three hierarchical levels, c.f. Figure 3. The first level contains the measureable, yet not 

controllable IT governance performance node. The second level contains 34 IT process 
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nodes that are controllable, but not measureable. On the third level, 136 measureable and 

controllable IT governance maturity indicator nodes reside, cf. Table 2. The CPMs of all 

nodes at all levels must be defined, and the LCPMG can be applied stepwise in order for 

the network to learn the CPMs. 

The first step is to calculate the regressions for all IT governance maturity indicator nodes 

and the IT governance performance node. The regressions are then used to assign normal-

ized weights wi to each of the four node types; activities, metrics, documents and responsi-

bilities.  

 
CPM for PO4 and ITG_Performance (rounded) 

 pl0 pl1 pl2 pl3 pl4 pl5 

ml5 0,01 0,01 0,01 0,02 0,06 0,17 

ml4 0,01 0,01 0,04 0,13 0,26 0,39 

ml3 0,03 0,10 0,22 0,35 0,40 0,33 

ml2 0,19 0,32 0,40 0,35 0,23 0,10 

ml1 0,42 0,39 0,27 0,14 0,05 0,01 

ml0 0,35 0,18 0,07 0,02 0,01 0,01 

ITG_Performance =  0.60*PO4 + 0.69, S = 0.96 
 

Figure 4. Calculations of IT process PO4‟s maturity and observations of ITG_Performance (small dots), the linear 

approximation of the relation between them, and how these fit into the CPM (colored bubbles). The resulting CPM is 

shown to the right. S denotes the standard deviation of the residuals [2][31]. 

The maturity for an IT process, mp, can then be calculated as 

prpdpmpap rmlwdmlwmmlwamlwm _*_*_*_*  for each of the N*34 IT 
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processes, N representing the number of different observations made. LCPMG is then 

used to determine the CPMs for each of the 34 IT process nodes, based on the mp:s and 

the ITG_Performance node. Then, the LCPMG is used to determine the CPMs for each of 

the 136 maturity indicator nodes, based on maturity levels for the maturity indicators, and 

the mp:s. Finally, the prior of the ITG_Performance node is set by analyzing the occurrence 

of each one of the possible levels pl0-pl5. If only small datasets have been used in order for 

the Bayesian network to learn, all levels of ITG_Performance have perhaps not been ob-

served. This can be corrected for by using Laplace’s estimation, i.e. add 1 to the number of 

observations assigned to each state [21]. In this way, no zeros will be present in the result-

ing CPM and it is thus resulting in a better and more smoothly predicting Bayesian net-

work.   

 

Figure 5. IT governance performance predictions for the current organization and the two change scenarios. The bar 

charts, showing the probability of occurrence for each state of ITG_Performance, are created using the GeNIe tool, 

http://genie.sis.pitt.edu/. 

 

Figure 4 shows observations for Y = PO4 (Define the IT processes, Organization and 

Relationships) and X = ITG_Performance, the linear approximation and a graphic repre-

sentation of the probability mass for each cell in the CPM. The darker red the color of a 

bubble, the higher the probability mass P(yi|xi) of the corresponding cell in the CPM. 

8 APPLICATION OF THE BAYESIAN NETWORK 

– AN EXAMPLE 

This section illustrates how the Bayesian network for IT governance performance predic-

tion can be used in a decision-making situation for an IT manager. Let us assume a mu-

nicipality. Even though the IT department within the municipality feels comfortable about 

providing good services, the head of municipality is dissatisfied with the IT department’s 

level of flexibility towards change. The municipality CIO faces the problem of improving 

the IT governance performance, which lies beyond his domain of control, but the values of 

the nodes representing IT governance maturity indicators can be changed, cf. Figure 1. 

Two different change scenarios that might impact the IT governance performance in a 

positive way are created: 
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 Improve the level of documentation in the entire IT organization, i.e. raising the 
documentation maturity level one step for all IT processes PO1_D, PO2_D,…, 
ME4_D. 

 Focus improvements on a few critical IT processes, i.e. raising the maturity of ac-
tivities, metrics, documentation, and relations two levels for the selected IT proc-
esses AI2, AI3, AI6, and DS10. 

The Bayesian network for IT governance performance prediction has already learned from 

several, similar organizations before. By interviewing key IT stakeholders in the municipal-

ity, such as IT managers, IT operations personnel and IT auditors, the current IT govern-

ance performance can be represented in the Bayesian network. Changes according to each 

of the scenarios are then inserted into the network. The resulting predictions for IT gov-

ernance performance, showing that the second change scenario has a larger impact on the 

IT governance performance, are displayed in Figure 5. Such graphs can serve as decision 

making support on IT governance performance issues.  

9 DISCUSSION & CONCLUSIONS 

As of June 2008, 158 interviews have been conducted within in 35 different organizations 

in order to collect data from a variety of industries, including banks, the public sector, 

telecommunications, electric utilities and manufacturing. The LCPMG has been applied 

upon the collected data in order for the Bayesian network for IT Governance Performance 

to learn. In spite of the variety of empirical data, correlations between IT governance per-

formance and IT governance maturity indicators are clearly visible, and the Bayesian net-

work is usable for making predictions. Based on the current sets of data it seems that the 

maturity indicators that most strongly correlate with IT governance performance do not 

differ among industries.  

In summary, this paper has been discussing the use of Bayesian networks for prediction of 

IT governance performance. Such information can be used to make well-informed deci-

sions on IT governance, e.g. selecting between two different change scenarios. The Linear 

Conditional Probability Matrix Generator, LCPMG, is proposed as a way for Bayesian 

networks to learn from small datasets.  

Last but not least, the authors would like to thank Professor Stefan Arnborg, Royal Insti-

tute of Technology, Stockholm, Sweden, for his valuable input on the nature of Bayesian 

statistics. 
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ABSTRACT 

It is important to ensure that the IT governance is not only designed to achieve internal efficiency in the IT 

organization, such as deploying good IT processes and making sure that the means and goals are docu-

mented. The final goal of good IT governance is rather to provide the business with the support needed in 

order to conduct business in a good manner. This paper describes the IT Organization Modeling and As-

sessment Tool (ITOMAT) and how it can be used for IT governance decision making. ITOMAT consists 

of an enterprise architecture metamodel that describes IT organizations. ITOMAT further contains a 

Bayesian network for making predictions on how changes to IT organization models will affect the IT 

governance performance as perceived by business stakeholders. In order to make such predictions accurately, 

the network learns from data on previous experience. Thorough case studies at 20 different companies have 

been conducted in order to calibrate the network. Finally, the paper describes a case study where ITOMAT 

was used to analyze the future impact of two IT organization change scenarios in a medium sized engineer-

ing company. 

Keywords: IT governance, IT organization, Enterprise Architecture, modeling, metamodel 
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1 INTRODUCTION 

One of the most common approaches to IT management today is enterprise architecture. 

Enterprise Architecture (EA) is a model-based approach to IT management that encom-

passes architecture descriptions of business, information, applications and infrastructure of 

an organization. The basic idea is that instead of changing information systems and their 

surrounding business using trial and error, models are used to analyze the future behavior 

of potential scenarios. Enterprise architecture is currently focusing on the business organi-

zation, its processes, and their relations to information systems and execution platforms. It 

is however, quite surprisingly, not very concerned with modeling how the IT organization 

is structured and governed. IT governance emerged in the nineties and denotes how the IT 

organization is managed. It provides mechanisms that enable the development of inte-

grated business and IT plans, allocation of responsibilities within the IT organization, and 

prioritization of IT initiatives [5], [13], [14] ,[18], [26].  

It is important to ensure that IT governance is not only designed to achieve internal effi-

ciency in the IT organization, such as deploying good IT processes and making sure that 

the means and goals are documented. Current frameworks and methods providing IT 

governance decision support mainly propose how the IT organization should be structured 

according to best practice. They do not take into account how changes made to the IT 

organization are perceived from a business point o view as increased or decreased IT go-

vernance. This article describes the IT Organization Modeling and Assessment Tool 

(ITOMAT) which is an IT governance decision support tool based on enterprise architec-

ture models. The article is organized according to the following structure: Section 2 

presents related works on IT governance. Section 3 describes ITOMAT, including the 

metamodel and the framework for assessment and prediction. Section 4 presents a case in 

which ITOMAT predicts IT governance performance in a medium size engineering com-

pany. The paper ends with discussion, conclusions and references. 

2 RELATED WORKS 

Much work is today available on the topic of enterprise architecture. Most prominently, 

there are a number of EA frameworks that support IT decision makers. These frameworks 

encompass support with for instance what models, or views, that should be developed over 

enterprises [1], [153], [30] what methods to use for planning the road ahead [25], [26] as 

well as reference models of business and IT entities [4]. The suitability of these frame-

works, and specifically available metamodels, depends on the purpose for using them. 

Depending on the concerns of the decision maker the correct view point needs to be cho-

sen or developed [14]. Security concerns for instance require a different set of models as 

compared to modifiability or functional alignment. The relation between management 
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concerns and suitable viewpoints is not obvious. A closer examination reveals that when it 

comes to IT organization structure and IT governance, enterprise architecture is providing 

only sparse support for decision making [16].  

Several, non-enterprise architecture, frameworks for IT governance decision making exist. 

Weill & Ross [25] developed an IT governance framework based on just a few questions 

that can be used to assign responsibilities for high level IT decision making. This work 

however gives no guidance on how the IT organization should actually transform theory 

into practice. The IT Infrastructure Library (ITIL) supports implementation of processes 

related to delivery and support [16] and also details establishment and maintenance of 

service level agreements. ITIL has historically provided little support for strategic IT con-

cerns. However, this has been improved in recent ITIL v3 publications [22]. Given ITIL’s 

massive support from practitioners, the ITIL v3 will probably gain importance also for 

high level IT governance concerns in the future. Currently, however, the Control Objec-

tives for Information and related Technology (COBIT) is the most widely used framework 

for IT governance improvement, risk mitigation, IT value delivery and strategic alignment 

maturity assessments [2], [3], [4], [6], [17], [24]. The COBIT framework was first published 

by the IT Governance Institute, ITGI, in 1998 [8]. It describes the IT organization by 

means of 34 processes, within four domains: Plan & Organize, Acquire & Implement, 

Deliver & Support, and Monitor & Evaluate. A recent addition to COBIT is the Val IT 

framework, taking IT governance onto a higher level of abstraction by providing general 

directions on how to manage IT from a business point of view [12]. In a previous publica-

tion, it was concluded that neither one of the existing frameworks fully supported require-

ments or validity, reliability and cost of assessment [23]. Nor do they incorporate a model-

ing approach. It is thus difficult to integrate the IT governance frameworks with enterprise 

architecture oriented IT management initiatives. Based on the above discussion, we decided 

to develop a new tool. It would be based on the strengths of COBIT, Val IT, and Weill & 

Ross frameworks, yet improving legibility of IT governance description, separating model-

ing from analysis, and adding a possibility to predict IT governance performance of differ-

ent scenarios. This work is summarized in the ITOMAT. 

3 THE IT ORGANIZATION MODELING AND AS-

SESSMENT TOOL 

The ITOMAT is an enterprise architecture decision support tool created in order to be 

able to select rationally between different scenarios for IT governance. This section intro-

duction presents the different steps involved in such IT governance decision making, c.f. 

Fig. 1., and how it is supported by ITOMAT, c.f. Fig. 2. 
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1. Create As-is Model of Current IT Organization  
This first step concerns the development of a model of the current IT organization. 

The result is an as-is model that follows a predefined metamodel, c.f. Fig. 2Fig. 3. The 

metamodel, further explained in section III.a,  prescribes what entities and relations 

that are allowed in the model. It also includes several IT governance maturity indica-

tors.  

2. Identify Change Scenarios 
As a second step, a number of possible future scenarios of the IT organization are 

modeled according to the same metamodel as mentioned in step 1. In order to identify 

these scenarios IT managers or business managers are surveyed.  

 

Fig. 1 Workflow for IT governance decision making using enterprise architecture scenarios 

3. Predict IT Governance Performance 
So far, only descriptive models have been developed. As a third step a normative evalu-

ation is conducted. ITOMAT’s evaluation framework that predicts the different change 

scenarios’ outcome in terms of an overall IT governance performance indicator is used 

for this purpose, c.f. Fig. 2Fig. 3. IT governance performance is further explained in 

section 3.2. The predictive ability of the ITOMAT is based on the experience from 

previous case studies on several other enterprises, which is further explained in section 

3.3. 

4. Decide on To-be Scenario 
The previous step results in a prediction value of the IT governance performance of 

each developed scenario. This thus provides the decision maker with an estimate of the 

overall ―goodness‖ of a scenario. Ceteris paribus the scenario with the highest goodness 

value is the rational choice. IT organization decision making cannot be simplified into 

an automated process since there are many other aspects that might influence the 

choice of scenario such as the cost of implementation, the time for implementation, the 
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uncertainty of the goodness value. Whatever the choice is then the target to-be scenario 

for the enterprise.  

5. Implement To-be Scenario 
The four steps above describe a strategic planning exercise. In order to achieve the 

benefits of the new organization, the to-be scenario also has to be implemented in reali-

ty. This is however out of the scope for the ITOMAT and is not further elaborated 

here. 

 

Fig. 2. ITOMAT contains two fundamental cornerstones: Firstly, there is a metamodel that defines how the IT 

organization is modeled in the as-is model and the change scenarios. Secondly, there is an assessment and prediction 

framework that calculates an estimated value of the IT governance performance from a scenario model (given previous 

statistical data). 

 

Fig. 3. The ITOMAT metamodel. 

3.1 ITOMAT’S IT ORGANIZATION METAMODEL 

It was decided to base ITOMAT’s metamodel for IT organization scenarios on COBIT, as 

the framework provides the most relevant and detailed support for IT governance [23]. 

The full ITOMAT metamodel is shown in Fig. 3Fig. 3. COBIT’s definition of IT gover-
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nance as consisting of processes, activities, roles, documents and metrics was adopted. The 

use of processes to describe an IT organization on the highest level is commonly employed 

in many frameworks, and is also used in the herein proposed metamodel. Further, each 

process contains one or more activities, which represent the actual content of the work 

performed within the IT organization. The documents correspond to process inputs and 

outputs as stated in COBIT. Metrics are used to monitor the execution of each process, 

and therefore a representation for metrics monitoring is included. The concept of roles 

being responsible, accountable, consulted, or informed on the execution of different activi-

ties is also incorporated. 

Table 1. Four maturity indicators describe the maturity of each IT process in ITOMAT. Each 

maturity indicator can be assigned maturity levels ml0-ml5 according to the legend. 

Maturity 
Level 
(ml) 

Activity execution (A) 

 

Metrics 
monitoring 
(M) 

Docu-
ments in 
place (D) 

Responsibili-
ty assignment 
(R) 

0 
No awareness of the importance of issues 
related to the activity. No monitoring is 
performed. No documentation exists. No 
activity improvement actions take place. 

0 % 0 % No relations exist 

1 
Some awareness of the importance of 
issues related to the activity. No monitor-
ing is performed. No documentation 
exists. No activity improvement actions 
take place. 

20 % 20 % Responsible or 
Accountable 
relations exist. 

2 
Individuals have knowledge about issues 
related to the activity and take actions 
accordingly. No monitoring is performed. 
No documentation exists. No activity 
improvement actions take place. 

40 % 40 % Responsible or 
Accountable 
relations exist. At 
least 40 % or 
relations in line 
with COBIT. 

3 
Affected personnel are trained in the 
means and goals of the activity. No 
monitoring is performed. Documentation 
is present. No activity improvement 
actions take place. 

60 % 60 % Responsible or 
Accountable 
relations exist. At 
least 60 % of 
relations in line 
with COBIT. 

4 
Affected personnel are trained in the 
means and goals of the activity. Monitor-
ing is performed. Documentation is 
present. The activity is under constant 
improvement. Automated tools are 
employed in a limited and fragmented way 

80 % 80 % Responsible or 
Accountable 
relations exist. At 
least 80 % of 
relations in line 
with COBIT. 

5 
Affected personnel are trained in the 
means and goals of the activity. Monitor-
ing is performed. Documentation is 
present. Automated tools are employed in 
an integrated way, to improve quality and 
effectiveness of the activity 

100 % 100 % Responsible or 
Accountable 
relations exist. 100 
% of relations in 
line with COBIT. 

 

The role representation has been simplified from COBIT and features executives, business 

and IT as stated in Weill & Ross’ book  and the Val IT framework, but also employs IT 

operations and audit roles taken from COBIT [7], [12], [25]. COBIT’s structure with IT 

governance maturity levels for processes has been adopted. The exact assignment of matur-

ity levels have though been changed according to Table 1 due to reasons discussed in [23]. 

In relation to the metamodel, maturity is represented as maturity indicators based on the 
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entities activities, documents, metrics and responsibilities. Maturity of processes is assigned 

as aggregates of maturity indicators [24]. 

 3.2 DEFINITION OF IT GOVERNANCE PERFORMANCE  

The term IT governance performance is used in this article to describe the ―goodness‖ or 

effectiveness of an enterprise’s IT organization as a whole and as perceived from a business 

point of view, c.f. Fig. 4. A first assumption is perhaps that this performance metric is 

defined by all the internal maturity indicators of the IT organization; i.e. top values for 

internal maturity indicators implies top IT governance performance. This is however not 

necessarily true; an internally very efficient IT organization is not per definition also effec-

tive as perceived by the business. Moreover it would be impossible to prove such a frame-

work wrong since it per definition always is calculating the correct value. Instead we need 

to have another, separate, definition of the IT governance performance. Weill and Ross 

[25] have previously determined IT governance performance in 250 top performing organ-

izations by means of two objectives, c.f. Table 2. Senior management was asked to position 

themselves against the objectives, which were then aggregated into a single performance 

value. The ITOMAT uses the same aggregation philosophy and uses performance levels 

labeled pl0-pl5. Formula (1) below is used. This IT governance performance metric is mea-

surable, but it is not directly controllable by IT management. Rather, it is to be considered 

as a consequence of the IT processes and their underlying implementation. We now as-

sume that there is a causal relation between the internal IT governance maturity indicators 

and the external IT governance performance metric. The following subsection details how 

ITOMAT predicts the uncontrollable business perception of IT governance performance 

by studying the controllable IT governance maturity indicators, c.f. Fig. 4. 

 

 

Fig. 4. IT governance performance, as seen from the business viewpoint, is affected causally by IT governance maturity 

indicators and the maturity of IT processes. Only the latter two are however controllable by IT. 
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Table 2.Representation of IT governance performance in ITOMAT [25]. 

Q1. How important are the following outcomes of 

your IT governance, on a scale from 1 (not impor-

tant) to 5 (very important)? 

Cost effective use of IT 

Effective use of IT for growth 

Effective use of IT for asset utilization  

Effective use of IT for business flexibility 

Q2. What is the influence of IT governance in your 

business on the following measures of success, on a 

scale from 1 (not successful) to 5 (very successful)? 

Cost effective use of IT 

Effective use of IT for growth  

Effective use of IT for asset utilization 

Effective use of IT for business flexibility 

1
1

2*1
25.1_

4

1

4

1

n n

n nn

Q

QQ
ePerformancITG  (1) 

3.3 CAUSAL IMPACT ON IT GOVERNANCE PERFORMANCE 

As presented in section 3.1 the IT organization is ascribed with a number of different in-

ternal maturity attributes: quality of activities, quality of monitoring, quality of documenta-

tion, and quality of role assignment. Now, it is reasonable to believe that these IT gover-

nance maturity indicators are correlated with the external IT governance performance. 

However, not all will probably have the same impact on the IT governance performance, 

so in order to be an efficient evaluation and prediction framework the ITOMAT needs to 

know which indictors have a stronger correlation with the performance. The fundamental 

formalism for this framework is a Bayesian network in terms of an influence diagram. A 

more comprehensive treatment on the nature of Bayesian networks can be found in [11], 

[15]. Influence diagrams model causalities between different parameters by specifying con-

ditional probabilities between them. In this formalism the parameters assumes a probability 

distribution over a number of values. For instance, the maturity of an activity has a 70% 

probability of being value ml5, a 30% probability of being value ml4, and 0% probability of 

being values ml3 to ml0. In the same manner causality is expressed in terms of conditional 

probabilities: there is a certain probability that an affected parameter has a certain value 

given that some other parameters have certain values. Given that input parameters and 

conditional probabilities are known, the Bayesian network can be used to calculate predic-

tions of some output parameters.  

As a generic process for constructing Bayesian networks, three steps needs to be underta-

ken. Firstly, the parameters, illustrated as nodes, of importance need to be identified. Se-

condly, the causal relations, illustrated as edges, between the different parameters need to 

be determined. Thirdly, the exact conditional probabilities of these edges need to be de-

termined. In the ITOMAT, all internal maturity attributes of the IT organization metamo-

del are considered to be the fundamental nodes in the network. For instance, the represen-

tation of the COBIT IT process AI6, ―Manage changes‖, is defined by the nodes AI6_A 

(Activities), AI6_M (Metrics), AI6_D (Documents), and AI6_R (Responsibilities). The 
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maturity of each node is determined according to the scale presented in Table 1. If, for 

process AI6, more than 20% of the documents mentioned in COBIT are in place, the node 

AI6_D is given the maturity level ml1. The Bayesian network is presented in Fig. 5. Alto-

gether the entire IT organization is represented by means of 136 different nodes, so called 

IT governance maturity indicators, which together form the 34 IT processes detailed in 

COBIT. The network also contains a node for representing the IT governance perfor-

mance that we assume has a causal relation to the process’ respective maturity. The condi-

tional probabilities of the maturity of the different processes and IT governance perfor-

mance have been set according to correlation studies of previous cases, c.f. Fig. 6.  

PO1_ITProcessMaturity 

ITG_Performance

ME4_ITProcessMaturity 

PO1_A PO1_M PO1_D PO1_R ME4_A ME4_M ME4_D ME4_R

...

 

Fig. 5. The Bayesian network for IT governance performance prediction features 34 IT Process Maturity nodes ranging 

from PO1 to ME4, c.f. [7]. 

In the case studies, data has been collected of the IT governance performance as well as of 

large sets of the IT governance maturity indictors. As of today, November 2007, data from 

20 case studies conducted in a variety of organizations has been used in order to set the 

behavior of the network. The Bayesian network, its structure and relations, and how it has 

learned from the case study data is described more thoroughly in a previous publication 

[24].  

 

Fig. 6. Illustration of how the Bayesian network for the assessment and prediction framework learns from previous 

data. In the example, five case studies on different IT organizations are used in order for the Bayesian network to learn. 

The newly calibrated network can then be used to predict the IT governance performance in a sixth organization. The 

prediction graph has been created using the GeNIe tool [10]. 
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4 CASE STUDY: THE ENGINEERING COMPANY 

This section describes how ITOMAT has been applied in a decision making situation. The 

engineering and manufacturing company under evaluation has around 1500 employees in 

Sweden and several thousands worldwide. The centralized IT department is located in 

Sweden and employs 50 people, led by a CIO. IT service delivery has previously been 

conducted in a person-based way, but lately, a major endeavor has been to introduce role-

based management and operations. The as-is model is based on a case study spanning 

several interviews, and the change scenarios have been developed in collaboration with the 

Enterprise Architecture Director of the engineering company. The remaining subsections 

detail how ITOMAT was employed, according to the different steps previously described 

in section 3. 

4.3 CREATE AS-IS MODEL OF CURRENT IT ORGANIZATION 

Interviews were held with key IT stakeholders and business personnel in order to model 

the IT organization using the ITOMAT metamodel. The resulting as-is model is depicted 

in Fig. 7. Processes PO10, AI6 and DS9 are highlighted as examples of how the models 

look for all processes. In general, it could be concluded that the organization has a focus 

towards documentation of processes, activities and strategies, whilst following such docu-

mentation is not always the case. The as-is model reflects this by means of the large quanti-

ty of documents and the more modest activity execution maturities. Certainly, some me-

trics are continuously monitored, but for a number of processes (e.g. PO10, DS9) im-

proved monitoring and follow-up could easily be arranged. Summing up the maturity indi-

cators, Activities and Documents are generally more mature than Metrics and Relations. 

Maturity levels for processes typically range between ml2 and ml4.  
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Fig. 7. As-is model of the engineering company with processes PO10 (Manage projects), DS9 (Manage the configura-

tion) and AI6 (Manage changes) highlighted. 

4.4 IDENTIFY CHANGE SCENARIOS 

Today, many IT projects in the engineering company extend their time and cost constraints 

and often and the project scope is not initially very clear. The organization further suffers 

from a complex software and hardware infrastructure, which is difficult to manage in terms 

of handling ever present changes. There is however an understanding at the IT department 

that the organization needs to be more efficient in managing these concerns. By studying 

the as-is model and analyzing the deficiencies encountered, two change scenarios were 

created together with the Enterprise Architecture director of the engineering company. 

Both scenarios are feasible for implementation during next year and are up for discussion 

with the current CIO. Possible changes to the as-is model include introduction of an ITIL-

based support for change management and configuration management, and a closer con-
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trol and follow up of each IT project. The question is now to predict which one of the two 

change scenarios that would result in the highest IT governance performance in total. 

Change Scenario 1: ITIL Implementation 

The first scenario addresses problems with the current change management (AI6) and 

configuration management (DS9) processes. Although the desired workflow of the 

processes is accurately described, the guidelines are not always followed. By improving the 

maturity of these processes, in terms of implementing best practice from ITIL and monitor 

that the processes are strictly followed, it was the belief of the Enterprise Architecture 

director that the quality of IT service delivery would increase. The change scenario was 

modeled using the ITOMAT metamodel, c.f. Fig. 8. 

Change Scenario 2: Project Management 

An IT project model already exists within the engineering company, but is not employed to a 

large extent. In this change scenario, a new IT project steering group would be established in 

order to monitor ongoing IT projects and ensure timely delivery of the desired outcome of 

projects. These changes would take place in respect to the manage projects process (PO10). 

The change scenario was modeled using the ITOMAT metamodel, c.f. Fig. 9. 

 

Fig. 8. The ITIL implementation change scenario includes changes to the change management (AI6) and configuration 

management (DS9) processes. 
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Fig. 9. The project management change scenario includes changes to the manage projects process (PO10). 

Predict IT Governance Performance 

Once the two change scenarios were modeled, their respective IT governance performance 

was predicted using the framework described in section 3.3, c.f. results in Fig. 10. It was 

concluded that both scenarios are predicted to have a positive impact on the IT gover-

nance performance, but that scenario 1 comes out best. On the whole the impact of both 

scenarios is quite moderate, which is quite natural since changes have only been done on 

two respectively one process out of thirty four.  

 

Fig. 10. IT governance performance predictions for the as-is model and the two change scenarios. The performance 

graphs are created using the GeNIe tool [10] and show probability of each performance level to occur. 

4.5 DECIDE ON TO-BE SCENARIO 

The predictions can now be used as decision support for selecting which change scenario 

that will result in the best resulting IT governance performance. If both scenarios would be 

as costly and time consuming, change scenario 1 would be the better choice. In the case of 

the engineering company, the two scenarios were both considered to be manageable and 

affordable by the organization at the same time as they provide enough impact on the IT 

governance performance. As a result, both change scenarios were suggested to be imple-

mented by the EA director to the CIO.  



PAPER C 

83 

5 DISCUSSION AND CONCLUSION 

This paper describes an ongoing research project for predicting IT governance perfor-

mance, ITOMAT. An important factor for achieving credible results from the ITOMAT is 

to have much empirical material so that the underlying Bayesian network can be further 

refined. As of today, the predictions are based on data from 20 case studies ranging from 

municipalities, large banks, industrial companies and small consulting firms. When looking 

at this data the results for all these companies are surprisingly similar and until today no 

distinction between e.g. different industries has been made. Such differentiation will how-

ever be achieved in the future as more data is available with a more accurate predictions as 

a result. Nonetheless, ITOMAT already serves well in providing decision support for IT 

governance. By using the metamodel it is easy to create as-is models and change scenarios 

that well illustrate differences between scenarios. The framework for assessment and pre-

diction helps quantifying the IT governance performance of each model. This ensures that 

the changes made to the IT organization will result in the desired impact on the business 

stakeholders’ perception. The IT organization models further serve as an input to other 

types of enterprise architecture analyses wherefore much synergy and benefit can be 

achieved from them.  

To conclude, this paper presents how ITOMAT’s metamodel and its framework for as-

sessment and prediction can be used to support decision making on IT organization 

change scenarios. A case study at an engineering company is presented to illustrate how 

ITOMAT can be used in a real decision making situation. 
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ABSTRACT  

There are several best practice based frameworks that detail effective arrangements for the internal structure 

of an IT organization, including Control Objectives for Information and related Technology (COBIT) and 

the IT Infrastructure Library (ITIL). The Val IT framework and the framework for IT governance 

performance presented by Weill and Ross, on the other hand, address the external impact of the IT organi-

zation on the business.  

Even though it is reasonable to believe that there exists a correlation between the quality of the internal 

structure of an IT organization – labeled IT governance maturity, and the external impact of the same IT 

organization on the business – labeled IT governance performance, this has not been validated. This paper 

hypothesizes that such correlation exists. In order to test the hypothesis, findings from 35 case studies con-

ducted at organizations within financial services, manufacturing, telecommunications and public service are 

described.  

Statistical methods for analysis of correlation strength are applied to the collected data. The results confirm 

the hypotheses of positive correlation between IT governance maturity and IT governance performance. 

Among 34 reference IT processes describing the internal structure of the IT organization, clearly defined 

organizational structures and relationships, mature quality management and cost allocation show the strong-

est positive correlation to IT governance performance. The maturity of project management and service level 

management, as well as performance and capacity management show almost no correlation to IT governance 

performance. The findings can be used to improve current frameworks for IT governance, thus allowing 

enterprises to focus on IT concerns with strong impact on IT governance performance 

Keywords: IT governance, case studies, correlation 
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1 INTRODUCTION 

In this section, the background, purpose and outline of the paper are presented. 

1.1 BACKGROUND 

IT governance is defined as the structures, processes and relational mechanisms for the IT 

decision making in an organization (Van Grembergen, De Haes & Guldentops, 2004).  The 

concept IT organization is used in this paper to represent everybody that is involved in IT-

related decision making, so be it an IT department employee or a business manager acting 

as a stakeholder for IT. The highest decision making authority in an IT organization is 

called IT management. 

There is IT governance in every organization that deals with IT. However, the quality of 

the IT organization may differ between enterprises, depending on issues such as if rights 

and responsibilities are distributed over the appropriate people, if formalized processes for 

important tasks are implemented, and if appropriate documentation exists. We call this 

internal IT organization efficiency IT governance maturity. One might argue, however, that 

internal efficiency metrics of the IT organization are of moderate interest only; what really 

matters is the external effectiveness of services that the IT organization delivers to the 

business. We refer to this latter effectiveness as IT governance performance in this article. 

From a management perspective the situation is complicated by the fact that IT gover-

nance performance is not directly controllable. IT management can define and manage the 

internal structure of the IT organization but they can only hope that this in the end also 

leads to good IT governance performance as perceived by the business.  

Fortunately for IT management, it is reasonable to believe that an organization that dis-

plays a high IT governance maturity also benefits from a good IT governance performance. 

Even though Croteau & Bergeron (2001) concluded that little research had previously 

shown the existence of a direct link between IT governance and organizational perfor-

mance, some progress has been made. A number of studies have focused on finding differ-

ent linkages, e.g. Weill and Ross’ (2004) survey on how financially top-performing compa-

nies manage IT decision rights, Dahlberg & Lahdelma’s (2007) study on IT governance 

maturity and the degree of IT outsourcing, and De Haes & Van Grembergen’s (2008) 

research on IT governance and IT business alignment. The correlation of IT governance 

maturity and IT governance performance, however, has never been analyzed in detail.  
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1.2 PURPOSE 

The research presented in this article thus aims at testing the following research hypothesis: 

 

H1:  There exists a positive correlation between IT governance maturity and IT  
governance performance. 

 

This hypothesis is divided into several sub-hypotheses in the methodology section of this 

paper, where a number of potentially falsifying tests are also presented.  

1.3 OUTLINE 

The structure of the paper is as follows: First, the theoretical foundation for IT governance 

maturity and IT governance performance is presented. We then turn to describing the 

methodology of the research performed, and explain the different hypotheses and tests. 

Finally, the outcome of the tests, based on 35 case studies, is presented. The findings are 

discussed and validated in discussions with experts in the field. 

2 IT GOVERNANCE  

There are many ways to design organizations for insightful yet efficient decision making 

and the field has been thoroughly investigated for several decades (Cyert & March, 1963; 

Galbraith, 2002; Handel, 2003; March, 1994; March & Simon, 1958; Mintzberg, 1979; We-

ber, 1978). Transferred to the subset of the organizational theory that considers IT decision 

making, the general principles are still valid. IT governance deals with the structures, 

processes and relational mechanisms involved in IT decision making, and highlights IT’s 

business supportive, or business driving function (Luftman, 1996; Van Grembergen et al, 

2004; Weill & Ross, 2004).  

IT governance is a fairly new concept. It emerged in the nineties when Henderson, Venka-

traman and Loh first used the term to describe the complex array of interfirm relationships 

involved in achieving strategic alignment between business and IT (Hendersen & Venka-

traman, 1993; Loh & Hendersen, 1993). IT governance today concerns how the IT organi-

zation is managed and structured and provides mechanisms that enable the development of 

integrated business and IT plans, allocation of responsibilities within the IT organization, 

and prioritization of IT initiatives (Debraceny, 2006; Holm Larsen, Kühn Pedersen & 

Viborg Andersen, 2006; Ridley, Young & Carroll, 2004; Sallé & Rosenthal, 2005; Van 

Grembergen et al 2004; Weill & Ross, 2004). It is important to ensure that the IT gover-

nance is not only designed to achieve internal efficiency in the IT organization, such as 

deploying good IT processes and making sure that the means and goals are documented. 

The final goal of good IT governance is rather to provide business enabling support. Sev-
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eral frameworks assist IT governance decision making. Weill & Ross have developed a 

simple IT governance framework that can be used to analyze the suitability of different 

decision models (Weill & Ross, 2004). The IT Infrastructure Library (ITIL) supports im-

plementation of processes related to delivery and support of IT and also details establish-

ment and maintenance of service level agreements and operation level agreements (Office 

of Government Commerce, 2007). ITIL receives massive support from practitioners all 

over the world, but the framework itself has traditionally provided little support for strateg-

ic IT concerns. This has been improved in recent ITIL v3 publications, but ITIL still does 

not cover the entire scope of IT governance, i.e. it still does not support all the decisions 

made by IT management. The most widely used IT governance framework is the Control 

OBjectives for Information and related Technology, COBIT (ITGI, 2007a), which is dis-

cussed in further detail below. A recent addition to the growing number of IT governance 

frameworks  is Val IT (ITGI, 2007b). Val IT takes IT governance onto a higher level of 

abstraction by providing general directions on how to manage IT from a business point of 

view. The high level of abstraction is however also a limitation, as Val IT purely focuses on 

the interface between IT and the business and lacks the support to represent e.g. the 

processes of an IT organization. Val IT takes on where COBIT ends, and the two frame-

works complement each other well. 

As described in the introduction, an important distinction can be made between IT gover-

nance maturity and IT governance performance. The former spans the internal quality of 

the IT organization, which at least in principle is under the control of IT management or a 

CIO. A maturely governed IT organization is thus defined as an organization that is effi-

cient and aligned with state-of-the-practice frameworks such as the ones mentioned above. 

The concept of maturity is used also in other disciplines, including software development. 

The Software Engineering Capability Maturity Model, SE-CMM, was created by the Soft-

ware Engineering Institute of the Carnegie Mellon University in the late eighties (Humph-

rey, 1989). It comprises a tool for objectively assessing the ability of government contrac-

tors' processes to perform software projects. The term IT governance performance, on the 

other hand, can rather be seen as the external objective of IT governance. It describes the 

effectiveness and impact of an enterprise’s IT organization as perceived from a business 

point of view. Good IT governance performance is the desired goal, but it is outside the 

direct domain of control of the IT management responsible for achieving it.  

As mentioned in the introduction, the main purpose of this paper is to determine how IT 

governance maturity and IT governance performance are correlated. A statistical approach 

is chosen where the IT governance maturity is seen as an aggregate of a set of independent 

variables and the IT governance performance is a variable potentially dependent on the 

maturity. In order to determine the strength of correlations between maturity and perfor-

mance a number of case studies have been carried out. Before these are discussed, the 

following two subsections describe IT governance maturity and IT governance perfor-

mance in further detail.  
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2.1 IT GOVERNANCE MATURITY 

The Control Objectives for Information and related Technology, COBIT is the most well-

known framework for IT governance maturity assessments (Debraceny, 2006; Guldentops, 

2004; Holm Larsen et al, 2006; Ridley et al, 2004; Van Grembergen & De Haes, 2008; 

Warland & Ridley, 2005). It was first issued by the IT Governance Institute, ITGI, in 1998 

and has been constantly evolving ever since. COBIT features a maturity model for IT 

governance, which follows the same principles as the Software Engineering Institute’s 

Capability Maturity Model (Humphrey, 1989). The framework provides a definition of IT 

governance as consisting of four domains and 34 processes. Each process contains a num-

ber of IT governance maturity indicators, such as activities, documents, metrics and sup-

port for role and responsibility assignment. The domains and processes in COBIT are 

described briefly in the following subsections.  

2.1.1 Plan and Organize (PO) 

This domain covers ten IT processes of strategy and tactics, c.f. Table 1, and concerns the 

identification of the way IT can best contribute to the achievement of the business objec-

tives. The realization of the strategic vision needs to be planned, communicated and ma-

naged for different perspectives. A proper organization as well as technological infrastruc-

ture should be put in place. 

Table 1. Plan and Organize IT processes (ITGI, 2007a) 

Process name Description 

PO1 Define a Strategic IT Plan Incorporation of IT and business management in the 

translation of business requirements into service offer-

ings. Development of strategies to deliver these services 

in a transparent and effective manner. 

PO2 Define the Information Archi-

tecture 

The establishment of an enterprise data model that 

incorporates a data classification scheme to ensure the 

integrity and consistency of all data. 

PO3 Determine Technological 

Direction 

Defining and implementing a technology infrastructure 

plan, architecture and standards that recognize and 

leverage technology opportunities. 

PO4 Define the IT Processes, 

Organization and Relation-

ships 

Establishing transparent, flexible and responsive IT 

organizational structures and defining and implementing 

IT processes with owners, roles and responsibilities 

integrated into business and decision processes. 

PO5 Manage the IT Investment Effective and efficient IT investment and portfolio deci-

sions, and by setting and tracking IT budgets in line with 

IT strategy and investment decisions. 
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PO6 Communicate Management 

Aims and Direction 

Providing accurate, understandable and approved poli-

cies, procedures, guidelines and other documentation to 

stakeholders, embedded in an IT control framework. 

PO7 Manage IT Human Resources Hiring and training personnel, motivating through clear 

career paths, assigning roles that correspond with skills, 

establishing a defined review process, creating position 

descriptions and ensuring awareness of dependency on 

individuals. 

PO8 Manage Quality The definition of a QMS, ongoing performance monitor-

ing against predefined objectives and implementation of 

a program for continuous improvement of IT services. 

PO9 Assess and Manage IT Risks Development of a risk management framework that is 

integrated in business and operational risk management 

frameworks, risk assessment, risk mitigation and com-

munication of residual risk. 

PO10 Manage Projects A defined program and project management approach 

that is applied to IT projects and enables stakeholder 

participation in and monitoring of project risks and 

progress. 

 

2.1.2 Acquire and Implement (AI) 

To realize the IT strategy, IT solutions need to be identified, developed or acquired, as well 

as implemented and integrated into the business process. In addition, changes in and main-

tenance of existing systems are covered by this domain to make sure the solutions continue 

to meet business objectives. Table 2 covers the seven processes that concern acquisition 

and implementation. 

Table 2. Acquire and Implement IT processes (ITGI, 2007a). 

Process name Description 

AI1 Identify Automated Solutions Identifying technically feasible and cost-effective solu-

tions. 

AI2 Acquire and Maintain Application 

Software 

Ensuring that there is a timely and cost-effective devel-

opment process. 

AI3 Acquire and Maintain Technolo-

gy Infrastructure 

Providing appropriate platforms for the business applica-

tions in line with the defined IT architecture and technol-

ogy standards. 

AI4 Enable Operation and Use Providing effective user and operational manuals and 

training materials to transfer the knowledge necessary 

for successful system operation and use. 
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AI5 Procure IT Resources Acquiring and maintaining IT skills that respond to the 

delivery strategy, an integrated and standardized IT 

infrastructure, and reducing IT procurement risk. 

AI6 Manage Changes Controlling impact assessment, authorization and im-

plementation of all changes to the IT infrastructure, 

applications and technical solutions; minimizing errors 

due to incomplete request specifications; and halting 

implementation of unauthorized changes. 

AI7 Install and Accredit Solutions 

and Changes 

Testing that applications and infrastructure solutions are 

fit for the intended purpose and free from errors, and 

planning releases to production 

 

2.1.3 Deliver and Support (DS) 

This domain is concerned with the actual delivery of required services, which includes 

service delivery, management of security and continuity, service support for users, and 

management of data and operational facilities. The covered processes are listed in Table 3. 

Table 3. Deliver and Support IT processes (ITGI, 2007a). 

Process name Description 

DS1 Define and Manage Service 

Levels 

Identifying service requirements, agreeing on service 

levels and monitoring the achievement of service levels. 

DS2 Manage Third-party Services Establishing relationships and bilateral responsibilities 

with qualified third-party service providers and monitor-

ing the service delivery to verify and ensure adherence 

to agreements. 

DS3 Manage Performance and 

Capacity 

Meeting response time requirements of SLAs, minimiz-

ing downtime, and making continuous IT performance 

and capacity improvements through monitoring and 

measurement. 

DS4 Ensure Continuous Service Building resilience into automated solutions and devel-

oping, maintaining and testing IT continuity plans. 

DS5 Ensure Systems Security Defining IT security policies, plans and procedures, and 

monitoring, detecting, reporting and resolving security 

vulnerabilities and incidents. 

DS6 Identify and Allocate Costs Complete and accurate capture of IT costs, a fair system 

of allocation agreed upon by business users, and a 

system for timely reporting of IT use and costs allocated. 

DS7 Educate and Train Users A clear understanding of IT user training needs, execu-

tion of an effective training strategy and measurement of 

the results. 
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DS8 Manage Service Desk and 

Incidents 

A professional service desk function with quick re-

sponse, clear escalation procedures, and resolution and 

trend analysis. 

DS9 Manage the Configuration Establishing and maintaining an accurate and complete 

repository of asset configuration attributes and base-

lines, and comparing them against actual asset configu-

ration. 

DS10 Manage Problems Recording, tracking and resolving operational problems; 

investigating the root cause of all significant problems; 

and defining solutions for identified operations problems. 

DS11 Manage Data Maintaining the completeness, accuracy, availability and 

protection of data. 

DS12 Manage the Physical Envi-

ronment 

Providing and maintaining a suitable physical environ-

ment to protect IT assets from access, damage or theft. 

DS13 Manage Operations Meeting operational service levels for scheduled data 

processing, protecting sensitive output, and monitoring 

and maintaining infrastructure. 

 

2.1.4 Monitor and Evaluate (ME) 

All IT processes need to be regularly assessed over time for their quality and compliance 

with control requirements. This domain addresses performance management, monitoring 

of internal control, regulatory compliance and governance. The processes in this domain 

are presented in Table 4. 

Table 4. Monitor and Evaluate IT processes (ITGI, 2007a). 

Process name Description 

ME1 Monitor and Evaluate IT Per-

formance 

Monitoring and reporting process metrics and identify-

ing and implementing performance improvement ac-

tions. 

ME2 Monitor and Evaluate Internal 

Control 

Monitoring the internal control processes for IT-related 

activities and identifying improvement actions. 

ME3 Ensure Regulatory Compliance Identifying all applicable laws, regulations and contracts 

and the corresponding level of IT compliance and 

optimizing IT processes to reduce the risk of non-

compliance. 

ME4 Provide IT Governance Preparing board reports on IT strategy, performance 

and risks, and responding to governance requirements 

in line with board directions. 
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2.2 IT GOVERNANCE PERFORMANCE 

IT governance performance is the quality of the services that the IT organization delivers, 

as seen from a business point of view. A similar, yet broader, discipline is strategic align-

ment, where Jerry Luftman attempted to provide guidance for achieving strategic alignment 

between business and IT in a mid 90’s framework. As of today, Luftman’s framework has 

been applied in 500 case studies (Luftman, 1996; Luftman, Papp & Brier 1999). Dahlberg 

and Lahdelma (2007) synthesized IT governance literature and created another broad defi-

nition of business value delivery from IT. In the early 2000’s, MIT researchers Weill & 

Ross conducted a large set of case studies on IT governance performance of financially 

top-performing organizations. Their research method and the findings from more than 250 

organizations were published in a book that is perhaps the most widely cited work in the 

entire field of IT governance today (Weill & Ross, 2004). Weill & Ross defined IT gover-

nance performance as the effectiveness of IT governance in delivering four objectives 

weighted by their importance to the enterprise: 

 1. Cost-effective use of IT 

2. Effective use of IT for asset utilization 

3. Effective use of IT for growth 

4. Effective use of IT for business flexibility  

Though simple and sometimes criticized therefore (Tu, 2007), Weill & Ross’ IT governance 

performance definition is straightforward, easy to use and well-recognized. It has therefore 

been widely used by researchers and practitioners for benchmarking purposes (Clementi & 

Carvalho, 2007; Dahlberg & Kivijärvi, 2006; Larsen et al, 2006; Ross, Weill, & Robertson, 

2007; Van Grembergen et al, 2004; Van Grembergen & De Haes, 2008). 

3 METHODOLOGY 

Empirical data was needed to test the hypothesis of correlation between IT governance 

maturity and IT governance performance. Data collection was made according to what Yin 

(2003) calls a case study strategy, i.e. by studying one or more organizations and trying to 

generalize the findings to fit a larger context. Most data was collected during face to face 

interviews. The reason behind the choice of methodology was the possibility to discuss IT 

governance matters with the respondents and jointly determine the maturity and perfor-

mance levels asked for. This would have been more difficult using an entirely survey based 

approach, e.g. by letting the respondents answer questions posted on a web site or sent in 

an email. However, since it was sometimes hard to arrange interviews with high-level ex-

ecutives, a small survey with questions concerning IT governance performance was devel-

oped. The survey could either be filled in during face to face meetings, or distributed and 

responded to via email.  
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But first, in order to perform the case studies, the concepts of IT governance maturity and 

IT governance performance needed to be operationalized. 

3.1 OPERATIONALIZATION OF IT GOVERNANCE MATURITY AND 

PERFORMANCE 

In the previous section, we discussed the difference between the definitions of IT gover-

nance maturity and IT governance performance. The definitions given by COBIT and 

Weill & Ross respectively served as a foundation for operationalization.  

COBIT’s IT governance maturity model does however not provide transparency in the 

aggregation of separate metrics into comprehensive maturity scores. In fact, the COBIT 

maturity models require subjective assessments by auditors and do not take into account 

the outcome of the numerous, more objective metrics also proposed. Since this could 

affect the validity and reliability of an IT governance maturity assessment (Simonsson, 

2007), we further operationalized COBIT by linking a maturity model to objective metrics. 

Four maturity indicators were identified for each process, namely the maturity of each 

activity, the maturity of metrics monitoring, the maturity of documentation, and the matur-

ity of roles and responsibility assignment.  

As an example, the maturity of process PO5 ―Procure IT resources‖ was determined by 

assessing the maturity of five different activities, the existence of ten documents and twelve 

process monitoring metrics, and an analysis of the distribution of roles and responsibilities 

with respect to IT resource procurement. The results from these four maturity indicators 

were aggregated into a process maturity score.    

Four maturity indicators for each of the 34 processes adds up to a total of 136 maturity 

indicators being studied for each of the evaluated organizations. The assessments were 

made using a scale with clearly defined characteristics for each maturity level 0-5. The ma-

turity scale is similar to the maturity legends of the Software Engineering Institute’s and 

COBIT’s own Capability Maturity Model (Huphrey, 1989; IT Governance Institute, 

2007a).  

In order to aggregate the maturity indicators to measures of the maturity of processes, 

process domains and the IT organization as a whole, a bottom up approach was used. The 

maturity of a process corresponds to the average maturity of its indicators; the domain 

maturity equals the average maturity of its underlying processes and so forth. A more ela-

borate description of the IT governance maturity breakdown can be found in Simonsson 

(2008a) and Simonsson (2008b).  Fig. 1 describes the operationalization of IT governance 

maturity. As COBIT’s 34 processes were used to represent IT governance maturity, 34 sub-

hypotheses were created on the following form: 

―There exists a positive correlation between the IT governance maturity of process X and 

IT governance performance‖, where X is one of COBIT’s 34 processes. Please also refer to 

Table 6. 
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IT Governance performance was operationalized in accordance with the work of Weill & 

Ross (2004). The only difference was that the resulting maturity score was linearly trans-

formed to a scale 0-5. Fig. 2 displays the operationalization of IT governance performance 

and how an IT governance performance score was calculated. Interview templates for each 

one of the 34 processes were created to support IT governance maturity data collection. 

Customized survey forms for IT governance performance according to the above were also 

developed; thereby creating a complete assessment framework. 

 

 

Fig. 1. IT governance maturity operationalization. 

 

Q1. How important are the following out-
comes of your IT governance, on a scale 
from 1 (not important) to 5 (very important)? 
 

1. Cost effective use of IT 
2. Effective use of IT for growth 
3. Effective use of IT for asset utilization  
4. Effective use of IT for business flexibility 

Q2. What is the influence of IT governance in 
your business on the following measures of 
success, on a scale from 1 (not successful) to 5 
(very successful)? 

1. Cost effective use of IT 
2. Effective use of IT for growth  
3. Effective use of IT for asset utilization 
4. Effective use of IT for business flexibility 
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Fig. 2. IT governance performance operationalization (Weill & Ross, 2004). 

3.2 ANALYSIS FRAMEWORK 

The purpose of the research reported in this article was to study the relation between IT 

governance maturity and IT governance performance based on statistical data. In general, 

the choice of method for such studies depends on several criteria, such as the sample size, 
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the number of independent variables to analyze, and the degree of normality of the sample. 

As the research presented here is based on data collected through face-to-face interviews 

and surveys, the number of variables in relation to the sample size was the main limitation 

with respect to analysis framework. Multiple correlation (Cohen, 1988) and Factor analysis 

(Mundfrom et al, 2005) are two methods that analyze cross-dependence between several 

variables. However, such multivariate methods typically require between 3 and 50 times 

more samples than the number of analyzed variables order to obtain accurate results (Co-

hen, 1988; Mundfrom et al, 2005). Bivariate correlation analysis (Cohen, 1988), on the 

other hand, does not require large data sets, as only two variables at the time are analyzed. 

Due to the limited number of samples available, bivariate correlation was therefore chosen 

for the analysis framework.  

In probability theory and statistics, a bivariate correlation (hereby denoted correlation) 

indicates the strength and direction of a linear relationship between two random variables. 

In general statistical usage, correlation refers to the departure of two variables from inde-

pendence. But before identifying a correlation, it needs to be determined whether the data 

under evaluation is approximately normally distributed, i.e. parametrical, or not.  This can 

be done using the Kolmogorov-Smirnov test (Cohen & Cohen, 1983). The test quantifies a 

distance between the empirical distribution function of the sample data and the reference 

distribution, e.g. a normal distribution. The smaller the distance, the more the sample data 

equals a normally distributed dataset.  

If the data subjected to analysis does not adhere to a normal distribution, a number of so-

called non-parametrical methods can be used, e.g. χ2, Point biserial correlation, Spearman's 

ρ or Kendall's τ (Cohen & Cohen, 1983). The non-parametrical methods are slightly less 

powerful than parametric methods if the assumptions underlying the latter are met, but are 

less likely to give distorted results when the assumptions fail.  

If the data subjected to analysis adheres to a normal distribution, the parametrical Pearson 

product-moment correlation coefficient, r, is known to be the most accurate measure for 

correlation strength (Cohen & Cohen, 1983; Siegel, 1957). This coefficient is obtained by 

dividing the covariance of the two variables by the product of their standard deviations.   

Several authors have offered guidelines for the interpretation of a correlation coefficient. 

All such criteria are in some ways arbitrary and should not be observed too strictly (Cohen, 

1988). Nonetheless, Cohen himself suggests a taxonomy for the determination of correla-

tion strength, cf Table 5 (Cohen, 1988). The article employs an analysis framework built on 

the concept of Pearson correlation and Cohen’s taxonomy in order to analyze how IT 

governance maturity and IT governance performance co-vary. 

An analysis framework with hypotheses was created according to Table 6. The hypotheses 

were to be tested on the correlation of the IT governance maturity of each of the 34 

processes, and the IT governance performance. The purpose of the analysis was to identify 

the strength of each process’ correlation to IT governance maturity. 
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Table 5. Cohen‟s taxonomy for determination of correlation strength (Cohen, 1988). 

Correlation Negative Positive 

Small -0.3 to -0.1 0.1 to 0.3 

Medium -0.5 to 0.3 0.3 to 0.5 

Large -1 to -0.5 0.5 to 1 

 

Table 6. Null hypotheses and research hypotheses for the correlation between IT governance maturity and IT governance 

performance. Taxonomy according to Cohen (1988) 

Null hypothesis H0a: r < 0.1 H0b: r < 0.3 H0c: r < 0.5 

Research  

hypothesis 

H1a: r  0.1 H1b: r  0.3 H1c: r  0.5 

Research  

hypothesis 

explanation 

There is at least a 

small positive corre-

lation between the IT 

governance maturity 

of the particular 

process, and the IT 

governance perfor-

mance 

There is at least a 

medium positive 

correlation between the 

IT governance maturity 

of the particular 

process, and the IT 

governance perfor-

mance 

There is a strong 

positive correlation 

between the IT gover-

nance maturity of the 

particular process, and 

the IT governance 

performance 

 

3.3 PILOT CASE STUDIES 

In order to calibrate the assessment framework, four pilot case studies were conducted, 

where the number of interviews conducted and their duration varied. We also established a 

suitable structure for the interviews. The findings from the pilot case studies resulted in 

more efficient data collection procedures, such as improved interview templates, survey 

forms and interview and survey methodology.  

3.4 PREPARATION OF CASE STUDY INVESTIGATORS 

As several case studies had to be carried out and each was designed to span a many inter-

views, a number of case study investigators were engaged. Case study investigators were 

mainly master thesis students majoring in the field of information systems management. 

Training sessions were held in order to instruct the case study investigators in the use of 

the interview templates and survey forms. They were further instructed that all interviews 

should follow the same structure. Throughout the case studies, the case study investigators 

were continuously supervised and their progress was discussed during weekly meetings. 
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3.5 STUDY EXECUTION 

Once the pilot studies were finished, the case study investigators started looking for organ-

izations willing to participate. When such an organization was found, suitable respondents 

for questions related to each of the 34 processes were assigned. The selection of respon-

dents was primarily based on their degree of knowledge of the process, and secondarily on 

their availability to the study.  Each assigned respondent was classified as adhering to one 

of the following viewpoints: 

 Executive Viewpoint – including respondents such as the CEO or CFO. 

 Business Viewpoint – including respondents such as business executives, busi-

ness senior management, and business process owners. 

 IT Management Viewpoint – including respondents such as the CIO, IT direc-

tors and the chief architect. 

 IT Operations Viewpoint – including respondents such as helpdesk personnel, 

deployment teams, system developers, and training department representatives.  

 Compliance Viewpoint – including respondents such as internal auditors, in-

formation security officers, compliance officers and risk managers. 

As role assignment differs largely between organizations, the same respondent may 

represent several viewpoints depending on his or here role description. The classification 

was however made in order to ensure that the respondents would represent a broad range 

of roles in the participating organizations. 

An interview schedule was then suggested, and the assigned respondents were booked for 

interviews in person or by telephone. For each organization, between two and eight inter-

views were conducted in order to assess the IT governance maturity, c.f. Table 7. Each 

interview took between 45 and 90 minutes. In some cases, when respondents could not 

meet in person, supplementary surveys were sent out via email. In order to assess the IT 

governance performance, one to five survey forms were filled in, mainly during face to face 

meetings. When such meetings could not be arranged, the survey forms were handled via 

email. The collected data from each case was initially stored in spreadsheets. The Statistical 

Package for the Social Sciences, SPSS, was used to analyze the results (SPSS, 2007). Once 

the results were obtained and verified, the findings were shared with the studied organiza-

tions as a written report or by an oral presentation.  

Finally, six expert group meetings with a total of fifteen knowledgeable IT management 

consultants, IT executives, analysts and researchers in the field of IT governance were held 

in order to discuss the strength of the correlations and their implications. The meetings 

helped verifying the findings presented in the results and discussion section of this article. 

The reason for choosing a group of IT management professionals rather than more busi-



THE EFFECT OF IT GOVERNANCE MATURITY ON IT GOVERNANCE PERFORMANCE 

102 

ness oriented equivalents was that people knowledgeable about IT were believed to better 

understand the causality between IT service delivery and business stakeholder satisfaction. 

3.6 EMPIRICAL FOUNDATION 

Due to the nature of the study, organizations could not be randomly selected, but instead 

had to be selected based on their willingness to participate and on their geographic loca-

tion. However, significant effort was put into finding organizations from a wide range of 

industries and of different sizes to make the results as general as possible. 

In total, 13 case study investigators conducted 158 interviews and collected results from 60 

surveys in 37 organizations throughout the study, c.f. Table 7. Two organizations decided 

to drop the study without finishing, resulting in 35 useable cases. In the IT governance 

maturity part of the case studies, all participating organizations responded with respect to 

the Business, IT Management and IT Operations viewpoints discussed in the previous 

section. When possible, also the viewpoints of Executives (7 cases) and Compliance (7 

cases) were represented. In the IT governance performance part of the case studies, all 

participating organizations responded with respect to the Executive and/or the Business 

viewpoints. Please also refer to Table 8. 

About 50% of the organizations were multinational with offices in several countries. All 

organizations have headquarters in Europe. The number of employees in the investigated 

organizations spans from 10 to over 50000 with a median value of 2000. The revenue 

ranges from 1 M€ to 480 B€, with a median of 0.46 B€. All studies were carried out in 2007 

and 2008, except for one of the pilot case studies that was made in 2006. 
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Table 7. Characteristics of the organizations under evaluation. * The organization is multinational, ** 5 additional 
mail survey answers per organization were collected in order to determine the IT governance maturity, *** Pilot case 
study, **** Revenue is interpreted as the total value of assets under management for financial institutions, and the total 
amount of money spent for the (non profit) municipalities. 

Case study 

Number of 

employees Revenue, M€ 

Case study 

investigator 

IT gover-

nance ma-

turity, num-

ber of inter-

views con-

ducted 

IT gover-

nance per-

formance, 

number of 

surveys 

responded 

Biotechnology 1* ,*** 1200 2500 # 3 20 3 

Construction 1* 56000 15000 # 7 3 1 

Energy 1*** 270 110 # 1 6 1 

Financial 1*,***,**** 53000 480000 # 2 30 2 

Financial 2*,**** 6400 11000 # 7 3 1 

Financial 3*,**** 11000 213000 # 10 3 2 

Financial 4*,**** 22000 171000 # 10 4 2 

Financial 5*,**** 18000 210000 # 10 3 2 

Financial 6*,**** 2200 171000 # 12 & 13 2 1 

Financial 7*,**** 32000 161000 # 10 3 2 

Financial 8*,**** 11824 66691 # 10 3 1 

Financial 9**** 200 1760 # 7 3 1 

Manufacturing 1* 45000 5 500 # 11 8 3 

Manufacturing 2* 15000 2400 # 6 3 1 

Manufacturing 3* 900 1900 # 10 3 1 

Manufacturing 4* 1300 6000 # 10 3 2 

Manufacturing 5* 300 90 # 10 3 2 

Manufacturing 6* 135 200 # 10 3 3 

Manufacturing 7* 900 400 # 10 3 3 

Municipality 1**** 3700 270 # 6 2 1 

Municipality 2**** 9500 600 # 6 2 1 

Municipality 3**** 14000 600 # 6 3 1 



THE EFFECT OF IT GOVERNANCE MATURITY ON IT GOVERNANCE PERFORMANCE 

104 

Municipality 4**** 11000 550 # 6 4 2 

Municipality 5**** 2300 200 # 6 3 5 

Municipality 6**** 4000 200 # 6 1** 1 

Municipality 7**** 1900 150 # 6 2 3 

Small organization 1 20 2 # 8 & 9 2 1 

Small organization 2 50 3 # 8 & 9 2 1 

Small organization 3 25 2 # 8 & 9 2 1 

Small organization 4 15 3 # 8 & 9 2 1 

Small organization 5 20 2 # 8 & 9 2 1 

Small organization 6 30 2 # 8 & 9 3 2 

Small organization 7 10 1 # 8 & 9 2 1 

Telecommunication 

1*,*** 1000 350 # 4 & 5 12 2 

Telecommunication 

2* 10000 4200 # 7 5 2 

Total    158 60 

 

 

 

Table 8. The representation of different viewpoints in the case studies. For instance, “Executives” were interviewed in 

seven case studies during IT governance maturity assessment. * In 35 case studies, “Executives” and/or “Business” 

viewpoints were obtained when assessing IT governance performance. 

Viewpoint Executives Business IT Manage-

ment 

IT Opera-

tions 

Compliance, 

Audit, Risk 

and Security 

IT Governance 

Maturity 
7 35 35 35 7 

IT Governance 

Performance 
35*    
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4 RESULTS AND DISCUSSION 

A Kolmogorov-Smirnov test (Cohen & Cohen, 1983) showed that all data was approx-

imately adhering to a normal distribution and Pearson correlation could therefore be used 

for analysis. Confidence intervals on the 0.05 significance level were calculated for each 

Pearson correlation coefficient r. According to Cohen’s (1988) taxonomy, most correla-

tions r between IT governance maturity for processes and IT governance performance, are 

medium positive and small positive with significance on the 0.05 level. Table 9 displays the 

H0a, H0b and H0c hypothesis test results for each process. Note that due to the focus of 

this study, Table 9 only details correlations between IT governance maturity of different 

processes and IT governance performance. As expected, there were also numerous and 

strong cross-correlations between the IT governance maturity of different processes, c.f. 

Appendix A.  

4.1 PLAN AND ORGANIZE 

All correlations in the domain of Plan and Organize were medium positive or small posi-

tive according to Cohen’s classification, and the significance levels were high. Process PO4 

had the strongest correlation and PO10 the smallest. The result for process PO8 was high-

lighted during focus group discussions.  

Table 9. The Pearson correlation coefficient, r, between the IT governance maturity of IT processes, and IT governance 

performance. rmin and rmax is the 95 % confidence interval of the Pearson correlation coefficient. An „X‟ means that the 

H0 hypothesis is falsified on the 95 % level. Else, the H0 hypothesis is not falsified and the H1 hypothesis is valid 

according to Table 5. * Correlation significant on the 0.05 level. ** Correlation significant on the 0.01 level. 

Process  r  rmin  rmax 

H0a test 

(small) 
H0b test 
(medium) 

H0c test 

(strong) 

PO4 
Define the IT Processes, Organ-

ization and Relationships 
0,71** 0,48 0,85      

PO8 
Manage Quality 

 
0,71** 0,48 0,85      

DS6 
Identify and Allocate Costs 

 
0,69** 0,46 0,84      

AI7 
Install and Accredit Solutions 

and Changes 
0,66** 0,41 0,82      

ME1 
Monitor and Evaluate IT Perfor-

mance 
0,64** 0,38 0,80      

AI5 
Procure IT Resources 

 
0,64** 0,38 0,80      
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ME4 
Provide IT Governance 

 
0,63** 0,36 0,80      

AI1 
Identify Automated Solutions 

 
0,62** 0,35 0,80      

DS7 
Educate and Train Users 

 
0,61** 0,32 0,79      

AI2 
Acquire and Maintain Applica-

tion Software 
0,59** 0,32 0,77      

PO9 
Assess and Manage IT Risks 

 
0,59** 0,30 0,78      

AI6 
Manage Changes 

 
0,59** 0,30 0,78      

DS12 
Manage the Physical Environ-

ment 
0,57** 0,26 0,77      

AI3 
Acquire and Maintain Technolo-

gy Infrastructure 
0,56** 0,27 0,75      

ME2 
Monitor and Evaluate Int Control 

 
0,56** 0,26 0,76      

PO1 
Define a Strategic IT Plan 

 
0,55** 0,27 0,75      

PO5 
Manage the IT Investment 

 
0,55** 0,26 0,75      

PO6 
Communicate Management 

Aims and Direction 
0,55** 0,25 0,75      

PO7 
Manage IT Human Resources 

 
0,54** 0,25 0,74      

DS11 
Manage Data 

 
0,53** 0,21 0,75      

DS13 
Manage Operations 

 
0,51** 0,17 0,74      

PO2 
Define the Information Architec-

ture 
0,50** 0,20 0,72      

DS2 
Manage Third-party Services 

 
0,50** 0,19 0,72      

PO3 
Determine Technological Direc-

tion 
0,50** 0,20 0,71      

DS5 
Ensure Systems Security 

 
0,49** 0,17 0,72      
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DS4 
Ensure Continuous Service 

 
0,49** 0,17 0,72      

PO10 
Manage Projects 

 
0,48** 0,17 0,70      

ME3 
Ensure Regulatory Compliance 

 
0,47** 0,13 0,71      

DS8 
Manage Service Desk and 

Incidents 
0,47** 0,12 0,71      

AI4 
Enable Operation and Use 

 
0,43* 0,09 0,68      

DS9 
Manage the Configuration 

 
0,40* 0,04 0,67      

DS3 
Manage Performance and Ca-

pacity 
0,35 -0,01 0,63      

DS1 
Define and Manage Service 

Levels 
0,28 -0,08 0,57      

DS10 
Manage Problems 

 
0,18 -0,20 0,52      

 

The subsections below are arranged according to the distinction of domains, c.f. the pre-

vious section labeled ―IT governance‖. Within each domain, the two processes with the 

strongest and weakest correlation to IT governance performance are discussed. We also 

elaborate on the results for a few other processes that triggered interesting discussions 

during the meetings held with 15 experts in the field. 

Medium correlation: PO4 Define the IT processes, organization and relationships 

The IT governance maturity of ‖Define the IT processes, organization and relationships‖ 

had a statistically significant, medium positive correlation with IT governance performance 

– the strongest among all processes studied. An explanation to this could be the extreme 

difficulty to succeed with any kind of IT governance without having a defined organization 

in place. The result did not surprise any of the experts, as their experience supported our 

findings.  

Small correlation: PO10 Manage Projects 

The maturity of ―Manage projects‖ had statistically significant small positive correlation 

with IT governance performance. This surprised several experts, and numerous case stud-

ies have also stressed the importance of good project management being to obtain business 

value from IT (Bharadwaj, 2000; Soh & Markus, 1995; Standish Group, 2004). A possible 

explanation to the findings from this study is that the COBIT process for project manage-

ment is inherited from an old version of the Project Management Body of Knowledge 
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(Project Management Institute, 2004). This definition is narrow, and does not cover impor-

tant aspects of contemporary project management methodologies, e.g. the use of agile 

project management methods with short development sprints, and transmutable require-

ment specifications. Such techniques are often successfully employed today.  

Highlighted correlation: PO8 Manage Quality 

The maturity of ―Manage quality‖ had a statistically significant, medium positive correlation 

with IT governance performance – the second strongest in the entire study. The IT man-

agement experts concluded that many immature organizations view quality management as 

a pure business issue that does not involve IT. They agreed on the importance of quality 

management being pervasive in the entire organization to achieve good IT governance 

performance, which supports the findings of this study.  

4.2 ACQUIRE AND IMPLEMENT 

Six of the seven processes for acquisition and implementation had at least medium positive 

correlation with IT governance performance. Process AI7 had the strongest correlation 

while no correlation was found for AI4. The result for process AI5 was highlighted during 

meetings with experts.  

Medium correlation: AI7 Install and Accredit Solutions and Changes 

The maturity of ―Install and accredit changes‖ had a statistically significant, medium posi-

tive correlation with IT governance performance. Thorough testing and post-

implementation reviews for each change made in infrastructure and applications are key 

success factors for IT governance performance excellence according to the findings of this 

study. This surprised several experts, as they thought that other processes would have had 

stronger correlations.  In case of implementing an enterprise resource planning system, an 

act which success or failure is clearly visible to business stakeholders, this is definitely the 

case. If such project fails, the business perception of IT governance performance would 

drop, according to the experts. 

No correlation: AI4 Enable Operation and Use 

The maturity of ―Enable operation and use‖ could not be classified as neither small posi-

tive nor medium positive. Even though the correlation is separated from zero on the 0.05 

significance level, its strength was among the smallest of all processes. According to the 

discussions with experts, this process concerns activities that are not always carried out 

frequently. In many organizations, this issue is not considered a process but rather some-

thing that that is taken care of, perhaps differently, from one time to another. 

 Highlighted correlation: AI5 Procure IT Resources 

The maturity of ―Procure IT resources‖ had a statistically significant, medium positive 

correlation with IT governance performance. The experts were not very surprised by this 

since, as discussed also in respect to process DS6, IT organizations are mainly evaluated on 



PAPER D 

109 

monetary terms. Efficient and cost-cutting procurement processes are commonly consid-

ered beneficial for IT governance performance. 

4.3 DELIVER AND SUPPORT 

Four of the processes for delivery and support did not show any statistically significant 

correlation with IT governance performance, while others were among the most strongly 

correlated. Process DS6 had the strongest correlation and DS10 none.  

Medium correlation: DS6 Identify and Allocate Costs 

The maturity of ―Identify and allocate costs‖ had a statistically significant, medium positive 

correlation with IT governance performance. When studying the answers to objective Q1, 

c.f. Fig. 2, given by the participating organizations, cost efficiency is often considered the 

most important goal. IT management experts participating in focus group discussions 

agreed that IT is still commonly viewed as a pure cost center in many organizations. Most 

metrics placed upon the IT organization focus upon monetary issues rather than business 

value addition which forces many to emphasize their cost allocation process.  

No correlation: DS10 Manage Problems 

The maturity of ―Manage problems‖ displayed no statistically significant correlation with 

IT governance performance. Even though more data is needed in order to validate this 

finding, it is interesting to speculate on the reason that good problem management does 

not go hand in hand with good IT governance maturity. A possible explanation, according 

the experts, could be that problem management typically is a reactive rather than proactive. 

With this line of argument a mature problem management thus reflects shortcomings of 

other processes.      

4.4 MONITOR AND EVALUATE 

Four processes concern the monitoring and evaluation of IT governance, all of which can 

be classified as having statistically significant small or medium positive correlation with IT 

governance performance. Process ME1 had the strongest correlation and ME3 the small-

est.  

Medium correlation: ME1 Monitor and Evaluate IT performance 

The maturity of ‖Monitor and evaluate IT performance‖ had a statistically significant, 

medium positive correlation with IT governance performance. The focus groups were not 

surprised by this finding, but rather agreed on the organization’s willingness to constantly 

monitor its activities being a key success factor to achieve IT governance performance. 

Good IT governance performance cannot be accomplished in a one-shot project but is the 

result of consistent work over an extended period of time.  

Small correlation: ME3 Ensure Regulatory Compliance 

The maturity of ―Ensure regulatory compliance‖ had only a small positive, statistically 

significant correlation with IT governance performance. This could be due to cultural dif-
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ferences. Most case studies where made in Sweden, a country where corporate legislation is 

not very rigid within most industries. The Swedish corporate governance legislation (Stat-

ens Offentliga Utredningar, 2004) equivalent to the U.S. Sarbanes Oxley Act (U.S. Securi-

ties and Exchange Commission, 2002) expects Swedish enterprises to ―comply with the law 

or provide a reasonable explanation to why you do not‖. The interviewed IT management 

experts claim that compliance issues are still not emphasized and valued in Swedish IT 

organizations, which would explain the findings. 

 

5 CONCLUSIONS AND FURTHER WORK 

This article has studied the correlation between IT governance maturity and IT governance 

performance. A framework for analysis of IT governance maturity and IT governance 

performance was created. Data collection was made through 35 case studies, and the hypo-

thesis was tested for the IT governance of the 34 IT processes of the COBIT framework. 

For most processes, statistically significant medium positive and small positive correlations 

according to Cohen’s correlation strength taxonomy were identified. The processes for 

definition of the organization, roles and responsibilities, quality management, and cost 

allocation had the strongest correlations to IT governance performance. The processes for 

problem management, among others, demonstrated no correlation with IT governance 

performance. The results from the research presented in this paper have implications both 

for practitioners and academia.  

From a practitioner’s point of view, the results imply that IT management stakeholders can 

concentrate their IT governance improvements efforts to the IT processes that most 

strongly correlate with IT governance performance.  According to the results, improved 

activities, documentation, monitoring and role assignment of e.g. the quality management 

process would pay off in terms of business stakeholder satisfaction while improvements of 

the problem management process would not provide as high performance.  

From an academic point of view, the results can be used to improve the current frame-

works for IT governance. For instance, COBIT’s representation of project and program 

management could be improved based on the analysis of reasons behind the weak correla-

tion to IT governance performance. The results also open up for further research on IT 

governance maturity and IT governance performance. It would be of interest to replicate 

the findings by making more case studies following the same methodology, and also to 

expand the scope. The performance of the business organization, e.g. the profit, turnover, 

market share, etc. was left out in this study. Finding a way of linking business performance 

to IT governance performance and IT governance maturity would allow for new ways to 

improve business performance by means of IT. 
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APPENDIX A  

Pearson correlation coefficients for cross-correlations. * Correlation significant at 0.05 

level, ** Correlation significant at 0.01 level. 
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