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2 THEORETIC DEVELOPMENT 

 

2.1 Introduction 

 

The relation between ICT management policies and operational ICT management activities 

can be considered as a control relation: ICT management activities are controlled by ICT 

management policies. The “control” concept is theoretically underpinned together with the 

concepts “system” and “model”. The control relation between policies and activities is further 

elaborated using the Information Management Framework (Maes 1999). As “complexity” 

plays a pivotal role, not only in the control concept, but also as a source of diseconomies of 

scale, the next sections are devoted to the definitions and measurement of complexity.  

 

ICT assets and ICT management can both be considered as ICT resources within the 

framework of the resource-based view (RBV). Grant (1991) and Makadok (2001) emphasize 

that although resources in themselves can serve as basic units of analysis, firms create 

competitive advantage by assembling these resources to create organizational capabilities.  

We describe the theoretical background of the RBV and the role of ICT infrastructure as an 

important ICT asset. The principles of economies of scale in the conversion of ICT 

expenditure to ICT assets and in the conversion from ICT assets to Organization performance 

are then explained. 

 

Finally the theoretical foundations of ICT management policies will be treated, concerning 

ICT infrastructure and ICT organization. The infrastructure policy is based upon the theories 

of Weill and Broadbent (1998). The maturity of the ICT organization will be determined 

using the concepts of COBIT 4.0 (2005). Finally we develop a cybernetic view on ICT 

management policies to explain why there is a delicate balance between infrastructure and 

applications in organizations with low levels of ICT spending. 

 

2.2 Definitions of ‘system’, ‘control’ and ‘model’ 

 

The concepts of systems and cybernetics (Joslin 2000) form the basic language in terms of 

‘system’, ‘control’ and ‘model’. Based on theories of Cybernetics I and II the concepts of 

system, model and control are united in a general paradigm of control (De Leeuw and 

Volberda 1996). 

 

2.2.1 Definitions of ‘System’ 

 

Within the systems literature (Joslyn 2000; Heylighen and Joslyn 2001; Checkland 1981) we 

can recognize two broad families of systems definitions. The standard view, which we will 

call structural, is perhaps best exemplified by Webster’s definition of “a group of units so 

combined as to form a whole and to operate in unison (Webster 1989)”. We call this view 

structural because it focuses on the specific given types of relations among specific types of 

entities. It entails an entering into relation of multiple entities, called parts, to form the new 

whole entity with new properties at a level hierarchically distinct from those parts. These new 

properties do not follow from considering the parts simply together as a collection, rather they 
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must enter into a particular relation so that the whole is formed, resulting both from the parts 

as entities and from the particular way in which they are arranged, that is from their mutual 

interrelation and organization.  

 

The other view of systems, which we will call “constructivist”, is more recent. It avoids 

concepts of existing entities with objective attributes, instead defining a system as a bounded 

region of some (perhaps abstract) space which functionally and uniquely distinguishes it. It 

thus emphasizes the perceptions, and most significantly the distinctions, drawn by people. 

‘Certainly, [the making of distinctions] is the most fundamental act of systems theory, the 

very act of defining the system presently of interest, of distinguishing it from its environment’ 

(Goguen and Varela 1979). This sense can be traced in the systems theory literature too 

(Ashby 1956) and it resonates with post-modernism, constructivist epistemology, and “second 

order cybernetics”. Movement towards a synthetic sense of system, capturing both the 

structural and constructivist traditions, is both possible and desirable. Previously Joslyn 

(1995) has approached this within a more fundamental language of distinction, variety, and 

constraint, and on the distinction between cardinal (token) and dimensional (type) distinctions 

and variety. It is sufficient here to note that both the structural and the constructivist view 

both entail the presence of a distinction, or boundary, between any system and its 

environment. 

 

In this research we will use the following definitions in the structural view on systems (Aken 

1978; Leeuw 1980; Leeuw and Volberda 1996; Veld 1984): 

Element / attribute / relation: an element is the smallest entity considered; elements have 

various properties or attributes; a special class of attributes comprises the relations between an 

element and other elements. 

System: a system is a collection of elements with a collection of relations between the 

elements, whereas all elements are directly or indirectly related.  

Black box: a black box is an entity the behavior of which is not described in terms of its 

internal structure, but in terms of input and output.  

Environment: the environment of a system consists of all elements outside the system. 

Structure: the structure of a system is the collection of relations of its elements with other 

elements. The internal structure is the collection of relations between internal elements. The 

external structure is the collection of relations between internal elements and external 

elements. 

Partsystem: consists of a part of the original system, three types of partsystems are 

considered: 

Subsystem takes some of the elements from the original system. 

Aspectsystem concentrates on some of the relations of the original system. 

Phase-system takes only part of the original time-slice into consideration. 

State / event / process: the state of a system at a given moment of time is the set of values of 

the attributes of its elements at that time; an event is the change in the state of the system; a 

process is a sequence of related events over time; the structure of a process is comprised of 

the relations between its elementary events.  

 

2.2.2 Definitions of ‘Control’ 

 

A closure can be defined (Joslyn 2000) as an aspectsystem that concentrates only on the 

internal structure of the original system. (The absence of external relations explains the name 
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‘closure’). Semiotic closures are hypothesized as equivalent to control systems. Such systems 

form semiotic closures with their environments, and entrain cyclic processes of measurement, 

interpretation, decision, and action (Figure 2.1). Thus issues arise here concerning the use and 

interpretation of symbols, representations, and/or internal models (whether explicit or 

implicit) by the system; and the syntactic, semantic, and pragmatic relations among the sign 

tokens, their interpretations, and their use or function for the systems in question. 

 

 

 

          Environment 
 
 
 
 
 
 
 
 
 
 
 Measurement      Consequences  
 
 
 
 World         Dynamics          World  

    System 
 
 
 Representation   Decision            Action 

 

Figure 2.1 Control system as semiotic closure 
 

 

The relation between system and environment is defined by Leeuw and Volberda (1996) from 

two points of view (Figure 2.2): 

1. Organization as controlled system        

From the viewpoint of Cybernetics I, organizations are seen as open systems (in the 

structural view), which is a result of attempts to make sense of such systems from the 

standpoint of an external observer. These open systems are in constant interaction with 

their environment, transforming inputs into outputs as a means of creating the 

conditions necessary for survival. Fluctuations in their environment are viewed as 

challenges to which the organization must respond. This is the classical idea of 

adapting. 

2. Environment as controlled system 

An observer may choose to focus on the internal structure of the system, viewing the 

environment as background; e.g. as a source of perturbations of the system's 

behaviour. From this viewpoint, sometimes called Cybernetics II, the properties of the 

system emerge from the interactions of its components. In other words, environmental 

influences (in the constructivist view) become perturbations which are compensated 

for through the underlying recursive interdependence of the system’s components.  
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1. Organization as controlled system       2. Environment as controlled system 
 
 
                 * = cognitive viewpoint or  
                 Observer 
 
 
 
 
         = control flow 
 
 
         = information flow  System 

 
Environment 

 

Environment 
          * 

System 
        * 

 

Figure 2.2 Two views on controlled system 

 

 

Some researchers, however, in particular (Maturana and Varela 1980), offer a new perspective 

for understanding the logic through which living systems change, which is the foundation of 

Cybernetics II. In this theory, all living systems are organizationally autonomous systems of 

interaction that make reference only to themselves. Maturana and Varela have coined the term 

autopoiesis to refer to this capacity for self-production through a closed system of relations. 

Morgan (1986) remarks that, used as a metaphor, the theory of autopoiesis has intriguing 

implications for our understanding of organizations. Von Foerster (1984) gives an explanation 

from a neurophysiologic point of view: ‘The nervous system is organized (or organizes itself) 

so that it computes a stable reality’.  

 

Leeuw (1980) combines cybernetics 1 and 2 in a general control paradigm that unites both 

ways of control in Figure 2.2. A system is considered as a process that transforms an input 

from the environment into an output to the environment, see Figure 2.3. Within the system 

there is a Controlling Organ (CO) and a Target System (TS). The CO is exercising control 

over the TS and if possible also over the environment E. CO has a model of TS and E that is 

fed with information about TS and E.  

 

CO has a set of goals (norms) that forms the base for control. According to Leeuw (1980) 

there are three levels of internal and external control: 

Operational: control of the transformation of input to output without the possibility to 

change elements or relations. 

Structural: changing elements or relations to improve the performance of the system with 

respect to the realisation of the norm. 

Strategic: changing the norm by influencing the part of the environment that is responsible 

for the norm. 
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The Goal of the system can be expressed as a relation between Intended Output (for example 

in terms of services of TS) and Intended Input (for example in terms of the cost of the 

system). 

 

The “controllability of the TS” is concerned with the possibility of directing the TS from 

some arbitrary state to a desired state. The “control capability of the CO” is the ability 

of a CO to get the maximum of a TS; i.e. really using a TS to its full controllability potential 

(Leeuw and Volberda 1996). “Flexibility” corresponds with high controllability and large or 

at least sufficient control capability. Therefore, the resulting flexibility of a CO-TS 

configuration is the minimum of controllability and control capability (Leeuw and Volberda 

1996).  

 

 

 

 
 
 
 
 
 
 
 
                 Information         control 
 
 
 

          Input      Output 

Environ-
ment 

System 
 
 
 
 
Information           control  

Controlling 
organ 

Target 
system 

 

Figure 2.3 Process model of a system with control 

 

2.2.3 Definitions of ‘Model’ 

 

Definition model (Apostel 1960):  (a model is)… any subject using a system A that is neither 

directly nor indirectly interacting with a system B, to obtain information about the system B, 

is using A as a model for B. Leeuw (1980) states: a model is a system A that is representation 

of system B. Generally there is an isomorphic representation: one-to-many representation of 

elements A to elements B and a one-to-many representation of relations A to relations B. 

In Figure 2.4 a system is represented as a model for prediction (Joslyn 2000). The function of 

the model is to make a good prediction of the world’ that is changed by a certain dynamics. 

By measurement’ of the world’ can be concluded whether the prediction is correct.  
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The relation between “world” and “model” is also a central concept in the process of science 

and in the complexity theories that will be treated later. 

 

 

 

           Environment 
 
 
 
 
 
 
 
 
 
 
 Measurement       Measurement’  
 
 
 
 World     Dynamics  World’  

    System 
 
Representation    Prediction   Representation’ 

 

Figure 2.4 System as a model for prediction 

 

 

2.3 Information Management Framework 

 

In this research we compare organizations of the same type, which operate within comparable 

environments and have comparable business processes. Melville et al (2004) present a model 

about the positioning of the ICT system (comparable with the ICT conversion process (Soh 

and Markus 1995)) in the organization and the positioning of the organization in the 

environment. In Figure 2.5 the resources for an ICT system are (Melville et al 2004): 

TIR (Technical ICT resources): applications and infrastructure 

HIR (Human ICT resources): people, organization and procedures    

 

The scope of this research is limited to the following (terms of Figure 2.5): 

TIR: technical resources that together deliver application and infrastructure services (TIR 

services in Figure 2.6) 

Infrastructure: hardware and software for workstations, servers and communication 

facilities (in more detail defined in Appendix 1): 

- Workstations  

- Peripherals  

- Infrastructure data communications 

- Servers and storage 

- Communications speech and video 

- Facilities 
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- Infrastructure software (server operating systems and middleware) 

Applications: 

- Software and software services, including interfaces between applications 

HIR: human resources that together deliver ICT services (HIR services in Figure 2.6), based 

on the following types of skills: 

Technical skills to create and maintain application and infrastructure services. 

Information skills to assist the users of the application and infrastructure services. 

Managerial skills to collaborate with business and external organizations. 

Organizational resources: 

Cost of ICT downtime and in general cost of time of users (e.g. training) is outside the 

scope of the research. 

Users that spend part of their time executing ICT activities (in general supporting other 

users and specifying ICT functionality) are supposed to be part of HIR (for the relevant 

part of their time). 

Employees of the organization that use the ICT systems are part of the business processes.  

Business processes (performance) and organization performance are part of the scope of this 

research. 

Competitive and macro environment: In this research organizations of the same type are 

compared, that belong to the same environment.  

Empirical research is related to the following organization types: Dutch Housing 

Corporations, Municipalities and Hospitals. 

 

 

 

        Macro environment 

     Competitive environment 

   Business value generating process 

Industry characteristics  

ICT system: 
TIR and HIR 

Organisational  
resources 

Business 
processes 

Business 
process 
performance 

Organisational 
performance 

Country characteristics 

Trading partner resources and business processes 

 

Figure 2.5 ICT business value model (Melville et al 2004) 
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The ICT system in an organisation consists of HIR processes and TIR processes (Figure 2.6). 

TIR processes: applications, data, processing and communication facilities delivering TIR 

services (data services) to users in the business. Inputs are TIR (hardware, software) and TIR 

services (in case of outsourcing data processing). TIR processes are executed by hardware and 

software. 

HIR processes: people and procedures delivering HIR services (support and advice) to the 

business. Furthermore the HIR processes are controlling the TIR processes to deliver the 

services that the business needs. Inputs are HIR (people) and HIR services (support, advice 

and procedures). HIR processes are executed by people of the ICT organization. 

In this research the control of TIR by HIR is defined in the broad sense of ICT management, 

including all the activities, from strategic to operational levels, to create and maintain TIR 

processes. 

 

 

 
         Organization 
 
 
 
 
        HIR services                  HIR 
         
           HIR services 
 
 
 
 
 
 
 
        TIR services                  TIR 
 
            TIR services 

business Suppliers 
HIR 
(services) 
TIR 
(services) 

ICT system 

 

 

 

 

 

 

 

   control 

HIR 
processes  
(ICT 
manage- 
ment) 

 

TIR 
Processes 
(Hardware/ 
software) 

 

 

Figure 2.6 Model of HIR and TIR processes in ICT system 
 

 

We use the Information management framework (Maes 1999) to fill in the HIR processes (see 

Figure 2.7) at the operational, structural and strategic level with IC (information and 

communication) and Technology aspects. At the operational level services are delivered to the 

users in the business by TIR (Technical Information Resources). At all levels HIR (Human 

Information Resources) are necessary to perform the following activities: 

Strategic level aspects: 

Scope of IC and Technology 

Core capabilities of IC and Technology 

Governance aspects (make or buy and strategic partnership decisions) 

Structure level aspects: 

Architecture of IC and T 
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Definition and design of critical IC and T processes and decision on legacy 

systems 

Selection and development of promising IC and T capabilities  

Development of an IC and T learning infrastructure 

Operations level aspects: 

(Re)design, perform and monitor IC and T processes (development and 

maintenance) 

Delivery of IC services and operational Technology management (ITIL) 

Acquisition, training and development of skills of IC and T professionals  

 

 

 

   Business       Information/Communication    Technology 
 
 
 
Strategy  
 
 
 
 
 
Structure 
 
 
 
 
 
 
Operations  

Business  
Strategy 
(Organizational  
Resources) 

Business  
Structure 
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Technology   
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Technology 
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(Organizational  
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T Oper (HIR) 
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Figure 2.7 Information Management Framework 

 

 

From a control point of view the organization is divided in 3 subsystems (see Figure 2.8): 

The Business Subsystem. 

The Information and Communication (I/C) Subsystem.  

The Technology Subsystem.  

Each of these subsystems is composed of the following components: 

Strategic Control Organ. 

The sub-subsystem that is composed of the Structural and the Operational Component. 

The following control relations are considered: 

There is a control relation between the strategic component and the structural component 

(strategic steering). 

There is a control relation between the structural component and the operational 

component (structural steering). 

The following alignment relations are considered: 

Strategic alignment between Business Strategy and I/C Strategy. 

Strategic alignment between I/C Strategy and Technology Strategy. 
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Structural alignment between Business Structure and I/C Structure. 

Structural alignment between I/C Structure and Technology Structure. 

The following services are delivered at the operational level: 

Technology services from Technology Operations to I/C Operations. 

I/C services from I/C Operations to Business Operations. 

 

 

 
 
 
 
      Strategic             Strategic 
      Alignment            Alignment 
 
 
        
 
 
             Structural              Structural     
      Alignment             Alignment      
    
 
 
 
       C 
      I/C services            T services 

Business 
Structure 

Business 
Operations 

I/C 
Operations 

Technology 
Operations 

I/C 
Structure 

Technology 
Structure 

Business  
Strategy 

I/C  
Strategy 

Technology 
Strategy 

 

Figure 2.8 Information Management Framework from a control point of view 
 

 

In Figure 2.9 the operations level of I/C and T is divided in a Control Organ (development 

and maintenance) and a Target System (service delivery). The Business Operations is 

considered as a black box. 

The specification of I/C services is input for the I/C Operations Control Organ to develop 

and maintain the I/C services of the I/C Target System. 

The specification of Technology services is input for the Technology Operations Control 

Organ to develop and maintain the Technology services of the Technology Target System. 

The relations with the structure level of Business, respectively I/C and Technology are the 

constraints for all the activities at the Operational level. 

Technology service delivery is executed by hardware and software (syntactical aspect). 

I/C service delivery is executed by people (users), using the applications and translating 

the data syntax to information and human communication (semantic aspect). 

Business Operations are executed by employees of the organization that translate the 

semantic aspects to organization performance (pragmatic aspect). 
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Figure 2.9 Operations level IM framework from control point of view 
 

 

The operational delivery of services to users can be related to the “ICT assets”, which are 

defined by Soh and Markus (1995) to consist of infrastructure, applications and users 

(employees of the organization). Infrastructure is part of Technology; applications can be 

considered from a technological point of view and can be viewed as I/C services; users 

consume the information in the I/C service delivery process and use the information in the 

business operations. Aral and Weill (2007) have a comparable classification: they use the 

word “ICT assets” for infrastructure and applications and use the word “practices” for the 

usage of information. Therefore their ICT assets are part of technology and service delivery 

and their practices are part of the consumption of information and the usage in business 

operations. 

 

2.4 Definitions of ‘complexity’ 

 

Over the last 50 years complexity has become a broad ranging subject, that is appreciated in a 

variety of ways (Ashby 1958; Simon 1962; Koolhaas 1982; Prigogine and Stengers 1984; 

Gleick 1987; Anderson et al 1988; Kauffman 1993; Kelly 1994; Holland 1998; Edmonds 

1999; Xia and Lee 2005). In this research the study of complex systems will be elaborated as 

part of cybernetics and systems theory. This implicates that the science of complexity as 

described by a.o. Heylighen et al (2007) belongs outside the scope of this research. Heylighen 

describes a theory of complexity about how a system, and complexity in general, may emerge 

out of something which is not yet a system. Such a phenomenon might be understood with the 

help of concepts developed around the phenomenon of self-organization. This field of 

research is sometimes called “complex adaptive systems” (Gell-Mann 1995), where a lot of 

research from the perspective of natural science (but also with a growing interest from 

economics and social science) endeavours to investigate self-organizing systems, co-operative 
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behaviour of agents, and non-linear dynamical systems creating emergent properties during 

their time evolution (Bar-Yam 1997).  

 

Instead we will use the concept of “complex systems” and ask ourselves whether we are able 

to measure the complexity as a property of a system (“ontological” complexity according to 

Emmeche (1997)) or as a property of a model of the system (“descriptive” complexity 

(Emmeche (1997)). In the definitions of complexity there are two fundamentally different 

views: 

Complexity of a real world system. The definition of complexity tries to describe aspects  

of reality. We will use the concept of complexity according to Rosen (1996) to explain  

this. See also Pattee (1973). 

Complexity of a model of the real world system. In this view of Edmonds (1999) the 

relation between model and system is outside the scope of the definition of complexity.  

See also Suppes (1977). 

We define the concepts “ignorance” and “validity” to describe the relation between model 

and system. 

 

After this introduction we give an overview of the different lines of research concerning the 

measurement of complexity. Then we give an example about the measurement of complexity 

in an artificial, designed system. Finally we describe the measurement of complexity in this 

research. 

 

2.4.1 Complexity of a real world system according to Rosen  

  
Mikulecky (2001) describes the way how science is done according to Rosen (1996). It is a 

combination of using our senses to observe the world around us and then to use some mental 

activity to make sense out of that sensory information. The process is what we will call the 

modelling relation (see Figure 2.10). If we call the world we are observing and/or trying to 

understand the Natural System and the events that make it change as we observe causality (1), 

then that represents our object of study. What we do in our minds is to encode (2) the natural 

system into another system that is of our making or choosing which we can call a formal 

system. Once we have chosen a formal system, we can manipulate it in various ways with the 

objective of mimicking the causal change in the natural system. These manipulative changes 

in the formal system we will call implication (3). Finally, once we think we have an 

appropriate formal system and have found an implication that corresponds to the causal event 

in nature, we must decode (4) from the formal system in order to check its success or failure 

in representing the causal event. Figure 2.10 represents the modelling relation (Hughes 1997) 

we have just described. 
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Figure 2.10 Modeling relation according to Rosen 

 

If all the parts of the diagram are in harmony, in other words if 1 = 2 + 3 + 4, we say that the 

diagram commutes and we have a model. A model of the world is the outcome of a successful 

application of the scientific method, but it can also arise in other, less formal ways. Whenever 

someone tries to make sense out of the world, they are trying to construct a successful 

modeling relation, or a model. 

We use this concept for the definition of complexity. The world, from which we single out 

some smaller part, the natural system, is converted into a formal system that our mind can 

manipulate and we have a model. The world is complex. The formal system we choose to try 

to capture it can only be partially successful. For years we were satisfied with the Newtonian 

Paradigm as the formal system, forgot about there even being and encoding and decoding, and 

gradually began to change the ontology so that the Newtonian Paradigm actually replaced or 

became the real world (at least as seen through the eyes of science). As we began to look 

more deeply into the world we came up with aspects that the Newtonian Paradigm failed to 

capture. Then we needed an explanation. Complexity was born. Definition: complexity is the 

property of a real world system that is manifest in the inability of any one formalism being 

adequate to capture all its properties. We can state simply that the complexity of a real world 

system is the not explainable part of the system.  
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2.4.2 Complexity of the model of a system according to Edmonds  

 

Edmonds (1999) states that it is impossible to measure real world complexity. His definition 

is based on a property of a model of a system. 

 

Definition: complexity is that property of a model which makes it difficult to formulate its 

overall behaviour in a given language, even when given reasonably complete information 

about its atomic components and their inter-relations.  
 

This is a general definition, which is intended to have different interpretations in different 

contexts. It relates the difficulty in formalisation of the whole to that of the formalisation of 

its parts (typically a ‘top-down’ model compared to a ‘bottom-up’ one) in the language. It is 

only applicable in cases where there is at least a possibility of gaining significant information 

about the components, thus clearly separating ignorance from complexity. Different 

conceptions of complexity depending on the base language chosen, the type of difficulty 

focused on and the type of formulation desired within that language. 

The important aspects of this approach are that: 

1) it applies to models rather than natural systems; 

2) complexity is distinguished from ignorance; 

3) it is relative to the modelling language it is expressed in;  

4) it is relative to the identification of components and overall behaviour; 

5) complexity is a global characteristic of a model; 

6) you will get different kinds of complexities from different types of difficulty; 

7) complexity represents the gap between component knowledge and knowledge of 

global (or emergent) behaviour; 

8) since difficulty is sometimes comparative, complexity will be also. 

 

The approach of Edmonds to complexity can be considered as a continuation of the ideas of 

Herbert Simon. Simon (1962) developed a theory of “hierarchical systems” that forms the 

basis for the above mentioned aspects (4), (5) and (7). The principle of “bounded rationality” 

(Simon 1955) can be considered as a fundament of aspect (2), as “rational ignorance” is 

ultimately a choice. Simon (1977) states: “Complexity may lie in the structure of a system, 

but it may also lie in the eye of the beholder of that system”; this viewpoint forms the base of 

aspects (1), (3), (6) and (8). The specific contribution by Edwards is in my opinion aspect (7): 

in Figure 2.11 we can see that the gap between the component models and the overall model 

of the system is a measure for complexity according to Edmonds. This gap is what Simon 

called the “nearly decomposability” of the components of a hierarchical structured system.  

Thus Edwards translates this “nearly decomposability” of the components to a measure of 

complexity of the overall system. Edwards is formalizing the more informal approach of 

Simon.  
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Figure 2.11 Complexity according to Edmonds 

 

2.4.3 Complexity, ignorance and the validity of the model of a system 

 

The validity of the model of a system can be defined as (the probability of) a correct 

explanation or prediction of the behaviour of the system by the model (see Figure 2.4). The 

difference between complexity and ignorance can be explained with this concept of the 

validity of a model of a system (see Figure 2.12): 

Ignorance is a property of the relation between the system and the representation of the 

system: 

In reality there is a system. 

We have a view on that system by our ‘Weltanshauung’ (German for “view of the 

world” (Wood-Harper 1985)) and we form a representation of that system (according 

to Leeuw (1980) while Edmonds calls this also a model). The Weltanschauung can 

essentially be equated to the notion of a viewpoint (Proper et al 2005). 

We can make a model of the representation with a certain correspondence between 

elements and relations in the model and elements and relations in the representation. 

Ignorance can be considered as the lack of completeness of the representation 

compared to the system in reality. 

Ignorance concerning not relevant aspects of the system is a choice. 

We might state that the source of ignorance  is the not explainable part of the  

system, which is the definition of complexity according to Rosen (section 2.4.1).  

Complexity is a property of the model as such (as defined by Edmonds). We might define 

this as the explainable complexity, unlike the not explainable complexity of the system 

according to the definition of Rosen, see Figure 2.12. In the remaining of this thesis the 

Rosen complexity concept will not be used. 
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Validity of the model of a system is a property of the relation between the model and the 

system in reality (measurable by the correctness of explanations or predictions of the 

behaviour of the system made by the model).  

 

The relation between validity and ignorance can be elucidated using the concepts “content 

validity” and “construct validity” (Straub 1989). The content validity refers to the question 

whether the constructs and their relations are a good representation of the system (the 

intention of the representation). The construct validity pertains to the definition of the 

variables that make up the constructs, which can be considered as the model of the 

representation. In chapter 6 this will be further elaborated. 
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Figure 2.12 Ignorance versus complexity and validity of a model 
 

 

2.4.4 Measures of complexity  

 

Broadly, existing measures of complexity can be seen as (Edmonds 1999): 

(1) A special case of the above mentioned definition of Edmonds (the difficulty to formulate 

the overall behaviour of a model of a system). 

(2) A relativisation of the approach either to some physical attribute (e.g. scale) or some 

‘privileged’ framework to ‘objectivise’ it (“ontological” approach). 

(3) A weak characterisation of complexity better suited to some other descriptive label, such 

as ‘information’ (“descriptive” approach). 

 

Ad (1) Oriented to the properties of the relation between model and system. 

If a system can be modelled in many different and irreconcilable ways, then we will 

always have to settle for an incomplete model of that system. In such circumstances the 
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system may well exhibit behaviour that would only be predicted by another model. Thus 

such systems are, in a fundamental way, irreducible. This approach can be extended in 

restricted circumstances to measuring complexity by the number of inequivalent descriptions 

(Casti 1986). In terms of Figure 2.12 we could say that there are different viewpoints with 

different corresponding models, which makes it difficult to determine the overall behaviour of 

the system. 

 

Ad (2) Oriented to the “ontological” properties of the system. 

(a) The greater the extent of inter-connections between components of a system, the 

more difficult it is to decompose the system without changing its behaviour. Thus the 

connectance of a system (especially when analysed as a graph (Ramamoorthy 1966)) becomes 

a good indication of the potential for complex behaviour. 

(b) If one is focusing on the topology of a model, then one improvement on the simple 

size of the network as an indication of its complexity is the number of relations indicated 

between the nodes. Rouse and Rouse (1979) in their study of the time taken to complete tasks 

found a strong correlation between the time taken to perform fault diagnosis tasks with 

complex relations and the number of internal relations in that circuit (represented by a wiring 

connection).  

(c) There is clearly a sense in which people use “complexity” to indicate the number of 

parts but seems rarely used just to indicate this. Size seems not to be a sufficient condition for 

complexity. On the other hand a certain minimum size does seem to be a necessary condition 

for complexity. It is very hard to imagine anything complex made of only two parts. The rate 

of potential complexity seems to increase very fast with size. This does not, of course, 

mean that all large systems are complex. Anderson (1972) points out that size can make a 

qualitative difference to the behaviour of systems as Von Neumann (1966) also suggests. 

 

Ad (3) Oriented to the properties of the “descriptive” model of the system. 

(a) The Algorithmic Information Complexity (AIC) of a string of symbols is the length 

of the shortest program to produce it as an output. The program is usually taken as running 

on a Turing Machine (Solomonoff 1964; Kolmogorov 1965; Chaitin 1966).  

(b) Bennett (1986) defines ‘logical depth’ as the running-time to generate the 

object in question by a near-incompressible program. 

(c) In physics, entropy measures the level of disorder in a thermodynamic system. The 

more disordered it is, the more information is needed to describe it precisely. Thus 

complexity and entropy can be associated, although this was not intended by its 

originators (Shannon and Weaver 1949). Entropy based measures are essentially probabilistic 

(Grassberger 1986).  

(d) The amount of information a system encodes or the amount of information needed 

to describe a system has a loose connection with its complexity. There is a close connection 

between the amount of information and disorder. Information can be measured 

deterministically using algorithmic information complexity or probabilistically using entropy.  

Klir (1985) states that complexity should be proportional to the information required to 

resolve any uncertainty.  Some approaches which seek to combine elements of both 

algorithmic and Shannon information include Gell-Mann and Lloyd (1996) and Rissanen 

(1987). Computational complexity has been extended to cover information flow by adding a 

cost function to the information used by a computation (Traub and Wozniakowski 1991). 

Applications include: systems problem solving (Klir 1984) and the estimation of the 

information of a pattern (Nielsen 1996). 

(e) A complex system is likely to exhibit a greater variety in terms of its behaviour and 
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properties. Thus variety is an indication of complexity. Variety can be measured by the simple 

counting of types, the spread of numerical values or the simple presence of sudden changes 

(Ashby 1956; Heylighen 1990; Huberman and Hogg 1986; McShea 1991). In this way it 

overlaps with information and entropic measures.  

 

In the next section we will give an example of the complexity of an artificial system. 

 

2.4.5 Complexity of a model of an artificial system using the C-K theory 

 

The relation between a model and a (to be designed) system is a central issue in the “C-K 

theory” (Hatchuel and Weil 2003, 2009; Ondrus and Pigneur 2009). In this theory, the starting 

point of a design project is the formulation of an idea, a specification, a “concept”, which is 

an incomplete or ambiguous set of desired properties qualifying the system to be designed. 

An example is a concept of an information system. In Figure 2.13 the source of the concept of 

an information system can be found in the I/C part of the Information management Model 

(Figure 2.7).   

 

The theory assumes a space of knowledge (K), which is the established knowledge available 

to a designer and contains propositions of partly known objects as well as relations between 

these objects. In the example of the information system there are two sources of knowledge: 

- Business knowledge that can be found in the B part of Figure 2.13. 

- Technological knowledge that can be found in the T part of Figure 2.13. 

Propositions in K have a logical status (true or false in classic logic, non standard logic could 

be adopted as well). K is expandable since its content changes over time. 

A “concept” is a proposition implying that “an object verifies a group of properties”. A 

concept has no logical status in the space of knowledge (K). In fact, when a concept is 

proposed, it is not possible to prove that it is a proposition of K. Concepts are considered as 

sets that can only be partitioned or included (not searched). If a property is added, the set is 

partitioned in subsets. If a property is removed, the set is included in a set that contains it. The 

process of adding and removing properties to or from concepts is the central mechanism for 

the design reasoning activity. The space of concepts (C) has a tree structure based on these 

partitions and inclusions.  

 

Four operators have been defined, represented in the so called “design square” (see Figure 

2.13): 

K � C operator: this operator adds or removes properties from K to concepts in C. It creates 

“disjunctions” when it transforms a proposition into a concept. This corresponds to the 

generation of alternatives. It expands the space C with elements from K. 

C � K operator: this operator seeks for properties in K that could be added or removed to 

reach propositions with a logical status. It creates “conjunctions” which could be accepted as 

finished design. This corresponds to evaluation using an experimental plan, a prototype, or 

testing. It expands knowledge with the help of concepts. 

C � C operator: this operator controls the expansion of the space or tree of concepts, by 

partition or inclusion. 

K � K operator: this operator allows expanding the space of knowledge using logic and 

proving new theorems. 
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The expansion mechanisms help to define design as “the reasoning activity which starts with 

a concept about a partially unknown object and attempts to expand it into other concepts 

and/or to generate new knowledge”. Design generates the co-expansion of the two spaces: 

design is the process by which K � C disjunctions are generated, then expanded by partition 

or inclusion, to reach C � K conjunctions.  

 

In the example of the information system the ultimate design, based on expanded knowledge 

(Figure 2.13) is the basis for the Technological part of the system and thus for the 

Information/Communication that is available for the users of the system. C and K are both 

models of the Business and are also models of the Information system to be designed. Using 

the definition of complexity of Edmonds we can define the complexity of K as the amount of 

knowledge to assemble the components in K (considered as black boxes) to a whole that is 

eventually the designed information system. The ignorance between the K model and the 

information system is zero, and the validity of the K model is 100%, as the system has to be 

realised according to the model. Important to notice that the components of the system are 

considered as black boxes, just as the corresponding components of the K model: there is of 

course ignorance concerning the content of these black boxes, but we are not interested in this 

content. We are only interested in the behaviour of these black boxes, which is described in 

the K model, so from this point of view there is no ignorance between information system and 

the K model. Another aspect is the ignorance between the C model and the Business: as the 

Business is not completely modelled in the information system, there is always an amount of 

ignorance between Business and the C model. The process in the “design square” can be 

considered as a learning loop, which ultimately reduces the ignorance between Business and 

C model.  
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Figure 2.13 C-K theory design models 
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The complexity (or knowledge) of K is composed of two types: business complexity 

(“essential” complexity (Brooks 1986; 2003)) and technological complexity (“accidental” 

complexity (Brooks 1986; 2003)). As the essential complexity of the Business is not 

completely modelled in the K model, the remaining ignorance between Business and C model 

can be a dangerous source of wrong decisions, based on an illusion of valid information 

systems (Ciborra et al 2000). An example is the whole of financial systems of banks that are 

apparently based on too much ignorance, which was part of the cause of the financial crisis in 

October 2008. The danger of too much ignorance between Business and essential complexity 

in information systems can be caused by too much focus of ICT departments on limitation of 

accidental complexity by standardization. In practice we often see the emergence of “paper” 

processes and the excessive usage of spreadsheets by users whose “agility demand” is 

insufficiently supported by excessive standardized systems.  

 

Both essential and accidental complexities of information systems have been growing 

exponentially in the last 50 years. However, the essential complexity is growing relatively 

faster than the accidental complexity, as the technological components (black boxes) have 

every year more functionality. So there is more and more “hidden” complexity, which makes 

technology easier to manage. On the other hand, the essential complexity consists of units of 

information that stay in essence the same, although with graphical displays this can be easier 

“transported” to the mind of the user. But there is no “technological” development in the 

brains of the users, so the whole of essential complexities of information systems is getting 

more and more difficult to perceive by human minds. The accidental complexity and the 

possibilities to control this type of complexity are the primary subject of this research, as this 

is related to the efficiency of the Technology. The possibilities to control essential complexity 

are however of secondary importance in this research, as this is related to efficacy of the 

Information/Communication for the Business. This is what Soh and Markus (1995) call the 

“ICT use process”, see Figure 1.1. The efficiency of the ICT-use process is highly determined 

by the alignment between applications and business processes. In this research we do 

investigate the productivity of the business processes in relation to the ICT assets, but we do 

not analyse in depth the causes of economies of scale in business processes. 

 

2.4.6 The measurement of complexity in this research  

 

The definition of Edmonds (complexity represents the gap between component knowledge 

and knowledge of global (or emergent) behaviour) can be made operational using the 

complexity concept of Gershenson and Heylighen (2005). They define complexity in a 

recursive way: the complexity of a system increases with the number of distinct components, 

the number of connections between them, the complexities of the components, and the 

complexities of the connections. This is a recursive definition that is general enough to be 

applied in different contexts. For example, everything else being equal, a firm will be more 

complex than another one if it has more divisions, if its divisions have more employees, if the 

divisions have more channels of interaction, and/or if its channel of interactions involves 

more person-to-person interactions. 

 

There is a clear relation between these two definitions: the overall behavior will be more/less 

difficult to derive if the number and complexity of individual components and relations 

increase/decrease. In both cases the complexity of the whole is defined relatively to the 

complexities of the components and relations. So if two systems A and B consist of a 
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different number of the same basic components and relations, then the complexities of A and 

B can be expressed in some sum of complexities of basic components and relations. In that 

way the complexities of A and B can be made comparable, while the complexities of basic 

components and relations have arbitrary values. So it doesn’t matter that complexity is the 

property of the model of a system, to make complexities of systems A and B comparable. This 

property will be used in the benchmarking of comparable organizations. 

 

Ashby (1973) proposes that the degree of complexity should be measured “by the quantity of 

information required to describe the vital system”. This is known as the Law of the requisite 

Knowledge (Ashby 1958; Conant and Ashby 1970). In this definition the description of the 

system can be considered as a model of the system. The quantity of information, required to 

describe the vital system is a specification of the “difficulty to formulate its overall behaviour 

in a given language” (according to definition of complexity of Edmonds). So this is a special 

case of the definition of Edmonds. 

 

Backlund (2002) goes one step further and defines it thus: “Since complexity is something 

perceived by an observer, the complexity of the system being observed is, one could say, a 

measure of the effort, or rather the perceived effort, that is required to understand and cope 

with the system.” This definition can also be considered as a special case of Edmonds’ 

definition, as the effort to understand the system is a measure of the “difficulty to formulate 

the overall behavior”. Thus the perceived complexity of a system is partly a property of the 

system and partly a property of the observer. So two observers will need a different amount of 

effort to understand the same system at the same validity level (in the sense of making correct 

explanations or predictions). The difference between the two observers can be found in the 

knowledge they have about this system or this kind of systems. This brings us to 

epistemological questions that will not be further treated here. 

 

In this research we will use two different ways to measure the complexity of a system: 

1) Based on the “ontological” definition of Gershenson and Heylighen (2005): the 

complexity of a system is determined by the number of different elements and 

relations.  

2) Using the “descriptive” definition of Ashby (1973): complexity is measured by the 

quantity of information to describe the system. 

 

In terms of figure 2.12 these two ways can be considered as two different representations of a 

system. In the process of modeling these representations, we will use in both cases the 

definition of Backlund (2002), so the complexity is measured as the effort to understand and 

cope with the system by the observer: 

Ad 1) The system is perceived as a set of sets of elements and relations, that have to be 

understood by an observer. 

Ad 2) The system is perceived as a quantity of information (represented in some way) that has 

to be understood by an observer. 

We will show that these both views are interchangeable in the sense that view 2 can be 

expressed in terms of elements and relations and that view 1 can be expressed as a quantity of 

information. However, as a starting point we will use these views and in chapter 3 the 

interchangeability will be further elaborated. 
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2.5 Resource based view 

 

In this section we will first introduce the Resource Based View (RBV) concept. This will 

subsequently be defined more precisely, using the framework of Peppard and Ward (2004). 

We will relate this framework to the Information Management Framework (Maes 1999). 

 

2.5.1 Introduction RBV 

 

ICT assets and ICT management can both be considered as ICT resources within the 

framework of the resource-based view (RBV). This section describes the theoretical 

background of the RBV and the role of ICT infrastructure as an important ICT asset. Barney 

(1991) proposes that firms can obtain competitive advantages on the basis of corporate 

resources that are firm-specific, valuable, rare, difficult to imitate, and not strategically 

substitutable by other resources. Grant (1991) and Makadok (2001) emphasize that although 

resources in themselves can serve as basic units of analysis, firms create competitive 

advantage by assembling these resources to create organizational capabilities. According to 

Santhanam and Hartono (2003), IS researchers have adopted this capability notion of 

resources by arguing that although it is not hard for competitors to duplicate organizations’ 

investments in ICT resources by purchasing the same hardware and software, these resources 

per se do not provide sustained competitive advantages. It is, however, the way in which 

firms leverage their ICT investments to create unique capabilities that impact their overall 

effectiveness (Clemons and Row 1991; Mata et al. 1995). Karimi et al. (2007) state that 

infrastructure resources refer to a firm’s shared ICT assets (e.g., hardware, software tools, 

networks, databases, and data centres). They are the foundations of a firm’s ICT architecture, 

its blueprint or major design that supports its multiple applications and user groups 

(Bharadwaj 2000; Luftman 2000; Ross 2003). Following a RBV perspective on building 

strategic-level capabilities, the individual ICT asset is commodity-like, widely available, 

suitable for imitation, and relatively easy to obtain, and therefore incapable of generating 

long-term economic rents. For this reason, it is hardly considered to be a source of sustained 

competitive advantage alone (Mata et al 1995; Ray et al 2005). ICT infrastructure resources, 

however, will ensure the success of a firm’s ICT architecture, by their highly firm-specific 

nature, and the way in which they evolve over longer periods of time, during which gradual 

enhancements can be made to meet the changing business needs (Allen and Boynton1991; 

Scott-Morton 1991). In this research, we will investigate the importance of ICT infrastructure 

resources as the foundation of the organization’s application architecture, and validate the 

efficacy of ICT management policies on the basis of the amount of expenditures in ICT 

infrastructure.  

 

According to Kumar (2004), IS researchers have also recognized that ICT infrastructure 

flexibility includes technical ICT infrastructure flexibility as well as human ICT infrastructure 

flexibility (Henderson and Venkatraman 1994; Duncan 1995; Broadbent et al 1999; Byrd and 

Turner 2000; Wade and Hulland 2004). Effective human infrastructures require technology 

management knowledge and skills, business-functional knowledge and skills, interpersonal 

and management knowledge and skills, as well as technical knowledge and skills (Lee et al 

1995). ICT infrastructure flexibility is therefore multidimensional and includes the ability to 

upgrade different parts of the infrastructure for network purposes, to integrate disparate data 

sources through the use of middleware, to counteract system failure due to redundant 

components or systems, and to add new applications to components or application 
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frameworks (Byrd and Turner 2000; Fan et al 2000; Hwang et al 2002). We believe that a 

flexible ICT infrastructure drives organizations’ business value (Broadbent et al 1999), and in 

particular leverages the economies of scale in ICT. 

 

2.5.2 RBV in Information Management Framework 

 

Peppard and Ward (2004) introduced a framework clearly defining the key concepts they use: 

resources, competencies and capability. Resources are stocks of available factors that are 

owned or controlled by the organization. The data, information, knowledge, systems and 

technology owned or available to the organization are an increasingly important set of 

resources. Competencies refer to an organization’s capacity to deploy resources, usually in 

combination, using organizational processes, to effect a desired end. They refer to the 

organization’s ability to deploy combinations of specific resources to accomplish a given task. 

Capability refers to the strategic application of competencies i.e. their use and deployment to 

accomplish given organizational goals. The concepts resources, competencies and capability 

can be positioned in the Information Management Framework, see Figure 2.14.: 

- Resources can be placed at the operational level,  

- competences at the structural level, and  

- capabilities at the strategic level.  

Besides the process theory of Soh and Markus (see Figure 1.1) can be related to the 

Information Management Model:  

- ICT conversion process in the Technology column, 

- ICT use process in the I/C column, and 

- competitive process in the Business column. 

The transformation from resources to competences and to capabilities takes place in every 

column, whereby interrelations between columns play an important role. 
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Figure 2.14 Resource based view in Information Management Framework 
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Policies at the strategic level guide this transformation process and in this research we will 

focus on the infrastructure policy (in Figure 2.14 strategic level in technology column). 

According to Peppard and Ward (2004) a flexible and re-usable ICT infrastructure provides 

the technical platform, services and specialist resources needed to respond quickly to required 

business changes as well as the capacity to develop innovative IS applications. Through the 

deployment of technical knowledge and skills, the organization ‘creates’ an ICT infrastructure 

that influences future options and speed of response but has a degree of permanence attached 

to it. The infrastructure can be viewed as the embodiment of knowledge and skill. The ICT 

infrastructure provides the shared foundation of the organization’s ability for building and 

using business applications. While many software applications are designed for one specific 

business purpose, other applications and most hardware, networks, operating systems and 

databases are designed to be shared and to serve many business purposes. A major problem 

with ICT infrastructure and associated services is that they are not always adequately planned 

for. It is generally accumulated rather than designed to serve the business in times of change 

and consequently it is often rather fragmented and technically incompatible, at least in parts. 

The ICT infrastructure only defines the technological capability required to support the 

business and its strategy, if it adequately addresses the need for flexibility to deal with 

changing business needs and priorities.  

 

As stated above, not only technical policies, but also human policies will be investigated, 

regarding the development of ICT human resources (HIR) to HIR capabilities. In the 

Technology column of Figure 2.14 the HIR are responsible for the development of 

infrastructure capabilities and in the I/C column the HIR are responsible for the support of the 

ICT users, that develop the I/C capabilities of the organization. The maturity of the ICT 

organization, which is formed by HIR in collaboration with ICT users, is described by for 

example the Capability Maturity Model Integration (CMMI Product Team 2002) or COBIT 

4.0 (2005). The policies that must lead to these capabilities can be placed in Figure 2.14 at the 

strategy level in the I/C column and in the Technology column.  

 
Besides these factors there are complementary organizational practices that raise the returns 

from ICT investments. Hitt and Brynjolfsson (1997) found that increased investment in ICT is 

linked to a system of decentralized authority and related practices. These can be considered as 

competences and capabilities in the Business column. Bassellier et al. (2001) consider the ICT 

knowledge of business professionals (which leads to competences and capabilities in the 

Business column) and the business knowledge of ICT professionals (which leads to 

competences and capabilities in the I/C column) as important factors. Bhatt and Grover 

(2005) mention organizational learning, which is important in the development from 

resources to capabilities in all columns of Figure 2.14. Brynjolfsson and Hitt (2003) stressed 

that complementary investments take time; an implication of this argument is that the long-

run benefits of computerization should exceed the short-run contribution. These additional 

benefits from computerization arise as firms implement complementary changes in the rest of 

the business. Therefore, the resulting effects of computerization on output may be greater than 

the factor share of computer capital. However, the benefits of these complementary 

organizational practices are only visible after years. Especially investments in infrastructure 

take long time before the results are visible. We will deal with this aspect in more detail in 

section 2.7.3. 

 

Other authors who have studied the relation between ICT and management effectiveness, are 

Van Nievelt and Willcocks (1997) and Strassmann (1985). Their research identifies the effect 
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of ICT on the productivity of management, referred to as OPI – Organizational Performance 

Index (Van Nievelt and Willcocks 1997) or ROM – Return on Management (Strassmann 

1985). The McKinsey Global Institute (2001) further refines this type of research, arguing 

that there are genuine differences in the effective utilization of ICT among lines of businesses. 

The Institute, therefore, emphasizes the need for branch-specific research such as elaborated 

upon in our study. Further, ample research has been conducted in the area of ICT evaluation 

techniques (Ballantine and Stray 1998; Powell 1992). This research, however, hardly 

addresses the question to what extent the improvement of the evaluation leads to better ICT 

decision making and a more effective and efficient use of ICT.  

 
In this research we will focus on the policies necessary for the ICT conversion process from 

ICT expenditure to ICT assets. The efficacy of ICT management policies is defined as the 

ability of ICT management to govern an efficient and effective conversion from operational 

ICT expenditure to ICT assets. This implies that effective policies create the conditions for an 

efficient and effective ICT conversion process. We will investigate policies that guide the 

transformation to technical and organizational capabilities from technical and human ICT 

resources.   

 

2.6 Economies of scale 

 

In a well-known passage from The Wealth of Nations, Adam Smith (1776) argues that the 

gains from specialization arise from the repetition of the same task, which improves dexterity. 

This saves time otherwise lost in switching from one activity to another, and may lead to 

increased mechanization (and automation). These universally accepted principles also apply 

to information processing by ICT labor. Individuals do get better at repeatedly processing the 

same type of information. Time is lost in switching from processing one kind of information 

to another, and time can be saved with the help of computers in completing simple and 

mechanical processing tasks. So specialization, made possible by a larger scale, leads to a 

higher productivity not only in general (Silberston 1972), but also to information processing 

(Bolton 1994) by ICT labour. Furthermore the information processing by ICT labour can be 

partly automated: for example tools for the automation of management and distribution of 

(new versions of) hardware and software (IDC 2007). 

 

The drawback of specialization is a greater need for control and communication (Williamson 

1967; Bolton 1994): the larger the organization, the more bureaucratic rigidity (Williamson 

1996) and processing bottlenecks (Simon 1947). Another disadvantage of a larger scale is the 

complexity of the ICT assets: the number of relations between hardware/software components 

increases with the square of the number of components. This leads to non-linear 

documentation requirements and an exponential increase in problem solving difficulty (Simon 

1977; IDC 2007). However, there are only few publications about economies of scale effects 

in ICT management, see for example (Barron 1992; Looijen 2000). This is in steep contrast 

with the many studies on economies of scale in software development (e.g. Banker and 

Kemerer 1989; Banker et al.1994; Boehm and Sullivan 1999; Kitchenham 2002).   

 

The literature on ICT and business productivity makes a key distinction between labour 

productivity that results from simple substitution of ICT for labour and the gains ushered in 

from fundamental improvement in management practices, business processes and strategies 

(Davenport and Short 1990; Bresnahan et al 2002; Brynjolfsson and Hitt 2003). The former is 
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labelled as capital deepening, while the latter is referred to as multi-factor productivity or total 

factor productivity. Input driven productivity can be the result of ICT substituting other types 

of capital or labour inputs. In other words, capital deepening may be subject to economies of 

scale type of effects if there are diminishing returns to scale in the organizational production 

function. At the same time, corporate strategies, superior business processes and 

organizational learning that underlie multi-factor productivity are not independent of ICT 

investments but lead to ICT spending as well. Such types of productivity impacts may be less 

subject to diminishing returns, and the economies of scale type of arguments may be less 

relevant here and fall outside the scope of this research. 

 

Related to the issue of the differential impact of IT, Tallon et al. (2000) build upon Porter’s 

arguments of operational effectiveness and strategic positioning to hypothesize two 

fundamental differences in the way ICT can transform firms. First, firms can enhance 

operational business effectiveness by using ICT to reduce operating costs, to improve 

productivity, and by using ICT to increase responsiveness to customer needs. Second, ICT 

can improve the strategic position of firms by extending market reach or by using ICT to 

change industry or market practices. In this research we will benchmark Housing 

Corporations, Municipalities and Hospitals, which operate in stable market conditions. 

Therefore we assume that these organizations focus on improving productivity. 

 

Besides economies of scale there is a concept called “economies of scope” (Teece 1980) that 

refers to the common and recurrent use of propriety know-how for different products in a 

multi-product enterprise. This can be translated in the ICT environment to the use of common 

know-how for the management of different ICT assets. We will in this research not consider 

the economies of scope as a separate dimension besides economies of scale.  

 

2.7 Definitions of efficacy ICT management policies 

 

Earl (1989) defines ICT management policies as the total of “information technology 

strategy” and “information management strategy”, where the information technology strategy 

can be considered as the combination of “systemic competences” and “architecture” 

(Henderson and Venkatraman 1994). Information management strategy can be defined as 

“specifying the decision rights and accountability framework to encourage desirable behavior 

of the ICT conversion process” (Weill and Ross 2004). At the execution level the ICT 

management activities are carried out by “processes” and “skills” (Henderson and 

Venkatraman 1994). In fact, ICT management policies form the consistent and calculated 

approach to dealing with information technology in order to maximize the efficiency and 

effectiveness of the information function, given a particular timeframe. The efficacy of ICT 

management policies is defined in this research as the ability of ICT management to govern 

an efficient and effective conversion from operational ICT expenditure to ICT assets. This 

implies that effective policies create the conditions for an efficient and effective ICT 

conversion process (see Figure 2.14).  Efficacy therefore refers to both optimal utilization of 

technological resources and labour (or skills), which has become increasingly important with 

respect to the leverage of commodities. In the following sections we will deal with the 

technology policy and the maturity of the ICT organization. 
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2.7.1 Technology or infrastructure policy 

 

The importance of technological resources, especially the ICT infrastructure as part of the 

ICT architecture, has been described extensively by many researchers (Weill 1993; Van 

Nievelt and Willcocks 1997; Ross et al 2006). According to Weill and Broadbent (1998) 

“infrastructure” is defined as the basic framework of shared ICT services, including 

transactional applications (see Figure 2.15). “Applications” are subdivided into informational, 

and strategic software components (see Figure 2.15). If an organization has a “utility view” on 

ICT, it should concentrate its ICT investments on infrastructure and transactional applications 

to attain cost savings by economies of scale (Weill and Broadbent 1998). If an organization 

has an “enabling view” on ICT, its focus is on investing in informational and strategic 

applications on top of the up-to-date infrastructure services and transactional applications, to 

attain flexibility (Weill and Broadbent 1998). 

In this research we use the following definitions of infrastructure and applications, which are 

slightly different from the definitions of Weill and Broadbent (see Figure 2.15): 

The Infrastructure “system”, consisting of hardware and software components delivering 

infrastructure services (in more detail defined in Appendix 1): 

- Workstations  

- Peripherals  

- Infrastructure data communications 

- Servers and storage 

- Communications speech and video 

- Facilities 

- Infrastructure software (server operating systems and middleware) 

Applications and data: 

- Software and software services, including the interfaces between applications, and the 

corresponding databases. 

 

 

 
Definition Weill and Broadbent (1998)            Definition in this research 
 
 
 
 
     Applications               Applications 
                       ICT for 

         Business processes 
        Informational / strategic appl. 
     
     Infrastructure   Shared and standard               Infrastructure 
    (transactional) ICT applications 
 
 
          Shared ICT services incl. Human ICT infrastructure 
 
 
            Information technology components (hardware and software) 

 

Figure 2.15 Definitions of infrastructure and applications 
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Why are enough budgets for infrastructure investments important? The relation between 

functionality and cost of infrastructure is influenced by the general technological 

development. We can state that every subsequent year the cost of a piece of infrastructure 

with certain functionality is lower than in the former year. This is based on the ‘law of Moore 

(1965)’ who postulated that the number of transistors that could be fabricated on a 

semiconductor chip would increase at 40% per year. It was a remarkable prediction that still 

holds today. This trend holds not only for computing, but also for storage and 

communications (Roberts 2000; Hutcheson 2005; Ekman et al 2005). That means that the 

costs per unit of performance for infrastructure facilities could decrease every year with about 

40%. An interesting counterpoint to Moore’s Law is Wirth’s Law: “software is slowing faster 

than hardware is accelerating” (Larus 2008). So the growing functionality of software 

consumes the growing performance of infrastructure facilities at a constant cost level. The 

additional functionality of hardware and software (Technical Information Resources or TIR) 

is eventually divided between additional functionality for users and for Human Information 

Resources (HIR) that perform the management of HW/SW. This is demonstrated Figure 2.6. 

With the additional management software the HIR are able to manage (or control) the TIR 

with more functionality without an increase in requisite knowledge. Thus not only the cost of 

TIR remains the same, but also the cost of HIR remains the same in spite of yearly TIR 

functionality growth of 40%. For example in the period 2002-2007 for Housing Corporations  

the cost of TIR remained on average around 70% of total ICT cost. The most important part 

of the HIR in the ICT conversion process is what is called in Figure 2.15 the “Human ICT 

infrastructure”. These people are responsible for the management of the hardware, systems 

software and the technical aspects of the applications software. So it is obvious to hypothesize 

that if an organization neglects the replacement of outdated infrastructure, then an excess of 

Human ICT infrastructure is necessary to manage hardware and software effectively. Also the 

investment in modern tools for hardware/software management is timesaving for the Human 

ICT infrastructure. All this implies that an organization should strive to spend sufficient 

budget on infrastructure hardware and software to attain as much as possible economies of 

scale with the Human ICT infrastructure. 

 

In terms of the productivity of the ICT conversion process (Figure 1.2) the following can be 

stated: 

Modern infrastructure delivers more value (in terms of functionality) for money than 

outdated infrastructure. So modern infrastructure is more productive (in terms of the 

relation between ICT assets and ICT expenditure), because it delivers more ICT assets 

functionality per € ICT expenditure. 

Modern infrastructure needs per € the same amount of HIR as outdated infrastructure. So 

modern infrastructure is more productive (in terms of the relation between ICT assets and 

ICT expenditure), because it needs less HIR cost (as part of ICT expenditure) per € 

infrastructure hardware and software (as part of ICT assets). 

 

If an organization has a “utility view” (Weill and Broadbent 1998) on ICT, and has a low ICT 

budget, then it runs the risk of not spending enough on infrastructure, to realize up-to-date 

shared infrastructure services. Without shared infrastructure services every application needs 

to include its own middleware components, which is a source of complexity. The 

consequence is that the productivity of the ICT conversion process is low. 

 

As is explained in Figure 1.2, the business productivity is also influenced by ICT management 

policies. If the technological policy is primarily focused at the ICT infrastructure 
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(“infrastructure driven”), then the productivity of the ICT conversion process will be 

optimized. However, if the policy is focused on the ICT applications (“application driven”), 

then the productivity of the business processes will be optimized (Bharadwaj 2000; Kim 

2004; Karimi et al 2007). Therefore we will define a lower boundary on the infrastructure 

expenditures from the point of view of the ICT conversion process, and a lower boundary on 

the expenditures for applications from the point of view of the business processes (this will be 

explained in more detail in section 2.7.3). As stated, this research is directed primarily at the 

productivity of the ICT conversion process and secondarily at the productivity of the business 

processes. Therefore the Information Systems Strategy (Earl 1989) remains outside the scope 

of this research. 

 

2.7.2 Maturity ICT organization 

 
The management resources are approached from the point of view of the maturity of the ICT 

organization, as measured by quality systems. An overview of the quality systems in ICT 

which are nowadays commonly accepted is given by Cater-Steel et al (2006); they present IT 

Infrastructure Library (ITIL 2008), Control Objectives for Information and related 

Technology (COBIT 4.0 2005), Capability Maturity Model Integration (CMMI Product Team 

2002), and the ISO 9000 Quality Management System (ISO 2008). The focus of ITIL is to 

provide a comprehensive and cohesive set of templates and best practices for core ICT 

operational processes (ITIL 2008). COBIT’s control objectives are categorized into four 

domains: planning and organization, acquisition and implementation, delivery and support, 

and monitoring (COBIT 4.0 2005). The planning and organization domain covers the use of 

ICT and how it can help the organization achieve its goals and objectives. The acquisition and 

implementation domain addresses the organization’s strategy in identifying its ICT 

requirements, acquiring the technology, and implementing this technology within the 

organization’s current business processes. The delivery and support domain focuses on the 

delivery aspects of the ICT applications, also covering the support processes that ensure the 

effective and efficient functioning of these applications. The monitoring domain deals with 

the organization’s strategy in assessing its ICT needs, regardless of whether the current ICT 

applications are still meeting the objectives for which they were designed, or whether or not 

the controls necessary to comply with the regulatory requirements are still effective (COBIT 

4.0 2005). CMMI describes the principles and practices that underlie the maturity of the 

software development process. The framework was originally intended to help software 

development organizations improve their software processes by following an evolutionary 

path from ad hoc and chaotic to mature and disciplined software processes (CMMI Product 

Team 2002). ISO 9000 refers to a set of quality management standards that enable an 

organization to fulfil ‘the customer’s quality requirements and applicable regulatory 

requirements, while aiming to enhance customer satisfaction, and achieve continual 

improvement of its performance in pursuit of these objectives’ (ISO 2008). 

 

In this research we will use COBIT 4.0 (world wide standard for EDP auditing) and ITIL V.2 

(de facto standard in Dutch organizations) as frameworks for description of organizational 

processes and structures. COBIT is published by ITGI and positioned as a high-level 

governance and control framework. ITIL was developed since 1989 in the UK by the Central 

Computer and Telecommunication Agency (CCTA) which was incorporated into the Office 

of Government Commerce (OGC) in 2001. The scope of COBIT 4.0 is wider than ITIL v.2 

and it is possible to position the ITIL processes within the COBIT framework. In ISACA 
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(2005) an overview is given of best practices COBIT 4.0 and ITIL v.2. However not yet 

widely accepted, there is a newer version of COBIT (4.1) and a newer version of ITIL (v.3). 

In ISACA (2008) an overview is given of best practices COBIT 4.1 and ITIL v.3. 

 

ITIL v.2 comprises ten service management processes and additional functions which are split 

into service support disciplines focused on operative services and service delivery disciplines 

focused on long-term assurance of ICT services. The service support domain comprises 

Incident, Problem, Configurations, Change, and Release Management where the first is 

designed to enable the usage of ICT services. The other processes are designed for adaptation, 

documentation, and problem resolving. The service delivery domain comprises Service Level, 

Financial, Capacity, Continuity, and Availability Management where the first is designed to 

interact with the business by negotiating Service Level Agreements, for example. The other 

processes are to assure a high service quality.  

 

The COBIT 4.0 Framework consists of: 

Processes that have to be executed by an ICT organization, divided in the categories Plan 

and Organise, Acquire and Implement, Deliver and Support, Monitor.  

Resources of the ICT organization: Data, Application systems, Technology, Facilities and 

People. In this research Application systems including Data, plus Technology and 

Facilities are part of TIR. People are part of HIR. 

Quality criteria for control (or governance) of the ICT organization: Efficacy, Efficiency, 

Confidentiality, Integrity, Availability, Compliance and Reliability. In this research we 

will focus upon Efficacy and Efficiency, while Integrity, Availability, Compliance and 

Reliability will be considered as boundary conditions, which will not be investigated.  

Maturity levels of the ICT organization, which will be used in the questionnaire:  

0) There is a lack of all recognizable process. In fact, the organization has not 

even recognized that there is an issue to be addressed. 

1) Ad Hoc: shows evidence that the organization has recognized issues exist and 

need to be addressed. There are no standardized processes. Ad hoc approaches 

are applied on an individual or case-by-case basis.  

2) Repeatable: there is an awareness of issues. Performance indicators are being 

developed. Basic measurements have been identified, as have assessment 

methods and techniques. 

3) Defined: the need to act is understood and accepted. Procedures have been 

standardized, documented and implemented. Balanced scorecard ideas are 

being adopted by the organization.  

4) Managed: full understanding exists of issues on all levels. Process excellence 

is built on a formal training curriculum. ICT is fully aligned with the business 

strategy. Continuous improvement has started to be addressed.  

5) Optimized: There is a forward-looking understanding of issues and solutions. 

Processes have been refined to a level of external best practice based on the 

results of continuous improvement and maturity modelling with other 

organizations.  

 

There is a discussion in Quality literature about the cost of Quality in general. The “classical 

view” of quality cost behavior in the P-A-F (Prevention-Appraisal-Failure) model holds that 

an optimum CoQ (Cost of Quality) exists at the level at which the cost of securing higher 

quality would exceed the benefits of the improved quality. This concept is, however, often 

challenged, and it is argued that there is no economic level of quality, that spending on 
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prevention can always be justified and that the optimum quality level in fact equals zero 

defects (“modern view”: Plunkett and Dale 1988). The two conflicting views of the economic 

level of quality costs are shown in Figure 2.16. The results of the quality cost simulation study 

of Burgess (1996) suggest that both views can be reconciled within one model. Burgess 

supports the classical view in certain time constrained conditions, whereas under an infinite 

time horizon the modern view prevails. Similarly, Marcellus and Dada (1991) suggest that the 

traditional trade-off model may be an accurate, static representation of quality cost 

economics, but that in dynamic, multi-period settings, failure costs can continue to decline 

over time with no corresponding increase in prevention and appraisal costs. Ittner (1996) 

provides empirical evidence to support this behavior. Despite the continuing discussion on 

economic quality levels, the basic principles of the P-A-F categorization are still generally 

recognized and accepted (Schiffauerova and Thomson 2006). 

 

 

 

 

 
 

Figure 2.16 “Classical view” on the left and the “modern view” on the right 
 

 

We will apply this general theory about the cost of Quality in the ICT environment. In this 

research the quality level is defined by the COBIT maturity level. The costs of quality can be 

defined at two levels: firstly the cost of ICT management and secondly the total cost of ICT. 

For now we will define the costs of quality as the cost of ICT management. The Failure costs 

can thus be defined in ITIL terms as the costs of incident and problem management. The costs 

of prevention and appraisal are composed of the other ICT management processes. We think 

that total cost of ICT management (total CoQ in Figure 2.16) behaves according to the 

classical view (left side in Figure 2.16), because it is possible to continue endlessly with 

improvement of organization and procedures. The service to the customers will improve more 

and more, but the cost of ICT management will rise at a certain moment. The organizations 

that will be investigated in this research have relatively low ICT budgets and have relatively 

low quality levels, so we think that improving the COBIT maturity level will lower the total 

cost of ICT management.  

 

As stated, this research is directed primarily at the productivity of the ICT conversion process 

and secondarily at the productivity of the business processes. Therefore we did not consider 
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the possible improvement of Business-ICT alignment at a higher level of COBIT maturity, as 

indicated in Figure 1.2. 

 

2.7.3 Cybernetic view on ICT management policies 

 

The Operational ICT management activities in the ICT conversion process as defined in 

Figure 1.2 are controlled (or governed) by the ICT management policies at a higher level. In 

Figure 2.8 the Information Management Framework is represented from a control point of 

view, where ICT management policies can be posted at the structural and strategic level. The 

Operational ICT management activities are represented in Figure 2.9 and consist of Human 

Information Resources (HIR) controlling Technical Information Resources (TIR: 

infrastructure and applications) as also depicted in Figures 2.6 and 2.7.  So the operational 

HIR can be considered as a Controlling Organ for the TIR as a Target System (Leeuw and 

Volberda 1996). We will use a system-theoretic model to deepen the understanding in the 

impact of ICT management policies on the ICT conversion process and the Business 

processes (as represented in Figure 1.2).  In Figure 2.17, right hand side, the control of a 

Target System TS by a Controlling Organ CO is represented. The control capability of CO 

(Leeuw and Volberda 1996) is determined by 5 aspects: CO has a (1) goal (or norm), a (2) 

model of the TS (in its environment) and a (3) limited information processing capacity; based 

upon the (4) information about the TS, (5) control of the TS is exercised by CO. For this 

moment we limit ourselves to the internal control and do not describe the external control of 

the environment of the system by CO. 

 

 

 
           (1) Goal 
Controllability  TS 
 
             (3) Information                (2) Model 
       Processing 
       Capacity  
 
    High  
 
 
 
                 (5) Control   (4)  Information 
           
    Low  
 
 
 
  Low    High  
 
 
        Control capability CO 
     

 
 
   Planned  

 
 
     Rigid  

 
 
   Flexible 

 

 
 
   Chaotic  

Controlling 
organ CO 

  

Target system 
TS 

  

 

Figure 2.17 Control Target System TS by Controlling Organ CO 
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The controllability of TS is determined by the amount of information that has to be processed 

by CO to generate control actions: if a little (c.q. large) amount of information has to be 

processed, then TS has high (c.q. low) controllability. A large amount of information is 

coupled with a complex model, a large information processing capacity and more complicated 

control actions. If two TS’s have the same basic components, then the amount of information 

is determined by the amount of relations between these components: in a situation of disorder 

there are more relations than in structured situation. Therefore a high entropy (or disorder) of 

the TS results in a more complex model, large amount of information, a high information 

processing capacity of CO and more complicated control actions. This is the situation of a 

high requisite variety (Ashby 1958). 

 

If TS has a high controllability, then effective control of that system can be executed with less 

effort by the CO, compared with TS with a low controllability. If a CO has a high control 

capability, then effective control of a certain TS can be executed with less effort by the CO, 

compared with a CO that has a low control capability. If CO has a limited control capability 

in relation to the necessary control effort for TS, then it is only able to execute operational 

control, to keep the TS going. If CO has sufficient control capability to execute the necessary 

control effort, then it is also able to change the structure of TS, to fulfil the requirements of 

the environment (Heylighen and Joslyn 2001). 

 

In Figure 2.17, left hand side, the four possible control situations are represented (Volberda 

1996):  

Rigid: low controllability of TS (large amount of information necessary / large requisite 

variety) combined with a low control capability of CO (limited information processing 

capacity): CO is only able to execute operational control, to keep the TS going. There is no 

effort left to change the structure of TS; therefore the requirements of the environment cannot 

be fulfilled, which is the meaning of the word “rigid”. 

Planned: high controllability of TS (little amount of information necessary) combined with a 

low control capability of CO (limited information processing capacity): a limited amount of 

effort is available to change the structure of TS. The priority of these changes is to keep a 

simple structure of TS. There is not enough capability to fulfil immediately the requirements 

of the environment, but it is possible to plan the changes (which is the meaning of the word 

“planned”). 

Flexible: high controllability of TS (little amount of information necessary) combined with a 

high control capability of CO (large information processing capacity): a large amount of 

effort is available to change the structure of TS. There is enough capability to fulfil 

immediately the requirements of the environment, which is the meaning of the word 

“flexible”. 

Chaotic: low controllability of TS (large amount of information necessary) combined with a 

high control capability of CO (large information processing capacity): a limited amount of 

effort is available to change the structure of TS. The priority of these changes is to fulfil 

immediately the requirements of the environment (keep the customer happy on the short 

term), at the cost of a complex structure of TS. The high resulting level of disorder in the TS 

is characterized by the word “chaotic”. 

 

Translation of system-theoretic principles to the ICT conversion process 

 

Let us translate these system-theoretic principles to the ICT conversion process. TS consists 

of ICT assets (applications, infrastructure and users (Soh and Markus 1995)) and CO is the 
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ICT management (human resources responsible for operational control of ICT assets). The 

control capability of CO is determined by the 5 mentioned aspects. The goal (1) is to keep 

business (ICT users in business processes) and ICT (applications and infrastructure) aligned. 

The model (2) that CO has of TS is the knowledge (formally captured and “in” the ICT 

people) of TS. The limited information processing capacity (3) is determined by automated 

control systems, human procedures and by the experience of the ICT people to solve 

problems and to prepare and execute changes. Information (4) of TS is produced 

automatically (hardware / software) or via helpdesk (users). Control (5) is exercised by ICT 

people solving problems and executing changes. The effort to exercise control depends upon 

the degree of standardization of processes: 

Low control capability: if there are no standardized processes, then ad hoc approaches 

are applied on an individual or case-by-case basis. Every problem and change is 

unique and the necessary effort is maximal. This is the case in a situation with a low 

ICT organization maturity. 

High control capability: if processes are standardized and optimized, then economies 

of scale are possible to execute repeatable activities and the necessary effort can be 

minimized. This is the case in a situation with a high ICT organization maturity. 

The controllability of TS is determined by the degree of standardization of ICT assets and the 

amount of information that has to be processed by CO to generate control actions:  

High controllability: the degree of standardization is maximal if TS is built according 

to a service oriented layered architecture (Gartner Research 2003; Chappell 2004; 

Papazoglou and van den Heuvel 2007) which requires that infrastructural components 

are standardized and not outdated. In this ordered situation the amount of information 

to solve problems and implement changes is minimal. This is the situation when ICT 

management is focussed on infrastructure as a solid basis for applications, to be 

characterized as “infrastructure driven”. 

Low controllability: If TS is build from applications with their own unique hardware, 

operating system and middleware layers, then the infrastructure ages out of date with 

the applications (that have in general a longer life than infrastructure components). In 

this situation of disorder much more information is necessary to solve problems and 

implements changes. This is the situation when ICT management has primarily an 

external focus, to be characterized as “application driven”. 

 

Let’s now consider in more detail the four situations in Figure 2.17 from the (operational) ICT 

conversion point of view: 

Rigidity: there is a low level of organizational maturity, the focus is application driven and 

there is insufficient attention for the ICT infrastructure. 

A lot of individual energy is spent to do the maintenance of the islands of individual 

applications. 

For the users this is a situation of rigidity, because all the energy is spent on problem and 

symptom solving. 

We expect that this situation requires relatively the most HIR effort, because all energy is 

in maintenance and problem solving.  

Planned: there is still a low level of organizational maturity, the focus is infrastructure driven 

and there is now management attention to upgrade the ICT infrastructure. 

There is a vision to change the ICT infrastructure conform an overall architecture. 

However there is little attention for the users’ demand for applications, as there is no 

structured communication between users and ICT department. In this situation the right 

things (in the sense of a vision) are done in the wrong (in the sense of immature) way. 
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We expect that in this situation total ICT expenditure is lower than in the situation of 

rigidity, because there is less outdated hardware/software and less energy spent on 

problem solving.   

Flexibility: the ICT maturity is sufficient and there is a balanced spending on infrastructure 

renewal (caused by the infrastructural focus) and new applications. 

There is enough vision and enough budgets to implement the right infrastructure and 

applications portfolio. 

The ICT department is able to react in a flexible way on changes in business processes 

We expect that this situation requires relatively the least HIR effort, because the right 

things are done in the right way. 

Chaos: the ICT maturity is sufficient, but too much spending on new applications whereas the 

ICT infrastructure gets insufficient attention (caused by the focus on applications). This is a 

situation of strategic chaos.  

There are enough procedures, but not enough vision (or power to implement a vision) to 

invest sufficiently in the infrastructure. 

The consequence is a chaos in the development of different applications without an 

overall architecture. In this situation the wrong things are done in the right way, because 

there is no balanced ICT strategy. This situation often happens when the ICT management 

is insufficiently high positioned in the organization: the ICT organization is a “puppet on a 

string” in the hands of influential people in the organization. This often happens in 

“professional bureaucratic” organizations (Mintzberg 1979), like for example hospitals, 

where the real power is part of the “operating core”.  

We expect that in this situation total ICT expenditure is higher than in the situation of 

flexibility. 

 

These four situations can be positioned in the ICT management framework (Figure 2.7) in 

terms of where is the place (power) of the ICT decision making. 

Planned: strategy level, technology column, as there is an infrastructure focus and the ICT 

manager has the power to build an infrastructural base. The business accepts this situation (of 

an application development stop) with the promise that in the future there is more room for 

application implementation. 

Flexible: strategy level, I/C column, as there is a CIO with vision, power and enough budgets 

to implement the right infrastructure and applications portfolio. The business wants more 

applications, but accepts the necessary investments in infrastructure. 

Chaos: strategy level, business column, as the ICT organization is a “puppet on a string” in 

the hands of influential people in the organization, that want their applications implemented. 

For example in hospitals it often happens that certain medical specialists convince general 

management of the necessity of an application, that has to be implemented immediately, in 

spite of the fact that there is a big overlap in functionality with other applications. 

Rigidity: strategy level, business column, this is comparable with the chaos situation, as far as 

the relative low power of the ICT department is concerned. However, as the organizational 

maturity is low and the infrastructure is also outdated, the ICT organization is not able to 

implement the necessary applications quickly. This causes a situation of rigidity for the users 

in the business.  

 

Relation of the control concept with the view on ICT 

 

The four different control concepts can be related with the view on ICT of the organization:   
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Planned: if an organization has a “utility view” (Weill and Broadbent 1998) on ICT and a 

relatively low level of ICT maturity, it should concentrate its ICT investments on 

infrastructure and transactional applications. With insufficient attention for the ICT 

infrastructure, the organization runs the risk to come into a situation of rigidity.  

In this situation of scarce financial resources for ICT there is however also a danger of 

insufficient spending on applications, with negative consequences for the support of 

business processes by applications. Thus there is a delicate balance between investments 

in infrastructure and in applications (Enns et al 2001; Enns et al 2003). 

Flexibility: if an organization has an “enabling view” (Weill and Broadbent 1998) on ICT 

and a relatively high level of ICT maturity, it makes sense to invest in informational and 

strategic applications (on top of a mature infrastructure and transactional applications). 

However with insufficient attention for the ICT infrastructure, the organization runs the 

risk to get into a situation of chaos.  

 

Growth of the ICT conversion process to a higher level of control and stability   

 

If an organization is in a situation of chaos, then it is not easy to go back to a situation of 

flexibility. It is not enough to spend more on infrastructure, because the dismantling of the 

spaghetti of applications requires first a situation of rigidity, in which the specifications are 

frozen and the organization has to accept that it has an ICT-problem. After that a solid 

infrastructural base has to be built in a planned situation with only the necessary application 

development. If the infrastructure is in place there is room for a new system of applications 

within the framework of application architecture, to reach a situation of flexibility. Very often 

organizations slowly and imperceptibly grow after some years to a situation of chaos again, 

after which a new transition is necessary (according to the arrows in Figure 2.17). The growth 

of systems by a continuous transition to higher level (nearly decomposable) units is already 

extensively described (Simon 1962; Turchin 1990). The transitions from flexibility to chaos 

and from chaos to order are central themes in complexity theory (Prigogine and Stengers 

1984; Holland 1996). These ideas have been applied to the functioning of organizations 

(Leeuw and Volberda 1996; Volberda 1996), but we could not find references in the ICT 

domain. 

 

2.8 Conclusion 

 

The theoretic foundations in this research consist of three pillars. Firstly the science of 

cybernetics and complexity, which is treated extendedly, because this will be used in various 

parts in this research. The control concept will be used in the definition of the basic 

hypothesis H1 and the complexity concept will be used to explain (dis)economies of scale in 

the conversion of ICT expenditure to ICT assets. Secondly the Resource Based View (RBV) 

as a fundament for the definition of ICT assets and ICT management. Thirdly the economic 

theories about economies of scale.  

 

Upon these pillars we have built the theories that are construct specific. In this chapter we 

treated the theoretical foundations of ICT management policies, concerning ICT infrastructure 

and ICT organization. In the next chapter we will further elaborate the ICT conversion 

process from ICT expenditure to ICT assets and the Business processes from ICT assets to 

Organization performance. 

 


