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Foreword

This paper includes a summary of my thesis. It includes 

1. an introduction, where I define my research purpose

2. a summary of the theoretical chapter reviewing the key theoretical concepts

3. a summary of my methodological chapter 

5. highlights from my empirical material on the IKEA and Edsbyn cases, covering 4 chapters

6. the core points of the analysis of the two cases and the framework emerging from them

7. a summarized discussion on the value and contribution of IT in relation to resources

8. a few words about the conclusions of the thesis
1. Introduction and research question

The number of and the investments in Information Technology (IT) applications have grown exponentially since the 1960s. Technical progress made IT systems affordable to most firms. Today, also Edsbyn, a 250-employee furniture producer, is equipped with a state-of-the-art “Enterprise Resource Planning” (ERP) system, applied to as different tasks as scheduling production, administering procurements and calculating product costs. By converse, a large worldwide furniture retailer like IKEA is populated with over 60 IT systems, each one of the size of Edsbyn’s ERP-system and specialized in supporting one or a few of the above tasks. Edsbyn made a one-shot investment in its ERP-system of SKr
 7 million: this represents 3% of its yearly revenues and its biggest capital expenditures ever. IKEA too invests large sums in its complex IT architecture, mostly in the form of internally developed and highly specialized IT solutions. IKEA’s yearly IT budget is about SKr1.5 billion, i.e. circa 1.5% of its yearly sales. IKEA and Edsbyn are not alone in investing large sums in IT. In 2002, manufacturing and retailing firms across the world spent nearly US$500 billion in IT, which is becoming a central part of all firms’ invested capital: they not only have invested in IT between 2 and 10% of their yearly revenues since the early 1990s, but new software and IT systems stood also for between 10 and 30% of all new investments in the period 2000-2002. This is a long-term trend: Tidd, Pavitt & Bessant (2001: 267) point that IT-related projects represent the largest category of technology investments in the last 40 years. Davenport & Short (1990) also stress how IT is applied to almost all business activities, functions and tasks, from ordering to production scheduling, from personnel administration to blueprinting. 

A large part of the US$ 500 billion invested in IT regards complex and large IT systems, like those IKEA and Edsbyn installed: the worldwide total spent for this type of IT tools (ERPs, EDI, CRM, e-business and CAD) is projected to US$180 billion in 2003 (Hedman & Kalling, 2002: 11). Investments in Internet, Websites and “lighter” forms of e-commerce are instead just one tenth of this amount (Davenport, 2000: 5), despite the media hyperbole of the 1990s. Among the “heavy” administrative solutions, ERP-systems have gained extreme diffusion: by 2000 much more than 50,000 firms around the globe had installed ERP-like solutions and further more firms invested in 2001 over US$ 34 billion in new ERP installations. 

1.1 The expectations, the contribution and the value of IT

Considering the staggering size of IT investments, the question may come natural as to why companies invested and still invest so much in IT systems and tools? What do they expect to get out of it? Brynjolfsson & Hitt (2000), for instance, suggest that firms invest in IT not only for obtaining cost reductions and increasing productivity, but also for obtaining more intangible gains in product quality, convenience, variety and timeliness. This raises then the obvious question: do companies really get something out of their multi-billion investments in IT? Does productivity really increase? Are costs really reduced and quality increased thanks to IT? This is indeed a thorny issue, especially because evaluating the effects, the value and the contribution of IT is very problematic. Brynjolfsson & Hitt (2000) point 1)at the difficulty in measuring the effects of IT investments and 2)that organizational and other immaterial investments are necessary for IT to produce any actual benefit. This implies that IT never produces any positive effect alone, but needs to have “around” complementary investments and resources. However, there still is disturbing evidence that many IT projects (up to 70% according to the Gartner Group) miss to deliver the expected benefits (Tidd et al., 2001: 47). 

In the presence of so contrasting evidence about the contribution of IT, firms invest in IT tools more based on the expectation that IT will make them more efficient and effective, rather than on any certainty about the effects, the value and the contribution of IT. Most of the business literature does not really help here, because it grossly simplify the issue of the effects and value of IT, and treats IT systems as unproblematic tools that can easily reach the goals for which they were introduced, provided they are “aligned” with a firm’s strategy (see e.g. Weill & Broadbent, 1998: 40, and Henderson & Venkatraman, 1993). These positive expectations on IT are further inflated by strongly mechanistic and rationalistic views on how IT systems contribute to doing business: they allow efficiency gains by the sole fact of providing information that can be used to measure and trace a firms’ resources, thereby making them more easily “manageable”, according to the so-called “engineering view”. Such assumptions drive companies to invest exorbitant sums in IT systems. There is however a sort of fatalism and unexplained automatism about the way IT produces its positive effects: this is grounded in the “engineering view” and in the microeconomic belief that more information increases efficiency and eliminates “imperfections” (e.g. by reducing transaction costs). 

However, as pointed also by Orlikowski & Iacono (2001), in much of this reasoning, IT as an artefact is usually neglected in favour of a reliance on a highly abstract or blurred view on IT, whereby IT is simply a change “force” or an empty box in a causal model, responsible of improving efficiency. If the IT artefact (i.e., a complex system and the specific IT tool) is neglected, its effects on other surrounding resources risk being taken for granted or being attributed to less relevant causes. In order to understand the effects, the contribution and the value of IT systems for user firms, it appears more fruitful to dig deeper into the nature of IT artefacts and how they work, both internally and in relation to the resources surrounding them, like products, other types of facilities, business units and relationships (Håkansson & Waluszewski, 2002, Wedin, 2001 and Baraldi & Bocconcelli, 2001). Such fundamental but unglamorous questions need therefore to be asked to understand the actual contribution of IT: what do IT systems actually do “behind the curtain”, at a technical, operational and daily level? what goes into them as an input and what comes out of them as an output? how is their functioning affected by the resources to which they are applied in various tasks? 

The contribution of IT needs to be evaluated in terms of its effects on the surrounding resources and of the value that can be extracted from it: this value eventually emerges during the utilization of IT systems applied to specific managerial tasks involving other resources. In these specific using situations and in relation to particular resources, IT reveals particular possibilities and limitations. For instance, IT helps Edsbyn reduce lead-times and improve delivery precision for its product “El-Bord”; but IT cannot confirm exact delivery times, it reduces Edsbyn’s flexibility in purchasing and it even causes some inventories to increase. Similarly, IT helps IKEA monitor sales levels in its 180 retail stores; but IT cannot track the costs incurred for selling the product “Lack” in retail stores or, even worse, IT occasionally produces irrelevant orders and spreads imbalances in IKEA’s supply network. Both Edsbyn and IKEA stumble on the limits of their IT tools: even if they offer great advantages and help solving many problems, these important facilities also entail disadvantages and can create problems themselves. The effects and value of IT, visible for instance in the limitations and the possibilities appearing while using an IT system, do not derive only from the intrinsic technical features of the IT artefact, but emerge from the “interplay” between IT and other resources, within the particular task where IT is applied. More precisely, the actual contribution and value of IT can be better understood by considering: (1) the resources involved in a particular task, (2) how the IT system “represents” and affects these resources and (3) how these resources affect, on turn, the utilization of the IT system. 

For these reasons, this thesis does not consider IT as an abstract force or as an undefined variable, but strives to penetrate the nature of IT systems, while putting these artefacts in relation to the other resources to which they are applied and that affect their actual value and contribution. In this way the effects, the contribution and the value of IT systems are not only a matter of their “hard” technical core, but derive from how IT “interplays” with the other resources with which it is combined and daily used, within specific activities and managerial tasks, such as product development, purchasing, production scheduling or transportation. 

1.2 IT systems as facilities “embedded” in other resources

That the value of IT is not intrinsic to IT artefacts reflects the general principle of resource heterogeneity (Penrose, 1959), that is, the value of a resource derives from how it is combined with other resources. It is therefore helpful to specify both the nature of IT systems and how they interplay with the resources “embedding” them. As for the nature of IT, a straightforward approach is to consider IT systems as facilities, that is, as machines, certainly peculiar ones, but still machines that process inputs into outputs. Their inputs are information, which they process by means of their internal technical core (hardware, software and logical models) into other or new information (Kallinikos, 1999: 23-29, and 2001: 36-40). What is fascinating about these facilities is that they operate on information thanks to their capacity to manipulate symbols (Dreyfus & Dreyfus, 1986, and Winograd & Flores, 1986). IT systems intervene on symbols that are attached to digital representations of “concrete” resources (products, equipment, organizations etc). The value of these facilities emerges when their number crunching and symbol manipulating ability is utilized in relation to other resources. However, the latter are not passive “spectators” to the intervention of IT systems, but also affect their possibilities and limitations because these resources surround the IT artefacts: IT systems are installed inside specific business units, they handle transactions within specific exchange relationships and they monitor specific products and production or distribution facilities. 

Thus, if one looks around IT systems, they appear “embedded” in a wealth of other resources to which they are related via a series of “interfaces” (Håkansson & Waluszewski, 2002). A first important type of interface between IT and other resources regards the information about these resources that IT systems collect as inputs and produce as outputs. In fact, IT acts upon and directly handles only information about resources, not resources themselves, which are affected only “indirectly” by IT. The value and contribution of IT systems depend then largely on how they handle information about these resources. Another type of interfaces between IT and other resources are instead “stronger” and more concrete than the representational and symbol-manipulating functions of IT systems: for instance, their fast and automatic orders and transactions result into actual behaviours of business units and into actual flows of products (e.g. a delivery). Moreover, IT systems depend for their functioning and for being fed data on the business units where they are installed. So, the IT competence and routines of these units create important interfaces that affect the actual value and contribution of the IT artefact. But also resources farther away can have interfaces to a localized IT system. These resources can be business units utilizing “indirectly” the IT system by receiving the physical products that it allows to timely deliver. A resource like a business relationship can be even the very reason for using an IT system: EDI systems, for instance, are installed to improve the communication within such relationships, hence their value is strongly affected by the very relationship. 

The heterogeneous and embedded nature of IT is recognized also within the Resource-Based View (see e.g., Clemons & Row, 1991, and Powell & Dent-Micallef, 1997). However, the RBV sees the value and contribution of IT as affected only by how IT is combined with resources internal to the firm utilizing an IT system. This thesis rests instead on a business network perspective (Håkansson & Snehota, 1995): this implies that the effects, contribution and value of IT emerge not only in relation to the resources inside the firm where IT is installed, but also in relation to resources outside it. These are spread among different firms and constitute networks of interrelated resources that cut across firms’ boundaries (Wedin, 2001, and Håkansson & Waluszewski, 2002). So, IT is embedded in a network of resources that transcend single firms’ boundaries. A product like Edsbyn’s “El-Bord” is made available to customers only after many firms have variously contributed key components, transportation and assembly resources. Similarly, IKEA develops its bestseller “Lack” table in interaction with a dozen external units, each contributing key physical resources or competence. When Edsbyn or IKEA apply their IT tools to perform tasks related to “El-Bord” or “Lack”, the effects and the contribution of IT regard all the resources surrounding the single products, such as components, machinery, buying, selling and distributing units. The effect of “external” resources always finds its way through the boundaries of the business unit where an IT system is installed. For instance, the cost of IKEA’s “Lack” depends also on logistics partners transporting it to retail stores; while Edsbyn cannot decide each technical feature of its “El-Bord”, since the adjustable-height mechanism is taken care of by a key supplier. 

1.3 A core research issue: the interplay of IT with other resources

The value and contribution of IT tools appear in a different light if one recognizes that resources “interact” with each other and are spread across firms’ boundaries. The effects of IT across various units are therefore very important. But taking a “resource interaction” perspective (Håkansson & Waluszewski, 2002) implies also that it is very hard to define in advance the effects and contribution of IT, since many resources intervene and, reciprocally, the very effects of IT extend to many nearer and farther resources. Another issue is that the value and the effects of IT depend on the specific managerial tasks to which certain IT tools are applied or during which they intervene: IT can have, in fact, very different effects and contributions in product development or in improving a business relationships, as opposed to in scheduling production or in delivering products. In order to tackle this double analytical problem, i.e. the multiplicity of involved resources and the variety of tasks where IT is employed, one can start by focussing on a single resource, say a product, and by considering how IT is concretely applied during specific managerial tasks involving this product. 

Managerial tasks concerning products vary greatly. Such tasks as “obtaining cost reductions” and “product development” deal with attempts at developing either the focal product or some resources around it; while “attaining precise deliveries” and “stabilizing transport costs” deal with attempts at maintaining efficiency either for the focal product or some resources around it. It is therefore useful to distinguish between these two types of tasks: a) development-oriented tasks that focus on changes in resources and consider them as not given (e.g., product or process development, and supply and logistics reorganizations); b) efficiency-maintaining tasks that focus on repetition and stability in utilizing resources and consider them as given (e.g., ordering, production scheduling and transportation). IT systems have probably different effects in these two types of managerial tasks and contribute differently to their performance. 

Applying systematically IT systems to resources, during these managerial tasks, let them produce effects. However, these effects are not defined unilaterally by IT, but they derive also from the resources surrounding the IT systems. Considering these premises, a central research concern for this thesis is:

· How do IT systems interplay with the other resources around them?

In more practical terms, this abstract issue can be distinguished into two partial questions that are explicitly tackled throughout this thesis. The first question concerns the effects of IT on the other resources and the second concerns the value of IT as deriving from the surrounding resources, in terms of what IT actually does for them. These two research questions are:

· How do IT systems affect the other resources during the performance of development-oriented tasks, as opposed to efficiency-maintaining tasks? 

· How is the value of IT systems, in terms of their contribution within specific managerial tasks, affected by the other resources to which they are applied?
These questions are refined after a theoretical discussion in chapter 2. This thesis tackles these questions by constructing and analysing two extensive case studies, centred respectively on a product by Edsbyn, the electrically adjustable table “El-Bord”, and one by IKEA, the coffee table “Lack”. Starting from these two products, the investigation of the effects and of the value of IT is extended to the other resources involved in a series of managerial tasks concerning the two focal products. To summarize, the purpose of this thesis is dual: 

· to tackle the above research questions. This requires answering other questions such as: how do resources interact in a managerial task? how do IT tools intervene? 

· to discuss throughout the thesis the “interplay” between IT and other resources.

1.4 The approach of this thesis to IT and its delimitations

Contributions on the topic “IT and management” or “IT and businesses” have grown exponentially, to a point where no comprehensive literature review is possible or helpful. However, chapter 2 includes a very selective review of this ever-growing research area. In the approach to the above topic, the distinguishing aspects of this thesis are three:

1) Conceiving IT as a particular type of facility that operates on digital information.

2) Relying on the idea of business networks (Håkansson & Snehota, 1995) composed of heterogeneous and interacting resources (Håkansson & Waluszewski, 2002). This opens for unexpected and uncontrollable paths of interaction between IT and other resources. The focus is on what goes on “across firms’ boundaries”, involving external resources. 

3) Digging deep into the “interplay” between computer-based digital information and the resources on which IT is applied. 

This approach is analytically both deep and broad: deep at a sub-micro level – covering the interplay of IT with single specific resources (e.g., a product or a facility); and broad at a meso level – embracing the interplay of IT with whole business networks. Thus, the specific resources outside the unit where an IT tool is installed (e.g., suppliers’ facilities or customers’ products) are considered. This thesis investigates IT also by distinguishing the specific managerial tasks where IT is applied. In fact, the effects of IT are expected to be different when a firm aims to maintain the efficient utilization of resources without changing them, compared to when it aims to develop resources by exploring and recombining them. Finally, the effects and value of IT depend on the particular IT tools employed in a task. But, in this regard, a business network perspective opposes to the “engineering view” on the role of IT tools. This view posits that (1) resources can be managed if they are measured and monitored and (2) IT systems can solve most problems in managing resources by providing improved information about resources. Viewing resources as interacting, heterogeneous and spread across networks poses clear limits to the alleged possibilities of IT. Moreover, viewing IT as embedded into and interacting with these other resources allows identifying many unexpected effects, which clearly affects any assessment of the value and actual contribution of IT. 

The approach of this thesis implies certain conceptual delimitations: since the focus is on such concepts as resources and information, it neglects, for instance, the concept of knowledge, which authors like Boisot (1999) and Nonaka & Takeuchi (1995) penetrate while treating IT. Another delimitation is more of analytical type and derives from the approach being both deep and broad. Being simultaneously deep (at the sub-micro level of “IT-single resource” interplay) and broad (at the meso level of “IT-network” interplay) delimits the possibilities to cover what is in between, such as the social processes involving individuals. This thesis neglects therefore individuals’ feelings, socialization and cognitive processes, which, for instance, Askenäs & Westelius (2000) or Orlikowski et al. (1995) penetrate in relation to IT. The use of the “resource interaction” perspective (Håkansson & Waluszewski, 2002) and of the concepts and analytical tools reviewed in chapter 2, further delimits the issues raised and the answers provided in this study. For instance, the value, possibilities and limitations of IT are not identified from the “Human-Machine Interaction” perspective (see e.g., Suchman, 1987, and 2001). The focus of this thesis is instead on how IT facilities represent and possibly affect heterogeneous resources by channelling information flows across business networks. 
1.5 The outline of this thesis (figure 1)

This thesis includes 10 chapters. Let us now review the content of the nine chapters to follow.

· Chapter 2 discusses the theoretical standpoints and framework of this thesis. 

· Chapter 3 presents the methodological and epistemological approach of this thesis. 

· Chapters 4-7 present the empirical material. First, the main resources, information flows and IT systems related to two focal products (Edsbyn’s El-Bord and IKEA’s Lack) are introduced; then, six managerial tasks for each of the two products are penetrated. 

· Chapter 8 analyses the two case studies, identifies the effects of IT on resources (the first part of the research question of section 1.3) and develops a related framework.

· Chapter 9 tackles the second part of the research question: it points at the value of IT, in terms of its contribution to exploiting or exploring resources.

· Chapter 10 concludes the thesis and adds implications for IT users and developers.











Figure 1: The outline of this thesis
Chapter 2: Theoretical standpoints and reference frame

This chapter starts with a series of pre-existing standpoints, namely the “Actors-Resources-Activities” (ARA) model (Håkansson & Snehota, 1995). Then, it delves into the four key concepts of resources, information, IT systems and managerial tasks. In fact, this thesis investigates the utilization of IT systems within managerial tasks concerning a focal product and involving many other resources. IT provides information that digitally represents these resources, and produces certain effects on them. Its value emerges while IT systems interplay with the resources involved in a managerial task: this “interplay” happens primarily via information, that is, the input and output of IT systems. These concepts help refine the research question and are finally reunited into an investigation model for the thesis. Resources and information are treated as two complex analytical constructs: “resource networks” and “digital meta-networks” (see cover figure). These constructs stress the distinction between “concrete” resources, inside “resource networks”, and representations of resources (e.g., information), inside “digital meta-networks”. Resource networks include four resource types (products, facilities, units and relationships) and their interfaces, according to the “resource interaction” view (Håkansson & Waluszewski, 2002). Digital meta-networks include images of resources expressed as information and so structured to be treated by IT. The constructs “resource networks” and “digital meta-networks” frame and restrict the research question.
2.1 Resources and “resource interaction” in business networks

This thesis stresses the interacting, heterogeneous and embedded nature of resources. The “4Rs model” (Håkansson & Waluszewski, 2002, Baraldi & Bocconcelli, 2001, and Wedin, 2001) highlights these facets and categorizes resources in into 4 basic types:

a) products (Ps): are any artefact exchanged between firms. 

b) facilities (Fs): are equipment and tools used to produce or transform (physically or economically) products. Computerized systems are facilities that process information.

c) business units (BUs): are a social and immaterial type of resource found inside firms, such as skills, competence, personnel, reputation, organizational structure, routines and finance. 

d) business relationships (BRs): are the sediments resulting with time from the interaction between business units. Relationships are quasi-organizations, emerging as governance modes for coordinating exchange between firms (Richardson, 1972). 

This model is based on Penrose’s (1959) idea of “resource heterogeneity” (i.e., that a resource value varies depending on which other resources it is combined with). The four resources types are envisaged as located in networks of resources reciprocally shaping and affecting each others. Each single resource is shaped and defined by “interacting” at social, economic and technical level with other resources. Resource features are thus never given. “Resource interaction” means that resources dynamically “affect each other”, i.e. modifications in one are related to modifications in another one. “Resource embeddedness” means that each resource is surrounded by other resources, that is, it is situated in a socio-technical interaction space where other resources are also situated. This means that any analysis of a resource cannot be performed in a vacuum but requires considering the other relevant resources. This can be done by penetrating each “resource interface”, that is, the specific contact points and surfaces between two resources. These contact points are defined along relevant technical, social or economical dimensions. Even if my investigation starts from a focal product, all other resources interacting around it are also very important for developing, improving and making efficient the product itself. A whole set of resource interfaces affecting the focal product are relevant also for the effects of IT. These interfaces connect the product to a whole network of resources, hence, my investigation stretches to product-centred resource networks.

Resources are also represented by information and modelled inside IT systems. This is done according to the assumption of the engineering view that by measuring resources it is possible to manage and control them. How representable and measurable resources are, considering their heterogeneity and interacted-nature, limits the possibilities of IT in relation to resources.

2.2 Information: representing and organizing resources

For the purpose of this thesis, information is firstly the input and output of IT systems. But information also connects IT systems to other resources: (1) to the business units that create and use information to make decision and coordinate their behaviours, and (2) to all other resources that information represents. Information is treated in this thesis as a “meta-resource”, that is, as images of other resources exchanged between senders and recipients to convey certain meanings and intentions. Information is messages that contain representations of resources and deliver meanings and intentions, a view inspired by Machlup & Mansfield (1983: 642), Langefors (1995), Goldkuhl (1995) and Searle (1969). When communicated in business networks information becomes an important organizing factor, both for units’ behaviours and for all other resources. 

Whereas microeconomics treats information as a homogeneous commodity, a business network view conceives information in different terms. Relevant aspects of information in business networks are the following: (a) stickiness, pointing that information is difficult to transfer between units and to be acted upon because of cognitive limitations (von Hippel, 1998); (b) interactedness, that is, information is mostly exchanged in one-to-one interactions and associated with intentions such as promises, refusals, commands or complaints (Searle, 1969); (c) dispersion, pointing that information spreads irregularly over the network (Hayek, 1945); (d) depth of information matters more than its breadth, because actors need not simply compare many thin information like prices, but need more complex messages, multidimensional and covering more resource dimensions, of technical, economical and administrative type (Gadde & Håkansson, 1993). These four factors imply that information is network-embedded (Baraldi, 2001, and Baraldi, Bocconcelli & Söderlund, 2001). These complex and multidimensional images, obtainable only by collecting information bits widespread at many sources are difficult to create and transfer. So, high information embeddedness means high costs for encoding and decoding messages and puts constraints to the facilities used to produce and handle these messages, such as IT systems. However, many IT tools appear constructed, developed, and sometimes even used, with the assumption that information is much less network-embedded than it actually is and with the belief that resources are much more homogeneous than they actually are. 

Information is created, stored and used by business units, but also exchanged in relationships, often travelling together with products. In this sense, information is attached to and deeply embedded into resources. However, this thesis does not view information as one of the four resource types in the “4Rs model”, but rather as a representation of “concrete” resources. For this reason, information is conceptualized on a separate analytical plan, but still, one that interplays with “concrete” resources and sustains managerial tasks. Even if information is “imprisoned” in business networks, it still flows and creates patterns that are themselves networks. Since these networks are filled with selective images of resources, they are termed in this thesis as informational “meta-networks”. IT systems formalize, structure and routinize the images found in meta-networks into digitalized information. In this way, they project rigid “digital meta-networks”. This process is shown in figure 2. 






Figure 2: The process of digitalization – from resources to digitalized information

IT systems cannot handle ambiguous qualitative information, because they need well-codified and structured information, quantified into digital scales and presented into matrices. As biased and “constructed” as it may be (Stamper, 2001: 592), this heavily numerical information is used in handling resources. Compared to the embedded information flowing in business networks, digitalized information is more formalized, quantified, structured, standardized and routinized (Baraldi, 2001 and Baraldi, 2002). These five aspects of digital information offer both advantages (speed in processing, storage and retrieve from databases, and updatability) and disadvantages (rigidity, roughness and wrong level of aggregation).
2.3 IT systems: a technical core embedded into other resources

Computers are the key artefacts around which IT systems are built. Computers are logical machines and “general symbol manipulators” (Dreyfus & Dreyfus, 1986, and Winograd & Flores, 1986: 53) capable to create and diffuse representations and, hence, information. The symbols that computers manipulate are context-independent, list-like descriptions of reality, based on clear-cut categories (Ibid: 53-54). Resources are therefore treated in mechanistic and analytical terms inside computers: not only at the level of 0s and 1s of machine code, but also in application programs and in the models embedded into IT systems. For instance, the practice of “business modelling” (Nilsson, Tolis & Nellborn, 1999) shapes and applies models on firms and on their resources to create IT systems. Some of these models are borrowed from management sciences, including such hard quantitative domains as Operations Research (see e.g., Ackoff & Sasieni, 1968), and from management accounting (e.g., the Balanced Scorecards of Kaplan & Norton, 1992). IT development methods further imbue into IT systems the mechanistic, objectivistic and rationalistic tenets of the engineering view. 

The term “IT systems” refers in this thesis to computerized information handling facilities or “mills”, using one of the metaphors proposed by Gazendam (2001: 11-15). The notion of IT system focuses on the technical artefact: a system composed of material and logical elements from the IT domain. IT systems process and produce information (Kallinikos, 2001), which they project into “digital meta-networks” (see figure 2). Viewing IT simply as facilities or mills hopefully helps bringing IT “down to Earth” and identifying its “actual” effects, rather than the theoretically possible ones. Looking closer into the internal composition of any IT system, each one results from a combination of the following six types of elements: 

1-Hardware: the physical artefacts (processors, hard drives, terminals) at the system’s core.

2-Software programs: the instructions steering the hardware and processing the data. 

3-Databases: the virtual repositories where data are collected, similarly to a library.

4-Graphic user interface (GUI): the graphic frame through which users interact with the system to input and extract data. It includes visors, indexed tables and iconized panels.

5-Embedded models: these are built into the IT system and “represent” external entities. These determine how resources (e.g. a product) are measured and “transformed” into the data inside the system, by selecting certain dimensions. These images define, prescribe and exclude features of these entities, because embedded models are not neutral towards reality and resource, but they actively create and shape, rather than simply representing, them (Gazendam, 2001: 9, and Nilsson, 1979: 6/42).
6-Logical structures: these connect programs, databases and embedded models. 

These six elements merely point at the technical potentials of IT, especially in terms of effects on information. Yet, the effects of IT on concrete resources derive from how IT systems are embedded into resource networks. The effects on embedding resources are complex issues. Firstly, IT systems, in projecting digital meta-networks, have effects on resources at the informational level, that is, on the images of resources. This first type of effects is symbolized by the vertical arrows meeting halfway between digital info and the resource network in figure 3. These effects are however still at a “superficial” level, distinct from concrete resources. What happens instead “concretely” to resources (e.g., their costs, volumes or quality)? This second type of effects emerges at the resource network level of figure 3, where IT can become the precondition for or sustain certain activities on resources, directly steer other facilities or connect two or more units. These “concrete” effects emerge when IT tools’ automating power and “informating” power (Zuboff, 1988: 9-11) meet the other resources. These “concrete” effects (symbolized by the horizontal arrows in figure 3) can be very indirect and become evident far away from an IT system, because they are transmitted across the resource network from a resource interface to the other. 








Figure 3: The effects on resources of IT systems embedded into resource networks

2.4 Utilizing IT systems in managerial tasks concerning resources

IT systems produce the “informative” and “concrete” effects not in abstract, but when they are actually utilized and systematically applied in specific managerial tasks concerning resources. It is therefore important to investigate these contexts of utilization of IT in order to evaluate its effects and value in relation to the other resources. Managerial tasks vary greatly in goals, scope, timeframes or complexity, so it is helpful to classify them. A basic distinction is between explorative and exploitative tasks. This distinction, inspired by March (1999: 5-6), is grounded in the type of goals behind the managerial task:

1) Explorative tasks aim at developing resources, which entails changing a resource and its interfaces. This is obtained by recombining existing resources or by introducing new ones after exploring new solutions (March, 1999: 5). Examples of such tasks are product or process development, customer or supplier relationship development.

2) Exploitative tasks aim at maintaining the efficient utilization of the existing resources combinations. This implies keeping unchanged the involved resources and “freezing” their interfaces. Efficient utilization of resources ensues from repetition and continuity (March, 1999: 50). Examples of such tasks are production scheduling, concrete production, order management, logistic management, day-to-day sales and procurement.

Based on the theoretical framework of this chapter, the research question is refined as follows:

1) How do IT systems affect the other resources involved in explorative and exploitative managerial tasks focussed on a product, but extended to its related resource network?

1.1) Which specific, and probably different, informative and concrete effects do IT systems have on resources within explorative and, respectively, exploitative tasks?

1.2) How do the models embedded in IT systems intervene to produce these effects, because of their selective and structured way of representing resources?

2) How does the value, in terms of possibilities and limitations, of IT systems emerge in relation to the different resource networks to which they are applied in specific tasks?

2.1) How do IT-embedded models shape the value and contribution of IT systems in relation to the goals, resources and information needs in specific managerial tasks?

These questions are tackled by relying on the “investigation framework” of the model presented in figure 4, which relates the core concepts reviewed above.












Figure 4: The analytical model of this thesis
Chapter 3: Method and investigation tools

This chapter reviews the method and investigation tools applied to tackle the research purpose, the applied units of analysis and the sources of empirical material. The chapter also includes an ontological and epistemological discussion, omitted here for reasons of space. This thesis relies on two “abductive” case studies, based on systematic combining (Dubois & Gadde, 2002), which implies moving constantly between theory and empirical material, also by means of continuously updated data, provided by repeated streams of data collection. The empirical material is provided by two “twin” case studies performed having as pivotal point, respectively, two furniture products: the “El-Bord”, by Edsbyn, and the “Lack” coffee table, by IKEA. In order to obtain relevant and manageable data on the interplay between IT and other resources, three investigation tools (resource networks, meta-networks and managerial tasks) and a structured method for data collection and analysis were employed. 

The analytical construct “resource networks” is inspired by the “4Rs model” (Håkansson & Waluszewski, 2002, and Baraldi & Bocconcelli, 2001); while “meta-networks” (that include images reflected, distorted and partly unreal of resources) is inspired by current approaches in studies of information systems, such as “Organizational Semiotics” (Liu et al., 2001, Nilsson, 1999, and Nilsson, 1979) and “Infology” (Langefors, 1995, and Dahlbom, 1995). The Greek prefix “meta-” means “beyond” or “about”, implying a transformation. Both networks and meta-networks were delimited for being concretely studied. These network boundaries were set having as reference point the focal product and the IT systems that represent it and the other surrounding resources. Firstly, the resources around the focal product were mapped. Secondly, the most important ones for the focal product were selected, relying on the interviewees’ judgement of their economic or technical relevance This phase led to the construction of a “product-centred” resource network. Thirdly, the most relevant information pieces and flows about the selected resources were identified, which defined a meta-network composed of any kind of information. Fourthly, the information digitalized within IT systems defined a “digital” meta-network (a subset of the meta-network). Finally, a series of six managerial tasks for each of the two products were chosen and a specific resource network, meta-network and digital meta-network was constructed for each of them.

The above research tools were applied to the IKEA and the Edsbyn cases that proceeded in parallel since 2001. The choice to perform two case studies was motivated by the search for variation in the empirical settings, in terms of the configuration of the two resource networks and of the associated digital meta-networks. The advantage of two different empirical settings for the use of IT is exploited in chapter 8, where the six managerial tasks for each product are applied as units of analysis. These are divided into an equal number of “explorative” and “exploitative” tasks: they offer variation in digital meta-networks and resource networks and broaden the analytical base to investigate the effects and value of IT. The empirical material was provided by the following main sources: (1) a total of 130 in-depth interviews (70 for the IKEA case and 60 for the Edsbyn case) with respondents at IKEA, Edsbyn and the other companies affecting the two focal products and the IT systems installed; (2) observation of products, visits to facilities, observation and direct use of IT tools, and participation to internal meetings; (3) firsthand written company sources (invoices, bills of materials, production schedules, diagrams on IT system architectures); (4) edited written company sources (catalogues, pricelists, manuals and instruction books for the studied IT systems); (5) published sources (press releases, news, books and reports on the topic at hand). The empirical accounts in this thesis were constantly read and commented upon by contact persons at IKEA and Edsbyn, which guarantees its trustworthiness. 

Chapter 4: Edsbyn, El-Bord and IT

This chapter presents Edsbyn, an office furniture producer selling B2B for circa 300 million SKr and employing 250 people, and the focal product, El-Bord, an electrically adjustable office table. Introduced in 1998, it has become a sales success, despite its high cost of around 12,000 SKr (1,400 Euros) per piece. Tabletops are adapted to customers, while electric stands are selected from a combination of 20 possibilities. Section 4.2 presents the central resources involved in developing El-Bord, before and after its launch, shown in figure 5. 
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Section 4.3 presents the key resources involved in producing tabletops, MDF-boards and electric stands for El-Bord, in managing logistics, in marketing and selling El-Bord (figure 6).
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Figure 6: The resource network for producing and marketing El-Bord

Section 4.4 presents the informational meta-networks in developing El-Bord and in its everyday life, while section 4.5 is dedicated to an overview of Edsbyn’s IT infrastructure, grounded on its recently installed ERP system Movex. This is the central system that sustains most internal processes at Edsbyn: purchasing, production scheduling, order management, product costing and pre-calculations, etc. The digital meta-network connected to El-Bord is presented in section 4.6 and shown, very schematically, in figure 7.











Figure 7: El-Bord’s digital meta-network 

Chapter 5: Using IT in six managerial tasks concerning El-Bord

This chapter describes in detail three exploitative and three explorative tasks concerning El-Bord. These tasks were selected considering a few core activities and processes for El-Bord, important either for the maintenance of efficiency or for the development of this focal product. The three exploitative tasks focused upon are

· scheduling the production of El-Bord’s tabletops. This internally oriented task is the most exploitative of all the tasks mentioned in this thesis, including those concerning Lack. Thus, it is described in more detail than the other five tasks to highlight the complex and conflicting nature of resource interfaces even in an internal and exploitative task;

· procuring supplies for El-Bord. The description of this task focuses on procurements of the two key purchased items for El-Bord, MDF and electric stands, and day-to-day interactions with their suppliers – Karlit and Swedstyle, respectively;

· handling El-Bord’s logistics and lead-times. In order to respect delivery lead-times to final customers, Edsbyn must handle a series of internal and external resource interfaces, stretching from supplies of electric stands to distributors’ assembly schedules.

Then, the three explorative tasks described in chapter 5 are

· developing new technical solutions to reduce El-Bord’s costs. While maintaining unchanged El-Bord’s external appearance, Edsbyn cooperates especially with Swedstyle to find new resource combinations that can reduce El-Bord’s final cost;

· extending El-Bord’s range. Edsbyn strives to introduce new variants, with new colours and shapes, and to extend its quick delivery “5-days” range; 

· projecting and developing customized El-Bord solutions. “Projecting” means carrying out furnishing projects, which often entail finding new customized solutions for project customers, while exploiting the existing technologies.

In order to identify in each managerial task the effects, value and contributions of IT systems in relation to El-Bord and the other resources, the material in chapter 5 describes: 

1- the content and the goals of the task

2- the involved resources, presenting in a “resource network” the relevant resource interfaces

3- the informational dimension of the task, displayed in an “informational meta-network”

4- the digitalized information about resources that is made available by IT systems and that shapes a task-specific “digital meta-network”.
Chapter 6: IKEA, Lack and IT

This chapter presents the key strategic unit IKEA of Sweden (IOS), in charge of “managing” the focal product Lack from conceptualization, through technical development, to ordering and sales. Lack is a sofa table sold in 2.5 million units per year worldwide, costing only 99 SKr (9.9 Euros). Its retail price has been constant for over 20 years. Lack is absolutely standard, but sold in circa 20 versions. Section 6.2 presents the central resources involved in developing Lack (see figure 8). 










Figure 8: The “resource network” involved in the development of Lack

Section 6.3 presents the central resources involved in producing, purchasing, planning for production, managing for logistics, ordering, marketing and selling Lack (shown in figure 9).














Figure 9: The “resource network” involved in the production and marketing of Lack

Section 6.4 presents the informational meta-networks in developing Lack and in its everyday life, while section 6.5 sketches IKEA’s IT infrastructure. This is very complex, including more than 500 installations of IT systems at various business units and 60 ground systems, each dedicated to a specific task in IKEA business activities: product development and administration, finance, order management, inventory control, logistics and transport, sales follow-up, warehousing, invoicing, electronic commerce etc. This IT infrastructure aims to sustain shorter lead-times, increased precisions and flexibility in production and deliveries to the whole distribution network. IT should also help managing a wide and complex product range (including 12,000 other products beside Lack), while cutting costs in production and distribution and innovating in technologies and products. A central IT system for these purposes is “PIA” (Product Information Assistance). IKEA’s IT infrastructure is filled with online digital connections between various IKEA units, but also to external units, such as suppliers and logistic partners (connected vie EDI). Section 6.7 concludes the chapter with an overview of the digital meta-network connected to Lack.
Chapter 7: Using IT in six managerial tasks concerning Lack 

This chapter provides a detailed account of three exploitative and three explorative tasks concerning Lack. These tasks regard a few core activities and processes for Lack, important either for the maintenance of efficiency or for the development of the focal product Lack. The three exploitative tasks selected are

· Scheduling the production of Lack. Swedwood does this in close interaction with IOS.

· Handling Lack’s logistics and transportation. This task activates IKEA’s physical distribution resources and external logistics partners. 

· Lack’s order management. This task concerns one of IKEA’s core processes, “replenishment management”, and involves many IT tools and most units in figure 9. 

Chapter 7 focuses, finally, on the following three explorative tasks:

· Developing order modalities. In its quest to reduce lead-times and improve replenishments, IOS strives to move from the “Call-off” to the “OPDC” order modality. This task focuses not only on Lack, but also on its supplier, that is, Swedwood’s resources and its connections to IKEA’s distribution network.

· Developing Lack’s surface treatment (or coating) technology. This is the most explorative of the tasks reviewed in this thesis, including those related to El-Bord (see chapter 5). Thus, it is penetrated in greater detail than the other five concerning Lack. Moreover, this task is especially externally oriented, because it involves a dozen business units that interact around IOS. 

· Extending Lack’s product range, by adding or phasing out colours and shapes.

In order to identify the effects, the values, and the contributions of IT systems in relation to Lack and the other resources, the material in chapter 7 describes in each managerial task the same 4 issues presented in chapter 5 for El-Bord.

Chapter 8: A theoretical analysis of the two case studies 

This chapter provides a joint analysis of the two cases and of the 12 managerial tasks. The analytical comparison across the 12 tasks exploits the similarities and differences in each task in order to make sense of the effects of IT on the surrounding resources. Each task presents, in fact, different configurations of digital meta-networks (their structure, composition, flows and IT-embedded models) and of resource networks. These account for different effects and contributions of IT in the various tasks. In particular, it has been found that the effects of IT vary depending on the type of goal behind a managerial task, the number and type of resources involved in it, the information patterns and needs associated with the task, and the type of IT tool employed in each task. For instance, in the most explorative tasks IT produces lighter and limited effects, localized to specific moments in the whole task; while in very exploitative tasks IT has stronger effects. As for the resources involved, IT has the effect of automating and steering them only if these are few in types, if they are mostly physical, if they are internal to the unit where IT is installed and if the “resource interfaces” handled are easily quantifiable. As for the information patterns, these need to be structured, standardized, routinized and quantified for IT to produce strong informative effects; while when the information associated with a managerial tasks is highly “network embedded”, IT tools have more problems to produce remarkable effects. The analysis also highlights the role of the models embedded into IT tools to produce both informative and concrete effects.

This chapter identifies many differences in the effects of IT in explorative as opposed to exploitative tasks. Looking across all tasks, the various effects are summarized into a unitary framework. Despite the differences from task to task and on single resource items, the effects of IT tools, appearing with varying intensity in each task, can be grouped into 6 categories:

1) generating and distributing digital representations of resources;

2) modelling, structuring, formalizing and freezing resources;

3) monitoring established resource combinations and simulating potential ones;

4) inducing to treat resources as given;

5) enabling, sustaining and steering activities on given resources;

6) many concrete indeterminate effects.

Moving from the first category (highly informative) to the sixth one, the effects of IT become increasingly concrete, that is, nearer resources, as illustrated in figure 10. 

.













Figure 10: A conceptual framework for the effects of IT on resources in business networks

Let us review now each of these six types of effects in detail:

1) The first category of effects is produced very close to the IT tools: they both generate and distribute in the business network digital resource images. But this effect is limited to creating and diffusing low-embeddedness resource images, with few effects on the resources, especially when information embeddedness is high. Yet, this first type of effects is important because it sustains the other 5 effects by making available information about resources.

2) The second category of effects relies on the organizing power of the digital information created by IT systems. This reflects the importance of the models embedded into IT systems in producing a subsequent cascade of both informative and concrete effects on resources. These digital models artificially reduce complexity, quiet down conflicts and trade-offs between resource interfaces. To varying degrees, IT models resources: this is particularly evident in exploitative tasks, where business units apply “heavy” ERPs like Movex that treat resources according to their built-in models (e.g., MRPII). The organizing power of digital information appears however also in explorative tasks, where IT “formalizes” ex ante some key resource features (e.g., project goals, costs and prices): this helps focussing attention on specific interfaces and avoids dealing with all their immense complexity. Finally, IT tools “freeze” ex post resources, by registering the features emerged from development processes. 

3) The third category of effects is monitoring and measuring the established resource combinations, with predefined indicators. When these signal unsatisfactory performances, IT indirectly also “suggests” the need to modify the current resource combinations. IT tools help then single exploration steps: by measuring test results or making simulations. All in all, IT “stepwise” orients development and supports selection of alternatives.

4) IT induces actors to treat resources as if they were given. This fourth type of effects derives from the other four informative ones (at point 1, 2, 3 and 5). Moreover, IT systems and their embedded models rapidly propagate images of resource as if they were given. 

5) IT supports, sustains and even enables activities on resources. This ranges from totally automatizing certain activities, to steering the behaviour of units or simply affecting how activities are performed. IT systems often re-design the activities, processes and routines to which they are applied, which entails also concrete effects on resources. Such effects are typical of the IT tools employed for ordering, production scheduling or transportation of given products. But also in explorative tasks, IT tools can become preconditions for certain activities on resources, that is, without them an activity cannot be performed at all. 

6) The last category includes all the many non-linear, hidden or unexpected concrete effects of IT on resources: they may derive from the five types above, but always depend on the specific configuration of the resource network where the IT tools are embedded. The concrete effects of IT are very context-specific and no generalization can be made about them – apart from the fact that they certainly appear, sooner or later and somewhere in the network!

Chapter 9: The value and contribution of IT in relation to resources

The heterogeneous resources in business networks are impossible to fully describe or measure: this impedes IT systems to catch the complexity of resource networks. Still, IT tools have important effects on resources and provide valuable contributions to the firms using them in relation to resources. The limits of IT systems in “superficially” measuring and analysing resource networks do not matter so much, if one considers that IT does not simply represent resource, but actually shapes and creates them by actively modelling and selecting relevant resource features. In fact, IT creates and distributes simplified digital images of resources that focus attention and orient action. This offers the important advantage of reducing the complexity of resource interaction. But the relevance of digital images is relative (depending on the context of a task-specific resources network) and changes with time: this makes of IT systems strong “stabilizers” (Hedberg & Jönsson, 1978). However, the value of such catalysing lenses as IT tools and the stability they induce by formalizing and freezing resources cannot be overstated, in the constant turmoil of resource interaction. At least some order and direction is useful also in very explorative tasks (e.g., “developing Lack’s coating”) and even more necessary in less explorative tasks (e.g., “extending El-Bord’s range”). IT tools implicitly select and restrict exploration options to one or a few digital pictures to be followed as unique roadmaps. In this same valuable contribution lies also a drawback of IT: by stabilizing the intricate mess of resource interaction, IT risks to create rigidities that can be harmful when it is necessary to develop and explore wholly new resource interfaces. IT tools have also a strong calculation power that can be applied in the virtual testing of alternative resource combinations to be explored. This computer-supported testing sustains the important trials and errors necessary for blueprinting, tuning of coating facilities, etc. However, IT tools do not make the “discoveries” necessary for explorative tasks: their value resides in providing steady grounds on which to rest and from which to proceed in modifying resource interfaces. 

The conflict-solving, stabilizing and calculation power of IT systems is instead very valuable for exploiting resources. They create and process harmonic images of resources, perfectly combining and nicely fitting into each other, like pieces of a puzzle. IT systems leave outside the details and clashes between resources that would hamper action and hinder the efficient and routinary performance of exploitative tasks like scheduling, ordering or logistics. In such tasks, resource interfaces cannot be questioned or modified: the value of IT lies here in further cementing the established activity structures and resource interfaces, which helps their efficient utilization. While IT supports established resource combinations, it can block new ones, unless the digital meta-network it projects is rapidly modified. However, exploring new resource combinations requires information that is seldom included in IT systems, because it is unstructured and informal, or that does not exist at all, because it is about wholly new resource combinations, untried and, hence, unrecorded. Changes need to be introduced first as new ideas before seeing concrete effects on resources. Digital information includes instead the heaviest and most structured of all ideas, that are codified, structured into information and applied automatically, without being normally put under discussion. Figure 11, inspired by Håkansson & Waluszewski (2002: 83), illustrates these issues.






Figure 11: IT and exploring new resource combinations or exploiting established ones

Chapter 10: Conclusions

This chapter summarizes the findings from the analysis of chapter 8 and 9, reconnecting to the research questions. In extreme synthesis, both the effects and the value of IT in relation to other resources are stronger in exploitative tasks, if compared to explorative ones. IT produces more and more evident effects when applied to (1) a few, similar and given resources and (2) low-embeddeness information. Moreover, the value of IT is not inherent in the IT tool, but is framed by the resource network context surrounding it, which can turn advantages in disadvantages and vice-versa. Managerial implications on how to design IT systems that account more for resources than for activities are also suggested. A warning is issues finally against such simplistic interpretations of the thesis’ findings as “the better IT represents and models a resource network, the better it is for managers using IT”. 
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Figure 5: The resource network for developing El-Bord
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�SKr stands for Swedish Crones. In 2003, circa 8 SKr corresponded to 1 US Dollar and circa 9 SKr to 1 Euro.
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