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Abstract 
This article highlights a central feature of business networks, resource interaction and heterogeneity, by means of three case studies from the furniture industry. Each case study focuses on one of three central issues in furniture-related business networks, respectively design, distribution and information technology (IT). Data collection and analysis are based on a resource categorization model termed the “4Rs model” addressing resource interaction, utilization and development in business networks. After the empirical accounts, theoretical implications are drawn about design, distribution, IT and their interplay from the perspective of resource interaction and heterogeneity.
1. Introduction

Furniture-related networks witness the emergence of new materials and functional attributes in complex products that embody different technologies. Moreover, furniture distribution undergoes changes in configuration and new manufacturing and information technologies are introduced. These are the outcomes of the resource interaction caused by furniture firms that try to manage and develop their resources, by connecting and combining them. Design plays here an important role, since it offers an important creative input—that is, the physical form of products. But design is also an important “mediating force”, which brings together and combines resources. On the output side, distribution is put under pressure by new customer needs, such as increased service and customization, and growing dissatisfaction with weeks-long delivery times. However, distribution is not passively absorbing and transferring such pressures, but it actively connects and combines resources to “create” and simultaneously “distribute” certain products. Information technology (IT) is increasingly used to integrate design, production and distribution. On the other hand, IT can only integrate resources that have been properly simplified and “frozen”. Design, distribution and IT are therefore common concerns for furniture firms striving for successfully designed products, efficient distribution and IT solutions that sustain resource management. 

The aim of this article is to explore resource interaction in order to analyse the issues of design, distribution and IT in furniture-related business networks. Each of these issues is first treated with empirical material extracted from three ongoing case studies1, then discussed theoretically and finally connected to the others into a comprehensive framework. 

Collecting and analysing data on resource interaction: the “4Rs model”
The theoretical framework of this article is the business network approach (see, for example, Johanson & Mattsson, 1987). Data collection and analysis are based on a model that is inspired by the “activity-resource-actor” model (Håkansson & Snehota, 1995) and that is focused on the resource dimension. Håkansson & Waluszewski (forthcoming), Wedin (2001), and Dubois & Håkansson (2000) analyse resource interaction and development by means of this model, which can be named the “4Rs model”, since it classifies resources (Rs) into four basic types:
· Products (P): any artefact exchanged between economic actors.
· Production facilities (PF): equipment and facilities used to create or transform products.
· Business units (BU): the organizational structure, competence and personnel skills characterizing firms. BUs imply also an identity, financial resources and economic accountability, allowing them to interact with other BUs.

· Business relationships (BR): the substantial links, ties and bonds resulting from the interaction between firms (Håkansson & Snehota, 1995). BRs are explicitly considered as resources because of their value for the involved firms. Moreover, BRs are resources that can be used as strategic tools in order to achieve certain goals.
BUs and BRs are social resource elements that “organize” the more physical Ps and PFs.

An “abductive” case study methodology 
The empirical material presented in this article emerges from ongoing case studies performed according to an “abductive” approach based on systematic combining (Dubois & Gadde, forthcoming). Systematic combining implies moving constantly between theory and empirical data, using continuously updated data provided by repeated streams of data collection. The three cases rely on a large number of personal in-depth interviews performed at different business units involved in the business networks under study. The analytical framework underlying each of the reported case studies is successively modified as a result of both the empirical findings and the theoretical insights gained during the research process.  Frameworks such as these have become clearer through the method of going back and forth between the initial resource network model (Baraldi & Bocconcelli, 2001) and the empirical context (see Söderlund, 2000, for an example of this process). Other supporting theories, related to design, distribution and information technology cross-fertilized the research process (Dubois & Gadde, forthcoming). Data collection and analysis in the three case studies all centred on a focal product around which a product-centred network was constructed. Focussing on a specific resource item in the 4Rs model, the P-element, offered a steady starting point. The general principle of relevance for the focal product and for each specific research issue (respectively: design, distribution and IT) indicated where to set the network boundaries in each case study.

The next three sections of this article are dedicated to the three case studies and present empirical material about design, distribution and IT, respectively. A separate theoretical discussion on each of the three issues is presented in section 5. The concluding section 6 connects them to each other, in the light of heterogeneous resource interaction.

2. Interacted design: the Junet collection case

For the Junet collection, product design intervenes as a mediating force that leads to acquiring and combining resources and establishing business relationships (BRs). This case focuses therefore on the embedded and interacted nature of product design. 
Combining resources into a joint collection 

The focal business unit (BU), Junet, is a joint marketing venture of five Finnish furniture SMEs who joined forces in 1993. These firms produce different pieces of furniture; for example, one makes beds, another sofas, and so on. The idea of Junet was to create and export a full, uniform collection rather than individual items of furniture. Therefore, firms specializing in different products were sought for this co-operation, the intention being to efficiently reach new markets through sufficient scale.

Existing resources related to specific products were combined into a new BU and a new product, the Junet collection. The five firms, nevertheless, continued to manufacture their previous products outside Junet, which thus became an additional marketing channel for them. Both their product-related resources (such as manufacturing skills and context knowledge) and their set of production facilities (PFs)—including, for example, CNC machines, originated from the five firms’ previous activities. For instance, the machines required for making Junet beds were also used to make other bed models sold to other customers under a different brand. The new PFs required by the new product (for “brushing” and oil/wax treatment of the surface) were placed within the Junet BU. A showroom was established for displaying the Junet collection. Later, this facility found use as a showroom also for other products of the five firms. 

An external designer was in charge of giving physical form to the new collection, by combining the regional furniture tradition, the modern facilities and the furniture making competence of the firms with modern style elements fitting the target markets. The establishment of Junet implied, in fact, not only an organizational change, a joint venture, but also new products, stylistically different from the products the five firms manufactured before. 
The last resource interfaces to be developed were the customer relationships, emerging only after the related BUs, their facilities and their products had been combined. Some BRs existed from before, but new customer relationships downstream were established, which Junet had to learn to handle. In terms of product design, this implied a dynamic process of seeking the “fit” between organizational capabilities and environmental characteristics (see Håkansson & Snehota, 1989:189). 

Finding out what kind of product to offer to which customers is still an issue for Junet. From the initial emphasis on foreign, mainly German, home furniture markets, Junet has been changing direction increasingly towards project customers. This has implied a change from arm's-length transactions towards closer relationships. Explanations for the initial exporting difficulties were sought in the weak recognition of the product, which was a result of practically non-existent marketing communication to consumers. The contact between the firm and the consumer, which should have allowed flows of market information and produced impulses for product design, was lacking. 

On the project market, Junet’s products are mainly targeted to leisure and holiday resorts, which comply with the Junet style. The actual customer is the interior designer or architect, who suggests Junet’s products to the hotel owner. This counterpart is the same over several projects. The architect works in close co-operation with Junet's designer in adapting the existing collection's items to suit the environment in question. No major modifications in the basic appearance and style are made, but adaptation can involve, for instance, making a bar stool version of a chair or adding a new item, such as a suitcase stand. The interaction between architects and Junet in “adjusting” the product is different from the situation where the product is designed specifically for a customer or where product adaptation only takes place through the choice of colour of fabric among a set of predetermined alternatives. Communication and interaction between buyer and seller is also in this case facilitated by common language and shared meanings among designers (see Lautamäki, 2000). Customer adaptation of the product is not only important visually, but it can also be a prerequisite for selling the product at all. Sometimes adaptation implies simplifying the product or otherwise manufacturing it in a cheaper way, so that it fits buyers' budgets.

The embedded product and its interacted design: the Viena hall table

The Viena hall table is one of Junet’s products, belonging to the collection of birch furniture that comprises various pieces from dining groups to bedroom furnishings. This product is clearly embedded in other resources; it has a significant interface with other products in the same collection, having a stylistically uniform appearance, and can be easily combined with them. It can even be regarded as an input or complementary product to the collection, although it is in itself an end product. A significant target group among final consumers are people who already have Junet furniture and want to add new items from the collection. Compatibility is therefore central. The Viena hall table shares also some technical features with other Junet’s products: the same table leg, for instance, can be found in other tables of the collection. 

The BR to one retailer, Stellina, is a particularly interesting interface for the Viena table, as it triggered the development of this type of product (smaller, lighter, less expensive, but of the same style as the other Junet products). The product also interacts with elements in the distributor environment. To quote Stellina: “They suit our style and I like selling them”. The key PFs for Viena tables are outside the Junet BU; most of the components (laminated timber) are provided by one of the Junet member firms, processed into furniture parts by another and only assembled, surface-treated and marketed by Junet itself. However, Junet considers these resources in the member firms almost as “semi-internal”, since these firms own Junet. For instance, labour is sometimes “borrowed” among the six BUs.

Viena’s embedded nature implies that its value and use—and its success and suitability for the user—depend on how well it interacts with other products, PFs, BRs and features of the BUs that it is related to, as well as the network in which these resources are further embedded. The initial concept of the Junet collection was defined as “all the essential non-fitted pieces of furniture for dining rooms, living rooms and bedrooms, through which the specific style is expressed”. The product is embedded into these environments of use, that is, affected by the activities taking place there and by other products used there. The initial concept has, however, evolved as new items have been added and others removed. 

Design can thus be seen as an issue of interaction among resources in the network in which the product is embedded, as well as among the various actors controlling these resources, and who have different requirements and uses for the product. It calls for an understanding of technical resource interfaces as well as of aesthetics, ergonomics and the contexts of product use.
3. Distribution as a creation process: the Flipper case

In this case, distribution is a complex process that simultaneously creates and develops the Flipper kitchen by the combination and interaction among numerous resources. 
Febal and its production
Febal, Flipper’s producer, was founded in 1960 and experienced rapid growth throughout the 1970s, culminating in many acquisitions in the 1990s: RB Rossana (a prestigious high quality kitchen producer), Tieffe (a children’s bedrooms producer) and Prodomo Cucine. Febal, with its 150 employees and 60 to 80 billion liras turnover, plays a primary guide role in the group, being in charge of the related activities of administration, financing, production and marketing. Febal specializes in the production of fitted modular kitchens (that is, not in “kit” form but adaptable to a specific space).

On the Italian market, kitchens are considered as furniture pieces and moreover as the most important element in house furnishings. Most Italian consumers demand a modular kitchen, designed for the available space in their house. The kitchen project extends to other elements such as electrical appliances, wall units, worktops, brackets, tables and chairs. Customers therefore demand an “integrated habitative solution”—more than a simple product.

Febal offers to the final customer a complex “system/product”, expression and synthesis of aesthetic and functional attributes. Kitchens are complex products, made up of a large variety (at least two hundred) of modular components that can be differently processed and combined according to final customers’ specifications. These components can be grouped into:

· wooden parts: panels (front parts, such as doors, tops, drawers, and back parts, such as the “carcase” and the pre-fabricate) and other components such as tables and chairs;

· technical components: hinges, drawers, furniture fittings, gaskets, screws, and so on;

· aesthetic components: handles, knobs, plinths and glasses;

· household appliances and other complementary parts.

Febal limits its activities to assembly, communication and distribution to final users. In particular, the company’s production activities mainly consist of assembling parts and components processed by a large number of sub-suppliers. Febal’s key PFs are thus assembly lines and a storage area, even though a few woodworking machines are present (a boring centre, a pantograph and a square-beading machine). These are used for special adaptations required by customers and for extra orders. However, 80% of workers' total activity is in the assembly process.

The focal product: the Flipper kitchen
Febal offers 20 base models of kitchen. Incremental innovation leads to five or six renewed models per year and greater innovative projects occur once or twice per year and take two years to be developed and launched. Flipper is a major innovative project, started in 1996 and now one of the most important products in Febal. It took almost two years to develop Flipper. The idea was to create a new product integrating new design and aesthetic features with innovative materials and technical solutions. The result is a product with special features:

· Doors in Flipper are totally recyclable and resistant to water immersion.
· Ergonomic design features are integrated with new technical solutions (the recycling space under the cooker, a new type of handle).
· The number of variants obtainable by combining the many modular components is higher than in other Febal models. 

This last characteristic implies a specific problem of complexity management in distribution. For Flipper, Febal offers three different basic solutions for front doors: laminate, lacquered matt, lacquered gloss. For the laminate solution there are six colours; for the lacquered matt there are five; and for the lacquered gloss, three. For each material and colour, Febal offers four different kinds of handles, two different plinths, three types of “carcases” and a large variety of worktops (see Figure 1). To complete the kitchen, there are numerous different solutions in terms of electrical appliances and table-and-chair models.
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Figure 1: Variety and complexity in the Flipper model

Quite impressively, combining the elements illustrated in Figure 1 results in totally different final products, even if the kitchen model is nominally the same. Moreover, Flipper is never exactly the product that the consumer might have imagined by mentally combining the different modular elements. The real “final product” appears only at the moment of installation in the actual space of the consumer’s house.

Distributing and creating Flipper
Febal sells the Flipper Kitchen to the final consumer through a network composed of 600 independent retailers and 60 agents. The retailers vary in size, range and specialization, including traditional furniture shops, specialized kitchen resellers and general furnishing centres. Most of them are national retailers, accounting for 88% of sales. Febal has long-term relationships with most of them: more than six years with 50% of them and more than three years with 40% of them. The 60 agents represent Febal on a regional basis, with exclusivity for kitchens, while representing other producers for different furniture categories.

The distribution problem for Flipper is not simply a matter of transferring a given product from the sphere of production to that of consumption, but more a problem of giving to each final customer the possibility to “think, project, and see realized” a personalized habitative space reflecting personal, functional and aesthetic needs. This can be seen as the distribution-creation process for a complex product. This process is made up of three main phases that are not sequentially connected, but are interconnected on a parallel dimension, involving many actors that interact simultaneously according to specific roles. The three phases can be summarized as follows:

1) The project phase. This involves not only retailers and the final customer but also the agent, manufacturer and suppliers of components. The complexity and variety of the product make the role played by the distribution network crucial; all the actors in distribution have to translate the complexity and adaptability of the product to the consumer, and at the same time they have to report consumers’ specific requests to the manufacturer which has to accept or, better, “guide” the project.
2) 
The production phase. This starts only when the project has been “concerted” in its basic elements, and after the information concerning the project has been formalized, transmitted to Febal and included in the production order that activates the production system. Production and assembly processes are planned day-by-day according to the projects formulated by distribution partners and approved by the manufacturer and  suppliers of parts and components. From a strictly productive point of view, the management of this complexity and variety is made possible by Flipper’s high modularity and by the flexibility of the production process. Phases 1 and 2 are constantly interacting to allow system customization to customers’ requests.
3) 
The delivery phase. This starts once a kitchen is manufactured. It includes transport and installation of the system in the consumer’s house. Different actors are involved in this phase: the transport firm, the installer, the retailer, Febal (which occasionally performs installation) and the supplier of parts and components (which often also provides installation for such items as the electrical appliances included in Febal’s kitchens).

The emergence of the final product results from downstream and upstream actors interacting simultaneously in each phase and bringing together different resources: competencies, skills, products, machines and information. Each final product results from different resource combinations in each specific performance of the distribution-creation process. For each individual kitchen project, a particular distribution resources network can be identified, as shown in Figure 2, inspired by the 4Rs model.
















Figure 2: Distribution resources network in a specific Flipper project
Every single resource in each single distribution-creation process has a specific value, depending on how it is combined with the others. Different projects may either involve totally different single products, PFs, BUs, BRs, or employ the same resource items and have them interacting and being combined in a different manner.
4. IT and “frozen” resource management: the El-Bord case

This case shows how the many resources contributing to the El-Bord table need to be frozen before being managed by information technology. El-Bord is an adjustable height table, produced by Edsbyn, a firm specialised in office tables of laminated wood, with sales of approximately 300 million SEK. Edsbyn purchases wood-related components and materials, performing all manufacturing phases internally. 
Developing El-Bord
El-Bord was developed after more than three years’ intense co-operation with Swedstyle, the supplier of electric stands, a key component enabling adjustability and requiring much innovation. Swedstyle has since become the sole supplier for this type of solution. Swedstyle in turn involved other suppliers of single components: electric motors, drivers, guides, pistons, electric actuators and control units. The wood-related resources included in El-Bord, such as MDF-boards, were left substantially unchanged. Major customers tested and commented on El-Bord’s prototypes. Edsbyn collected an increasing amount of information to solve concrete problems or to inspire the development work. The information and its sources became increasingly defined and structured, paralleling El-Bord’s assumption of a concrete form. Besides Swedstyle, other key actors were identified. Other resources, such as El-Bord’s components, were drawn on blueprints. First, technical and then, economic information (component prices and margins) was exchanged between the actors involved. Finally, administrative information (delivery lots, lead-times) became important. Some of this information circulated only in some areas of the development network, far from Edsbyn.

Producing and marketing El-Bord
El-Bord requires special arrangements to be produced and marketed. Production and logistics treat it as two separate products: the electric stand and the table board. Swedstyle delivers to Edsbyn's final customers the electric stands, assembled from sub-suppliers’ components. Electric stands must “meet” MDF boards on location in order to allow assemblers to perform their job within a restricted time frame. Edsbyn manufactures only table surfaces for El-Bord. Raw MDF boards, supplied by Karlit, are the most important purchased material; they allow curvilinear profiles (thereby extending the range of shapes available to customers) and represent 50% of material costs for table surfaces. CNC millers are important PFs for Edsbyn; they give boards the exact shape, are big investments, but have limited capacity. Edsbyn relies on “production to order”; El-Bord does not exist physically when ordered but appears at the customer's location four weeks later. 
In the assembled El-Bord, electric stands have the strongest functional and economic impact, contributing up to two-thirds of the final price. Electric stands are adapted to Edsbyn's specific needs technically (moving range, control devices, and so on) and stylistically (colours and shapes). Edsbyn sells El-Bord tables only to institutional customers through 50 local distributors. Hermansson Lago is a key distributor in terms of turnover, contact duration and access to important customers such as Ericsson, one of Edsbyn’s largest. El-Bord is a sales success, representing almost 10% of Edsbyn's total turnover. Salesmen and distributors use adaptations as an important sales proposition that Edsbyn’s larger competitors cannot offer economically. Shape and format adaptations (inside the limits of Edsbyn’s production system) require close contact between customers, distributors, salesmen and product developers.

Information for producing and marketing El-Bord
Starting from each customer order, information is spread to the rest of the network. Orders specify delivery volume, quantity, date and prices. Purchases of key components are driven by information in the sales order. Only on receipt of an order are electric stands ordered from Swedstyle, which uses order information to deliver at the right time and place. Availability of MDF boards in stock is assessed through Edsbyn's ERP (Enterprise Resource Planning) system, signalling potential need of replenishment from Karlit. Production planners use information from order processing, purchasing and ERP to decide when to produce the ordered lot of table surfaces. 
All this information constantly and routinely flows inside and outside Edsbyn. Compared to El-Bord’s development, information in production and marketing needs to be more standardized. It is also more detailed, since it is used to manage and control very concrete activities, often undertaken by rigid production systems. Actors also need precise, detailed and current information about technical, economic and administrative variables. Hermansson Lago needs information on, for example, precise delivery dates, while Swedstyle on precise quantities and delivery place and time. Much of this information is standardized and routinized: part of it is therefore digitized and included in the computerized systems of various BUs.

El-Bord's product-centred network and digital meta-network
Resource management and IT are analysed by distinguishing the physical product-centred network from the informational meta-network, where resources and activities are translated into information. The prefix “meta” derives from Greek and means “beyond” or “about”: so the term “meta-network” literally means “a network about a network”. Analysis is kept manageable by extracting parts of the total physical network and of the total informational meta-network (see Figure 3). After mapping all resources affecting the focal product, the most important ones were selected into the product-centred network. After identifying the total informational meta-network (including all types of information), the information that is formally structured, collected and processed in the various firms’ IT systems was explicitly named digital meta-network.

Figure 3 shows the product-centred network for El-Bord, including key resource elements: three products (El-Bord, MDF and electric stands), a PF (Edsbyn’s CNC miller), five BUs (Karlit, Swedstyle, Edsbyn, Hermansson Lago and Ericsson) and the existing BRs (large arrows) between them. The connected digital meta-network, constituted by the digitized information in the related computerized systems, can be superimposed on the product-centred network. IT collects and processes information about resources and activities, in order to somehow manage and co-ordinate them, as highlighted by the dotted arrows. This “IT-ized” information is analysed first in its diachronic change paralleling the product-centred network's development and then in its synchronic flow in the stabilized network. 






Figure 3: El-Bord's product-centred network and digital meta-network.

The digital meta-network in a developing product-centred network
The information technologies used in El-Bord’s development were numerous and were both digital and traditional (CAD-files, e-mails, faxes, meetings, web-sites, paper catalogues). No overall, structured and rigidly organized computerized IT system could ever include and process all information pieces during the development process. Information itself developed and was specified along two dimensions: (a) identification of the involved actors and resources and (b) density and detail richness. Development in information and resources proceeded hand in hand. Resource dimensions and the activities to be co-ordinated were consolidated and defined, leaving traces in the informational meta-network that accompanied product development, as increasingly detailed information was collected and structured.

The digital meta-network in a consolidated product-centred network
The digital meta-network related to the network that emerged from developing El-Bord (see Figure 3), relies heavily on Edsbyn’s ERP system. Since automatic and routinized connections to other BUs’ IT systems are not currently present, large amounts of inter-organizational information necessary to manage El-Bord is input manually into Edsbyn's computerized systems. Edsbyn's ERP system has therefore no direct control over electric stand production, though it does have this control over Edsbyn's internal board production. The rigid IT connections between production, purchasing, marketing and logistics are nonetheless mediated by product developers, deciding on the technical and economical feasibility of each customization requirement. The information technologies used for individualized and interactive marketing contacts around El-Bord are mostly of the traditional type (telephone, fax and face-to-face). 

Compared to the development of El-Bord, its marketing and production require more standardization, continuous provision and specification of relevant information. If the product is to be materially and economically produced and marketed, activities must be consolidated and resources more defined, in order to be co-ordinated and managed. Only when resources and activities relevant for the focal product take this “structured” form, can they become objects of standardized and routinized data collection, processing and distribution, that is,  enter the domain of IT. This is a basic requirement for translating the product-centred network into a digital meta-network, where information is treated by computerized systems. The routinization of activities and freezing of resource features, resulting from each step in the product development process, allow the emergence of routinized and structured information flows that can be captured by IT. When the network is in a state of maximum flux, that is, resource variability and heterogeneity are extreme, activities and resources are too unconsolidated and undefined to be managed and directed by IT. When this fluctuation decreases, because resources are treated by actors as more “given”, it becomes easier for IT systems to support resource management.

5. A network approach to design, distribution and IT

This article relies on the “embedded view” of exchange behaviour (Granovetter, 1985), which accounts for the influence of socially relevant others, taken in their one-to-one interaction with the focal actor. Economic activity is framed into organized behavioural systems (Alderson, 1965), where interactions among actors take place in networked structures. Resource heterogeneity (Penrose, 1959) is another central theoretical assumption; it implies that a resource's value is not given by the resource itself, but by how it is connected to and combined with others. Actors do not interact in a techno-economic “vacuum”; their social interaction is substantiated, enabled and restrained also by resources and resource exchanges. The result is that resources also “interact”, that is, they affect and define each other. These assumptions affect also the conceptualization of design, distribution and IT that are theoretically revised in the remainder of this section. 
Resource interaction and design 

The concept of industrial design is often defined in broad, generalized ways. It can, for instance, be seen as “creating and developing concepts and specifications that optimize the function, value and appearance of products and systems for the mutual benefit of both user and manufacturer” (Ulrich & Eppinger, 2000:212). In the furniture context, not only is the engineering dimension of design interesting, but also other aspects of industrial design play a role, like ergonomics and graphic design—disciplines that mediate between technology and user (Lawrence, 1990).

The product design process is commonly seen as multidisciplinary teamwork (see, for example, Olson, 1994; Ellis, 1994). Even though the design process would take place in a small organization without clear functional boundaries, different—often conflicting—interests from economics, aesthetics, manufacturing and marketing are directed at the product. Finding a balanced physical outcome between these is the task of the designer, who can act as a thermostat between the input of creativity and its outcomes (Gorb, 1995) or as an integrator, a role referred to by, for example, Ellis (1994). Ellis sees the designer as having a unique ability to create visions for products that combine technical and manufacturing input with “softer” information on customer needs and priorities, believing that the role of the designer is evolving away from the stylist, who adds aesthetic and ergonomic features to the previously designed core product, towards the creative visionary connecting functional areas. The Junet case is an example of how design is not only an added feature, but a strong one from the very beginning. 

External actors influence product design, including distributors, suppliers and final customers (provided the firm is attempting to develop products in a customer oriented way). As Meyer (2000) claims, the practice of design and its processes are best seen as a complex adaptive system, where order emerges from interaction. Also Bloch (1995) touches upon the interaction issue in discussing the trade-offs and conflicts among the different ideals of the various actors involved in the process. However, he points out that such differences may enhance the outcome, leading to more successful products. Even after a form is developed, the actors should constantly evaluate it in the hope of making progress towards the ideal. He concludes, “As in biological settings, products should evolve over time in pursuit of optimal suitability for marketplace conditions”. 

Bloch (1995) discusses the attempt of designers and marketers to find this “ideal form” for a product, that is, an ideal outcome of the design process. This would be superior to its alternatives in its ability to evoke positive responses among members of the target market, appealing to consumers’ aesthetic tastes and complementing their existing assortment of goods. Simultaneously, the ideal form faces many, often conflicting, design constraints, such as costs, quality, performance, ergonomic efficiency, manufacturability and safety. Further, it must meet regulatory requirements and complement elements of the marketing programme (including distribution, marketing communication). The more internal and external goals and constrains, the more complex (and impossible to “optimally” solve) the process will be. This view of a product’s design facing various and differing constraints and evolving, as resources around it change, can be included in the business network perspective that considers the product as “embedded” into other resources and design (or “development”) as an interactive process between actors, where a fit is sought between heterogeneous resources (Håkansson & Waluszeski, forthcoming).

Bloch's (1995) model also considers “sequence effects”, that is, the product's aesthetic relationship with other products or “fit” with the assortment. Sequence effects moderate consumers’ response to product form, thus explaining why they like a product, but do not necessarily buy it. This idea is comparable with the notion, in the 4Rs model, of a focal product's interface with other products (Baraldi & Bocconcelli, 2001). In product design, the interface between the focal product and other products in the user environment seems therefore significant. Given the definition and goals of design discussed earlier, the business network approach can cast new light on defining the user. A network (see Håkansson & Snehota, 1995; Ford, 1998), unlike a market, is not as an abstract whole, but consists of individual actors, each with different requirements, experience and commitments. In a network, there are several types of users (“intermediate”, “indirect” and “final” users) that all use the product in different ways: retailers for generating sales and communicating the style of their shop, designers for self-expression (see Bloch, 1995) and many actual customers using it in different contexts (compare this to the sequence effects described earlier). Product design can then, given the embedded and interacted character of the resource product, be seen as a process of balancing constraints in the search of a creative solution fitting the requirements of the different users in the network, as illustrated by the Junet collection case.

Distribution in networks and resource interaction

The first theoretical models on distribution appeared at the beginning of the past century. Since then, contributions in the field have been countless. In a seminal article, Gattorna (1978) reviews distribution literature. He points to two main streams of thought in distribution: the microeconomic and the behavioural. The first is based on economics and industrial organization theories focusing on costs, functional differentiation and channel structure. The second is based on the view of the market as an organized behaviour system (Alderson, 1965), including social and organizational aspects (such as power and conflict, dependency and cooperation) as basic dimensions in marketing channels. This can be contrasted with the tendency in previous literature to consider exclusively the economic dimension of distribution. But, according to Gattorna, no single approach has yet reached a point of adequate conceptualization.

The first attempt to overcome these problems was made by Reve & Stern (1980), with the political-economy approach that “may be considered a first step in the direction towards identifying and determining the dimension of the major variables influencing and ordering channel structures and behaviour” (Tunisini, 1997). Many researchers have recognized the limits of the traditional distribution models and the necessity to develop an alternative approach to distribution. The industrial network approach has been used in investigating very important aspects in distribution that were neglected in previous studies. This approach captures complexity and dynamics in distribution, by focusing on the interrelatedness among actors, activities and resources as basic features of the “networked nature” of the distribution reality (Gadde & Mattsson, 1993; Tunisini, 1997; Hultén, 1998).

The Flipper case places distribution in a network perspective. The distribution problem is not simply a matter of transferring given products from one place to another through a given distribution system, based on an efficient division of functions carried out by different institutions inside the distribution channel. From an institutional point of view, it is impossible (or purely arbitrary) to attribute actors either to the distribution or to the production system. Febal is first of all an “intermediary” and the retailer is the first “manufacturer” in the production process. Distribution and production activities are not only interconnected but also “overlapping”, making it difficult to distinguish a distribution activity from a production activity, according to more orthodox perspectives adopted by the traditional marketing literature. Boundaries are blurred, as highlighted in three phases of the distribution-creation process described in section 3 of this article.

The resources involved in the distribution-creation process are heterogeneous, variable and interacting in complex ways: this is a central point in the network approach to distribution. In Flipper’s distribution process, variety and complexity emerge time after time, in different resource combinations, having a specific value depending on the way they are tied together. The Flipper case shows the importance of exploiting resource heterogeneity in distributing complex products. The flexibility in the various physical and social resource interfaces allows actors to exploit these many potential resource combinations in order to increase variety in products and solutions to final users.

Heterogeneous resources and information technology

The assumption of perfect, homogenous and instantaneous information has gradually been released in microeconomic theory: the concepts of delays, asymmetries (principal-agent and moral hazard theories), costly retrieval and monitoring (Alchian & Demsetz, 1972) have been introduced. Information is nonetheless still treated in most microeconomics-inspired business literature, such as transaction cost economics, as a homogeneous “commodity”, connected by a positive linear relationship to efficiency. An underlying assumption is that both resources and the related information pieces are homogeneous, given and isolated entities. In other words, single resource items and information pieces do not interact and affect each other’s development over time. 
Studies on technological development cast a different light on resources and information. Von Hippel (1998), for instance, uses the notion of “stickiness”: information about resources is not a commodity but a complex and multidimensional “meta-resource”, often difficult to transfer. Von Hippel introduces also a more “interacted” view on information, being neither “collected” nor simply supposed to be available or unavailable, but emerging from interaction among actors. Organizational theory (see March, 1978) has also implicitly questioned information homogeneity, by denying information absolute relevance in conditions of bounded rationality. Thus, actors evaluate and use information inside specific contexts characterized by heterogeneous resource interaction; the information pieces brought together for making choices are also heterogeneous and interacting. All this notwithstanding, part of the choice makers’ job, often delegated to IT systems, consists of artificially treating resources and information as if they were homogeneous and given, in order to make them manageable and controllable. 
Bearing this in mind, the empirical analysis in section 4 of this article highlights three information facets relevant in business networks, where embeddedness, interaction and heterogeneity dominate:
· a) Network-embedded information. To business actors, the depth and detail-richness of information is more important than breadth. Price is just a piece of the information necessary for co-ordination, which needs to be completed by technical and administrative contents (Gadde & Håkansson, 1993), in order to uniquely identify each resource and involved actor.
· b) Interacted information. Interactive information exchange dominates, rather than unilateral information collection or broadcasting. In business relationships, one party is active and “casts” the information, while the other is often engaged in acquiring it.
c) Network pervasive information. Information flows in many directions, involving many actors, directly and indirectly. Some actors participate actively in information exchange, while others assume a more peripheral role. 

Information is no less important for efficiency, but these three facets certainly change what is considered as relevant and useful information, how it is obtained, shared and used. In business networks, information has both a cost and a value that is highly actor-specific; it depends, rather than on demand and supply curves, on each actor’s informational needs and specific network context, in terms of technical, economical and social interdependencies. These facets of information are even more important if the resource development-enabling role of information is considered, as suggested by the concept of “information development” emerging from the El-Bord case analysis. 

Section 4 suggests that the “interplay” between information and the related resources and activities must be explicitly accounted for. This increases the understanding of computerized information systems and their role in resource management. Only a marginal part of the information included in Edsbyn's informational meta-network enters IT systems (the “digital meta-network”), since they can handle only highly standardized, routinized and formalized information. This requires that informational objects (resources and activities) consolidate and materialize to be treated as given, that is, standards and routines. Such requirements restrict the information that can be digitized. The usefulness of a computerized IT system in managing resources is accordingly reduced to particular tasks, such as increasing “static efficiency” (Goshal & Moran, 1996) in closed systems. On the contrary, the informational needs for “dynamic efficiency” in open systems with heterogeneous interacting resources or for “resource development” are only partially satisfied by IT systems.

6. Relating design, distribution and IT in business networks

In a traditional perspective, ranging from marketing mix to supply chain management, design, distribution and IT are connected in a linear, sequential and unidirectional chain:
1-
Design comes first, temporally and logically, and “generates” a given input, a product.
2-Distribution then takes over this given input and, based on a role division among institutionalised actors, transfers it to final users.


3-IT is used to control resources, by means of planning that increases efficiency in both design and distribution.
Assuming resource heterogeneity and interaction not only implies a review of this traditional perspective on design, distribution and IT, taken individually, but also helps identify a whole new set of more complex and problematic interrelations between these three issues. Instead of a linear and unilateral sequence of independent phases, the view suggested in this article shows three interdependent processes, with open interfaces between the resources involved in each of them, as follows:
a) Design is a constantly ongoing interaction-based process producing outcomes, that is, products that cannot be considered as fully given. The heterogeneity and embedded nature of products leave them always open to re-interpretation, for example, because of the multiple users (many final, intermediate and indirect ones) to which they are addressed. The ideal forms appearing momentarily are results of mediation and compromises, exposed to ongoing production, distribution and using processes involving many actors and other resources, that lead to constant transformation, creation and definition of what the actual product is in reality. This is visible in the many physical versions of the Flipper kitchen, installed in consumers’ houses, and in the variety of El-Bord assembled in customers’ offices. Also an apparently given product such as the Viena table is exposed to heterogeneity; from being a given collection product, it enters a distributor's assortment and shop atmosphere and consumers’ home environment or can even evolve into a customized product for project customers.
b) Distribution allows as much creation, definition of resource features and new resource combinations as the traditionally appointed locus for such processes—design and product development. The “engine” allowing distribution to be a truly creative process is the implicit resource heterogeneity and the flexibility allowed by, for example, modularity in design. Especially for complex and user-adaptable products, design and distribution are constantly interacting and exploiting resource heterogeneity and flexibility. In this process, the roles of designer, manufacturer and distributor become not only intertwined but also very blurred; final users intervene in designing their own kitchens (Flipper), office tables (El-Bord) and complete furnishing environments (Junet hotel furnishing), while distributors assemble products, and manufacturers simply trade products (as in the Flipper and El-Bord cases).
c) IT certainly facilitates the interactions underlying distribution and design processes, by collecting, processing and distributing to actors the relevant network-embedded information. Parallel and interacting design-distribution processes require constant, updated and focussed information flows. But IT constrains also such interactions, because of the requirements to structure information and to freeze resource heterogeneity and variety in order to make ideal forms and physical final solutions appear, being produced, delivered and installed. Standardized, routinized and formalized information is necessary for IT to intervene in resource management during design and distribution. Thus, ERPs and order systems are filled with such constructs as “product structures”, “accepted product combinations” (Flipper), “assigned lead-times” (El-Bord) and “stock-order points”. These constructs become constant, frozen resource dimension representations that both distribution and design have to adapt to, at least until these are modified and redefined in the IT system. In turn, alternative design paths and varying resource interactions in distribution affect which information pieces are specifically digitized and how these constructs are defined. 

Design, distribution and IT constantly enable and constrain each other, as consequence of their different “logics”. The interacted design process is intertwined with a distribution-creation process of embedded products. This implies that the ideal form is emergent, transient and exposed to modifications, but it is somehow necessary for the “freezing of resource features” that allows management by IT. Freezing is also useful for the product’s design, by offering customers a starting point to defining the features they wish. Freezing is nonetheless an obstacle in the actors’ attempt at exploiting resource heterogeneity and flexibility, especially important if product complexity is high (as in kitchens). Network-embedded information can be a hindrance at first both to design and distribution, but the process of information development accompanying design and development leads to focusing structured and standardized information on specific resource dimensions emerging in the design process. The developed information and the emerged meta-networks are nonetheless rigid themselves and can restrict resource development paths, which can require changes in information and IT in order to move outside the old tracks with new designs and new distribution practices.

Considering the above discussion, the linear sequence of (1) design, (2) distribute, (3) control by IT is just a very rough simplification. IT’s passive controlling role can become an active one in setting rules to which design and distribution have to adapt. Distribution both requires and generates design and causes modifications in resource combinations that call for parallel changes in IT systems. Deprived of its descriptive validity, the above linear sequence may also lose its normative validity; in business networks, management requires a balanced view accounting for both resource heterogeneity and fixity, instead of believing and relying too much on resource fixity, as the linear sequence implies.
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1 The three case studies were developed in the framework of a joint European project about the furniture industry. The original purpose of this project was to study the issue of innovation and resource interaction by means of both qualitative and quantitative methodologies (see Baraldi & Bocconcelli, 2001).
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