2

United we stand, divided they fall? - A community perspective on building an information infrastructure
Christian Koch
Chalmers University of Technology
Email: kochch@chalmers.se
Abstract. This paper studies how a community develops an infrastructure using standards and classification. In the building sector influential players view classification of building information as a key enabler for interoperability and a common information infrastructure. This case raises issues of inclusion/exclusion of actors, analyzing relations between the technical and the social. The framework for understanding information infrastructure as a community is presented. The theoretical framework proposes extending the socio-material approach into a heterogeneous socio-material community approach, with embedded information classification and standardization. A longitudinal case study is carried out following a center created to develop classification and standards for interoperability of building information in the Architecture, Engineering and Construction (AEC) community in Denmark. The method involves observation, interviews and document analysis. The building of the information infrastructure studied is ongoing and encompasses design of building information classification, property data, information levels and metrics aimed at design, building and operating buildings. The social players organize/are organized by technical approaches to classification, positioning an industry association in a central role. This institutionalization process stabilizes a core group of influential designers of classification. The proposed classification however is open and flexible for bottom-up inputs. 
1 Introduction

Poor interoperability in exchanging and developing data is a recurrent issue in the building industry (Bernstein 2010; Gallaher et al. 2004. This is often ascribed to the project-based production of the buildings, carried out in temporary project coalitions of firms and people i.e  architects, consulting engineers, contractors, estate owners, property developers and material manufacturers (Gal et al. 2008; Moum et al. 2009). In this context the installed base of CAD systems for architecture, specialized CAD systems for each of the involved engineering disciplines (electricity, heating and ventilation a. o.), project management, cost calculation, quality and other reporting and facilities management systems has to interact.
A common and shared information infrastructure is therefore repeatedly articulated as a vision. And in order to support the change agenda, reports estimating losses due to the poor interoperability are one instrument (Bernstein 2010; Gallaher et al. 2004). Infrastructures tend to become invisible as they become embedded in structures, social arrangements and technologies in an “infrastructural inversion” (Bowker and Star 1999: 34). However, the situations that arise when the infrastructure is designed or when ruptures occur should be ideal for observing the otherwise embedded compromises, tensions and dilemmas (Bowker and Star 1999; Ribes and Finholt 2009) and studying information infrastructures in the making provides an opportunity to follow the shaping, delimitations, conflicts, social compromises etc. contributing to stabilizing the infrastructure and its built-in standards for interoperability (see also Ribes and Finholt 2009; Ribes and Lee 2010; Yoo et al 2005).
It is this opportunity that this paper pursues. The aim of the paper is therefore to develop a conceptual frame for understanding information infrastructure as a community which embraces standards and classification and to carry out a longitudinal case study of a particular socio-material community – the Architectural, Engineering and Construction (AEC) sectors in Denmark. Central research questions are: 
How does the community develop as an infrastructure is designed through developing standards and classification? What kind of inclusion/exclusion, hierarchy and relations between the technical and the social is in play? And what are the longer term implications?
Other ethnographic case studies of attempts to create an information infrastructure underpin the raised questions (Ribes and Finholt 2009). Similarly Manikas and Hansen (2013) in their literature review of software ecosystems provide important conceptualization of the role of business, relationships, entities involved and technology. 
The AEC community in Denmark has carried out three attempts to establish standards for interoperability through classification of building information involving both market and institutional players (1999-2002, 2004-2007 and 2011- ). Central in these attempts has been the association called BIPS (Building Information technology, Productivity and collaboration (Samarbejde in Danish)), whose members are AEC enterprises. The paper focuses on the third attempt. 
The theoretical contribution lies in adding three concepts to that of “community”: inclusion and exclusion, hierarchy, and the ubiquitous commercial aspect. This leads to thinking of communities as not necessarily pluralistic or flat but with a thoroughgoing commercial aspect of the alignments and relations. The empirical contribution lies with the ex ante longitudinal study of an information infrastructure design and its classification and standards, in prolongation of the studies of Ribes and Finholt (2009), and Yoo et al (2005). 

2 Socio-material information infrastructure community

2.1 Information infrastructure

According to Star and Ruhleder (1996:112), an infrastructure is something that are connected to activities and structures that emerges in practice. It is important to note that Star and Ruhleder maintain that “infrastructure is a fundamentally relational concept. It becomes infrastructure in relation to organized practices” (Star and Ruhleder 1996:113).

Star and Ruhleder (1996) delimit a series of characteristics of an information infrastructure. An information infrastructure is embedded, transparent, has a certain reach or scope, is learned in connection with membership, links with conventions of practice, embodies standards, is built on an installed base and, as mentioned in the introduction, becomes visible when a breakdown occurs. Many aspects of Star and Ruhleder’s (1996) analysis can be understood as using a flat ontology (Latour 2005). However, they also use Bateson’s (1978) notion of ecology in the sense of a three-level understanding of contextual language in information infrastructures. This very social analysis needs to be enriched with a more technically oriented appreciation of that aspect of information infrastructure.

Several authors (Hanseth et al. 1996, Hanseth and Lyytinen 2010, Gal et al. 2008, Monteiro et al. 2012) build on Star and Ruhleder. Monteiro et al. (2012) propose the following definition of information infrastructure (II): 
“IIs are characterised by openness to number and types of users (no fixed notion of ‘user’), interconnections of numerous modules/systems (i.e. multiplicity of purposes, agendas, strategies), dynamically evolving portfolios of (an ecosystem of) systems and shaped by an installed base of existing systems and practices (thus restricting the scope of design, as traditionally conceived). IIs are also typically stretched across space and time: they are shaped and used across many different locales and endure over long periods (decades rather than years)” (Monteiro et al 2012:2)

Here, Monteiro et al. (2012), in comparison to Star and Ruhleder (1996), clearly conceptualize the technical side more. Both these definitions are characterized by underlining the inseparable social and technical elements of infrastructure. In a similar vein, Orlikowski and Scott (2008) and Scott and Orlikowski (2012) propose a socio-material approach to information systems. The central strength of this approach is the understanding of the close intertwinedness of social and material elements of information systems. There is however a need to address the specific materiality characterized by information systems (and by information infrastructure). Rather than ‘just’ being material, information systems rest in a tension between being physically present while also being absent and elsewhere – being localized and delocalized at the same time. Information runs in a space of flows (Castells 1999) that is invisible and, in a sense, abstract. A too limited understanding of materiality risks leading to a well bounded, ‘tool-like’ conceptualization of information systems. The socio-material approach is therefore here extended, in appreciation of a more heterogeneous materiality, into viewing IT as a socio-abstract/material construct.

2.2 The community addition
Having stressed the socio-material interconnectedness of the information infrastructure, the need arises for extending the understanding, since Star and Ruhleder (1996) and Monteiro et al. (2012) disregards information infrastructure’s central dynamics. This involves first of all, the range of active actors (not only users); secondly, the status of commodity driven by business dynamics; third, and less obviously, a tendency to downplay politics and conflicts in and around information infrastructures; and fourth, the fact that due to these dynamics, information infrastructures are on the move under more or less constant change. A similar problem occurred when trying to understand the Enterprise Resource Planning system phenomena when SAP and other players expanded it throughout the nineties (Pollock and Williams 2009). 

Koch (2007) understand an ERP-community as: 

"heterogeneous assemblages of human and material elements. These assemblages can be understood as ERP communities of software companies, customers, professional associations, various kinds of hardware and software, procedures implementation, practices and rhetoric spanning time and space. The systems are not solely malleable clay; rather they are heterogeneous materiality composed with abstract discourse elements that possess certain hardness. Moreover, ERP is driven by commercial business interests; software, hardware, consultancy and training are commodities, and design of these systems occurs under strategies of mass customization, in which the encoding of the generic user is a necessary tool to reduce development costs and time to market” (Koch 2007:427).
Koch (2007) is addressing the conflicting and discontinuous elements of an ERP community; in contrast to “communities of practice”, which are more harmonious and consensual. In a similar vein, information systems communities such as the open source community, would bear fewer commercial traits than the ERP community would (Chua and Yeow 2010).

Bosch and Bosch-Sijtsema (2010), drawing on Messerschmidt et al. (2003), similarly view a community with an embedded infrastructure through the lens of software-producing companies. In this perspective on ‘community’, the software-developing company is central, first focusing on its internal processes but then also involving domain experts, users, external third-party companies (also in developing parts of the software) in the collaboration. A software ecosystem in this perspective is defined as consisting of “…a software platform, a set of internal and external developers and a community of domain experts in service to a community of users that compose relevant solution elements to satisfy their needs” (Bosch and Bosch-Sijtsema 2010: 68).

This assumes a community perspective, with the infrastructure embedded, and includes external developers, domain experts and users. Bosch and Bosch-Sijtsema (2010) argue that, seen from a business perspective this requires a community-centric way of collaborating and coordinating that involves interdependencies between components and their associated organizations. Yet an asymmetry of the community understanding is clear and should be appreciated. Communities of information infrastructure may be entirely equal for all parties, but it is likely that the pluralist, ‘democratic’ notion of a community glosses over such asymmetries rendering software developers as more equal than others, or in Ribes and Finholt (2009)’s wording that the constituency, taken to be the inner circle of developers, are having more influence than the surrounding community who’s need might only be construed through surveys or other distanciated measures. 
Where Koch (2007) and Bosch and Bosch-Sijtsema (2010) study communities with an installed base of systems, Ribes and Finholt (2009) do ethnographic studies of the design of e-information infrastructures with a less present installed base of systems. They address tensions in such development processes, which can be seen as resonating with Koch (2007) emphasis on internal conflicts and politics in a community. Ribes and Finholt suggest that central dimensions of an infrastructure is institutionalisation, organising work and enactment of technology.  Institutionalization is viewed as the formation of particular groups and organizations tied to the project, which they label a constituency and a more general body of the domain which they label community. The constituency in each of the four cases studied has a mandate to serve particular communities developing the information infrastructure. The process of designing the infrastructure is characterized by tension between planned and emergent, between core constituency and community in terms of “designing for use” and between todays and tomorrows users. Also it should be noted that Ribes and Finholt (2009) study research communities, which implies a set of dilemmas less relevant for a study of an industry community. 
Finally Manikas and Hansen (2013) extents the community conceptualization even further by providing a whole range of possible roles for the core developer entity and community entity, a number of relationships as well as of the role of business, and relationships. They also point to participation mechanisms offered to users and niche software developers, characterizing the core as more or less open and the community as an onion where merits and presence would imply a journey towards the center. This is resonating with Hanseth and Lyytinen (2010) emphasizing design for users and early engagement with them when designing an II. 
2.3 Classification

The next step for theoretical conceptualization is placing classification, standards and interoperability within this broad socio-material community concept. As Star and Ruhleder (1996) note, information infrastructure involves embodiment of standards, and from the Monteiro et al. (2012) definition, it follows that information infrastructure involves a multiplicity of systems that are supposed to exchange information in a seamless manner. Douglas (1986) even sees classifications as being central for establishing and sustaining a community. Yet this proves to require a series of additional technologies and standards in order to handle the transfer of data and information, including standards for organizing information, and classification and standards for interfacing data.

Classification involves ordered data, information and the concept of a specific domain (Bowker and Star 1999, Hanseth et al. 2006, Hansen and Lyytinen 2010). For decades, a series of concept for such ordering have been articulated – from Aristotelian or prototypic (Bowker and Star 1999), hierarchical tree-ordered concepts using ‘part of’ or ‘type of’ to less hierarchical using facets. Controversies occur over the scope and depth of standardization, including the debate on risk of over-detailing in an attempt to gain accuracy (labeled “finitist”, Hatherly et al. 2007). However, as Bowker and Star (1999) demonstrate, practical classifications are often hybrid or mixtures of these abstracted categories of classification.

Also the design of classification would involve the attempt to standardize (Yoo et al 2005, Zimmerman 2008). The formalized, institutionalized CEN/ISO version is in continual competition with the business- and market-driven type of standards. In other standardization communities, both centralized, disperse and network-like, locales for design (Maniken and Hansen 2013). Monteiro et al. (2012) take issue with the localist design approach, asking for an extended understanding of what creating an information structure may imply, and this point is also well placed here. Yoo et al (2005) study the formation of standards as mediation between actors including local and national players. While there may be many good reasons for a local focus (Leonardi and Barley 2010), it is the combined and extended view that is of interest here. Moreover, information infrastructure is not designed here and now, but over a long period of time while modifying existing infrastructures (Ribes and Finholt 2009).

Summarizing the framework proposes to understand design of information structure as a sociomaterial community developed through a political process involving inclusion/ exclusion, the formation of a core organization and intertwined sociotechnical issues of types of classification, hierarchy of data and degree of openness. The delimitation of the design is viewed as emergent and analyzing and understanding the design of an information infrastructure requires a longitudinal research set up. 
3 Method

The overall approach taken is a critical interpretivist (Howcroft and Traut 2005, Walsham 1993). The central methodological grip follows Bowker and Stars fourth methodological theme for studying the infrastructural inversion, namely uncovering the practical politics of classification and standardization as they are designed (Bowker and Star 1999). 
The methodological design aims a answering the raised questions on the information infrastructure in the making. This involves revisiting material gathered previously in a sequential manner (Lewis and Grimes 1999). The main source of empirical material derives from the author acting as process evaluator for “Knowledge Center for increased productivity and digitalization in construction” (Cuneco) with two colleagues. At present (April 2013) five short half-year process evaluation reports have been elaborated. As the entire center focus on establishing an infrastructure through classification of building information and standardisation, most of the material gathered is relevant for the research questions raised here. Data collection encompasses interviewing (35), participant observation at events (16), document analysis (128 documents including more basic crosscutting documents and documents for each of the running projects) –see the figure. 
	Time
	Activity
	Interviews
	Documents
	Meeting attendance

	April 2010-March 2011
	Establishing the center
	3
	7
	5

	March 2011-
August 2011
	First projects running
	6
	5
	4

	September 2011-
January 2012
	4 running projects 

10 under establishment 
	10

	38
	2

	January 2012-
August 2012
	11 running projects
7 under establishment
	5
	27
	3

	September 2012-
January 2013
	19 running projects
3 under establishment

6 projects finished
	9
	24
	2

	January 2013-June 2013
	18 running projects

7 finished
	2
	25
	0

	Contemporary total
	
	35
	128
	16


Table 1: Data collection inventory
This set of data was analyzed identifying and following players in the community, the relationship to international communities, the process of developing the classification and standards, the core organization, the structure of classification and infrastructure elements and the relation between social and technical. The analysis have involved an abductive approach to analyzing (Alvesson and Sköldberg 2000), adopting new concepts of information infrastructure and classification literature as new observations and reflections occurred as results of the empirical data. The analytical process has been ongoing as the center develops.
The limitations of this present study involve the known risk of deep engagement with an empirical field (Alvesson and Sköldberg 2000). The second and third attempt to realize a classification has been followed closely from a legitimate process evaluation position, but also through board memberships of the author of the industry association, BIPS, 2008-2013 and Cuneco 2011-2012. It involves a risk of going native, not being able to maintain a critical distance. At a time however it enables the insights of the dynamics of the process, so it is viewed as a condition of possibility. The evaluator group which has formed the basis of this contribution is composed of both members involved in the Cuneco center and in BIPS, as well as evaluation panel members outside the two organisations. Moreover it has been practiced throughout the process to select and interview players which were at a distance of the center and the association yet interested and observing. In this manner an attempted balance between closeness and critical distance has been strived at.
4 Attempting to create a community
4.1 Classification and a business model – 2011-?

Prior to the establishment of a development center in 2010-2011, two earlier attempts was carried out in 1999-2002 and in 2004-2007. The second attempt resulted in a classification called Danish Building Classification (DBK), which however did not came in operation.

Immediately before the process of establishing the third attempt industrial players made some important moves to pave the way. An organized alliance of the largest engineering and contracting companies, called Digital Convergence (DiCon), that included the largest Danish companies operating multinationally, carried out an investigation of classification and published a report advocating a Danish classification in construction. This gave extensive and somewhat external help and support to the core classification advocates. The government authority also generated a funding possibility by positioning an EU program in support of classification in the building industry.

BIPS took charge of formulating an application, and a positioning process commenced in which some community players, with their understanding of classification, were included, while others were excluded. The Danish CEN/ISO organization became involved and so did the building clients association. However, the constellation did not allow in Technological Institute or Ålborg University, two important institutional players in the AEC sector. Ålborg University was profiled with an alternative technology, a facet classification, and also with outspoken criticism of the very idea of making a classification that the DBK had attempted (the previous attempt). BIPS managed to collect a winning coalition and received the funding. In this process, the basic ideas of DBK (the second attempt) were incorporated to begin with, but shortly after obtaining funding, these were extended into a vision of developing a compositional classification (see below). The center took the name of Cuneco, inspired by the Esperanto word for community (kuneco, Cuneco 2013). The organization of Cuneco involves a center manager, a secretariat, a steering group, a partnership and a project organization. Projects cover the four main areas given below and projects for testing the developed elements of infrastructure.
The Cuneco classification system (CCS) is envisaged to consist of a series of elements (Cuneco 2013):

•
Classification 

•
Property data

•
Information levels

•
Rules for measuring
The classification is to provide a systematic ordering of information about a building using a basic process model linking resources, processes and results (Ekholm and Häggström 2011). The single building is broken down into elements. The data related to the properties of these elements is to be given a decoupled structure, where information levels refer to the gradual levels of detailing in the process of designing, building and operating a building. The rules for measuring the elements (metrics) are to be standardized as well, so that elements are assigned well defined volumes, lengths, weights etc. All these elements are to be stored as basic digital data on a server that is available for users. Cuneco’s vision also encompasses forming a business model for the long-term maintenance and further development of the classification and especially the accumulation of property data for building elements. Compositional classification was introduced as vision viewing the building with its compositional parts viewed as part of the construction, categorized according to main function (Ekholm 2010:54). Ekholm (2010) gives the example of a class B house, BC wall system and BCD wall construction. Functionality equal to work results related to parts of the building should be inserted in the classification system. 

When funding was obtained in 2010, the center initiated and gradually finalized a series of development projects covering the vision for the entire program. Elements of the classification are thus materializing. When initializing the project, much of the basic thinking and results obtained from the previous development program were adopted again. This provoked criticism from some players, as they meant that these concepts had proved unusable in practice (including ISO 12006-3, IFC, and DBK 2006); however, leading players from Cuneco insisted that this basis was fundamentally solid even though it needed updating and further development.

One design issue is the relation between classification and property data. Ekholm (2010), who proposes a reference system for property data, argues for a need for a theory for structuring property data (see also Ekholm and Häggström 2011). 
After half a year of operation, the center and BIPS managed to obtain a mandate for an ISO task force 12006/2 standard for classification in construction, which mentions compositional classification as an option. In this process a project manager reflected about the result of the previous classification: 

“We ended up with a classification system (DBK) with both part of and type of classification. There has been much debate in Denmark about the result concerning if the coding was usable for ICT-tools?, is it competing with relations handled by the building model?, is part of classification real classification and if, how do we combine part of with type of?, is it truly based on ISO 12006-2? And should we have had more scientific and conceptual defined  background for the work?”(Project manager presentation)  

In spring 2012, a proposal for the Cuneco classification system (CCS) was launched – first, a system for classification on a relatively aggregate level, and later a set of tables for six structural aspects: type, product, composed product, place, function and supplementary aspects. It is proposed to separate classification and property data, keeping classification as one property among others for objects. This is also seen as a preparation for future use of IFC or even other international classifications. Moreover a proposal for property data was encompassed a rather independent development of property data with a systematic structure and relation to classification, but it was not a theoretical foundation. As such the developed classification is more of a part of classification with a continued unclear theoretical basis.

By summer 2012, the first major test project commenced concerning a large hospital project. The first prototypes and testing activities developed during the autumn. This building client allied with six software suppliers. Their six systems cover a part of the information flow from early conceptual design of a building (one system), over detailed design (two CAD-systems and a BIM system), cost and budget calculation (one system), and space management (one system). The project manager evaluated the status in November 2012 like this:

“At [project name] we have arrived at classifying rooms and is about to classify building parts. The six participating ITfirms are actually all, almost all, able to carry out the classification. We have made an internal demo of an informationsflow connection [system 1, 2, 3, 4, 5, 6] and the programs can handle that. With CCS we are able to classify, sort, identify. The programs are further than I thought” (Project manager)

When the testing project emerged further the room programming was less succesfull however and became less used, whereas use of the building part classification as well as earthworks metrics came into focus. By May 2013 a report from the center characterized the classification of building part as 90% ready.

The Cuneco center communicates to the broader AEC community but it comprises mostly passive spectators, supposedly occupied with other agendas of contemporary construction, such as sustainability and the use of Building Information Models (BIM), which were developed parallel to the center by large commercial players such as Autodesk and Bentley.

In January 2013, the information level structure proposal was sent to a hearing. The proposal operates with six levels of information, but the sixth level should only be used for machine codes for robotics or the like. 

Some ruptures also occurred, however, in the 2011-2012 process. In the application process, BIPS and their allies either did not want or did not manage to integrate an alliance centered around Ålborg University and a facet classification (Bertelsen et al. 2010). Later, the large and important industry association, Dansk Industri (association of Danish industry), left the center, because the classification would not be user-friendly enough and the IT companies were not sufficiently involved. Moreover, the ministry responsible for social housing issued a proposed order for building social housing that did not give preference to the Cuneco classification but left it open for social housing players to choose freely among four different classification systems, which can be seen as hampering diffusion of the Cuneco standards.

5 Discussion
In this section, we juxtapose the long term case with the theoretical framework. First we ask who was member of the involved AEC community, the core development organisation and then discuss aspects of the present ongoing process, focusing on inclusion/exclusion, hierarchy,  and the role of commercial factors. Second, the discussion continues regarding the longer-term insights generated by the case, including tendencies of developing and maintaining a hierarchy. Third, some reflections are presented on the result of using the theoretical framework.
5.1 The involved community
The AEC Information Infrastructure Community (AECIIC) followed here encompasses the following types of actors and material components: architects, consulting engineers, clients, real estate owners, real estate administrators, IT companies, professional associations, various kinds of hardware and software such as systems for conceptual design, computer-aided design, building information modeling, cost and budget calculation, scheduling etc., procedure implementation, practices and rhetoric spanning time and space. 
The core development organization emerges to be embedded in BIPS which at a time have character as an association with enterprise paying membership fees and features of a commercial organization with a permanent basis organization and a portfolio of standardization projects, where BIPS pay for the contribution of the participating project members. Where BIPS previously was one among several operators of a public development program, the third attempt features BIPS as the core organization. BIPS are to a certain extend controlled by and allied with a series of community players such as other community associations, and representatives for private companies in the sector. And to some degree with some universities. The establishment of the center involved first a central placement of BIPS, which manages the center and is placed to become the long-term classification institution.
5.2 Inclusion -exclusion
The delimitation of the community is, not surprisingly, continually negotiated. At the outset the center-process includes new players; the Danish CEN/ISO and the clients association whose involvement is both counter to the second attempt, and also the exclusion of others; Technological Institute, Ålborg University and material suppliers and their information infrastructure. Ålborg University was profiled with an alternative technology, a facet classification, and also with outspoken criticism of the approach of making a classification such as DBK (the previous attempt). Ålborg University has good contact with the funding authority and could have threatened the very establishment of the center. Subsequent to the center’s start, however, Ålborg University was enrolled in several activities in or related to the center. 
Small IT suppliers and Value added resellers, indirectly representing large IT-players, are involved in testing, while the larger IT suppliers themselves observe the development at a distance. Yet their contribution to the market-driven classification, standardization and thereby information infrastructure are very important for the design attempt. 
Contractors and the production domain are dealt with as being secondary. 
Finally the vast majority of the AEC community, and especially the contractors is not yet involved in the information infrastructure development, and they are construed or construe themselves mostly as passive spectators. However the center has a clear agenda of designing for use (Ribes and Finholt 2009), carrying out an early “user need” analysis, hearings and workshop on preliminary proposals, and professionalized communication. This is clearly a managerial approach to interaction, staging contributions and participating from others and from outsiders (re Makines and Hansen 2012).

So, in terms of inclusion/exclusion two major ruptures occurred; first regarding the structural principle of the classification (‘part of’, facet, compositional) excluding Ålborg University, and second regarding network business relations and institutionalization, leading to a withdrawal of Dansk Industri. It is important that the IT suppliers for the sector are participating, at least partially, even though the broader IT market mechanisms driving classification and standardization are not aligned. 
5.3 The commercial aspect
The AECIIC identified above is driven by a series of differentiated commercial business interests; software, hardware, consultancy and training are commodities, and design of these systems occurs in accordance with strategies of mass customization, where the encoding of the generic user is a necessary tool to reduce development costs and time to market.

Adding to this most companies involved in the AECIIC is engaged for more or less clear commercial interests, these are channeled through the involved associations as well as through the individual members contributing to the center’s projects.

The process of running the center moreover clearly encompasses a systematic managerial element. This is exhibited in the project organisation, but also in the management of involvement. Compared to the DBK (second) attempt that was characterized by a heavy emphasis on the technical aspects of the classification, the third attempt far more explicitly aiming at commercialisation. At present, the core group is gaining legitimacy and thereby contributing to building the AECIIC, which involves the central position and institutionalization of BIPS.
5.4 The sociomateriality
Above the discussion has predominantly focused on the social aspect of the community. However this does not imply a separation beyond the temporary analytical. Similarly it has be chosen to discuss sociomateriality separately even if it is a thoroughgoing perspective. The role of the material side is played out through technical design of the classification and its embedding in IT systems. Technical design targets, apart from the delimitation of the covered community, involve choice of hierarchy, degree of detailing, domain and process conceptualization. The design strives for little detail in the standards in a minimal structure approach, opening for local negotiation and accommodation – features that echo Bowker and Star’s (1999) discussion of the inter-relationships between generic standards, elements and contextual practice. Small groups of experts debate these principles (hierarchy of the data structure etc.), recasting most of the community into spectators. From an outside perspective, differences between the expert positions are difficult to pinpoint, but hierarchical versus compositional classification is one example.

While the center considers many of the design targets to be technical, some design elements clearly address the social. The four main areas of development are all technical goals: classification, property data, information levels and rules for measuring, and their storage on a server as “basic digital data”. They are accompanied however by a set of management and communication goals, and goals for the long-term institutionalization of the classification (formulated as “making a business model”).
Through the testing projects carried out, the classification and the other elements designed become embedded in information systems which are then put to testing together. This double materialization of classification standards and information systems into an information infrastructure then evolves to underpin the center strategy, at least for the time being, where the broader implementation is still a future activity.
The more important design issue, therefore is to establish an aligned social and technical community of institutional players in line with the socio-material understanding. 

Meanwhile, a small core group is developing a classification that encompasses several legitimate functional aspects. The classification design progresses and is reaching the level of a prototype of an infrastructure – i.e. a software package constellation using the classification, property data, information levels and metrics is being tested since January 2013. The classification design has become legitimized internationally through a review of an ISO standard. The classification inevitably looks backwards, yet involves a dynamic element for the future embedded in the proposed business model (re Ribes and Finholt 2009), and the separation of a frame classification and property data seems to address too-long strings in the classification code.

5.5 The longer term implications
Over a longer period of time, the process reveals that some community players try three times to establish standards for classification of building information. These community efforts occur in continual competition with market drivers of building information modeling (BIM), which is gaining terrain through private companies installing IT. This is leading to an emerging installed system base and an information infrastructure, but only in (enterprise) islands and gradually over a long period of time.

The three approaches to making standards that have been introduced over time clearly differ. Where the first can be said to barely involve any IT support opportunity, the next two – ‘part of’ and type of/compositional – are different, even of not in any major way. Central actors in the core group alignment have thus continued moving around these two types during the second and third attempts.

A clear institutionalization of BIPS (re Ribes and Finholt 2009) as the carrier of the infrastructuring – has occurred, including the continual classification process. During the first attempt, BIPS played no role, since the association did not exist. The establishment of BIPS in 2003 even occurred as a deliberate strategy by some players to enable private sector and enterprise representatives to act as “quango”, a quasi-non-governmental organization (Ferlie et al. 1996). During the public development program of the second attempt, BIPS was responsible for several roles such as facilitating debate and dialogue regarding the development and running the classification project that led to DBK. But by the third attempt, BIPS is the central player managing the development center and positioned to take over the results, running them as their business. The socio-material alignment means that the information infrastructure community has changed, beginning to accept BIPS as central, even if early user accept still is limited (Hanseth and Lyytinen 2010).

The community formation involves inclusive and exclusive mechanisms and more or less conflictual social order(s) as well as tendencies toward creating hierarchy. The core group of classification designers exhibits quite some stability over a long period. At least four central figures out of roughly ten have participated in core positions in all three attempts mentioned. About fifteen persons occur again and again in the core of the three attempts. Ribes and Finholt (2009) find a similar hierarchy of a core group of developers of an e-infrastructure, which they label a constituency. Here however the core group is relatively tightly organized in a funded center organization and thereby only share some characteristics with a constituency. What comes to mind is the notion of “organized irresponsibility”, which might contribute to explaining why the same group of people three times in a row over a period of 11 years can apply for and receive public funding for the (same) classification vision.  So it seems that the belief in this core group and its supporters are able to unite broadly they will not fall divided as they did in the two previous attempts, but a different result will occur this time.

It should also be noted that the internal classification core group has to a varying extent been matched over the three attempts by an opposition, an equally small group, which is continually critical, whereas the vast majority of the community acts as spectators and only sporadically becomes involved.
Finally the relationship to the multinational AEC communities has developed over time. From being rather distant and excluded during the second attempt, gradual approximation has emerged. First through the ISO 12006 revision process (ISO 2002), later through rhetoric of relations with an international community, AEC and the ‘classification-active’ which were continually stated to be important, while evaluations of international tools and standards were ambiguous. In other words a tendency toward a ‘not invented here’ attitude towards the international were prevalent in the first years. However as the center emerges the internationalization also grew through other relations being built between the national and the international AEC community, where such standards and initiatives as Industry Foundation Classes (IFC, Buildingsmart 2013, Laakso and Kiviniemi 2012), Omniclass (US standard, Omniclass 2013) and others exist.

5.6 Using the theoretical framework
The theoretical idea of a socio-material information infrastructure community has triggered an emphasis on combined social and technical phenomena. The frame is broad and invites rich empirical accounts. To some extent, the framework may be too loose, challenging the empirical material too little. The analysis of the various texts also risk falling apart into social and material sub-analyses, and has to be kept together through the analytical process. Three additional concepts are introduced to improve this – inclusion and exclusion, hierarchy, and the ubiquitous commercial aspect. This leads to thinking of communities’ information infrastructure with a thoroughgoing commercial aspect of the alignments and relations and less pluralistic or flat. 
6 Conclusion

The aim of this paper is to develop a conceptual framework for understanding information infrastructure as a community and carrying out a longitudinal case study of a particular socio-material community. It is proposed to extend the socio-material approach into a socio-material community approach, contextualized in architecture, engineering and construction in Denmark. This community mandates a core group to carry out an attempt to establish standards for interoperability, in the form of classification of a building information model. This ongoing design process clearly exhibits the practical politics of delimiting the classification, inclusion and exclusion of actors, and the degree of fixed and flexible elements of the classification. At present the proposed classification tables, the standard for information levels and property data all appear relatively open and flexible towards local appropriation.
Social players organize are organized by the technical approaches to classification and also involve positioning an industry association, BIPS, in a central role. This institutionalization process leads at the same time to a stabilization of small influential core group. The core group stands united, but building an information infrastructure community requires a much broader unity.
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