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1. Background

Higher education in Norway is undergoing radical change. A series of reforms – which are only the formal confirmation of already ongoing processes – have altered the relation between the institutions and the environment of which they form part. 

The "competence reform" (St.meld nr. 42 (1997-1998)) redefines the interface between higher education and working life, stressing the role and relevance of the former with respect to the needs for competence development in both the private and the public sectors. Among other issues the reform emphasizes distributed and situated models of learning. Taking the "competence reform" as one of several points of departure the "quality reform" (St.meld. nr. 27 (2000-2001)) to be implemented by fall 2003 goes on to reconfigure the entire framework for higher education in terms of legal status, course structure, financing models and pedagogy. Key components in this initiative are student-oriented learning (versus teacher-oriented “information transfer”), new evaluation formats (student portifolios, etc. versus final exams) both formative and summative, closer monitoring and in general more feedback on each student’s work, as well as a one-semester stay at a foreign institution of higher education as part of the studies for a bachelor degree. Together with a more result-oriented approach to financing (allocation of means according to credits actually awarded as opposed to the current practice of per student enrolled) these measures are aimed at creating more relevant candidates for working life and society at large, and to do so in a more effective manner than previously achieved while securing income streams for the institutions based on their own effort, results, and general capacity to navigate in an international educational market.

The various processes of institutional change in Norway reflect international trends in higher education addressing phenomena such as life-long learning, new "user" and target groups, increasing competition in the educational marketplace, decreasing public financial support, new uses of digital media, and new foci and developments in educational theory and practice stressing the social and situated character of learning.

One major element in the institutional responses to these pressures consists in developing the quality and relevance of educational offerings by pedagogically motivated integration of ICT in teaching, learning and student collaboration. Furthermore, in order to fully support, exploit and realise the pedagogical potentials of digital media (“communityware”, groupware, etc.) these processes must rely on ICT-based and ICT-supported administrative procedures and logistics. In the present context of this text the enterprise-wide ICT architecture and functionality supporting teaching, learning and associated logistical processes are referred to as an "infrastructure for learning", which, by its very nature, is an information infrastructure.

The thinking and rationale for establishing an infrastructure for learning is clustered with a number of pedagogical objectives, to be supported by ICT:

· Development of student centered learning forms

· Student metacognition and construction of knowledge

· Development of group oriented learning processes

· Evaluation forms which reflect new collaborative arrangements and learning practices

...as replacement for or supplement to current practice.

Now, the institutional picture is actually far more turbulent than suggested above. In fact, the degree to which infrastructures for learning are considered strategically crucial or just a nice thing to have (or even awful, or undesirable) somehow depends on (the role of) the person being asked. The current debate over ICT-supported learning at the University of Oslo (UiO), involving the Senate (elected faculty), senior management, faculties, staff and faculty, is a case in point. The discussion – conducted in 2002, in this moment of writing – includes all the basic questions such as to which level of ambition the university should aim at with regard to offering ICT-supported course programs; to what degree and in which sense ICT may in fact support teaching and learning; to what degree such support does actually address the same challenges as the aforementioned reforms; the benefits or even the desirability of having the students acquire general fluency in use of ICT and ICT-supported learning methods; not to mention that parameters such as the dimension, timescale, pedagogy and organisational structure of a continued effort towards more educational ICT are heavily debated. The wait-and-see point of view is strongly represented in these discussions, while others suggest that the early adaptation phase is over and advocate an immediate and comprehensive upscaling of tools to think, communicate and collaborate with at all levels and kinds of study. The opinions vary along all of these lines, as do the analyses of the external pressures as well as the attitudes toward the present reform processes. 

As this discussion suggests the institutions in higher education struggle to get a grip on the matter of why, who, and how to build infrastructures for learning. Technologically, most universities and colleges have turned from low-scale in-house-built bulletin boards and various kinds of homemade learning and communication systems to the integration of comprehensive commercial software systems. This situation introduces questions of standards, interoperability and information interchange between systems, and a series of other issues to be solved. Various ASP arrangements are also offered on the market. Organisationwise, there are interesting power struggles being fought. As there are weak traditions of cooperation, coordination, and synergy-seeking, at least in a university context, there is always the issue of who is to be in charge: the technologists (who know what is institutionally feasible on a large-scale basis), the pedagogues (who know what is pedagogically desirable), the faculty teachers (who gain no credits whatsoever for being good teachers, and who fight for more time to conduct research), the Senate (who are just more faculty), or the top management (who know little of use for translating strategy into operational tactics). As for pedagogy, the interest for and motivation to approach teaching as something that has to be designed as opposed to an unmediated spin-off of research, is, to put it mildly, varying. As mentioned, good teaching is no road to promotion, and it should come as no surprise that faculty in many cases direct their efforts elsewhere.

The cases assessed in the present paper are, to very varying degrees, situated and embedded in contexts of this nature. Both institutions have established ICT ramifications to support their teaching and learning processes, as well as a foundation of middleware and logistics solutions. Both institutions have seen discussion as to the aims, functionality and uses of such an infrastructure. However, due to very different institutional contexts the conditions for action and the approaches to development are correspondingly different. The causes and effects of these differences are the substance of the text to follow.

2. Key concepts and research questions

2.1 Key concepts

Our theoretical point of departure is the perspective of information infrastructures. Within this perspective it is assumed that the growth of large, open, horizontal and heterogeneous systems is inherently different than traditional systems development, and should be described and interpreted with different terms (Hanseth 2002).

The key concept is the installed base. Unlike traditional systems, information infrastructures are never developed from scratch based on a "user requirement", but are extended from existing structures. The most important "requirement" is not what the users "need", but the installed base of technology, organisation, culture and work practices. Both opportunities and constraints are heavily influenced by the attributes of this base. Most important is the obvious challenge of user adoption of a new infrastructure: If nobody is using it, it is of little use. It has only value as an installed base, and its value increases with its size.

A related aspect in the information infrastructure perspective is that the role of plans and specifications are tuned down. It is empirically documented that many IT projects are not developing as planned, and often out of control. This "technological drift" is explained on a macro level (globalisation) and micro level (emerging actor-networks in organisations), and it is argued that it cannot be solved by more managerial control, since that is part of the problem (Ciborra 2000). Attempts at control by means of enterprise, sector or global information infrastructures create unintended side effects and are dependent on changes in adjacent infrastructures. Efforts of solving these problems by means of more control creates even more problems. Instead it is suggested that "why not play with the idea of a different partition between the limited scope for our management of the infrastructure and the scope for the infrastructure itself to manage us" (p.40)?

In a design perspective the focus has thus shifted from system design to cultivation. As there are always several actors, no single actor can fully control this process, which will be emerging through negotiations and conflict. The cultivation concept implicates that the network, especially after reaching a certain size, is conceived as an organic structure.

Strategies for cultivation include:

· Bootstrapping a self-reinforcing installed base

· Managing lock-ins 

· Using existing infrastructures as transport infrastructures and building application infrastructures independent of the transport infrastructure

2.1.1 On infrastructure

As for the concept of information infrastucture this is explained in Hanseth (2002) as having the following properties:

· Shared: An infrastructure is a common foundation for the practices and activities of a community.

· Evolving: An infrastructure is continuously evolving in the sense of adding more users and encompassing more applications.

· Open: An infrastructure is open with respect to the number of elements it may involve and to who may participate and contribute to its development.

· Standardised: The openness of infrastructure is based on its level of standardisation which makes integration possible without direct coordination; its alternative, bilateral agreements, does not scale.

· Heterogenous: An infrastructure includes diverse components both technological and social, and may be regarded as layered in the sense that one given layer presupposes another, more basic one. 

· Installed base: no infrastructure is constructed from tabula rasa; there is always a preexistent infrastructure that both enables and constrains what may be developed and achieved.
2.2 Research questions

Studying the growth of infrastructures for learning, our research questions are:

How does context influence development strategy? 

Our two institutions chose quite different strategies for their learning infrastructures. We will document and analyse the institutional and technical context, and analyse how it influenced the choice of development strategy.

How do institutional context and development strategy influence information infrastructure? 

The institutional context represents an installed base of organisation, people and technology. The possible success of a new initiative is dependant on the opportunities and constraints inherent in this context. 

We will describe the implementation process of learning information infrastructures in UiO and NITH, and document how it evolved as an installed base. We will analyse how the institutional context - influenced the process.

Using the cultivation framework, we will focus on how the initial bootstrapping was carried out, and how lock-ins were managed. Further, we will analyse how transport and application infrastructures evolved, and how service infrastructures were built.

Analysing further, we will discuss and evaluate the success of the two infrastructures, in terms of user satisfaction, as far as our data supports us.

How does information infrastructure influence institutional context?

Evaluating the degree of success means evaluating to which degree the information infrastructure has become part of the institutional context. 

We will analyse the present information infrastructures in terms of:

· How, and to what extent, is it integrated technically into the institutions' networks?

· Is it open and flexible, enabling further growth and adaptation?

· How do they relate to standards?

· How is it integrated into the institutions' organisational framework?

· How is it integrated into work practices?

In short: Have they, themselves, become (part of) an installed base?

3. Research approach

The two cases were analysed longitudinally, over a period of 5 years (NITH case) and 2 years (UiO case). Data was collected using mainly project documents and interviews. The NITH case also builds on 3 user satisfaction surveys, while the UiO case is told by a participating project manager as well as by a final project report and an external evaluation.

4. Case description

4.1 Context

4.1.1 NITH

NITH is a private college, with 2,000 students, and 35 academic staff, with a turnover of 100 million NOK. The college teaches only IT courses, mainly at Bachelor level. NITH has 4 campuses; in Bærum, Oslo, Stavanger and Bergen, which deliver the same programs. Programs are developed in cooperation with the IT industry, aiming at producing middle-level IT professionals. Students generally have a rather weak high-school record, and want a practical and not too academic education.

The college also offers a Master programme in IT management, franchised from a British university. NITH has an ambition to establish a research department and develop its own Masters program.

Being a part of the NKI foundation, and earning most of its turnover from student fees (80%), the college is run in a business-like culture. When student demand is increasing, as in the late 1990s, it expands quickly, and when demand is shrinking, as in 2001-02, it contracts. These decisions are taken by the dean/director in a business context.

Decisions paths are short and informal, and focused on problem solving. Business decisions are taken according to budget responsibility, and override other concerns. Academic staff is primarily focused on teaching and tutoring. Each dicipline (i.e. programming, databases, projects) has an academic coordinator, who supports teaching materials to the 4 campuses, using the intranet. 

Teaching is a combination of lectures and exercises. Each semester there is a project, with student groups of 5, and combining skills from the whole curriculum. Teachers cooperate in supporting the projects, including group dynamics and conflicts.

The IT department is centralised to the NKI, and runs the WAN network to the four campuses with LANs, and the back-office systems. The NITH intranet is developed run by two IT consultants.

4.1.2 UiO

A large public university for the masses, UiO is Norway’s largest and oldest institution of higher education, founded in 1811. Currently UiO has approximately 32,000 students, about 10,000 students of continuing education, and 4,600 employees. It spans 8 faculties, 52 departments, and 22 centres. With regard to education, the university offers hundreds of subjects, from Arabic to astrophysics, at all levels of study.

Decision paths are long and complicated, and decisions at the top have a low degree of legitimacy on department levels. The formal steering committee is the Senate, which (until recently) has been dominated by faculty, thereby preventing the institution from real change. Many decisions are delegated to the local level, which easily pulverises responsibility and encourages niche interest. Culturally the UiO is in constant tension between academy and company, between a free quest for truth and addressing real challenges in the surrounding society, between an institutional role as reseach cultivator and mass-educator. Faculty are considering their role as being researchers, not teachers. For a discussion of culture at the UiO see APPENDIX.

The University center for information technology services (USIT) is the central ICT department. A part of the institution's central administration, USIT counts 128 full-time employees, about 150 man-years, and a budget of NOK 140 million. USIT is responsible for most of the ICT value chain at the university, from physical infrastructure and network, via servers and databases, development and maintenance of systems and services, to the integration of ICT media with work processes at UiO, as well as competency development and training, counselling and consulting, strategy and policy development.

The strong actors in the present context are the following:

· Senate (elected faculty): makes the overall, strategic decisions and steers by means of decisions and budget. The Senate allocated means to establish an infrastructure for learning, which is delivered by USIT, but refuses to take the next step and allocate the means needed to scale the solutions in order to meet the chalenges from the Quality reform.

· Top management (dean and director): Dean heads the Senate; director prepare all acts for the Senate.

· Seksjon for studieadministrasjon, the central administration system-owner of the student record system (Felles studentsystem, FS): They first saw FS as a tool for reporting data to the Department of Education. Now they have gradually accepted that it is also a foundation for university-internal services.

· USIT in its capacity as developer and national secratariat for Felles studentsystem (Gruppe for Felles studentsystem).

· USIT in its capacity as systems integrator (Gruppe for drift av grunntjenester).

· USIT in its capacity of coordinator for ICT in learning initiatives (Gruppe for digitale medier i læring).

· Student-administrative personell at department level.

· Faculty.

· Administrative staff.
4.1.3 Context: Overview

	
	NITH
	UiO

	Size
	· 2000 students
	· 32.000 students

	Academic profile
	· Teaching at BSc level
	· Research. 

· Teaching at all levels, from freshman to Ph.D.

	Competence
	· IT specialised

· Project oriented

· Teaching and supervising
	· Reseach and teaching in most subjects at all levels

	Key actors

 
	· Owner: NKI

· Board (owner dominated)

· Dean

· Academic staff (35)

· Adm.staff (20)

· IT staff (2)

· Students (2000)
	· Senate (elected faculty)

· Top management 

· USIT in various capacities

· Student-administrative staff at central and department levels

· Faculty (potentially 2500)

	Technology
	Administrative systems: 

· Oracle

· Microsoft etc.

Intranet: 

· PhP

· OpenSource
	Administrative systems:

· Oracle

· UNIX-based solutions

Webbased LMS:

· XML and IMS Enterprise (standard) in back-office integration

· Apache 

· Commercial LMS (PhP)

	Culture
	· Business driven

· Short decision paths

· Focus on teaching
	· Academic, but tension between academic and business

· Long decision paths 

· Low decision legitimacy

· Focus on research

· See APPENDIX!


4.2 Case attributes

4.2.1 Object of study: Infrastructures for learning

In the context of this study we need to delimit an object of study in each institution with comparable qualities. Both institutions have created integrated software systems to support the teaching and learning activities.

The NITH case focusses on the educational applications of the institution’s overall intranet infrastructure, which serves other purposes as well. The UiO case in turn focusses on a learning management system (LMS) and its integration, which is equally only one part of a much larger infrastructure and of a larger set of services. Hence, while both cases also refer to aspects of the total process of establishing these infrastructures, the educational features are at the core of the analysis. In this way the object of study is integrated software systems (information infrastructures) to support the teaching and learning activities at both institutions.

Any attempt to establish an infrastructure for learning will have to address a generic set of technical and social actors, which may be configured in various networks and relations. As illustrated in figure 1, such a generic assembly may be layered in a transport (blue), a service (red), and an application (green) layer, respectively. The transport infrastructure consists of the means for carrying the information between actors in the higher layers. The service layer provides middleware functionality such as student record systems, authentication and authorisation mechanisms, user administration systems, etc. The application layer includes 1) functionality for communication, publishing and collaboration, 2) learning resources and various types of content materials, and 3) facilities for structuring the access and behaviours of users.

Figure 1 illustrates the minimal and generic set of actors that any attempts at establishing an infrastructure for learning has to take into account. 

There is a student and a teacher (faculty). These actors work together in some kind of framework (it may be an LMS as at the UiO, or it may be a dedicated intranet as at the NITH). This framework somehow provides access to groupware functionality such as communication, publication and collaboration facilities. It also encompasses some kind of functionality for content storage, management and retrieval so that learning resources may be included in the groupware interchanges and processes. Finally it includes some sort of functionality structuring the users into groups, their roles and rights to perform particular actions, and their access to content.
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Figure 1: Infrastructure for learning

The above framework must have some physical and logical storage facitity, such as databases. Databases and servers are maintained by IT maintenance staff. They also take care of the transport infrastructure, such as WANs and LANs.

In order to organise and "populate" the framework one needs a source of data based on data models of objects such as the student, the course, the teacher, and various definitions of relations between such entities; groupings, memberships, roles, etc., as well as user properties for participant users. Such data are to be found in a student record system (here: Stud.adm) which stores students, courses, teachers an their relationships, and in a user administration system (here: BAS), which stores information on students, teachers, and other personell in their capacity as users (vs. real individuals). All these authoritative data may be used as input (by import, LDAP, or otherwise) to the learning framework. It has to be supplied by the administrative staff as part of their regular routines. There will also be IT development staff, who either develop the solutions involved, or integrate commercial solutions into the existent institutional infrastructure. It may also be the case that the operation includes some IT & learning unit addressing the uses and technological requirements from a pedagogical point of view; many institutions worldwide have units such as educational technology centers, learning labs, instructional technology groups and the like. Or this function may be taken care of by the IT organisation itself.

Finally, there are decision makers including formal actors such as deans, presidents, etc., and there will be external pressures of various kinds, cf. the reform process mentioned in chapter 1.

The actors indicated in the generic model are part of a heterogenuous network in which some may be absent (e.g. not all institutions have a unit in charge of ICT and learning although the perspectives is somehow adressed) but most represent forces that have to be considered in any actual development project and in any actual analysis. Also, the relative strengths of the actors and their relations (here: arrows) may differ at different institutions and in different settings. Some of the arrows in figure 1 may have alternative destinations.

4.2.1.1 NITH intranet

NITH has built an intranet which includes a server with application functionality for a range of educational services, integrated with a student administrative system (STAS) and Novell WAN user authentication. The intranet has grown organically over a period of five years.

The intranet was developed in an internal project and implemented in 1997, based on commercial software; Netscape development suite, Oracle and Java. Objective for the intranet in 1997 was "to be the main source of information for both staff and students. The project group had analysed the flow of information between staff, and between staff and students, and focused on the need to share information, especially between the campuses.

4.2.1.1.1 Chronology for the intranet

Four groups were important in developing and using the system:

· The Intranet Officer (who was also chief librarian) and Technical staff as "owners" of the system

· Administrative staff

· Academic staff at 4 campuses

· Students at 4 campuses
	Year 
	Release
	Focus
	Actor in charge

	1997
	Release 1:

· Bulletin board

· Administrative static info
	· Flow of administrative information. 

· Sharing documents, "pull, not push".
	· Dean

· Intranet officer



	1998
	Release 2:

· Class list application

· Teaching foils

· Module selection appl.
	· Distribution of teaching materials, and student appl.

· (Implemented at Bergen and Stavanger. Bandwidth problems.)
	· Administrative staff / academic staff

	1999
	Release 2.5: New menu

· Marks app

· Empl.db
	· Easier student access to marks
	· Administrative staff

	2000


	· Help Desk

· Web-mail
	· Easier to use from home/outside campus
	· Technical staff

	2001
	Release 3:

· Publish appl.
	· New design: "Sober and academic"

· New publishing module
	· Academic staff


Table 1: Intranet chronology

4.2.1.1.2 Development strategy 

Owner of the intranet system was the school's chief librarian, whose job description focused on making information resources available.  Over time there was a succession of small development projects, each adding a new feature to the intranet system: These development projects were usually a co-operation between the chief librarian, the technical developer, a senior lecturer and the person responsible for the application domain.

4.2.1.1.3 Bootstrapping and enrolment of users

The first version was run only at the Bekkestua campus, and only for very simple applications like the bulletin board. After some time the intranet was the only channel for bulletin board information. When this was stabilised, the intranet was introduced to the Bergen and Stavanger campuses.

Gradually, both information and applications gravitated to the intranet, both because of student presssure and economy of distribution. When information and applications were made available on the intranet, they were usually withdrawn from other sources.

4.2.1.1.3 Technology...  

The intranet started as Netscape/Sun environment, built on an existing transport infrastructure of LAN/WAN servers and PC's. When the first data base aplications were made, it was expanded with Oracle, and later with Java applets. However, from 1999 it was gradually developed into an open source environment. This decision was taken by the technical staff, with strong personal links to the OpenSource movement, using PhP in new applications.

4.2.1.1.4 ... and lock-ins

In 2001 this caused a lengthy and heated discussion. The NITH dean and the Intranet officer worried that the opensource solution was a possible lock-in, and that NITH should look for a commercial 'portal'. The technical staff argued that the opensource environment was both cheap and viable, and saw no reason to change the platform.

The case is undecided, and the economic downturn makes a large commercial portal less attractive at the moment.

4.2.1.1.5 Application infrastructure

After introducing the initial simple services, there was a pressure from students to have the teaching materials distributed on the intranet. This was not really planned and was met with considerable resistance from lecturers, partly because it required better materals, and partly because their materals became 'public' for everybody at NITH. Therefore, it was implemented rather slowly and irregularly. Still, after a couple of years the amount of materals had grown substantially, and de facto established as the most important source for learning. This was acknowledged by the college in 2001, when a new publishing module was released, providig easy uploading of materials.

A number of small applications were made during the first years, mainly to make it easier for students to access administrative data: Choosing subjects next semester, loking up grades, becoming group member and so on. 

In 2001 each module had its own web page, with curriculum, schedule, groups, teaching materials, discussion groups and so on. The upper part of the web page  was common, while the lower part was maintained by the local campuses.
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Figure 2: NITH Intranet

4.2.1.1.6 Service infrastructure

The intranet applications use student data from the STAS (Studentadministrativt system). The integration is weak, as the information is transferred in daily and weekly batches. User IDs are integrated with Novell user admin services.

4.2.1.1.7 Results

Despite some problems, the intranet has been a great success for the college. User surveys have confirmed an impressive level of user satisfaction, with 90% of the students using it virtually every day. It has also enabled a cheap coordination between four campuses, and a rather flexible distribution of materials to students not being able to meet at lectures.

Whether this platform has enough flexibility to grow and change in the years ahead is a matter of discussion. Obviously, it is dependant on the expertise of a few key persons, and it is also dependant on the development of the OpenSource environment. At the moment, this seems less risky than it was two years ago.

4.2.1.2 UiO: LMS with back-office integration

As for UiO, USIT has been in charge of a 8,5 million, 2-year project, Digitale læringsomgivelser (Digital learning environments, “DLO-prosjektet”) aimed at establishing a centralised set of basic, free, and shared enterprise-range services for teaching and learning (Lanestedt & Benan 2002). The project's deliverables and now established services include: 

· a learning management system (LMS) integrated with the back-office administrative systems, that is the student administrative system (Felles studentsystem) and the user administrative system (UREG), in such a way that data from these systems are used to automatically build virtual course rooms and populate them with students, teachers, and roles (sets of user rights), 

· knowledge development (massive course, workshop, counselling, and user support activities) for faculty and their local assistants in netbased pedagogy, LMS use and ICT literacy,

· support for development and dissemination of content, 

· a set of maintenance services; the running of servers, upgrading of software, data base isssues, and continuous ajustment of integration routines.

4.2.1.2.1 Chronology for development of an integrated LMS
· Fall 2000: Phase I establishing of project, planning, prototyping; LMS installed and integrated with Oracle database (vs. original MySQL database), prototypes demonstrable at Digitale læringsomgivelser 2000 conference arranged by USIT and UNIVETT

· Spring 2001: Phase II Focus on development, integration of LMS with user data base and dissemination of LMS, establishing a LMS maintenance operation (dealing with servers, versions, integration software), LMS user support and instruction 

· Fall 2001: Phase II (cont.) Focus on further developmen and integration; first semester with LMS completely integrated not only with user database but also with student record system. First term of production

· Spring 2002: Phase III Production / consolidation, revision, evaluation; offering established solutions and services on a regular basis

· Fall 2002: (cont.) Phase III Production / consolidation, proctect termination
4.2.1.2.2 Development strategy

The development strategy has been top-down and push. The development project was initiated by top management, financial resources were allocated to USIT by the Senate, and USIT has chosen a top-down approach in its work to establish enterprise-wide common infrastructure solutions and services for learning. The degree of political turmoil regarding the issues of educational ICT, the widespread fighting for resources, as well as the permanent (admittedly mostly mild) hostility between academic and administrative units made it necessary to persuit along such lines in order to create anything at all. 

4.2.1.2.3 Application infrastructure

The primary piece of software is the learning administration system (LMS, also sometimes referred to as course management system - CMS). An LMS is an integrated “package”, or environment providing support for and management of the learning processes. Generically, an LMS includes, in a unified GUI: 

· Workspaces for various kinds of tasks, such as virtual classrooms, course rooms, team rooms, etc.

· Tools for thinking and collaboration; examples are facilities for producing, exchanging / communicating, and storing / organising media objects, such as conference forums for threaded discussions, text editors, math editors, co-writing modules, support for process-oriented writing, etc.; conference forums, email, chat, and portifolios, archives, repositories. We may also find tools such as planning tools; calendars, project tools, mindmap tools, drawing tools, etc. LMSes vary as to how rich a tool-set they provide, but generally third party extensions may be purchased or developed, and used via a predefined API.

· Learning resources; links to documents or actual documents in the LMS database, of various types, formats, and media richness; made in-house or licenced or purchased from professional vendors and providers.

· Users, which according to roles (=authorisation to perform particular sets of actions) such as student and teacher (and many versions of these and other roles) may be using tools to explore learning resources or producing documents, communicate and collaborate in the virtual workspaces. Users are grouped according to course (e.g. PBL-group four) and the authorisation allocated to the particular role / group (e.g. all teachers in the English Dept.)

There are many dosens of different LMS vendors and products on the market, if not hundreds (…). LMSes and LMS-like software have been used locally at the UiO over the years. USIT draws to a certain degree on the lessons learned from such experiences. This, however, is based on personal experience and not on some institutional regime for knowledge aggregation. Most of the early systems were home-grown perl scripts. USIT carried out a (pilot) project at the Faculty of Medicine in 2000-2001 (Lanestedt 2001) as well as in the teacher education. The first initiative used Lotus Learning Space (semi-integrated) to support processes of distributed problem-based learning at the Faculty of Medicine, the second used Virtual-U (not integrated), a system USIT provided temporarily to the university’s users in a period during which decisions were made. USIT invited or had close contact with a series of vendors (among others Lotus, LUVIT, First Class, Blackboard and several others). The choice fell on the Norwegian vendor Fronter and its LMS Classfronter. 

The reason for this choice was the following: One had a new situation in which a centrally offered (by the central IT organisation that is) system was to be established. This process had to be informed by both pedagogical and technological considerations. USIT had in advance established a ICT & learning group, consisting of people with a background in both pedagogy and technology. USIT would need to persue a dialog with the LMS vendor in order to (1) integrate the LMS with its surrounding infrastructure, (2) slightly modify certain features according to pedagogical requirements, and (3) enter a steep learning curve associated with the first-time process of establishing the new central LMS service. One considered the basic options to be either, on the one hand, to go for a solid, international market-leader, which would not be liable to disappear from the market anytime soon but which would certainly have its own bureaucratic ways of doing business, or, on the other hand, a necessarily less stable local vendor but one with which one could have a close dialogic relationship on a day-to-day basis, and which would listen closely and act rapidly to USIT’s views. Fronter is such an actor.

4.2.1.2.4 Service infrastructure

In this context the service infrastructure consists of two major systems, the relation between those, and the routines for deriving information from them. The two systems are the student record system (Felles studentsystem, FS) and the user administration system (UREG2000).

The size of UiO presents serious challenges to common services (services provided by USIT to, in principle, all users at UiO) and solutions such as LMSes. The major challenge is how to provide a well-functioning LMS to, again in principle, all 32000 students, 2500 faculty, perhaps 1000 of the administrative staff and other resource persons, as well as most of the 10000 non-resident students of continuous education, without resources following a linear increase pattern parallell to the number of new users. The question is how to scale.

The USIT approach to this challenge is to mechanize as much as possible of the standard routines of creating virtual course rooms in the LMS and populate these with their associated users, groups and roles (sets of permissions). In this way local resources may be focussed on high-quality pedagogy and content. For the users this integration means that they use the same username and password in the LMS as elsewhere in the UiO environment.

In order to achieve this mechanization an integration is built between on the one hand Felles studentsystem (mainly “undervisningsmodulen”) and UREG2000, and Classfronter on the other (figure 3). 
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Each night a routine performs a retrieval operation on Felles studentsystem and retrieves, according to the FS formal data model, information on each course (course code and other attributes) along with its associated tree structure of teaching activities (undervisningsaktiviteter, e.g. seminars, groups, etc.), and information on the students and resource personell (teachers, teaching assistants, tutors, etc.) being members at each level in the structure. These data are then automatically combined with data in UREG2000 about the same individuals but now in their capacity as users (vs. people), such as user names and passwords. 

Figure 3: Retrieval and import mechanism; the script UREG.daily (run each night) makes a SQL request to FS and retrieves the relevant data to UREG. From UREG these data are imported to Classfronter via an IMS Enterprise 1.1 (not 1.01!) / XML formalism. Hence, based on information stored in student record system and user administration system a virtual university is built in the LMS (figure 4)

The merged data sets are stored in UREG2000 (Oracle relational database) extension tables and expressed in terms of the IMS Enterprise 1.1 standard for information interchange. The overall structure is formulated in an XML DTD. Such a well defined generic interface makes it at least theoretically possible to change LMS (for some reason or the other) as long as an alternative LMS manage to import and use the data according to USIT specification (see next step). Hence it prevents technological lock-in.

In the next step this XML structure is imported into the Classfronter database, and for each department and course code a virtual corridor hierarchy level, as well as virtual course rooms for each teaching activity are are automatically built or maintained inside that corridor structure. Student and teacher users are automatically imported into their respective virtual rooms and given their proper roles (sets of permissions). Hence, based on information stored in student record system and user management system a virtual university is built in the LMS (figure 4). 
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Figure 4: UiO LMS after importing course and user data from back-office systems and subsequent building of virtual corridors and rooms

The automatic procedures described above prosupposes that the relevant student-administrative data are in place and are of a good quality as well as in the student record system (for example the one individual - multiple users problem). Administrative staff at department or faculty level must see to it that all courses to be offered a particular semester are enregistered in the relevant Felles studentsystem modules i due time and according to the necessary level of detail and quality. When this is the case each student will themselves have to make the connection between him-/herself as represented in the student record system and the course in question by means of StudWeb, a web-based application for making transactions in the student record system available from kiosks all over campus and from ordinary Internet-connected PCs (see figure 5).
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Figure 5: (1) student and course are linked (StudWeb interface to FS), (2) FS data is exported to user administration system (UREG), (3) information on users, groups and roles are imported to LMS, rooms built and populated, (4) user may now enter LMS rooms in which (s)he is a member

4.2.1.2.5 Bootstrapping, enrollment and alignment initiatives

USIT has established an infrastructure for learning. Formally, USIT has responsability for UiOs employees, while local departments have responsibility for their student users. Hence, the primary target group for the infrastructure is UiO's faculty (versus students). Secondly, the overall scheme needs to correspond with administrative practices, as the integration relies on high-quality data in the student record system and user administrative system. Consequently, the other most important actor operationally, is the administrative staff. 

A (back-office integrated) LMS is not the kind of application infrastructure whose value to the user increases with the total number of users. A single class may well engage in high-quality processes without anyone else being involved in such activities. Bootstrapping, then, is not in this case so much a question of technological bootstrapping as a political, pedagogical, and administrative one, creating the "critical mass" of acceptance and political irreversibility. 

Thus, one has had to convince teachers and administration that first, institutional ICT support for teaching and learning is a good idea, and, secondly, that it is in their own interest.

First, let us address the administrative issues. The successful mechanization in order to provide scaleability and a local use of resources that makes sense, is built on four assumptions:

a) Mechanization draws on already existing data in the student record system. 

This assumption eventually turned out not to be wrong. The variation was large as to which departments really used the relevant modules in the student record system. Several faculties did not use them at all. In addition data quality turned out to vary largely. The local posision of student administrator seems to be considered low on the departemental value scale; consequently many work half-time, have long sick-leaves, have just begun, and there is generally a large turn-over, etc. The pre-existing workload is immense, and leaves little room for learning new procedures. This accounts for relatively low degree of motivation. Compexity escalates, as more students are non-resident or even non-UiO students (non-users, that is) participating in multi-institutional offerings of continuous education. Local administrators do not find time to address all these questions, which did not be a problem before the whole business of LMS integration.

b) The student record system is simple to use and relevant support is provided

According to a USIT survey and to anecdotal evidence local administrative staff consider the student record system hard to fit into local situations, it is considered hard to use with regard to user interface, and it it suggested that it does not have all the necessary features. Furthermore, the cental unit of student administration (Seksjon for studieadministrasjon, SSA) has not provided support and motivation to start using the new FS modules. In SSA’s view their mission has been to report key figures to the Department of Education, not to promote FS functionality as part of the internal UiO infrastructure. For this reason they have not sanctioned the widespread use of local offline routines such as manual recordkeeping in Excel, homegrown FileMaker databases, or the like, as long as such practices have not undermined the reporting.

c) LMS is an incentive for departments not yet using relevant student record system modules

All departments are expected to use the relevant FS modules, quite independently of any reuse of their data in various application infrastructures. But Classfronter is no incentive for the local administrative staff. For faculty, frequently in a hurry, FS seem to be an unmotivated and unnecessary complication.

d) Students do part of the job

The assumption is that while local student-administrative staff enregister students and courses / teaching activities in FS, the connection between students and courses / teaching activities will be made by the students themselves via StudWeb (see figure 5). However, StudWeb, which asks the students for information according to the particular course information it retrieves in FS does in many cases not get enough information from FS to pose the "right questions", that is to require the user to fill in information on the level of detail needed for Classfronter to build structures and populate them. The result of this is that in order to support the integration with Classfronter administrative personell often have to fill in data manually connecting students and course with a depth in detail they didn't use earlier. So, in addition to dealing with the introduction of new educational software (LMS) departments also have to increase their efforts in student administration. 

Now, how to align the interests of administrative staff (and faculty) with the strategic aims of the UiO top management? That is, how to enroll administration (and faculty) into the overall scheme of exploiting ICT in teaching and learning in order to support these processes, attract more and better students, secure income streams, and address external pressures. In yet other words, how to make it politically irreversible, at all levels, so as to bootstrap the further use and development of the infrastructure by making that the only sensible road to persue? (How to create the critical mass in terms of acceptance politically and other wise?)

As for administrative staff, the following developments of alignment have taken place:

· A two-speed procedure for integration was introduced by USIT. According to this procedure all departments will indeed finally end up using the wholly integrated instance of Classfronter – which requires that each department fully represents its offerings in FS’ teaching module (undervisningsmodul) – while more student-administratively “immature” departments are given a period of transision during which they may present their courses from a semi-integrated instance only. This consession seemingly has created much good-will.

· USIT har established a user group for administrative staff, in which courses are offered regarding LMS-relevant issues, and where exhange of experiences and other community-building and motivating activities are taking place. Also staff from SSA take part in this user group; some of the people in SSA indeed see Classfronter as a means for promoting FS. USIT has made them an ally in the process of enrolling administrative staff.

· Most importantly, USITs efforts have gained political strength from the Quality reform. The reform is in itself a strong actor, which is now USIT’s ally. Although still a posision not supported by all of UiO’s faculty or administrative staff, the argument is gaining force that massive ICT-support to the primary processes of teaching and learning, as well as to the administrative logistics, is in fact the very means by which such a large institution will succeed in adressing the requirements of the reform. This makes USITs work, which started up well before anyone had heard about the Quality reform, a welcome ally for many teachers, administrators who gradually recognize the relevance of USITs efforts.

The relative success of these actions and the massive help from the reform gives reason to expect that one is on a right track together, and that there is no going back. 

Second, there is the challenge of aligning faculty.

Again, the resistance has been, and still is, strong. There are four reasons for this. First, faculty regard themselves as researchers, not teachers. Teaching is not something worth spending much time designing; it is a spin-off of research. Introduction of ICT in the educational processes requires design of teaching activities and reflection on how to create good didactic situation drawing on the properties of ICT media, which in itself provoces resistance. Secondly, there is a strong scepticism against USIT, which is regarded as a technocratic dinosaur spending money for its own unclear purposes, dictating the world what to do, and behaving arrogantly in general. Thirdly there is a latent scepticism against everything which origins in the political apparatus (parliament, governement, Department of Education) or in the university top manamement. (For an account on cultural context directly relevant to USITs work on learning technology, see APPENDIX). Fourthly, fluency in ICT literacy among faculty is very unevenly distributed. Many members of the academic staff have very narrow conceptions of what ICT may offer. 

To counter the various versions of scepticism and resistance USIT has taken the following initiatives:

· To make users aware of the possibilities of LMSes and other ICT support of educational processes, as well as to learn from the experience, USIT ran a pilot project at the Faculty of Medicine in 2000 as well as in the teacher education. 

· In the last two years USIT representatives from the ICT & learning unit (Gruppe for digitale medier i læring) have published frequently in the university press, arranged two conferences, and held numerous talks and demonstrations.

· A series of course and seminar offerings in LMS and pedagogical uses of ICT have been developped and revised in line with current experience and expectancies, and more than five hundred faculty have participated during the last two years.  

· A number of courses have been provided in pure ICT issues, so as to enhance the general ICT fluency; without such fluency there will be no creative thinking of uses of ICT in actual teaching.

· A portifolio of consulting services is being offered; members of the ICT & learning group take part in local development processes.

Finally, the same effect of the Quality reform as is discussed above is making itself felt with regard to faculty; many eventually realise that the reform is to be implemented by fall 2003, which is soon, and that it has to be dealt with. The way to do just that is to reconfigure aspects of practice and organisation, and to see ICT as a necessary support for change. 

4.2.1.2.6 Lock-ins

The user/structure data to import into the LMS are expressed in terms of the IMS Enterprise 1.1 standard for information interchange. The overall structure is formulated in an XML DTD. Such a well defined generic interface makes it at least theoretically possible to change the LMS from Classfronter to something else as long as an alternative LMS manages to import and use the data (build course rooms, populate them, etc.) according to USIT specification. This is one of several means to prevent lock-in. That Classfronter itself is written in the open-source language of PhP, and that de facto standard Oracle databases are used for content and systems data, also counteract lock-in, along with the fact that the HTTP server is Apache, and that the whole arrangement is running in a UNIX environment. 

What may create a degree of lock-in, at least indirectly, is the tendency of Fronter to rely on Windows plugins; many tools need ActiveX to work properly, and this circumstance causes considerable problems for Apple and Linux web clients. Java Applets are considered too slow, and have other unwanted side effects as well. Hence the relative standing of Intel / Microsoft on campus may be even stronger as common services as teaching and learning tools are only, or mostly, available on that HW/OS platform. It may prove even harder for local departments to invest in non-Microsoft equipment (a lock-in, that is).

4.2.1.2.7 Results

A technically solid infrastructure is developped, in which the integrated LMS is just one, but important part. It is developed with a top-down approach, and technologically based on standards, modularity, and (partly) open-source solutions (Apache, PhP, etc.). Despite much turmoil Classfronter has 3000 weekly log-ins, which is reasonably high given context and culture. Acceptance among both faculty and administrative staff for the phenomenon of ICT support for teaching and associated administrative logistics is inreasing. The new situation is described by the fact that ICT in teaching and learning has become an issue for the Senate, and that ICT is now a default feature of educational arrangements. Although most faculty do not relate to the external pressures and processes described in chapter 1 top management does. Hence support has been stronger from top management that from professors. With the reform approaching also departments and local professors discover needs for relevant ICT support and services. It is fair to say that the installed base as of today is a starting point which makes UiO well posisioned for the Quality reform. However, the technology has very weak inscriptions, and users are pretty much free to use it if they choose to, as well as how to use it.

4.3 Case overview

	
	NITH
	UiO

	Object of study
	NITH Intranet
	· LMS integrated with back-office systems

	Chronology


	· 1997: Start in one campus

· 1997: Bulletin board

· 1997: Adm. static info

· 1998: Teaching materials

· 1998: Class list

· 1999: Marks, employees

· 2000: Help desk

· 2001: Publish app.
	· Fall 2000: Phase I project planning, prototyping 

· Spring 2001: Phase II Focus on integration of LMS and maintenance operation 

· Fall 2001: Phase II (cont.) Further developmen and integration; first semester with integrated LMS. First term of production

· Spring 2002: Phase III Production / consolidation, revision, evaluation

· Fall 2002: (cont.) Phase III Production / consolidation, project termination

	Technology
	· Started as a Netscape/Sun environment, later changed to OpenSource, PhP
	Administrative systems:

· Student record and user administrative systems, Oracle

· Learning Management System, PhP

· Integration, IMS Enterprise / XML

	Development strategy
	· At the start, a top-down initiative. Later bottom-up and incremental
	· Top-down

	Transport infrastructure
	· WAN, Novell LANs, PCs, servers
	· WAN, LANs, servers

	Application infrastructure


	· Web page per module

· Teaching materials

· Students, tutorials

· FAQ, discussion group

· Campus specific info

· Bulletin boards

· Regulations

· Marks
	· Virtual course rooms

· Tools for collaboration

· Tools for communication

· Content tools

· Tools for process support

· Tools for evaluation



	Service infrastructure
	· Intranet apps uses student data from STAS (Student Administrative System)

· User information is integrated with Novell user admin 
	· Student record system (data on students, courses, and their respective attributed)

· User administrative system (data on users, groups, rights)

	IT organisation and culture
	· 2 developers with strong links to OpenSource network. 

· Dilbert.
	· 11 people directly involved in project, many more indirectly (USIT 150)

· USIT partly software engineering-oriented

· USIT not project-oriented

· Great cultural differences between ICT & learning and rest of USIT

	Strong actors
	· Developers and admin. Students (paying) have strong influence
	· Faculty

· Administrative staff

· USIT

· Top management

	Bootstrapping


	· Only one campus (Bærum) at the start.

· Very simple applications (bulletin board, administrative information)
	· Effort to establish political irriversibility

· Create critical mass of acceptance

	Enrolment of users
	· At the start: A small number at one campus

· Later: Paper-based solutions abandoned altogether
	· Courses

· Seminars

· Workshops

· Consulting

· Local press

	Managing lock-ins
	· Different views: NITH managers worried about PhP lock-in. Developers argue that OpenSource is flexible and adaptable to gateways.
	· Use of standard interface (IMS / XML) between components counteract lock-in, as components become mutually replaceable

	Supporting infrastructure
	· Independent of transport infrastructure

· Weak integration with STAS (file transfer)
	· Independent of transport infrastructure


5. Discussion

5.1 An ANT perspective

This section discusses the findings described in the previous section, related to the three research questions. For analytical purposes we use some terms from actor-network theory (Latour 1987, Walsham 1997, Ciborra 2000). 

The unit of study is seen as a network, consisting of humans, organisations and technology. Studying this process we seek to identify which mechanisms that stabilises the network: It emerges through a process of translations where different actors, including information systems, negotiate their interests and views, and where strong actors enrol others into the network. 

Design may be seen as programs of actions, inscribed into software and routines. The strength of these inscriptions may vary: In some cases the design is very flexible and open, and the user have several options on how, or how much, (s)he will use the system. In other cases the inscriptions are very strong, directing the use in quite specific ways. In an information infrastructure the strength of inscription tend to increase, and even become irreversible, as the installed base of use increases (Hanseth 1996).

Regarding the description, an important aspect is that the network stabilises through action, where the different nodes of the network influence the act (Monteiro 2000). Thus, interpreting the cases, we will focus on behaviour of actors. 

5.2 The NITH intranet

Question 1: How does the context influence the development strategy for learning?

Initially, the development strategy was top-down, with an emphasis on administrative information and standard, commercial software. 

After the initial start, in which the dean was formally involved, the decisions were taken on a lower level, by various actors in the organisation, depending on needs and applications. This bottom-up strategy emerged gradually and informally, responding to user needs in an ad-hoc manner.

The business culture of NITH focused on revenues and customer satisfaction, and management was reluctant to spend resources on internal processes and coordination. Hence, when the formal decision was taken by the dean, the proceeding development was delegated to the Intranet officer (head of library). Her development strategy was mainly to respond to pressure from students and staff, in practice leaving many decisions to the IT development staff.

Question 2: How does the development strategy influence the information infrastructure?

Aligning the interests of different actants through a series of translations resulted in a steady growth of the actor network, as illustrated in table 2. We may describe this as a succession of 'enrolment' initiatives:

· Administrative staff were enrolled by the use of empowerment, as they were given ownership to 'their' part of the intranet

· The other campuses were enrolled by better communications (bandwidth) and their own bulletin boards

· The translation of the system into a pedagogical channel for academic staff provided after 2000 the fuel for further development of the system.

· The open source movement was enrolled as an ally to the IT staff.

After each enrolment, both the producer and the user bases increased. At the beginning, the use of the intranet was absolutely voluntary, but gradually the other information channels were closed down, making the intranet the only source of information. In parallel, the inscriptions were made stronger, as the small applications gradually instantiated mandatory routines, both for students and staff.

It may seem as a paradox that the intranet of the business oriented college was developed through an unplanned bottom-up iterative strategy, and that the focus and use of the infrastructure has drifted. After 5 years growth the initial core of the system had become a periphery, a trivial catalogue of regulations and opening hours. In the ANT perspective the success of the system is positively associated to the technological drift. The alignment of interests and translations of use has largely been unplanned, but has been accepted by the college management, and assumed to be productive.

Concerning the lock-in question, the two technical staff - young and able open source enthusiasts - do not agree that the heterogeneous and incrementally built architecture blocks further development. Instead they contend that the link to the open source movement provides cheap and reliable resources to expand the system.

Question 3: How does the information infrastructure influence the institutional context?

In the NITH case the intranet has indeed become an information infrastructure. It influences the college in several ways:

· In the college's planning cycle the intranet is central. Curriculums and lecturing plans get an official status the moment they are published on the intranet

· The planning of modules are partly coordinated by the intranet: A teaching module is structured by several elements on the intranet, like curricula, lessons, lecturers, assistants, student groups, foils, software and web links. All these resources must be available to run the module, and if something is lacking the students will complain rather quickly. 

· When new applications are discussed and considered, integration with the intranet is always an important question.

It may be argued that the infrastructure has altered the power relations at the college. Firstly, it centralises the production of knowledge. Lecturers at the four campuses have traditionally made their own teaching materials, and taught the curriculum according to their own interests and judgement. In 2000, a number of 'module leaders' were appointed, to standardise the teaching materials. This move was made possible by the intranet structure, and supported by the stronger inscriptions in the 2000 version of the intranet.

Secondly, it visualises that the college, possibly, could be run without a full-time academic staff. The infrastructure makes it possible to distribute knowledge from any competent producer, to any student customer that has internet access. At the moment this strategy is not really discussed, and it certainly has risks as well as opportunities: If NITH could follow this strategy, it could also be done by other, stronger competing institutions. Still, the position of the academic staff is probably weakened, related to the commercial core of the college.

Has the Intranet become an Information infrastructure?

The NITH Intranet is integrated in a web structure of shared resources: It is used by a large number of students, academic staff and administrations, both on campuses and from home or abroad.  It incorporates the teaching structure, and it is integrated with the support information infrastructures.
It has has evolved through a number of years, through a series of versions, and grown continuously with more users, more modules and more functionality.
The Intranet is built on OpenSource technology which is an open standard. However, its opennes is limited, as interfaces to the system is controlled by the IT staff.

It is based on standard web technology (Apache http server, PhP database and application software), and could be run on any browser, but data formats are not standardised.

The Intranet environment is heterogenous , both in technical, human and organisational terms.  Building on Internet technology, it is part of a global network, and it is linked to a service infrastructure. Still, as applications are controlled by an IT department, it has a limited capacity for connecting to other application infrastructures.
Has it become an installed base? We think the answer is yes. The Intranet has - after five years of growth - become the main source of information for students (90% use it virtually every day) and academic staff, and an important part of their work routines. New, suggested applications are always validated as part of this infrastructure, and it is genereally accepted that the college in absolutely dependent on the intranet in its daily operations.

5.3 UiO: integrated LMS

Question 1: How does the context influence the development strategy for learning?

In the UiO case context greatly influenced the development strategy. The academic culture is often inherently suspicious towards USIT (and central administration in general). USIT, on the other hand, has been given a strategically motivated task by top management, while faculty generally does not know that they need the new services and solutions, and have to be told by USIT that they do. 

Several contextual factors pointed towards a top-down, push, approach:

· The general academic climate of suspicion towards sentral administration made it extremely important for USIT to actually deliver the goods (the goods being specified on a general level as a set of services), and one had initially only fall semester 2000 before demo time. A firm approach was needed.

· The fact that democratic, bottom-up discussions at the university on matters of principle tend never to end because an occational decision is considered “an interesting starting point for a renewed discussion”. To discuss the aims, technology choices, pedagogical models, operational tactics and so forth in the overall organisation prior to major decisions would undermine the hope of getting anywhere within any reasonable timescale. 

· The fact that initially few faculty knew much about ICT-support for learning, that ICT literacy is very unevenly distributed among faculty, and that pedagogical considerations are no obvious part of faculty practice. This makes it very hard to ask faculty about which pedagogy they subscribe to, which didactic implications may have to be addressed, and which technology and software functionality they would prefer in order to support the didactics. In short, the customers could not be asked about their needs. To the contrary they were to some degree part of the problem to be addressed, as groupware was intended to be part of processes of institutional change, including change in teaching practices. 

· The fact that local departments have very few mutual formal couplings, so that synergy, sharing and reuse are no high priorities. This makes it impossible to decide on and establish any institution-wide common standards related to hardware, OS, clients, applications, exchange formats etc. across the university organisation based on local initiatives only. Some central agent has to do that on behalf of the institution.

Hence, the politically turbulent environment begged for both a top-down approach, while at the same time building alliances in order to align perspectives and world views, and to build a critical mass of political support (as well as in order to perform frequent reality checks). This approach seems to be a feasible one in order to consolidate partly opposite macro and micro perspectives.
Question 2: How does development strategy influence the information infrastructure?

First, for the reasons stated above the top-down approach combined with financial resources may be assumed to be the reason for USIT being able at all to establish the LMS, integrate it with the installed base of service infrastructure into an infrastructure for learning, and to deliver the services that it does as of now to the whole institution. 

Second, as in the NITH case aligning the perspectives of the different actors by translations of various nature (mostly courses for teachers, consulting, etc.) have made the actor network grow, both with respect to its size, and to the number of types og actors participating. 

Examples of the growth in size is the slow but steady enrollment of hundreds of faculty who have started using Classfronter in their courses. As for growth in types of network participants both people in the central unit for student administration (Seksjon for studieadministrasjon, SSA) as well as local student administrators are becoming USIT’s allies with aligned interests (admittedly for different reasons!).

Question 3: How does the information infrastructure influence the institutional context?

The down side of the coin regarding the chosen strategy in the context of university culture (see APPENDIX) is that inscriptions in solutions and routines are rather weak. There has so far been nothing that forces faculty to actually use the LMS at all, as well as how it is used. Much of the functionality remains unused. However, the Quality reform will alter that, as the reform is an actor which will seriously boost use and dissemination.

The infrastructure influence its context in several ways:

· Student administation: SSA seems to have revised their mission (at least mentally) and do now contribute to the internal UiO ICT infrastructure (including learning services), as opposed to focus almost exclusively on reporting to the Department of Education, by providing support to local administrators and offering frequent courses in use of the two relevant student record system. They see Classfronter as an incitement for the departments to start using the two FS modules properly, which is of course why they are participating.

· Faculty: As a result of massive offerings of seminars in Classfronter and netbased pedagogy for faculty, consulting, and information campaigns, use is spreading among faculty, slightly 3000 users are populated into Classfronter, and the application had 3000 log-ons the other week.  

· Institutional politics: As a consequence of the established ICT support for learning and the subsequent external evaluation the issue is now very much on the internal political agenda in a way which is new. The Senate has discussed this issue twice rescently. Questions discussed are future organisation of services along a central-local axis; institutional ambitions, and the amount of resources.

· Quality reform: USIT has analysed the Quality reform with respect to pedagogical and logistical aims, and what services are needed from the IT organisation. This analysis suggests that much of the functionality for following up the students and to provide regimes for (portifolios) evaluation UiO is now very well prepared for the reform (fall 2003).

Has the integrated LMS become an information infrastructure?

The LMS service integrates a large number of tools for learning and collaboration, free for all UiO users to utilize. It embodies a virtual version of the institution’s course portifolio and course organisation. It also spans both support infrastructure (student record system, user administration system, import/export routines).

It has evolved over a period of two years. Many versions of Classfronter and of the integration scripts have existed. More tools are included in Classfronter, and both users and support staff and services have grown in number. 

Standard web technology is used. The LMS is based on PhP technology. The data base system used is the de facto standard Oracle. HTTP server is Apache. The integration with back-office follows the IMS Enterprise 1.1 standard expressed in XML. 

The infrastructure is heterogeuous. Both many categories of users are and may be imported and given roles in Classfronter. New tools are currently released. Being a commercial product it is controlled by the vendor. However, UiO has bought the installation of the currently most rescent version of the application. Hence, in case the vendor disappears from the market USIT can take over the development or even sell the code. For the time being these factors constrain the openness with respect to connecting to other application infrastructures. According to plan in a one-year time-scale the LMS will be integrated with a personalized and single sign-on web portal giving direct access to the individual student’s learning resources, included the student’s classrooms in Classfronter.

This last point illustrates that to a certain degree it has become an installed base for new applications (here: the portal) whose impacts are both constrained and supported by the already existing infrastructure. However, the role of installed base is predominantly of a political nature, as strategic choices are made, organisational structures established, routines reconfigured etc., in such a way that it approaches irreversibility and that each new technological component or conceptual construct (in this field) must relate to what is already there.

5.4 Theory and cases

A final point of discussion concerns the theory of information infrastructures and the two cases. Does the theory enrich the case description? Does the theory explain the cases? Or do the cases really tell a different story?

Regarding the development strategy, the theory of information infrastructures supports the description of an emerging information infrastructure, with various social and technological actors. It also supports the description of the layers of this structure, and how they relate to different actors. And finally, it partly explains the patterns of diffusion.

The theory of information infrastructures provides less developed conceptual tools for the description and interpretation of political processes and power stuggles in both cases; the power shift in NITH, and the alignment processes in UiO. In these aspects, we find it useful to supplement the theory of information infrastructures with actor-network concepts.

6. Conclusions

The two cases show that context greatly influences the development strategy. In the UiO case, the politically turbulent environment begged for both a top-down approach, while at the same time building alliances. This approach seems to be a feasible one in order to consolidate two opposite macro and micro perspectives. The NITH organisation was much more informal and business-driven, which allowed both an iterative and a bottom-up strategy, supported by delegated problem solving. 

Furhermore, the two cases illustrate the manner in which context as well as development strategy influence the two infrastructures for learning. In the NITH case the effect is organisational and technological drift; both goals and applications tend to drift over time. The result is a successful (from the student perspective) learning infrastructure, which is partly out of control (from a management perspective). At the same time it offers new opportunities to the top managment. In the UiO case the resultant infrastructure is a very coordinated whole, where brick is laid upon brick, and technological components are connected via standardised data exchange interfaces. At the same time, inscriptions are relatively weak, which permits a considerable user resistance to slow down deployment and the intended institutional change.

Finally, the cases show that infrastructures for learning have a potiential impact on the surrounding institutional context. In the NITH case the intranet shifts the power balance within the organisation to the relative disadvantage of the academic staff. In addition, the intranet in itself has become a strong actor in the socio-technical network. While in the UiO case the integrated LMS has several thousand users and play a role in educational change, some of its force as an actor is of a political nature. The issue of educational uses of ICT is currently very much on the political agenda, as opposed to two years ago. In addition the effort has brought UiO in a favourable position with respect to the Quality reform, which makes both the reform and top management strong allies to USIT. 

As an endnote, we find that the information infrastructure theory is relevant to interpreting the two cases, but has some limitations with respect to its capacity to analyse political processes.

7. Appendix

"Å endre et universitet er som å endevende en kirkegård. Du kan ikke regne med hjelp fra dem som ligger der". Fritt etter forhenværende UiO-rektor Lucy Smith i UiOs internavis Uniforum 21. september 2000
”Å lede et universitet er noe helt annet enn å kommandere en militær enhet. Det er mer som å lede en flokk katter - stolte og uavhengige individer som har andre interessante gjøremål langs veien”. Professor i statsvitenskap og rektor ved UiO Arild Underdal, i Uniforum.nett.no 17. oktober 2001
”Ved UiO fattes mange beslutninger på instituttnivå eller sågar av den enkelte lærer. Det finnes ikke mulighet til å ta overordnede grep, og det er nærmest en prinsipiell skepsis i store deler av UiO til å ta slike grep”. Førsteamanuensis i arkeologi og prodekan ved HF-fakultetet, UiO Christopher Prescott i Uniforum.nett.no 17. oktober 2001
The up-scaling of educational ICT at UiO is, at least in principle, just one of several necessary processes of change aimed at developing the quality of studies and, hopefully, the university's end product, the students. In order to succeed this process has to play in concert with others addressing new pedagogical methods, reorganisation of production chains, new systems of incentive, etc. In fact, change means doing something either different or differently compared to the present. Now, public institutions of higher education, and in particular large ones such as UiO, are extremely resistant to change, and very good at doing business as usual. This ability to resist is a function of both academic culture, organisation, and distribution of power. Public universities are strange creatures, which live in a permanent tension between two opposite ideal models for behaviour and self-understanding (Underdal 1997). UiO is no exception in this respect.

On the one hand one may identify an ideal assuming independent researchers who by free will and for the sake of knowledge join an organisational unit in order to share a common accounting system, telephone, secretaries and other support services, but who do not need any further bureaucratically sanctioned functional couplings to the rest of the institution. We here find remnants of the Romantic notion of the researcher as truth-seeking genius on an individual quest. It is taken for granted that research should be as free as possible, without relations to actual needs or directions from the outer world. Truth seeking thrives when the degree of bureaucracy and societal control is at a minimum. Administrative action should be kept at a minimum too, and administration should mind its own business. Initiatives by the administration are answered with suspicion. Resources should be allocated directly to faculty, who then buy the services they need, rather than via the university bureaucracy. The institutional management and the decision hierarchy have a low degree of legitimacy, or rather of relevance, and strategic considerations are irrelevant newspeak. Accordingly, official strategies and institutional plans are of little value, deserving no commitment. The pursuit of synergy is not worth much effort, as there is little community of interest with other departments and units. The "university" is more of an abstraction – a way of life – that of an actual and material institution. As for the university's mission, research has center stage, and teaching is a direct derivative of good research, a necessary evil without any academic glamour. Teaching is considered an activity aimed at developing the individual student. The teacher's task is to transfer true knowledge from his/her own head into that of the student. Requirements for a minimum of familiarity with pedagogical thinking are either uninteresting or, worse, a utilitarian and bureaucratic assault defocussing the prime task of research. Consequently faculty frequently shirk compulsory seminars in university pedagogy for teaching personell. It goes without saying that continuous education and life-long learning is not of any concern to the university, and that a dialogue with actors in working life not only in order to support them with academic wisdom but also learn from them, is an idea not worth much contemplating. Finally, the introduction of ICT in the educational processes is just another instance of what may be expected from the Department of Education and from university management, and might eventually go away or remain a niche phenomenon while we turn our attention elsewhere. 

This admittedly slightly biased depiction of such a cultural ideal is in fact a reality. At our last rectoral election the candidate who got the majority of faculty votes (Osnes) represents a variant of this position, but lost due to technical-administrative staff and student votes.

At the opposite end of the spectrum we find the notion of the knowledge organisation with concern-like characteristics. Commitment to common aims and strategies, loyality to the institution as a whole, a clear and shared understanding of who is the customer and why, and decision mechanisms with legitimacy, are all components of this ideal. According to this world-view it is crucial to establish decision mechanisms, which work, and which make it possible for the institution to move fast and play a pro-active role in public life. As of now, the majority of participants in the university's highest body of decision, the Senate, are university-intern representatives to a large degree elected among faculty, a fact which is very problematic with respect to change. This circumstance is addressed in the legal work underpinning the quality reform, and will indeed change. Further, according to this position it is desirable to introduce a system of professional management locally, in particular heads of department, as opposed to elected faculty. In addition to its capacity as knowledge generator and cultivator of truth-seeking and critical thinking, the university is understood as a service institution for the society that is in fact its owner. Society's requirements and expectations to the university are considered legitimate by all involved parties either these are put forth by the Department of education, by the political apparatus, or by means of the university's own analyses. The university as an institution of education is heavily emphasised (versus a priority for research). Derived from a view on what a university basically is and its rationale for being, life-long learning, continuous education, and an active interface with public and private working life are considered core activities. New requirements for income generation do indeed support this attitude. That the traditional full time student does no longer rule the scene alone in many disciplines is internalised as a fact of life, and one present and future challenge is the ability for reaching out with high-end educational offerings to as many as possible on this basis. That knowledge and education are commercial commodities are equally internalised, including the view that also public institutions have a role on the market. The institutions are subject to competition internationally and from new kinds of actors. Educational ICT are regarded as a key factor in this context as a means to create the learning conditions needed to foster relevant candidates fully fit to face future challenges in society, to compete for students, and to establish a relevant work environment for all involved parties. Humbolt is dead in the sense that learning is understood as a more collective, team based, problem oriented process in which metacognition (learning how) is as important as the primary object of learning (learning what).

As for possible consequences of the two approaches for ICT in education, see the discussion of the two scenarios “Socrates.campus.edu” versus “Nasjonalt kontrapunkt” in Scenarier for IKT i høyere utdanning mot 2010 (KUF 2000).
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