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Abstract. This paper aims to contribute to a theory of integration within the field
of information systems (IS) project management. Integration is a key IS project
management issue when new systems are developed and implemented into an
increasingly integrated information infrastructure in corporate and governmen-
tal organizations. Expanding the perspective of traditional project management
research, we draw extensively on central insights from IS research. Building on
socio-technical IS research and software engineering research, we suggest four
generic patterns of integration: big bang, stakeholder integration, technical inte-
gration and socio-technical integration. We analyse and describe the advantages
and disadvantages of each pattern. The four patterns are ideal types. To explore
the forces and challenges in these patterns, three longitudinal case studies were
conducted. In particular we investigate the management challenges for each
pattern. We find that the patterns are context-sensitive and describe the different
contexts where the patterns are applicable. For IS project management, the four
integration patterns are a contribution to the management of integration risks —
extending the vocabulary for assessing and mitigating these risks in IS devel-
opment. For practitioners the four integration patterns represent an analytical
framework to be used in planning modern IS development projects.

Keywords: information systems development, integration patterns, project
management

1. INTRODUCTION

The aim of this paper is to contribute to a theory of integration within the field of information
systems (IS) project management. The background for the need of such a theory is a gradual
but fundamental change in the discipline of IS development. Two decades ago most IS projects
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were greenfield projects: on the basis of a requirements specification, a brand new system was
designed and programmed. When (eventually) finished it was installed and the users were
trained in new interfaces and routines. The main challenges for the IS project manager were
to get the requirements specification correct and complete, and to make sure that development
and testing produced a technically stable system.

Today, IS development is still a demanding craft, requiring specialized skills, sound meth-
odologies and competent project management. However, the IS project manager faces two
additional challenges:

e The business environment is more turbulent. Many IS are developed or customized as an
important part of an organizational change process (Davenport, 1993; Laudon & Laudon,
2004). In the turbulent world of the 21st century where organizations continually change,
merge and network, there is less time for organizational implementation after the completion
of the system; a new system must align-in-action (Ciborra, 1997; Larman, 2004) with the
organization. A system that is not aligned and integrated quickly with the organization will be
a failure, even if the software is well designed and programmed.

e The technical environment is more complex. A new system must also relate to an existing
information infrastructure. This is seen as a heterogeneous network, consisting of an installed
base of systems, physical networks, organization, culture and work practices (Ciborra, 2000;
Hanseth & Lyytinen, 2004). Both opportunities and constraints for change are heavily influ-
enced by the attributes of this base. In a successful organization this heterogeneous network
is an immensely valuable resource; it constitutes the backbone of the organization. However,
in a world of change it is also a barrier to business adaptation or innovation, because the
information infrastructure is difficult and expensive to modify.

The successful IS project manager needs to address both these challenges. In a way, this
redefines the role of the project manager, making him or her an integrator of both business and
technical elements. The business forces urge rapid innovation, while the information infra-
structure supports incremental change. To make systems useful the IS project manager must
make stakeholders and technology work together in a complex and changing setting.

On a general level, the alignment between the organization and the IS is a long-time concern
for both IS research and the practice community. Successful IS development and implemen-
tation depends on a socio-technical approach (Coakes et al., 2000), both technical and
organizational alignment (Leonard-Barton, 1988), as well as comprehensive business and
user participation (Kappelman & McLean, 1994). There has also been a shift from the
somewhat simple concept of users to the broader notions of social actors (Lamb & Kling,
2003) and stakeholders (Coakes & Elliman, 1999).

However, at the more operative project level the processes of integration and mutual
adaptation are less understood (Majchrzak et al., 2000). There are many questions that the IS
project manager must address. To what extent do modern software engineering (SE) meth-
odologies support the stepwise integration between technology and organization? How and
when, should the different stakeholders be enrolled into the project? How and when, should the
new software components in the development project be integrated with the existing technical
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infrastructure? What are the management trade-offs in such projects? Somewhat surprisingly,
these issues are not addressed in any detail in the mainstream IS project management
literature (McManus & Wood-Harper, 2003; Cadle & Yeates, 2004), which are mostly con-
cerned with internal project control. The multitude of questions facing IS project managers we
turn into a single question that has guided our research reported in this paper: What are the
main patterns of integration in IS development projects?

In this paper we address these questions and seek answers in a set of four generic patterns
of integration, which we developed based on previous theoretical research and an empirical
study of three iterative software development projects.

The next section discusses integration in a socio-technical context. Then, in section 3, we
present our research approach and in section 4 we describe four integration patterns in detail.
In section 5 the four patterns are illustrated through three longitudinal case studies. In section
6 we discuss practical and theoretical implications, and limitations. We conclude briefly in
section 7 with our main findings and point to further research.

2. INTEGRATION: A SOCIO-TECHNICAL PERSPECTIVE

This section discusses and defines integration in a socio-technical context. Then we assess
the contributions from IS development methodologies regarding integration. Finally, we
describe integration in IS development projects in more detail.

2.1 Integration in a socio-technical context

According to Webster, integration is ‘a combination and coordination of separate and diverse
elements into a more complete or harmonious whole’ (Webster’'s, 1986). The term social
integration is a key concept in sociology, denoting a reciprocity of practices between actors
(Giddens, 1987), while technical integration is commonly understood as the assembly
of different technical artefacts, such as components and systems (Jacobson et al., 1999). A
socio-technical approach must build on both these definitions, in the sense that it must relate
to two very different research traditions.

Although integration has not been extensively researched, previous IS research has shown
that it is a complex concept. Wainwright & Waring (2004) analysed the term in three domains
— the technical/systems, strategic and organizational — and suggested a high-level framework
to understand all these elements. Other high-level contributions, mostly in an Enterprise
Resource Planning (ERP) context, include for example Hsiao & Ormerod (1998) and Chang
(2006).

In a socio-technical context, integration aims at creating a working solution that includes both
social and technical elements. An important question, then, is what is the unit of investigation?
Some proposed answers to this are:

e a socio-technical work system (Bostrom & Heinen, 1977a; Mumford, 1983; Leonard-Barton,
1988; Alter, 1999);
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an actor-network (Hanseth & Monteiro, 1996; Walsham, 1997; Monteiro, 2000);
a web of computing (Kling & Scacchi, 1982);

an IS (Avison & Fitzgerald, 2003); and

an information infrastructure (Ciborra, 2000; Hanseth & Lyytinen, 2004).

Although their key terms vary, all these contributions share the view that the object of study
is a heterogeneous socio-technical network, consisting of both social and technical elements.
For example, Bostrom and Heinen wrote in their classic article in MIS Quarterly (Bostrom &
Heinen, 1977b) that an organization is a socio-technical work system, consisting of two
interacting systems:

The technical system is concerned with the processes, tasks and the technology needed to
transform inputs to outputs. The social system is concerned with the attributes of people
(e.g. attitudes, skills, values), the relationships among people, reward systems and authority
structures. It is assumed that the outputs of the work system are the result of the joint
interactions between these two systems. Thus, any design or redesign of a work system
must deal with both systems in an integrated form. (p. 18)

Another example is Avison & Fitzgerald’s (2003) description of the EBay internet auction:

The electronic auction is an information system, comprising people, rules, procedures,
technology, software, communications and allied services, such as delivery companies and
third-party insurance companies. (p. 6)

We understand integration in this tradition as the process of linking these elements into
socio-technical networks, consisting of both social and technical nodes. Very briefly, we note
that the ontological status of socio-technical networks may be contested. For example, Latour
states that ‘network is a concept, not a thing out there. It is a tool to describe something, not
what is being described’ (Latour, 2005, p. 131). In contrast, most contributions within IS
socio-technical research seems to accept the pragmatic view that it is useful to describe the
technical and the social network as an artefact (Bostrom & Heinen, 1977a; Alter, 1999). This
paper subscribes to the pragmatic view. We acknowledge, however, that in an ontological
sense it may be problematic to treat associations between stakeholders in the ‘same’ way as
associations between technical components.

The integration process connecting the nodes may be planned or emergent. For example,
Bostrom & Heinen (1977b), Avison & Fitzgerald (2003) and Alter (1999) describe integration as
basically planned and controlled, while Kling & Scacchi (1982), Ciborra (2000) and Hanseth &
Monteiro (1996) describe it as basically emergent. Leonard-Barton, in her seminal paper from
1988, described the process as mutual adaptation between technology and organization,
emerging in a set of smaller and larger cycles. Our position is that integration is seldom
clean-cut; it is often partly planned and partly emergent. The emergent aspect, however,
emphasizes that integration is happening in time; in our turbulent world usually it cannot be
planned in detail. In other words, a successful socio-technical solution is more dependent on
a successful integration process than of a socio-technical specification.
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Building on these contributions we define integration as the planned and emergent process
of linking different stakeholders and technology into existing socio-technical networks.

2.2 Integration in IS development methods

The socio-technical IS development methodologies, such as ETHICS and Multiview offer a
holistic view on integration. Great care is taken (1) to ensure a correct diagnosis of the
organizational problem; (2) to analyse the human and technical aspects of the new solution in
an integrated way; (3) to ensure real user participation; (4) and to design a socio-technical
solution. The strength of these methodologies is the careful analysis and design of a real-world
situation and the design of a socio-technical solution to improve on this situation.

However, this is also a limitation of the methodologies; a too strong emphasis on analysis
and design. The ETHICS method has 15 steps, but only the two last ones are concerned with
implementation, and at a rather high level of detail (Mumford, 1983). Multiview has five steps,
where the last one is technical design and construction (Avison & Wood-Harper, 1990). It is fair
to say that the implementation aspect was improved by the introduction of Multiview 2 (Avison
et al., 1998), but the overall picture remains; the focus is on the planned analysis and design.
They do not address integration as a process.

In some important aspects, this was significantly improved with the introduction of iterative
and incremental methods in the 1990s. Building on Boehm’s spiral model (Boehm, 1988),
modern SE frameworks such as Rational Unified Process (RUP) (Jacobson ef al., 1999),
Microsoft Solutions Framework (MSF) (Microsoft 2004), XP (Beck, 2000) and DSDM
(Stapleton, 2003) provide some excellent mechanisms to understand and manage integration.
First, the iterative structure allows for learning and organizational experimentation. Second, the
incremental structure allows for stepwise technical integration to reduce risk. And third, a
strong stakeholder orientation acknowledges that SE needs a user and business perspective,
and also to address organizational issues.

We will use RUP in our further analysis, because RUP is both a widely used method and also
quite comprehensive in its description. As illustrated in Figure 1, RUP is structured in four
phases: inception, elaboration, construction and transition. Within each phase there is one or
more iterations consisting of disciplines, starting with business modelling and ending with the
physical deployment of software components. Thus, each iteration is a mini-project, resulting
in a small increment that extends the existing solution.

While the support for stepwise technical integration is easy to identify in this structure,
several researchers have argued that iterative frameworks also have the potential to integrate
the business organization and the new IS through stepwise stakeholder and technical inte-
gration (Kruchten, 2000; Blomberg, 2001; Stapleton, 2003). There are limitations to this view
in a socio-technical integration context. Although RUP is process-oriented and stepwise,
integration is — at the operative level — mainly addressed in the context of component
integration and integration testing of software, not as a socio-technical process (Bygstad,
2004).
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Figure 2. The relationship between the development process and the organizational process.

2.3 Integration in IS development projects

Building on the socio-technical insights, and on the iterative SE methods, we are now in a
position to reframe integration in IS development projects.

In the practical context of IS development we frame our analysis as the interaction of two
processes, the business organization and the IS development project. The aim of the IS
development project is to extend the existing organization and infrastructure, i.e. to extend the
existing socio-technical network. The extension includes not only the new software, but also
new stakeholders such as system owners, business users, vendors and support staff. It also
includes the new links to existing legacy systems, realized as middleware, web services or
other technical solutions.

The integration between the IS and the business organization is seen through a process lens
(Newman & Robey, 1992); we analyse integration over time. Figure 2 provides a general
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illustration of the relationship between the two processes. The organization is often large and
complex, coexisting and depending on information infrastructures (Ciborra, 2000). After project
initiation at time 1, the IS typically grows gradually in scope and complexity as the project
proceeds. The IS is then set into production (at time 2), and the project organization is usually
(but not always) terminated. For a successful development project, somewhere along the
paths from times 1 to 2, the new stakeholders and technology are integrated into the
(extended) socio-technical network.

Integration is a demanding process, and is a main responsibility of the project manager. As
argued in the previous section, it is to a certain extent possible to plan and design parts of the
integration, and this is usually done in a requirements specification and systems design
document. However, because of the emergent and social nature of the socio-technical
network, important parts cannot be specified at the beginning of the project. In this research we
analyse the integration process in three steps:

1 Enrolment of stakeholders and/or technology. Formally, this is an act of agreement that
specifies the role of the project and the new system in the organization or the information
infrastructure. In practice it is often necessary to convince stakeholders that it is in their interest
to participate (Hanseth & Monteiro, 1996; Monteiro, 2000). Key stakeholders include future
users, managers, other projects, IT managers, data centre technicians, vendors, consultants
and also customers. Technology is enrolled through high-level architectural descriptions and
interoperability requirements (Jacobson et al., 1999).

2 Adaptation of technology and/or organizational processes. Fitting the software to the orga-
nization is done through different techniques such as requirements elicitation, user input and
prototyping (Jacobson et al., 1999). Conversely, the organization may have to change to
achieve the benefits expected from the technology; business processes may be redesigned
and relationships to other organizations may be affected (Mumford, 1983; Leonard-Barton,
1988; Davenport, 1993). At the level of information infrastructure, a new system must comply
with technical architectures and interfaces, but the infrastructure may also have to change
because of the new system (Ciborra, 2000).

3 Stabilization. After adaptation, the different elements may be validated and set into produc-
tion. A successful implementation is defined here as the stabilization of the socio-technical
network; i.e. that the solution is technically stable and key stakeholders agree on the value of
the network (Mumford, 1983; Hanseth & Monteiro, 1996). Of course, the term stabilization
does not imply that the organization is permanently ‘frozen’; rather it means that the socio-
technical network is successfully extended.

The three steps of integration are often difficult to achieve, for several reasons. First, both
the development process and the organization change during the time of the project, thus
making the requirements a moving target (Boehm, 1988). Second, the new software system
must integrate with the existing technical environment in the business organization, which
often is a very complex task. Today, these environments often have the character of very large
information infrastructures consisting of legacy systems, global networks and heterogeneous
user communities (Ciborra, 2000).
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And third, implementation success is often defined differently by different stakeholders. For
the software engineers, a successful implementation is usually achieved when requirements
are fulfilled and the system is technically stable; while for the users, a successful implemen-
tation is to make a new or modified organizational process fully operational through the use of
the new IS (Alter, 2000).

Thus, what is needed to be researched is the interplay between two dimensions of integra-
tion in IS development projects — the socio-technical dimension and the temporal dimension.
The socio-technical dimension concerns the relationship between the stakeholders and tech-
nology in the IS development project and business organization. The temporal dimension
relates to how the steps of integration are distributed in time. The next section describes how
we addressed these issues empirically.

3. RESEARCH APPROACH

The research was conducted within an interpretive tradition (Klein & Myers, 1999) using
a mixed approach (Mingers, 2001). The approach is mixed with a theoretical argument
and literature study on the one hand and three longitudinal case studies on the other
hand. The case studies all follow the longitudinal process research (LPR) as the
empirical approach (Pettigrew, 1985; 1990). Table 1 gives an overview of the mixed
approach.

Through a series of steps we constructed a generic set of integration patterns, and explored
them through three longitudinal case studies. The research steps are shown in Table 1,
illustrating that the relationships between literature review, data collection and data analysis
were iterative rather than sequential.

Table 1. Research steps

Step Activity Main source
1 Understanding the challenge of integration in IS Exploration: Interviews with 12 IS project managers
development practice
2 Assessing the support for integration in IS research Literature review: IS project management research, 1S
implementation research, SE research
3 Constructing the first two patterns of integration LPR: Initial phase of first case study
Literature study: RUP
4 Designing the four integration patterns LPR: Socio-technical IS research
Literature study: RUP
4 Exploring the forces in the patterns LPR: Three case studies, following the structure
illustrated in Figure 3
5 Modifying and detailing the four patterns LPR: Data analysis
Literature review: Socio-technical IS research, RUP
6 Validating the patterns LPR: Member validation

Literature review: Socio-technical IS research

IS, information systems; SE, software engineering; LPR, longitudinal process research; RUP, rational unified process.
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The point of departure was the real-world challenge of managing integration for IS devel-
opment project managers. Twelve experienced IS project managers were interviewed on their
experiences with iterative SE methods. Their view on integration was that this aspect was
generally underrated in the methods — and also by their own business clients. On the other
hand, integration was identified as a key factor for success. A review of current IS project
management literature, 1S implementation research and SE research was conducted. From
this point of departure, a longitudinal case study was designed to study integration in IS
development projects. Three longitudinal case studies were conducted, following the approach
of LPR (Pettigrew, 1985; 1990). The strength of LPR is that it enables the researcher to engage
deeply in a socio-technical change process, and to elicit patterns and causations from a rich
and often contradictory material. LPR also allows both the researcher and the organization to
learn over time because perspectives and frames may change, making the studied organiza-
tion a reflective participant. The cases were:

e Airline case — development of an e-business solution at an international airline.

e Government Audit case — Development of an audit support system for a large government

auditing agency.

e University case — Implementation of a learning management system (LMS) at a university.
The cases were selected on two criteria. They all addressed the challenge of integration, and

they also followed modern, iterative software development process models.

3.1 Data collection
Data was collected in accordance with the principles of LPR (Ngwenyama, 1998):

e Engaging with the research site at several times during the study, to collect data reflecting
changes over time.

e Participatory observation, to understand the actors’ language and problem solving, and to
make sense of different situations.

e Collecting systematically different types of data, to secure validity.

Figure 3 illustrates the research process followed in each of the studies of the three
development projects. The cases were followed over a period of 16—18 months each, starting
when the project had run for some months, and ending after the system had been in production
for more than 6 months. Thus, the focus was set on the later parts of the development and at
the start of the production period.

Data collection was conducted using a wide range of sources: a total of 40 semi-structured
periodic interviews with various stakeholders, participatory observation, and an extensive
amount of project documents.

3.2 Data analysis

Interview summaries, project documents and technical reports were coded in the Atlas.ti tool
for coding qualitative data, following the guidelines of Miles & Huberman (1994). LPR suggests
three modes for data analysis (Ngwenyama, 1998):
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Figure 3. Data collection process in each of the three case studies.

1 Comprehensive analysis helps to identify underlying structures and patterns of the organi-
zational process.

2 Temporal analysis helps contextualizing findings by placing events and situations in a
narrative structure.

3 Member verification ensures that the case description and researcher’s interpretation are
considered correct and meaningful to the organizational actors.

The first case study was designed to study integration in a large RUP project in an
international airline company. After the first workshop an initial analysis was done. First, a time
line with important events and development process iterations were documented. Second,
development process iterations, context, stakeholders and artefacts were modelled graphi-
cally. A graphical representation of temporal and socio-technical aspect of the case helps to
reduce the complexity of the narrative (Nandhakumar, 2002). Then we applied a socio-
technical framework as our interpretive lens. Stakeholders, technical components, organiza-
tional processes, information infrastructure and political factors were all identified to have
played important roles. We then tried to understand the dynamics of the case by identifying the
mechanisms that integrate the socio-technical network.

The Airline development project was using RUP to structure the process, aiming at a
stepwise integration of both technology and stakeholders. From this analysis the two first
patterns emerged, the stakeholder integration pattern and the technical integration pattern. A
more detailed analysis revealed, however, that the project struggled with the apparent com-
plexity of this approach.

Returning to IS socio-technical research and using the Klein & Myers (1999) principle of
dialogical reasoning, we asked which alternative approaches could have been available to the
project manager? The answer was a first draft of the last two patterns. Drawing on concepts
from SE research (Jacobson et al., 1999) and earlier research on patterns of process integra-
tion (Lloyd et al., 1999), four process patterns emerged as a generic and comprehensive set
of integration patterns. These patterns are explained in detail in the next section.

More than a year after this initial design, with a much richer body of data from all the three
cases, we did a more comprehensive analysis. The second case, the Government Audit
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project, answered many of our questions emerging from the Airline case, and emerged
(somewhat surprisingly) as an instructive example of the socio-technical pattern. The third
case, the University LMS implementation, had been selected more consciously as an example
of the Big Bang pattern.

The core of the analysis was not to verify the completeness of the patterns, but to investigate
the forces in them; i.e. to understand the dynamics and the managerial challenges. In this
context we also assessed the degree of support in RUP for each of the patterns. Using the
principle of the hermeneutic circle in interpretive IS research (Klein & Myers, 1999), the cases
were reinterpreted within the patterns approach. This analysis is described in section 5.

Member validation was performed at various steps of the research process. First, the
graphical socio-technical network was discussed with central stakeholders. Later, the case
reports were discussed with the interviewees at a validation meeting. Lastly, the draft versions
of the scientific papers on the patterns were sent to central stakeholders for comments. After
an exchange of views and some extensions, the organizations accepted that their names were
disclosed.

4. FOUR INTEGRATION PATTERNS

The term pattern is used in the broad sense as a general solution to a common problem in a
context (Ambler, 1998). We have described the IS development project and the organization
as two socio-technical networks, consisting of both stakeholders and technology. During an IS
development project, the integration between the IS and the organization may happen early
and stepwise or it may be performed at the end of the development project when the system
is put into production and becomes fully operational in the business organization.

Thus, we have two types of elements (stakeholders and technology), and two types of
integration modes (stepwise and at the end of the development project). Combining these two
dimensions we identify four different integration patterns (Table 2):

1 Big bang — the integration of both stakeholders and technology is performed at the end of
the development project.

2 Stakeholder integration — the integration of stakeholders is done stepwise, while the inte-
gration of technology is done at the end of the project.

3 Technical integration — the integration of technology is done stepwise, while the integration
of stakeholders is done at the end of the project.

Table 2. Integration patterns

Integration of components and systems

At end of project Stepwise
Integration of stakeholders At end of project Big bang Technical integration
Stepwise Stakeholder integration Socio-technical integration
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4 Socio-technical integration — integration of both stakeholders and technology is done
stepwise.

The next section describes these patterns in detail. The main structure of the pattern is
described, as well as its advantages and disadvantages. The support from RUP is assessed,
and we also draw on insights from socio-technical IS research.

4.1 The big bang pattern

In this pattern (Figure 4) the network between the IS development project and the business
organization is established at the time when the development project is completed, and the
software product is delivered. Integration between the processes is described in a require-
ments specification. The development project then produces the required software and docu-
mentation. At the production date, the system is organizationally implemented, i.e. the
components are installed and set into production, and the users are enrolled and taught how
to use the system.

The main advantage of this pattern is a high degree of internal project control as well as
software system integrity. The focus of the project is on the software system, executing control
by traditional project management techniques. Supporting mechanisms in RUP are require-
ments, phases and workflows.

Disadvantages are well documented: late integration runs the risk of both user resistance
and of technical integration problems (Boehm, 1988; Kappelman & McLean, 1994; Lamb &
Kling, 2003). Both the organization and the infrastructure are subject to change, making it very
difficult to predict the integration in detail at the start of the development project. Both user and
technical requirements may be incomplete or inadequate at the start of production. Integrating
a large number of new technical components into legacy systems has been made feasible the
past years through interoperability standards and middleware, but puts heavy demands on
testing and configuration management and tools. Even small and seemingly trivial technical

The information system integrates with the Organization & infrastructure
organization when it is completed, at the
time of production start.

The integration of stakeholders* and
technology «Sjjl] takes place at the end
of the IS development project.

Start date Time Production date

Figure 4. The big bang pattern.
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Stakeholders éare gradually enrolled ,—.Organization & infrastructure
into the project'@nd work processes are N

adapted. Integration of components

is performed at a later point in time, at
production start.

Enrollment of stakeholders may take
different forms:

-creating awareness of project importance
-aligning interests

-formalizing commitments

] >
»

T T
Start date Time Production date

Figure 5. The stakeholder integration pattern.

mismatches may lead to serious production problems. Thus, stabilizing the socio-technical
network is difficult within this pattern, because there is very little room for adaptation and
learning during the project.

4.2 The stakeholder integration pattern

In this pattern (Figure 5), the stakeholders from the business organization are enrolled step-
wise through workshops, user groups and other organizational mechanisms. Early user par-
ticipation has long been established as an important success factor (Mumford, 1983; Avison &
Fitzgerald, 2003). Further, it secures more reliable requirements and early user validation of
the product (Jacobson et al., 1999). The supporting mechanisms in RUP for this integration
pattern are iterative (stepwise) and stakeholder-based development (including, in principle, all
actors that are influenced by the project).

A disadvantage with this pattern is that it increases the complexity of the project. In addition
to managing the project group and the technical development challenges, the project manager
also has to spend time and effort negotiating with external stakeholders that may not prioritize
the project or change their views frequently.

Disadvantages also include the risk of unstable commitment from the business stakeholders
if this is only declared but not supported in practice. They may lose interest in the project and
return to their own organizational processes. They can also become so involved that they
‘change side’ and become part of the development project and move away from the business
organization. The late technical integration may also lead to some of the stability problems
described in the big bang pattern, since even small technical mismatches may lead to serious
production problems.

4.3 The technical integration pattern

In this pattern (Figure 6), the focus is directed at stepwise technical integration. A network of
components and systems is established early in the project by stepwise enrolment. The main
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Components and systems =Sl are Organization & infrastructure
gradually enrolled and integrated with the

project artifacts. *
Integration of stakeholders is performed
at a later point in time, at production start.

Enrollment and adaptation of components
and systems may take many forms:
-development in simulated production
-gradually substituting old components

-alfa testing in simulated production : - >
Start date Time Production date

Figure 6. The technical integration pattern.

advantage of this pattern is that early and stepwise technical integration secures technical
stability at the time production starts. It may also validate the technical quality of the software
system.

Stabilization is enhanced by the technical nature of the network, but without stakeholder
integration there is the risk of friction at the production start date. Late stakeholder integration
may lead to poor requirements and user resistance, as described in the big bang pattern. SE
research has documented that it is easier and cheaper to correct faults as early as possible in
software development (Royce, 1998). Supporting mechanisms in RUP are component-based
and incremental development (each new component extends the earlier version), which allows
for integration and testing in each iteration (Jacobson et al., 1999).

Disadvantages include the aspect that early technical integration increases the complexity of
the development process. Testing environments must include more of the production technol-
ogy, which sometimes is not possible. Also, the logistics of the project becomes more complex,
with both sides (the development team and the data operations centre) waiting for other
components or other’s support.

4.4 The socio-technical integration pattern

In this pattern (Figure 7) there is a dynamic coupling between the IS development project and
the business organization.

Innovations in one process may change the other process, and technology is used for early
routinization of work practices in the business organization. This pattern has the potential to
support organizational innovation through a stepwise and dynamic interaction between stake-
holders and technology. Stakeholders are enrolled through arguments of concrete and short-
term benefits of the technology, and encouraged to experiment with the software components
in the organizational processes. If this is successful, the solution will attract new users who
may use the technology in new ways or request more, or modified functionality. This may
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-Enrolling stakeholders, exploring how to
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-Using technology to adapt and stabilise
the work process

-Using changed work process to create I - I - >
new requirements to technology etc. Start date Time Production date

Figure 7. The socio-technical integration pattern.

broaden the applicability of the technology, attracting more users and so on. We may describe
this process as self-feeding, where behaviour is stabilized through technology, and the
installed base of users and technology grows. This perspective is also supported by IS
implementation research contributions, regarding innovation as the mutual adaptation of
organization and technology (Leonard-Barton, 1988).

However, while this pattern greatly reduces the risk of integration problems at the production
start date, the disadvantages include huge challenges for project control. It increases the
complexity of the development process, making it less predictable. Although RUP to a certain
extent supports both stakeholder and technical integration, it contains no explicitly described
mechanisms supporting this kind of socio-technical dynamic.

5. CASE ILLUSTRATIONS OF THE PATTERNS

The four integration patterns are ideal types, and one should not expect to find them in pure
forms. Rather, our interest is to explore the forces and challenges within them. In the following
we use the three cases to illustrate the four patterns, as shown in Table 3. For each case we
describe the enrolment and adaptation of stakeholders and technology, and the stabilization of
the socio-technical network. In particular we focus on the managerial challenges faced by the
project managers in each case.

5.1 An example of the big bang pattern: implementing a LMS at a university

The University of Oslo (UiO) is Norway’s largest and oldest institution of higher education,
currently having 32 000 students and 4600 employees. As with most universities, both external
(relevance) and internal (quality) pressures call for a more coherent organizational and tech-
nical support for learning. One important response is the establishment of pedagogically
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Table 3. Four cases of integration patterns

Integration pattern Case organization

Development project

Managerial challenges

1. Big bang University

2. Stakeholder Airline
integration

3. Technical Airline
integration

4. Socio-technical
integration

Public auditing agency

Learning management system
for supporting learning
environment

E-business: Marketing and
selling tickets on the
Internet

E-business: Marketing and

selling tickets on the
Internet

Audit process support system
for financial auditing

Stabilizing a top-down solution

Stepwise enrolment of users
in an unstable organization

Stepwise enrolment of
components in a large,
changing technical
infrastructure

Establishing an organizational
mechanism for mutual

adaptation

motivated integration of ICT in teaching, learning and student collaboration. In Oslo this took
the form of implementing an LMS, of which the main services were course, content and student
management. University top management initiated the development project, and the University
Senate-allocated financial resources to the central ICT department (USIT).

The project was organized and conducted by the central ICT department (USIT), who chose
a top-down approach in its work to establish enterprise-wide common infrastructure solutions
and services for learning. After a failed pilot project based on generic software (Lotus Notes)
and local knowledge (within medicine), USIT decided to go ahead with a top-down develop-
ment strategy and building on a standard LMS package (Classfronter). Integrating with admin-
istrative systems, the LMS was developed over a period of 2 years, using an iterative in-house
development approach. The main challenge was enrolling scientific staff. Resistance was
strong, with the faculties and departments generally being hostile both to the use of an LMS
and to the central IS staff. Two strategies for enrolment were followed. The first strategy was
to integrate the existing service structures through a large project of automating the input from
administrative systems. The second was to establish a number of activities that were directed
at scientific staff, including a formal organization and the provision of rich information on the
project.

In 2001 the solution was set into production in a full-scale implementation, including software
installation and educating and supporting users. The LMS was not integrated with existing
department-based systems, but a new infrastructure was established, tightly integrated with
administrative IS. Among academic staff and students there was strong initial resistance
towards the LMS. One year after the LMS was set into production, only a small number of
students were actively using the system. The organizational implementation was greatly
helped by external pressures. In 2003, the national so-called ‘Quality Reform’ was imple-
mented at the University. The LMS supported key aspects of the reform, such as net-based
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learning in a group-supporting environment, and became important for the university manage-
ment in implementing the reform. During 2003 the LMS stabilized, and became an integral part
of the learning process at UiO. The case is described in detail in (Lanestedt & Bygstad, 2003).

5.1.1 Managerial challenges

Supported by top management, the development project team chose to develop an ambitious
and complex solution, and integrate with the university’s learning processes at a late stage.
This big bang strategy had the advantages of concentrating the efforts of the project group on
developing a strategically aligned and well-designed solution. On the other hand, the imple-
mentation risk of this strategy is clearly illustrated. The organizational implementation was
seriously delayed, and without the help of external pressures it is likely to have failed
altogether.

5.2 The RUP project at SAS: an attempt to combine the stakeholder integration
pattern and the technical integration pattern

SAS is an international airline carrier based in Scandinavia. In 2001 the SAS group had 25 000
employees, and turnover was 51 billion SEK. SAS’s first generation of web marketing had
been in use mainly in the Scandinavian market, and based on relatively simple technology. In
2000, acknowledging the commercial potential of web-based booking, SAS decided to estab-
lish an electronic marketing channel and e-business. In spring 2001, a project based on the
RUP (Jacobson et al., 1999) was set up with the following objectives:

e to establish a web-based marketing channel in all-important SAS markets;

e to provide the international marketing editors with an easy content management interface
(CMI) tool to publish campaigns; and

e to integrate the new system with the SAS legacy booking systems and the Amadeus
international booking system.

The project made an attempt to use RUP to accomplish both stakeholder and technical
integration. The case is described in detail in (Bygstad & Nielsen, 2005).

5.2.1 The stakeholder integration pattern

In spring 2001, the project was set up with a project group of five members: one project
manager, one web designer and three programmers. Following earlier practice, a parallel
organizational change project was established in the marketing department with an SAS
project manager and a user group consisting mainly of Scandinavian marketing editors. The
main target group for the system was the international marketing editors, in need of a
standardized and simple interface. Unfortunately, at this point they had not yet been appointed,
and thus could not participate. Instead, the Scandinavian editors were invited to participate.
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Table 4. The SAS project, enrolment of stakeholders during five iterations

Iteration Actors enrolled Mode of enrolment Result

1 Customer project manager Requirements Unsuccessful. Editors not convinced
Scandinavian marketing editors specification workshop of need for new solution.

2 Customer project manager Workshop Unsuccessful. Use cases not mapped
Scandinavian marketing editors to work practices.

3 Customer project manager Prototyping Quite successful prototyping in close

cooperation with customer project
manager.

4 User test group Screen testing Partly successful, but not really
testing work process.

5 International marketing editors Workshop GUI testing Partly successful after a lot of
improvisation. But many change
requests after production start date.

After two disappointing workshops where the project group failed to translate the editors’
work practice into the system use cases, the project manager from the marketing division
became a part of the development project and very successfully prototyped the main part of the
software product. In a way he changed sides, and later on became the project manager of the
whole project. Late in the project the international marketing editors were appointed, and were
sent to Stockholm to learn the new system. This led to a large number of change requests, and
a rush to get the system finished on time, abandoning the iterative RUP structure. Thus,
stabilization was achieved by improvisation at a late stage of the project. The five iterations,
with actors and modes of enrolment are illustrated in Table 4.

5.2.2 Managerial challenges

Stepwise integration of stakeholders certainly demands open communications with users and
fora for discussing requirements. But as the case shows, this is not enough. Real enrolment
depends on a successful translation of needs, mutually adapted to the work practices. When
this was not achieved in the first iterations — for reasons not controlled by the project — the
project responded through a certain ‘encapsulation’, i.e. concentrating on the internal tasks of
the development project and postponing the enrolment of the external actors. The price for this
postponement was paid later in the project, when stakeholders had to be integrated by
improvisation in the last iteration.

5.2.3 The technical integration pattern

The SAS case is also an interesting example of the technical integration pattern. In accordance
with RUP, it was planned with a stepwise integration of software components and systems.
The technical environment was a complex one. The CMI was developed as an integrated part
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Table 5. The SAS project, enrolment of components and systems during five iterations

Components and

Iteration systems enrolled Mode of enrolment Result

1 RUP requirements Project plans The project managers attempted to follow
specification RUP through most of the project.

2 Graphic prototype Workshop Unsuccessful, because basic components

were not available.

3 Development tools (e.g., Configuration Successful, but integration of external

ASP) CMI components programming components postponed because they were
not ready.

4 CMI components Programming Unsuccessful integration testing, because of
External components Procedure calls instability.
Test environment Integration testing

5 External components Procedure calls Because of integration problems, the iteration
Test environments Integration testing was extended several months. But
Legacy systems Production testing eventually successful.
Amadeus

Start prod. Legacy systems Production environment Successful and stable production since start.
Amadeus

RUP, Rational Unified Process; ASP, Active Server Pages; CMI, content management interface.

of the other e-business platform-related projects, and it also had to be integrated with the
existing information infrastructure — the legacy booking systems and the international
Amadeus booking system. All the projects were component-based, and the publishing solution
was specified in UML and programmed in JavaScripts and Active Server Pages (ASP), using
Vignette’s application program interfaces. Through five iterations a large number of internal
and external software components and systems were linked into the project. The enrolment of
components is illustrated in Table 5.

Although the project was planned with stepwise technical integration, external component
and systems integration was concentrated on the last two (and in particular the last) iterations.
This is not according to RUP, and it was not intended. The reasons for the postponement were
outside control of the project manager. First, the external components were delayed, blocking
the integration of the product. Second, the production environments were too large and
complex to be installed, and had to be partly simulated. Adding to this, the technical infra-
structure was changing during the project, making configuration management difficult. The
technical solution was stabilized in the last iteration. This was partly achieved by improvisation
and not iterative planning. Cooperating with the experienced SAS data centre, the project
group succeeded in setting the system into stable production in May 2002.

5.2.4 Managerial challenges

Stepwise technical integration is a beneficial way to reduce risk, but it comes at a price. It
increases the complexity of the development process. Examples of this in the SAS project
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were a risky dependence on external software components, and a complex and changing
technical infrastructure. This situation created much friction in the development process, and
thus also considerable pressure on the project manager. Parallel with the stakeholder inte-
gration pattern, in such situations the development project may choose to respond with project
encapsulation, concentrating on internal development issues. This will increase internal project
control but also risk implementation failure.

5.2.7 Combining the two patterns

With both the stakeholder integration and the technical integration patterns identified in the
same case, will this not result in a socio-technical integration pattern? The answer is clearly no.
In both the design and the execution of these patterns the SAS project handled the human and
the technical integration issues separately. They were never coupled dynamically, in the sense
that the IS development process and the organizational processes were mutually influencing
each other. Thus, at the start of production at SAS, there were two networks — one mainly
technical and one mainly social — that were integrated. We will discuss the risks of this strategy
in section 6.

The following section contains an example of how these processes may be dynamically and
stepwise integrated into one network.

5.3 An example of the socio-technical integration pattern: development of an audit
support system

The Office of the Auditor General (OAQG) is instituted by the Norwegian Constitution. Its main
tasks are to audit the central government, ministries and their agencies’ accounts. The OAG
is based in Oslo where most of the 450 employees are located. Auditors perform three types
of audit: financial audit, corporate control and performance audit. The system developed in this
case study supports the financial auditing process. The OAG case is described in more detail
in (Bygstad, 2005).

5.3.1 The process-oriented IT audit support project

After a feasibility study had assessed and rejected five commercial audit support systems, it
was decided in 1999 to develop a tailor-made system. The main objective for the project was
to standardize the auditing process through a modern IS. The project was planned and
organized within the MSF (Microsoft 2004). Like RUP, MSF is an iterative and incremental
process framework focusing on stepwise integration.

The project organization was designed to align the organization and the development, with
a strong management and quality focus. Large resources were allocated to secure a stepwise
integration. Through five iterations, a number of stakeholders and software were gradually
enrolled into the project. First, a strategy of broad user involvement and long workshops in the
first two iterations failed to stabilize a version. Then, in the third iteration, an organizational
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Table 6. The Office of the Auditor General project, enrolment and stabilization during five iterations

Components and

Iteration Stakeholders enrolled systems enrolled Mode of enrolment Result
1 Steering group Requirements Workshop Unsuccessful.
Six project teams specification Too complex process.
10 test teams
2 Six teams Prototype Workshop Unsuccessful.
10 test teams Too complex process.
3 Methodology group GUI design Internal Prototyping Successful mutual
Developers components Process redesign adaptation of
Testing development and
auditing process
4 User departments Internal/external Demos Successful
components Department process
redesign
5 Pilot users Internal and external Courses Successful
components Testing
Start prod. All auditors Whole system Integrating with Successful, but some

resistance from auditors
not enrolled earlier

department work
practices

mechanism for mutual adaptation between the development process and the organizational
processes was introduced. This was the Audit Methodology Group, which had been given two
mandates: to provide requirements input to the process-oriented it audit support (PROSIT)
project, and to change the auditing process. Seeing that the two mandates reinforced each
other, they were able to use the learning from the PROSIT project to restructure the auditing
process, and also structure the PROSIT software system according to the new auditing
process. The organizational implementation of the resulting IS was done stepwise. After
redesigning the auditing process, all departments were asked to plan their own PROSIT
implementation. This was successfully done during the fourth and fifth iteration. The steps are
illustrated in Table 6.

5.3.2 Managerial challenges

The PROSIT project illustrates that the socio-technical integration pattern has the great
advantage of coupling stakeholders and software components dynamically. It allows for
organizational experimentation. An important lesson learned is that large user workshops were
unsuccessful, while a small, mediating group with a clear mandate including both the devel-
opment project and the auditing process was very successful.

The complexity of the integration strategy of the project was considerable. It was well
supported by the iterative structure and team model of MSF, and by the organizational
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construct of the Methodology Group. An important aspect was that the government agency
was not under strong external pressures. It had considerable organizational and technical
flexibility, with a reasonable slack in time and resource pressures. This allowed for the
necessary experimentation at the expense of the project schedule.

6. DISCUSSION

This section discusses implications for research and practice, and assesses the limitations of
the suggested patterns.

6.1 Implications for research

Integration in a socio-technical sense is a key issue in IS research, particularly because it
implicitly addresses the relationship between technology and organizations. Several central
research contributions have investigated this relationship from an ontological and epistemo-
logical point of view (for example Orlikowski, 1992; Hanseth & Monteiro, 1996), drawing on
social theories such as structuration theory or actor-network theory. Most IS researchers would
agree that the key questions on the nature of the relationship and of ‘technology agency’ are
not fully resolved (Rose et al., 2005).

By focusing on IS project management theory and patterns, we acknowledge that our
ambition is more modest, but our contribution is also more specific. Patterns are concerned
with ‘malleable’ variables, i.e. such variables that managers can influence on (Majchrzak,
1984). The point of departure for this paper was that the IS project management field is in need
for more knowledge on integration.

Our contribution, the four integration patterns and the analysis of these, addresses two
important aspects of integration, namely the socio-technical and temporal dimensions. The
patterns represent an extension to the research on dynamics of socio-technical integration
(Kling & Scacchi, 1982; Mumford, 1983; Coakes et al., 2000; Avgerou, 2002). This research
emphasizes that a new IS must link into an existing socio-technical web of mutually depen-
dent elements that cooperate to create value. The four patterns describe the managerial
trade-offs for achieving these links. As illustrated in the SAS case, the integration process is
non-linear and only partly controllable. Enrolment of stakeholders and technology from the
social networks external to the development project is often outside the control of the project
manager, who has to exploit windows of opportunity when these appear. Managing this very
situated and context-dependent challenge is underrated in the IS project management
literature.

The patterns were designed and investigated in the context of iterative SE. Our analysis
shows that support for integration in SE frameworks is varying; in RUP (and other iterative
frameworks) there is support for both stakeholder integration and technical integration pat-
terns, but not for the combined socio-technical integration.

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd, Information Systems Journal 20, 53-80



Four integration patterns

The temporal nature of the four patterns concerns a more subtle phenomenon; that critical
events are linked to each other in ways that create trajectories that tend to continue once they
have been established. In the SAS and OAG cases the patterns were never decided, but
emerged after a breakdown situation. In the SAS case, the SAS business project manager
engaged directly in software development after a breakdown of communication between
developers and users. This made his priorities change from stakeholder integration to technical
integration, thus changing — for a period of time — the pattern of the whole project. In the OAG
case, the critical event was the establishment of the Methodology Group that trigged a
basically unplanned dynamics in the project, described as the socio-technical integration
pattern. These findings are related to the research on the importance of breakdowns (Ciborra,
2000), but they are also congruent with the findings of Newman and Robey who documented
that the user-analyst relationships tended to create stable patterns of behaviour once they
were established (Newman & Robey, 1992).

We also aim to bridge a gap between IS research and SE research. Acknowledging the
complex non-linear and political nature of integration, the patterns incorporate existing knowl-
edge in IS implementation research. But at the same time, the patterns address the practical
challenges inherent in SE, thus relating directly to modern iterative process frameworks like
RUP and MSF. While the normative project management literature (e.g. Cadle & Yeates, 2004)
and SE frameworks (e.g. Jacobson et al., 1999) treat risk management as a key discipline,
integration challenges are underrated. Thus, the four integration patterns are also a contribu-
tion to the management of integration risks in SE research.

6.2 Implications for IS project managers

For practitioners, this research has two important implications. First, the four integration
patterns together represent an analytical framework to be used in planning iterative software
development projects. As the cases show, integration comes neither free nor easily and our
analysis shows that there are both advantages and disadvantages for each pattern. The
framework may help the practitioner to analyse his or her integration challenge and choose an
appropriate pattern.

However, the patterns cannot be applied uncritically and care should be taken to evaluate
the situations in which the patterns will be useful. Selecting the right integration pattern
requires sensitivity to context. In Table 7 we summarize the criteria on which project managers
should base their choice of integration pattern as analytical tool.

While the socio-technical integration pattern may appear most attractive, it might be dan-
gerous to use in a setting with strong time pressure. As the SAS case shows, the stakeholder
integration and the technical integration patterns require careful managerial trade-offs to
balance project complexity against (internal) project schedule. To reduce complexity, the
project manager may choose to concentrate on internal project tasks, postponing external
integration issues. Sometimes the big bang pattern may prove beneficial in situations where
the patterns for stepwise integration are simply not feasible. But an organization choosing the
big bang pattern should also be aware of the organizational implementation risk.
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Table 7. Integration pattern selection criteria

Integration pattern Suitable context Managerial trade-off
Big bang Stepwise integration not feasible Prioritizing project control, with the risk of
user resistance and integration problems at
start-up
Stakeholder integration Simple technical solution in a complex Managing stakeholder complexity while
organizational environment maintaining project schedule
Technical integration Technically complex solution in a stable  Managing technical complexity while
organizational setting maintaining project schedule
Socio-technical integration ~ Organizational and technical flexibility Allowing process dynamics, but at the risk of

losing project control

Second, the four patterns may help IS project managers assess and manage the risks of the
project. With the big bang pattern the internal development project risk is low, but organiza-
tional implementation risk is high. In the stakeholder integration and technical integration
patterns, the internal development project risk increases, while there is a lower implementation
risk. The socio-technical integration pattern lowers the organizational implementation risk, but
increases greatly the complexity of the development project and hence also increases the risk
associated with managing this complexity. As an example, the SAS project attempted to apply
both the stakeholder integration pattern and the technical integration pattern in parallel. The
criteria in Table 7 show that this is a risky approach, as the two integration patterns have a
rather opposite selection criteria and apply in quite different contexts. This also explains some
of the experienced problems in the SAS case, where stepwise integration became too complex
to handle in the turbulent environment.

6.3 Limitations

Are the integration patterns also relevant for other non-iterative IS development projects? The
research approach, LPR, tend to produce results that are strong on accuracy, but weak on
generalization (Langley, 1999). This indicates that the primary area of usefulness of the
socio-technical patterns is in-house IS development projects in large organizations, using
iterative and incremental SE methodologies, with a clear business objective and an experi-
enced development team. The patterns were designed and researched in this context, and
only empirical research can answer whether this area can be expanded. As a point of
departure, however, we can see no reason why the area of usefulness of the patterns should
be limited to this context.

From a SE perspective one may criticize the four patterns for expanding the object of
study too much. One might argue that it is unreasonable to expect that the IS project
manager — in addition to the formidable task of producing high quality software — should also
solve the integration challenges of the organization. In line with this, some authors have
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argued that these challenges cannot be solved at project level, and suggested that they
should be the responsibility of a high-level organizational architect (Sauer & Willcocks,
2004).

While we do agree that the integration challenge calls for complex interventions, we disagree
that it can be solved at the top management level. As the cases illustrate, successful integra-
tion is closely linked to knowledge creation in development projects, not only decisions. The
emergent nature of integration makes it an ongoing challenge which the IS project manager
must address, whether he feels competent or not.

From the perspective of information infrastructure (Ciborra, 2000), the four patterns may be
criticized for being too optimistic on the question of control. According to Ciborra, IS projects
tend to drift, i.e. to deviate from plans. Trying to control this often leads to side effects, which
make control even harder. Thus, from this perspective we cannot choose an integration pattern
at will. Instead, we should build on existing structures and practices.

We agree that integration is hard to plan, and we have earlier in the paper argued that the
patterns are context-dependent. However, the integration patterns are not planning templates
ready to be used in IS development projects. They are primarily analytical constructs aimed at
understanding the dynamics of integration, and thus helping the project manager to assess the
risks of integration.

7. CONCLUSION

This paper started out by asking: what are the main patterns of integration in IS development
projects? The theoretical approach was to view integration as the emergence of a socio-
technical network.

The main finding is the suggested typology of the four generic integration patterns: big bang,
stakeholder integration, technical integration and socio-technical integration. The patterns
represent ideal types for how and when a development project should enrol and adapt
stakeholders and technology, and stabilize the behaviour of the network. For IS research, the
four integration patterns contribute to a socio-technical vocabulary of integration. Since inte-
gration is an issue for both SE and IS research, the four patterns also seek to bridge the gap
between the two disciplines.

Second, careful analysis of the patterns in IS implementation and SE research and in the
three large longitudinal cases shows that integration always comes at a price. Stepwise
integration lowers the implementation risk, but increases greatly the complexity of the project.
Thus, for practitioners, the four patterns represent a tool to analyse some of the risks of
integration and to assess the managerial trade-offs.

The patterns are context-dependent. They were elicited and studied in the context of
iterative systems development, where the success of the projects were associated with the
integration of the organizational processes. Further research should study more closely how
managers achieve successful integration, particularly in projects using other methodologies
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than iterative. It could also test the validity of the patterns in other projects, especially where
the context is not software development, but adapting and implementing business software

packages.
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