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Abstract
In this contribution we present a theoretical approach
which has been utilized to inform the coordination of the
development of complex systems. Coordination is regarded
as a form of human activity in which individual and social
aspects as well as technical ones need to be considered. We
analyze human activity from an interaction point of view in
which various types of signs mediate the relation between
individual cognition and phenomena in the environment.
The sign-mediated interaction is apprehended as having a
connectional, conceptual and linguistic facet. From a cognitive and semiotic analysis of these facets, we conjecture that
the following constituents are fundamental for human activity: intersubjectivity, experiential learning, contextuality,
spatiality, temporality, stabilizing core and tool usage.
These constituents are employed in structuring human activity from a coordination point of view as activity domains. A
framework for articulating activity domains is described.
This framework, which includes information system support,
is currently used to coordinate the software integration of
the 3:rd generation mobile systems at the Ericsson company.
We report on some result from this usage. The results indicate that the theoretical approach is relevant for practical
purposes.

1. Introduction
When developing large software systems the coordination of the development activities is a critical task. For
example, the software for a single node in the 3:rd generation mobile telecommunication network may contain millions of lines of code which are developed in several
hundred increments by designers all over the world. These
increments are in general dependent on each other and must
be integrated and tested in a certain order. Moreover, the
customer requirements of the system often change during
the development which makes the coordination even more
complicated.
An example of the complexity of these kinds of coordination tasks is given in Figure 1, which illustrates the dependencies between the increments in the so called mobile
switching center node in the network. Every white box indicates a certain increment and each line a dependency. The
thick arrows mark the content and date for a particular integration and verification of a number of increments. The

‘bubbles’ represent basic services in the node like registration of the location of the mobile, calling to the mobile,
answering a mobile call etc. In most cases the functionality is provided by software, but some increments contain
hardware technology as well. By and large, the figure
illustrates one aspect of the coordination of a large software development project: managing the dependencies
between activities.

Figure 1. Dependencies between increments
The coordination of these kinds of development tasks
cannot only be regarded as a technical matter. Individual
cognition and social aspects have to be considered as well,
for example, agreeing upon what the coordination is all
about. Issues like understanding, meaning and interpretation need to be included. A pure formalistic approach
where these issues are neglected will be inadequate.
Apprehended in this way, coordination may be regarded
as an aspect of a socially organized human activity with
the purpose of developing complex systems. In order to
inform the structuring of this activity from a coordination
point of view, a theoretical perspective on human activity
is needed which focus on the dynamic interaction between
individuals, society and technology.
The nature of the relationship between the individual
and the society has been the subject of an ongoing philosophical discourse for many years. In general the constituents of human activity have been seen either as individual
action or social structures. Some philosophers have
focused on the interaction between the individual and soci-

ety, for example Hegel [1], Berger & Luckmann [2], Kosík
[3] and, more recently, Giddens [4] and Seo & Creed [5].
Some of the theories proposed have been appropriated to
inform the construction of information systems (IS), for
example, the Structuration Theory of Giddens [6]. However,
there are few practical and useful results reported [7]. Other
theoretical approaches are the Actor Network Theory
[8],[9], Activity Theory [10] and Organizational Semiotics
[11]. Again, the practical results of appropriating these theories for constructive purposes appear to be limited [12].
In this paper we propose to structure socially organized
human activity from an interaction point of view. Interaction
is regarded as the genesis of human knowledge and the formative power of both individual cognition and social phenomena such as artefacts, institutions, norms etc. We ground
the concept of interaction in the dialectical relation as
understood in the marxist praxis tradition [3].
The interaction is considered to be mediated by various
types of signs. The essence of signs is that they have a material and cognitive side and thus are suitable to relate individual cognition to phenomena in the environment. In order to
arrive at a characterization of human activity we apprehend
the sign-mediated interaction as having a connectional, a
conceptual and a linguistic facet. The connectional facet is
associated with the neural network in the brain, the conceptual facet with the conceptual forming capabilities of man
and the linguistic facet with human language capabilities.
From a cognitive and semiotic analysis of interaction thus
apprehended we conjecture that the following constituents
are fundamental for human activity: intersubjectivity, experiential learning, contextuality, spatiality, temporality, stabilizing core and tool usage.
The fundamental constituents are employed in structuring
human activity from a coordination point of view as activity
domains. In activity domains, the coordination of productive
or value-adding activities are in focus. Moreover, the constituents have been informing the design of a framework in
order to articulate activity domains. This framework
includes a number of models which are implemented in an
information system in order to support the coordination
activity.
We discuss some results of applying the framework in
development projects at the Ericsson telecommunication
systems company. The results show that the framework
improves various aspects of the coordination, which in turn
is an indication of the validity and practical relevance of the
theoretical approach.

2. The character of coordination
According to Malone & Crowstone “Coordination is
managing dependencies between activities” ([13], p.90).
Thus coordination is an activity in itself which has as its
object other activities.
In the development of complex systems, the coordination
activity is only one type of activity needed. In the literature,
it is customary to separate between productive and managerial activities. Productive activities are activities that trans-

form an object from one condition to another, while
managerial activities are evoked to manage the transformational activities. Thus, coordination activities are nontransformational activities in the development context.
Some examples from the Ericsson practice of objects
involved in the coordination are:
• The system and its describing documents.
• Requirements on the system as stated by the customer.
• Trouble reports describing various types of errors.
• Engineering change orders calling for controlled changes of the system.
• Baselines which describe a certain achieved configuration of the system which cannot be changed without
specific control procedures.
• Incremental deliveries during the project where parts
of the complete specification are fulfilled.
• Test cases which are used to test that the system fulfils
its specification.
• Milestones controlling the progress of the project.
In the context of coordination we will refer to these
objects as managed items.
In order to articulate the coordination we need to know
what activities should be coordinated. We also need to
know which managed items are impacted by that coordination and how these items are related to each other. The
dependencies between managed items impose constraints
of the coordination. For example, a test case testing a particular software unit cannot be executed before the software has been compiled and integrated with other units.
Moreover, the actors carrying out coordination need to
have some shared understanding about the coordination
contexts. “How, for instance, can actors establish common
languages that allow them to communicate in the first
place?” ([13], p.99). Since these actors at Ericsson may be
geographically dispersed, have different roles, come from
different traditions, speak different languages etc. a major
problem is how to achieve the necessary shared understanding. Furthermore, the meaning and content of the
coordination need to evolve according to new insights,
new demands form the market, new tools and methods
supporting coordination etc.
This means that we may apprehend coordination as an
aspect of a dynamic form of human activity. As with any
organized human activity, there is an individual side and a
social side of the activity. Each individual actor is unique
in terms of capabilities, motives, attitudes, desires, anxieties etc. At the same time there is a trans-individual side
of the activity which concerns shared understanding,
norms, rules, support systems etc. This dual perspective
will be further elaborated in the following sections.

3. A sign-mediated model of interaction
In order to arrive at a theoretical approach informing
the structuring of human activity, we use the concept of
praxis as a point of departure [3]. The ontology of praxis

can be summarized as follows: There is an objective world
which exists independent of human beings. However, the
knowledge human beings have about this reality is intrinsically related to the cognitive capabilities of man. This does
not mean that our knowledge is only subjective and private.
On the contrary, every individual understanding of the world
is grounded in the social, intersubjective conditions of mankind, above all a language. The genesis of knowledge is the
interaction between humans and their environment. Thus the
knowledge and capabilities of humans are located in the
individual, but they emerge in interaction with the particular
situations in time and space in which the individual engages
during her life-time.
In the praxis tradition, the interaction takes the form of
the dialectical relation between the individual and her environment. In this paper we regard the dialectical relation as
the fundamental character of interaction. A dialectical relation between two pairs of opposites is internal, which means
that opposites are different but mutually depending on and
impacting each other within a totality. An example of such a
relation from Hegel [1] is the relationship between master
and slave. These categories do not have any meaning taken
one by one. There cannot be any master if there is no slave
and the other way around. The master is dependent on the
slave and the slave on the master.
Another aspect of a dialectical relation concerns the parts
- whole relationship. It is commonly accepted that the whole
is something more than a mere compilation of parts. The
whole acquires properties from the parts. However, also the
parts themselves acquire new properties by being part of a
whole. For example, no matter how much a person flaps
with her arms, she cannot fly. Neither can a group of people
fly by flapping their arms together. However, if they get
together in socially organized work, i.e. praxis, they can
indeed develop airplanes, fuel supplies, airports etc. and
thereby in fact fly. By being part of an airplane engines, pilot
and passengers acquire a qaulitatively new property: they
can be transported over long distances through the air.
The interaction between the individual and her environment is mediated by various types of signs. The essence of
signs is that they have a material and cognitive side and thus
are suitable to relate individual cognition to phenomena in
the environment. de Saussure defined a sign as the unity of a
signifier and a signified [14]. According to Vološinov “any
item of nature, technology or consumption can become a
sign, acquiring in the process a meaning that goes beyond its
given particularity” [15]. This means that anything that the
individual cognitive system can perceive may be regarded as
a sign. The signifier side of the sign relation relates something material in the environment to ‘sensory images’ in the
brain. This might be brought to the organism in the form of
sound waves, photons, chemical scents etc. A particular perceived pattern in the environment has a corresponding pattern in the neural network of an individual which has
interacted with the environment long enough to form that
pattern. This pattern apprehended as concepts signifies some

phenomena in the environment (see Figure 2).

Figure 2. Signs as mediators
In order to arrive at a characterization of human activity
we structure the sign-mediated interaction in a connectional, conceptual and linguistic facet. This structuring is
an elaboration of a model for representing the cognitive
system of the brain suggested by Gärdenfors [16]. In each
facet we define what aspect or type of signs is in focus.
In the first facet, the connectional, we focus on the neural network of the brain. This facet consists of a large
number of simple but highly connected units called neurons. These receive excitatory or inhibitory inputs and
transmit activity to other units according to some function
of the inputs. The processing is done in parallel and the
strength of the connections between the units changes
according to made experiences from the interaction with
the environment. The result of the organism’s interaction
with the environment is the formation of patterns of connected neurons. The signifying aspect in focus in this facet
is signals or perceived stimuli closely related to events in
the immediate spatial and temporal environment of the
organism.
The next facet is the conceptual one. In this facet we
focus on the conceptual forming capabilities of humans.
The underlying neural patterns in the brain are apprehended as concepts which are spatially related to each
other [16]. In this way, the patterns of the neural network
are collapsed into regular structures which can be conceived in the conceptual facet through a reduction of
numerous neural dimensions to a few conceptual dimensions. Concepts are made up from basic quality dimensions [16]. Examples of such quality dimensions are
temperature, weight and spatial dimensions like height,
width and depth. The quality dimensions are associated
with geometrical, topological or ordering structures (time
being one of them) and they are the basis for building what
Gärdenfors calls conceptual spaces [16]. Correspondingly,
the signifying aspect in focus in this facet is concepts and
their relations. This means that phenomena are signified
without necessarily associating them with a linguistic element such as a name.
The last facet is the linguistic one. In this facet we focus
on the linguistic capabilities of man. Language is apprehended as a sign system where the association between the
signifier and the signified is arbitrary, i.e. the sign is a
symbol. For example, signifiers like ‘dog’ (english),
‘chien’ (french) or ‘Hund’ (german) all signify the same
concept. For a comprehensive discussion on language and

signs, see de Saussure [14].
The essence of the sign-mediated interaction structure
(see Figure 3) is that we have shifted the perspective from
regarding individual and social aspects of human activity in
isolation into regarding these aspects as different types of
signification between the individual and her environment.
We have also defined what aspect of signs we associate with
each facet. In the connectional facet signs are apprehended
as signals, in the conceptual facets as related concepts and in
the linguistic facet as symbols. These aspects correspond
roughly to the classification of signs as indices, icons and
symbols proposed by Pierce([14], p 9).

Figure 3. Sign-mediated interaction
The sign-mediated interaction should not be apprehended
as a representation of ‘real’ interactions in nature. There is
nothing in the external world which materializes the interaction. The cognitive apparatus of organisms still reside in the
nervous system in the brain. Likewise, it does not change the
fact that there exist a natural and social world. The point of
focusing on the interaction in the form of a dialectical relation rather than on either the individual or the social, is that
we consider this to be a more viable way to address problems regarding semiosis and genesis, i.e. formative and creative aspects of the socially organized human world. Thus,
our scientific position with respect to this model is basically
instrumental (see Chalmers [17]).

4. Human activity structured as Activity
Domains
In order to structure socially organized human activity
from a coordination point of view, we propose the notion of
activity domains. This means that in activity domains, the
focus in on the coordination of productive activities. The
internal structure of the productive activities is concealed in
a particular activity domain.
Activity domains are similar in purpose as Activity Systems in Activity Theory [10] but differently structured. In an
activity domain the actors have a motive for coming
together, which is the reason why the activity domain exists.
The actors are working together on an object to produce a
certain outcome. The object is the main driver for organizing
the activity domain.

Each productive activity can internally be structured as
an activity domain. This means that the notion of activity
domain is a recursive construct. Thus, activity domains
interact with each other to produce a concerted outcome.
The structure of an activity domain as proposed in this
paper is inspired from an analysis of the different facets of
the sign-mediated interaction as described in section 3.
The analysis is mainly grounded praxis theory ([3], [18]),
cognitive and linguistic sciences ([16], [15]) and learning
theories [19] and identifies a number of salient features
which are found in all or several facets (see [12] for
details):
• Intersubjectivity: Intersubjectivity arises in the interaction between humans and is a prerequisite for the
emergence of various sign systems, above all language.
• Signification: The interactions in the activity domain
are mediated by signs of various types which signify
which phenomena are perceived and interpreted as relevant in the activity domain.
• Experiential learning: The capabilities and knowledge
of actors in the activity domain are achieved in an
ongoing alteration between reflection and action.
Change is regarded as endemic rather than exceptional.
Examples of this constituent are the four-stage cycle of
learning discussed by Kolb [19] or the iterative Rational Unified Process (RUP) in software development.
• Stabilizing core: An activity domain always has a stabilizing core which provides a proper balance between
order and disorder in the domain. The core is a prerequisite for meaningful actions. Examples of this constituent are internalized social norms or a common way of
identifying products within a product development
organization.
• Contextuality: Intersubjectivity and experiential learning are always related to a certain context or situation.
A context for human action has a focus and is limited
in extension. The focus may change. When the action
crosses context borders a translation between the context boundaries may become necessary. Examples of
this constituent are software and hardware development activities and the need to translate software constructs into hardware constructs when both types of
development interact.
• Spatiality: There is a spatial / static structure in an
activity domain. This structure signifies the phenomena actors perceive in the activity domain and how
these relate to each other. This means that the spatial /
static view of the activity domain defines the context
of the same domain. An example of this constituent is
an object-relational model i system design.
• Temporality: There is a temporal / dynamic structure in
the activity domain. This structure signifies how
actions in the activity domain are coordinated. An
example of this constituent is a process model in system design. The spatial and temporal structures interact

with and influence each other.
• Tool usage: the usage of tools is an intrinsic part of
human activity. An example of this constituent is an
information system.
Since these features are common to several facets, we
conjecture that they are fundamental and can be found in
every socially organized human activity. We will call these
features fundamental constituents. We do not claim that the
constituents proposed here are exclusive or that other constituents may not be equally fundamental. However, we
claim that they are vital for constructive and explanatory
purposes when structuring human activity from a coordination point of view. Again, our scientific position w.r.t. to
these fundamental constituents is instrumental ([17]).
In summary, the structure of activity domains is given in
Figure 4:

Figure 4. The structure of activity domains

5. A framework for coordination
Activity domains are socially organized human activity
structured for coordination purposes. The structuring is
informed by the fundamental constituents and has the general form illustrated in Figure 4. In a particular coordination
situation the activity domain must be given a concrete content and form which comply with the coordination situation.
We may consider this process as an articulation of a specific
activity domain. In order to support this articulation a framework has been developed and deployed in the Ericsson
development practice. The design of the framework has
been informed by the fundamental constituents. The application focus of the framework is project management of large
development projects. It consists of three models, an IS and
a strategy for articulating the coordination context.
The static structure of the activity domain t is modeled by
a spatial domain model which capture what managed items
are subject of coordination and how they relate statically to
each other. This model also expresses the boundaries of the
activity domain. Items not visible in the model are not relevant in the activity domain. The particular notation of the
model may for example be the Unified Modeling Language
(UML) or any other object-relation type of model.
The dynamic structure of the same context is modeled by
a temporal domain model which captures the dependencies
between productive activities impacting the managed items.

Thus this model corresponds closely to the definition of
coordination given by Malone & Crowstone [13]. In the
framework entity based process models are used [20].
The translation across activity domain boundaries is
modeled by a domain translation model, which is based on
the Specification-based Data Model (SBDM) by Gandhi &
Robertson [24]. The translation includes both a mapping
between the constructs in the domains and an interpretation of the meaning of these constructs.
Altogether, these three models articulate the contextual,
spatial and temporal constituents of the activity domain.
The tool constituent is articulated by implementing these
models in an IS which is called domain articulation tool in
the framework. In this tool instances of the managed items
are manipulated to support the coordination of a particular
development task.
To achieve a shared understanding or intersubjectivity
about the relevance structure of the activity domain, a
domain articulation strategy is included in the framework.
In this strategy, the articulation of the models and their
implementation in the IS take place in an ongoing alternation between reflection phases and action phases. In the
reflection phase actors reflect upon the models and their
implementation in the IS and in the action phase they try
them out in ongoing development tasks. This means that
the models and the IS act as instruments for the signification process between the actors. In this way, the experiential learning, the intersubjectivity and the signification
constituents are invoked.
In order for this strategy to work, the IS must be exceptionally easy to modify. This also means that there is no
detailed specification of the IS. Rather the specification is
on a content level, for example, ‘requirement management
should be implemented’. Thus, an evolutionary development strategy for the IS is applied [21].
The models, the shared understanding and the implementation of the models in the IS emerge in a dialectical
way, i.e. there is an ongoing mutual interaction between
individual human aspects and social aspects in the form of
the models and the IS. During this process a stabilizing
core may evolve if the actors can agree on a shared understanding about this core. However, this is by no means
secured by the articulation strategy. The result may
equally well be severe conflicts and disagreement about
the extension and contents of the stabilizing core.

6. Implementing the framework
The articulation of the activity domain starts with a
reflection phase where preliminary versions of the models
are discussed and agreed upon among a group of actors.
Usually the heaviest focus is on the spatial domain model.
In Figure 5. an example of this model for managing
requirements is shown. Elements which may be discussed
in this model are
• the types of requirements,
• the states or life cycle of requirements,

Figure 6. IS implementation - requirement view
Figure 5. The spatial domain model - requirement focus
•
•

attributes on requirements,
relations to surrounding items such as requirement
issuer,
• attributes on relations,
• cardinalities on relations,
• revision stepping rules which state how relations are
treated when new revisions are instantiated of a requirement,
• icons representing requirements,
• actor roles in relation to requirements, for example
‘requirement coordinator’ or ‘configuration manager’,
• access rights for roles, i.e. who is allowed to do what
with requirements, for example create or delete a
requirement.
This model is implemented in a one-to-one manner
directly in the IS. Each box becomes a type, each line a relation, texts on boxes becomes attributes etc. This concludes
the reflection phase in the articulation strategy.
In the action phase of the articulation strategy the models
and their implementation in the IS are tried out in practice.
Instances of the types in the spatial model are created and
related to each other, attributes are given values, state chains
are instantiated according to the temporal model, actors are
assigned roles, etc. Views of the data such as shown in Figure 6 are created, reports extracted and the experiences discussed among the actors. The outcome of this discourse
provides the input for the next reflection phase where the
models and the IS implementation are modified for the subsequent action phase.
In this way, the evolution of the models and their implementation in the IS continues all through the project and
beyond to new projects. In this process, an intersubjective as
well as individual understanding about the activity domain
is gradually evolving among the actors.
In Figure 7 an example of a complete spatial domain
model for the development activity domain is given. This
model should be apprehended as a composite sign where the

signifier aspect of the sign is the material properties of the
model, for example, the patterns of lines, icons and text on
a piece of paper illustrating the model.
When implemented in the IS, this signifier is complemented with the icons and text visible on the screen. The
same icons and texts are used in the IS as in the spatial
domain model as can be seen in Figure 6. The reason for
this is that the intersubjectivity concerning the signification of the signs becomes more effortless if the signifiers
are kept the same in both the model and its implementation. Altogether the fully implemented, detailed model
contains several thousand model elements in the IS.
This composite sign is of both the conceptual and symbolic types since the model exhibit both concepts, their
relations and text. The sign signifies various phenomena in
the coordination activity domain. For example the icons
with an exclamation mark in signify ‘requirement’, a triangle with its tip pointing upwards signifies a ‘test object’
etc. The signified phenomena are further accentuated by
the associated texts in the model.
Furthermore, the complete development activity
domain contains several collaborating activity domains
with a particular managed item in focus as indicated in
Figure 7 (by ovals). This means, for example, that the
domain for ‘requirement’ exhibits a spatial structure such
as in Figure 5, a temporal structure (i.e. a process for
requirement management), a stabilizing core etc.

7. Results
In this section we summarize the results from applying
the framework in the Ericsson practice from the early
1990-ies to this date. Throughout this period the author
has been active in this effort, first as an actor initiating,
promoting and deploying the framework in the Ericsson
practice and after 1998 as a researcher as well. The focus
of the research has been to identify the effects of the
framework on coordination using the activity domain construct as a theoretical guide for data collection and analysis. Thus, from a scientific point of view the research can
be characterized as action research [22] concerning a longitudinal single-case, multiple unit of analysis case study

Figure 7. An example of the spatial domain model
[23].
The empiri is collected from notebooks, documentation,
data files, e-mails etc. In addition to that 12 interviews with
various stakeholders around Ericsson have been made. The
interviews were based on a semi-structured questionnaire
with open questions and lasted for about 1 - 2 hours each.
After transcription the interviews were checked with the
interviewees for misunderstandings and clarifications.

•

7.1. The history of the framework
Naturally, the framework was not conceptualized in its
current form from the beginning. It has been gradually
forged in the interaction between the basic praxis perspective of the author, the experiences made and the scientific
grounding after 1998. Some major events in this undertaking
are:
• 1990: The temporal domain model is employed in process modelling efforts. A particular form of entity based
process models [21] is used in contrast to the more common activity based process models in order to focus on
entity dependencies rather than activity dependencies.
• 1992: The first elaboration of the domain translation
model is done.
• 1996: The spatial domain model is used in elaborating a
method package for incremental development of large
software development projects. No specific tool is developed for the package, which is used in a development
project for the Japanese market.
• 1996: The author encounters with the IS which from that

•

•

•

•

time on is used as the domain articulation tool: the
commercial product data management (PDM) system
eMatrix. The reason why eMatrix is chosen is the ease
by which the models in the framework can be implemented and changed.
1997: Based on the experiences from using the method
package, the first implementation of the IS is done in
order to support the coordination of incremental development according to the package. This implementation
is prototyped in two projects, one in Germany and one
in Sweden.
1998, Q1: The work with the method package and IS is
entering a hibernating phase due to a corporate decision to transfer the responsibility of software development methods and tools to a major software vendor
outside Ericsson. The author starts his scientific studies. The experiences so far are reported in [25].
1998, Q4: The framework is revived. It is decided to
try it out in a project developing a new switching
equipment. In particular the IS and the spatial domain
model is used. This project is distributed to Australia,
Italy and Sweden. The focus is on requirements, engineering change orders, baselines and milestones.
1999, Q3: Severe performance problems are experienced at the Australian site. These were eventually
solved with a new type of web-client. Three more
projects start using the framework.
2000, Q1: Another IS installation is opened up in Germany. The focus here is on coordinating the integration
of increments in the mobile switching centre node in

the 3:d generation mobile systems.
• 2000, Q2: A second IS installation is opened up in Sweden for coordinating projects concerning the base station
controller node in the GSM mobile network.
• 2000,Q3: A coordinated development of an Ericsson
common IS application is started up.
• 2001, Q2: A corporate agreement signed with Matrix
One, the vendor of the IS.
• 2001, Q4: The main 3:rd generation mobile development
project starts using the IS and the spatial domain model.
Currently (Q2, 2002) there are about 30 main projects
and subprojects using different parts of the framework at
Ericsson, mainly for managing requirements, engineering
change orders and increment integration coordination.

•

7.2. Effects of the framework
A preliminary analysis of the effects of the framework
has been made. The overall results indicate that the Framework contributes positively to the activity of coordinating
the development of complex systems. For example, the
project manager in the first project using the framework
made this statement after the framework had been in use for
about two years:
“Well, the positive effects that we have, that is that we
have an integrated project support system where we have
tremendous possibilities to improve, continuously improve
our operations. We have a good support for configuration
management, our engineering change requests are in order,
our baselines are in order etc. In addition I think that we
have the possibilities to manage requirements in a good way
and make them obvious and we can achieve a very clear
traceability all the way from customer requirements one
might say” (Project manager 1).
Another indication of the positive effects is the spread of
the usage of the framework between 1998 and today.
Some other observations are:
• Shared understanding: To achieve a shared understanding about the activity domain is a very cumbersome
endeavor. This concerns all constituents of the activity
domain. Two reason for this can be identified. One is that
the models and the IS implementation necessitates an
articulation of the traditional, often unreflected way of
working. An example of this a lengthy discussion among
experienced configuration managers concerning the
essence of a ‘baseline’, a central concept in their practice. This discussion could not be resolved which meant
that two different models of the baseline had to be implemented in the IS. The second reason is that the framework makes possible new ways of working which have
to acquire intersubjectivity. An example of this is previously mentioned transition to managing requirements as
individual objects.
• Conflicts: Several severe conflicts could be identified.
One of them occurred in 1998 and had its origin in the
previously described decision to outsource the responsi-
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bility of software development method and tools to a
major vendor outside Ericsson. The corporate policy
was that the tool suite provided by the vendor should
be used. However, the project that wanted to use the IS
in the framework did not feel that the vendor tool suite
fulfilled their needs. The solution was a decision to go
ahead with the IS as a ‘gap filler’ until the vendor
could provide a similar tool in their suite, something
which never happened. Another major conflict evolved
around the choice of the IS. This system was apprehended as a PDM system in conflict with corporate
policies regarding PDM systems. This also means that
the framework initiative was never endorsed by topmanagement, which obviously is a major threat to the
continued usage of the framework in the organization.
Performance: The work with the framework was very
close to be shut down in 1999 as a results of the previously mentioned IS performance problems experienced in Australia. These problems caused a lot of
anger and frustration among the users.
The importance of alternating between reflection and
action: The evolutionary way of working makes possible a fast growth of functionality at a comparable low
effort. After one and a half year starting in Nov. 1998
the spatial domain model in Figure 7 had evolved. This
model comprises most of the managed item types
which have been used ever since. Several hundred
alterations were made during this period in the IS
implementation due to new insights, new requirements
on the coordination scope, growing shared understanding, plain errors in the implementation etc. In this process, the activity domain was gradually structured both
spatially and temporally to suit the needs of the
project. The total effort during this period was about
6000 man-hours which is very small for this type of
global IS implementations. On the other hand, if the
alternation between reflection and action is broken, the
progress slows down. One example of this was an
attempt to maintain a IS independent variant of the
spatial domain model. In less than one year this model
became a reified object without any practical significance (“a piece of paper on the wall”).
A sense of connectedness: The understanding of
dependencies has increased as compared to the traditional way of working where dependencies are specified in documents. For example, one actor expressed
this in the following way: “... before every role maintained a piece of information it was responsible for.
But in the end all pieces together, they should build an
overall picture and what eMatrix enables us to get, this
full picture also to cross the border and see “aha this is
information somebody else in another role thinks is
connected to this one” that is a complete picture of the
overall view and not just the limited view the person is
responsible for. That is the main benefit I think.”
(Local Champion 2).
The role of signs in balancing between tradition and
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transcendence: The introduction of a new way of working in an activity domain means that an existing work
practice is changed. This change includes traditional and
well as new elements which often can be interpreted in
semiotic terms as changing the signifier while keeping
the signified aspect of the sign more or less the same. For
example, the transition from managing requirements as
documents to managing individual requirements in the
IS means that the new signifier (an icon in the IS) must
acquire a shared significance among the actors that are
impacted by requirements in the IS. At the same time
however, actors not involved in the new way of working
remain with the old signifier (the document type number). These circumstances can be analyzed in terms of a
conflict between the significance of signifiers among
actors. This conflict was gradually resolved as the intersubjectivity about the new signifier spread among actors.
One IS supporting the coordination: All information
regarding coordination is found in one place for all
stakeholders. Previously, the same information element
was stored in local storages, mainly Excel spreadsheets.
Furthermore, tools which are specialized to support one
type of management, for example, requirement management, may now be replaced by one tool comprising all
management types. This represents a potential huge cost
saving which so far has not been fully realized, mainly
due to existing work practices which are hard to change.
Implementation and deployment: A new working practice requires much more support and active implementation during the initial phases than was estimated. There
is also a great need for a prototyping phase before the IS
is launched in a production project. Also, the expansion
to include more projects must not come too early.
Balancing between central control and local autonomy:
The different process maturity at local development sites
in Ericsson means that in practice, it is impossible to
impose the same way of working at all sites. There must
be a balance between central control and local autonomy.
For example, at the three different IS sites separate models and implementations have evolved. Although the
coordination works well for these sites, a major concern
is how to exchange information between the sites. The
strategy for achieving this is to identify those items in
the models and the implementations which are mandatory to coordinate over the entire Ericsson and leave the
rest to each site to decide on.

8. Discussion
In this section we will briefly discuss the influences from
the theoretical praxis perspective in the study. We will do
this using the fundamental constituents as a theoretical
guide.
The notion of activity domains provides a way to conceptualize the mutual dependencies between the fundamental
constituents. Usually in organizational reengineering efforts
only one of the constituents are in focus at a time. For exam-

ple, in Business Process Reengineering (BPR) programs
constituent temporality is emphasized [26]. Another
example are the huge efforts of deploying Enterprise
Resource Planning (ERP) systems where the tool constituent is in focus [27]. However, the experience from the
study indicate that these constituents cannot be treated as
independent. A change in anyone of the tool, temporal,
and spatial constituents affects the others as well.
The theoretical perspective emphasizes intersubjectivity or shared understanding. There is an abundance of
empirical evidence in the study for the importance of this
constituent. The cost of achieving shared understanding is
seldom recognized, yet it may well be one of the major
costs in articulating the activity domain. Since the framework includes a semiotic perspective and articulation strategy based on experiential learning, we claim that the
framework is an efficient way of achieving shared understanding about coordination. The fast evolution in the first
project is an indicator of this. However, more research is
needed to properly ground this claim.
The constituent contextuality is given a concrete form
in the spatial domain model as the example in Figure 7
shows. The spatial model has been the most frequently
used model in the reflection phase.
The temporal model is not nearly as salient as the spatial model. The only indication of this model is the state
chains associated with the types in the spatial model.
The domain translation model has not been articulated
at all. It has been mainly used as a place-holder for discussion concerning the borderlines between different activity
domains.
There are well grounded empirical indications that the
evolutionary IS development approach is superior to other
approaches at Ericsson concerning implementation time,
cost, functionality and flexibility. We consider this to be
one of the major results of the theoretical praxis perspective (see [12] for details).
The major importance of the stabilizing core constituent has been to initiate a discussion about the importance
of the central control - local autonomy dimension. The traditional understanding in the organization is that a centralized information architecture, process model IS implementation is possible for all activity domains across all
Ericsson. We argue against that, simply because the cost of
achieving a shared understanding will be staggering.

9. Conclusions
We have described a theoretical approach based on
praxis which is suitable to inform the articulation of coordination activities structured as activity domains. Furthermore, we have reported on some results from applying a
framework, based on this approach, in the Ericsson development practice. The results show that the theoretical
approach is capable of informing practical support for the
coordination of the development of complex systems.
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