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Abstract. The aim of this paper is to sum up our first observations on the use of
the context concept in software development applications — specially the
collaboration supporting tools — in order to improve software organization’s
knowledge management and, furthermore, its organizational learning. This
work proposes a framework for identifying and organizing contextual
information within the scope of software development organizations and the
overall domain area. The paper discusses how this framework can be used to
help designers to introduce contextual information into collaborative software
development tools.

1 Introduction

Software development processes involve several professionals, typically working in
teams, and a wide set of distributed shared knowledge [1]. This knowledge
constitutes much of the team experiences and background, and it is built during the
project development. Who the specialists in certain technique are, which techniques
have been successfully applied in development projects, which mistakes made by the
teams should not be repeated, what effective solutions have been adopted, what are
the software organizations strategies, business objective, domain market etc. are a few
examples of the kind of knowledge that could be provided in order to make software
development activities more efficient.

The memory of software organizations is built, managed and retrieved
collaboratively by the many project participants, including the organization clients
and suppliers. Also collaborative in its nature are the great part of the managerial or
technical activities that take place within a software development project. This
collaborative aspect has motivated the proposal of several groupware research
prototypes.



However, so few software engineering tools facilitate the access to the necessary,
appropriate or possible organizational knowledge for improving the enactment of
each software development activity they support. In fact, providing appropriate and
effective organizational knowledge within the use of any computational system is
quite a challenge.

The research work on the concept of context [3][4][5] has discussed the issue that
explicit organizational knowledge capture, management and retrieval cannot be
dissociated from the context when it was created and the (most of the times different)
context when it will be effectively used. This lack of knowledge contextualization can
lead to knowledge misuse or may cause its wrong application.

Studies on how context information can be modeled and manage in collaborative
applications have also started to be carried out [6][7][8]. However, there is still a need
to detail which context information can be retained, recorded and managed in specific
domains, such as software engineering activities. Furthermore, it is still an open issue
how software engineering tools can provide context information in order to better
support collaborative knowledge use and management.

The aim of this paper is to start the discussion on the application of the context
concept in software development applications — specially the collaboration supporting
tools — in order to improve software organization’s knowledge management and,
furthermore, its organizational learning. This work proposes an overview of a
framework for organizing contextual information within the scope of software
development organizations and the overall domain area. Additionally, the paper
discusses how this framework can be used to help the designers to introduce
contextual information into collaborative software development tools.

The Section 2 discusses knowledge management within the scope of software
development domain. In the Section 3, the concept of context is reviewed, as well as
its dynamics and how it can benefit knowledge management. In the Section 4, the
contextual information framework for software development organizations is
presented. The Section 5 concludes the paper.

2. Knowledge Management in Software Development

Software development processes involve several professionals, and a great need
for sharing knowledge among them. This knowledge relies on each member’s
previous skills, experiences and background, as also on the activities, conditions,
facts, and situations faced during a project development. This set of knowledge
constitutes what can be called the organizational memory (OM) [2].

From the OM, professionals extract exchange and assemble knowledge to perform
their operational activities. In the same way, a group performing its collaborative task
at a certain moment of the development process is both a source and a consumer of
knowledge that can be stored in and retrieved from the OM.

Specifically considering the nature of software organizations, we can argue that
there are other aspects that surround their organizational memories, determining the
way it must be managed: the need for defining and enacting work processes and its
collaborative aspect.



Focus on the Process: The idea of having a defined process is being strongly
demanded by the software development market [9][10]. Specially concerning KM,
the existence of a defined working process within the organization serves as a
reference to identify, acquire, develop, disseminate, use and preserve the
organizational knowledge in a systematic way. When associated to a process
automation tool (such as a workflow system) the possibilities for KM can be
amplified [11][12]. The process becomes the infrastructure for the organization to
execute its activities, learn with its execution, observe flaws and needs for change and
to collaborate.

Group support: From the initialization till the deployment phase of a software
development project, most of the necessary activities — requirements specification,
modeling, documentation, planning, meetings, programming, reviews, decision
making, training etc. — are performed collaboratively. Thus, supporting group
interactions assumes an important role in improving the process productivity and
software quality. Additionally, while interacting in groups, software process
participants communicate and share both tacit as explicit knowledge that should also
be captured into the OM.

Communities of practice: After integrating knowledge and working tools, software
organizations can benefit of this knowledge infrastructure as a learning environment
[18]. Solutions for collaborative and project-based learning [19] are suggested to
compose the communities of practice within a software organization. Inside this
community, a professional can find resources for the execution of a specific task,
meets specialists, and have access to important aspects and historical data provided
by other professionals along the execution of their activities (Figure 1).
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Figure 1. Perspectives for using the organizational memory in software organizations

In general terms, the purpose of the organizational memory is to guarantee that the
desired knowledge can be recovered at the right time and in the right place by
whoever needs it while he/she is following a work process, interacting within a group
activity or aiming to learn based on the organization experiences.



However, the effective use of knowledge is just not a matter of storing and making
it explicit into an OM structure. It is also a matter of giving it meaning, to understand
its context. What is the meaning of having information if it cannot be effectively
understood and appropriated by who is receiving it? For instance, what is the
relevance of knowing that a development project lasted 3 months if we are not aware
that it comprised highly skilled programmers and/or that the contract was restricted to
delivering the system within this period of time and/or all the recommended
organizational quality practices were abandoned?

In the case of collaborative interactions such as software development, this context
is collaborative created at a given focus or activity and must also be shared in order to
be effectively used. Thus, the process of converting knowledge from and into the
organizational memory is basically dependant on how contextual information
surrounding this knowledge can be effectively provided.

3 Context

In the real world, context is a complex description of the knowledge shared on
physical, social, historical and other circumstances where actions or events happen.
All this knowledge is not part of the actions to execute or the events that occur, but
will constrain the execution of an action and event interpretation [5]. For the total
understanding of several actions and events, it is necessary to have access to
important contextual information.

At a given step of a task performing, Brézillon and Pomerol [14] distinguish
between the part of the context, which is relevant for the current focus of attention,
and the part, which is not relevant. The latter part is called external knowledge. The
former is called contextual knowledge because it has strong connections with the
current focus although not directly considered in it. Always at a given focus, part of
the contextual knowledge is proceduralized. This proceduralized context is a part of
the contextual knowledge, which is invoked, organized, structured and situated
according to the focus and used in the task performing at this focus.

Although the contextual knowledge exists in theory, it is actually implicit and
latent, and is not usable unless a goal (or intention) emerges. When an event occurs,
the attention of the actor becomes focused on it. At this moment, part of his
knowledge, the one that may have direct relationship to perform the current task is
concentrated as its contextual knowledge. Part of this contextual knowledge will be
proceduralized while the actor effectively performs the task. When the task proceeds
from one step to another, there is a movement between the contextual knowledge and
the proceduralized context because a new item enters or leaves the focus of attention.
Thus, context is dynamic within the scope of a specific task (Figure 2).

Brézillon [15] also points out that it is possible to identify different types of
context and to organize them in different levels, namely “in depth first” — from the
more general to the more specific and “in width first” — as a heterogeneous set of
contexts at each level. The former case defines that contexts are different by their
granularity. For example, the context of an enterprise is more general than the context
of its employee. The latter case defines that each actor within a specific scope has its



own context. For instance, a research project gathers different specialists with
different backgrounds, abilities and culture.
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Figure 2. Context dynamics

3.1. Context and Knowledge Management

Considering the cycle of knowledge creation [20], knowledge is the appropriation and
reasoning of information by an actor. This information had, in its turn, been gathered
by the interpretation made by this actor over a set of available data (Figure 3).
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Figure 3. Knowledge creation process

The amount of knowledge gathered by an actor influences his/her data
interpretation and information reasoning, delivering new knowledge. Therefore, the
existing knowledge constrains the interpretation and appropriation activities of an
actor. The concept of context, as mentioned above, tries to give meaning to this
influence made by knowledge over the creation of new knowledge. When facing a
given problem, task or focus, an actor has to interpret and reason over the available
data and information. In order to do this, he uses his previous knowledge but not all
of it, just the knowledge that is strongly related to the necessary interpretation and
reasoning (contextual knowledge). To interpret data, to reason and to appropriate
information during a specific focus means to proceduralize it, creating new
knowledge that will take part of the actor’s contextual knowledge.



Context is a way of giving knowledge focus and meaning, and the most focused
and understandable, the most effective it can be captured and used in a given
situation. In the case of collaborative interactions, where tasks and their underlying
knowledge must be shared among participants, this facet of the task shared
knowledge - its context — is important for effective collaboration.

Moreover, we argue that it is possible to identify what are the elements that
comprises the contextual knowledge for task performing in specific domains. By
identifying and organizing these elements into a framework or model, this model
could be used to guide the design of applications in order to consider the context
aspect.

3.1. Context in Collaborative Interactions

Dourish and Belloti were the first ones to establish the connection between context
and awareness mechanisms in groupware applications [13]. Borges, Brézillon and
Pino defined a framework to relate these concepts [7]. The following definition can
be used: “Context is composed by the set of information that helps to characterize the
task of the group. Its objective is to offer conditions to the group members to notice
and understand all the factors that influence their interaction*.

Working in group supposes to manage context explicitly. Not only individual
contexts need to be proceduralized but also the group context. However, the group
context is not simply the union or intersection of individual contexts. A group
member needs to have some knowledge about other members, but also the context in
which this knowledge is operational. This allows each member to know about the
other but also to interpret and extrapolate the other’s behavior [16].

Rosa et al. [6] consider that the important elements for the composition of the
group context are divided into five categories (Figure 4): (1) information about
people, (2) information about the scheduled tasks, (3) information about the
relationships between people and tasks, (4) information about the environment where
the tasks are accomplished and (5) information about concluded tasks. These
elements form the base of their proposed framework for identifying and organizing
contextual information, as detailed in [21].
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Figure 4. Composition of contextual knowledge for a group task [21]



4 Contextual Information in Collaborative Software
Development

The concepts presented above - context and how it can be characterized in group
interactions - can be applied generally in any domain where knowledge management
and group interaction is needed. However, it will be more effectively applied if it is
taken into account the specific sources of knowledge within a domain. In the case of
software organizations, if we consider an “in depth view” (see section 3), contextual
information can be characterized into many dimensions as depicted in Figure 5:
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Figure 5. Dimensions for contextual information in software development

1. Individual/personal context. The first context information a software developer
can have is about its individual or personal context. Individuals have specific
experiences, expertise, motivations and interests, independently of the
organization, project or roles he can assume. Each person uses a personal body of
(contextual) knowledge for reasoning, interpreting, recognizing information in
order to integrate the new information in this body of knowledge.

2. Roles. Roles are a way to specify the types of knowledge, experience, etc. that are
needed to accomplish the task. For instance, managers need information about
status, budget and deadlines while software designers need information about the
product and its requirements. Also, individuals assuming a same role can
demonstrate different characteristics and attitudes.

3. Team. The context of a team reflects the aggregation of its many participants and
roles. Teams are established within a development project to perform specific tasks
such as: planning, testing, specification, programming etc. Teams built with
different participants will plan and perform their tasks in a different manner. The
successful or unsuccessful outcomes of their tasks are new knowledge that can be
stored in the organizational memory.

4. Tasks. The context of distinct tasks requires specific information and knowledge:
testing software, for example, requires the availability of practices, tools and
procedures totally different form software requirements elicitation. Additionally,
the flow of activities within a project can influence each activity outcome while
performed by different teams, with different skills, experiences and motivations.



5. Project. A specific project comprises an also specific context in respect to the
product to be constructed, its objectives and the process to be followed. Good or
bad project results better describes the context of an organization. The relationship
or production of an specific individual in a project or within the organization
provides new context information related to the practices performed, his
performance and the need for reviewing the existing practices in order to improve
them and make them tailored to the developers needs.

6. Organization. The context of the organization describes its business targets and its
standard practices. The software development market and domain defines context
characteristics and information such as new proposed practices and historical
results of their application. The results obtained by organizations while providing
services to their clients generate historical information of successful or
unsuccessful use of practices and methodologies suggested in the market or in
specific business domains.

7. Client. Each specific client also has his business scope, domain area, priorities and
business objectives.

8. Product. The kind of requirements, the scope of the product that will be built, its
elements and the interdependence among them are a new set of relevant context
information.

9. Software Engineering Domain: software engineering is an area where new
technologies emerge very often. In order to execute an specific task, developers
must be skilled with the available technologies to conduct it as also managers must
understand its impacts and cost.

10. Client Business Domain Knowledge: software development requires access to
the knowledge about the domain where the product will be applied. At any task
within the development process, having this knowledge or part of it can be crucial
for building the software product.

The proposal of a framework that details the presented contextual dimensions and
combines them with the dimensions presented in the framework for group work can
be a way for defining specific contextual information that can be generated, captured,
stored, notified and visualized by software development participants within a
software organization. Although not detailed yet, we show, using the following
example, how the framework helps to consider contextual information within the
scope of a specific tool or environment

4.1. Designing for context management

Collaborate to Design (CO2DE) is a collaborative UML diagram editor [17]. It was
originally design to allow participants to share the same drawing workspace and to
control different versions of the document being constructed. In its original design as
a groupware tool, it provides functionalities for helping individuals to be aware of
some contextual information related to the specific task being performed. For
example: information about the team composition ( Figure 6 — (1)), information about



each members’ position ( Figure 6 — (2)), information about each new document
version being simultaneously discussed ( Figure 6 — (3)), among others.
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Figure 6. CO2DE main window

While applying his proposed framework for contextual information in groupware,
Rosa [21] was able to identify other functionalities that could improve collaboration
in CO2DE. His findings were corroborated by observing case studies and by
analyzing questionnaires where participants’ answers indicated that some
functionalities related to other context dimensions were still missing. CO2DE was
then redesigned, to incorporate, for instance: detailed information about group
members; the identification of a group; the task objective (Figure 7); details about the
current document version (Figure 8); etc.

Now, considering the fact that CO2DE is to be used by a software development
team within a software organization, other contextual aspects inherent to the software
development work should be discussed too, as outlined above in this section. We
argue that it is possible to identify what would be the contextual information that
could be retrieved from the OM and made available to this development team at the
right moment they perform the diagram editing task. For instance, participants should
also be able to understand where this activity is inserted within the overall project
process being conducted — its deadlines, its relevance and its impact into the process.
Chunks of information about UML and how it is being used into the organization,
what were the successful and unsuccessful cases of using this technique; relevant
aspects of the client’s business domain etc could also be available for contextualizing
this group activity. Additionally, as in software development projects, participants



assume specific roles — project manager, business analyst, programmers, user etc —
and along with the need of being identified as so by the team, they also need different
information from the current editing task.
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5 Conclusion

Software engineering projects are inherently collaborative and needs effective
support to knowledge management. The elements for knowledge management in



software development comprise the existence of an organizational memory, the focus
on its management through process, group support and communities of practice.

Context management has been considered as a relevant concept for knowledge
management. In order to be effectively used, each knowledge domain area should
consider its own contextual elements and what is the relationship among them. This
work presented the basis of our framework of contextual information for software
development organizations.

We are using this framework as a guideline on how to design environments or
tools tailored to presenting or capturing contextual information. It also serves as a
parameter, for instance, for analyzing commercial CASE tools on how they deal with
contextual information or how they can be extended to favor it.

We are also investigating other aspects concerning software development work
culture that can also influence the design of context management mechanisms. One
special characteristic, for instance, is the feeling of “forever emergency” in software
development projects. Even to those organizations where project management
practices are well established, emergencies happen and must be treated like that, due
to the critical dependency we have nowadays on software. Maintenance activities are
a typical example. Some maintenance activities must be solved in timely manner and
that involves retrieving relevant context information for taking fast decisions,
planning for action and coordinating the team to perform them.
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