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Knowledge
management is an
expanding and
promising discipline
that has drawn
considerable
attention. Recent
developments in
computer and IT
technologies enable
sharing documented
knowledge
independently of
time and location.
The guest editors
provide an overview
of these
developments to
introduce the issue.
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oftware organizations’ main assets are not plants, buildings, or
expensive machines. A software organization’s main asset is its in-
tellectual capital, as it is in sectors such as consulting, law, invest-
ment banking, and advertising. The major problem with intellec-

tual capital is that it has legs and walks home every day. At the same rate

experience walks out the door, inexperience walks in the door. Whether or

not many software organizations admit it, they face the challenge of

sustaining the level of competence needed to
win contracts and fulfill undertakings.
Knowledge management is an emerging
discipline that promises to capitalize on or-
ganizations’ intellectual capital. The concept
of taming knowledge and putting it to work is
not new; phrases containing the word knowl-
edge, such as knowledge bases and knowledge
engineering, existed before KM became popu-
larized. The artificial intelligence community
has long dealt with knowledge representation,
storage, and application. Software engineers
have engaged in KM-related activities aimed
at learning, capturing, and reusing experience,
even though they were not using the phrase
“knowledge management.” KM is unique be-
cause it focuses on the individual as an expert
and as the bearer of important knowledge that
he or she can systematically share with an or-
ganization. KM supports not only the know-
how of a company, but also the know-where,

May/June 2002

know-who, know-what, know-when, and
know-why.

The KM concept emerged in the mid-
1980s from the need to derive knowledge
from the “deluge of information” and was
mainly used as a “business world” term. In
the 1990s, many industries adopted the term
KM in connection with commercial com-
puter technologies, facilitated by develop-
ment in areas such as the Internet, group sup-
port systems, search engines, portals, data
and knowledge warehouses, and the applica-
tion of statistical analysis and Al techniques.

KM implementation and use has rapidly
increased since the 1990s: 80 percent of the
largest global corporations now have KM
projects.! Over 40 percent of Fortune 1000
companies now have a chief knowledge of-
ficer, a senior-level executive who creates an
infrastructure and cultural environment for
knowledge sharing.?
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But will KM really help organizations ad-
dress the problems they face while trying to
achieve their business objectives? Or is it
just one of those hyped concepts that rise
quickly, ambitiously claim to cure organiza-
tional headaches, and then fail and fall qui-
etly? KM has drawn widespread attention
and has promising features, but it is too
soon to say whether or not it will stay.

However, we can address other questions:
What kind of problems can KM help solve
for software organizations? What are its
challenges? What are the success factors?
How can KM leverage all the knowledge that
exists in software organizations? This special
issue of IEEE Software addresses these types
of questions.

Motivation for KM in software
engineering

Software development is a quickly
changing, knowledge-intensive business in-
volving many people working in different
phases and activities. The available re-
sources are not increasing along with the in-
creasing needs; therefore, software organi-
zations expect a rise in productivity.
Knowledge in software engineering is di-
verse and its proportions immense and
steadily growing. Organizations have prob-
lems identifying the content, location, and
use of the knowledge. An improved use of
this knowledge is the basic motivation and
driver for KM in software engineering and
deserves deeper analysis.

Business needs

Organizations can apply KM to provide
solutions to pressing business issues.

Decreasing time and cost and increasing
quality. Organizations constantly need to
decrease software projects’ development
time and costs. Avoiding mistakes reduces
rework; repeating successful processes in-
creases productivity and the likelihood of
further success. So, organizations need to
apply process knowledge gained in previ-
ous projects to future projects. Unfortu-
nately, the reality is that development teams
do not benefit from existing experience and
they repeat mistakes even though some in-
dividuals in the organization know how to
avoid them. Project team members acquire
valuable individual experience with each

project—the organization and individuals
could gain much more if they could share
this knowledge.

Making better decisions. In software de-
velopment, every person involved con-
stantly makes technical or managerial deci-
sions. Most of the time, team members
make decisions based on personal knowl-
edge and experience or knowledge gained
using informal contacts. This is feasible in
small organizations, but as organizations
grow and handle a larger volume of infor-
mation, this process becomes inefficient.
Large organizations cannot rely on informal
sharing of employees’ personal knowledge.
Individual knowledge must be shared and
leveraged at project and organization levels.
Organizations need to define processes for
sharing knowledge so that employees
throughout the organization can make cor-
rect decisions.

Knowledge needs

Software organizations have vast amounts
of knowledge in various areas, such as
knowledge that is critical to achieve business
goals. We now look at some of these knowl-
edge areas and organizations’ related needs.

Acquiring knowledge about new technolo-
gies. The emergence of new technologies
makes software development more efficient,
but at the same time, they can be a project
manager’s worst nightmare. It is difficult for
developers to become proficient with a new
technology and managers to understand its
impact and estimate a project’s cost when us-
ing it. When developers or project managers
use a technology that a project’s team mem-
bers are unfamiliar with, engineers often resort
to the “learning by doing” approach, which
can result in serious delays. So, organizations
must quickly acquire knowledge about new
technologies and master them.

Accessing domain knowledge. Software
development requires access to knowledge
not only about its domain and new tech-
nologies but also about the domain for
which software is being developed. An or-
ganization must acquire new domain
knowledge either by training or by hiring
knowledgeable employees and spreading it
throughout the team.
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Sharing knowledge about local policies and
practices. Every organization has its own poli-
cies, practices, and culture, which are not only
technical but also managerial and administra-
tive. New developers in an organization need
knowledge about the existing software base
and local programming conventions. Unfor-
tunately, such knowledge typically exists as
organizational folklore. Experienced develop-
ers often disseminate it to inexperienced de-
velopers through ad hoc informal meetings;
consequently, not everyone has access to the
knowledge they need. Passing knowledge in-
formally is an important aspect of a knowl-
edge-sharing culture that should be encour-
aged. Nonetheless, formal knowledge
capturing and sharing ensures that all em-
ployees can access it. So, organizations must
formalize knowledge sharing while continu-
ing informal knowledge sharing.

Capturing knowledge and knowing who
knows what. Software organizations depend
heavily on knowledgeable employees be-
cause they are key to the project’s success.
However, accessing these people can be dif-
ficult. Software developers apply just as
much effort and attention determining
whom to contact in an organization as they
do getting the job done.? These knowledge-
able people are also very mobile. When a
person with critical knowledge suddenly
leaves an organization, it creates severe
knowledge gaps—but probably no one in
the organization is even aware of what
knowledge they lost. Knowing what employ-
ees know is necessary for organizations to
create a strategy for preventing valuable
knowledge from disappearing. Knowing
who has what knowledge is also a require-
ment for efficiently staffing projects, identi-
fying training needs, and matching employ-
ees with training offers.

Collaborating and sharing knowledge. Soft-
ware development is a group activity. Group
members are often geographically scattered
and work in different time zones. Nonetheless,
they must communicate, collaborate, and co-
ordinate. Communication in software engi-
neering is often related to knowledge transfer.
Collaboration is related to mutual sharing of
knowledge. Group members can coordinate
independently of time and space if they can
easily access their work artifacts. So, group
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members need a way to collaborate and share
knowledge independently of time and space.

Before we go further into how KM can
address software engineering needs, let us
introduce some key KM concepts.

Knowledge levels

The three levels of refinement to knowl-
edge items are data, information, and knowl-
edge. Data consists of discrete, objective facts
about events but nothing about its own im-
portance or relevance; it is raw material for
creating information. Information is data
that is organized to make it useful for end
users who perform tasks and make decisions.
Knowledge is broader than data and infor-
mation and requires understanding of infor-
mation. It is not only contained in informa-
tion, but also in the relationships among
information items, their classification, and
metadata (information about information,
such as who has created the information).
Experience is applied knowledge.

Knowledge characteristics

KM deals not only with explicit knowl-
edge, which is generally easier to handle, but
also tacit knowledge. Explicit knowledge, also
known as codified knowledge, is expressed
knowledge. It corresponds to the information
and skills that employees can easily communi-
cate and document, such as processes, tem-
plates, and data. Tacit knowledge is personal
knowledge that employees gain through expe-
rience; this can be hard to express and is
largely influenced by their beliefs, perspectives,
and values. The knowledge scope refers to
where the knowledge is applicable, to whom it
is accessible, and whose activity it supports.
Along this dimension, knowledge can be at an
individual, group, organization, multiple or-
ganization, or industry-wide level.

The knowledge evolution cycle defines the
phases of organizational knowledge.* Orga-
nizations should have a knowledge manage-
ment strategy in place for implementing these
phases systematically. The phases are

1. Originate/create knowledge. Members of
an organization develop knowledge
through learning, problem solving, inno-
vation, creativity, and importation from
outside sources.



2. Capturelacquire knowledge. Members
acquire and capture information about
knowledge in explicit forms.

3. Transform/organize knowledge. Organi-
zations organize, transform, or include
knowledge in written material and knowl-
edge bases.

4. Deploylaccess knowledge. Organizations
distribute knowledge through education,
training programs, automated knowl-
edge-based systems, or expert networks.

5. Apply knowledge. The organization’s ulti-
mate goal is applying the knowledge—this
is the most important part of the life cycle.
KM aims to make knowledge available
whenever it is needed.

Knowledge management

An organization’s intellectual capital con-
sists of tangible and intangible assets. Tangible
assets, which correspond to documented, ex-
plicit knowledge, can vary for different
industries and applications but usually include
manuals; directories; correspondence with
(and information about) clients, vendors,
and subcontractors; competitor intelligence;
patents; licenses; and knowledge derived from
work processes (such as proposals and project
artifacts). Intangible assets, which correspond
to tacit and undocumented explicit knowl-
edge, consist of skills, experience, and knowl-
edge of an organization’s people.

Learning and KM

Learning is a fundamental part of KM
because employees must internalize (learn)
shared knowledge before they can use it to
perform specific tasks. Individuals primarily
learn from each other, by doing, and through
self study. Knowledge also spreads from in-
dividuals to groups, and throughout organi-
zations and industries. KM aims to elevate
individual knowledge to the organizational
level by capturing and sharing individual
knowledge and turning it into knowledge
the organization can access. Individuals
eventually perform tasks to achieve organi-
zational-level goals. Therefore, the iterative
knowledge processing and learning activities
at the individual level are of utmost impor-
tance. As Peter M. Senge says, “Organiza-
tions learn only through individuals who
learn. Individual learning does not guarantee
organizational learning. But without it no
organizational learning occurs.”’

KM'’s role in software engineering _

In software development, different ap-
proaches have been proposed to reduce
project costs, shorten schedules, and in-
crease quality. These approaches address
factors such as process improvement, intro-
ducing new technologies, and improving
people’s performance (“peopleware”). KM
addresses mainly peopleware. Because soft-
ware development is a human and knowl-
edge-intensive creative activity, KM ac-
knowledges the importance of individuals
having access to the correct information and
knowledge when they need to complete a
task or make a decision.

KM does not ignore the value or need to
address other software development as-
pects, such as process and technology, nor
does it seek to replace them. Instead, it
works toward software process improve-
ment by explicitly and systematically ad-
dressing the management of organizational
knowledge, such as its acquisition, storage,
organization, evolution, and effective ac-
cess. Other software process improvement
approaches, such as the Capability Maturity
Model, might suggest that knowledge
should be managed but do not explicitly
state what knowledge needs to be managed
and how, when, where, or by and for
whom. KM ties together daily production
activities, improvement initiatives, and busi-
ness goals, thereby supporting the establish-
ment of a learning organization.

Organizations can view KM as a risk pre-
vention and mitigation strategy, because it
explicitly addresses risks that are too often
ignored, such as

B Loss of knowledge due to attrition

B Lack of knowledge and an overly long
time to acquire it due to steep learning
curves

B People repeating mistakes and perform-
ing rework because they forgot what
they learned from previous projects

B Individuals who own key knowledge be-
coming unavailable

Software engineering involves several
knowledge types—technical, managerial,
domain, corporate, product, and project
knowledge. Knowledge can be transferred
through formal training or through learning
by doing. Formal training is often time con-
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suming and expensive, and if done exter-
nally does not cover local knowledge.
Learning by doing can be risky because peo-
ple continue to make mistakes until they get
it right. KM does not replace organized
training, but supports it. Documented
knowledge can provide the basis for internal
training courses based on knowledge pack-
aged as training material. However, KM
mainly supports learning by doing. It pro-
vides knowledge or pointers to people who
have the knowledge, when and where it is
needed.

KM does not come for free; it requires ef-
fort and resources. In KM systems that or-
ganizations have implemented so far (see
the Experience Factory sidebar and this is-
sue’s feature articles), people other than de-
velopers often perform KM activities (such
as a chief knowledge officer and his staff, an
Experience Factory group, or a software

process improvement group). This supports
developers in their daily work instead of
loading them with extra effort.

Software engineering’s core task is devel-
oping software. Documents (such as con-
tracts, project plans, and requirements and
design specifications) are also produced dur-
ing software development. These documents
capture knowledge that emerged from solv-
ing the project’s problems. Team members
can then reuse this knowledge for subsequent
projects, for example, by analyzing accepted
solutions to different problems. If individuals
own knowledge that is not explicitly cap-
tured, the organization can leverage that
knowledge only if it can identify and access
these individuals.

Organizations wishing to improve a
team’s software engineering capabilities can
conduct the task of ensuring that knowledge
gained during the project is not lost. They

The Experience Factory Organization

Victor R. Basili
Garolyn Seaman

The basis for the Experience Factory
Organization! concept is that software
development projects can improve their
performance (in terms of cost, quality,
and schedule) by leveraging experience
from previous projects. The
concept also takes into account

Experience Factory, which supports soft-
ware development by providing tailored
experience. Figure A depicts the EFO,

which assumes separate logical or phys-

synthesizes all experience types, includ-
ing lessons learned, project data, and

technology reports, and provides reposi-
tory services for this experience. The Ex-

perience Factory employs several meth-
ods to package the experience, including
designing measures of various software
process and product characteristics and
then building models of these
characteristics that describe

ical organizations with different priori-
ties, work processes, and expertise
requirements.

The Experience Factory analyzes and

the reality that managing this their behavior in different con-
experience is not trivial and texts. These models’ data come
cannot be left to individual Experience Factory Organization from development projects via
projects. With deadlines, high orgzrr?i%ctlion Experience factory people, documents, and auto-
expectations for quality and Needs mated support.
productivity, and challenging Plan :’fﬂi%l?:t When using EFO, not only
technical issues, most develop- ~ Packaged || ue must the organization add an-
ment projects cannot devote experience, other suborganization for
the necessary resources to Project consulting D Packade learning, packaging, and stor-
making their experience avail- plan — (symhesgize) ing experience, but it also must
able for reuse. ex?,%,?é’:ce hase change the way it does its

The EFO solves this prob- Raw experience work. An organization adopt-
lem by separating these re- Do | . [ Analyze ing the EFO approach must
sponsibilities into two distinct Feedhack believe that exploiting prior
organizations. We call these experience is the best way to
organizations the Project Or- solve problems and ensure that

ganization, which uses pack-
aged experience to deliver
software products, and the
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Figure A. Flow of information through the
Experience Factory Organization.

the development process incor-
porates seeking and using this
experience. The EFO also as-



can conduct this task during the project and
shortly after they complete it. It addresses
both acquiring knowledge that was not
documented as part of the core activities
and analyzing documents to create new
knowledge. Included in this task are all
forms of lessons learned and postmortem
analyses that identify what went right or
wrong regarding both the software product
and process.

These activities also include project
data analyses, such as comparisons of esti-
mated and actual costs and effort, planned
and actual calendar time, or analysis of
change history to reflect project events.
These tasks collect and create knowledge
about a particular project; any organiza-
tion can perform them. Although these
activities’ results are useful by themselves,
they can also be the basis for further knowl-
edge creation and learning. They can be

stored in repositories and experience bases.

At a higher level, organizations and indus-
tries must analyze multiple past projects to
improve their software developing abilities.
This requires extensive knowledge based on
many different software development experi-
ences, as well as insights into analysis and
synthesis of new knowledge. Patterns, heuris-
tics, best practices, estimation models, and
industry-wide standards and recommenda-
tions are examples of outcomes from these
knowledge-processing activities.

We group KM activities that support soft-
ware development into three categories: by the
purpose of their outputs (supporting core SE
activities, project improvement, or organiza-
tional improvement), the scope of their inputs
(documents or data from one or multiple proj-
ects), and the effort level required to process
inputs to serve SE needs. We use this classifi-
cation to describe how both existing and new

sumes that the activities of the Experi-
ence Factory and those of the Project
Organization are integrated. That is, the
activities by which the Experience Fac-
tory extracts experience and then pro-
vides it to projects are well integrated
into the activities by which the Project
Organization performs its function. Fig-
ure A represents this interaction and ex-
change of experience.

Making experience available and us-
able is crucial but is not the essence of
an EFO. “Experience” in an Experience
Factory is not only the raw information
reported directly from projects. It also
includes the valuable results of the
analysis and synthesis of that local ex-
perience, such as “new” knowledge
generated from experience. But the new
knowledge is based on applying previ-
ous experience on real projects, not on
analysis in a vacuum.

Thus, an EFO must

B Package experience by analyzing,
synthesizing, and evaluating raw
experience and build models that
represent abstractions of that expe-
rience

B Maintain an experience base or
repository of data, experience,
models, and other forms of knowl-
edge and experience

B Support projects in identifying and
using the appropriate experiences
for the situation

Victor Basili first presented the EFO
concept in a keynote address at COMP-
SAC in 1989.2 This was before the term
“knowledge management” became pop-
ular, but the EFO addresses many of the
same concerns. This learning-organiza-
tion concept evolved from our experi-
ences in the NASA Software Engineering
Laboratory, a joint effort of the University
of Maryland, Computer Sciences Corpo-
ration, and the NASA Goddard Space
Flight Center. The SELs high-level goal
was to improve Goddard’s software
processes and products.

The application of EFO ideas resulted
in a continuous improvement in software
quality and cost reduction during the SELs
quarter-century lifespan.® Measured over
three baseline periods in 1987, 1991,
and 1995 (each baseline was calculated
based on about three years’ worth of

data), demonstrated improvements in-
cluded decreases in development defect
rates of 75 percent between the 1987
and 1991 baselines and 37 percent be-
tween the 1991 and 1995 baselines. We
also observed reduced development costs
between subsequent baselines of 55 per-
cent and 42 percent, respectively.
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fit into a KM strategy. In the remainder of this
section, we also discuss resources external to
the organization that are built around the no-
tion of capturing and sharing knowledge.

Supporting core SE activities

Document management, competence
management, and software reuse are knowl-
edge management activities that support
software development.

Document management. A software devel-
opment project involves a variety of docu-
ment-driven processes and activities. The
work frequently focuses on authoring, re-
viewing, editing, and using these documents,
which become the organization’s assets in
capturing explicit knowledge. Therefore, doc-
ument management is a basic activity toward
supporting an organization’s implementation
of a knowledge management system. DM sys-
tems enable employees throughout the organ-
ization to share documented knowledge.
Many commercial tools support DM, such as
Hyperwave, Microsoft Sharepoint, Lotus
Domino, and Xerox DocuShare (see “The
Experience Factory Organization” sidebar),
and include features such as defining process
workflows and finding experts.

Competence management and expert identi-
fication. Far from all of an organization’s tacit
knowledge can be made explicit, and far from
all explicit knowledge can be documented. So,
an organization must track who knows what
to fully utilize undocumented knowledge. An
elaborate solution to this problem is compe-
tence management, or skills management. As
we noted earlie, a common problem that
knowledge management addresses is expert
identification. Competence management sys-
tems, such as SkillScape and SkillView, include
tools that let experts generate and edit their
own profiles. Other tools, such as Knowledge-
Mail, automatically generate competence
profiles by assuming that peoples’ emails
and documents reflect their expertise. These
tools analyze email repositories and docu-
ments and build keyword-based profiles
that characterize each employee. Software
organizations can use them to identify ex-
perts in various technical areas, such as spe-
cific programming languages, database
technologies, or operating systems.
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Software reuse. There are endless stories
about how programmers continuously im-
plement the same solutions in slightly dif-
ferent ways. Software reuse approaches at-
tempt to reduce this rework by establishing
a reuse repository. Programmers submit
software they believe would be useful to
others. The software development process
must change so that instead of developing
all software from scratch, a programmer
first searches the repository for reusable
parts. Only if the programmer found noth-
ing useful would he or she write the soft-
ware from scratch. This same concept can
apply to all software engineering artifacts.

Supporting product and project memory

Learning from experience requires a
product and project memory. The environ-
ment in which software engineers conduct
their daily work often supports creating
such a memory. Version control, change
management, documenting design deci-
sions, and requirements traceability are
software engineering practices that help
build such memories as a direct or side ef-
fect of software development.

Version control systems, such as the Source
Code Control System, represent a class of
tools that indirectly create a project memory.
Each version of a document has a record at-
tached with information about who made the
change, as well as when and why they made
it. This “memory” indicates the software’s
evolution. Software engineers use this infor-
mation for advanced analysis of software
products and processes.® They can also use
the who-changed-it information to identify
experts. Design Rationale is an example of an
approach that explicitly captures software de-
sign decisions to create a product memory
and help avoid repeating mistakes.” This is
important because during design, engineers
test different technical solutions and make de-
cisions on the basis of these test results. Un-
fortunately, these decisions are rarely cap-
tured, making it difficult for anyone else to
understand the reasons behind the solutions.

Software requirements drive the develop-
ment of software systems, but the connection
between the final system and its requirements
is fuzzy. Traceability is an approach that ex-
plicitly connects the requirements and the fi-
nal software system. It indirectly contributes
to the product memory and helps answer



questions such as “What requirements led to
a particular piece of source code?” and
“What code did the engineers develop to sat-
isfy this particular requirement?”

Supporting learning and improvement

Project managers need to make a series of
decisions at the beginning of and during proj-
ects. Typically, their personal experience and
“gut feeling” guide their decisions. But be-
cause software development is such a com-
plex and diverse process, gut feelings might
not be sufficient, and not all managers have
extensive experience. For these reasons, pre-
dictive models can guide decision making for
future projects based on past projects. This
requires having a metrics program in place,
collecting project data with a well-defined
goal in a metrics repository, and then analyz-
ing and processing the data to generate pre-
dictive models. Managers or process im-
provement personnel analyze, synthesize,
and process input data using different meth-
ods, depending on the model’s purpose and
the input and output type.

Analytical models have as input data
from a large number of projects (either nu-
merical data or qualitative data converted
into quantitative levels). Using these formu-
las for the data that characterize a new proj-
ect, project managers can estimate cost, ef-
fort, defects, reliability, and other product
and project parameters. Building, using, and
improving these models become a natural
part of the KM strategy.

Another class of predictive models that
captures the development process structure
and the internal-process variable relation-
ships consists of executable behavioral
process models and simulators based on sys-
tem dynamics® and discrete event modeling.
Engineers and managers can execute these
models, simulate what-if scenarios, and an-
alyze possible outcomes for multiple deci-
sions. These models capture knowledge that
addresses process structure and behavior.
The prediction quality these models offer
depends on the collected data quality.

Project information can also be in a qual-
itative form (such as cases and lessons
learned, success and failure stories, and
problems and corresponding solutions) rep-
resented in formats such as rules, indexed
cases, or semantic networks. Applying in-
duction, generalization, and abstraction on

Useful URLs

ACM Special Interest Groups: www.acm.org/sigs/guide98.html

CeBASE: www.cebase.org

Carnegie Mellon’s Software Process Improvement Network:
www.sei.cmu.edu/collaborating/spins

Expert Exchange: www.experts-exchange.com

Fraunhofer Center for Experimental Software Engineering, Maryland:
http://fc-md.umd.edu

Hyperwave: www.hyperwave.com

IBM’s Lotus: www.lotus.com/home.nsf/welcome/km

KnowledegeMail: www.knowledgemail.com

Microsoft Product Support Services:
http:/ /search.support.microsoft.com/kb

Microsoft Sharepoint Technologies: www.microsoft.com/sharepoint

Oracle Support Services: www.oracle.com/support/index.
html2content.html

Perl’s FAQ: www.perl.com/pub/q/fags

Skillscape: www.skillscape.com

Skillview: www.skillview.com

Software Engineering Body of Knowledge: www.swebok.org

Software Program Managers Network: www.spmn.com

Sun’s Java community: http://developer.java.sun.com/
developer/community

ViSEK at Fraunhofer Center for Experimental Software Engineering,
Germany: www.iese.thg.de/Projects/ViSEK

Xerox Docushare: http://docushare.xerox.com

this knowledge can generate new knowl-
edge (manually, or automatically by apply-
ing Al techniques) applicable to similar fu-
ture problems in similar contexts. This is
how patterns, best-practice guidelines,
handbooks, and standards are derived. The
models transform raw point data into ex-
plicit and more applicable knowledge.

For example, case based-systems capture

project experiences to accommodate soft-
ware development process diversity while
retaining a level of discipline and standards.
These experiences provide developers with
knowledge of an organization’s previous de-
velopment issues. Deviations from the stan-
dard process are opportunities to improve
the process itself. Deviations also work as
cases in the experience base. As organiza-
tions acquire more experience in the form of
cases, the development process is iterated
and becomes even more refined.

Implementing KM involves many chal-

lenges and obstacles. Three issues are par-
ticularly important:!

B Technology issues. Software technology

supports KM, but it is not always possi-
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ble to integrate all the different subsys-
tems and tools to achieve the planned
level of sharing. Security is a require-
ment that the available technology does
not often provide satisfactorily.

B Organizational issues. It is a mistake for
organizations to focus only on technology
and not on methodology. It is easy to fall
into the technology trap and devote all re-
sources to technology development, with-
out planning for KM implementation.

B Individual issues. Employees often do
not have time to input or search for
knowledge, do not want to give away
their knowledge, and do not want to
reuse someone else’s knowledge.

An analysis of KM failures reveals that
many organizations who failed did not de-
termine their goals and strategy before im-
plementing KM systems. In fact, 50 to 60
percent of KM deployments failed because
organizations did not have a good KM de-
ployment methodology or process, if any.!
Some organizations ended up managing
documents instead of meaningful knowl-
edge. This is an easy mistake to make, be-
cause many tools advertised as KM tools
address document management rather than
knowledge management.

Lightweight KM approaches

A problem with KM is that it might take
time before measurable benefits appear. It
generally takes a long time before knowledge
bases contain a critical mass of knowledge.
However, organizations can quickly and eas-
ily implement lightweight KM approaches—
this can pay off quickly while laying the foun-
dation for long-term goals. One such tool is
the Knowledge Dust Collector,” which sup-
ports peer-to-peer knowledge sharing by cap-
turing knowledge that employees exchange
and use every day. The knowledge “dust”
evolves over time into knowledge “pearls,” a
refined knowledge form. The Knowledge
Dust Collector captures dialogs regarding
technical problems (knowledge dust), ana-
lyzes them, and turned them into frequently
asked questions (knowledge pearls). These
FAQs are then analyzed and turned into best
practices (extended knowledge pearls).

Organizational culture
Although new technology makes sharing
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knowledge easier than ever, organizational
cultures might not promote it. Some cultures
even overly encourage individualism and ban
cooperative work. Lack of a “knowledge cul-
ture” has been cited as the number one ob-
stacle to successful KM.* If organizations
don’t foster a sharing culture, employees
might feel possessive about their knowledge
and won’t be forthcoming in sharing it. Em-
ployees know that the organization values
them because of their knowledge; they might
fear that they will be considered redundant
and disposable as soon as the employer has
captured their knowledge. Employees might
not be willing to share negative experiences
and lessons learned based on failures because
of their negative connotation. So although
KM’s purpose is to avoid similar mistakes,
employees might fear that such information
could be used against them. Another hurdle
is the “not invented here” syndrome—some
believe that software engineers are reluctant
to reuse other people’s solutions. Although
change is hard, such beliefs must be revisited
and replaced by a positive attitude that en-
genders and rewards sharing.

KM champions

Hewlett-Packard advocates using an
evangelist or champion for any KM initia-
tive—someone who encourages employees
to contribute and use the system and who is
always its proponent.!?

Reward systems

Organizations must not only encourage
but also reward employees who share their
knowledge, search for knowledge, and use
others’ knowledge. To encourage sharing and
reusing knowledge, Xerox recommends cre-
ating a “hall of fame” for those people whose
contributions have solved real business prob-
lems. Xerox rewards staff that regularly
share useful information and identifies them
as key contributors to the program. Bruce
Karney, evangelist of a Hewlett-Packard KM
initiative, gave out free Lotus Notes licenses
and free airline miles to prospective users.!?
Infosys rewards employee contribution and
use of knowledge with “knowledge currency
units,” which they can convert into cash. The
online expertise provider ExpertExchange re-
wards experts with points for answering
questions and recognizes those with the most
points on the front page of their Web site.



Leveraging employees’ expertise

Most approaches that support experience
reuse and knowledge management assume
that all relevant experience can be collected
and recorded, but in practice, this does not
hold true. A variety of KM solutions ad-
dress different aspects and tasks of this
problem.

For example, Ericsson Software Technol-
ogy implemented a version of the Experi-
ence Factory (see the related sidebar) called
the Experience Engine.!! Instead of relying
on experience stored in experience bases,
the Experience Engine relies on tacit knowl-
edge. Ericsson created two roles to make the
tacit knowledge accessible to a larger group
of employees. The experience communica-
tor is an employee who has in-depth knowl-
edge on one or more topics. The experience
broker connects the experience communica-
tor with the employee who owns the prob-
lem. The communicator should not solve
the problem but instead educate the prob-
lem’s owner on how to solve it. The German
organization sd&m has successfully imple-
mented a similar approach.!”> Relying on
tacit rather than explicit knowledge is ap-
pealing because it relaxes the requirement to
extensively document knowledge. However,
although this approach uses the knowledge,
it still does not solve the problem of an or-
ganization being dependent on its employ-
ees and their tacit knowledge.

The benefit of explicit knowledge or ex-
perience is that it can be stored, organized,
and disseminated to a third party without
the originator’s involvement. The drawback
is that organizations spend considerable ef-
fort to produce explicit knowledge. Some
development practices, such as pair pro-
gramming, facilitate knowledge sharing be-
tween peers, while job rotation helps
knowledge spread throughout the project or
organization.  Software organizations
should encourage these habits to create a
knowledge-sharing culture. To achieve the
maximum benefit from knowledge sharing,
organizations should encourage employees
to document and store their knowledge in a
KM repository whenever they help another
employee. In doing so, they ensure that the
information they passed on is recorded and
will help other employees, because what is a
problem for one can also be a problem for
many.

The most used form of knowledge shar-
ing probably occurs in communities in
which members can come together and
share knowledge and experience. Commu-
nities are popular because they are relatively
easy to form. Software organizations have
formed numerous useful communities.
Some examples include the Software Pro-
gram Managers Network; the Software Ex-
perience Consortium, for companies seek-
ing to share experience; Sun’s community
for Java programmers, the Software Process
Improvement Network; and special interest
groups of the IEEE and ACM.

Leveraging organizational expertise
Organizations strive to learn more and

leverage their expertise through input that

comes from outside the organization.

Sharing experience with customers. Organi-
zations learn not only from their own experi-
ences but also from external sources, typically
technology vendors. Several software vendors
provide online knowledge bases, such as Mi-
crosoft’s Knowledge Base, Oracle’s Support
Center, and Perl’s FAQ. Such knowledge bases
are often open to the public and let software
engineers search for knowledge. These knowl-
edge bases resulted from capturing vendor
representatives’ product knowledge and mak-
ing it available to the vendors’ customers.

Industry-wide knowledge sharing and edu-
cation. At the software industry level, com-
mittees or groups of experts identify patterns
(such as software design patterns) and gener-
ate handbooks and standards (such as those
from the IEEE and ISO) that are generally
applicable to software development, to lever-
age the experience and knowledge of all soft-
ware development organizations. This is not
something any individual or organization can
perform, because it takes much effort and re-
quires a considerable amount of SE knowl-
edge and access to project data.

An example of the numerous industry-
wide knowledge initiatives is the Software
Engineering Body of Knowledge (SWE-
BOK). It defines the knowledge that a prac-
ticing software engineer needs to master on
a daily basis. Another example is ISO15504,
a comprehensive collection of software engi-
neering knowledge that describes processes
related to SE.
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Projects whose goal is to build knowl-
edge bases include the Center for Empiri-
cally Based Software Engineering and
ViSEK (Virtual SE Competence Center).
They accumulate empirical models to pro-
vide validated guidelines for selecting tech-
niques and models, recommend areas for re-
search, and support SE education.

KM challenges

As we noted earlier, implementing KM is
challenging because many resources and
much time and effort are required before
benefits become visible. Project managers
who feel they need to focus on completing
their current project on time, and not on
helping the next project manager succeed,
often consider this a burden.

Another obstacle is that most SE knowl-
edge is not explicit. Organizations have lit-
tle time to make knowledge explicit. Addi-
tionally, there are few approaches and tools
that turn tacit into explicit knowledge.
Technology’s fast pace often discourages
software engineers from analyzing the
knowledge they gained during the project,
believing that sharing the knowledge in the
future will not be useful.

Opportunities

Despite the challenges we presented earlier,
there are good reasons to believe that KM for
software engineering can succeed if organiza-
tions appropriately focus and implement it. A
major argument for KM is that software or-
ganizations should already have much of the
appropriate information technology in place
to support KM systems. IT might be intimi-
dating to many people, but not to software en-
gineers. Instead, we expect that engineers will
benefit even more from advanced technology.
Additionally, all artifacts are already in elec-
tronic form and thus can easily be distributed
and shared. In fact, software engineers already
share knowledge to a large degree in some en-
vironments. A good example is Google, whose
user community of software engineers share
knowledge by answering questions and help-
ing solve problems that other software engi-
neers post, without being compensated. This
shows that software engineers are willing to
share their knowledge, even outside their com-
pany, and that capturing gained knowledge is
worth the effort even though technology
changes quickly.
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This special issue of IEEE Software in-
vestigates KM’s state of the practice in soft-
ware engineering. The large number of sub-
missions we received (over 40 papers
presenting SE applications of KM) shows
the interest for this topic throughout the
software community. The selected articles
report on the needs, implementations, is-
sues, results, success factors, and lessons
learned from a variety of KM applications.

These articles cover a diverse ground; they
come from the US, Europe (Germany, Nor-
way, and Finland), and Asia (India and Tai-
wan) and from commercial and government
organizations developing either software for
diverse domains (satellites, cars, electronics,
telecommunications, and the Internet) or in-
tegrated circuits. The authors are practition-
ers, consultants, researchers, and KM offi-
cers. The articles address different levels and
scopes of KM activities, from project-level
knowledge (captured by postmortem analy-
sis or by gathering knowledge on demand),
to organization-wide initiatives. They exam-
ine various techniques through case studies,
from local analysis to traceability, to complex
and highly automated knowledge and experi-
ence repositories.

Jay Liebowitz’s “A Look at NASA God-
dard Space Flight Center’s Knowledge Man-
agement Initiatives” describes the creation of
a NASA knowledge management team, a KM
officer position, and a series of KM initiatives
at NASA Goddard Space Flight Center. They
learned that KM should start small and see
what works in a specific environment and
that knowledge should be collected during
projects, not after their completion. They also
learned to capture individual knowledge
through interviews before people leave the
organization and to embed KM processes in
daily activities.

Andreas Birk, Torgeir Dingseyr, and Tor
Stilhane’s “Postmortem: Never Leave a
Project without It” addresses the problem
that the individual knowledge that engi-
neers gain during projects is not reused or
shared between teams. Birk and his col-
leagues’ solution was to use systematic post-
mortem analysis for capturing and reusing
experience and improvement suggestions.
Having an open atmosphere for the project
team to discuss issues was a key success fac-
tor. As a result, teams experienced increased



understanding and experience sharing, iden-
tification of potential improvement needs,
and increased job satisfaction.

Software development and acquisition
competencies are a scarce resource in many
companies, and DaimlerChrysler is no excep-
tion. To cope with this, DaimlerChrysler re-
searchers set up a Software Experience Center
project. SEC explicitly reuses experience from
previous software projects using a customized
Experience Factory approach (see related
sidebar). Kurt Schneider, Jan-Peter von Hun-
nius, and Victor R. Basili’s “Experience in Im-
plementing a Learning Software Organiza-
tion” presents the most important challenges
they faced: learning implies change—and
change is not easy. Learning involves risks
that must be mitigated, and experience reuse
requires packaging, which is not trivial. Suc-
cess factors included understanding that
change takes time and that experience must
be packaged and tailored for the organiza-
tion. Thanks to the SEC project, learning has
become part of developers’ daily routine,
leading to process improvements.

From studying best practices in 30 system
development organizations, Balusubrama-
niam Ramesh observed the need to link
knowledge fragments (which were spread
across the organization) to facilitate success-
ful knowledge transfer and reuse. In “Process
Knowledge Management with Traceability,”
he proposes creating, storing, retrieving,
transferring, and applying knowledge by us-
ing traceability (creating and maintaining re-
lationships between objects and people in
software development). This is possible
where development of facilities that support
KM processes (traceability schemes and
tools) exist. This approach’s benefits are en-
hanced collaboration and communication,
new knowledge creation, knowledge reten-
tion, and increased knowledge availability
and access for software developers.

In Shivram Ramasubramanian and Goku-
lakrishnan Jagadeesan’s article, “Knowledge
Management at Infosys,” Infosys, an Indian
consultancy and software services company,
realized that locating information and knowl-
edge needed for project activities took too
long. Senior management therefore launched
a company-wide initiative for building and
maintaining a KM infrastructure based on
central repositories of documents and expert-
ise maps. They introduced an incentive sys-

tem that converted “knowledge units” into
cash to encourage use of and contributions to
these repositories. The initiative resulted in re-
duced defects, increased productivity, de-
creased cost (mainly by reducing mistakes
and rework), and better teamwork.

The problem of retaining, reusing, and
transferring knowledge occurs not only in SE
but also in other knowledge-intensive do-
mains. Borrowing solutions and experience
from these other domains can benefit SE.
Chin-Ping Wei, Paul Jen-Hwa Hu, and
Hung-Huang Chen’s “Design and Evaluation
of a Knowledge Management System” re-
ports on KM implementation in an inte-
grated-circuit assembly and testing organiza-
tion. The company implemented a system
that supports expert identification and col-
laboration for when engineers need to solve a
specific problem. Once a problem is solved,
its history and solution are stored in a codifi-
cation-based knowledge repository for later
reuse. This system leads to ease of locating
experts and sharing knowledge, increases
productivity, reduces production interrup-
tions caused by lack of knowledge and search
for knowledge, and reduces delayed re-
sponses to customer inquiries or complaints.

Seija Komi-Sirvio, Annukka Mantyniemi,
and Veikko Seppanen in “Toward a Practical
Solution for Capturing Knowledge for Soft-
ware Projects,” emphasize the need for ad-
dressing local needs, problems, and specific
context for KM initiative implementation.
At an organization that develops software-
intensive electronic products, KM activities
were not as efficient as they expected. They
replaced their current large scale, technol-
ogy-centered KM approach with a project
need-based approach to knowledge collec-
tion and delivery. This proved successful,
leading to project staff satisfaction.

ot all KM initiatives presented here

(maybe none of them) address all as-

pects of KM. This is normal because
KM has not matured yet, especially in SE.
When an organization implements such a
program, it has to start small. It needs to iden-
tify which specific problems and priorities it
should address and what does or does not
work for that organization. The results must
show benefits relatively quickly and convince
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both the employees to use the system and the
management to support it (by continuous in-
vestment in the necessary resources).

It is too early to say whether knowledge
management in software engineering will
survive, but it is clear that software organiza-
tions struggle to retain valuable knowledge
and they still depend on knowledge pos-
sessed by their employees. From the enthusi-
astic response to this special issue, reflected
both by the large number of high quality ar-
ticles submitted (many of them presenting
implementation of KM in industry) and by
the impressive number of volunteering re-
viewers, we infer that KM is of interest to
many software professionals and researchers
and is being tested by many companies as a
potential solution to these problems.

Recent developments in IT definitely en-
able sharing documented knowledge inde-
pendent of time and space. We foresee that
in the future there will also be support for
capturing and disseminating knowledge in
various formats, enabling organizations and
individuals to share knowledge on a world-
wide scale. @
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