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For a software engineering division of a company, the most important stan-
dards are those used for the management of the software engineering
projects. While numerous, relevant, de jure, software engineering standards
exist, national guidelines, such as the Department of Defense’s Capability
Maturity Model, and corporate standards, such as the Microsoft Solutions
Framework, exert a significant influence on the marketplace. A study of the
existing standards shows significant similarity across them. Case studies of
the use of the standards suggest that a major factor in determining the adop-
tion of one standard over another is the environment of the adopter. A com-
pany that depends on Microsoft in important business ways is more likely
to adopt the Microsoft Solutions Framework. Likewise a company that is a
major customer of the Department of Defense may be inclined to use the
Capability Maturity Model. The review of software engineering manage-
ment standards also reveals the dearth of explicit guidance on the roles and
processes to use in upper management. Financial process and audit prac-
tices influence the application and need for standards. An examination of
the operation of a major manufacturing firm (referred to as Company X)
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shows again the challenge of managing software projects well and the re-
markable success that can accrue from a systematic and standard approach
across projects.

Introduction

Gupta and Oasem (1999) say”Companies that wish to survive and com-
pete in this information era are finding that effective use and management
of information technology is fast becoming the single biggest contributor
to their competitive advantage and thus, also to their bottom line.” The
management of software development is particularly important because
(deMarco, et al, 1999) the rapid pace of change in workplace practices
brought about by information technology mandates special attention to
management standards. The severe shortage of skilled software engineers
also necessitates close attention to their proper management (Rada, 1999).
What standards apply to the management of software development projects
and what factors determine which standards are adopted by which organi-
zations?

Software Engineering Standards History

One of the first consensus-based standards for software was for the pro-
gramming language ALGOL in the late 1950s (Bergin and Gibson, 1996).
Now numerous, de jure standards exist for software. This document focuses
on standards for the development or management of software. For the U.
S. government, the National Bureau of Standards in 1976 wrote FIPS Pub-
lication 38, Guidelines for Documentation of Computer Programs and Auto-
mated Systems, and organized a software life cycle around ten documents.
IBM around this time also had developed and used its own proprietary
software engineering standards that it did not share with the rest of the
world because IBM considered those standards important to its competi-
tive advantage (Moore and Rada, 1996).

While the 1970s and 1980s were a period of differentiation in software
engineering standards, the 1990s were a period of consolidation (Moore,
1997). As a manifestation of the drive to standards with broad reach, the
international standards community activity increased. The Software Engi-
neering Subcommittee of Joint Technical Committee 1 of the International
Organization for Standardization and the International Electro-technical
Commission (ISO/IEC JTC1/SC7) developed numerous standards in the
1990s. The one most relevant to software project management, ISO/IEC
12207, was officially approved in 1995.The IEEE has an extensive library of
software engineering standards that have been organized into 4 volumes
(SESC, 1998): customer, process, products, and resources.

National governments recognize the critical character of software de-
velopment and have subsidized particular organizations to develop and
support guidelines. For example, the British Central Computer and Tele-
communications Agency (CCTA) develops guidelines for the information
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technology industry. Two CCTA products are the”IT Infrastructure Library”
and“Projects in Controlled Environments.”The primary objective of the”IT
Infrastructure Library”is to establish best practices and a standard of IT
service quality that customers should demand and providers should seek
to supply? (CCTA, 2000).“Projects in Controlled Environments? PRINCE
plans and controls a project primarily through a Product Breakdown Struc-
ture.

The Software Engineering Institute was founded by the United States
DoD and has developed the Capability Maturity Model (CMM) to assess
the capability of a software engineering organization. By considering what
the objectives are as indicated by CMM, an organization can work back-
ward to a definition of the roles and schedules that it needs to achieve a
high level of capability.

While standards can be viewed from the perspective of history, other
perspectives are also useful. One perspective is by topic, such as software
quality, life cycle, or software project management. Another view is by origi-
nator of the standard, such as:

e developer of de jure standards,
e government-funded developer of guidelines, or
e corporate developer of proprietary standards.

Practically speaking a standard is simply what people use (Rada, 2000).
The emphasis in this document is on software management standards.

Corporate Standards

When a private company that develops software for its internal use looks
for a software project management standard, its main concern might not
be whether the standard is de jure, de facto, or otherwise. Rather the con-
cern is with the appropriateness of the standard to the corporate needs
and perhaps the extent to which a complete solution is available. Software
engineering standards from Microsoft are considered next.

Originally based on best practices within Microsoft product develop-
ment, the Microsoft Solutions Framework (MSF) (Microsoft, 2000) was cre-
ated in 1994 to promote consistency and effectiveness within the Microsoft
Consulting Services organization. Research and customer feedback has
contributed to the refinement of the MSF. Additionally, Microsoft offers
training courses in MSF, and over 25,000 people have taken MSF courses.

MSF revolves around a team with a process. The team has well-defined
roles played by a small number of people who interact on a peer-peer ba-
sis. The process is iterative and milestone-based and supports rapid
prototyping.

Each MSF project team has exactly six roles: product manager, program
manager, development, testing, user education, logistics planning. Each
role may be assumed by a handful of different people, but what is impor-
tant for the team is that the role discharges its responsibilities.
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The MSF process model describes the phases, milestones, activities and
deliverables of a project and their relationship to the team model. The pro-
cess model’s underlying practices and principles include: using versioned
releases, scheduling for an uncertain future, managing trade-offs, manag-
ing risk, maintaining a fixed ship-date mindset, breaking large projects into
manageable parts, performing daily builds, and using bottom-up estimat-
ing.

gfying together the roles and the processes are documents that are deliv-
ered by roles at precise points in the iterative process. MSF provides de-
tailed document templates. For instance, the“vision and scope”document
for a project has to be delivered at the beginning of a project with the input
of all the roles and under the responsibility of the product manager. The
“vision and scope”document template has over a dozen headings and guid-
ance as to what should be provided under each heading.

Other Factors Influencing Standards

Failed software projects like those described by Glass (1997) have led
several companies to adjust their accounting methods. The adjustments, in
part, have come in the wake of requirements by accounting standards bod-
ies like the American Institute of Certified Public Accountants (AICPA).
Standard Operating Procedure 98-1 was issued in order to provide more
specific guidance to firms about how to account for the cost of software
developed for internal use (Munter, 1999). The guide has led many firms to
shorten the financial life of software and increase the threshold for the
capitalization of software projects—as we found at Company X discussed
later in this paper. Both of these changes keep bad software off the com-
pany balance sheet. In the former case, failed software projects that are
considered impaired assets could naturally be removed from the balance
sheet at the earliest date possible. In the latter case, a threshold of $500,000
creates an environment that limits the number of projects that can make
their way to the balance sheet in the first place. Possible financial impair-
ment becomes moot. These projects are expensed immediately.

Complexity is created as firms begin to choose various parts of stan-
dards in an a la carte manner. This menu approach to corporate standards
may help reflect the culture of an organization; however, it makes the task
of control far more complicated. Jones, et. al. (1996) has attempted to re-
duce complexity by introducing activity based modeling tools based upon
those used in cost accounting. Measuring time on task in a granular way
may lead to greater control when using standards created by different bod-
ies.The Information Systems Audit and Control Foundation has a different
approach. While this body is mainly concerned with often-competing se-
curity and control standards, it offers the COBIT framework (ISACEF, 1996)
that can be used to build eclectic standards into an organized set of gener-
ally applicable and accepted practices.

There is a subtle but powerful influence that support organizations like
Finance and Audit have on software engineering standards. The external

WWW.manaraa.(‘:om



Rada and Craparo 71

influence is not necessarily driven by culture, but by a need to control com-
plexity and predict the return-on-investment of a software asset.

Case Studies with Corporate Standard

Best software engineering practices prove often to not be widely adopted
in industry (Dutta et al, 1998). What does one find in looking at the adop-
tion of the software project management methodologies of Microsoft?
Descriptions of the use of MSF by an anonymous Company X, by Damgaard,
and by Navision are presented.

Company X

An informal case study of software management standards at a major,
global manufacturing company is next presented. The company prefers to
remain anonymous and will be called here Company X. Company X manu-
facturers to a global audience, incorporates Microsoft products in its own
product line, and extensively uses Microsoft products internally. The Com-
pany intends to do the majority of its customer transactions on the Internet
and already is a world-leader in that regard. Company X employs about
40,000 people of whom about 2,500 work in the Information Technology
(IT) Division that services internal IT needs.

The IT Division develops the information technology infrastructure of
Company X in collaboration with the business units of X that use this in-
frastructure.The approach to standardization of method began with a strict
division-wide approach but evolved in the early 1990s into a loose ap-
proach. The loose approach hindered productivity, and in 1998 a division-
wide standardization of team methodology was initiated. The evolution
from one approach to another was consistent with the model of internal
standardization change espoused by Monteiro and Hanseth (1999).

The IT Division reviewed available standards that it could adopt that
would be consistent with its principles. Its principles are that teams should
work closely with business units and teams should act quickly and cre-
atively. To support such teams the IT Division chose the Microsoft Solu-
tions Framework (MSF).

In early 1999, all the IT project managers were trained in the use of MSF.
The IT Policy document states that every new project must comply with the
MSE. To audit the success of the software project management standard-
ization, a survey was conducted in late 1999. Individuals from every major
unit—a total of approximately 40 individuals—were surveyed. The survey
included about thirty short-answer questions and was followed-up as ap-
propriate with in-depth interviews. The response rate for the survey was
one hundred percent.

The survey of the impact of MSF on the division behavior showed that
typical project teams were performing similarly to how they had before the
introduction of MSF and that the diffusion of MSF throughout the organi-
zation had not proceeded as far as intended. A couple of units had gone
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fully into MSF mode. Those units reported that they were very comfortable
with MSF and that the company standardization effort was helping. How-
ever, several units were annoyed at the intervention by the corporate head-
quarters in the way of working of the unit and felt that working to MSF as
a standard would be a bureaucratic nuisance rather than a productivity
enhancer. Those who were opposed to working with MSF understood the
corporate plan but were able to proceed with management methods largely
as prior to the corporate standardization effort. No formal compliance or-
ganization per se existed, and there were few repercussions for not follow-
ing the directive to adopt the MSF team and process model.

The MSF describes in great detail how to run a project but does not
say how to run that part of the organization that needs to coordinate across
many MSF projects. The Company X IT Division has, of course, a current
way of running the projects and extensive documentation to support that
management.This documentation constitutes an”Organizational Manual”
that is being refined to take advantage of the impetus provided by the MSF
for improved performance of individual projects. To support coordination
across projects the following four management processes have been iden-
tified as useful:

1. Standards,
2.Training,

3. Quality Control, and
4. Consulting.

This approach is consistent with that taken by other corporations (see
for instance, Haley et al, 1995) but is not prescribed per se by MSF. In fur-
ther detail:

e The IT Division’s”Standards”process addresses the continual refinement of
MSF to suit the Company’s particular situation and the development of new
standards to address coordination across projects. For instance, one stan-
dard might say that whenever three or more defects have been identified in
a delivered product, then the project team that developed the product is
penalized“Training” assesses the competencies of employees and provides
training to address competency gaps.

® “Quality Control”monitors the performance of projects to determine com-
pliance with the standards. Projects that are identified as non-compliant
are referred to Consulting.

e “Consulting”helps projects achieve compliance.

Each of these four processes is associated with a team that implements
the process, and the four teams work closely with one another in a loop
from what is defined by the Standards team, to what is taught by the Train-
ing team, to what is monitored by the Quality Control team, to what is
remedied by the Consulting team.

In early 2000, it became clear to Company X that enhancements to this
model had to be made in two areas.”Standards”and”Quality Control”were
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not consistent across application development teams or across their cor-
responding geographic regions. The Organizational Manual and the MSF
process did not insure that projects were completed. In March 2000 the
organization made an assessment of all strategic software development
projects underway in the organization. Strategic projects were defined as
those which create income, enhance manufacturing, or increase customer
satisfaction. Two other project categories were defined: Tactical and Baseline.
The former represent prerequisite work needed to insure the success of a
strategic project. An example would be the CPU upgrade of the company’s
mainframe computer to support a new three-tier order management sys-
tem. Baseline projects are defined as work needed to“keep the lights on.”
An example is the reorganization of the internal end-user helpdesk in or-
der to lower company operating expenses.

As part of the assessment, a scorecard was created that measured the
success of IT development across several measures over the previous twenty-
four months. The results of the scoring exercise surprised the IT manage-
ment organization. During the previous two years, 260 Strategic software
development projects were started and three were completed. In addition,
the full time equivalent (FTE) Software Developer population was 650. Of
that number only 30 percent or 195 of the FTE population was dedicated to
developing or database modeling.The rest were dedicated to business analy-
sis, administration, and MSF training. The ratio did not make sense to man-
agement.

These facts led to a decision to make several changes to the Company X
software development approach.

e Strategic Projects would be limited to 15 at any moment in time.

e FTE would be realigned so that 75 percent of personnel would be dedicated
to development activities.

e All Strategic Projects would require a Cost Benefit Analysis and Business
Sponsor.

e Each Strategic Project would undergo a detailed review by the senior CIO
staff every 6 weeks.

e Each Project MSF Phase would require signoff by a newly formed Technical
Review Team.

e The Organizational Manual would be reconstituted as a 3 year Enterprise
Architecture Plan based upon Capability Maturity Model criteria.

e Standards related to the number of projects that could be practically worked
toward a successful end, closer scrutiny of goals, and greater specificity cre-
ated in the Enterprise Architecture plan are bearing fruit. Through August
2001, the organization has completed 12 of the first 15 Strategic Projects on
time, on target and within budget.

Damgaard and Navision
Damgaard develops, sells, and services enterprise-resource planning

software and employs about 500 people. To quote Damgaard (2000):
“Damgaard’s products are developed solely with Microsoft technologies in
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mind.” Damgaard has adopted completely the MSF as a way of managing
its project teams (Microsoft, 1999). In the switch to MSF a few years ago,
staff members were moved from the previous setup of departments de-
fined by function into teams aligned by product. The entire Development
Division was re-organized into MSF teams with roles and responsibilities
from across all disciplines represented within each team, including devel-
opers, testers, sales and service. An important part of the project was physi-
cally putting each team into shared office space. Damgaard implemented
quality control and consulting teams to look into errors and to act upon
them. Statistics from this quality control and consulting activity are an in-
tegral part of Damgaard’s release procedure.

Navision has 550 employees and over 30,000 clients. It products run pri-
marily on a Microsoft infrastructure. Navision has also committed to the
MSF (Microsoft, 1999b). The ability to implement MSF incrementally suits
Navision’s way of handling growth. The MSF Team model has provided a
shared reference for procedures and terminology. Communication within
and between teams is facilitated. MSF program manager Peter F. Jorgensen
comments,”With MSF, we don’t need to discuss organization and respon-
sibilities every time we start up a new project. Everyone on the team knows
their role and the process we are going through. This improves both the
development process and communication in general.”

Daamgaard is an example of a firm that has embraced the software man-
agement theory of its captive sales-channel software platform associate
Microsoft. Navison favors standardization which helps control growth and
enhances speed. Cultural influence, strategic partnering, strong manage-
ment control, and perhaps fear of the unknown limit these organizations
from straying too far from out-of-the-box MSF. On the other hand, we see
Company X highly customizing its software development process to the
point that MSF has become the spirit and not the law.

De Jure and National Guideline Cases

Three cases are presented of organizations using de jure standards or
national guidelines. The Boeing Company follows various de jure standards,
as dictated by its customers. AlliedSignal Aerospace and Raytheon are pre-
sented for their adherence to the CMM quality assessment method.

The Boeing Company <www.boeing.com> manufactures aerospace prod-
ucts, and Boeing’s software engineering projects employ thousands of
people. However, Boeing does not use one software development method
across all projects. A significant portion of Boeing’s business is for various
agencies of the US Federal government, including DoD. While these agen-
cies strive to follow international standards, they continue to have agency-
specific standards for specialized systems development. When these
government agencies purchase systems from a vendor, they may well re-
quire that the systems are development in accord with the specific stan-
dards advocated by the agency.Thus different software development projects
within Boeing may be required to use different development standards.
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However, Boeing’s IT Division does closely follow a high-level quality stan-
dard and structured methodology that emphasizes teamwork, performing
to target, and training employees.

AlliedSignal Aerospace is another large American company with a sub-
stantial business with DoD. DoD strongly encourages its vendors to dem-
onstrate a high-level of maturity according to the Capability Maturity Model
(CMM is funded by DoD). Not surprisingly, AlliedSignal Aerospace com-
mitted itself to corporate-wide software process improvement in 1992 by
using the CMM. The improvement initiative covered all software develop-
ment and maintenance activities in product development (Buchman, 1996).
The improvement effort was managed centrally by a Software Technology
Council and was implemented and funded locally in order to maximize the
improvement potential. The results were impressive as some sites went
from Level 1 to Level 3 on the CMM scale within three years.

Raytheon is yet another large American company doing much of its busi-
ness for the DoD. Raytheon also chose the path of process improvement,
guided by the CMM. Raytheon has been able to demonstrate sustained,
significant, and measurable improvements to its software engineering pro-
cess (Haley, et al, 1995). Raytheon organized its initiative into an executive
committee responsible for steering and oversight, and into four Working
Groups, each responsible for a major area in the initiative. The Policy and
Procedures Group initially captured and documented best practices so that
they could be applied across all projects. The Training Group elevated the
importance of training from ad hoc “on the job”learning to a full commitment
of the software organization to ensure that each project had its engineers fully
trained before beginning work. The Tools and Methods Group developed the
technologies (CASE tools, workstations) and the methods (Ada, object-ori-
ented).The Process Database Group developed the process and quality metrics
and statistical process control to assess the performance of both projects and
the process. These working groups tailored the process to be effective within
the Raytheon culture. The projects and the process worked together to
achieve increases in predictability, productivity, and quality.

Conclusion

Companies must choose standards that fit with their internal corporate
culture. West (1999) has shown that choices of standards are often highly
influenced by organizational factors. Companies that already work closely
with Microsoft Corporation are naturally inclined to consider a software
development methodology supported by Microsoft. Companies for whom
the DoD is a major client are inclined to follow methods supported by the
DoD, such as CMM. The case studies in this document support that ten-
dency. The companies that adopted MSF were committed to Microsoft in
various business ways, and the companies that followed CMM were major
customers of the DoD.

If an organization has many software engineering teams, then some stan-
dardization of methods across teams is important. Deployment of a corpo-
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rate software engineering organizational standard with consistent roles and
schedules across projects can lead to various benefits, including:

® Better planning, both short-term and long-term, leading to more predict-
able outcomes.

e Increased staffing flexibility (decreased sensitivity to employee turn-over)
as well-defined roles and processes repeated across project teams facilitate
reuse of experience.

e Organizational learning which drives a higher quality product, at lower cost,
and in less time.

e Financially viable information assets with little chance of becoming an im-
pairment on the firm?s balance sheet.

These benefits might not be seen in the life of a given project easily but
will be obvious across an organization and over the lives of many projects.

A wide range of standards for managing software projects is available.
These standards focus on the software life cycle and on quality assurance
for software projects. The enforcing of consistent standards across many
projects is, however, perhaps the least well understood problem in soft-
ware management. How to manage many simultaneous projects depends
on many issues of which the proper choice of tools and further levels of
management are prominent.

CCTA has advanced broad strategies for corporate-wide management
of software projects and emphasizes setting direction, implementing plans,
and managing assets. More specifics are needed. To the extent that a soft-
ware development methodology for a project embraces various principles
of operation, one might hope that the management across projects would
be consistent with the management within projects. For example, with MSF
one might imagine generalizations of the six project roles so that they would
correspond to senior management roles. Continuing this example, a company
might want at the upper levels of management a product manager (marketing
vice-president) and a program manager (chief operations officer).

For a software engineering division of a company, the most important
standards are those used for the roles and processes of their software engi-
neering teams. Some standards are developed internally by a company for
its sole use, some standards are products developed and marketed by for-
profit companies to other companies, some standards are the result of gov-
ernment funding to national centers, and some are the product of formal
standards development organizations. The issue is less that one standard
is better or worse than another, and more that the company choose a par-
ticular standard and consistently work to it.
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