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Introduction
A software development organization may implement a measurements program for many different reasons. In the final analysis however, there are three key reasons to measure software projects:

1)  to understand and model software engineering processes and products,

2)  to aid in the management of software projects,

3)  to guide improvements in software engineering processes.

Any one of these or a combination can be addressed by a measurement program. It is important for an organization to decide on specific goals for the measurement program and then tailor the program to those goals. The underlying purpose should be to achieve results from the use and application of the measures. Collecting data is not an end in itself.

Measurement to Increase Understanding
Increased understanding of the development process will lead to better management of projects and improvement in the process itself. Questions that might be answered include:

1)  How much is the organization spending on development?

2)  Where are the resources allocated throughout the lifecycle?

3)  How much effort is expended on testing?

4)  What types of errors and changes are typical to the organization’s projects?

5)  What is the tradeoff between schedule and functionality?

6)  What is the tradeoff between staffing and schedule?

A baseline understanding resulting from a good measurement program will help answer these and other questions about the organization’s software development process.

Measurement for Managing Software Development
Another reason for a measurement program is to provide management information. Understanding what is happening during development will enhance management decision making. Data gathered will help with planning and estimating, tracking against plan, and validation of the organizational model as a basis for improving future estimates.

For planning and estimating, the data gathered from prior projects represents a historical database that can be used to generate and enhance development models. These models are used to develop estimates for new projects.

The ability to track the actual project against estimates is an important management tool. Visibility into the progress of the project allows management to make informed decisions and mid-course corrections to the project. Measurement of project data provides that visibility.

Tracking actual vs. planned activity levels enables ongoing evaluation, adjustment, and validation of the organization’s development models.

Measurement for Guiding Improvement
Constant improvement of products and processes enables an organization to grow and evolve. Improved products naturally follow from improved processes. Process improvement begins with a basic understanding of the process involved. A measurement program paves the way for this to occur. Once the process is adequately understood, calculated changes can then be made and the results measured to determine whether those changes resulted in improvements to the process.

This type of activity can be framed in a process improvement model such as the Capability Maturity Model for Software from the Software Engineering Institute at Carnegie Mellon University. This model provides a widely accepted framework with five levels of process maturity and provides a sequence of steps and prioritized actions for the gradual improvement of software processes within an organization.

The Software Engineering Laboratory at NASA’s Goddard Space Flight Center has also developed a process improvement model tailored specifically to their own organization. This model is based on Understanding, Assessment, and Packaging. That is, understanding the process in question, assessing the information generated from changes and determining whether improvement has occurred, and if it has, packaging the resulting information in the form of new guidelines, policies, procedures, standards, etc.

Core Measures
With the above in mind, the following fundamental set of measures was designed to form the basis of a new measurement program. Grouped into broad five categories, these measures can be tailored to the organization and can be changed or added to over time as the need is identified.

· Cost

· Dates for the reporting period

· Total effort for the reporting period

· Hours by activity (51 activities in 13 categories - SPSG)

· Errors

· Date error reported

· Date error corrected

· Source of the error

· Class of error

· Effort to isolate the error

· Effort to implement change

· Process Characteristics (lesser importance)

· Development language(s)

· Important process characteristics (if any)

· Study goals

· Project Dynamics

· Changes to requirements

· Changes to code

· Growth of code

· Predicted project characteristics

· Milestone dates

· Total components size

· Total effort

· Project Characteristics

· Development dates

· Total effort

· Project size

· Component information

· Software classification

Conclusion
Collection, analysis, and understanding of these data will help an organization to understand, manage, and improve the software process. Of course, there is more to implementing and operating a measurement program and understanding and analyzing the information such a program will generate than is discussed here. A detailed discussion of these topics is outside the scope of this effort at this time.

One cautionary note: in any measurement program there will be risks that need to be managed. A major one is the fear that the measurement program will be used to evaluate specific staff. This is a temptation in some organizations and it is imperative that a measurement program track projects, not specific people.

Finally, an important thing to keep in mind as a measurement program is contemplated and designed is that what is measured will get optimized. Thus, it is imperative that the program being implemented is properly balanced. For instance, if errors are all that is measured, errors will be reduced, very possibly at the expense of schedule. If lines of code are measured, coding styles may evolve to produce more lines of code at decreased efficiency.
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