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Abstract
Measurement of software productivity and quality are now fairly common, as are commercial tools that facilitate measurement.  There are also historical data bases that top 10,000 software projects based on function point metrics.  However, a number of measurement problems remain.  Variations in the activities measured, variations in dealing with unpaid overtime, and variations in cost accumulation and overhead costs make exact comparisons difficult.

A successful measurement program is a multi-faceted activity that includes measures of quality, productivity, schedules, assessments, and business measures.  This report summarizes the measurement practices of SPR clients who have built successful software measurement programs.

Capers Jones, Chief Scientist Emeritus

Software Productivity Research, Inc.

6 Lincoln Knoll Drive

Burlington, MA 01803

Phone

781 221 7316

FAX

781 270 6882

Email

cjones@spr.com

Copyright (C) 2001 by Capers Jones.

All rights reserved.

INTRODUCTION
Within every industry there are significant differences between the leaders and the laggards in terms of market shares, technological sophistication, and software quality and productivity levels.  For software-intensive companies, one of the most significant differences is that leaders know their quality and productivity levels because they measure them.  Lagging companies do not measure, and so they don’t know how good or bad they are compared to competitiors.  Consider three basic questions:

1. Is your company's software quality high or low compared to competitors?

2. Is your company's software productivity high or low compared to competitors?

3. Is you company’s time to market high or low compared to competitors?

If a company cannot answer these three questions their chances of competing against enterprises that do know the answers is not good.  Questions such as these three are significant aspects of business competitiveness in the 21st century.

Measurement is not the only factor that leads to software excellence.  Measurement is only one part of a whole spectrum of issues, including:  1) Good management;  2) Good technical staffs; 3) Good development processes;  4) Effective and complete tool suites;  5) Good organization structures;  6) Specialized staff skills;  7) Continuing on-the-job training;  8) Good personnel policies;  9) Good working environments;  10) Good communications.

However, measurement is the technology that allows companies to make visible progress in improving the other factors.  Without measurement, progress is slow and sometimes negative.  Companies that don’t measure tend to waste scarce investment dollars in “silver bullet” approaches that consume time and energy but generate little forward progress.  In fact, investment in good quality and productivity measurement programs has one of the best returns on investment of any known software technology.

WHAT SHOULD BE MEASURED?

The best way for a company to decide what to measure is to find out what the “best in class” companies measure and do the same things.  Following are the kinds of measurements used by companies that are at the top of their markets and succeeding in global competition.  If possible, try to visit companies such as Microsoft, IBM, AT&T, or Hewlett Packard and find out first hand what kinds of measurements tend to occur.

SOFTWARE QUALITY MEASURES
Every “best in class” company measures software quality.  There are no exceptions. If your company does not do this it is not an industry leader and there is a good chance that your software quality levels are marginal at best.  Quality is the most important topic of measurement, and here are the most important quality measures.

Customer satisfaction:  Leaders perform annual or semi-annual customer satisfaction surveys to find out what their clients think about their products.  Leaders also have sophisticated defect reporting and customer support information available via the web.  Many leaders in the commercial software world have active user groups and forums.  These groups often produce independent surveys on quality and satisfaction topics.

Defect quantities and origins:  The leaders keep accurate records of the bugs or defects found in all major deliverables, and they start early during requirements or design.  At least five categories of defects are measured:  requirements defects, design defects, code defects, documentation defects, and bad fixes or secondary bugs introduced accidentally while fixing another bug.

Defect removal efficiency:  The leaders know the average and maximum efficiency of every major kind of review, inspection, and test and they select optimum series of removal steps for projects of various kinds and sizes.  The use of pre-test reviews and inspections is normal among Baldrige winners and organizations with ultra-high quality, since testing alone is not efficient enough.  Leaders remove from 95% to more than 99% of all defects prior to delivery of software to customers.  Laggards seldom exceed 80% in terms of defect removal efficiency, and may drop below 50%.

Delivered defects by application:  The leaders begin to accumulate statistics on errors reported by users as soon as the software is delivered.  Monthly reports are prepared and given to executives, which show the defect trends against all products.  These reports are also summarized on an annual basis.  Supplemental statistics such as defect reports by country, state, industry, client, etc. are also included.

Defect severity levels:  All of the industry leaders, without exception, use some kind of a severity scale for evaluating in-coming bugs or defects reported from the field.  The number of plateaus vary from one to five.  In general, "Severity 1" are problems which cause the system to fail completely, and the severity scale then descends in seriousness.

Complexity of software:  It has been known for many years that complex code is difficult to maintain and has higher than average defect rates.  A variety of complexity analysis tools are commercially available that support standard complexity measures such as cyclomatic and essential complexity.

Test case coverage:  Software testing may or may not cover every branch and pathway through applications.  A variety of commercial tools are available that monitor the results of software testing, and help to identify portions of applications where testing is sparse or nonexistent.

Cost of quality control and defect repairs:  One significant aspect of quality measurement is to keep accurate records of the costs and resources associated with various forms of defect prevention and defect removal.  For software, these measures include:  1) The costs of software assessments;  2) the costs of quality baseline studies;  3) the costs reviews, inspections, and testing;  4) the costs of warranty repairs and post-release maintenance;  5) the costs of quality tools;  6) the costs of quality education;  7) the costs of your software quality assurance organization;  8) the costs of user satisfaction surveys;  9) the costs of any litigation involving poor quality or customer losses attributed to poor quality.

SOFTWARE PRODUCTIVITY AND SCHEDULE MEASURES
The measurement of software schedules, software effort, and software costs are important topics that differentiate leaders from laggards.  As of 2001, most of the software leaders have adopted function point metrics rather than the older and inadequate “lines of code” metric.  Here are the key productivity measures of leading software producers:

Application deliverable size measures:  The industry leaders measure the sizes of the major deliverables associated with software projects.  Size data is kept in two ways.  One method is to record the sizes of actual deliverables such as pages of specifications, pages of user manuals, screens, test cases, and source code.  The second way is to normalize the data for comparative purposes.  Here the function point metric is now the most common and the most useful.  Examples of normalized data would be pages of specifications produced per function point, source code produced per function point, and test cases produced per function point.  The function point metric defined by the International Function Point Users Group (IFPUG) is now the major metric used for software data collection.

Activity-based schedule measures:  The leading companies measure the schedules of every activity, and how those activities overlap or are carried out in parallel.  The laggards, if they measure schedules at all, simply measure the gross schedule from the rough beginning of a project to delivery, without any fine structure.  Gross schedule measurements are totally inadequate for any kind of serious process improvements.  One problem however is that activities vary from company to company and project to project.  As of 2001 there are no standard activity definitions for software projects.

Activity-based cost measures:  The leaders measure the effort for every activity, starting with requirements and continuing through maintenance.  When measuring technical effort, leaders measure all activities, including technical documentation, integration, quality assurance, etc.  Leaders tend to have a rather complete chart of accounts, with no serious gaps or omissions.  Laggards either don’t measure at all, or collect only project or phase-level data both of which are inadequate for serious economic studies.  Three kinds of normalized data are typically created:  1) work hours per function point by activity and in total;  2) function points produced per staff month by activity and in total;  3) cost per function point by activity and in total.

Indirect cost measures:  The leading companies measure costs of both direct and indirect activities.  Some of the indirect activities, such as travel, meeting costs, moving and living, legal expenses, and the like are so expensive that they cannot be overlooked.

ASSESSMENT OR “SOFT FACTOR” MEASURES
Even accurate quality and productivity data is of no value unless it can be explained why some projects are visibly better or worse than others.  The domain of the influential factors which affect the outcomes of software projects is normally collected by means of software assessments, such as those performed by the Software Engineering Institute (SEI), Software Productivity Research (SPR), R.A. Pressman Associates, Howard Rubin Associates, Quantitative Software Management (QSM), Real Decisions, or Nolan & Norton.  In general, software process assessments cover the following topics:

Software processes:  This topic deals with the entire suite of activities that are performed from early requirements through deployment.  How the project is designed, what quality assurance steps are used, and how configuration control is managed are some of the topics included.  This information is recorded in order to guide future process improvement activities.  If historical development methods are not recorded, there is no statistical way for separating ineffective methods from effective ones.

Software tool suites:  There are more than 2,500 software development tools on the commercial market, and at least the same number of proprietary tools which companies have built for their own use.  It is of considerable importance to explore the usefulness of the available tools and that means that each project must record the tools utilized.  Thoughtful companies identify gaps and missing features, and use this kind of data for planning improvements.

Software infrastructure:  The number, size, and kinds of departments within large organizations is an important topic, as are the ways of communication across organizational boundaries.  Whether a project uses matrix or hierarchical management, and whether or not a project involves multiple cities our countries exert a significant impact on results.

Software team skills and experience:  Large corporations can have more than 100 different occupation groups within their software domains.  Some of these specialists include quality assurance, technical writing, testing, integration and configuration control, network specialists, and many more.  Since large software projects do better with specialists than with generalists, it is important to record the occupation groups used.

Staff and management training:  Software personnel, like medical doctors and attorneys, need continuing education to stay current.  Leading companies tend to provide from 10 to 15 days of education per year, for both technical staff members and for software management.  Assessments explore the topic.  Normally training takes place between assignments and is not a factor on specific projects, unless activities such as formal inspections or joint application design are being used for the first time.

Environment and ergonomis:  The physical office layout and noise levels exert a surprisingly strong influence on software results.  The best in class organizations typically have fairly good office layouts, while laggards tend to use crowded cubicles or open offices that are densely packed.  There may also be telecommuters or remote personnel involved, and there may be subcontractors at other locations involved.

BUSINESS AND CORPORATE MEASURES
Thus far measurement has been discussed at the level of software projects.  However, many corporations are engaged in business process reengineering (BPR) or corporate realignments.  There are also important measurements at the corporate level.  Here are just a few samples of corporate measures to illustrate what the topics of concern are.

Portfolio measures:  Major corporations can own from 250,000 to more than 1,000,000 Function Points of software, apportioned across thousands of programs and dozens to hundreds of systems.  Leading enterprises know the sizes of their portfolios, their growth rate, replacement cost, quality levels, and many other factors.  For companies undergoing various kinds of business process reengineering, it is important to know the quantity of software used by various corporate and business functions such as manufacturing, sales, marketing, finance, and so forth.

Software usage measures:  A new kind of analysis is beginning to be used within the context of business process reengineering.  The function point metric can be used to measure the quantity of software used by various workers within corporations.  For example, project mangers often use more than 10,000 function points of tools for planning, estimating, sizing, measuring, and tracking projects.  Such information is starting to be available for many other occupations including accounting, marketing, sales, various kinds of engineering, quality assurance, and several others.

Market share measures:  The industry and global leaders know quite a lot more about their markets, market shares, and competitors than the laggards.  For example, industry leaders in the commercial software domain tend to know how every one of their products is selling in every country, and how well competitive products are selling in every country.

Competitive measures:  Few companies lack competitors.  The industry leaders know quite a bit of information about their competitors’ products, market shares, and other important topics.  Much of this kind of information is available from various industry sources such as Dun & Bradstreet, Mead Data Central, Fortune magazine and other journals, and from industry studies produced by organizations such as Auerbach, the Gartner Group, and others.

COMMERCIAL SOFTWARE MEASUREMENT TOOLS
Measurement using manual methods is difficult and expensive.  For many years, the only effective measurement tools were proprietary ones built by various corporations for their own internal use.  Starting about 20 years ago, a new subindustry began to emerge of companies that build measurement tools for software quality, complexity, defect tracking, cost tracking, schedule tracking, tools inventories, function point tracking, and many other measurement topics.

As of 2001, this subindustry has at least 50 companies and more than 100 products in the United States alone.  The best way to explore the rapidly growing measurement subindustry is to visit the vendor showcases of software conferences dealing with quality, application development, or the metrics conferences sponsored by non-profit groups such as the International Function Point Users Group (IFPUG), the Society of Cost Estimating and Analysis (SCEA), or the International Society of Parametric Analysis (ISPA).

SUMMARY AND CONCLUSIONS

The software industry is struggling to overcome a very bad reputation for poor quality and long schedules.  The companies that have been most successful in improving quality and shortening schedules have also been the ones with the best measurements.

The U.S. software industry is about to face major challenges from overseas vendors with markedly lower labor costs than U.S. norms.  Measurement of software quality and productivity is already an important business tool.  As off-shore software vendors use metrics and measurements to attract U.S. clients, good measurements may well become a business weapon.
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