
System and Software Metrics for 

Performance-Based Contracting

1. Introduction

This handout provides guidance on metrics that can be used for Performance-Based Contracting (PBC) to assess the contract performance.  There are two types of standards for evaluating performance on product development PBC contracts (or task orders):  one for assessing how well the contractor is performing with respect to accomplishing the Statement of Work (SOW) requirements, and one for how well the product under development is meeting the product’s specification requirements.  For service contracts, generally only the first type of standard applies.  For effective contract management, such standards need to be defined using appropriate metrics, and then the proper data must be obtained to evaluate whether or not the defined standards are being met.


The two types of standards are defined as follows:

Performance standards – define what level of contractor performance in meeting the SOW requirements is good enough.  These standards are documented in the SOW.
Product specification standards – define what degree of adherence to the product specification requirements is good enough.  These standards are derived from the specification requirements.
2. Metrics for Use in Performance Standards for Product Development Contracts

This section provides some suggestions for metrics that can be used in defining performance standards for evaluating the contractor’s performance with respect to the SOW requirements for a product development contract.  Four categories of useful measures for performance standards are described below:
· Schedule and Progress

· Size and Stability

· Cost and Resource

· Defect

2.1  Schedule and Progress Metrics

Schedule and Progress Metrics provide an indication of whether or not the development effort is proceeding as planned.  Schedule and Progress Metrics can be used to obtain general information about whether the overall schedule target is being met and to obtain information about specific tasks or parts of the development effort that may be behind schedule.  Schedule and Progress Metrics are usually tracked periodically over time (e.g., monthly).

Some examples of Schedule and Progress Metrics useful for stating performance standards are:

· Actual progress versus planned progress of specific development tasks over time
· Requirements defined

· Components designed

· Components coded

· Peer reviews completed

· Components successfully unit tested

· Components successfully integrated

· Test procedures developed 

· Integration testing, qualification testing, acceptance testing

· Test procedures successfully executed

· Integration testing, qualification testing, acceptance testing

· Requirements verified

· Software Build Contents
· Planned versus actual requirements implemented in each build

· Planned versus actual units implemented in each build

· Milestone Performance

· Planned versus actual milestone dates

· Number of days slipped

· Earned value measures for schedule

· Schedule variance

· Schedule performance index

Some examples of performance standards using schedule and progress metrics are given in the following table.

	Measure
	Standard

	Actual number of:

· Requirements defined

· Components designed

· Components coded

· Peer reviews completed

· Qualification test procedures successfully executed

· Requirements verified

	Greater than or equal to 90% of planned number



	Actual number of units integrated in build 


	Greater than 95% of planned number of units in build



	Milestones completed 


	Within 7 days of schedule



	Schedule variance


	Less than 10%




2.2 Size and Stability Metrics

Size and Stability Metrics provide an indication of the size and stability of the evolving product as development proceeds.  Size and Stability Metrics can be used to obtain information about whether the quantity of work to be performed has increased since the beginning of the development effort and to obtain information about stability issues that may cause future problems meeting cost, schedule or technical objectives.  Size and Stability Metrics are usually tracked periodically over time (e.g., monthly).

Some examples of Size and Stability Metrics useful for stating performance standards are:

· Size:  estimated and actual values over time
· Number of Source Lines of Code (SLOC)

· Total

· Broken out by each software item

· Broken out by unmodified reuse, modified reuse, and new code

· Number of function points

· Number of screens

· Size of database

· Number of units (e.g., hardware or software)

· Number of requirements

· Requirements Stability:  number of requirements changes over time
· Total

· Broken out by number added, number modified, and number deleted

· Broken out by reason for change

· Design Stability:  number of changes to design components over time

· Total

· Broken out by number added, number modified, and number deleted

· Broken out by reason for change
Some examples of performance standards using schedule and progress metrics are given in the following table.

	Measure
	Standard

	Number of requirements changed


	Less than 10% of total number of requirements defined



	Percent of design changes due to requirements errors


	Less than 5%



	Actual number of Source Lines of Code (SLOC)


	Less than 110% of planned number of SLOC



	Actual amount of reuse (in SLOC)


	Within 10% of planned amount of reuse (in SLOC)




2.3 Cost and Resource Metrics

Cost and Resource Metrics provide an indication of whether the development effort is within cost and whether there are sufficient resources to do the job.  Cost and Resource Metrics can be used to obtain information about: 

· Whether the overall cost target is being met

· Specific tasks or parts of the development effort that may be over cost 

· Resource issues that may cause future problems meeting cost, schedule or technical objectives

Cost and Resource Metrics are usually tracked periodically over time (e.g., monthly).

Some examples of Cost and Resource Metrics useful for stating performance standards are:

· Effort:  planned versus actual effort over time (e.g., in person-hours or person-months)
· Total

· Broken out by item (e.g., hardware or software)

· Broken out by lowest level Work Breakdown Structure (WBS) element for each item (e.g., hardware or software)

· Cost:  planned versus actual cost (in dollars) over time

· Total

· Broken out by item (e.g., hardware or software)

· Broken out by lowest level WBS element for each item (e.g., hardware or software)

· Productivity:  Size of product divided by effort to develop the product
· SLOC / Person-months

· Function Points / Person-months

· Screens / Person-hours

· Earned value measures for cost

· Cost variance

· Cost performance index

· Estimate at completion

· Staffing Levels:  planned versus actual number of technical staff
· Total

· Broken out by function (e.g., software designers, coders, testers, software configuration management personnel, quality assurance personnel, hardware designers, fabrication personnel, etc.)

· Broken out by years of experience

· Test bed and test facility resources:  planned versus actual hours of availability

· Total

· Broken out for each test bed/test facility

Some examples of performance standards using cost and resource metrics are given in the following table.

	Measure
	Standard

	Actual staffing level

	Greater than 90% of planned staffing level


	Actual effort (in number of person-hours) for:

· Design of software component X

· Code and unit test of software component X


	Less than 110% of planned effort



	Cost variance


	Less than 10%




2.4 Defect Metrics

Defect Metrics provide an indication of the amount of downstream rework that must be performed due to defects present in the products produced by the contractor.   Defect Metrics can be used to obtain specific information about defects already identified and to obtain information about latent defects not yet discovered.  Defect Metrics are usually tracked periodically over time (e.g., monthly).

Some examples of Defect Metrics useful for stating performance standards are:

· Problem Reports
· Number opened, closed:  totals and by type and severity

· Number opened, closed during this reporting period:  totals and by type and severity

· Age of open problem reports:  total and by type and severity

· Number of Defects found during reviews (e.g., peer reviews, customer reviews) 

· Total number

· Broken out by type and criticality

· Defect Density:  Number of defects found during reviews divided by size of product reviewed

· Number of Faults encountered during testing (e.g., integration, qualification,  and acceptance testing) 

· Total number

· Broken out by type and criticality

· Fault Density:  Number of faults encountered during testing divided by size of product tested

· System/Software Reliability

· Mean time between failures

· Estimated number of faults remaining

· Amount of effort required for rework (due to problems or changes)

Some examples of performance standards using defect metrics are given in the following table.

	Measure
	Standard

	Number of open problem reports
	Less than 5 for criticality 1 and less than 20 for criticality 2


	Average age of open problem reports of criticality 1 and 2 

	Less than 4 weeks



	Number of design defect escapes, where an escape is a defect identified after the peer reviews of the design are completed


	Less than one design defect escape per unit of size of product (e.g., per Thousand Source Lines of Code (KSLOC))



	Fault density, where fault density = number of faults found during testing divided by the size (e.g., in KSLOC) of product being tested
	Less than .005




3. Metrics for Use in Product Specification Standards for Product Development Contracts

Product development contracts differ widely in the types of products required to be developed by the contractor.  Therefore, no standard categories of product-related metrics exist for these contracts.  Instead, the metrics must be based on the specific requirements in the contract specification.  Usually the types of metrics used for product specification standards measure progress toward meeting critical system characteristics (technical parameters) that are specified in the requirements or constrained by the system design.  Such metrics generally have clearly identifiable and measurable target values, and they are usually tracked over time, both periodically and at major reviews.

Some examples of metrics for stating product specification standards are:

· Weight
· Power

· Design life

· Speed

· Response time

· Bit error rate

· Mean Time Between Failure

· Equipment set-up time

· Stability within specified tolerance
· Positioning accuracy within specified tolerance

· Calibration repeatability tolerance

· Data accuracy

· Data capacity

· Processor throughput and margin
· Memory capacity and margin

· Communication bandwidth/buss capacity and margin

· Storage capacity and margin

· Growth capacity

Some examples of product specification standards for product development contracts are given in the following table.

	Measure
	Standard

	Instrument weight 


	Less than 100 lbs



	Onboard processor throughput margin 
	Greater than or equal to 50%



	Positioning error 


	Less than 0.001 mm



	Platform stability 


	Within 0.5%



	Repeatability to calibration 


	Within 0.001 radians

	Data accuracy 


	Greater than or equal to 98%



	Mean Time Between Failure


	Greater than 2000 hours



	Increase in data received and processed


	Greater than 50%




4. Metrics That Can Be Used for Either Performance Standards or Product Specification Standards

Metrics cannot always be neatly categorized into those that support the definition of performance standards and those that support the definition of product specification standards.  Some metrics can be used for either purpose, depending upon the situation.  For example, the metric test facility availability may be used to define a product specification standard for a contract where the contractor is building a test facility (e.g., a wind tunnel) according to a product specification. In this case, availability may be stated as a requirement in the specification.  On the other hand, for a contract to develop a satellite, sufficient availability of time on the ground-based flight test bed is of critical importance to the development of the flight software.  In this case, flight test bed availability may be used to define a performance standard to ensure the contractor is allocating sufficient time on the shared flight test bed resource to software.


Some examples of the type of metrics that can be used for either performance standards or product specification standards are:
· System availability
· Time to restore system after a failure
· Test facility availability
· Time site is operational
· Facility utilization
· Turnaround time to update site software
5.0 Metrics for Use in Performance Standards for Service Contracts

Service contracts differ widely in the types of services they require of the contractors.  Therefore, no standard categories of metrics exist for this type of contract.  Instead, the metrics must be based on the specific tasking in the service SOW.


Some examples of metrics for stating performance standards for service contracts are:
· Number of help desk customers
· Percentage of calls to help desk where problem is solved within one hour

· Numbers of publications distributed to web

· Time to post publications to web after they are received by contractor

· Time to perform maintenance action

· Availability (e.g., of system, website, facility)

· Planned versus actual staffing levels
· Total and by service function

· Planned versus actual cost

· Total and by service function

· Efficiency

· Effort and cost per individual service action

· Percent decrease in effort and cost per individual service action

· Cycle time to service a customer request

· Customer satisfaction ratings

Some examples of performance standards for service contracts are given in the following table.

	Measure
	Standard

	Number of problems solved within one hour 


	Greater than 80% of total number of calls to help desk

	Number of publications posted to website within one day after they are received by contractor


	Greater than 90% of total number of publications received by contractor



	Cycle time to perform customer request 
	Less than 2 hours for 90% of customer requests



	Availability of website (7 days per week, 24 hours per day)


	Greater than 90%



	Actual staffing level for service function


	Greater than 95% of planned staffing level




6.   Obtaining Metrics Data 

To obtain the data necessary to determine whether the performance standards and product specification standards are being met, the contract (or task order) must (1) include a SOW requirement that the contractor shall collect and report the necessary metrics data, and (2) include a Metrics Report Contract Data Requirements List (CDRL) item (i.e., a deliverable) that requires the contractor to deliver the desired data at the desired frequency and in the desired format.

The use of contractor metrics is an effective mechanism for assessing contractor performance.  However, metrics usage is not free.  Contractors must spend effort to collect and report metrics required by the government, and the government must spend effort to analyze the contractor metrics, determine subsequent actions based on the analysis, and implement those actions.  Therefore, the contractor metrics required to be collected and reported need to be limited to a manageable number.  Because of this, the selected metrics should target the top contract performance risks and critical needs/requirements.

As an example of judiciously choosing a set of metrics, the contents of a Monthly Metrics Report CDRL item for a flight software development project might include the following required metrics.  Each of these metrics would be reported over time.

· Planned versus actual software size

· For unmodified reuse, modified reuse, and newly developed software

· Planned versus actual software staffing levels

· Planned versus actual progress

· For units designed, implemented, tested, and integrated

· Requirements volatility

· Total number and numbers added, deleted, and modified

· Planned versus actual number of requirements verified

· Problem/change report status
· Total number opened and closed
· Number closed and number opened in the current reporting period
· By age and severity
· Planned versus actual build contents

· Number of requirements and number of units

· Planned versus actual computer hardware resource utilization

· For onboard processors, memory, storage, I/O channels & busses

· Planned versus actual software milestone performance

· Rework

· Amount of effort expended to revise products due to changes or defects after completion of their peer review(s)

· Software Earned Value Data
· Software Cost Performance Index

· Software Schedule Performance Index
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