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Abstract1 

 
The measurement techniques for organizations 

which have achieved the Software Engineering 
Institutes CMMI Maturity Levels 4 and 5 are well 
documented.  On the other hand, how to effectively 
measure when an organization is Maturity Level 3 is 
less well understood, especially when there is no 
consistency in tool use and there is extensive tailoring 
of the organizational software processes.  Most 
organizations fail in their attempts to generate, collect, 
and analyze standard process improvement metrics 
under these conditions.  But at JPL, NASA’s prime 
center for deep space robotic exploration, we have a 
long history of proving there is always a solution: It 
just may not be what you expected.   In this paper we 
describe the wide variety of qualitative and 
quantitative techniques we have been implementing 
over the last few years, including the various 
approaches used to communicate the results to both 
software technical managers and senior managers.   
 
1. Background  
 

The Jet Propulsion Laboratory (JPL) in Pasadena, 
California is a US Government Federally-Funded 
Research and Development Center, which is run by the 
California Institute of Technology for the National 
Aeronautics and Space Administration (NASA). JPL’s 
primary role is to build and operate unmanned, robotic 
space exploration missions throughout our solar 
system.  JPL currently has 19 spacecraft and seven 
science instruments conducting active missions. All of 
these are part of NASA's objectives to explore Earth 
and space and to send robots and humans to explore 
                                                 
1 The research described in this paper was carried out at the 
Jet Propulsion Laboratory, California Institute of 
Technology, under a contract with the National Aeronautics 
and Space Administration. 

the moon, Mars, and beyond.  In any one year at JPL 
there may be more than 300 active software 
development tasks supporting these missions.  Hence, 
even though JPL is known best for the unique 
hardware associated with robotic missions to Mars and 
other planets, the software written to support the 
operations of those missions is just as critical. 

The successful completion of a JPL mission 
requires the development of software from every 
domain: the software that supports science instrument 
functionality, the flight software that controls the 
spacecraft, the ground software that sends commands 
to the spacecraft and instruments, the software that 
acquires and processes the engineering and science 
data sent back to Earth, the ground support equipment 
and the the software needed to test all of the software 
under development.   

 With each new mission, the amount of associated 
software and its underlying complexity has increased. 
This has caused the risks associated with the success of 
these missions to increase such that software is as 
important to mission as the hardware it runs on. 

In response, the Software Quality Improvement 
(SQI) project was established at JPL in 2001 in 
response to the recognition of the need to improve 
mission software engineering practices across the 
Laboratory. An improvement strategy has been defined 
and executed based on industry best practices 
championed by the Software Engineering Institute of 
Carnegie Mellon University. Assessed at Maturity 
Level 3 in 2007 and having received internal 
investment funding for 8 years the JPL management 
and engineering communities increasingly want to 
know what is the impact of SQI?  Has it been worth the 
well over twenty million dollar investment? 

Different approaches to measuring impact have 
been considered and tried across the software industry 
[1, 2, 3, 4].  Return on investment measures (ROI) and 
quantitative impacts yield mixed results [5, 6].  ROI 
computations tend to require numerous assumptions, 
which are vigorously attacked in a mathematically 



sophisticated engineering environment such as JPL.  
Furthermore, We find that traditional ROI 
computations and analysis do not work well in a not-
for-profit setting. Traditional metrics such as 
productivity rates, defect density, cost growth can be 
tracked but they move slowly and are influenced by 
many factors, not just the process improvement 
programs [7, 8].  While waiting for the long term 
quantitative indicators to become available, short term 
indicators are needed.  

CMMI Maturity Level 4 and 5 organizations are 
able to successfully use formal process control metrics 
to provide measures of the impact of their process 
improvement programs. Unfortunately, few Level 3 
organizations are able to do this.  Especially, 
organizations like JPL that permit projects to 
extensively tailor the organizational standard 
processes.   

At JPL we are experimenting with various 
qualitative and survey based indicators to measure the 
software processes, the software products, and the 
software community that are feasible to implement in a 
Level 3 organization.  The following sections provide 
an overview and summary of the specific approaches, 
along with examples of the results and their strengths 
and weakness.  Specifically we will address achievable 
methods for Level 3 organizations like JPL for 
measuring process performance, for conducting 
customer surveys, tracking recommended process 
changes, obtaining and using standard project metrics 
and finally an approach for communicating the results.  
We have found that successful communication of what 
is known about the progress and success of the process 
improvement activities is just as important, if not more 

then obtaining accurate metrics.  But first an overview 
of the current JPL standard development process will 
be described to provide context for the remaining 
sections on the implementation and use of metrics. 

 
2. JPL Standards Overview 
 

JPL has a set of defined policies and processes, 
which apply to all JPL employees and contractors, and 
all organizations, (project and line) developing or 
acquiring software, or integrating software subsystems, 
for NASA and reimbursable (non-NASA) efforts.   

The policies are documented in the Software 
Development Requirements (SDR). The SDR is the 
JPL response to the NASA Procedural Requirements 
(NPR) 7150.2A. The Software Development Standard 
Processes or SDSPs translate the SDR into activities 
associated with specific process areas. 

The SDSPs provide a lab-wide standard for 
implementing the SDR and are a collection of best 
practices for developing and acquiring mission 
software at JPL. They include work aids to help users 
perform their jobs more efficiently and effectively. The 
work aids consist of a large set of templates, 
handbooks, courses, seminars, compliance matrices, 
and various measurement repositories. The SDSPs 
were influenced by many sources: lessons learned; 
NASA requirements (NPR 7150.2, NASA STD 
8719.13B); industry standards (CMMI-Dev, v1.2); and 
most important the JPL way of doing business. The 
SDSPs were first released in late 2006. 

There are 22 individual SDSPs, see Figure 1 
above.   Each standard process is extensively 
documented containing 

Figure 1: Overview of JPL Software Standard Processes (SDSPs) 



• A 1-2 page overview describing the purpose, 
performing and supporting roles, usage 
scenarios, inputs and entry criteria, and outputs 
and exit criteria 

• A context diagram that depicts the relationship 
of this process to the other SDSPs 

• Detailed activity and sub-activity descriptions 
• References and guidance material 
• Appendices containing acronyms and 

abbreviations, a glossary, and a description of 
functional role responsibilities 
 

Depending upon the project, not all processes may 
be applicable.  For example, some projects may have 
no significant contractor developed software, and so 
the Software Acquisition Management process is not 
relevant. The process descriptions and activities are 
comprehensive standards and can be tailored to adjust 
to project-specific circumstances and requirements.  

  
3. Process Performance 
 
SDSP Tailoring Records 

For the individual SDSP processes that are 
applicable, tailoring is performed following an 
established procedure and the resultant product is a 
Tailoring Record (TR) for that project or task. The TR 
compares the processes used on an individual software 
project to the institutional SDSP. The TR is generated 
early in the lifecycle of a project or task and ultimately 
assists the initial writing of software management and 
development plans. 

The comparison captured in a TR is done sub-
activity by sub-activity (relative to the SDSP) and the 
project or task supplies one the following responses: 

A – Accept. Perform as stated in the SDSP. 
M – Performed in a different Manner. 
M – Performed informally. 
M – Mostly performed. 
M – Minimal implementation. 
D – Not performed. 
D – Not knowledgeable. 
D – Not applicable. 
The TR session itself represents a task “contact” 

and provides an opportunity for SQI to also provide 
recommendations to a project or task that are recorded 
in a Recommendations Tracking tool and can be 
followed up on. 

Across multiple TRs for multiple projects and tasks, 
metrics can be obtained on which SDSP sub-activities 
generated more modified (Ms) and deleted (Ds) sub-
activities. This can provide quantitative data on 
activities that projects and tasks may be struggling 
with. This can also provide information on areas where 
the SDSP itself can be improved. 

 
Tailoring Record Review 

The Tailoring Record then goes through an 
approval process called a Tailoring Record Review 
(TRR) that is also described by established procedures. 
TRR takes as input the TR and, for subsets of the 
SDSP sub-activities, maps the tailoring responses (i.e. 
the As, Ms, and Ds from above) to twenty-nine 
different Risk Areas commonly associated with 
projects and tasks. The Risk Areas include: 

1) Are the task processes and practices sufficient 
to identify and record requirements? 

2) Are the task processes and practices sufficient 
to evaluate the requirements for usability and 
completeness? 

3) Do the task processes and practices 
effectively control requirements changes and 
evaluate the impact of the changes on the 
task's schedule and costs? 

4) Do the tasks processes and practices include 
capturing the software design at a sufficient 
level of detail? 

5) Are the task processes and practices sufficient 
to evaluate the software design for usability 
and completeness? 

6) Will the task processes and practices 
effectively evaluate the quality, functionality, 
and performance of the software units? 

7) Are the task processes and practices adequate 
to test the integrated software product? 

…and other areas. For each of these twenty-nine areas 
an assessment is made whether the task’s tailoring 
choices (as captured in the TR) represent an 
implementation risk. If so, a standard risk analysis is 
performed and the impact, likelihood and any possible 
mitigation is determined and recorded. In addition any 
unique implementation strengths are noted such that 
they may be conveyed to other tasks.  

Just like with the TR sessions, the TRR provides 
another opportunity for SQI to provide 
recommendations to a project or task. These 
recommendations are recorded in a Recommendations 
Tracking tool and can be followed up on.  

 
Software Process Review 

As mentioned above Tailoring Records and their 
corresponding Tailoring Record Reviews are 
performed early in a project or task lifecycle. For on-
going tasks (mid-lifecycle) or tasks that are 
transitioning into maintenance or closeout, a Software 
Process Review (SPR) is performed. The purpose of a 
SPR is to follow up with on-going tasks that have filled 
out Tailoring Records and have performed Tailoring 
Record Reviews (TRRs) in order to take a measure 



(“heart beat”) of process performance on existing 
tasks. 

The process was designed to fit what the CMMI 
model asks for in the Organizational Process Focus 
Process Area and is light-weight with minimal effort 
required of tasks. 

It also provides another opportunity for “two-way 
street” dialogue with task: 

• Tasks may be provided with information about 
new tools or methods to help their task’s 
performance 

• Process owner and SQI get additional feedback 
on processes that can be incorporated into 
SDSPs, work aids, and other assets. 

The SPR asks the question: based on the risks, 
strengths, recommendations identified at the planning 
stage, “How are things working for you?”  

Specifically: 
• Are your processes effective? (That is, did you 

accomplish the process objectives?) 
• Have any processes been descoped? 
• Are your resources adequate? (That is, were 

resources adjusted significantly different than 
plans?) 

The responses to these questions (including any 
additional risks, recommendations, or strengths) are 
recorded in a form. Each SPR may also produce 
recommendations, which are captured in the 
Recommendations Tracking tool. 

 
Work Product Checklist 

A Work Product Checklist (WPC), associated with 
each of the software products and projects, captures the 
types of documentation that were generated and the 
tools that were utilized on the project. The WPC is a 
set of approximately 60 questions derived from the 
Tailoring Record that provides a quick look at process 
performance based primarily on the existence of key 
products.  It is updated at least every three years. 

The WPC is a primary input into the JPL State of 
Software Process Chapter (Discussed in Section 6).  
The WPC is used to identify low performing activities 
as candidates for process improvement and to support 
SQI strategic planning.  The WPC is also used as input 
into the SPR. 

The sample of software tasks that are requested to 
complete a WPC is determined by the following steps: 

1. Identify all Software Inventory tasks in the 
DSP database that either have no WPC or the 
WPC is greater than 2 years old. 

2. If the identified products that require a new or 
updated WPC do not stratify the population, 
then random select products to meet 
stratification criteria 

3. Stratification criteria are that there must be at 
least 5 products for all combinations of SW 
class vs. Team Size. 

4. Archive the results in the database described 
below. 

Stratification is performed on years when a 
comprehensive WPC collection is not performed so 
that the set of tasks requested to complete WPCs are 
representative of the actual laboratory population of 
tasks. 

 
DSP Database 

All of the data collected by the methods described 
above are stored in the Develop Software Products 
(DSP) Database. In addition the DSP DB contains the 
software inventory.  The Software Inventory, 
conducted every two years, is a comprehensive survey 
of all mission related software on the lab.  In the future, 
the DSP DB will contain the responses from the SPR’s 
and other deployment and customer outreach activities.  
The data can be input by either web-based forms or en-
mass from formatted spreadsheets. 

The DSP DB enables the mapping of records and 
data items across the various data sources, and 
provides various views and reports for examining the 
data. In addition, each view can be exported into 
spreadsheets for analysis.  
 
Process Performance Metrics 

One of the most effective things from a metrics 
standpoint we have been able to derive are measures of 
process performance based on the detailed information 
collected from the TRs and WPCs. The term process 
performance is used to indicate the percentage of 
SDSP activities performed as defined or in an 
approved modified form for a task or group of tasks 
Figure 2 displays the aggregate results from 2008.  As 
expected Class B2 tasks, which have a higher required 
reliability have a higher process performance as 
indicated by the 84% for activities performed.  In the 
current JPL environment where older tasks have been 
grandfathered and a history of process ‘flexibility’ 
greater then 80% is considered high performing. As the 
new processes become more widely established the 
standard for high performing will be increased.  A 
major objective of measuring process performance is to 
be able to track this transition.  It is also not surprising 
that tasks that completed a TR have a higher level of 
performance as these tasks were hand picked based on 
the perception that they were higher risk tasks due to 
mission criticality or budget exposure. Therefore, they 
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mission support.  Failure of Class B software can cause 
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