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1.5.4 Tracking Project Progress
Once the TSP Launch has been completed and the plans 
approved by management, the team uses these plans to guide 
their work. The team also checks progress against the plans 
during their weekly meetings. The Quality Manager, for 
example, reports on the current defect injection rates and 
yields for modules complete to date. He or she also provides 
feedback on the current Product Quality Index, Defect 
Removal Profile and so forth (Figure 1). 

With the new Monte Carlo generated Quality Plan, the 
Quality Manager has additional information to present at 
the weekly meetings. For example, he or she could present 
how many defects have actually been found in inspection or 
test activities, versus those predicted by the model. Another 
new metric is an updated estimate of the Predicted Defects 
Remaining. Calculating remaining defects is a simple matter 
of using the estimates for defects injected and subtracting the 
estimates for defects removed. Once actual project quality 
data begins to come in, we can again use these models, but 
replace the estimated values with actual values and re-run the 
Monte Carlo Simulation. This provides a new prediction for 
defects remaining that can be tracked throughout the project 
duration. 

It is important to point out that this new way of examining 
and predicting the quality of the product in no way supplants 
those currently being used by TSP projects. This is simply 
one more weapon to add to the quality arsenal.

1.6 Summary
The TSP Quality Plan, currently produced during Meeting 
5 of the TSP launch, is a very effective way of focusing the 
team on the tracking and resolution of defects early in the 
project life cycle. However, the current version of the TSP 
Quality Plan does not take into account variability. The 
application of the Monte Carlo Simulation to data already 
being collected by TSP teams, provides a more robust insight 
into the Quality processes TSP teams employ, and gives 
them further insight into what can be expected in terms of 
product and process quality. The TSP teams at Hill Air Force 
Base have recently begun using this technique and are still 
gathering data on its usefulness.
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The TSP Secure Initiative is a collaborative effort between 
the SEI Process program and CERT to extend the existing 
TSP process to develop secure software systems.  Practically 
speaking, secure systems are systems that are free from 
known vulnerabilities.  These vulnerabilities result from 
errors in requirements, design, and implementation.  
Securing existing systems, developed using ad hoc practices, 
is a non-trivial exercise; TSP Secure will, in the future, define 
processes for remediating and securing legacy software.

Software vulnerabilities that enable an attacker to control 
machines, networks and information systems of unsuspecting 
victims, are a significant and growing problem.  Vulnerable 
software not only causes financial losses, but also puts 
individual, company, and national security at risk. Software 
companies devote enormous resources to patching released 
software, to address vulnerabilities discovered in their 
products. It is well documented that the cost of fixing defects 
discovered in the field is significantly higher than prevention 
or early removal. [Boehm 1981, NIST 2002].   In cases 
where these defects result in security breaches, the costs can 
be much higher as shown by these findings [Wilson 2006]:

•	  In a study of Department of Justice data published in 
August 2006, Phoenix Technologies and law enforcement 
agencies found that, in cases where stolen IDs and 
passwords were used, the average loss per incident was 
$1.5 million. Some attacks caused as much as $10 million 
in damages [Bosen 2006].

•	  According to the annual report by the Computer 
Security Institute and the FBI, the average loss per 
company due to security breaches in 2008 was just under 
$300,000. Twenty-seven percent of respondents said 
they had detected at least one targeted malware attack 
aimed exclusively at the respondent’s organization or at 
organizations within a small subset of the general business 
population [Richardson 2008].

•	 In a study conducted by Ponemon Institute and sponsored 
by PGP Corporation, companies lost an average of $6.65 
million per breach per incident when customer data losses 
were incurred in 2008. The range of total cost among the 

43 data breach incidents contained in this year’s study 
is a minimum of $613k to more than $32 million. The 
magnitude of the breach event ranged from 4,200 to 
113,000 lost or stolen records [Ponemon 2009]. 

•	 In a study published in 2004, the Aberdeen Group found 
that the cost of Internet-based business disruptions is 
about $2 million per incident [Aberdeen Group 2004].

This situation can be remedied, because the vast majority of 
vulnerabilities exist because the software was developed with 
insufficient attention to known secure development practices. 

CERT’s Secure Coding Initiative (SCI) leads a highly 
collaborative, community-based effort to develop secure 
coding standards for commonly used programming 
languages such as C, C++, and Java as well as tools that 
support adoption of those standards. One output of SCI is 
The CERT C Secure Coding Standard [Seacord 2008] that 
establishes 221 guidelines for secure coding in C. 

SEI’s Team Software Process (TSP) provides disciplined 
development approach that hundreds of teams have used 
to produce software that is nearly defect-free [Davis 2003, 
Nichols 2009].  TSP includes comprehensive frameworks 
for planning, measurement and quality management. These 
frameworks support and enable implementation of software 
development processes and standards [Humphrey 1995].  
TSP supports the use of processes and standards in multiple 
ways, by planning for quality, by tracking and managing 
the development plan, and by developing disciplined, 
self-directed teams committed to common goals, and 
management and mitigation of risks.  

TSP Secure is a specialization of TSP with special attention 
on software security.  Security emphasizes the behavior of a 
system in response to a determined adversary.  Consequently, 
much of the focus is on preventing an attacker from 
performing functionality that is not inherently part of the 
system, for example, by running arbitrary code with the 
permissions of a vulnerable process. 

The TSP Secure development process requires appropriate 
training in both TSP and secure development practices. 
TSP training includes training in the Personal Software 
Process (PSP) and the Team Software Process (TSP). PSP 
and TSP training are language independent. Appropriate 
training in secure development practices, in contrast, is 
highly dependent upon implementation languages, libraries, 

TSP Secure
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operating systems, and other details of the development and 
runtime environments.  Training exists today for secure coding 
in C and C++.1 Secure coding training in other programming 
languages and environments can be acquired or developed.  

TSP-Secure addresses security concerns in the TSP planning, 
process, quality, and measurement frameworks.  The planning, 
tracking, process, and quality frameworks are being tailored 
to address secure software development.  The measurement 
framework, not yet addressed, will be modified to determine 
the appropriate measures, especially predictive measures.  
Similarly, the requirements, design, implementation, and test 
processes are being updated.  Finally, the TSP design templates 
may be augmented with secure design and architectural 
patterns [Dougherty 2009, Ryoo 2009], practices like Capture-
Recapture will be assessed for usefulness for prediction of 
remaining vulnerabilities, and the defect filter model will be 
assessed for applicability to vulnerabilities.

Because the landscape for TSP-Secure is vast, the initial focus 
is on secure coding practices and incorporating static analysis 
tools in the development process. 

Secure coding requires properly trained and disciplined 
developers. First, training is needed to understand and apply 
secure development techniques. Second, the techniques 
employed, for example selection of appropriate standards, 
personal reviews and peer inspections, are  ineffective without 
proper training. Third, the sizable body of knowledge – note the 
221 guidelines in the CERT C standard alone – cannot be fully 
mastered in a course; support tools, collaborative efforts, and 
on the job learning environments must be employed. Fourth, 
process discipline often breaks down under schedule pressure, 
developers must be trained to plan for the required security 
related activities and maintain the discipline under pressure. 

1 http://www.sei.cmu.edu/products/courses/p63.html#description

Because compilers and other static analysis tools cannot 
properly diagnose all vulnerabilities in code, secure coding is 
not possible unless the software developer understands which 
software constructs are insecure, how coding errors may be 
exploited, and what strategies can be applied to mitigate the 
risk of exploitation. Testing, while important, is insufficient 
because a failure to account for every possible combination 
of inputs could result in an exploitable vulnerability.  
Consequently, it is critical that software developers have 
detailed, in-depth knowledge of the programming language and 
operating environment of the application. 

Our tailored approach includes selection of a secure coding 
standard prior to launch meeting 1, during the initial 
requirements phase of the project. The standard that is 
selected must be appropriate for the language and domain 
of the application under development. CERT Secure Coding 
Initiative2 has developed The CERT C Secure Coding Standard 
and it is in the process of developing a secure coding standard 
for C++ [CERT 2009a]. CERT and Sun Microsystems are 
collaborating to develop The CERT Sun Microsystems Secure 
Coding Standard for Java [CERT 2009b]. Other development 
languages and environments can be addressed using the same 
research approach.

Figure 1 illustrates a notional TSP Secure process for an 
implementation effort based upon the C programming language 
[ISO/IEC 9899:1999].  This process augments the normal TSP 
effort. It defines the additional role of a Security Manager. 
It has the additional inputs of one or more secure coding 
standards and appropriate static analysis tools.  It introduces 
a launch process that determines the items that will appear on 
both personal review checklists and team inspection checklists. 
Finally it introduces new testing methods such as fuzz testing. 

2  http://www.cert.org/secure-coding/ 

Figure 1 TSP-Secure Process

http://www.cert.org/secure-coding/
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Even before the TSP launch a planning stage must be held to 
determine if the project should employ TSP-Secure. 

Meetings 0.1, 0.2, and 0.3 can be held before the launch. 
Care must be taken so that already heavily burdened Launch 
Meetings are not consumed by lengthly tasks. As in a normal 
TSP process, developers use a checklist-based review to 
ensure that source code being developed has low defect 
density.  As noted above the number of rules and guidelines 
is too large for a simple checklist approach therefore tools 
automate the process where that makes sense. Secure 
Launch Scripts identify the process for winnowing down the 
guidelines to that subset which will appear on review and 
inspection checklists.  The source code is compiled at high 
warning levels and is subjected to other forms of source code 
analysis and testing.  Any defect patterns detected in the 
code during compilation and analysis are added to the review 
checklist, because the developer failed to successfully detect 
these errors.

As noted, static analysis tools are frequently incapable 
of verifying that source code is free from various kinds 
of defects, which are often difficult to automatically 
diagnose.   Similarly, code coverage, input combinations, 
environment and other factors limit the effectiveness 
of testing.  Consequently, these techniques alone are 
inadequate to ensure that delivered software is free from 
defects and vulnerabilities.  However, detection of these 
errors in a particular module serves as an indicator for the 
presence of other undetected defects.  The TSP quality plan 

projects the number of defects most likely to be injected 
during development and removed during review, compile, 
inspection, and test. Closely monitoring the planned and 
actual number of defects removed in each phase gives the 
development team insight into the effectiveness of the defect 
removal and the effectiveness of the development practices 
used.  For example, a properly TSP-developed software 
component should have few defects found by the compiler. 
A component that generates an unexpectedly high number of 
compiler warnings and analysis errors should be treated with 
extra care, because this indicates that the component was not 
developed with enough attention to quality.  Consequently, 
these components are candidates for further scrutiny by 
manual inspection or other advanced analysis techniques 
that maybe too costly to apply in all cases. TSP-Secure does 
not deviate from the fundamental tenants of the philosophy 
of TSP: i. right the first time and ii. quality cannot be tested 
into defective software. Nevertheless, TSP-Secure leverages 
software tools by integrating them into a security toolkit. 

 TSP Secure introduces additional processes to ensure that 
source code is developed in conformance with a secure 
coding standard.  These processes include checklist based 
personal reviews and peer inspections of design and code. 
The reviews also require secure design and implementation 
standards.  The TSP Security Manager, who may also be 
the Quality Manager in small software projects, evaluates 
the overall scope and objectives of the project and identifies 
a domain and application specific subset of secure coding 
guidelines that can be seeded as part of the initial checklist.  
Although the mechanism used for seeding the checklist can 

The TSP Secure Launch Process (new and modified 
launch meetings are shaded)
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vary we have captured the approach below in modified forms 
and scripts.   

1.  Identify each programming language that will be used 
during development and identify the appropriate secure 
coding standards.

2.  Identify the source code analysis that will be used during 
software assurance, and determine which secure coding 
guidelines can be enforced through the use of these tools.

3.  For those guidelines that cannot be adequately enforced, 
identify those guidelines from which the project can safely 
deviate; and document your rationale. 

4.  From the remaining guidelines, prioritize according to the 
likelihood of these coding errors resulting in vulnerability 
(if undetected) and the severity of the consequences.

5.  Populate the checklist from the prioritized list. 

The integrated TSP metric, planning and quality framework 
enables rational economic tradeoffs when evaluating costs 
and risks. Because of schedule and/or resource constraints, it 
may not be possible to address all coding guidelines.  Project 
specific tradeoffs, for example, prioritizing of guidelines, 
purchasing source code analysis tools additional training 
may need to be considered by the Security Manager and the 
development team. TSP planning data will be invaluable 
when committing to realistic development plans to achieve 
the project goals. By committing to achievable plans, 
developers will have adequate time to apply to the secure 
development activities

TSP Developers are trained to frequently revise their review 
and inspection checklists based on data they have collected 
on defect frequency and cost. Checklist items are removed 
from the checklist when they become infrequent, and more 
frequently or costly defects types are added.  In this way, 
TSP reflects and encourages the developer learning process. 
That is, over time, through experience and feedback from 
the review and post mortem evaluation processes, developers 
learn to avoid types of defects.  By evaluating defect escapes, 
developers also identify the root causes of new types of 
defects and are therefore, capable of augmenting and 
informing the continued development of the CERT secure 
coding guidelines. Attention to insecure coding practices 
that result in vulnerabilities may impose fresh thinking 
regarding types of defects (which can lead to a modified 
defect taxonomy), how to record them, when and how best to 
remove them, and so forth.

The CERT Secure Coding Initiative provides a number of 
products and services to assist in the application of TSP-
Secure.  Most of the guidelines in the CERT Secure Coding 
Standards include a section on “Automated Detection” which 
indicates which source code analysis tools and compilers are 
capable of diagnosing violations of that particular guideline.  
This can be useful in determining which tools can be used, 
individually or in combination, to provide broad coverage 
of the standard, and which guidelines are strong candidates 
for inclusion on TSP Secure checklists.  Some commercial 
static analysis can have integrated compliance checking for 
CERT secure coding guidelines. Liverpool Data Research 
Associates Ltd.  (LDRA), for example, has integrated 
support for the CERT C Secure Coding Standard into its 
TBsecure®3 product. The CERT Secure Coding Initiative has 
also worked with Lawrence Livermore National Laboratory 
to extend Compass/ROSE4 to detect violations of CERT 
secure coding guidelines.5 

Testing for security is, of course, a part of system test. 
Applications can be certified with respect to one or more 
of the CERT Secure Coding Standards through the CERT 
SCALe (Source Code Analysis Lab). Therefore system 
test includes CERT SCALe certification. CERT SCALe 
certification provides an independent assessment of whether 
secure coding practices have been properly applied during 
the software development life cycle through an examination 
of software artifacts.  This certification is necessarily limited 
by existing tools and techniques and does not guarantee 
that the software is secure.  It does, however, guarantee that 
best practices have been applied to discover violations of 
secure coding rules, and that these security flaws have been 
eliminated.

Summary
Secure software development requires a disciplined 
engineering process. The Team Software Process for Secure 
Software Development (TSP-Secure) helps developers 
build secure software in several ways. First, because 
secure software is not built by accident, TSP-Secure 
assists in planning for security. Second, because schedule 
pressures and people issues get in the way of implementing 
best practices, TSP-Secure helps to build self-directed 
development teams and then put these teams in charge of 
their own work. Third, because security and quality are 
closely related, TSP-Secure helps manage quality throughout 
the product development life cycle [Davis 2006]. 

3  http://www.ldra.com/tbsecure.asp 
4  http://www.ldra.com/tbsecure.asp 
5  http://www.ldra.com/tbsecure.asp 

http://www.ldra.com/tbsecure.asp
http://www.ldra.com/tbsecure.asp
http://www.ldra.com/tbsecure.asp
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http://www.ponemon.org/local/upload/fckjail/generalcontent/18/file/2008-2009%20US%20Cost%20of%20Data%20Breach%20Report%20Final.pdf
http://www.ponemon.org/local/upload/fckjail/generalcontent/18/file/2008-2009%20US%20Cost%20of%20Data%20Breach%20Report%20Final.pdf
http://www.ponemon.org/local/upload/fckjail/generalcontent/18/file/2008-2009%20US%20Cost%20of%20Data%20Breach%20Report%20Final.pdf
http://www.gocsi.com/
http://www.darkreading.com/security/vulnerabilities/showArticle.jhtml?articleID=208803989
http://www.darkreading.com/security/vulnerabilities/showArticle.jhtml?articleID=208803989
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Alan Padula
Intuit 
alan_padula@intuit.com

Abstract
The results are in! Two TSP-Agile Blend (TAB) pilot projects 
are completed. Intuit’s TAB process introduced at last year’s 
TSP symposium (“TSP-Agile Showdown”) leverages the 
best of both the TSP 1and agile worlds. TSP has enabled 
Intuit to create high-quality products in a predictable 
and repeatable fashion. We also wanted to increase our 
competitive advantage in a fast time-to-market web world 
with rapidly changing and vague customer or technology 
requirements.

The learnings from the TAB projects helped evolve its 
definition including:

•	 The expanded version of “Iteration 0” preceding the 
release launch and first iteration

•	 A streamlined process with a repeatable set of meetings 
and workshops to launch new teams

•	 The type of TAB metrics collected 

This paper describes the benefits and challenges from actual 
TAB projects and solutions to manage them. It also identifies 
TSP or agile viewpoints that exacerbate those challenges 
including:

•	 Early visibility that full scope is not achievable 

•	 Initial Release Plan uncertainty

•	 Individual task hours valued over team completed user 
stories

•	 Resistance to force-ranking of the backlog

•	 Light user stories over detailed requirements

•	 Concurrent, continuous testing

•	 Perception of too many meetings 

First, we examine the definition of the TAB process and 
measures collected. Then we look at adoption challenges and 
mitigation strategies along with the benefits experienced in 
the gritty world of two real TAB projects.

 SMTSP – Team Software Process and TSP are service marks of 
Carnegie Mellon University.

1  Introduction – Why TSP-Agile Blend 
(Tab)?

At Small Business Division (SBD) of Intuit, teams have 
used TSP with great success. TSP projects in many ways 
set the standard for schedule predictability, project budget 
management, and high quality. Meanwhile, projects using 
an agile methodology did an excellent job of managing 
changing customer and technical requirements while 
enabling a fast-time-to-market paradigm for web-based 
products. The TSP-Agile Blend (TAB) attempts to marry the 
best attributes of both.

2 TAB Model 
TAB is Intuit’s version of agile development inside the 
TSP framework. The TSP framework easily accommodates 
different development methodologies. As such, there are very 
few real conflicts between TSP and TAB. TSP is indifferent 
to TAB specifications such as light requirements, short 
iterations, incremental delivery, and daily standup meetings. 
TAB commonalities include jelled teams, data-driven 
planning, technical excellence, retrospectives, and task hour 
tracking. TAB differences include the measures collected, the 
emphasis on defect analysis, and estimation methods. The 
commonalities and differences that do exist were presented 
in the “TSP-Agile Showdown” at last year’s symposium and 
will not be repeated in this paper.

TAB consists of Iteration 0 activities with the Release 
Planning Launch and a series of Recurring Iterations.

Iteration 0 activities consist of:

•	 Architectural Design Spike,

•	 User-Centered Design Spike,

•	 User Story Design Spike, 

•	 Infrastructure Planning Prep, and 

•	 Release Planning Launch 

The Architectural Design Spike defines a high-level 
architecture or system design and may encompass 
prototyping.

The User-Centered Design Spike defines Experience 
Design (XD) specialist’s work. They conduct brief research 
that includes high-level process flows, overall conceptual 
models, personas, scenarios, etc. 

TSPSM -Agile Showdown:  The Gunsmoke Clears 
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The User Story Design Spike refines user stories to make 
them “good” and of the right granularity. It includes working 
sessions to estimate user stories. 

Infrastructure Planning Prep sets up the development, 
build, test, and deployment environments and strategies. 
It also drives quality, process, tool, and other planning 
activities.

The one-day Release Planning Launch defines a longer-
term release plan and the work for Iteration 1.

The Iteration 0 pre-planning phase is time-bounded from 
0-6 weeks. Projects with significant unknowns with the 
technology, customer needs, or domain space fall in the 
upper spectrum of that range. Well-understood projects with 
simple product enhancements may require little pre-planning 
time. 

Recurring iterations follow Iteration 0 and consist of 
planning, developing, tracking, and releasing software. This 
is essentially a Scrum process with some nuances described 
in 2.3 Recurring Iterations.

The recommended recurring iteration length for a new team 
is 3 – 4 weeks. The team ultimately decides. Most TAB 
projects are 4 weeks. The desire to be exactly in-synch with 
regular “release trains” drives a 6-week iteration length 
option.

2.1 MEETINGS OVERVIEW
A series of TAB meetings support Iteration 0 and the 
Recurring Iterations. Iteration 0 consists of 1-on-1 and 
team meetings. Recurring Iterations consist of just team 
meetings. This repeating, chronological set of meetings to 
prepare, plan, and launch recurring iterations define the 
process mechanics of TAB. Everyone readily understands 
“meetings”. These meetings or “constructive collaborations” 
prepare for or actually produce working software of value to 
the customer – a key agile tenet. TSP advocates used to more 
formality in meetings appreciate a familiar, chronological 
model that is easy to understand and apply. “What” needs to 
happen and “when” is clear. 

The Iteration 0 “1-on-1” meetings align expectations and 
define responsibilities with various functional managers. 
They include: 

•	 Initiative (or Project) Manager
•	 Product Development Director or Sponsor
•	 Product Marketing Manager

•	 QA Manager

•	 ScrumMaster

•	 War Room Creation 

The Iteration 0 Team meetings address planning and 
development. They include:

•	 Overview and Process Selection Kickoff

•	 Process Customization

•	 Quality and Done Definition

•	 User Story Refinement

•	 User Story Point Estimation

•	 Release Planning Launch

The Quality and Done Definition measures are described 
in section 3 TAB Metrics. The Release Planning Launch is 
described in Error! Reference source not found..

The Recurring Iteration Team meetings include:

•	 Iteration Planning

•	 Daily Standups

•	 Mid-Iteration Review

•	 Next Iteration Prep

•	 Demo and Review 

•	 Retrospective

The Mid-Iteration Review and Next Iteration Prep meetings 
are described in 2.3 Recurring Iterations.

2.2 TSP AND TAB RELEASE PLANNING LAUNCH

The Release Planning Launch finalizes the larger release 
plan and identifies the Iteration 1 stories with their work 
breakdown structure (WBS). The WBS identifies the story 
and task owners, and task hour estimates. Effort planning 
uses 3 hours of project-related task work per day based on 
past TSP project data. Individually owned tasks are no more 
than six hours or two calendar days of direct project work.

The one-day TAB event is similar to a 9-meeting TSP launch 
but with some differences depending on the point of view. 
TAB requires slightly less architecture and high-level design 
work than the typical Intuit TSP project. The blend means 
selecting from only 3 roles. Requirements are in the form 
of user stories. The release plan is estimated in story points. 
The quality plan is short and includes a definition of “done”. 
The work breakdown structure is created strictly for the 
first iteration. There is a greatly reduced emphasis on defect 
analysis and prediction. These are all significant differences 
from the traditional implementation of TSP inside of Intuit.
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The TAB Release and Iteration 1 Planning agenda does not 
follow a standard TSP one nor does it produce deliverables 
in a TSP template format. However, it does achieve many of 
the same outcomes as a TSP Launch but without many of 
the detailed deliverables. The product and business goals are 
agreed to, a small set of roles and responsibilities are defined, 
the development process and strategy is laid out, estimates are 
solidified, a release plan is created, a WBS is committed to for 
the 1st iteration only, quality processes and goals are defined, 
risks are identified, and a management summary is presented. 

2.3  RECURRING ITERATIONS
Recurring iterations essentially follow a Scrum process. 
Simplistically, this means selecting stories to be done from 
the product backlog, planning the work for the iteration, doing 
the work, reviewing daily progress, demoing the code, and 
conducting a retrospective. There is a large volume of work 
published on Scrum and we are not trying to recreate it here. 
TAB has a defined set of six meetings to guide us through the 
process.

They include the Iteration Planning meeting, Daily Standups, 
Iteration Demo and Review, and Retrospective meetings, 
which are standard Scrum. The other two meetings: Mid-
Iteration Review and Next Iteration Prep are different from 
pure Scrum. The Mid-Iteration Review meeting checks 
whether the project is on track both feature and quality-wise 
to meet the goals for the iteration. It is patterned after the TSP 
weekly meetings. Often resources are re-allocated or stories 
split in order to meet the goals of the iteration.

The Next Iteration Prep meeting is short. The team plans 
basic process housekeeping to make the upcoming Iteration 
Planning meeting successful and “doable” inside of a day. 
This type of pre-planning work is easy to get lost in the day-
to-day grind to meet the current iteration’s goals. The meeting 
refines the user stories anticipated for next iteration into 
“good” ones and conducts any necessary high-level technical 
analysis. XD checks to make sure they have the support 
they need to be ready for iteration planning day and beyond. 
The team analyzes unestimated stories and assigns them 
story points. Epics from the bottom of the product backlog 
gravitate towards the top. The team decomposes those epics 
and estimates the resulting new stories. The Product Manager 
makes sure all the stories in the product backlog are in force-
ranked order and that the release plan is up to date. 

3 TAB Metrics
The Quality and Done Definition meeting identifies the 
metrics to be collected. TAB overlaps with TSP and agile 
types of measures. The four major sets of TAB measures 
are for:

•	 Schedule

•	 Scope

•	 Productivity

•	 Quality 

There is also another set of “quality” criteria, measures, 
and charts not discussed in this paper that typically are 
associated with agile projects in defining “Done” for a 
story or iteration. They are not discussed as it is well-
covered in the literature. This paper’s focus is on the 
overlap of the TSP and agile processes.

3.1  SCHEDULE METRICS
For Schedule, we track:

•	 Iteration Burndown i.e. task hours remaining to 
complete an iteration over time

•	 Release Burndown i.e. story points remaining to 
complete the release over time

•	 Individual Task Hours – Actual, Planned

•	 Story Points – Actual, Planned

•	 Earned Value and TAB’s Release Burndown are similar 
yet markedly different. Both of them indicate remaining 
work. The big difference is a Release Burndown only 
reflects work resulting in a completed story. 

3.2  SCOPE METRICS
For Scope changes, we track

•	 Story Points

3.3  PRODUCTIVITy METRICS
For Productivity, we track

•	 Velocity i.e. Story Points per Iteration which is by far, 
the most commonly used TAB measure; however, using 
LOC/Hour is acceptable
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3.4  QUALITy METRICS
For Quality, there are three primary buckets: Reviews, Test, 
and Defects. Generally, agile does not specify any measures 
but TAB does.

For Reviews, we track some common TSP review measures 
including:

•	 Review Time and Number of Defects found

•	 Design to Design Review time 

•	 Code to Code Review time

•	 Test to Test Review time

•	 Design to Code time

 
For Test, we track

•	 Test Code Coverage % (when practical)

•	 Feature/Story Coverage %

•	 Test Execution Results – Actual, Passed

•	 Test Automation Result %

 
For Defects, we track 

•	 Number of Defects/KLOC

•	 Number of Incoming Defects Open, Closed

•	 Number Open by Impact and Severity

•	 Number of Post Release Defects 

For reviews, TAB projects most commonly used a 
collaborative tool to independently review and record defects 
of other’s code at a time of their choosing. Team members also 
employed pair programming and collaborative white board 
design as review methods.

In practice, the Test and Defect buckets have more metrics 
than listed here. Intuit monitors quality of its products with 
these and many other corporate quality measures. Agilists may 
balk at this and say the customer is the only one that matters 
and if they are satisfied with the quality then we are done. 
However, TAB requires two customers be satisfied: the end 
user and the business sponsors. 

Defect insertion phase and defect removal phase are two 
TSP type measures not required. However, TAB teams are 
encouraged to collect any additional metrics that they feel will 
improve their productivity and quality of their code. 

How can TAB projects afford fewer measures? They incur a 
low risk of continued investment in the development of poor 
quality code. The team improves their quality practices when 
they gain visibility to a rising defect count. TAB’s frequent 
iterations and releases provide that post-production defect 
visibility right away. 

4  Challenges and Benefits of TAB 
Adoption

Some of the challenges along with benefits experienced in 
the adoption of TAB and “off-the-shelf ” agile include:

4.1  EARLy VISIBILITy THAT FULL SCOPE IS NOT 

aChIEvablE
Desired features not likely to be in a release become fairly 
clear after 2-3 iterations depending on the project size and 
complexity. It is disappointing to hear the “bad news” of 
what will not make it. It is not unusual for other projects to 
discover that news during the later phases of development.

Mitigation: Before the project starts, make it clear that 
features that will not make the release will become 
transparent right up front. This will help defuse any 
accusations of a faulty agile-like TAB process. Emphasize 
the benefit of knowing this earlier when something can 
actually be done about it.

4.2 INITIAL RELEASE PLAN UNCERTAINTy
New teams without a known velocity find it difficult to plan 
what will be in the final release. They can only guess now 
many story points per iteration they will do and hence, how 
many for the release. This emphasizes the importance of 
a force-rank order product backlog. The team completes 
highest business value features first.

Mitigation: Advise management that the team can only 
make a complete release plan commitment with confidence 
after it has established a velocity. Describe a force-rank order 
backlog with the highest business value items at the top. 
Explain that the team will commit to lower priority items 
when a velocity is set after 2-3 iterations. Suggest using 
shorter iteration lengths to derive a velocity faster.

4.3  INDIVIDUAL TASK HOURS VALUED OVER TEAM-

COMPLETED USER STORIES
Initially, some team members focused on logging individual 
task hours over working on “someone else’s” assigned task 
that would result in a completed story. TAB focuses on story 
completion. Completed stories are the customer’s smallest 
unit of value and the way TAB shows project progress.

Mitigation: Sell the value of completing stories over logging 
individual task hours. Reinforce the value of teaming 
which may be the single most important factor to higher 
productivity. Celebrate completed stories as they occur in the 
early going.
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4.4 RESISTANCE TO FORCE-RANK BACKLOG
TAB requires the product owner to force-rank order the 
product backlog. This is often hard to do. A product offering 
release inevitably requires a critical minimum set of stories 
to provide value to the customer. Product owners sometimes 
struggle unpacking that set and then ranking them as discrete 
stories.

Mitigation: Hold a meeting with the product owner before 
the project starts. Explain their role, responsibilities, and 
deliverables. Discuss the importance of a force-ranked 
product backlog in tracking project progress, managing 
scope, and ensuring delivery of the highest value stories 
first. Help them break a feature into small stories. Prioritize 
them into lower and higher value items. Confirm their 
commitment. 

4.5  LIGHT USER STORIES OVER DETAILED 

REQUIREMENTS
Working with user stories instead of detailed requirements 
can be a serious issue that cuts across functional lines.

Mitigation: Align the team on a mindset of collaboration 
and continual cross-functional and customer interaction to 
flesh out details. This is fundamental for light user stories to 
succeed. Constant collaboration with the customer or their 
proxy dramatically increases the number of requirements 
that actually meet the customer’s needs. It may be easier to 
operate from a functional silo, but is not as productive for the 
customer. Suggest use cases as a first “task” in developing 
especially risky, complex user stories or as a prelude to 
iteration planning preparation.

4.6 MAKING STORIES FIT IN AN ITERATION
TAB manages projects on a basis of story completion. 
Creating small stories that can be completed in a single 
iteration can be difficult.

Mitigation: First, it is critical to convince the team that 
“it is possible” to split stories into small ones that fit in 
an iteration. Instruct the team on several methods to split 
stories. Occasionally, splitting a story into a part A and B 
to be completed in different iterations is all right. However, 
emphasize part A still be “demo-able” even if standalone it 
is not of immediate customer value. Explain how containing 
stories to an iteration facilitates iteration and release 
planning.

4.7  CONCURRENT, CONTINUOUS TESTING
TAB projects rely on a continuous, collaborative effort 
between developers and testers. Old-style, thinking of “throw 
it over the fence when done coding” is not allowed.

Mitigation: Align testers and developers on the value of 
working collaboratively. Advise them to create tests before 
or at least concurrently with the development of the user 
story. Testing this way helps detect defects early when they 
are easier to find and fix. Check that stories are continuously 
being “done” including their testing and not just at the end 
of the iteration. This provides a smooth workload balance for 
testers.

4.8 PERCEPTION OF TOO MANy MEETINGS
Some TAB team members have reported feeling they spend 
more time in meetings than on previous non-TAB projects 
and are wasting time.

Mitigation: Differentiate TAB meetings from “status” or 
reiterating “review” meetings. Most TAB meetings are 
very small. They are often about understanding a story 
better so we build the right thing. They are also frequently 
about identifying the tasks and how to get them done over 
the next few days. This is project development time spent 
precisely how it should be. Ask team members to reframe 
negative connotations of traditional meetings with that 
of “constructive collaboration”. Point out requirements 
development, design, coding, and testing all happen in one 
iteration instead of separate phases of perhaps months. This 
means the work is fresh in everyone’s mind, requires less 
documentation, and is closer to what the user wants at the 
actual time of coding. Finally, a huge plus is user stories that 
do not make the final release do not have time wasted on 
developing requirements and creating designs. 

 
5 The TAB Projects
The two Intuit TAB projects referred to in this paper had 
about 10 team members each. Development time was 
planned to be about 5-6 months. One project was stopped 
after 3 months due to a change in business direction. The 
other project has successfully completed through functional 
test complete. System test will not be complete until after the 
final submittal date of this paper so final quality data will not 
be available here. 
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6 Conclusion
TAB was introduced at last year’s symposium and is now in 
use at SBD in Intuit. It is a blend of TSP and agile processes. 
The “heart” of TAB is Iteration 0 pre-planning work, 
the Release Launch, and the process for execution in the 
succeeding Recurring Iterations.

Iteration 0 consists of an Architectural Design Spike, 
a User-Centered Design Spike, a User Story Spike, 
Infrastructure/Planning Prep, and the TAB Release 
Launch that leverages that work. 

The TAB Release Launch includes an overall release plan, 
Iteration 1 work breakdown structure, and many other 
elements that are similar to that of a TSP Launch. TAB 
differences from TSP include the measures collected, the 
emphasis on defect analysis, and estimation methods. 

Recurring Iterations consist of an Iteration Planning 
meeting, Daily Standups, Iteration Demo and Review, 
Retrospective, Mid-Iteration Review, and Next Iteration 
Prep meeting. The latter two meetings are somewhat 
different from pure Scrum. 

In executing these iterations, TAB collects measures in four 
buckets: Schedule, Scope, Productivity, and Quality. There 
are fewer measures collected than in a typical TSP project 
at Intuit. Some TAB measures are the same as those used 
in previous Intuit TSP projects while others like Iteration 
Burndown, Story Points, and Velocity are more agile-like.

TAB projects benefit from blending TSP practices that 
produce predictable schedules and high quality products with 
agile mindsets and practices that provide great flexibility 
to adapt to changing or unknown customer and technology 
requirements.
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Introduction 
Since the dawn of recorded history, people have tried to 
explain why some individuals attain greatness within a 
particular domain: why do some artists or musicians or 
athletes or scholars perform better than others? Socrates 
and Plato ascribed the possession of superior knowledge 
or skill to a gift of natural ability, bestowed by the gods 
on a fortunate few [Amirault 2006]. In medieval and 
renaissance times, people attributed excellence to the 
possession of a “divine spark,” giving rise to the term “spark 
of genius.” Even now, most people subscribe to the notion 
that individuals such as Albert Einstein, Thomas Edison, 
Tiger Woods, or Yo-Yo Ma became star performers in 
their fields due to inborn abilities that “far exceed normal 
comprehension, …[so that they] are best approached with 
reverential awe” [Brooks 2009]. However, educational and 
psychological studies – including work done by Benjamin 
Bloom and K. Anders Ericsson – show that genius very 
likely has a much more mundane source. The key factor 
separating those who excel in their domains from those who 
merely perform well is not a high I.Q., good genes, or even 
talent; it’s good, old-fashioned hard work, with a twist.

Thomas Edison said, “Genius is one percent inspiration, 
ninety-nine percent perspiration” [Rosanoff 1932]. However, 
“perspiration” – or the aforementioned good, old-fashioned 
hard work – is in itself insufficient to achieve excellence; 
the work must be sustained over a long period of time and 
focused specifically on improving not just a specific skill 
(or set of skills), but also on honing every tiny component 
making up those skills. Anders Ericsson calls this type of 
concentrated effort deliberate practice [Ericsson 1993]. 

In the software engineering domain, the Personal Software 
ProcessSM (PSPSM) and the Team Software ProcessSM 
(TSPSM) learning tools can be understood as examples of 
deliberate practice in operation. The PSP is a structured 
process for software development that enables individual 
software engineers to analyze and improve their performance 
by using disciplined methods [Humphrey 1995]. The TSP 
is an operational process methodology that enables PSP-

trained individuals to collaborate effectively as members of 
software-intensive development teams [Humphrey 2000]. 
The deliberate practice model explains how PSP and TSP are 
effective methods for achieving performance improvement 
at both personal and team levels. PSP instructors and 
TSP coaches need to understand how and why deliberate 
practice works, so that when they are teaching students or 
coaching development teams, they can focus on assuring 
that most the important elements of deliberate practice are 
satisfactorily achieved and that the proper environment is 
maintained. Moreover, a theoretical basis that supports and 
helps to explain the empirical results attained from using 
these methods, both in the classroom and on the job, can 
inspire confidence that the improvements achieved from 
implementing PSP and TSP can be consistently replicated 
on a variety of projects and in a variety of development 
environments. 

Automaticity and Deliberate Practice
According to the information processing theory of learning 
[Newell 1958], people learn from sensory input received 
from their surrounding environment. Information enters the 
short-term memory and undergoes processing (“encoding”), 
then is moved to long-term memory for storage and later 
retrieval in carrying out tasks. The ability to learn some 
skills, such as initial language acquisition, appears to be 
hardwired into the human brain, and begins without any 
conscious effort on the learner’s part [Rosenberg 2007]. 
However, learning other information requires the learner 
to pay active attention to the stimulus in order for it to be 
processed in short-term memory and then encoded and 
stored [Hamilton 1994].

Research on human cognition conducted since the 1950s 
suggests that the information-processing activities related 
to new learning are concentrated in the short-term memory, 
which is thought to be limited to holding and processing 
about seven pieces (or “chunks”) of information at any one 
time [Miller 1956, Simon 1996]. Simon defines a “chunk” 
as a substructure of the informational stimulus; for example, 
a random syllable such as BQT consists of three chunks 
(“B,” “Q,” and “T”), whereas the syllable DOG consists (for 
English speakers) of one chunk, a word denoting a domestic 
animal of the type canis familiaris. According to Simon 
[Simon 1996], it takes about 30 seconds per chunk for new 
information to be encoded into long-term memory (about 
8 seconds for initial acquisition and another 22 seconds 

A Star is Made:  Attaining Excellence through Deliberate 
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to encode for permanent retention). However, if a chunk can 
be related to one or more already-encoded chunks in long-
term memory (structures that Simon calls “recall structures” 
or “templates”), the time required to incorporate that chunk 
into the existing template is only about one or two seconds. 
Simon estimates that a world-class professional possesses at 
least 50,000 chunks of domain-specific information (which 
assumes 30 seconds for learning each chunk and working 4 
hours a day over the course of a decade), and as many as 1.8 
million chunks (assuming 4 hours of work per day over the 
course of a decade, but with a shorter encoding time based on 
the existence of recall structures). Once encoded, it takes only a 
few hundred milliseconds to retrieve information from existing 
templates. Simon’s research indicates that this retrieval time 
holds constant regardless of the complexity of the information 
being retrieved, whether the recall structure being accessed 
consists only of simple linear strings of chunks (such as a 
telephone number) or a complex semantic network (such as a 
doctor’s mental library of knowledge that must be searched in 
order to arrive at a diagnosis based on a list of symptoms or 
other parameters). With enough practice, most fundamental 
information in a domain has been learned to such a degree 
that it can be recalled virtually automatically, allowing tasks 
to be performed without conscious awareness or attention, a 
phenomenon called automaticity [Poldrack 2005].

As automaticity develops for a particular task, information is 
encoded and stored in a recall structure or a linked network of 
structures which function cognitively as a single chunk. As a 
result, a proficient practitioner of a specialized skill or domain 
can access a larger amount of information than a novice, and 
can do so more quickly. In addition, as automaticity develops, 
practitioners are able to perform more than one task at a time, 
enabling them to multi-task (such as driving a car while talking 
to a passenger) or to focus cognitive effort on higher-order 
skills such as elaboration, evaluation, and creativity.

Automaticity can be reinforced and actually enhanced by 
the implementation of the process that Anders Ericsson has 
named “deliberate practice” [Ericsson 1993]. With deliberate 
practice, expert performers can build and refine their skills in a 
specific domain by consciously focusing on achieving small but 
gradual improvements in their technique, leading to an overall 
improvement in performance. Deliberate practice also can be 
characterized as a specific instantiation of “metacognition,” 
which is a specific type of higher-order thinking in which the 
learner takes active control of the cognitive processes involved 
in learning [Livingston 1997]. Metacognitive skills include 
consciously analyzing one’s personal learning style, planning 
and selecting learning strategies, monitoring the progress of 
learning, correcting errors, analyzing the effectiveness of the 
learning strategies employed, and changing learning behaviors 
and strategies when necessary [Ridley 1992].

During learning, the deliberate application of metacognition 
enables the brain to regulate the type and quality of information 
that is stored, since the merest sensory perception of a stimulus 
can result in encoding and storage. The brain processes and 
encodes almost all information it receives, without conscious 
effort or regard for the quality (or lack thereof) of the stimulus. 
Information does not have to be accurate, nor does a skill 
have to be performed well in order to be encoded; as far as 
automaticity goes, learning something “well enough” (or 
even incorrectly) is sufficient for retention and automaticity 
to occur [Hamilton 1994]. However, if learners deliberately 
concentrate on practicing a task accurately, focusing conscious 
effort on mastering each component or sub-skill composing 
the task, they force their brains into internalizing an optimized 
pattern of performance [Brooks 2009]. With regard to learning 
new skills – or to perfecting existing skills – the adage that 
“practice makes perfect” is accurate only in direct proportion 
to the quality of the practice. It is more accurate to say that 
“practice makes permanent,” since the initial cognitive process 
of encoding and storing information affects how it will be used 
later, and also affects the performance quality of skills or tasks 
that are associated with or dependant on the initial learning. 

The Elements of Deliberate Practice
Deliberate practice consists of an extended period of focused 
experience and continuous feedback on the execution of 
specialized tasks [Ericsson 1993], allowing practitioners 
of a discipline to sharpen their skills and achieve expertise. 
Deliberate practice occurs when a performer consciously applies 
metacognitive skills in a disciplined manner to repeatedly 
rehearse specific tasks or sub-tasks necessary for performance in 
the domain. The purposeful application of these metacognitive 
skills allow performers to refine the quality of the domain-
specific knowledge that they have amassed in their recall 
structures, so that as the various skills and concepts that achieve 
automaticity are of sufficiently high quality to enable consistent 
masterful performance. The defining elements of deliberate 
practice are as follows:

1.  Focusing as much on the techniques and processes of 
performance as on the outcome. Deliberate practice is 
designed specifically to enable performers to identify and 
isolate precise aspects of performance that need to be 
improved, and then concentrate effort on changing their 
performance processes or techniques in order to achieve 
the desired improvements. Average performers tend to 
focus their practice sessions on reinforcing the performance 
aspects that they already do well, but great performers use 
practice approaches that have been deliberately designed to 
stretch themselves and enable successful performance that 
is just beyond their current abilities. This type of practice 
is difficult not only from the inherent challenge of striving 
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for a higher achievement level than is currently possible, 
but also because most people find it less than enjoyable 
to attempt to do things they are not good at. It requires a 
great deal of mental discipline to sustain the level of effort 
required to improve even a single aspect of performance; 
great performers work on improving all aspects of their 
performance, first mastering one element and then moving 
on to the next skill or sub-skill that they want to improve.

2.  Setting specific and measurable goals. With deliberate 
practice, improvement comes one goal at a time. Superior 
performers set immediate goals, often pertaining to what 
will be done on one particular day. Their goals are not only 
about the outcome, but also about the process of reaching 
the outcome: “I’ll shoot 400 balls and hit the 18th green 
within 5 feet of the pin at least 75% of the time when 
using a 9-iron.” Average performers set general goals that 
focus only on the outcome without regard for the process: 
“I’ll shoot 10 balls with the 9-iron, and then 10 balls with 
the driver, and another 10 with the wedge, and I’ll try to 
hit the green every time.” The superior performer does not 
move on to the next goal until achieving 300 shots that 
land within 5 feet of the pin on the 18th green; the average 
performer hits 10 balls each with every club in the bag, 
moving on to the next one even if not all of the balls land 
on the green.

3.  Receiving immediate and meaningful feedback, and 
using the feedback to improve technique. Practice without 
feedback is meaningless. Whether the feedback comes 
from a mentor, coach, or teacher, or from within in the 
form of self-assessment (or “self-talk”), performers need 
some sort of input regarding their performance against 
the goal. Self-assessment is one of the most valuable tools 
available in improving performance, since it provides the 
most immediate form possible for feedback. Immediate 
input from a coach or teacher is valuable because it 
not only provides a timely and objective performance 
assessment, but also can identify weaknesses that may not 
be readily apparent to the performer. 

4.  Maintaining a disciplined approach to practice. Achieving 
excellence in a domain requires adhering to a regular 
schedule of deliberate practice over a long period of 
time. Studies conducted by Benjamin Bloom, Anders 
Ericsson, and other researchers show that at least 10,000 
hours – which translates into about 10 years – of practice 
is required to achieve the level of mastery associated 
with world-class expertise [Bloom 1985, Ericsson 
1993]. According to Simon, “if it takes thirty seconds 
of attention to store a new chunk in long-term memory 
(8 seconds for initial acquisition, say, plus 22 seconds 
to overlearn for permanent retention), then 10 years 
of intensive study at 1,500 hours per year (about four 

hours per day),” is required to produce a memory store 
sufficient for mastery in a particular domain [Simon, 
1996]. High repetition is the most important difference 
between deliberately practicing a task and performing 
the task for real under less-than-ideal conditions, when 
accurate or masterful performance may be especially 
critical. Disciplined practice leads to the formation of 
good performance habits, which means that a skill or 
behavior has become automatic rather than conscious, 
enabling the performer to act the same way every time, 
without thinking.  Disciplined practice enables superior 
performance to become habitual, an advantage that may 
make the difference between making the winning free shot 
just before the game-end buzzer versus missing the basket 
under pressure.

5.  Having a supportive environment. Most superior 
performers started down the path towards mastery in 
a domain because of encouragement from parents or 
teachers who praised their successes and encouraged 
them when they failed to learn from their mistakes and 
try again. Although they may be considered as masters 
in their domains, many expert performers continue to 
seek input from others, through participation in masters’ 
classes, collaboration with other superior performers in 
the same field, or ongoing instruction from mentors; even 
with more than a dozen major tournament titles to his 
credit, Tiger Woods still regularly works with a coach.

6.  Having a passion for the domain. Deliberate practice is, 
above all, effortful focus and concentration, which puts 
high mental demands on the performer. It is very hard 
work, both cognitively and physically, to continually seek 
out performance aspects that are less than satisfactory 
and then focus extreme concentration on improving both 
the performance techniques and the outcomes. Research 
shows that, as a general rule, superior performers love 
what they do so much that they don’t see disciplined 
practice as grinding work to be endured; they see it as 
an effective means of achieving their performance goals 
[Ericsson 1993]. Their passion for their work and their 
desire to achieve the best possible performance provides 
the necessary motivation to sustain a level and duration 
of practice that most people would view as unrelenting 
drudgery.
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The defining characteristics of deliberate practice, such as 
purposefully designed process changes with immediate and 
meaningful feedback, allow performers to continuously focus 
in a disciplined way on improvement; when conscientiously 
implemented over a long period of time, deliberate practice 
can result in superior performance or mastery in a particular 
domain. In the words of the Greek philosopher Aristotle, 
“Excellence is an art won by training and habituation.... We 
are what we repeatedly do. Excellence, then, is not an act but a 
habit.”

Disciplined Practice in Software Development: 
PSP and TSP
The PSP is a structured software development process 
that enables individual software engineers to analyze their 
performance and then improve it through use of disciplined 
methods. The PSP methodology requires developers to focus 
on improving one area of the development process at a time, 
to set improvement goals and use data to track progress 
against those goals, and then to analyze the feedback received 
(in the form of personal process data) to make continuing 
improvements in the process, thereby leading to higher-quality 
software components or products [Humphrey 1995]. In its 
focus on improving both the process and the outcome, setting 
meaningful and measurable goals, providing feedback that can 
be used to make continuing improvements to both the process 
and the performance, and maintaining a disciplined approach 
to improvement, the PSP is an instantiation of deliberate 
practice.

The TSP is an operational process methodology that enables 
PSP-trained individuals to create the supportive environment 
needed for successful team-building and teamworking when 
collaborating on software-intensive development projects 
[Humphrey 2000]. Although there currently is only a small 
body of research pertaining to the application of deliberate 
practice at the team or group level, the available data indicate 
that individual excellence can be replicated at the team level 
when the principles of deliberate practice are applied by all 
team members and the team coach [Helsen 1998; Ward 2007]. 
TSP teams use the techniques learned in PSP training to set 
measureable and meaningful goals for both schedule and 
product quality, to track their progress against these goals 
using an aggregate of the data collected by each team member, 
and then use that data to make adjustments in their work to 
ensure that their quality goals are met. At all times, the team 
members use disciplined methods to produce the various 
components or products for which they are responsible. 
The TSP framework also provides the necessary elements 
of a supportive environment and objective input from an 
experienced coach which, combined with the collective 
beneficial practices used by the PSP-trained team members, 
provide TSP with the essential elements for a relevant 
instantiation of deliberate practice at the team level.

The following sections provide specific descriptions of how 
PSP and TSP practices can be mapped to the principles of 
deliberate practice in a software development environment.

1. PSP requires software developers to focus as much on the 
techniques and processes of performance as on the outcome. 
The PSP training is specifically designed to introduce 
process improvements gradually (in seven increments and ten 
programs) across the duration of the training. Although the 
number of repetitions is low and cannot lead to full-blown 
mastery of the various sub-tasks being addressed in each 
increment, the controlled introduction of process changes 
does allow PSP students to compare their performance 
(in terms of time spent on programming tasks, estimation 
accuracy, and quality measured as defect density) throughout 
the duration of the training and to quantify the direction 
and magnitude of change in performance. The PSP process 
changes are introduced in a series of scripts that first provide 
a stable baseline for the basic process, then gradually adds 
elements such as coding standards, size measures, size 
and time estimating procedures, testing standards, design 
reviews, code reviews, and customized review checklists 
that can be tailored to focus the developers’ improvement 
efforts on their own particular areas of weakness. By using 
a standardized process that is delineated by the PSP scripts, 
developers can focus on properly implementing good 
programming practices; by collecting data about size, time, 
and defects on the appropriate PSP forms, engineers can 
measure their progress towards internalizing an improved 
process and can make needed process adjustments to 
optimize their performance as a software developer. From 
a learning-theory perspective, improvements in both the 
development process and the work products most likely can 
be attributed to changes in the developers’ metacognition; the 
data provided by PSP and TSP help practitioners to become 
more aware of what they do, how they do it, and which 
aspects of their work require continued refinement. Not 
only does working in a disciplined way allow developers to 
enhance their skills and improve their products, but the very 
act of doing disciplined work causes developers to change 
their own metacognitive processes [Kidd 1994] so that high-
quality software development becomes a habit.

 An additional benefit to developers who master the process 
mechanics of development is that they are able to focus 
more of their time and energy on actual development, 
instead of spending a great deal of time debugging their 
work. Some skeptics and critics of disciplined methods 
attribute their resistance to adopting disciplined techniques 
to their fear of losing creativity: they argue that adhering to 
and continually refining one specific process is a sure-fire 
recipe for stifling their creative abilities. However, research 
on cognition and expert performance indicates that experts 
not only consistently outperform their less-skilled fellow 
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practitioners, they also are more creative. Hamilton explains 
that people who can skillfully conduct the routine operations 
in a particular domain expend less of their available 
intellectual capacity on those performing operations, freeing 
that capacity for other cognitive activities [Hamilton 1994]. 
Consistently superior performance actually enables and 
facilitates creativity, since the practitioner no longer needs 
to consciously focus on technique. Once the fundamentals 
skills have become automatic, performers can focus their 
cognitive energy on creating new approaches to problems in 
the domain. 

2. PSP and TSP require individuals and teams to set specific 
and measurable goals. The PSP sets three recommended 
process goals: developers should (1) strive to produce 
zero-defect products (2) on schedule and (3) within planned 
costs; use of the TSP has been shown to be effective in 
enabling developers to reach these goals [Humphrey 2000]. 
Individuals using the PSP can measure their baseline 
parameters such as defect levels, productivity rates, and 
types of defects most frequently made during programming; 
then, using these baseline measures, developers can set goals 
such as reducing the total number of defects in their code, or 
finding all defects before unit test, and so on. They can then 
implement specific changes to their development processes 
that help them to achieve these goals, such as customizing 
design and code review checklists to focus on finding the 
defects that they make most often. PSP-trained individuals 
who work on TSP teams devote one entire meeting of the 
project planning activities to setting measurable team goals 
for quality, schedule, functionality, and the like. Since both 
the PSP and TSP require individuals to record specific data 
on time, component or product size, defects injected and 
defects removed, and so on, specific performance measures 
for these goals are easily quantified.

3. PSP and TSP practitioners receive immediate and 
meaningful feedback, and use the feedback to improve 
both the process and the performance. The most obvious 
feedback to individuals using the PSP and to teams using 
the TSP comes in the form of data gathered on actual 
performance; a comparison of the actual performance to 
the goal parameters for a particular process aspect provides 
immediate knowledge about whether the goal has been 
met, and if not, knowledge of how much improvement still 
must be made. Defect data such as phase yield can provide 
information regarding progress towards quality goals, as well 
as giving insight on areas of process weakness that continue 
to require improvement. Keeping track of time data also 
provides valuable feedback: whereas logging their practice 
hours helps elite performers in fields such as sports or music 
to stick to their training schedules, individuals and teams can 
assess their schedule performance by tracking the earned 

value for completed tasks, and can use performance data to 
identify steps for changing their processes if they do not meet 
the earned value goals.

Both anecdotal and research evidence suggest that the very 
act of setting goals and actively thinking or talking about the 
goals and goal-related activities can provide and sustain the 
motivation necessary to maintain the self-discipline required 
for achieving excellence [Paivio 2007]. By using their data 
to track progress towards their goals, by producing graphical 
representations of their data (such as earned value charts), 
and by discussing their progress with other practitioners, both 
individuals and teams engage in self-talk about goals. TSP 
teams also devote a portion of their weekly team meetings to 
discussing their collective goals, providing the team members 
with the motivation for continuing to work hard to meet those 
goals and with information that can be used to adjust current 
performance and make any needed improvements to enable 
goal realization. 

4. PSP and TSP practitioners maintain a disciplined approach 
to practice. Disciplined practices are both the foundation for 
and the defining feature of the PSP and TSP methodologies. 
The acts of following process scripts, collecting and using 
data, refining processes and plans based on data and 
performance outcomes, and setting higher quality goals each 
time their current goals are met, are all part of maintaining 
a disciplined approach to improving individual and/or team 
performance as outstanding software developers. With 
sufficient use of PSP and TSP methodologies, a focus on 
producing high-quality code becomes habitual behavior for 
software developers. 

5. PSP and TSP provide a supportive environment for 
deliberate practice. Organizations that have committed to 
using PSP and TSP have a financial incentive to realize a 
return on their investment in the training and coaching support 
required to introduce the technology into a business enterprise. 
Management knows that it is vital for them to provide support 
for continued implementation of the methodologies in the 
form of rewards for consistent process use, as well as for 
achievement of schedule-, budget-, or quality-related goals. 
When management visibly supports and rewards individuals 
and teams for successful superior performance, they provide 
some of the necessary extrinsic motivation needed to continue 
the hard work of maintaining disciplined software practices. 
The TSP framework provides additional support in the form of 
an expert coach who can provide encouragement, motivation, 
and corrective feedback to the members of TSP teams; TSP 
also establishes team leadership with the designation of role 
managers who are responsible for ensuring that the team has 
all of the resources necessary to carry out their work and to 
reach their goals.
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6. PSP and TSP practitioners have a passion for the 
technologies and for their work. The level of effort required 
to maintain the necessary focus and concentration on process 
improvement impose high mental demands on PSP and 
TSP practitioners. Once they overcome the learning curve 
associated with adopting new methods of working, and 
realize positive outcomes in the form of improved schedule 
and quality outcomes, many PSP and TSP practitioners 
come to believe that they cannot work any other way than 
using disciplined processes. They come to value both the 
methodology and the outcomes so much that they don’t see 
disciplined practice as work. Their passion for their work and 
their desire to achieve the best performance possible provides 
the necessary motivation to sustain the level and duration of 
effort required for continuous process improvement, often to 
the extent that they continue to use the methodologies even if 
their organizations discontinue use of PSP/TSP or when they 
take new positions in organizations that have yet to adopt 
these methodologies.

Conclusion 
Research on excellence in performance has shown that the 
single most significant factor separating average performers 
from superior performers is not intrinsic ability or years 
of experience, but rather, the implementation of deliberate 
practice. If focused and persistent in engaging in deliberate 
practice in one specific domain, anyone can achieve a 
significant improvement in performance.

Deliberate practice consists of several elements, including 
consciously designing and implementing an improvement 
strategy, focusing on improving both performance processes 
and outcomes, setting improvement goals and getting 
feedback on progress towards those goals, correcting errors, 
analyzing the effectiveness of the improvement strategy, and 
changing strategies when necessary. PSP and TSP include 
practical instantiations of deliberate practice that, when 
implemented by trained software developers, provide proven 
effective methodologies for improving the quality of both the 
development process and the resulting outcomes. 
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1.1 ABSTRACT
This paper shows the strategy used for implementing and 
maintaining the TSP in an enterprise with a software area of 
5 to 10 developers who handled projects whose average size 
was about 2,000 man-hours, and how the TSP has allowed the 
growth of Kernel’s development area from 10 people to over 
50 programmers in about 18 months.  

We will also show how this strategy  allows us now to 
successfully deliver projects greater than 10,000 man-hours, 
and change our organization from being an enterprise of 70% 
staffing and outsourcing engineers and 10% projects, to a 60% 
project development oriented enterprise, using currently TSP 
fully in the 100% of the software development projects.  

1.2 INTRODUCTION
In order to think of achieving successful high standard goals, 
one must always think of a well developed process and 
strategy, including a plan to follow it, a structure to support 
it and goals and metrics to measure it. As much as these 
principles could easily apply to any company size, it is vital 
for small software enterprises to pay special attention on 
sustainable structure and constant measurement.

1.3 STRATEGy
1.3.1 WHAT TO DO
The process of implementing great changes must be done in a 
continuous improvement way, and not modifying everything 
that can be changed at one time. For small enterprises this 
becomes extremely important, thinking of the impact that an 
ineffective change could have.

The key for doing this and obtaining good and quick results 
relies on the performance of the “Plan, Do, Check, Act” 
paradigm as a continuous improvement process for making 
this changes.

1.3.2 WHERE TO START
For a company, small or big, when implementing changes, 
it is not only recommended but basic, to start attacking 
the problem from the root, which in the case of software 
enterprises it is also the place where the most impact is 
created when changes are made, this place is the design and 
construction phase of the development cycle.

Small companies should not try to implement the new 
process in everyplace of the cycle, you need to be aware 
that every phase has its own especial needs and challenges. 
Implement the new process where the most impact is done, 
and as you progress, start spreading the process across all the 
development cycle.

In Kernel Technologies Group we started our TSP projects 
after the Analysis phase for the first 2 projects, and only after 
we felt comfortable and ready did we started spreading it to 
other areas.

1.3.3 WHICH PROJECT TO CHOOSE
There are two things to look for when selecting your first 
TSP project: type of project and type of customer. Challenge 
yourself with the customer, not with the type of project. If 
you are new to a technology or a type of software, do not use 
it as your first TSP project, even if all developers are trained 
in PSP. TSP requires from them sometime to get used to their 
new tasks as managers and it can get tough to be learning also 
a new technology, even if you considered this learning time on 
your planning.

On the other hand, consider that TSP will give you the best 
tools for a better administration of your project, so do not 
doubt about choosing an important client and try to get the 
best experience out of it. Also, if possible, choose a client that 
has a mature sense of quality on a development process and 
the importance of it, regardless of the extra cost that this may 
represent.

In Kernel, for our first project we selected  an important client, 
but also a technology that was new to some of the developers. 
This was a very difficult challenge for the team at the 
beginning of the project and they ended up putting more hours 
every week than estimated because they had to spend time on 
both learning the technology and TSP at the same time. The 
great advantage here was that even though they had to invest 
extra time, they identified the issue soon enough.

Implementation of the TSP in small and medium  
size software enterprises
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1.3.4 HOW TO PERFORM 
1.3.4.1 Training
Do not hesitate on this subject, since this will set the basis for 
the success of the TSP implementation project. Early training 
will give the company a good understanding of the changes 
that are going to happen in every level of the enterprise, this is 
needed to perform goodly and also to avoid common obstacles 
that will show with the implementation of the new process.

Since designing and construction phases where chosen to be 
the first to apply the TSP, start training the developers and its 
upper levels. As you plan to apply it to the next areas, continue 
training the next areas. Every person that is going to apply the 
TSP must be trained to do so correctly and without affecting 
the going of the project.

While focusing on PSP/TSP don’t forget to train your people 
on the technology to be used in case is necessary.

1.3.4.2 Team Structure
Small software companies, like the ones we are addressing, 
usually are form of teams or team of at the most 4 to 6 
developers, plus a team leader and a coach. This represents a 
problem when all of them are new to TSP and each member 
of the team can have any level of experience participating in a 
project.

For those reasons, it becomes of great importance to wisely 
form the team structure, especially when selecting key roles 
for a first TSP project. 

Coach and Team Leader must be not lightly selected, since 
they will be the orchestrators of a fine TSP performance. It 
is totally recommended that for your first TSP project you 
select an experience Coach, this is taking in account that for 
not experienced teams, the coach will have practically no time 
to analyze the data produced by it, and the analysis (which 
is required) must be done fast and without losing certainty. 
Since another key element of success will be the performance 
of the team member’s roles, the coach’s experience comes in 
play again to correctly guide every member to do the right way 
the role they’ve selected, on their first project, planning and 
process manager need special attention. 

The case of team leaders is a little different since it must be 
a member of your crew. You must be very careful in whom to 
select, sometimes your current best leader is not necessarily 
the best option for your first TSP team leader, look for leaders 
who are convince of the methodology and leaders who are 
open to changes on the way they lead their teams.

1.3.5 WHEN AND WHAT TO MEASURE
For a small enterprise, the cost of deviation in a project’s 
effort could mean the end of the company. Having one of 
your teams working 40 to 50% of their time on testing (up 
to 1,450hrs/man in a 10 month project of 6 developers), can 
make a project’s cost get out of budget. When you are small 
and plan to grow, the productivity of your teams becomes a 
subject to keep an eye on, but is also a subject hard to measure 
on initial stages of a project, there for, in order to get a better 
productivity we must focus on quality.

While we accomplish spending less time on testing we can 
manage to deliver the same functionality in less time, or what is 
better, more product functionality in the same time.

For initial TSP projects, instruct the coach into putting an 
extra effort on focusing on quality, measure PQI and yields 
following standard TSP procedures, make sure the subject is 
addressed every week in the team meetings and management 
reports, and every 3 to 4 weeks at higher levels. Don’t take 
lightly the obtained results for they will lead you or deviate 
you from the path of success in a project.

Look for a Process Quality Index higher than the usual .4 in 
your first projects because the performance on your reviews 
and inspections will take time improve, and in order to hit a 
70% yield or higher you will need to do them in a slower pace 
at start look for at number at least close to .55.

Also another hint to perform with quality that will not only 
help you to reduce the defect but also to develop faster and 
more consistently is the reuse of elements, try to identify 
every single reusable part from the beginning and as the 
project move forward define your own libraries for subsequent 
projects.
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1.4 ACQUIRED ExPERIENCE
1.4.1 PROBLEMS AND SOLUTIONS
1.4.1.1 Team members inclusion
The inclusion of a team member in TSP projects usually 
faces two main issues, the training and the inclusion of on 
the team per se. Usually, when you are a small company, 
is hard to afford in time or cost the training of one new 
member alone, for this reason it’s important to plan carefully 
members inclusion in small groups and with enough hiring 
anticipation, at least 2 weeks before they get to work on the 
project, also consider the recommendation of this training 
to be “PSP Fundamentals” and not “PSP for engineers”, 
is better that they have the second week to catch up, rather 
than being just finishing the training when they are already 
working on the project.

As for the inclusion on the team problem, just make sure 
your team follows all the standard TSP procedures for 
including new members on a team, including re-launches if 
necessary.

I our experience, there have been nothing worst to a TSP 
project than including a not trained member to it. Even if is 
your top developer don’t take lightly this comment.

1.4.1.2 Initial estimation deviations
When working for the first time with TSP, deviations on the 
estimation are usual, and could be drastic. This can come 
from many places on your initial experience, from not 
considered items to lack of data to correctly estimate. Since 
this is likely to happen, don’t spend a whole lot of time on 
the problem and focus on the solution. The key element 
for this is to keep the team owning the plan, and there for 
owning the commitment they made. A common mistake 
when this problem starts to show at early stages of the project 
is the desire to intervene, this can cause a team to lose 
confidence on the plan, and that is something that you may 
never gain back, let the team decide how are they going to 
get back to their committed dates.

1.4.1.3 Resistance to change
Usually this problem gets solve with the correct training of 
all people that is going to be involved in TSP projects, but 
when this is not the case, try to avoid conflict, use simple 
convincing phrases like “the past strategy have not work for 
us, lets try this for this project and see the results”, try not 
to spend too much effort on the convincing part and let the 
work do the talking.

Sales strategy
It’s going to take time to develop the belief that extra work 
done in TSP projects is worth the trip, not only for the 
software companies but also to their customers.

In the meanwhile it is important to have a clear strategy to 
support the usage of such methodology, but not only relaying 
on quality, which is something the customer already expects 
from you but also in how the using of this strategy also 
helps the business. TSP allows you to develop in increments, 
which can allow your client to have complete functional 
deliverables in short periods of 3 months. Also relate the 
methodology to the technology you are going to implement 
so the customers feels comfortable and secure that he is 
making a sound decision, even if he is paying a little more 
for it.

A problem that we have face in Kernel while trying to sale 
to the Mexican market is justifying methodologies always 
in terms of cost-benefit which is sometimes difficult to 
understand for the customer. They way we do it now is 
showing the benefits in past projects in terms of time and 
post-work which is clear for them that reflects in cost.

1.4.3 MAINTENANCE
The first TSP project is only the first step to become a full 
TSP company. To spread and maintain the methodology 
across the enterprise, when you are a small company is 
of high importance to apply your budget correctly. So the 
moment that you prove the methodology works, is time to do 
a couple of things in order to accomplish the set goal, first, 
learn how to fish, stop training developers and leaders and 
start training one or two instructors, and now that you have 
some experience in real projects stop hiring outside coaches 
and start training one or two people to do this job. The other 
important thing, and now that you have instructors is not to 
wait to perform training on people, as soon as you hire new 
people, start the training immediately to avoid this people to 
struggle once they join a Team Software Process project. To 
do this set also a hiring strategy with human resources people 
in order to avoid extra work on the continuous training.



26

IM
P

LE
M

E
N

TA
T

IO
N

 O
F 

T
H

E
 T

S
P

 IN
 S

M
A

LL
 A

N
D

 M
E

D
IU

M
 S

Iz
E

 S
O

FT
W

A
R

E
 E

N
T

E
R

P
R

IS
E

S

1.5 REFERENCES
W. E. Deming and W. Edwards Deming. 
1982. The Quality Productivity and Competitive Position. 
Massachusetts Inst Technology.

Watts S. Humphrey. 2005. 
TSP: Leading a Development Team. Addison-Wesley 
Professional

Watts S. Humphrey. 2005. 
PSP: A Self-Improvement Process for Software Engineers. 
Addison-Wesley Professional

Roberto Alonso Ramos zapata
Chief of SW Development Department
Kernel Technologies Group

Roberto Ramos is a manager in the software development 
area at the Mexican software company Kernel Technologies 
Group.

Before joining Kernel, Ramos was a project leader for 
CRM projects in a small company in Monterrey called 
BlockNetworks where he started working after obtaining his 
University degree in 2005.

Ramos holds a degree in Computers Systems Engineering 
from the Instituto Técnológico y de Estudios Superiores de 
Monterrey “Tec de Monterrey”. 

http://www.amazon.com/Quality-Productivity-Competitive-Position-Deming/dp/0911379002/ref=sr_1_8?ie=UTF8&s=books&qid=1243256849&sr=1-8
http://www.informit.com/title/0321349628


27

U
P

D
A

T
IN

G
 T

H
E

 T
S

P
 Q

U
A

LI
Ty

 P
LA

N
 U

S
IN

G
 T

H
E

 M
O

N
T

E
 C

A
R

LO
 S

IM
U

LA
T

IO
N

David R. Webb

1.1 Abstract
The Team Software Process (TSP) Quality Plan is composed 
during meeting 5 of the launch by determining the defect 
injection rates and yields for each phase of the product 
development process. Using the team’s historical averages 
for these rates and estimated hours per phase, the team can 
predict how many defects will likely be injected and removed 
as products move through this process. Unfortunately, these 
averages do not take into account normal variability in the 
process. However, applying a Monte Carlo simulation to the 
standard TSP quality planning process, a team can determine 
the historical distribution of process variability and produce a 
plan with ranges for expected defects injected and removed, as 
well as measures of “goodness” for the product and process. 

The 309th Software Maintenance Group at Hill Air Force 
Base has begun implementing this updated version of the 
TSP Quality Plan. This paper presents an overview of why 
an updated quality plan with variability is needed, what data 
the model requires to be useful, and how the new model 
works. Actual data from Hill Air Force Base projects that have 
implemented this method are presented for review. 

Updating the TSP Quality Plan Using the Monte Carlo Simulation

1.2 The TSP Quality Plan
One of the hallmarks of projects using the Team Software 
Process (TSP) is the attention to quality or, more accurately, 
the ability to manage product defects. In fact, Watts 
Humphrey, creator of the TSP, says “defect management must 
be a top priority, because the defect content of the product 
will largely determine your ability to develop that product 
on a predictable schedule and for its planned costs.” 1 A 
chief component of this focus is the Quality Plan developed 
during Meeting 5 of the TSP launch. This plan is composed 
by estimating defects injected and removed during the various 
phases of the software process. The team uses historical 
averages of defects injected per hour to determine defects 
injected and similar averages for Yield (the percent of existing 
defects found and fixed during a phase) to determine those 
removed. (See Figure 1). According to Mr. Humphrey, the true 
purpose of the quality plan “is to establish team yield goals 
for each process step.” 2 If the team does not have sufficient 
historical data, average injection and removal data collected by 
SEI can be employed. Using this approach, the team estimates 
final product quality and then determines whether or not that 
quality will meet their customer, management and team goals. 
If those goals are not met, the team decides what process 
changes should be made to meet them.

TSP (v1) Rollup Plan Summary

Quality Summary

Defect Density Phase Yields

Defects/KLOC Plan Actual Plan Actual
Detailed Design Review 164 Requirements Review 70%
Detailed Design Inspection 49.1 Requirements Inspection 70%
Code Review 395 HLD Review 70%
Compile 87.9 HLD Inspection 70%
Code Inspection 61.6 Detailed Design Review 70%
Unit Test 31.1 Detailed Design Inspection 70%
Build and Integration Test 2.76 Code Review 70%
System Test 0.55 Compile 50%

Total Development 1038 Code Inspection 70%
Total 1.04 Unit Test 90%

Build and Integration Test 80%
System Test 80%

Inspection / Review Rates
Defect Injection Rates

Plan Actual
Code Review 28.5 Defects Injected per Hour
Code Inspection 5.51 Plan Actual

Requirements 0.25

Cost of Quality High-Level Design 0.25

Plan Actual Detailed Design 0.75
% Appraisal COQ 32.70% Code 2
% Failure COQ 4.69% Compile 0.3
AFR 6.98 Unit Test 0.07

Figure 1: Sample TSP Quality Plan Created During Meeting 5
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Once the plan has been developed and the launch completed, 
it is the role of the team’s Quality Manager (assigned during 
the launch) to monitor progress against the Quality Plan. 
Results of the monitoring activities are discussed during 
the team’s weekly meeting. In addition to monitoring actual 
values for defects injected and removed, the Quality Manager 
can help focus the team on quality issues by examining other 
metrics, such as the Defect Removal Profile (the defects / 
KLOC removed from software components as they move 
through the development lifecycle) and Product Quality 
Index. (See Figure 2.) Exercises such as “Capture/Recapture” 
can even predict how many defects may have escaped a 
personal review or inspection. When done properly, these 
measures, metrics and activities can improve the team’s 
quality focus, reducing rework and improving on-time and 
within-budget performance.

Many TSP teams that have no issues with most TSP 
concepts, struggle with this one. While teams are excited 
about producing the Quality Plan during the Launch, after 
a few weeks, the Quality Manager no longer reports quality 
progress, other than announcing when the next quality event 
(inspection, test, etc.) will take place. At project Postmortem, 
the team dutifully collects the quality data needed for the 
next launch, but notes in the lessons learned that they “need 
to do a better job on the Quality Plan in the future.” In this 
author’s experience, there are few key reasons for the fall-off 
of the quality focus:  

•	 The team has not collected sufficient historical data for 
defect injection and removal; they utilize the “by the 
book” numbers provided by SEI, but do not really 
believe them, because they are not “their” numbers.

•	 Historical averages blend the results of high performers 
with average or low performers. Depending upon 
who is working on a module or series of modules, the 

predictions may or may not truly represent the work 
being done, so the team doesn’t trust them, and certainly 
does not use them to guide their work.

•	 Defect injection rates are based upon the effort estimate 
for each module; while TSP teams are great at using 
Earned Value techniques to balance workloads to meet 
their estimates, not every module is accurately estimated, 
making the defect injection numbers suspect.

•	 Team members are not consistently collecting defect data; 
either individuals are counting defects differently or 
they are not measuring them at all, making any defect 
prediction model inaccurate, and thus, unusable.

•	 When actual data begins to come in, the Quality Manager, 
Team Leader and sometimes even the Coach, don’t 
really know what to make of them (e.g., does a lower 
number of defects than expected mean the team is 
just very good, or that the quality activity was badly 
executed?).

All of these issues can be addressed by two basic practices: 
1) consistently collect data; and 2) properly use the concepts 
of variability in developing and tracking the Quality Plan. 
This paper will examine some simple ways to ensure quality 
data are consistently and properly collected, and will discuss 
the use of the Monte Carlo simulation to account for inherent 
process variability, thus making the Quality Plan more 
accurate and usable.

Figure 2: Sample Defect 
Removal Profile and 
Product Quality Index 
Charts
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1.3 Consistent Data Collection
From an examination of the data of 10 randomly selected Personal Software 
Process (PSP) students from various classes over a 5 year period, it becomes 
obvious that the rate at which defects are injected per hour (DIR) varies widely by 
person (Figure 3). Even the plots of the averages of defect injection rates show that 
every person is different – sometimes vastly different (Figure 4).
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Figure 3: Comparisons of DIR 
Distributions for PSP Students

Figure 4: Comparisons of Average 
DIR for PSP Students
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While some of this variability has to do with individual 
capabilities, the programming environment used, the 
difficulty of the assignment, and personal coding styles, 
much of it also has to do with common operational 
definitions and recording practices. Anyone who has taught a 
PSP class has noticed that not everyone fills out their defect 
logs the same way; some students record several missing 
semi-colons as a single defect then fix them all at once, 
while others count each semi-colon as an individual defect 
with distinct fix times. Most instructors allow this individual 
style of defect logging, as long as the student is consistent 
in the method used; however, when determining team defect 
injection rates, this kind of instability in definitions and 
recording methods can cause a prediction model to behave 
erratically. This leads the observer to doubt the validity of 
using personal defect logs, unless all engineers are somehow 
coerced into using identical logging techniques.

Another reason to suspect that personal defect data may not 
be the best fit for a quality prediction model can be seen in 
the “actual project” data. Figure 5 shows the distributions 
in personal defect logs collected over an 18 month period 
from a TSP team at Hill Air Force Base, Utah. During this 
project’s execution, the variability in personal defect logging 
noted in the classroom data did not stabilize or become more 
consistent. Perhaps, the most disturbing trend in these data is 
the severe lack of personally recorded data, as evidenced by 
the number of engineers with data from only one module or 
no defects logged at all. It is important to note that these data 
come from a team with strong coaching and a heavy quality 
focus (they have never released a major defect). 

For these reasons, it appears to be undesirable to use personal 
defect log data for defect injection analyses. That being the 
case, the question is “what kinds of data would make sense?” 
Interviews with the engineers on the project noted above, and 
other TSP projects at Hill, suggest that more consistency may 
be found in defect data from inspection and test databases. 
These public databases require more strict control to ensure 
that defects are properly identified, analyzed, addressed, and 
tracked. This typically requires users to enter data according 
to a defined procedure and to use common definitions for 
defects and defect types. This kind of control seems to 
drive more stable operational definitions and data recording 
practices than evidenced in the personal defect logs.

In Figure 6, which shows design and code inspection data 
from the same project referenced earlier, we can see that 
the distributions are much tighter than those in the personal 
logs, without the problem of a lack of recorded data. That 
being said, there is still some variability in the data – higher 
in the code inspections than the design inspections, in this 
case. For example, on both the design and code review data, 
the average DIR is toward the lower end of the distribution, 
suggesting a skewed normal or lognormal distribution in 
defect injection rates.

A possible conclusion, therefore, of this analysis is that 
personal defect log data is not as useful in creating a quality 
model for the Quality Plan as is data from public databases, 
such as the inspection and test databases. However, even in 
these data, the defect injection rates display a certain amount 
of variability that should be accounted for in our quality 
model.

One very important note here is that this analysis should not 
be used to suggest or validate the idea that personal defect 
logs are not useful. Several engineers interviewed found 
them very useful for personal improvement – they simply 
are not consistent from person to person, making the data 
unusable for team modeling purposes. Strict coaching and 
Quality Manager oversight, focusing on common operational 
definitions and recording procedures, may make these data 
more usable.
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Figure 6: DIR for Design and Code from Inspection 
Database from a TSP Project

1.4 The Monte Carlo Simulation
One method of taking into account the variability of the 
defect injection rates and yields in our quality model would 
be using a technique called the Monte Carlo Simulation. 
The Monte Carlo Method is any technique using random 
numbers and probability distributions to solve problems , . 
Monte Carlo uses the brute force of computational power to 
overcome situations where solving a problem analytically 
would be difficult. Monte Carlo Simulation iteratively uses 
the Monte Carlo Method many hundreds or even thousands 
of times to determine an expected solution.

The basic approach of Monte Carlo is captured in Table

Step # Description

1 Create a parametric model

2 Generate random inputs

3 Evaluate the model and store the results

4 Repeat steps 2 and 3 many, many times

5 Analyze the results of the runs
 
Table 1: Monte Carlo Steps

This is useful in creating a form of prediction interval around 
an estimate. For example, assume the number of defects in 
a software product in the design phase of development can 
be predicted by multiplying the historical defects injected 
per hour by the number of hours estimated for the phase. We 
can improve that estimate by using the ratio of historically 
estimated hours to actual hours (the Cost Productivity 
Index or CPI). The CPI represents how well tasks have been 
estimated in the past; a number near 1 means that estimates 

have been fairly accurate in the past, a number greater than 
1, tells us that we tend to overestimate; a number less than 
one says we typically underestimate our tasks. Dividing 
the estimated hours by the CPI will compensate for any 
tendencies to over- or under-estimate. Thus, our final 
prediction equation for design defects injected is the DIR 
for design times the number of estimated hours in the design 
phase, divided by the CPI for design (Figure 7). This is the 
parametric model needed for Step 1 of the Monte Carlo 
simulation.

Figure 7: Predicted Defects (d) in the Design phase, 
based upon Defect Injection Rate (DIR)

Next, in Step 2, we need to generate random inputs to 
the DIR and CPI variables of the equation, since these are 
parameters that are subject to variability in our historical 
data. (Let’s assume we determined Hours earlier via PROBE 
or other estimating model.) The question is: where do we 
get these random values from? The answer can be found by 
examining each of the variables. For example, the typical 
TSP approach to estimating design defects would be to use 
the average historical values for DIR and CPI, as defined in 
Table 2. The only problem with that approach is that, while 
the average Defect Injection Rate (DIR) in design is 2.1, 
it can vary from 1 to 5, in a lognormal fashion (Figure 9). 
Additionally, the historical data in Table 2 show that the 
average CPI for design is 1, but it varies from 0.5 to 1.5 
according to a normal curve (Figure 10).  So, we would use 
these distributions to generate our random input data for Step 
2 of the Monte Carlo process. Having previously estimated 
using PROBE that we should spend 8.3 hours in design, we 
randomly select values from each of these distributions and 
choose 0.88 defects per hour for DIR and a value of 1.12 for 
CPI (Figure 8). This gives us the value of 6.52 defects, which 
is how we evaluate the model and store the results for Step 
3 of the process.

Figure 8: Predicted Defects Using Estimated Hours and 
Random Values for DIR and CPI
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Completing the Monte Carlo process simply requires us to 
repeat Steps 2 and 3 many, many times, each time storing 
away the newly generated answers. Let’s say, we do 10,000 of 
these calculations and store them all away; when complete, 
we will have built up a new distribution for “d”, the results of 
the equation.

Project DIR – Design CPI - Design

P1 1.02 0.50

P2 1.33 1.15

P3 2.06 0.67

P4 1.13 0.88

P5 5.00 0.96

P6 2.50 1.35

P7 1.30 1.50

P8 4.10 0.62

P9 3.20 1.50

P10 1.08 1.38

P11 1.00 0.98

P12 1.62 0.89

P13 1.88 0.78

P14 3.10 0.88

P15 1.23 0.92

Average 2.10 1.00

Table 2: Notional Historical Data for DIR and CPI

Figure 9: Distribution of Design DIR from Table 2

Figure 10: Distribution of CPI from Table 2

Figure 11: Distribution of Results from Monte Carlo 
Simulation of Defects Injected in Design
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Step 5 of this process is examining the distribution of the 
results to determine what we can learn (Figure 11). In this 
example, we can see that the answers from our equation 
using the Monte Carlo process fall into a lognormal 
distribution, with a mean of 18.39 defects and a standard 
deviation of 11.56. Further analysis of the data suggest that 
70% of the time, we should expect no more than about 21 
defects will be injected in the Design phase of our process. 
This provides us a bit more insight than we would see in a 
typical TSP Quality Plan. For instance, we now know that 
if there are fewer than 21 design defects found during our 
project, it’s not necessarily a bad thing; however, if we find 
more than this, say 40 defects, that something may be out 
of the ordinary, since that happens rarely. If we find many 
more than 21 defects, 200 for example, then we can be pretty 
certain we have an issue that needs to be addressed. The 
wonderful thing about this is that we can determine these 
parameters at planning – a concept that fits well with TSP 
principles and philosophies. 

1.5  Using the Monte Carlo Simulation for 
the TSP Quality Plan

There are essentially five three steps in modifying the current 
TSP Quality Plan to take advantage of the Monte Carlo 
Simulation techniques described above: 1) Gather historical 
data and determine distributions for DIR, Yield, and CPI; 2) 
Modify the equations that determine defect injection, defect 
removal, defects remaining, and any other metrics important 
to the team; 3) Run the Monte Carlo Simulation using 
estimates for Hours per process phase and the distributions 
for DIR, Yield and CPI; 4) Examine the results, determine 
how well project goals are addressed, and come up with next 
steps for the project; and 5) Use this plan to guide and track 
the project’s quality progress.

1.5.1  Gather Historical Data and Determine 
Distributions

The first step is fairly straight-forward for TSP projects that 
have been using the process for a while and have Postmortem 
data available. The team simply needs to gather data on DIR, 
Yield, and CPI for a number of past projects to determine the 
actual distributions of data. This can be done on a project-by-
project basis, or by module, capability, or build, as desired. 
In Figure 12, the actual data from a Hill Air Force Base 
project are listed as “BCRs” (Baseline Change Requests) and 
represent code changes made to an existing software baseline 
over an 18 month period. In this example, the team used a 
tool called Crystal Ball to determine the distributions of each 
set of data.

Once the data gathering and analysis have been done, the 
team must determine the quality planning parameters, as 
shown in Table 3. (Don’t be confused by the values you see 
in the colored cells. Each of the highlighted cells for Defects 
Injected per Hour, CPI and Yield in Table 3 initially contains 
an average value, similar to the current TSP Quality plan; 
however, this value is replaced by the tool with random 
values from the distributions in Figure 12 when the Monte 
Carlo Simulation is run.)

Figure 12: Historical Data with 
Distributions
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TSP Quality Plan w/ Monte Carlo
Est. Time Plan Actual Phase Yields Plan Actual
High-Level Design 434.93 High-Level Design Inspection 78%
High-Level Design Inspection 147.28 Code Inspection 70%
Code 901.87 Unit Test 95%
Code Inspection 175.82
Unit Test 275.87 Est. Defects Found Plan Actual

High-Level Design Inspection 30.61
Defects Injected per Hour Plan Actual Code Inspection 143.83
High-Level Design 0.11 Unit Test 65.82
Code 0.39

Est. Defects Remaining After Plan Actual
Project CPI Plan Actual High-Level Design Inspection 8.85
High-Level Design 1.22 Code Inspection 154.21
Code 1.73 Unit Test 88.39
Unit Test 2.72

Table 3: Planning Parameters for the New Quality Plan

1.5.2 Updating the Equations
Currently, the TSP Quality Plan predicts measures that 
are useful in the planning stages of the project and can be 
used to guide the engineers during project execution. Some 
of these measures include Defect Densities per Phase of 
Review/Inspection, Review Rates, and Appraisal-to-Failure 
Ratios. In crafting the new Quality Plan, we can now be more 
specific and predict the actual numbers of defects that can be 
expected to be found in each of the quality phases and how 
many defects are remaining in the product, with a prediction 
interval. The equations for doing this are a modification of 
the equation previously created, predicting how many defects 
will be injected in the Design phase (see Figure 7). Using 
this formula, we simply multiply by the planned yield of 
the inspection phase to estimate how many defects will be 
removed, as show in Figure 13 below. (In this situation, Yield 
must be a decimal number between 0 and 1 instead of 0% 
and 100%.)

Figure 13: Equation to Estimate Defects Found in the 
Design Inspection

Similar equations can be generated for every phase, based 
upon the historical data from Figure 12. We can then use 
these equations, along with the distributions identified, to 
determine the results for our Monte Carlo Simulations, as 
shown in the Estimated Defects portions of Table 3. (The 
highlighted cells for “Est. Defects Found” and “Est. Defects 
After” in this table show the results of the parametric 
equations using the average values; these are replaced with 
the results of the calculations using random values from the 
distributions, during the Monte Carlo simulation.) 

1.5.3  Running the Monte Carlo Simulation & 
Examining the Results

At this point, during Meeting 5 of the TSP Launch, the 
Monte Carlo Simulation is run with the variable inputs and 
the prediction equations as established above. The simulation 
can create distributions of results for all 14 predictions 
highlighted in Table 3. The team can predict, for example, 
the minimum number of defects they would expect to find in 
each inspection phase, within a given prediction range (e.g., 
70% of the time), as shown in Figure 14. In this case, the 
total number of defects found in High-Level Detailed Design 
Inspection should be at least 16, and 5 in Code Inspection, 
70% of the time, according to historical data.
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Figure 14: Estimated Defects Found in Design and Code 
Inspections, with 70% Prediction Range

To make this prediction even more useful, the team should 
run the Monte Carlo Simulation for each module following 
Launch Meeting 6. At this point in the TSP Launch process, 
bottom-up plans have been made and hours have been 
estimated for each process phase of every module in the 
“Next Phase” plan. Assuming every individual performs 
within the parameters established from the team data, the 
Monte Carlo Simulation can now be run for each module. 
Table 4, for example, shows a single BCR update to a 
software baseline, with its own design and code inspection 
predictions. Note how the numbers are much lower for this 
single update than for the combined numbers of the entire 
project update, shown in Table 3. When the Monte Carlo 

Simulation is run for these planning numbers, the charts look 
similar (see Figure 15); however, the key advantage is that we 
can now predict that 70% of the time the design inspection 
for this update should find at least 3 defects but it would 
not be unusual for the code review to find zero defects. This 
gives us some indication of the “goodness” of the inspections 
and a lower limit that we can look for during the execution 
of the project. Likewise, we can see that in the unit test for 
this change, we should find no more than 12 defects, 70% of 
the time (Figure 16). In this case, we look for the upper limit, 
since our goals are to find more defects in inspections than in 
testing.

Table 4: TSP Quality Plan 
with Monte Carlo for a 
Single Update
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Figure 15: Estimated Defects Found in Design and Code 
Inspections for a Single BCR at 70%

Figure 16: Estimated Maximum Defects Found in Unit 
Test for a Single BCR


