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SM

How would you like to know, I mean really know, not
just when your software is Good-To-Go, but when its
going to be Good-To-Go? That's what the T.R.A.M. can
do for your company.

Welcome to my presentation:

“From Bugville to Qualitytown:
Riding the T.R.A.M. to Software Quality”

My name is Scott Garrett Ames. I am the Creator and
Chief Engineer of the TRAM.

Thank you for your attention. I think you will find it to
be a worthy use of your time.

I first left Bugville, and started riding the TRAM, in
1997, and now I’m inviting each of you along for the
ride. All aboard! Next stop: Qualitytown!
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What is the TRAM?
(It’s not just a train.)

• The TRAM is a statistical method for analyzing Quality Assurance
results to determine whether or not a software product is Good-To-Go!

• It is useful for project management, estimation, risk analysis, and
functional and defect prioritization.

• It addresses these issues by providing a methodology to score test
requirements and results in both a positive (Tests Passing Coverage -
Verification Points - VP) and a negative (Tests Failing - Defect Points
- DP) fashion based upon a unique scoring system.

• Once the tests have been designed, scored, and executed, they can be
compared to release criteria to determine the product’s readiness.

The TRAM is a statistical method for determining
when software is ready to release. That’s what
Good-To-Go! means and it is one of the main
concerns of a software quality team.

It is useful for

managing projects,

analyzing risk,

prioritizing functionality and defect fixes,

and estimating project duration and time to
release.
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Origin & History
(TRAM v1.0)

• Test Results Analysis Methodology
– Accepted by the British Standards Institute as a Best Practice.
– Created to answer the question: “How do you know when

software is ready for release?” (Good-To-Go!)
– Introduced Verification Points as a solid metric.
– 4 Severity Levels: Showstopper, High, Medium, Low
– 3 Priority Levels: Mandatory, Recommended, Desired
– Severity & Priority level definitions based on MIL-STD-498

for software.
– Hinted at Risk Analysis and Work Prioritization.
– Handled small projects: about 3 months effort per project.

The first version of the TRAM was the

Test Results Analysis Methodology.

I created it to answer the question: “How do you know,
really know, when software is ready for release?”

Basically, when is it Good-To-Go?

It had 4 severity levels:

Showstopper, High Medium, & Low

which were based on military standard 498 for software,
and 3 priority levels:

Mandatory, Recommended and Desired.

While it only handled small projects, roughly about 3
months effort, the British Standards Institute still
accepted it as a Best Practice.
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Current State
(TRAM v2.0)

• Test Requirements Agile Metric
– Added Risk Analysis, Estimation, & Functional Prioritization.
– Added Catastrophic Severity Level.

• Definition based on DO-178B for aviation.

– Added Exciter and Moderate Priority Levels.
• Exciter requirements increase customer acceptance.

• Moderates are middle priority or unprioritized requ irements.

– Modified Verification Point calculations to aid prioritization.
– Works very well with Acceptance Test Driven Development

and Scrum.
– Handles any size project.

Since it was first created, the TRAM has evolved,
and, thusly, is now the

Test Requirements Agile Metric.

It is no longer simply about test results analysis.

I’ve added 1 severity level: Catastrophic,
and 2 priority levels: Exciter and Moderate.

I defined how to use it for risk analysis and project
estimation and, to aid prioritization, I changed the
Verification and Defect Point calculations.

Most importantly, it can now handle any size
project.
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Leaving the Station
(Getting Started)

• As test cases are created, they are assigned Verification Point and
Defect Point scores according to the severity and priority of defect that
would be caused if verification of the requirement being tested fails.

• Bi-directional traceability between the requirements, test cases,
verification, and any defects found should be maintained to ensure
requirements coverage.

• If priorities change between iterations, which is not uncommon, the
scores should be recalculated.

• The scoring system definitions for severity levels and priority levels
are as follows:

As tests are created, the verifications within them are
given Verification and Defect Point scores based upon
the severity, and priority, of the defect that would be
caused if the verification were to fail. Bi-directional
traceability between the requirements, test cases,
verifications, and any defects found should be
maintained to ensure requirements coverage. If a
requirement’s priority changes, which is not
uncommon, its scores should be recalculated.

If you are using Scrum, preferably with Acceptance
Test Driven Development, the TRAM can be extremely
helpful if you replace Scrum’s Story points with the
TRAM’s Verification Points, which are a solid, well-
defined metric, as you are about to discover.
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• Catastrophic: The defect could cause disasters like loss of life,
mass destruction, economic collapse, etc. This severity level should only be
used in mission or life-critical systems and must have at least Exciter priority.

• Showstopper: The defect makes the product or a major component
entirely unusable. In mission or life-critical systems, failure could be
hazardous. This severity level must have at least Recommended priority.

• High: The defect makes the product or a major component
difficult to use, and the workaround, if one exists, is difficult or cumbersome.

• Medium: The defect makes the product or a major component
difficult to use, but a simple workaround exists.

• Low: The defect causes user inconvenience or annoyance,
but does not affect any required functionality.

Defect Severity Definitions

I’m sure that everyone reading this is familiar with
the original 4 severity levels. However, the
Catastrophic severity level may be new to you. It
should only be used in life or mission critical
systems. It comes from the DO-178B standard for
aviation where a system crash takes on a whole
new meaning when that system could be an
airplane!
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• Mandatory: The defect is highly visible or has critical impact
upon the customer; it must be repaired prior to general availability release.

• Exciter: The defect has significant impact upon the customer
and inclusion of this functionality would greatly increase customer satisfaction
with the product. 

• Moderate: The defect has moderate impact upon the customer
and should be repaired before a general availability release, but it is not
necessary unless at least Medium severity. This level is also used for
requirements that have not been prioritized.

• Recommended: The defect has some impact upon the customer and
should be repaired before a general availability release, but it is not necessary
unless at least High severity.

• Desired: The defect has a low impact upon the customer and
should be repaired before a general availability release, but it is not necessary.

Defect Priority Definitions

These are pretty self explanatory.

For instance, a Catastrophic defect, must always have at
least an Exciter priority level. If you were on a plane,
wouldn’t your customer satisfaction be greatly
enhanced if it didn’t crash?

At some point, you may have heard a customer say
“Everything is TOP priority.” Well, if that’s true, then
nothing is top priority, because nothing has been truly
prioritized. So unprioritized requirements are given a
Moderate priority and no Verification Point modifiers
are made.

When the customer eventually gives something a TIP-
TOP priority it can then be assigned a higher priority
level.
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Chugging Along
(Test Scoring)

• Test Scoring:
– Tests are scored based on the severity and priority of the defect

that would be caused if it were to fail.
– The minimum score for a requirement verification is 1 Verification

Point. If a test is worth less than 1 VP, the test should be reviewed
to see if it is still required. If so, it is then assigned 1 VP.

– The Test Coverage score, a percentage of executed tests’ VP to
total tests’ VP, is determined.

– The Tests Passing score, a percentage of passed tests’ VP to total
tests’ VP, is determined.

– When a test fails, the defect found should be logged in a defect
tracking tool.

When scoring the tests, if a requirement has a
verification point score less than 1, it should be
reviewed to see if it is really necessary. If so, it
should be assigned a score of 1 VP.

Now we are ready to apply the brakes.
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Applying the Brakes
(Defect Scoring)

• Defect Scoring:
• As tests are given Verification Point scores, they should also be given

Defect Point scores as shown below.
– If a new defect is observed, it will be assigned a severity and

priority as defined above and a new test should be created for it.
Defect Points Priority

Severity Desired Recommended Moderate Exciter Mandatory
Catastrophic X X X --- ---

Showstopper X --- --- --- ---

High --- --- --- --- ---
Medium --- --- --- --- ---

Low 1 --- --- --- ---

• DP must be > 1.

Sometimes, during testing, defects are found that tests
weren’t explicitly created to detect. In that case a new
test should be created for it.

Note that Showstopper defects must have at least a
Recommended priority level and that all defects must
have scores of at least 1 Defect Point.

The enhancement to aid defect prioritization, that I
mentioned earlier, was to add the Verification Point
score to the original Defect Point calculation from the
original version of the TRAM.

This keeps a High-Recommended defect from having
the same score and, therefore, priority to fix as a
Medium-Exciter defect. A higher scoring defect should
always have a higher priority to be fixed.
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Travelling
(Test & Defect Scoring Example)

I created the Autotester ONE-SAP Install Selector
because the existing multi install program was causing a
month delay with every release because it could not
handle multiple versions of files. Since single install
programs worked, I created a switching routine to select
between single install programs that had been placed in
separate folders on a common cd. It worked. That one
change enabled us to go from 3 to 4 releases per year
with a corresponding increase in income and decrease in
development costs.

This chart shows the startup functionality for the
project. Green numbers are passed tests, red is for failed
tests and black is for tests that haven’t been executed.
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Travelling
(Test & Defect Scoring Example)

In the AT1-SAP version menu, the failed test was
due to the AT1-SAP 3.33 option not being in the
selection menu.

Obviously, because of this, selecting it to verify
that the install started when it was selected was
not possible, so that test was not performed.
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Travelling
(Test & Defect Scoring Example)

In the Browse for SAP API functionality, the defect was
caused by the switching routine which had not been upgraded
to recognize that there was a version of SAPGUI greater than
4.7. When SAPGUI 6.0 was selected, AT1-SAP 4.7 was
installed rather than AT1-SAP 5.0.

The software also did not automatically shut down after
starting the install program. While this defect didn’t affect any
functionality, had negligible impact on the customer, and had a
very easy workaround: (manually closing the program), I
considered it sloppy and assigned it a score of 1 VP. I believe
that when creating testing software, it should have a higher
level of quality than what it is being used to test, and I prefer
customers never wonder what else might have been missed.
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Direction
(Prioritization & Risk Analysis)

• Prioritization & Risk Analysis:
– Tests should be grouped by functional area for functional

prioritization and risk analysis.
– The total Defect Points for a functional area is the function’s risk

index. The higher the number, the higher the risk it has in
development and; thusly, the higher the priority that function
should have to be developed.

– The Startup functionality is always first priority regardless of its
risk index, because if the program does not start, there can be no
further testing!

– Outside of functional areas, the greater the Defect Points for a
defect PLUS the Defect Points for any dependant tests, the higher
priority the defect has to be fixed.

As you saw on the previous slides, tests were
grouped by functionality. This is to aid in
functional prioritization and risk analysis.

A functional area’s level of risk is equal to its total
Defect Points.
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Direction
(Prioritization & Risk Analysis Example)

Here are the priorities for all of the different
functional areas of the install selector based upon
their amount of risk in total Defect Points.

Note that, while the startup functional area has the
third highest Defect Point total, it has first priority.
That’s because if the software doesn’t start,
nothing else can be tested.
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Direction
(Defect Prioritization Example)

When prioritizing defects, a defect’s points are
added to the Defect Points for any tests that could
not be performed because of that defect.

This makes the Version Menu defect have almost
as high a priority to fix as the Browse for SAP
API defect.
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How Fast Can We Go?
(Determining Team Velocity)

• Determining Team Velocity:
– The total Verification Points for a project are a good metric for

determining the overall size of the development effort.
– Using a form of iterative development, over time, it can be

accurately determined how many Verification Points can be
cleared during each iteration.

– Cleared Verification Points represent deliverable software.
– Verification Points cleared by the team per day, week, iteration, or

sprint is a valuable metric that can be used to:
• Show how much effort was required per Verification Point.
• Determine how rapidly a project can be completed.
• Estimate a project’s duration and cost.

The total Verification Points for a project can be used to
determine how much time it will take to complete.

Once you know how quickly the team can clear
Verification Points, you can accurately estimate its
duration, time to final release, and cost.

Cleared Verification Points represent deliverable
product.

As a side note: if you want to know the effect of any
new process changes, watch the weekly velocity. If it
increases and maintains that increase, the changes are
helping. For instance, working weekends will cause a
short term increase in velocity which will rapidly
decrease as the team burns-out.
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How Fast Can We Go?
(Determining Team Velocity Example)

• Determining Team Velocity:

– Total Verification Points for AutoTester ONE-SAP Install Selector
= 110 VP

– Assume 30 work days (6 weeks) into project.
– Cleared Verification Points so far = 87 VP
– Verification Points cleared by team

• Velocity = 87 VP/30 days = 2.9 VP/day
• 23 VP left in project / 2.9 VP/day = 8 days
• Duration = 110 VP / 2.9 VP/day = 38 days

Here is the calculation for the team’s velocity on
the AT1-SAP Install Selector project.

The total verification points for the project were
110. At this point we were 30 days into it. 87 VP
had been cleared. That means the velocity was
2.9 VP per day.

There are 23 VP left in the project backlog. When
divided by 2.9 VP per day, we get an estimate of 8
additional days to complete the project.
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??? Are We There Yet ???
(Real World Estimation Example)

• Real World Estimation Example:
• NEC Retail Solutions: 7/11 Mobility Project

– TRAM had been implemented and used for 14 weeks.
– 280 VP of shippable software had been cleared.
– Team Velocity = 280 VP/14 weeks = 20 VP/week
– 120 VP were left in the project backlog.
– 7/11 asked for final delivery of the project within three weeks.

• While management originally hoped it was possible, upon
TRAM estimation analysis (120 VP/20 VP/week = 6 weeks),
and not wanting to have an upset customer in three weeks, 7/11
was told that six weeks would be necessary.

• Final delivery of the completed project was made in exactly six
weeks.

At NEC, I implemented the TRAM on the mobility
project to aid in figuring out how much functionality to
attempt during each sprint. 14 weeks into the project,
7/11 asked us to make final delivery of the project
within 3 weeks. Management hoped that we could do
that for them; however, we had only cleared 280vp of
product during those 14 weeks. That gave us a velocity
of 20vp/week. As there were 120vp of product still in
the backlog, we told them that our best estimate for
completion would be 6 weeks. It is worth noting that the
TRAM analysis estimate was 100% accurate. We made
the final delivery of the project in exactly 6 weeks.
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One thing that I was asked at NEC was, “What if we
made more overtime mandatory to attempt to get the
project out in 3 weeks.” We already had mandatory
overtime on Saturdays for the prior three weeks, and the
effects were not helpful. During the first week, the team
worked an additional day and produced an additional
day’s worth of product. In the second week, production
started to fall. The team only produced 90% of what it
had accomplished during a normal work week. The
third week, production slipped to 80%. Obviously the
team was burning-out. Rather than slip further to 60%,
which is where the team was heading, cessation of
mandatory overtime was recommended and
implemented. Velocity then returned to pre-overtime
levels. This saved the company two weeks of
development time and associated costs. For a team of
60, this was a significant monetary savings for NEC.
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??? Can’t We Go Faster ???
(Effect of Mandatory Overtime)

• Real World Estimation Example:
• NEC Retail Solutions: 7/11 Mobility Project

– Working Saturdays became mandatory at the 12th week
• 12th week’s velocity = 24 VP (Not surprising; the team worked an

additional day and produced an additional day’s worth of work.)

• 13th week’s velocity = 18 VP (A little low due to defects.)
• 14th week’s velocity = 16 VP (The team is burning out.)

• 15th week’s velocity was on track to be 12 VP

• New average velocity for weeks 13 to 15 = 15 VP/week

• 120 VP / 15 VP/week = 8 weeks (Recommended canceling overtime.)

• Velocity returned to 20 VP/week which saved 2 weeks of
development costs.
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Arrival at Qualitytown
(Release Criteria Chart)

• Release Criteria:
– These scores are compared to the following chart:

Release Criteria               Beta 2ssss    General Availability 3ssss
Test Coverage (VP)  69%        100%
Tests Passing (VP)  69%        93.3%
Total Defect Points (DP) .31*VP       .067*VP
Worst Defect Score (DP)  31        9

 Medium-Mandatory  High-Desired

To determine whether or not the software is
Good-To-Go!, test coverage, test passing
coverage, total defect points for outstanding
defects, and defect score for the worst outstanding
defect must be determined.

Those scores are then compared to the thresholds
in this table which are based on 2 and 3 sigma.
69% test coverage is 2 sigma, but if that is all that
has been tested, all tests must have passed for a
beta release to be made. For a General Availability
release, test coverage must be 100% and the
passing test coverage must be 93.3% (3 sigma).



21

TRAM v2.0 Copyright 1997-2010 by Scott G. Ames 21

Arrival at Qualitytown
(Release Criteria)

• Release Criteria:
• A release may occur if all of the following criteria are met:

– The Test Coverage score > the percentage shown.
– The Tests Passing score > the percentage shown.
– The Total Defect Points score is < the percentage of total

Verification Points shown.
– The Worst Defect Point score for any defect that has not been fixed

is < the score shown.

• By these criteria, the software is not ready for any release; however, if
the Startup, Shutdown, and Browse for SAP API defects were fixed, a
Beta release could be made.

For a release to occur, all of these criteria must be
satisfied.

If, for example, you had 1000 VP project with
100% test coverage, 99.5% passing coverage and
just 1 High Mandatory outstanding defect, you
could not make a release because the worst defect
score, 69, is too high. If it were reprioritized to
moderate, or desired priority, Beta or General
Availability releases could be made respectively.
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Arrival at Qualitytown
(Release Criteria Example)

• Release Criteria:
– Percentage of tests executed by VP is calculated.

• Test Coverage = 100/110 = 91% (Beta)

– Percentage of passed tests by VP is calculated.

• Tests Passing = 87/110 = 79% (Beta)

– Outstanding Defect Points for defects that need to be fixed are totaled.

• Total Defect Points = 120 (None)

– Beta Threshold = .31x110 = 34

– GA Threshold = .067x110 = 7

– The highest Defect Point score of any outstanding defect is determined.
• The Worst Defect Point score = 69 (None)

In the AT1-SAP Install Selector project, test
coverage is 91%. Passing test coverage is 79%.
There are 120 outstanding Defect Points and the
worst defect score is 69.

As you can see, by these criteria, the software is
not currently ready for any release.
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• Summary:

• The Test Requirements Agile Metric, including it’s methodology
and results criteria, forces software development to be more
robust at each release, leading to
– higher quality,
– more accurate estimates,
– decreased development costs,
– greater profits, and
– happier, more satisfied customers.

Arrival at Qualitytown
(Summary)

If you use the Test Requirements Agile Metric,
including it’s methodology and results criteria,
software development will be more robust at every
release.

This will give you:

higher quality,

more accurate estimates,

decreased development costs,

greater profits,

and, most importantly, you will have

happier, more satisfied customers.
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Scott G. Ames
• The creator and Chief Engineer of the TRAM, and

owner of Good-To-Go!, has
– 12 years of software quality and process improvement experience.
– 9 years in software quality management.
– 4 years as a Director of Software Quality.
– been an ASQ Certified Software Quality Engineer.
– designed CMMI compliant procedures.
– implemented and/or used Agile processes.

• For more information, please see my LinkedIn profile:
– http://www.linkedin.com/in/scottames

• To schedule consultations, presentations, etc., or get permissions or the
full, unabridged version of this work, please contact Scott G. Ames at
– Mail: P.O. Box 836894, Richardson, TX 75083
– Email: ScottAmes@att.net

For my help implementing the TRAM on your
projects, you may contact me.

William A. Foster said “Quality is never an
accident; it is always the result of high intention,
sincere effort, intelligent direction and skillful
execution; it represents the wise choice of many
alternatives.”

Good quality comes from good processes and the
TRAM has been proven to be a very good process
and would be a wise choice, indeed.

Thank you for your time.
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FEEDBACK
To: <scottames@att.net>

Subject: Scott, Thank you for presenting at the ASEE Conference.

Date: Sunday, February 14, 2010 1:09:16 PM

Hi Scott,

Thank you for accepting as a Speaker for the Software Engineering
Process Improvement Conference held February 6, 2010 and presenting
the "Test Requirements Agile Metric".

The topic was interesting and informative as those in attendance have
experiences with handling Risk and keeping projects on time and in
budget. The statistical method for determining whether a solution is
ready to be released or when it will be ready is always important to
senior business management. In a time where the economy demands
efficiency, companies are challenging employees to work smarter,
minimize schedule risk, keep cost down, and deliver quality. Mitigating
complex software delivery and testing schedule risk is an area where
many companies are challenged. Your presentation illustrated a
statistical process model that has worked to improve efforts balancing
risk, resources, and accurately predicts project readiness. In the example
presented, the tool provides project assurance of a software delivery
with quality and overall a successful project. The feedback we received
from our membership was positive. The audience felt the information
presented was informative, and provided a strategy for testing accuracy
with accountability. The Conference overall was a success.

Once again, thank you for coming and sharing your knowledge and
making the ASEE annual conference a success.

David Carrier, Ph. D., PMP, LEAN / DFSS, ITIL, SSBB

University of Phoenix, Online Faculty


