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8.1 Introduction: Specification Quality Control

Specification Quality Control (SQC) is the name I shall use to refer to this
method in this text. Within the software community, the term ‘Inspection’
is used. However, it is a poor choice for engineering communities, which
already use ‘inspection’ in another sense during final production line
quality control. SQC is remote from such assembly-line inspections, as it
takes place from the earliest stages of idea specification and has different
organizational impacts (for example, team building and assisting in ‘on
the job’ training).

The primary purpose of SQC is systems engineering process control
through sampling measurement of specification quality. Through
SQC, we can improve systems engineering processes, save project time
and increase systems engineering productivity.

Improving Process

Control of projects, designs, strategies, marketing, selling and buying,
management planning, and programming, all have one thing in com-
mon at least — they rely on ideas specified by people, and read by people.
If those ideas are misunderstood by the reader, incomplete, wrongly
written or out of date, then we are doomed to lose control and be less
competitive, no matter how well we design, plan and implement!

For software, studies have long since shown that a considerable percent-
age (44% at Bellcore (Pence and Hon 1993) and 62% (Thayer, Lipow
and Nelson 1978)) of all bugs in computer programs were not due to
faulty programming. They were due to faulty requirements and design
being handed to the programmers and the testers. In many cases, the
testers, unwittingly, checked that an erroneous specification was ‘cor-
rectly’ programmed! Testing, in this situation, does not solve the
problem: it confirms it. However, SQC can address such problems.

In aircraft design at Douglas Aircraft (now Boeing), ‘engineering order’
faults cost $2,965 each to correct and 30% of engineering orders needed
correction. After SQC was applied in 1987-88, the percentage of faulty
engineering orders fell to 0.5% (Personal Experience). We achieved
similar results in 1989 at Boeing, Renton on all aspects of aircraft design.

The tendency to commit some kind of error, when communicating
complex ideas in writing to other people, is much worse than most
people realize. My own experience in industrial measurement of
defects suggests that technical documents, initially and routinely,
contain at least 20-60, and often far more, ‘major’ engineering
specification defects in each ‘logical’ page (300 non-commentary
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words). Through systematic use of feedback from SQC to specifica-
tion writers, this level can be brought down to well under one
remaining major defect/page (British Aerospace, Eurofighter Project,
Wharton, achieved this in 18 months (Personal Communication)).

Saving Time

Without SQC, a major defect left in a technical specification can cost an
average of 9.3 work-hours to deal with." Use of SQC at an early stage
(during writing the specification) would cost only one work hour to
remove it. “A stitch in time saves nine” (or an SQC hour saves nine-

point-three to be exact! (Gilb and Graham 1993)).

Increasing Productivity

The reduction of defects (as a result of using SQC) saves ‘rework’, which
is otherwise about half of all effort in software projects. Raytheon (Haley
etal. 1995) found that software engineering productivity for about a
thousand programmers increased by a factor of 2.7 over a few years of
using SQC (Inspection and Defect Prevention Process).

One major reason for defect reduction is the ‘training effect’ of SQC on
individuals. The number of defects injected by a systems engineer reduces
by about 50% each time they go through an SQC process (Personal
Experience since 1988). Systems engineers rapidly learn to take the rules
seriously. They see that their peers expect them to comply with the rules
and that their work cannot exit, and be ‘finished’, until they reach at least
the exit level for the estimated number of remaining major defects. I have
found that this is as true in software as it is in hardware engineering.

Industrial Usage

The methods needed for quality control (QC) of specifications originated
in the early 1970s within IBM, when they were used under the name of
‘Design and Code Inspections’.” Since then significant changes have
occurred, resulting in the SQC method described in this book. The most
notable change was the introduction, again within IBM, of the Defect
Prevention Process (DPP) (Mays 1995). The other major change is the shift
to ‘sampling’, rather than 100% checking and trying to clean up defects.

! As measured on a 1,000 defect sample by (then) Thorn EMI (electronics industry) in
1990. See Section 8.8 and (Gilb and Graham 1993 Page 315: Reeve).

? Fagan, M. E. 1976. Design and code inspections. IBM Systems Journal. Volume 15.
Number 3. Pages 182-211. Reprinted 1999. IBM Systems Journal. Volume 38. Num-
bers 2 and 3. Pages 259-287. See http://www.research.ibm.com/journals/sj/
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100% of all Field Bugs
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Figure 8.1

Due to use of SQC during development of telecommunications software, a 31% reduction

in design errors tha
Hon 1993).

t caused bugs in the field was measured after 2 releases (Pence and

The first large-scale hardware engineering uses of SQC took place at
Douglas Aircraft (1988) and Boeing (1989) under this author’s guid-
ance. In recent years, Siemens, Alcatel and Ericsson have also success-
fully used the method on a large scale (hundreds trained) for total
product development purposes. Hewlett Packard has reported esti-
mated savings due to SQC (some use within hardware product plan-
ning) of $21.5 million and $34 million in 1993 and 1994 respectively
(Grady and Van Slack 1994).

The use of SQC outside of the software area is, as yet, little understood
or appreciated, except by the few corporations who have tried it out
such as Ericsson, Douglas and Boeing. It is time that this industrial
experience was more widespread knowledge. There is little difference
in the specification of software engineering, management planning or
hardware engineering with regard to human specification errors, their
causes and their consequences.

8.2 Practical Example: Specification
Quality Control

Take the simple performance requirement statement:
The objective is to get higher adaptability using modular structure.”

Do you see any problems with i? Is it similar to statements you see
every day? Well, if you have read this book this far, you would notice
that it violates some rules we have suggested. Of course, there is
nothing wrong with it, unless we agree that these rules are in force.
For some purposes they should be in force, for others not.
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SQC works by using the formal rules that are in force: a ‘defect’ is a
rule violation. SQC discovers whether people have applied the agreed
rules or not. A specification writer must always know the rules that
apply (and have agreed to them in advance). The specification writer
should welcome any help to follow them. Rules, after all, should be
‘best practice’ rules.

Let us now (for the sake of this example) introduce a few short rules,
which apply to the quality requirement statement above.

Rules For Performance Requirements

Tag: Rules.OBJ.

Clear: They must be unambiguously clear to the intended readers
(not to ‘anyone,’ just the relevant people).

Detail: They must detail complex concepts as a set of elementary
measurable concepts.

Scale: They must specify a scale of measure to define the concept
(all performance attributes are quantifiable).

Quantify: They must specify at least two points of reference on the
defined Scale to define ‘relative’ terms, such as ‘*higher.’’ These are
called the benchmark and target specifications.

Qualify: Targets must specify exactly ‘when’ a performance level is
to be available. Other qualifier notions, such as ‘where’ and ‘if’
should also be made explicit, if the target is not elsewhere specified.
Ends: They must not put ‘designs’ in the specification of ‘perfor-
mance requirements.’ Specify the Ends, not the Means.

Source: The source statements for each requirement must be pre-
cisely referenced (for example, <- the confract and marketing
documentation).

Fuzzy: Fuzzy unclear concepts shall be marked with <fuzzy/angle
brackets> to indicate there is room for improvement.

A checker (a person assigned to check a specification and its selected
source documents against these rules) would be obliged to report, for
the performance requirement statement about ‘higher adaptability’,
that all the above rules were violated.

There are, therefore, at least eight defects in the requirement state-
ment. If these defects mighr have much higher costs later in a project
(if not fixed at specification time), they should be classed as ‘major’
defects. Majors are the defects it pays to fix now, at a tenth of the cost
we would otherwise suffer later. (Fixing majors early is useful, but
preventing their injection is even more profitable.)

Checkers are friendly, confidential personal advisors to the specifica-
tion writer. The checker’s first job is to point out potential problems
for correction before a specification is released to other engineers, or to
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customers. Checking is a service the writer will likely perform, in
return, when their former peer checkers specify something themselves,
and want SQC help. The responsible engineer will take a list of the
checker’s suggested advice regarding ‘potential defects’” (issues) and
consider correcting them. They should address similar defects, outside
the sample checked, as far as necessary, according to the applicable
rules, procedures and source documents. However, it may pay off to
totally rewrite the specification. The specification document ‘Exit
Level’ is based on a general calculation of what is the best project
time-saver. We don’t exit, if cleaning up the specification now saves
the most time, in the long run. The following are the expected results

of a single pass of SQC:
(Note: Multiple passes should be rare.)

1. Based on defects found and corrected and, on an assumed SQC
effectiveness at spotting defects of 50%, a calculation will be made
about the (probable) remaining major defects in the specification
(which is about as many defects as we found — since we cannot
expect to be much better than 50% effective in finding defects). If
these are more than permitted by the exit conditions, the specifica-
tion will not be released. This is because the estimated unfound
remaining majors would cause more loss of time than savings to be
gained, if we let them exit downstream; that is, if we released the
specification immediately.

2. The specification writer will learn about current agreed rules and
their peers’ interpretations of these rules. As a result they are likely,
by my industrial experience, to learn to produce a specification with
half the number of defects next time. (Ultimately, after several SQC
experiences for the writer, about 100 times cleaner — using major
defect reduction as the measure — specification is usually achieved!)

3. The checkers themselves will learn best practice rules and their
peers’ attitudes towards those practices. This will influence the
checkers’ specification work quality.

4. The ‘users’ of the specification will learn to expect (in terms of
their entry condition) a minimum specification quality level (such
as no more than one remaining major defect/page).

5. The SQC team will continuously suggest process improvements to
reduce future major defects. (Poor working processes, training,
tools and the working environment ‘force’ defects on the workforce
according to Deming (Deming 1986)).

6. Project productivity will at least double, mainly due to fighting
fewer defects later (Dion has reported productivity increasing by a

factor of 2.7 (Dion 1993; Haley etal. 1995)).

As a result of SQC we will have data to decide if it pays off to release the
specification to another engineering process, or fight the defects now.
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8.3 Language Core: Specification Quality Control

Basic Definitions (see also Glossary terms)
Specification Quality Control (SQC)

Specification Quality Control (SQC) consists of two main processes:
the Defect Detection Process (DDP) and the Defect Prevention
Process (DPP).

Specification Quality Control (SQC) Process

b Defect Detection “Defect Prevention
Process (DDP) Process (DPP)

Defect Detection Process

The Defect Detection Process is concerned with document quality,
mainly with identifying defects in the documentation and using this
information to make decisions about how best to proceed with the
main document under SQC — the main specification.

Ideally, though sometimes not done due to the economics of the
situation, a known defect must be removed as soon as possible after
the error has been committed. This is to avoid the high cost of late
removal (at test or in field) of the defect, or to avoid the high cost of its
consequences. “A stitch in time saves nine.”

Defect Prevention Process

The Defect Prevention Process is concerned with learning from the
defects found and suggesting ways of improving processes to prevent
them reoccurring in future. The process improvement suggestions are
routed on to the relevant process owner for further consideration. “An
ounce of prevention is worth a pound of cure.”

Here are some other basic SQC concepts.

Issue

An issue is a perceived defect in a document. It is a non-confrontational
way for a checker to say, “I think I may have identified a defect.”
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Defect

A failure to observe a formal, written, required rule. It is not a personal
opinion or personal taste. It is failure to observe a group norm, or
required best practice.

Major defect

A major defect is a defect (rule violation) which, if not fixed at the
requirements or design stage of specification, will possibly grow
approximately an order of magnitude or larger in ‘cost-to-find-and-
fix’ and/or damage potential. It is often intentionally written with a
capital ‘M’. Minor defects tend not to be economic to identify or fix
(but you sometimes have to identify them to determine that they are
indeed minor and not, major).

Page

A logical page, as opposed to a physical page, is defined as a specific
number of non-commentary words. If no other definition is given
then use 300 non-commentary words” for each logical page (default
‘volume’ definition). This ensures measurements of checking rates and
defect densities are consistent.

Checking Rate

The checking rate is the average speed with which an individual
checker searches a specification for defects, allowing time for checking
it against rules, sources, kin documents and checklists. This is a critical
factor to control for effective checking. You have to go surprisingly
slowly to raise your checking effectiveness from 5% to 50%. (For
example: one page an hour!)

Oplimum Checking Rate

The optimum checking rate is the rate, which gives the highest
checking productivity (effectiveness in finding majors). It is the check-
ing speed that in fact works best on a given document type for an
individual checker to do their assigned tasks. It is found by establish-
ing the most effective average historical checking rate in terms of
finding major defects. The optimum checking rate is usually in the
range of 300 non-commentary words/hour (plus 300/minus 270).
This is used as a guide for team planning. Individuals need to
tune in to their personal optimum rate, which varies from this average.
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The major trick to going at this ‘slow’ rate is to sample, not to attempt
100% checking of all pages and consequent ‘defect clean up’.

Remaining Major Defects

The remaining major defects are the estimated remaining major
defects/‘volume’ measure (which could be a page, a technical draw-
ing or an entire specification) given for a sample or an entire
specification. It is estimated based on ‘total found’ and ‘known %
effectiveness.’

Checklist

A ‘checklist’ is a list of questions, which can be asked about a
document’s contents by a checker, with a view to improving the
effectiveness of that checker in finding major defects. Checklist
questions are always directly derived from individual official rules.
They are not allowed to be the rules, or to change the rules, just to
interpret them.

Rule

A rule is a standard for the production of a written process output. A
rule can be used to judge the objective quality (‘defect-freeness’
according to current rules) of a written process output. Violations of
rules are defined as ‘defects.’

Rules are often grouped into sets according to the type of standard,
which they are setting (for example, ‘specification clarity’ or ‘specifica-
tion consistency’).

Main Specification

The main specification is one of potentially 7any documents involved
in a single SQC. However, it distinguishes itself as the one we are
trying to get formal ‘exit’ for. Exit (acceptable exit level) is based
primarily on the specification’s qualicy with respect to the official
systems engineering standards (rules) for writing it.

Source Documents

The source documents are the ‘parents’ used to produce a specific
main specification. For example, contracts are typical sources for
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requirements. Requirements are a source for design. Requirements
and design are sources for Impact Estimation. Design is source for
planning, estimating and construction or programming. Change
requests are sources for an updated specification.

Kin Documents

‘Offspring of the same ‘parent’ (source) documents are ‘kin.” For
example, test plans, source code and user handbooks could all be derived
from the same requirements or the same design. The use of kin docu-
ments is that they can serve as information to perform defect checking

in SQC.

8.4 Standards: Specification Quality Control

Rules are standards, and are central to the SQC process; specifications
must be checked against their agreed specification rules. However, the
rules to be used depend on the specification type, so we won’t attempt
to list them here. The rules given in other chapters of this book are
suitable examples of such rules (bur they are by no means a complete list).

Here is a list of guidelines for assessing whether your overall SQC
process is functioning correctly.

Guidelines for assessing functioning of overall SQC

Economic: SQC must always make economic sense. If SQC is not
saving in the order of 10 hours for every hour spent on SQC, then
your SQC process should probably be modified or abandoned.

SQC Champion: There must be an SQC champion within the
organization. (At the very least, a nominated person responsible for

SQC; an SQC process owner.)

Team Leaders: There must be a list of current SQC team leaders. It
should show that there is a sufficient number of team leaders within
the organization and also that the team leaders are trained, tested and
‘certified’ to ensure they know what they are doing.

Statistics: The SQC statistics must be up-to-date on the SQC data-
base.

Meetings: All meetings must be of maximum length of two hours
(tiredness reasons). If more time is needed, schedule a set of such

meetings (but do consider the possibility of using sampling).
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Checkers: Unless you are training novices, the number of check-
ers at a meeting should be five or less. Two or three people is
typically most cost-effective, Four to five is generally more

‘effective.”®

Checking Rate: All checking must be carried out near the relevant
optimum checking rate. This rate will vary by document type and
organization. It is about 1 page/hour.

Condition: Entry and exit conditions must be taken seriously. They
are there to save you wasting time. The number of remaining major
defects/page for successful exit must be ultimately less than one (major

defect/page).

Standards: There must be an up-to-date (intranet) ‘library’ of official
rules, checklists and forms.

Upstream Pollution: The number of major issues identified by
your team in source specifications, which have just previously-
exited SQC, should be approximately 15% of the total number
of logged issues. Otherwise, this is a sign that your team is not
taking the ‘second-round’ opportunity to find source defects,
seriously.

Forms

SQC uses four main forms: the Master Plan, the Editor Advice Log,
the Data Summary and the Process Meeting Log. There are examples
of these forms filled in, in Figures 8.2, 8.3, 8.4 and 8.5. Blank forms
are given in Section 8.9.

Note forms are a ‘procedure’ (in the format of the form) for gathering
data. Most of our clients have their own local variation of the forms
and automate them (usually on an intranet web site).

® The original evidence for this came from research performed by Seren Nielsen in the
Danish electricity industry (Danish Technical Institute, Lyngby, 1987; cited in Gilb and
Graham 1993), and was confirmed by further research at Jet Propulsion Labs by John
Kelly (Kelly 1990a; 1990b). Optimum effectiveness (number of unique issues per
checker) was achieved with teams of 4-6 people, optimum efficiency (cost per unique
issue found) with teams of 2—4 people. The recommended team size of 4-5 people
achieves the best compromise between these factors. It was Edward Weller, analysing
data from more than 6,000 inspection meetings conducted at Bull HN (Weller 1993),
who reported that “four-person teams were twice as effective.. . . as three person teams.”

Also included in Wheeler, Brykczynski and Meeson (1996).
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Process Meeting Log

Issue

Reference

Cause Class

(tick1)

Communication
Oversight
Transcription
Education

Team Leader Lucy Jones Date 10 Jul 2000 SQC ID 57 Page 1 of 1

Root Cause
Ideas

Lack of importance
attached to such
information

Improvement
Ideas

Have a header
page insisting on
such info

Communication
Oversight
Transcription
Education

New Legislation
has not been
published

Send out e-mail
to all managers in
Division

Communication
Oversight
Transcription
Education

Only partially
transferred

Insist on use
of one master,

Communication
Oversight
Transcription
Education

Communication
Oversight
Transcription
Education

Communication
Oversight
Transcription
Education

Communication
Oversight
Transcription
Education

Communication
Oversight
Transcription
Education

Communication
Oversight
Transcription
Education

10

Communication
Oversight
Transcription
Education

© Gilb

Start Time

Stop Time

Duration

No. People

Total Cost

1215

1245

30 Mins.

5 People

2.5 Workhours

Figure 8.5

Filled-in Process Meeting Log.
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SQC Process Roles and Responsibilities

An efficient team (most major defects/work-hour) uses 2 or 3 people in
total. An effective team (most major defects/page) uses a maximum of 3
to 5 people in total.

Team Leader

A team leader is responsible for managing an SQC process. The team
leader is responsible for knowing SQC thoroughly and helping the
team members to perform. They follow the ‘best-practice’ SQC
processes. An SQC team leader is normally trained for about a week,
and is then formally approved to practice by virtue of their practical
ability and continued correct practice. Inadequate SQC team leader
trainin4g leads to failure of the SQC process (Grady and Van Slack
1994).

Checker

Checkers are primarily ‘consultants to the writer’ and their detailed
knowledge of the defectiveness of the writer’s work is confidential.
Almost all engineering team members work as checkers on occasion,
including the writer and probably the team leader. (The team leader
might choose to be a ‘non-playing captain’ of the team. They would
not check in order to focus their time on the team leader responsibility
or because they were not technically capable in the specification
‘language.’)

Checkers are SQC team members who actively check a set of
documents: the main specification, its source specifications, kin
specifications, the rules, checklists and procedures. They focus on
using the checklists and rules to find major defects. Exactly which
documents a specific checker uses, and what they check for, is
determined by the role or roles assigned to them by the team
leader.

Checkers are also invited to submit specific comment on possible
improvements to the process and the process standards (procedures,
rules, entry conditions, exit conditions and forms). They will, hope-
fully, get some insights during their checking work (for example,
about the need for better rules).

* Grady reported that HP failed to achieve results from 1983 to 1988 until they properly
trained their team leaders on a week-long course (designed and held, as cited there, by this

author). This article is reproduced in Wheeler, Brykczynski and Meeson (1996).
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Writer: Also Known as Author

The writer is the person currently responsible for writing or updating
a specification. The SQC process serves the writer primarily: in con-
fidence. SQC serves the organization secondarily.

Editor

The editor is usually the same person as the writer. The editor is the
person, who takes over the issues in the Editor Advice Log, decides
(based on standards) what action is required and carries it out. Some
issues will be defects and need fixing. Some issues will require clari-
fication. Some issues will be rejected and others will require change
requests to other documents to be raised. The Editor Advice Log can
be updated with the editor’s decisions.’

In extreme cases, but unfortunately all too frequenty, the defect
density found (for example 90 majors in a page) will effectively spell
out the fact that ‘burning’ the work and completely rewriting it will be
more cost-effective.

Scribe

The scribe writes up the Editor Advice Log or other team notes at
an SQC meeting. This can be any one of the team members. By
default, the team leader will scribe. “Who scribes’ is not a critical
decision.

Others

In a larger organizational setting, there are ‘players’ outside the
team who support the SQC process. These include quality manage-
ment, SQC process champions, process owners (for both SQC
processes and the work processes, for example, ‘Requirement pro-
cess owner’), senior SQC team leaders, SQC process trainers and
engineering data analysts (perhaps specialized in SQC data statis-
tics). When the SQC process is applied to perform specification
content reviews, the participants will be senior staff expected to use
judgment and to take responsibility for the consequences of their
approval.

> There are many ways to report what editing action has been undertaken and any
suitable method is fine.
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8.5 Process Description: Specification
Quality Control

Process: Specification Quality Control
Tag: Process.SQC.

Version: October 7, 2004.

Owner: TG.

Status: Draft.

Note: See (Gilb and Graham 1993) for more detail on the sub-
processes. All sub-processes are DDP unless marked as DPP.

Entry Conditions

El: The specification writer must have requested the SQC hoping to
get help and exit validation for the specification.

E2: A team leader for the SQC is found from amongst the ‘approved
team leaders” group.

E3: All relevant documents (main specification, kin documents, source
documents, rules, checklists and forms) are available and ideally have
successfully exited SQC — apart from the main specification!

SQC Sub-Processes
Entry

The team leader ensures that the SQC enzry conditions are met. This
includes obtaining the relevant documents and checking their status.
Entry conditions are evaluated during the Planning phase.

Planning

The team leader produces the master plan for the SQC (about 1
hour’s work). This involves deciding what material within the speci-
fication is to be sampled, what documents are to be included, what
rules must be used, who is going to be on the team and what their
roles are. The optimum checking rate is determined based on history.

SQC Strategy

The team leader decides the purpose(s) of this SQC and ensures a
suitable overall SQC strategy. Again this is evaluated during Planning.
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Kickoff

The team meets at a Kickoff meeting, where the team leader makes sure
every member knows what they need to know about the SQC process
and the project documents, and that they are committed to working the
plan as a team. The team may approve a suggested ‘quantified goal’ and
‘appropriate strategy’ to meet it (a DPP component).

Checking

The team members individually carry out their assigned defect-search roles
at their self-adjusted optimum checking-rate, looking for major defects.
They collect data about the cost and result of their personal checking
activity. This process will typically, for a sample of about two logical pages,
take two hours for each person. Checkers will ask the team leader for help
if necessary. They will also report to the team leader any unusual or serious
problems they discover that might impact the future course of the SQC
process, for example, that the number of issues (potential defects) discov-
ered is sufficiently large to consider abandoning the SQC.

Specification Meeting

This is a team meeting (real or virtual) of up to two hours duration. The
duration and meeting content depend on data collected from Checking.

o Checkers” Reporr: At the beginning of the specification meeting,
checkers report their data from Checking. The team leader evaluates
this data and makes decisions about how the meeting and the rest of
this SQC process should proceed. The meeting may be cancelled or
modified in content and duration.

Issue Logging: The checkers report their issues, mainly potential
majors, which can be in any of the participating documents. A scribe
logs issues in the Editor Advice Log. There should be no discussion
concerning the issues discovered, just unconditional logging of the
issue (the rule violation and its location in the specification). Checkers
may also make process improvement suggestions (Note: This is part of
the DPP process), and log technical ‘questions of intent’ to the writer.
Issue logging within a specification meeting takes up to 30 minutes.
Double Checking: If it is desired that additional defects are found, then
double checking at the experienced specification meeting® optimum
checking rate will be carried out during the meeting. This identifies

® This rate is similar but may vary by about 30% from the optimum rate average found

for individual checking activity. In addition, it is a group activity rate and is not directly
tunable to single individuals. Of course, single individuals will exploit the given time
more or less effectively, depending on their personal ability and motivation.
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about 15% additional major defects and adds about 1.5 hours to the
meeting. This extra checking is only useful in ‘cleanup mode,” not
when sampling and measuring to determine exit (normal mode).

Process Meeting

After the specification meeting and a short break, the team optionally
may spend up to 30 minutes, analyzing up to 10 logged potential
major defects. For each chosen potential defect, one minute is spent
describing the issue, one minute is spent brainstorming possible root
causes and one minute is spent brainstorming preventative cures. This
data will later be recorded in a quality assurance (QA) database as
inputs (‘grass root insights’: suggestions, hints, ideas) to the organiza-
tion’s more-systematic and formal process improvement specialists.
(Note: A Process Meeting is part of the DPP process.)

Edit

The editor (usually the specification writer) takes over the ‘Editor
Advice Log’, which consists of the issues (that could warrant correc-
tion or action) logged at the specification meeting. The editor exam-
ines the logged issues, determines how to resolve them and then at
least fixes the issues considered to be major defects. The editor may
discover additional defects and should make corrections to any majors
identified outside the sample checked. Other reasonable action is
taken, such as sending out change requests to owners of other docu-
ments. An extreme edit is a full rewrite according to all rules.

Edit Audit

A process carried out by the team leader to verify that a reasonable and
complete editing job has been done. Consequently, the editor takes
formal responsibility for the editing. This can be done in minutes.

SQC Statistics

The team leader will ensure that all the required statistics from the
SQC are captured in the SQC database. This assumes a process
control use of SQC data.

Exit

The team leader evaluates the formal SQC exit conditions to see if the
specification may be released ‘economically’ for normal use. The
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Main Specification,
Source Documents,
Kin Documents,
Rules
and Checklists

v

Process
Meeting

Entry

A 4

Exit

Meeting Audit

A r' N A A .
P|anning|' Kickoff |0 Checking | Specification Ll g [y Edit

SQC Strategy L SQC

Statistics

2

Quality Checked
Main Specification,
Change Requests for
Source and Kin
Documents and,
Suggested Process
Improvements

Note: The ‘Process Meeting’ sub-process is exclusively a part of Defect Prevention
Process (DPP). All the rest is Defect Detection Process (DDP), although there may
be a small component of DPP within some of these sub-processes.

Figure 8.6

Diagram of the SQC Process showing the sub-processes.

estimated number of remaining major defects in the specification is
especially important. If the main specification is not released, the team
leader must work towards acceptable exit-levels of quality, usually in
cooperation with the specification writer.

Exit Conditions

X1: The main specification must have fewer remaining major defects/
page than the agreed exit standard (a maximum of ‘one remaining’ is a
reasonable ambition level, initially).

A Simplified SQC Process

SQC as described in the procedure above is the full-scale version.
ere are situations when a simplifie rocess is more appro-
Th tuat h plified SQC p pp
priate (for example, to obtain a rapid assessment of the specification
quality of a contract or to demonstrate to management some of the

power of SQC to get their ‘buy-in’).
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A ‘Simplified SQC Process’ is presented below.
Note: There are several limitations to this simplified process:

e it is only a small sample so the accuracy is not as good as a full or
larger sample

¢ the team will not have time or experience to get up to speed on the
rules and the concept of major defect

¢ asmall team of two people does not have the known effectiveness of
three or four people

¢ you will not have the basis for making corrections to the entire
specification

¢ the checking will not have been carried out against all the possible
source documents. (Usually in the simplified SQC process, no
source documents are used and memory is relied on. While this
means that the checking is not nearly as accurate, it does consider-
ably speed up the process.)

However, if the sample turns up a defects density estimation of 50 to
150 major defects/page (which is quite normal), that is more than
sufficient to convince the people participating, and their managers,
that they have a serious problem.

The immediate solution to the problem of high defect density is not to
remove the defects from the document. The most effective practical
solution is to make sure each individual specification writer takes the
defect density criteria (and its ‘no exit’ consequence) seriously. They will
then learn to follow the rules and, as a result, will reduce their personal
defect injection rate. On average, a personal defect injection rate should
fall by about 50% after each experience of using the SQC process.
Widespread use of SQC will result in large numbers of engineers
learning to follow the rules.

To get to the next level of quality improvement, the next step is to
improve the rules themselves.
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Simplified SQC Process

Tag: Simplified SQC.
Version: October 7, 2004.
Owner: Tom@Gilb.com.
Status: Draft.

Entry Conditions

* A group of two, or more, suitable people” to carry out Simplified SQC is assembled in
a meeting.

* These people have sufficient time to complete a Simplified SQC. Total elapsed time:
30 fo 60 minutes.

® There is a trained SQC feam leader at the meeting fo manage the process.

Procedure

P1: Identify Checkers: Two people, maybe more, should be identified to carry out the
checking.

P2:Select Rules: The group identifies about three rules to use for checking the specification.
(My favorites are clarity (‘clear enough to test’), unambiguous (‘to the intended reader-
ship’) and completeness (‘compared to sources’). Forrequirements, | also use ‘no design’.)
P3: Choose Sample(s): The group then selects sample(s) of about one page in length
(300 non-commentary words). Choosing a page at random can add credibility — so
long as it is representative of the content subject to quality control. The group should
decide whether all the checkers should use the same sample or whether different
samples are more appropriate.

P4: Instruct Checkers: The SQC team leader briefly instructs the checkers about the
rules, the checking rate, and how to document any issues and determine if they are
major defects (majors).

P5: Check Sample: The checkers use between 10 and 30 minutes to check their
sample against the selected rules. Each checker should ‘mark up’ their copy of the
document as they check (underlining issues and classifying them as ‘major’ or not). At
the end of checking, each checker should count the number of ‘possible majors’ they
have found in their page.

Pé: Report Results: The checkers each report to the group their number of ‘possible
majors.” The SQC team leader leads a discussion to determine how many of the
‘possible majors’ are actually likely to be majors. Each checker determines their num-
ber of majors and reports it.

P7: Analyze Results: The SQC team leader extrapolates from the findings the number of
majors in a single page (about 6 times™ the most majors found by a single person, or
alternatively 3 times the unique majors found by a 2 to 4 person team). This gives the
major defect density. If using more than one sample, average the densities found by
the group in different pages. The SQC team leader then multiplies this average major
defects/page density by the total number of pages to get the total number of major
defects in the specification (for dramatic effectl).

P8: Decide Action: If the number of majors/page found is a large one (ten majors or
more), then there is little point in the group doing anything, except determining how
they are going to get someone to write the specification properly. There is no eco-
nomic point in looking at the other pages to find ‘all the defects’, or correcting the
maijors already found. There are too many majors not found.

P9: Suggest Cause: Choose any major defect and think for a minute why it happened.
Then give a short sentence, or better sfill a few words, to capture your verdict.
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Exit Conditions
* Exit if less than 5 majors/page exirapolated total density, or if an action plan to
‘rewrite’ has been agreed.

Notes:

* A suitable person is anyone, who can correctly interpret the rules and the concept of
‘maijor.’

** Concerning the factor of multiplying by ‘6': We have found by experience (Gilb and
Graham 1993: Bernard) that the total unique defects found by a feam is approximately
twice that of the number found by the person who finds the most defects in the feam.
We also find that inexperienced teams using Simplified SQC seem to have about one
third effectiveness in identifying the major defects that are actually there. So 2 x 3=46is
the factor we use (or 3 x the number of unique majors found by the team).

Simplified Specification Quality Control Form

SQC Date: May 29, 200X. SQC Start Time:
SQC Leader: Tom.

Author: Tino.

Other Checkers: Artur.

Specification Reference: Test Plan.
Specification Date and/or Version: V 2 Total Physical Pages: 10.

Sample Reference within Specification: Page 3.
Sample Size (Non commentary words): approx. 300.

Rules used for Checking: Generic Rules, Test Plan Rules.
Planned Exit Level (Majors/logical page): or less.

Checking Time Planned (Minutes): 30. Actual: 25.
Checking Ratfe Planned (Non commentary pages/hour): 2.
(Note this rate should be less than 2 logical pages/hour)

Actual Checking Rate (Non commentary words/minute):
Number of Defects Identified by each Checker:
Majors: 6, 8, 3. Total Majors Identified in Sample: 17.
Minors: 10, 15, 30.

Estimated Unique Majors Found by Team: 16 + 5.
(Note 2 x highest number of Majors found by an individual checker)

Estimated Average Majors/Logical Page: ~16 x 3=48.

(A Logical Page =300 Non commentary words)

Maijors in Relation to Exit Level: 48/1 (47 too many).

Estimated Total Majors in entire Specification: 48 x 10 =480.

Recommendation for Specification (Exit/Rework/Rewrite): No exit, redo and resubmit.

Suggested Causes (of defect level): Author not familiar with rules.

Actions suggested to mitigate Causes: Author studies rules, All authors given tfraining
in rules.

Person responsible for Action: Project Manager.
SQC End Time: 18:08. Total Time taken for SQC:

Version: August 15, 2004. Owner: Tom@Gilb.com
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8.6 Principles: Specification Quality Control

1. The Principle of ‘Tllegality’

‘Defects’ are objective violation of accepted written rules.

2. The Principle of ‘Majors are the pay off’
Major defects are the only economically interesting defects.

3. The Principle of ‘Keen to be seen clean’
The main purpose of SQC is to measure that the specification is
clean enough: 7ot to clean up a specification that 7sn .

4. The Principle of ‘Cleanup your own mess’
Specification cleanup is the writer’s responsibility, efore SQC.

5. The Principle of ‘Prevention is better than cure’
There are many effects of SQC, but the most useful are learning to
avoid defects caused by bad process, and committed by the writer.

6. The Principle of *50% effectiveness’
History shows that you can only expect to find and fix about half
the defects that are there.

7. John Craven’s Principle (within Hewlett Packard)
The team is there to make the “writer look like a Aero.”

8. The Principle of ‘Magnificent Profitability’
The expected return on investment for SQC is at least ‘ten to one.’

9. The Principle of ‘Client-Server’

The writer is the c/ient and the checkers serve as advisors.

10. The Principle of “The Pilot in Command’
The team leader is responsible for the SQC process.

Good execution of a badly executed specification will tend to execute
you!

8.7 Additional Ideas: Specification Quality Control

There are some central ideas of SQC, which are worth looking at in
more depth:

Economics of using SQC

The cost of finding and fixing defects has to be balanced against the
benefit of removing the defects. The cost of fixing a defect escalates
the longer it is left unfixed. In general, as we move from requirements/
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design-stages to test-stages, the total system-wide costs of removing
major defects increase by an order-of-magnitude. As we move into
design implementation, manufacturing, installation, servicing and
distribution, yet another additional order-of-magnitude of cost is
generally our penalty for dealing with major defects later.

The cost of finding defects also varies. There are several QC nets that
specifications pass through as a product is developed. Also, just because
there s a defect doesn’t mean that it will cause damage. This is where
sampling and understanding your document quality level is essential.

If there is more than approximately one remaining major defect/page,
it will tend to pay off to fight the defects immediately, using SQC,
rather than downstream. With less than that, it probably pays off to let
that major defect (exact location unknown) slip through #his particular
QC net, and hope it is still caught in some other QC net in the
systems engineering process.

Unfortunately most real engineering environment ‘approved’ docu-
ments are at least one order-of-magnitude worse quality than one
major defect/page: 10 to 20 or far more major defects/page is com-
mon, according to my frequent measurements. But without SQC, to
measure for us, we don’t ‘know’ this.

Effectiveness of SQC

If SQC is consistently carried out according to official guidelines
(critically including the ‘checking rate’ being at the optimum level),
then experience in IBM Rochester Labs, MN (Gilb and Graham 1993
Page 23) shows that the defect-finding effectiveness is relatively stable.
Thirty percent effectiveness is a beginner’s level (my experience). For a
mature SQC process, effectiveness, for a single-pass attempt, tends to
be in the range 60% to 90% (Gilb and Graham 1993: IBM Experi-
ence), depending on the type of specification being checked. By
systematic SQC process improvement, the effectiveness can slowly
be improved to its maximum potential. Cumulative SQC effective-
ness, for multiple passes, has been shown to reach a maximum of 95%

(IBM UK and Sema UK Case (Gilb and Graham 1993: Leigh, D.)).

Determining Effectiveness and Estimating
Remaining Defects

SQC can be used directly to measure defects found and, indirectly to
estimate the defects not found. Providing that ‘effectiveness’ (% of
100%) at finding defects is known and is relatively stable, it can be used



//INTEGRA/ELS/PAGINATION/ELSEVIER UK/OMP/3B2/FINALS/0750665076-CH008.3D - 221 - [221-260/40] 29.6.2005
12:42PM

248 Competitive Engineering

to estimate the number of unfound defects. Effectiveness (of your teams
on your specifications at finding defects) can be determined in two ways:

1. For a specific specification, we can measure the percentage of the
‘available’ defects, which a given SQC process was able to find. We
can work out this percentage if we know the number of defects found by
the SQC and the total number of defects found at later stages by other
QC processes, testing and field use. IBM has practiced this for decades
in software engineering (Kaplan, Clark and Tang 1994; IBMS] 1994).

2. Another method, faster and cheaper, and more credible locally, is
to repeat SQC on the same sample. If we find 30 defects on first
attempt, fix them all, and hypothesize that we are 30% effective at
finding them, this means we should have about 70 defects not
found in our sample, right? If, after fixing all the 30 we found, the
second SQC, done on the same sample, consistently finds about 21
defects (£ about 6), it would confirm our prediction of 30%
(21 of the 70 remaining from the first SQC). The ‘% of available
defects found’ is the effectiveness of the given SQC process. We
use this method regularly on our training courses, and it works! It
will also work for any test or QC process.

Once you have determined your effectiveness, you can estimate the
remaining defects in a specification. We use the number of ‘estimated
probable remaining defects’ to decide if a specification can exit (a typical
exit condition is ‘no more than one probable remaining major defect/
page’). See Figure 8.7 for the calculation of ‘estimated probable remain-
ing defects.” We use effectiveness to determine the number of defects
unidentified, and then we improve the accuracy by considering the
effects of the editing. One sixth of fix attempts during editing fail (M.
Fagan 1986:” IBM experience), unless an SQC for each fix is done to
reduce fix failure (IBMS]J 1994: Kan). In addition, defect injection
occurs during editing as a side effect of the fixes; the defect injection
rate is sometimes 2% to 5% — but is highly variable and uncertain.

The final consideration is the uncertainty in the estimate. I have found
that this remaining defect estimate is reasonably correct, and even in
poor circumstances is £30% uncertain, which is good enough for
most purposes.

A specification can have ‘too high a density’ of major defects (equals
serious engineering-cost rule violations) to be acceptable for use (to be
allowed ‘entry’ or ‘exit’). ‘We will find it in test’is a dangerous delay.
Delaying action on your specification’s major defects threatens not
only cost (thus profit), but time-to-market and competitive quality. It
pays off to deal with most major defects early.

7 Fagan. M. E, ‘Advances in Software Inspections’, IEEE Transactions on Software
Engineering. Volume SE-12, Number 7, Pages 744-751, July 1986.
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Estimating the Remaining Major Defect Density

Assumptions:
A logical page (page) is 300 non-commentary words.

* 30 major defects/page have been found during SQC.

* Your SQC effectiveness is 60% and your SQC is a statistically stable process.
* One sixth of your attempts to fix defects fail (One sixth is average failure to fix).
* New defects are injected during your attempts to fix defects at 5%.

* The uncertainty factor in the estimation of remaining defects is +30%.

Probable remaining major defects/page =‘Probable unidentified majors’+ ‘Bad fix
majors’ + ‘Majors injected’
Let E = Effectiveness expressed as a percentage (%) =60%

Probable unidentified majors =major defects acknowledged-by-editor for each page at
Edit x (100 — E) / E = 30 major defects/page found x (100 — 60) / 60 = 20 major defects/page.

Bad fix majors =One sixth of fixed majors =So, of 30 attempted fixes, 5 major defects in
each page are not fixed.

Majors injected = 5% of majors attempted to be fixed = 1.5 major defects/page.
Probable remaining major defects/page =20 +5 + 1.5 =26.5 remaining major defects/page.

Taking into account the uncertainty factor of £30% and rounding down to the nearest whole
number gives 26 + 7 Remaining Major Defects/Page

(Minimum = 19, Maximum = 33 remaining major defects/page).

Figure 8.7
Estimating Remaining Major Defect Density: the main specification exit condition.

SQC and Rules

SQC is completely dependent on the rules that are applied. Just
because you exit from an SQC process does not mean that all quality
checking has been completed. It simply means that checking has been
completed against the rules actually used, and has demonstrated an
acceptable defect level.

By using different rules, different types of quality checking can be
achieved. It is not simply a case of using the relevant rule set to
match the type of specification. You need to consider what type of
defects you are checking for and their potential cost if not detected.

Extending from SQC into Specification Review

There is no reason why the SQC method shouldn’t be used to prepare
for management reviews. You might have checked the content of a
specification for consistency, completeness and clarity (Specification
Rules).® But maybe you have not yet checked for the relevance to

8 Note: This chapter mainly discusses and illustrates SQC from the viewpoint of
checking for specification clarity, completeness and consistency. This ties in with the
rules found in the other chapters, which are Specification Rules.



//INTEGRA/ELS/PAGINATION/ELSEVIER UK/OMP/3B2/FINALS/0750665076-CH008.3D - 221 - [221-260/40] 29.6.2005
12:42PM

250 Competitive Engineering
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Overview of the SQC process showing how Specification Review Rules fit alongside
Specification Rules.

current business or technical demands. For example, maybe a certain
level of ROI is demanded? Maybe a specific safety margin must be
shown to be present? By creating a different set of rules, called
Specification Review Rules, the SQC process can also be used to carry
out pre-review quality control, in advance of a review meeting. This
will probably result in better quality control than would be carried out
in a hurried executive review meeting.

8.8 Further Example/Case Study: A Stitch in Time
Saves Nine

Trevor Reeve made use of SQC (at that time he called it ‘Statistical
Quality Control applied to Software and Documentation’ or ‘Docu-
mentation Quality Improvement’) in all industrial aspects of a 1,500
person defense electronics manufacturer (later a part of Racal). He
documented four years of experience after this author ran a course

on-site (Gilb and Graham 1993, Pages 305-316).

Reeve carried out an analysis of the first 1,000 major defects logged by
the SQC process to investigate the cost savings of using SQC. Test
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Figure 8.9

MEL/Thorn EMI (later RACAL) UK, Factory and Lab-wide SQC gave order-of-magnitude
savings. About 1,000 major defects found by using SQC with multi-disciplinary teams
were analyzed. The alternative cost to fix majors, if caught downstream, was nine
fimes greater than if caught upstream by SQC. This is a frequency chart for the 1,000
defects.

and field staff were asked when these defects would have been found in
their test or field reports. They were also asked to indicate what the
cost of finding and fixing them would be. The frequency curve in
Figure 8.9 was drawn based on their answers. The mean time to correct
these defects downstream would have been 9.3 hours. The mean time
to find and fix them using SQC was about one hour. The defects
would otherwise have been found by test and by customers. The result
of this was that it was acknowledged by top management that remov-
ing a major defect using SQC gave a net saving of about 8 hours, or a
9.3 to 1 ratio of engineering hours ‘return’ on investment in SQC.

Compare this to the Raytheon return of 7.7 to 1 (see Section 1.8). Six
hundred inspections had been done at Thorn EMI by 1992, and over a
thousand by early 1993. Savings were conservatively estimated at
£500,000 each year, after one-time startup costs of £50,000. External
consultants are said to have estimated real savings at double this figure.
“Quality increased and development time has been reduced significantly.”

Use of SQC on many different types of document

SQC experience at Raytheon was limited to software, but at MEL/
Thorn EMI, the documents

“ranged from system, hardware and software design docu-
ments to software code and change notes. . . test specifications,
proposals, program management documents (for example,
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configuration and program plans), contracts and purchase
specifications, printed circuit board design and test specifica-
tions, and procedures and standards.

Further application (1993) all contractual documents, drawings
and internal specifications (for example, information technol-
ogy and financial requirements) . .. with all contracts using it to
a lesser or greater degree by end 1992. ...

The product appraisal process was revised to incorporate the
technique into the normal activities performed by the organiza-
tion on all types of document from contract to lowest level
design and test specification including drawings.” (Gilb and
Graham 1993: P310)

Note: The use of SQC on the upstream documents will produce the
greatest benefits because defects will be caught earlier, and do less
damage.

The Organization Must be Supportive and SQC
Needs a Champion

Since 1993, Trevor has confirmed many times within different organ-
izations and various parts of the world, that two of the main factors for
SQC to succeed are as follows:

1. An organization really needs to be willing to change, and

2. The continuous presence of a totally committed champion of
the method is necessary, for many years after the initial introduc-
tion of the method, to help the necessary culture change to take
place. (This was also the experience in the same period of another

client, Hewlett-Packard (Grady and Van Slack 1994).)

8.9 Diagrams/Icons: Specification Quality
Control

This section shows the SQC forms as follows:

e Figure 8.10: Master Plan

¢ Figure 8.11: Editor Advice Log

e Figure 8.12: Data Summary

e Figure 8.13: Process Meeting Log
¢ Figure 8.14: Simplified SQC Form

These are the blank versions of the filled-in forms given earlier in this
chapter.
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Process Meeting Log

Team Leader Date SQCID __ Page of _

Issue Cause Class Root Cause Improvement

ltem Reference (tick 1) Ideas Ideas

Communication

1 Oversight

Transcription
Education

Communication

2 Oversight

Transcription
Education

Communication

3 Oversight

Transcription
Education

Communication

4 Oversight

Transcription
Education

Communication
Oversight
Transcription
Education

Communication

6 Oversight

Transcription
Education

Communication

7 Oversight

Transcription
Education

Communication

8 Oversight

Transcription
Education

Communication

9 Oversight

Transcription
Education

Communication
Oversight
10 et
Transcription
Education

© Gilb

Start Time Stop Time  Duration  No. People  Total Cost

Figure 8.13
Blank Process Meeting Log.
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Simplified Specification Quality Control (SQC) Form

SQC Date: SQC Start Time:

SQC Leader: __

Author:

Other Checkers:

Specification Reference:

Specification Date and/or Version: Total Physical Pages:

Sample Reference within Specification:
Sample Size (Non commentary words):

Rules used for Checking:
Planned Exit Level (Majors/logical page): or less.

Checking Time Planned (Minutes): Actual:
Checking Rate Planned (Non commentary words/minute):
(Note this rate should be less than 2 logical pages/hour)

Actual Checking Rate (Non commentary words/minute):
Number of Defects Identified by each Checker:

Majors: Total Majors Identified in Sample:
Minors:
Estimated Unique Majors Found by Team: +
(Note 2 x highest number of Majors found by an individual checker)
Estimated Average Majors/Logical Page: (A Logical Page= 300 Non commentary
words)

Majors in Relation to Exit Level:
Estimated Total Majors in entire Specification:
Recommendation for Specification (Exit/Rework/Rewrite):

Suggested Causes (of defect level):

Actions suggested to mitigate Causes:

Person responsible for Action:
SQC End Time: Total Time taken for SQC:
Version: August 15, 2004. Owner: Tom@Gilb.com

Figure 8.14
Simplified Specification Quality Control (SQC) form.

8.10 Summary: Specification Quality Control

The basic ideas of SQC are simple:

e “A stitch in time saves nine”: fix defects at early design stages
(DDP), before they cause damage and/or require a costly ‘defect
removal’ process, during test or operation,

e “An ounce of prevention is worth a pound of cure”: learn from
defects, which have common underlying causes, and continuously
improve your work processes (DPP).
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Finding Defects

The Defect Detection Process (DDP) is more powerful than similar
processes, such as ‘chc:cking’9 (of engineering drawings, as proven at
Douglas Aircraft 1988, Boeing 1989 and Thorn EMI 1990 on),
‘reviews ’, ‘walkthroughs ’, meetings and management approval. This
is mostly due to a series of tactics, the most critical of which are
probably the use of a proven optimum defect-searching time (optimum
checking rate) and, the total focus on finding and fixing ‘major’ defects
(which saves time downstream).

Understanding Document Quality

One of the most important opportunities using SQC is to be able to
measure the degree to which systems engineering and management
documents of all types really do correspond to the required standards of
quality. The concepts of ‘entry’ to, and ‘exit’ from, all systems engineering
and management processes are enabled by our ability to measure ‘prob-
able remaining major defects/page’ and to decide by estimation if a
specification is economic enough to release downstream (‘exit’), or eco-
nomic enough to start work on (allow ‘entry’). If necessary, sampling of
large documents is an economic way to measure quality levels before
making decisions of consequence concerning those documents.

The fact that the SQC process is universally applicable to any readable
specification (in any intellectual, administrative, project management,
planning, systems engineering, software or user specification task), means
that any group of people can use it wherever they want control over
quality-in-relation-to-standards. However, SQC has some limitations in
understanding ‘how well” specifications will work in practice. Even if
specifications exit according to any rules you use to analyze them, there
can still be catastrophic defects in them in practice. So, we need to use
additional methods to see ‘how good’ a specification is and, if necessary,
adjust the specification. Thar is the mission of other tools in this book
(like Impact Estimation and Evolutionary Project Management).

The SQC ability to measure quality, in relation to standards, is also
important when the standards are a major part of continuous process

? Do not confuse with the SQC ‘Checking’ sub-process! The aircraft factory traditionally
used the term ‘checking’ for a process done by a group of people who specialized in this,
called ‘checkers.” The process checked engineering drawings against the official engineer-
ing drawing specification rules, which were in a large handbook — so large that copies were
not given to inform individual engineers what the rules were! In 1988 we proved, with
hard data on a large scale, for the engineering directors, that the SQC process was far more
effective at finding interesting engineering defects than the traditional ‘checking’ process.
We ended up within the first year with sixty times better quality in terms of rejected and
reworked drawings (0.5% versus earlier about 30% reworked).
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Possible Purposes For Using SQC

-Reducing Time-to-Delivery

-Measuring the Intelligibility of a Document

-Measuring the effectiveness of engineering specifications

-Measuring the ability of the Process producing the Document to follow best practice rules.
-Enabling Estimation of the Number of Remaining Major Defects

-ldentifying Major Defects

-Removing Major Defects

-Preventing consequential ‘Downstream’ Defects being generated by removing existing
Defects

-Improving the Engineering Specification Process (better standards, like rules)
-Improving the SQC Process (better rates, better entry exit conditions, better procedures)
-On-the-Job Training for the Checkers

-Training the Team Leader

-Certifying the Team Leader

-Peer Motivation (getting people to learn, and follow the rules)

-Motivating the Managers (to deal with problems early)

-Helping the Writer (learn to write clearly and have effective ideas)

-Reinforcing Conformance to Standards

-Capturing and Re-using Expert Knowledge (by use of Rules and Checklists)

-Reducing Costs

-Team Building

-Fun — a Social Occasion

Figure 8.15
Possible purposes for using SQC. Any one or several can apply at anytime.

improvement. We can use SQC to measure process improvement
efforts! The measurement of defects is a measure of whether people
have actually learned, practiced, and understood the continuous
improvements intended to increase productivity.

Continuous Process Improvement

The Defect Prevention Process (DPP) exploits grass-root everyday
experience with Defect Detection Process (DDP), as well as making
use of your data about defects from ‘test’ and ‘field’ situations. DPP is
the ‘engineering and management version of what Deming (1993)
and Juran (1974) taught manufacturing industry, starting in Japan.
Experience (Dion 1993; Haley etal. 1995; Kaplan, Clark and Tang
1994) shows that 40% annual productivity improvements are possi-
ble, when this is done properly (which is rare).
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