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Project Quality Management
Project Quality Management is the processes required to ensure that the project will
satisfy the needs for which it was undertaken.
It includes all activities of the overall management function that determine the quality
policy, objectives, and responsibility and implements them by means of quality planning,
quality assurance, quality control, and quality improvement within the quality system.
• Focuses on project’s products
• Project’s most important product is the system solution that the project team must
deliver
• Focuses on project process
• The activities, methods, materials, and measurements used to produce the product
or service
• Part of a quality chain where outputs of one process serve as inputs to other
project management processes
Quality
• An inherent or distinguishing characteristic; a property; having a high degree of
excellence
• “Fitness for use” - Ensuring a product can be used as it was intended
• “Conformance to requirements” – Meeting written specifications
• Dependent on needs and expectations of customer
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Many people and organizations are confused about the difference between quality assurance (QA), quality
control (QC), and testing. They are closely related, but they are different concepts. Since all three are
necessary to effectively manage the risks of developing and maintaining software, it is important for
software managers to understand the differences. They are defined below:
• Quality Assurance: A set of activities designed to ensure that the development and/or maintenance
process is adequate to ensure a system will meet its objectives.
• Quality Control: A set of activities designed to evaluate a developed work product.
• Testing: The process of executing a system with the intent of finding defects. (Note that the "process of
executing a system" includes test planning prior to the execution of the test cases.)
QA activities ensure that the process is defined and appropriate. Methodology and standards development
are examples of QA activities. A QA review would focus on the process elements of a project - e.g., are
requirements being defined at the proper level of detail. In contrast, QC activities focus on finding defects
in specific deliverables - e.g., are the defined requirements the right requirements. Testing is one example
of a QC activity, but there are others such as inspections. Both QA and QC activities are generally required
for successful software development.
Controversy can arise around who should be responsible for QA and QC activities -- i.e., whether a group
external to the project management structure should have responsibility for either QA or QC. The correct
answer will vary depending on the situation, but Mosaic's experience suggests that:
• While line management should have the primary responsibility for implementing the appropriate QA,
QC and testing activities on a project, an external QA function can provide valuable expertise and
perspective.
• The amount of external QA/QC should be a function of the project risk and the process maturity of an
organization. As organizations mature, management and staff will implement the proper QA and QC
approaches as a matter of habit. When this happens only minimal external guidance and review are
needed.
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Quality Management Concept
•
Customer satisfaction
•
Conformance to requirement
•
Fitness for use: product/service produced must satisfy real needs
•
Prevention over inspection
•
Cost of preventing mistakes < cost of correcting
•
Continuous improvement (Kaizen)
•
Based on PDCA cycle
•
Using quality improvement initiatives e.g. TQM, 6 sigma
•
Using process improvement models e.g. OPM3, CMMI, Malcolm Baldrige
•
Management responsibility
•
To provide the resource needed to succeed
Quality vs. Grade
• Quality: the degree to which a set of inherent characteristics fulfill requirements.
Quality level that fails to meet quality requirements is always a PROBLEM
• Grade: A category assigned to product or service having the same functional use but
different technical characteristics. Low grade may not be a problem
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Risk of Low Quality
• Increased Cost
• Low morale
• Low customer satisfaction
• Increase risk
• Rework
• Schedule delays
Consequences of Poor Quality
• Loss of business
• Liabilities & re-working
• Low productivity
• Increased inspections
• Cost overruns
• Disturbed cash flows
• Bad market reputation
• Disagreements over product acceptances
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• Quality is degree to which the project fulfills requirements
Quality Management includes creating and following policies and procedures to
ensure that a project meet the defined needs (from the customer’s perspective).
• Completing project with no deviations from the project requirements.
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• Includes all the activities of the performing organization that determine quality
policies, objectives and responsibilities, so that the project will satisfy the needs
• It implements the quality management system (QMS) through the policy, procedures,
and processes.
• Continuous process improvement activities
• Meeting customer specifications and expectations
• On time, on budget, no defect
• Usable, easy to use, reliable
• Flexible, add value to client business process, etc.
• Quality is “conformance to requirement or specifications” and fitness to use
• Customer satisfaction is the key to quality
• Meeting stakeholders‟ stated or implied expectations and needs
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The process of identifying requirement and/or standards for the project and product and
documenting how the project will demonstrate compliance. (What is quality? How will
we ensure it?)
• Identifying the standards that are relevant to the project and determining how to
satisfy them
• Create additional project specific standards
• Determine what work to do to meet standard
• Determine how to measure a work is meeting standard
• Balance the need of quality with scope, cost, time, risk and satisfaction
• Create a quality management plan and add to the project management plan
• Mostly done in project planning phase
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Input
• Scope Baseline
• Stakeholder Register
• Cost Performance Baseline
• Schedule Baseline
• Risk Register
• Enterprise Environmental Factors
• Organizational Process Assets
Tools & Techniques
• Cost-Benefit Analysis
• Cost of Quality
• Control Chart
• Benchmarking
• Design of Experiments
• Statistical Sampling
• Flowcharting
• Proprietary Quality Management Methodologies
• Additional Quality Planning Tools
Output
• Quality Management Plan
• Quality Metrics
• Quality Checklists
• Process Improvement Plan
• Project Documents Updates
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• Scope baseline
• Scope statement: project description, deliverables, acceptance criteria
• WBS: deliverables, work packages, control accounts
• WBS dictionary: technical information for WBS
• Stakeholder register
• Cost performance baseline
• Schedule baseline
• Risk register
• Enterprise environmental factors
• Governmental agency regulations
• Rules, standards, and guidelines specific to the application area
• Working/operating conditions of the project/product
• Organizational process assets
• Organizational quality policies, procedures, and guidelines
• Historical databases
• Lessons learned
• Quality policy, set by senior management
• The United Nations Convention on Contracts for International Sale of Goods
(CISG)
• Govern international sale transactions
• ISO 9000
• Occupational Safety and Health Administration (OSHA)
• United States standard for American workers
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• Identifies the cost and benefits of performing quality management
• Same comparative analysis techniques as project initiation
• Benefit Cost Ratio (BCR)
• Present Value (PV) and Net Present Value (NPV)
• Internal Rate of Return (IRR)
• Payback Period
• The benefits should outweigh the cost
• Identifies the cost of non compliance
• Identifies the intangible cost and benefits of projects
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Theories on the COQ
• Crosby = Zero defects and preventions or reworks results.
• Juran = Fitness for use, conformance. Quality by design
• Deming = Quality is a management problem.
• Feigenbaum = Founder of TQM
• Shewhart = Plan-Do-Chek-Act cycle
• TQM = Quality must be managed in and must be a continuous process
• Six Sigma = measurement based strategy; no more than 3.4 defects per million
opportunities.
• Kaizen = Continuous improvement; improve quality of people first.
• Continuous improvement = Watch continuously for ways to improve quality
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Looking at what the cost of conformance and nonconformance to quality and creating an
appropriate balance
• Failure Costs: Costs incurred by defective parts/products or faulty services from poor quality.
• Internal Failure Costs: Costs incurred to fix problems that are detected before the product/
service is delivered to the customer.
• External Failure Costs: All costs incurred to fix problems that are detected after the
product/service is delivered to the customer.
• Appraisal Costs – Cost expended to examine the product or process and make certain the
requirements are being met, costs of activities designed to ensure quality or uncover defects.
• Prevention Costs – Cost associated with satisfying customer requirements by producing a
product without defects. All training, planning, customer assessment, process control, and
quality improvement costs to prevent defects from occurring.
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Control Charts are used to determine process stability and predictable performance.
• Graphical display of results, over time, of a process
• Also utilize statistical probability
• Used to determine if a process is “in control”
• Focus on preventing defects, not on detection or elimination
• Used to verify the impact on a process when changes are made
• Are used to check if a process is stable and has predictable performance
• Upper and lower specification limits based on contract
• Penalty might be associated with exceeding limits
• Three sigma for repetitive processes
• Can be used with various types of outputs such as cost and schedule variances, volume and
frequency of scope changes
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• Upper and Lower Limits
• Acceptable range of variation of a process often show as two dash lines on a
control chart
• The acceptable range between upper limit and lower limit is determined by
organization standard (3 or 6 sigma)
• 3 sigma (SD) = 99.73%
• 6 sigma (SD) = 99.99985%
• Mean
• A line in middle of the control chart shows the middle of the acceptable variation
range. Also called X bar
• R
• The different between the highest and lowest value of a certain measurement
period is call R
• Specification Limit
• Represent the customer expectation or contractual requirement
• Out of control
• A data point fall outside of the upper or lower control limit
• Non random data points that within upper or lower limits, such as rule of seven
• Rule of seven
• Non random data points grouped together in a series of total seven on one side of
the mean
• Process is not random and maybe out of control
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Comparing the actual or planned project practices to reference projects to generate ideas
of improvements and to provide a standard for performance measurement
Used for process and product improvement
The reference data can be within the organization or with other organizations which have
similar processes
Alternatively, one can also benchmark against a reference quality model. E.g. appraised
by external authorized appraiser to attend the CMMI Maturity Level
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DOE is a technique to systematically identify varying levels of independent variables.
• Statistical method for identifying the factors which influence specific variables in a project
(e.g. how to provide safer ride at a reasonable cost?)
• Change the variables in order to assess different outcomes, which helps to determine an
optimal solution
• This technique frequently applied to products of a project
• Useful in assessing impacts of one or more variable on cost, schedule, or other targets of
improvement
• Conduct several experiments in order to determine the optimal combination
• Use experimentation to statistically determine what variable will improve quality
• Systematically changing all of the important factors, rather than changing the factors one at a time
• Should be used during the Plan Quality Process to determine the number and type of tests and
their impacts on COQ
• Plays role in optimization of products and processes
• Can be used to reduce the sensitivity of products to variables
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Statistical sampling refers to the study of populations by gathering information about and analyzing it.
Statistical sampling is the base for a great deal of information, ranging from estimates of average height in
a nation to studies on the impact of marketing to children. Numerous professions use statistical sampling,
including psychology, demography, and anthropology. Like any study method, however, statistical
sampling is prone to errors, and it is important to analyze the methods used to conduct a study before
accepting the results.
This process begins with a definition of the population the scientist wants to study, and the variable which
he or she wants to measure. For example, someone might want to know the average weight of elementary
school children. Next, the scientist decides how to collect the desired data. In the previous example, the
scientist might travel to schools with a scale, send questionnaires out to doctors or parents, or try to access
school health records. Many researchers try to measure directly, rather than relying on self-responses,
because this way the results are consistent.
Once the population, variable being measured, and method have been defined, the scientist decides how to
accurately sample the population so that the collected data is representative of a larger group. In other
words, statistical sampling does not involve measuring the desired variable in every individual of the
population being studied; a selection of individuals is used to generalize results. Generally, the larger the
sample size, the better the results.
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Flowcharting is graphical relationship of processes in an activity.
A flowchart is a type of diagram that represents an algorithm or process, showing the
steps as boxes of various kinds, and their order by connecting these with arrows. This
diagrammatic representation can give a step-by-step solution to a given problem. Process
operations are represented in these boxes, and arrows connecting them represent flow of
control. Data flows are not typically represented in a flowchart, in contrast with data flow
diagrams; rather, they are implied by the sequencing of operations. Flowcharts are used
in analyzing, designing, documenting or managing a process or program in various
fields.
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Sigma is another name of standard deviation
It is a rigorous and disciplined methodology that uses data and statistical analysis to
measure and improve company performance by identifying and eliminating defects in
manufacturing and service related processes
Commonly defined as x defects per y opportunities
Six Sigma DMAIC process (define, measure, analyze, improve, control) is an
improvement system for existing processes falling below specification and looking for
incremental improvement
Six Sigma DMADV process (define, measure, analyze, design, verify) is an
improvement system used to develop new processes or products at Six Sigma quality
levels. It can also be employed if a current process requires more than just incremental
improvement
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• ISO 9000 series
• 9000: Guidelines for selection and use
• 9001: QA in Design / Development (9001:2000 Quality Management standard)
• 9002: QA in production and installation (obsolete)
• 9003: QA in final inspection and test (obsolete)
• 9004-4 1993: QA & Quality system elements
• 10006 1997: Guidelines to quality in project management
• 14000/14001: Environmental Management System (EMS)
• ISO essence
• Establish your QMS (Have a process)
• Document your QMS (Document the process)
• Implement your QMS (Follow the process)
• Improve your QMS (Continuous improvement)
• Maintain your record (Show evidence that you follow the process)
• Pass Certification (ISO 9001 2000 Certification)
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Additional Quality Planning Tools include brainstorming, matrix diagrams and affinity
diagrams etc.
• Brainstorming
• Affinity diagrams (identifying logical groupings based on natural relationships)
• Force field analysis (diagrams of the forces for and against change)
• Nominal group techniques (brainstorming in small groups and reviewed by a larger
group)
• Matrix diagrams (include 2,3, or 4 groups of information and show relationships
between factors, causes, and objectives)
• Prioritization matrices (ranking diverse set of problems)
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• Describes how the project team would ensure project and product quality.
• Includes quality control, quality assurance, and continuous process improvement
approaches for the project
• May be formal/informal, highly detailed or broadly framed
• Contains:
• Project management method
• Role and responsibility in managing quality
• Deliverable measurement
• Standard for monitoring & control purpose
• Process review
• Major check points
• Inspection & acceptance criteria
• Describe
• What are the standards that apply on the project
• Who would be involved in managing quality, when and what duties
• Review of earlier decisions to ensure that they are correct
• Quality meetings to be held and when
• Reports that will address quality
• What metrics would be used to measure quality
• What parts of the project or deliverables would be measured and when
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• The following maybe measure as a quality index
• On time for every deliverable
• Number of trouble calls per week
• Number of features completed per month
• Specify performance characteristics
• Transfer conceptual quality to concrete measurements
• From measurement to interpretation of results
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McCall’s quality factors were proposed in the early 1970s. They are as valid today as they were in
that time. It’s likely that software built to conform to these factors will exhibit high quality well
into the 21st century, even if there are dramatic changes in technology.
Product Operations – Operation Characteristics
• Correctness: The extent to which a program satisfies its specification and fulfills the
customer's mission objectives.
• Reliability: The extent to which a program can be expected to perform its intended function
with required precision.
• Efficiency: The amount of computing resources and code required by a program to perform
its function.
• Integrity: The extent to which access to software or data by unauthorized persons can be
controlled.
• Usability: The effort required to learn, operate, prepare input, and interpret output of a
program.
Product Revision – Ability to Undergo Change
• Maintainability: The effort required to locate and fix an error in a program.
• Flexibility: The effort required to modify an operational program.
• Testability: The effort required to test a program to ensure that it performs its intended
function.
Product Transition – Adaptability to New Environments
• Portability: The effort required to transfer the program from one hardware and / or software
system environment to another.
• Reusability: The extent to which a program (or parts of a program) can be reused in other
applications - related to the packaging and scope of the functions that the program performs.
• Interoperability: The effort required to couple one system to another.
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Notes on Software Quality Attributes
• Not all attributes are of equal importance
• An attribute may have different importance in different software systems
• The value of an attribute for a given software may change as time passes
• Relationships between attributes are very complicated; some are positive; some are
negative
• Different people may have different view on quality
[Alan Gillies, Software Quality: Theory and Management, Second Edition, International
Thomson Computer Press, 1997]
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•
•
•
•

A simple tracking device to count and accumulate data
Establish a common reference for quality management execution
Especially effective when developed and improved over several projects or iterations
Maybe in the form of a table with pass/fail check
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Details the steps for analyzing processes to identify activities than enhance their value. It
is subsidiary plan of the PMP.
• A subsidiary of the project management plan
• It details the steps for analyzing processes to identify activities which enhance their
value
• Area to consider include:
• Process boundaries: purpose, start, end, inputs, outputs, data, owner and the
stakeholders of processes
• Process configuration: graphic description of processes, with interfaces identified
and used to facilitate analysis
• Process metrics
• Targets for improved performance: guides the process improvement activities
• Project document updates
• Stakeholder register
• Responsibility assignment matrix
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PDCA (Plan–Do–Check–Act) is an iterative four-step management method used in business for the control
and continuous improvement of processes and products. The steps in each successive PDCA cycle are:
PLAN
• Establish the objectives and processes necessary to deliver results in accordance with the expected
output (the target or goals). By establishing output expectations, the completeness and accuracy of the
specification is also a part of the targeted improvement. When possible start on a small scale to test
possible effects.
DO
• Implement the plan, execute the process, make the product. Collect data for charting and analysis in the
following "CHECK" and "ACT" steps.
CHECK
• Study the actual results (measured and collected in "DO" above) and compare against the expected
results (targets or goals from the "PLAN") to ascertain any differences. Look for deviation in
implementation from the plan and also look for the appropriateness/completeness of the plan to enable
the execution i.e., "Do". Charting data can make this much easier to see trends over several PDCA
cycles and in order to convert the collected data into information. Information is what you need for the
next step "ACT".
ACT
• Request corrective actions on significant differences between actual and planned results. Analyze the
differences to determine their root causes. Determine where to apply changes that will include
improvement of the process or product. When a pass through these four steps does not result in the need
to improve, the scope to which PDCA is applied may be refined to plan and improve with more detail in
the next iteration of the cycle, or attention needs to be placed in a different stage of the process.
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Project Management Plan (Updates)
• Additional activities: Time management
• Additional cost: Cost management
• Additional deliverables: Scope management
• Additional types of scope: Scope management, e.g. performance requirement
• Reduction of risk: Risk management
• Others
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(Picture)
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The process of auditing the quality requirement and the result of quality control
measurements to ensure appropriate quality standards and operational definitions are used.
• Applying the planned, systematic quality activities to ensure that the project employs
all processes needed to meet requirement.
• Perform continuous improvement
• Determine if project activities comply with organization and project policies,
processes and procedures (quality audit)
• Identify the improvement company need to make
• Recommend changes and corrective actions to integrated change control
• Correct deficiencies
• Mostly done during project execution
• Quality assurance is an iterative means for improving the quality of processes
• Involves performing systematic quality activities and uses quality audits to determine
which processes should be used to achieve the project requirements and to assure they
are performed efficiently and effectively
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Input
• Project Management Plan
• Quality Metrics
• Work Performance Information
• Quality Control Measurements
Tools & Techniques
• Plan Quality and Perform Quality Control Tools and Techniques
• Quality Audits
• Process Analysis
Output
• Organizational Process Assets
• Change Requests
• Project Management Plan Updates
• Project Document Updaets
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• Project Management Plan
• Quality management plan
• Process improvement plan
• Quality Metrics
• Work Performance Information
• Technical performance measurement
• Project deliverables status
• Schedule progress, and
• Cost incurred
• Quality Control Measurements
• The results of quality control activities
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As stated before in Plan Quality and would come in Quality Control later.
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Quality Audits are structured and independent review to determine whether project
activities comply with the ones spelt out in QMP and project policies & processes.
• Are Independent reviews performed by trained auditors or third party reviewers, to
identify ineffective and inefficient activities or processes used on the project.
• Are structured and independently reviewed to check the project activities comply with
organizational policies and procedures
• Identifying all of the good/best practices being implemented
• Identifying all the gaps/shortcomings
• Sharing the good practices introduced or implemented in similar projects
• Proactively offering assistance in positive manner to improve implementation of
process to help the team raise productivity
• Highlighting contributions of each audit in the lesson learned
• To see if you are complying with company policies, standards & procedures
• Determine whether they are used efficiently & effectively
• Identify all the good practices being implemented
• Identify all the gaps/shortcomings
• Look for new lesson learned & good practices
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Guidelines to Conducting a Project Audit
• Keep to project issues, not to what happened and by whom
• Audit activities should be intensely sensitive to human emotions and reactions
• Accuracy of the date should be verifiable and judgmental
• Senior management provides access to all information, project participants and project
customers
• The objective is to learn and conserve organizational valuable resources where
mistakes have been made.
The Audit Report
• Classification of the project
• Analysis of the information gathered
• Recommendations
• Lessons learnt
• Appendix
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Project Team View
• Did the project confirm to plan
• Were interfaces with stakeholders adequate and effective
• Did the team have adequate access to organizational resources
• What does the evaluation from outside contractors suggest
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Process Analysis is carried out to identify the effectiveness of process and suggest
improvement, if required.
• Identifying needed improvements
• Examining experienced problems, constrains, and non‐value added activities
• Includes root cause analysis (problem, cause, preventive actions)
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• Organizational process assets updates
• Quality standards
• Change requests
• To increase the effectiveness and/or efficiency of the policies, procedures
• Through Integrated Change Control process
• Corrective, preventative, or defect repair
• Project management plan updates
• Quality management plan
• Schedule management plan
• Cost management plan
• Project document updates
• Quality audits reports
• Training plans
• Process documentation
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This process is concerned with monitoring work results to see whether they comply with the
standards set out in the Quality Management Plan, the standards include project processes and
product goals.
• Measure specific project results against standards
• Implement approved changes to quality baseline
• Identify quality improvements
• Repair defects
• Recommend changes, corrective and preventive actions and defect repair to integrated change
control
• Mostly done during project monitor and control
• The process of monitoring and recording results of executing the quality activities to assess
performance and recommend necessary changes
• Quality standards include project processes and product goals
• Project results include deliverables, and PM results such as cost and schedule performance
• Identifies cause of poor process, or product quality and recommend and or take actions
• Terminology
• Prevention (keeping error out of process) and inspection (keeping error out of customer’s
hand)
• Attribute sampling (conforms or not conforms), variables sampling (degree of conformity)
• Tolerance, specified range of acceptable results) control limits (threshold indicating if the
process is out of control)
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Input
• Project Management Plan
• Quality Metrics
• Quality Checklists
• Work Performance Measurements
• Approved Change Requests
• Deliverables
• Organization Process Assets
Tools & Techniques
• Ishikawa's basic tools of quality
• Cause and Effect Diagrams
• Control Charts
• Flowcharting
• Histogram
• Pareto Chart
• Run Chart
• Scatter Diagram
• Statistical Sampling
• Inspection
• Approved Change Request Review
Output
• Quality Control Measurements
• Validated Changes
• Validated Deliverables
• Organizational Process Assets Update
• Change Requests
• Project Management Plan Updates
• Project Document Updates
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•
•
•
•

Project management plan
Quality metrics
Quality checklists
Work performance measurements
• Planned vs. Actual technical performance
• Planned vs. Actual schedule performance, and
• Planned vs. Actual cost performance
• Approved change requests
• Defect repairs, revised work methods, and revised schedule
• Should have been decided on when to apply
• Deliverables
• Organizational process assets
• Quality standards and policies
• Standard work guidelines, and
• Issue and defect reporting procedures and communication policies
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The Seven Basic Tools of Quality is a designation given to a fixed set of graphical
techniques identified as being most helpful in troubleshooting issues related to quality.
They are called basic because they are suitable for people with little formal training in
statistics and because they can be used to solve the vast majority of quality-related issues.
The seven tools are:
• Cause and Effect Diagrams (also known as the "fish-bone" or Ishikawa diagram)
• Control Charts
• Flowcharting
• Histogram
• Pareto Chart
• Run Chart
• Scatter Diagram
The designation arose in postwar Japan, inspired by the seven famous weapons of Benkei.
At that time, companies that had set about training their workforces in statistical quality
control found that the complexity of the subject intimidated the vast majority of their
workers and scaled back training to focus primarily on simpler methods which suffice for
most quality-related issues.
The Seven Basic Tools stand in contrast to more advanced statistical methods such as
survey sampling, acceptance sampling, statistical hypothesis testing, design of
experiments, multivariate analysis, and various methods developed in the field of
operations research.
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Cause and effect diagram (also called Fishbone diagram or Ishikawa diagram)
• Stimulate thinking and discussion, use template as a base
• 6 M's, 8 P's or 4 S's rule
• The 6M: Machine, Method, Materials, Measurement, Man and Mother Nature
(Environment) (recommended for manufacturing industry)
• The 8P: Price, Promotion, People, Processes, Place / Plant, Policies, Procedures &
Product (or Service) (recommended for administration and service industry)
• The 4S: Surroundings, Suppliers, Systems, Skills (recommended for service industry)
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Measure the results of processes over time and display the results in graph form.
They are a way to measure variances to determine whether process variances are in
control or out of control
They are based on sample variance measurements
They are used most often in manufacturing settings where repetitive activities are easily
monitored
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• Use to determine a failing process step(s) and potential process improvement
opportunities
• Identifies potential problem areas, such as bottlenecks, redundancies, single point of
failure
• Top-down, layout, workflow
• Show step-by-step events to reduce problem complexity
• Identify procedures and has little value added to the overall results
• Used in process improvement
• Used to help analyze the causes of problems
(Picture)
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In statistics, a histogram is a graphical representation showing a visual impression of the
distribution of data. It is an estimate of the probability distribution of a continuous
variable and was first introduced by Karl Pearson.[1] A histogram consists of tabular
frequencies, shown as adjacent rectangles, erected over discrete intervals (bins), with an
area equal to the frequency of the observations in the interval. The height of a rectangle
is also equal to the frequency density of the interval, i.e., the frequency divided by the
width of the interval. The total area of the histogram is equal to the number of data. A
histogram may also be normalized displaying relative frequencies. It then shows the
proportion of cases that fall into each of several categories, with the total area equaling 1.
The categories are usually specified as consecutive, non-overlapping intervals of a
variable. The categories (intervals) must be adjacent, and often are chosen to be of the
same size. The rectangles of a histogram are drawn so that they touch each other to
indicate that the original variable is continuous.
Histograms are used to plot density of data, and often for density estimation: estimating
the probability density function of the underlying variable. The total area of a histogram
used for probability density is always normalized to 1. If the length of the intervals on the
x-axis are all 1, then a histogram is identical to a relative frequency plot.
An alternative to the histogram is kernel density estimation, which uses a kernel to
smooth samples. This will construct a smooth probability density function, which will in
general more accurately reflect the underlying variable.
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Helps focus attention to the most critical issues.
Specific type of histogram ordered by frequency of occurrence (Rank ordered)
Prioritize potential causes of the problem (80/20 principle)
Separate the critical few to the uncertain many
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• A line graph showing data in order they occur
• To look at history and see a pattern of variation
• Based on historical results over time
• Shows trends in process over time, variation over time, declines or improvements
in a process over time
• Uses mathematical techniques to forecast future outcomes based on historical results
• Trend analysis is used to monitor:
• Technical performance
• Errors or defects identified, corrected, and remaining uncorrected
• Cost and schedule performance
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Statistical sampling is a way of identifying the quality of a service or product when it is impractical or too expensive to
examine each item. Effective sampling is based on statistical probability theory which identifies the probability of error
for a sample size. Using standard deviation and variance calculations, control charts can be constructed, which
accurately predict the likelihood of a sample being representative of a population or lot size.
To be accurate, the sample size must be "representative" and "valid." Representative means that enough good and bad
items must be included in the sample, so that it portrays the lot it is drawn from accurately. Validity is the measure,
whereby the method of testing and the attributes measured are a true indication of what needs to be measured.
Key issues for ensuring accuracy are the proper determination of the sample size and the rejection level acceptable
within the sample. Sampling methods include acceptance sample, attributes sampling, special attributes sampling, and
variable sampling.
Acceptance Sampling tests selected items against an agreed upon list of necessary criteria. The inspection can be
conducted in a variety of ways including electronic, stress testing, sample destruction, reaction testing, and temperature
testing.
After the acceptance sampling method has been chosen, Attributes Sampling defines what exactly will be measured
for quality control. This is often based upon past sample failure experience or customer feedback. The quality inspector
merely checks the individual sample against the quality criteria. The attribute is measured by a simple "yes" or "no"
that the item is acceptable. This method is often used in inspecting for size, color, finishing, marking, and packing.
Data is recorded on a simple checklist sheet.
Statisticians have various sampling methods that simplify the inspection process, reduce time and cost, yet still ensure
accuracy in the inspection process. These methods are referred to as Special Attributes Sampling and include
continuous sampling, chain sampling, and skip-lot sampling. With continuous sampling, inspection occurs throughout
production, like on an assembly line. This method is often used when storage facilities are inadequate or it is difficult to
accumulate large lots for inspection.
Variables Sampling collects data on possible variable items. When the error rate exceeds a combined level for several
of the variables, the lot is rejected. The sample is rated on a scale against such criteria as time, distance, weight,
strength, or purity. Instead of being tested as "acceptable" or "unacceptable," the sample is compared against historic
values to determine problems. Variable sampling is used when the quality characteristic is measurable or quantifiable.
Variables sampling allows a quality control team to accomplish more in its inspection and analysis process. Causal
links can be explored as well, helping to determine the root problem in a product, process, or sub-process.
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• Involves measuring, examining, and testing to determine whether results conform to
requirement
• Used to determine the level of performance vs. a predetermined standard
• Also referred to as reviews, peer reviews, audits and walk-through
• Performed at various points in the project, as determined in the quality management
plan
• Are only used to verify the performance of the quality control effort, and not to
guarantee quality or eliminate defects
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•
•
•

Michael Fagan noticed that no inspection of designs was routinely practiced during
software development in IBM during 1970s
He developed a set of procedures for inspection of software designs, source code,
test plans and test cases.
Fagan argued that software development should
•
Clearly define the programming process as a series of operations, each with its
own exit criteria.
•
Measure the completeness of the product at any point of its development by
inspections or tests.
•
Use measurements to control the process.

• Effectiveness of Fagan Inspection
• “Amplification and detection” – single defect in high level spec. may give rise to
many defects in detailed spec.
• Cost of defect detection – 6 to 8 times less than failure during test.
• Reduction in defect density – experiment show 38% few faults than informal walkthrough.
• Improve productivity – experiment show 23% increase due to reduction of rework
time.
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The Inspection Meeting
• 3-5 people only
• Lasts for two hours only
• The decision is based on standards which are specific to the organization.
• The moderator first outlines the material to be inspected and describes the intended
function of the corresponding part of the system.
• The reader then reads through all the material.
• The inspection is extremely thorough
• At the end of the meeting, the defect list is approved by all participants, and the
moderator decides whether or not a re-inspection will be necessary after the rework.
Exit Criteria
• To judge whether a given development phase is complete.
• It must be defined by individual organizations to meet the needs of their own
development environment.
• Some examples:
• I0: external specifications are completed
• I1: design specifications must be structured
• I2: module prologue up-to-date and complete
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Checklists
• Set of questions inspectors to ask themselves.
• Different set of checklists corresponding to different type of inspection &
programming language.
• Should be continually added to improve inspection experience.
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Inspection Database
• Record effort required for preparation, number of defect detected, size of material
inspected.
• Use to monitor and control development process, and improve the effectiveness of the
inspections.
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Use of Defect Type Distribution
• Inspection improvement (Can focus on prevalent defect)
• Programmer self-improvement
• Development process improvement (Guide management in providing training,
standard and procedures)
• Defect-prone modules are those in which a higher than average number of defects are
detected (or estimated to remain).
• It may due to badly written or more complex. Special attention should be paid on such
modules.
• Inspection data MUST NOT used to assess people. Punishment will delay
development process.
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• Quality Control Measurements - It is the data collected after performing quality
control over the product / service.
• Validated Changes - Any changed or repaired item inspected and approved/ rejected.
Rejection leads to reworking.
• Validated Deliverables are the products liable to be accepted.
• Organizational Process Assets Updates - Completed checklists and lessons learnt.
• Change Requests - Any change request required after performing quality control.
• Project Management Plan Updates
• Project Document Updates
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