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CHAPTER 1   

Concept of project quality 

Learning Objectives: 

 Gain a broad understanding of the key features of a project 

 Be able to define the term project 

 Appreciate the complexity of multimedia project development as opposed to 

mechanical projects 

 Understand the difficulties of defining quality in multimedia projects 

 Understand the role of cost, time and quality in multimedia projects 

1.1 Definitions of Quality and Grade 
 

Quality is a relative term, which means that something is of high or low quality compared to 

what it is required to be. According to the International Organization for Standardization 

(ISO), quality is ―the degree to which a set of inherent characteristics fulfill requirements. 

‖International Organization for Standardization, Quality Management Systems Fundamentals 

and Vocabulary, in Project Management Institute. The quality is determined by how well 

something meets the requirements of its grade. 

 

Determining how well products meet grade requirements is done by taking measurements and 

then interpreting those measurements. Statistics—the mathematical interpretation of 

numerical data—is useful when interpreting large numbers of measurements and is used to 

determine how well the product meets a specification when the same product is made 

repeatedly. Measurements made on samples of the product must be between control limits—

the upper and lower extremes of allowable variation—and it is up to management to design a 

process that will consistently produce products between those limits. 

 

If a process is designed to produce a product of a certain size or other measured 

characteristic, it is impossible to control all the small factors that can cause the product to 

differ slightly from the desired measurement. Some of these factors will produce products 

that have measurements that are larger than desired and some will have the opposite effect. If 

several random factors are affecting the process, they tend to offset each other most of the 

time, and the most common results are near the middle of the range. This idea is called the 

central limit theorem. 



 

If the range of possible measurement values is divided equally into subdivisions called bins, 

the measurements can be sorted, and the number of measurements that fall into each bin can 

be counted. The result is a frequency distribution that shows how many measurements fall 

into each bin. If the effects that are causing the differences are random and tend to offset each 

other, the frequency distribution is called a normal distribution, which resembles the shape of 

a bell with edges that flare out. The edges of a theoretical normal distribution curve get very 

close to zero but do not reach zero. 

 

If the measurements of product samples are distributed equally above and below the center of 

the distribution as they are in Figure 1.1 "Normal Distribution of Measurements of Gasoline 

Samples", the average of those measurements is also the center value that is called the mean 

and is represented in formulas by the lowercase Greek letter µ.  

 

 

 

The amount of difference of the measurements from the central value is called the sample 

standard deviation or just the standard deviation. The first step in calculating the standard 

deviation is subtracting each measurement from the central value and then squaring that 

difference. The next step is to sum these squared values and divide by the number of values 

minus one. The last step is to take the square root. The result can be thought of as an average 

difference. Mathematicians represent the standard deviation with the lowercase Greek letter σ 

(pronounced sigma). If all the elements of a group are measured, it is called the standard 

deviation of the population and the second step does not use a minus one. 

 



For normal distributions, about 68.3 percent of the measurements fall within one standard 

deviation on either side of the mean. This is a useful rule of thumb for analyzing some types 

of data. If the variation between measurements is caused by random factors that result in a 

normal distribution and someone tells you the mean and the standard deviation, you know 

that a little over two-thirds of the measurements are within a standard deviation on either side 

of the mean. Because of the shape of the curve, the number of measurements within two 

standard deviations is 95.4 percent, and the number of measurements within three standard 

deviations is 99.7 percent. For example, if someone said the average (mean) height for adult 

men in the United States is 5 feet 10 inches (70 inches) and the standard deviation is about 3 

inches, you would know that 68 percent of the men in the United States are between five feet 

seven inches (67 inches) and six feet one inch (73 inches) in height. You would also know 

that about 95 percent of the adult men in the United States were between five feet four inches 

and six feet four inches tall, and that almost all of them (99.7 percent) are between five feet 

one inches and six feet seven inches tall. These figures are referred to as the 68-95-99.7 rule. 

 

1.2 Features  
 

 Quality is the degree to which a product or service fulfills requirements and provides 

value for its price. 

 Statistics is the mathematical interpretation of numerical data, and several statistical 

terms are used in quality control. Control limits are the boundaries of acceptable 

variation. 

 If random factors cause variation, they will tend to cancel each other out—the central 

limit theorem. The central point in the distribution is the mean, which is represented 

by the Greek letter mu, µ. If you choose intervals called bins and count the number of 

samples that fall into each interval, the result is a frequency distribution. If you chart 

the distribution and the factors that cause variation are random, the frequency 

distribution is a normal distribution, which looks bell shaped. 

 The center of the normal distribution is called the mean, and the average variation is 

calculated in a special way that finds the average of the squares of the differences 

between samples and the mean and then takes the square root. This average difference 

is called the standard deviation, which is represented by the Greek letter sigma, σ. 

 About 68 percent of the samples are within one standard deviation, 95.4 percent are 

within two, and 99.7 percent are within three. 

 



1.3 Development of Quality as a Competitive Advantage 
 

Quality management is an approach to work that has become increasingly important as global 

cooperation and competition have increased. A review of the history of quality management 

explains why it is so important to companies and why clients often require projects to 

document their processes to satisfy quality standards. 

 

1.3.1 Statistical Control before World War II 

 

Prior to the late 1700s, products such as firearms and clocks were made as individual works 

where the parts were adjusted to each other so they could work together. If a part broke, a 

new one had to be made by hand to fit. In 1790 in France, Honoré Blanc demonstrated that he 

could make musket parts so nearly identical that a musket could be assembled from bins of 

parts chosen at random.Ken Alder, ―Innovation and Amnesia: Engineering Rationality and 

the Fate of Interchangeable Parts Manufacturing in France,‖ Technology and Culture. The 

practice of making parts to a high level of accuracy in their dimensions and finishes made the 

parts interchangeable. The use of interchangeable parts became the founding principle of 

assembly line manufacturing to produce all manner of goods from sewing machines to 

automobiles. The manufacturers of firearms and weapons were often the leaders in improving 

quality because reliable and safe operation of weapons and their rapid repair is a matter of life 

and death. 

 

1.3.2 Statistical Control in the United States during World War II 
 

During World War II, factories were converted from manufacturing consumer goods to 

weapons. War plants had to make large numbers of parts as fast as possible while doing it 

safely for the workers and for the service members who used them. Important improvements 

in quality control (QC)—the management of production standards through statistical 

interpretation of random product measurements, which emphasizes consistency and 

accuracy—were made during this period. Shewhart recognized that real processes seldom 

behaved like theoretical random distributions and tended to change with time. He separated 

causes of variation into two categories: chance cause and assignable cause. Chance causes 

could be ignored if they did not cause too much variation, and trying to eliminate them often 

made the problem worse, but assignable causes could be fixed. To help distinguish between 

variations caused by random events and trends that indicated assignable causes, Shewhart 



introduced the control chart, which is also known as a type of run chart because data are 

collected while the process is running. A control chart has time on the bottom axis and a plot 

of sample measurements. The mean, upper control limit, lower control limit, and warning 

lines that are two sigma from the mean are indicated by horizontal lines. 

 

In brief, they are as follows: 

 

 Create constancy of purpose toward improvement of product and service. 

 Adopt a new philosophy. We are in a new economic age. Western management must 

awaken to the challenge, learn their responsibilities, and take on leadership for a 

change. 

 Cease dependence on inspection to achieve quality. Eliminate the need for inspection 

on a mass basis by building quality into the product in the first place. 

 End the practice of awarding business on the basis of price tag. Instead, minimize 

cost. Move toward a single supplier for any one item, on a long-term relationship of 

loyalty and trust. 

 Improve constantly and forever the system of production and service to improve 

quality and productivity and thus constantly decrease costs. 

 Institute training on the job. 

 Institute leadership. The aim of supervision should be to help people and machines 

and gadgets to do a better job. Supervision of management is in need of overhaul, as 

well as supervision of production workers. 

 Drive out fear, so that everyone may work effectively for the company. 

 Break down barriers between departments. 

 Eliminate slogans, exhortations, and targets for the workforce asking for zero defects 

and new levels of productivity. 

 Eliminate work standards (quotas) on the factory floor. Substitute leadership. 

 Remove barriers that rob the hourly worker of his right to pride of workmanship. 

 Institute a vigorous program of education and self-improvement. 

 Put everybody in the company to work to accomplish the transformation. The 

transformation is everybody‘s job. 

 

1.3.3 Trade and International Standards 
 



Trade between countries increased as countries recovered from WWII and began producing 

consumer goods. In 1948, the General Agreement on Tariffs and Trade (GATT) established 

the rules for international trade in the postwar world. Through years of negotiations based on 

GATT, the World Trade Organization (WTO) was created in 1995. The WTO is a negotiating 

forum where governments can discuss ways to help trade flow as freely as possible.  

 

Increases in trade forced companies to improve the quality of their products to compete for 

clients and to exchange parts reliably between companies that used parts suppliers. To assist 

in developing standards for quality that would be the same between countries, an organization 

of 158 national standards groups formed the International Organization for Standardization 

(ISO), which is headquartered in Switzerland. For example, a company might require a parts 

supplier to meet certain ISO standards if it wants to bid on contracts. There are thousands of 

ISO standards, and they are grouped by their numbers.  

 

The ISO 9000 group of standards relate to quality: 

 

 ISO 9000. Fundamentals and vocabulary for this group of quality standards. 

 ISO 9001. Standards for evaluating the quality management processes in an 

organization. It has five parts: 

o Overall requirements for the quality management system and documentation 

o Management responsibility, focus, policy, planning and objectives 

o Resource management and allocation 

o Product realization and process management 

o Measurement, monitoring, analysis, and improvement 

 ISO 9004. Ways to extend benefits of ISO 9001 to employees, owners, suppliers, 

partners, and society in general. It is a guide for top management for overall quality 

improvement. 

 ISO 9011. Guidance for auditing a quality system. 

 

Recommended steps for implementing a quality management system (QMS) are as follows: 

 

 Fully engage top management. 

 Identify key processes and the interactions needed to meet quality objectives. 

 Implement and manage the QMS and its processes. 

 Build your ISO 9001-based QMS. 



 Implement the system, train company staff, and verify effective operation of your 

processes. 

 Manage your QMS—focus on client satisfaction, strive for continual improvement. 

 If necessary, seek third-party certification and registration of the QMS, or 

alternatively, issue a self-declaration of conformity. International Organization for 

Standardization, Quality Management Systems 

 

1.4 Relevance of Quality Programs to Project Quality 
 

1.4.1 Introduction 

 

Project quality refers to two distinct aspects of the project. Project quality can refer to the 

quality of the product or service delivered by the project. Does the end product meet client 

specifications? For example, does a software development project develop a program that 

performs to the client‘s requirements? A software program that performs the basic work 

functions but does not integrate with existing software would not be considered a quality 

product, as long as the client specified that the software must interface with existing software. 

 

Project quality can also refer to managing the project efficiently and effectively. Almost any 

client specification can be met if the project manager has unlimited time and resources. 

Recall that high quality means meeting the requirements for a particular grade while 

providing value. Meeting project deliverables within the time and resource constraints is also 

a measure of project quality. Developing a project execution plan that matches the 

complexity level of the project is the most critical aspect in developing a project plan that 

meets project specifications within the time frame and at the lowest costs. These two aspects 

of project quality have similarities and differences to quality as applied to parent 

organizations. 

 

1.4.2 Similarities 

 

All successful quality programs have (1) a requirement for commitment to quality by all the 

employees and their partners and (2) an emphasis on error prevention and client satisfaction. 

To comply with TQM, Six Sigma, ISO, or other quality standards required by the client or by 

the project management firm, the project manager must engage in quality programs and 

provide documents that specifically comply with the quality standards in use. For example, a 



project is typically required to follow the parent organization‘s work processes related to 

procurement and document management. Any project processes that interface with the 

organization‘s quality processes will be required to meet the quality standards of the 

organization. 

 

If a large project involves repetitive processes such as welding or pouring concrete, statistical 

processes control methods can be used to maintain the quality of the product. These processes 

control methods are similar to those used by process managers in the manufacturing 

environment. The intent is for the work of the project to meet design specifications. The 

welding tools and equipment must be sufficient to perform the welds established in the 

welding specifications, and the welds must be tested, usually by an independent tester, to 

assure the end product meets the design specifications. The civil engineers design a concrete 

pour to meet certain criteria that will support a structure. The criteria, detailed in the design 

specifications, provide the parameters that the construction crew must meet when pouring the 

concrete. On large projects, which sometimes have thousands of welds and hundreds of yards 

of concrete to pour, the use of quality control tools and methods are critical to meeting design 

specifications 

 

1.4.3 Differences 

 

Because projects are temporary, spotting trends in samples produced by repetitive processes 

is not as important as considering quality in the planning of the project. Instead, the project 

manager must be able to provide documentation that demonstrates that the correct processes 

are in place to prevent quality failures. 

 

The cost of quality (COQ) must be considered in the scope document and the project budget. 

If the group or company that is providing the project management is separate from the client, 

the project budget will bear the cost of prevention while the client will reap the rewards of 

avoiding the costs of failure. If senior management does not recognize the benefit to the 

organization of reducing cost of failure by spending more on prevention during the project, 

the project manager can be placed in the position of producing a product or service that he or 

she knows could be of higher quality. 

 

If the cost of quality is not specifically considered and approved by senior management in the 

scope of the project, quality might be sacrificed during the project to meet budget goals. 



 

Some separation of responsibility for quality is necessary. For example, if a project is 

undertaken to build a facility that makes something, it is important to distinguish between the 

quality of the work done by the project team and the quality of the items produced after the 

project is over. The client provides specifications for the facility that should result in 

production of quality products. It is the client‘s responsibility to provide appropriate project 

requirements that will result in a facility that can produce quality products. It is the project 

manager‘s responsibility to meet the project requirements. The project manager must focus 

on meeting requirements for project activities, but as part of the quality team, opportunities to 

improve the quality of the final product should be discussed with the client. If the final 

products fail to meet quality standards, someone will be blamed for the failure. It could be the 

project manager, even if he or she met all the requirements of the project specified by the 

client. 

 

1.5 Planning and Controlling Project Quality 
 

High quality is achieved by planning for it rather than by reacting to problems after they are 

identified. Standards are chosen and processes are put in place to achieve those standards. 

 

During the execution phase of the project, services and products are sampled and measured to 

determine if the quality is within control limits for the requirements and to analyze causes for 

variations. This evaluation is often done by a separate quality control group, and knowledge 

of a few process measurement terms is necessary to understand their reports. Several of these 

terms are similar, and it is valuable to know the distinction between them. 

 

The quality plan specifies the control limits of the product or process; the size of the range 

between those limits is the tolerance. Tolerances are often written as the mean value, plus or 

minus the tolerance. 

 

Tools are selected that can measure the samples closely enough to determine if the 

measurements are within control limits and if they are showing a trend. Each measurement 

tool has its own tolerances. For example, if a machine is making rods whose diameters should 

be 10 mm ± 0.01 mm, you need a measuring device that can accommodate a rod that is 10 

mm wide but can measure that width to a much smaller tolerance than 0.01 mm, such as 

0.001 mm. 



 

The choice of tolerance directly affects the cost of quality (COQ). In general, it costs more to 

produce and measure products that have small tolerances. The costs associated with making 

products with small tolerances for variation can be very high and not proportional to the 

gains. For example, it might double the manufacturing cost to improve a process from a 4 σ 

to a 5 σ (lower tolerances from 25 percent of control limits to 20 percent), which might only 

reduce the number of parts that are out of control from 4 per 100,000 to 6 per 10 million. 

 

1.5.1 Client Expectations 
 

Clients provide specifications for the project that must be met for the project to be successful. 

Meeting project specifications is one definition of a project success. Clients often have 

expectations that are more difficult to capture in a written specification. For example, one 

client will want to be invited to every meeting of the project and will then select the ones that 

seem most relevant. Another client will want to only be invited to project meetings that need 

client input. Inviting this client to every meeting will cause unnecessary frustration. Listening 

to the client and developing an understanding of the expectations that are not easily captured 

in specifications is important to meeting the client‘s expectations. 

 

Project surveys that capture how the client perceives the project performance provide the 

project team with data that is useful in meeting client expectation. If the results of the surveys 

indicate that the client is not pleased with some aspect of the project, the project team has the 

opportunity to explore the reasons for this perception with the client and develop recovery 

plans. The survey can also help define what is going well and what needs improved. 

 

1.5.1.1 Sources of Planning Information 

 

Planning for quality is part of the initial planning process. The early scope, budget, and 

schedule estimates are used to identify processes, services, or products where the expected 

grade and quality should be specified. Risk analysis is used to determine which of the risks 

the project faces could affect quality. 

 

1.5.1.2 Techniques 

 



Several different tools and techniques are available for planning and controlling the quality of 

a project. The extent to which these tools are used is determined by the project complexity 

and the quality management program in use by the client. 

 

1.5.1.3 Quality Management Methodology 

 

The quality management methodology required by the client is used. The project manager 

must provide the documentation the client needs to prove compliance with their 

methodology. There are several different quality management methodologies, but they 

usually have characteristics that are similar to the ones described previously in the text. 

 

1.5.1.4 Flowcharting 

 

Many processes are more complicated than a simple sequence of related events that include 

several different paths. A flowchart uses standard symbols to diagram a process that has 

branches or loops. Diamonds indicate decisions, and arrows indicate the direction of the flow 

of the process, as shown in Figure 1.2 "Flowchart of a Quality Control Process". 

 



 
 

The process used to plan and assess quality can be described using flowcharts. They are 

useful for communicating processes that have logical branches that can be determined by 

simple yes or no questions. Flowcharting is also useful for discovering misunderstanding in 

project roles and responsibilities and communicating responsibility for work processes. 

 

1.5.1.5 Benchmarking 

 

When products like shoes were made by hand, artisans would seek some degree of 

standardization by marking standard lengths for different parts of the product on their 

workbench. In modern management practice, if a particular method or product is a standard 

of quality, comparing your organization‘s quality plan to it is called benchmarking. If a 

product or service is similar to something that is done in another industry or by a competitor, 



the project planners can look at the best practices that are used by others and use them as a 

comparison. 

 

1.5.1.6 Cost-to-Benefit Analysis 

 

Because the cost of prevention is more often part of the project budget, the case must be 

made for increasing the project budget to raise quality. Some quality management programs, 

like Six Sigma, require that expenditures for quality are justified using a cost-to-benefit 

analysis that is similar to calculating the cost of quality, except that it is a ratio of cost of 

increasing quality to the resulting benefit. A cost-benefit analysis in some quality programs 

can take into account nonfinancial factors such as client loyalty and improvements to 

corporate image and the cost-to-benefit analysis takes the form of a written analysis rather 

than a simple numeric ratio. It is similar to determining the cost of quality (COQ). 

 

1.5.1.7 Design of Experiments 

 

Measuring for quality of manufactured products or use of repetitive processes requires taking 

samples. Specialists in quality control design a test regimen that complies with statistical 

requirements to be sure that enough samples are taken to be reasonably confident that the 

analysis is reliable. In project management, the testing experiments are designed as part of the 

planning phase and then used to collect data during the execution phase. 

 

1.5.1.8 Control Charts 

 

If some of the functions of a project are repetitive, statistical process controls can be used to 

identify trends and keep the processes within control limits. Part of the planning for 

controlling the quality of repetitive processes is to determine what the control limits are and 

how the process will be sampled. 

 

1.5.1.9 Cause and Effect Diagrams 

 

When control charts indicate an assignable cause for a variation, it is not always easy to 

identify the cause of a problem. Discussions that are intended to discover the cause can be 

facilitated using a cause-and-effect or fishbone diagram where participants are encouraged to 

identify possible causes of a defect. 



 

1.5.1.10 Planning and Control Results 

 

The quality plan is produced during the initiation phase. The methods, procedures, and logic 

are described to demonstrate a commitment to a project of high quality. The plan identifies 

the products or services that will be measured and how they will be measured and compared 

to benchmarks. A flowchart demonstrates the logic and pathways to improve the plan. 

 

During the execution phase, data are collected by measuring samples according to the design 

specified in the plan. The data are charted and analyzed. If variations are due to assignable 

causes, change requests are created. 

 

1.6 Assuring Quality 
 

The purpose of quality assurance is to create confidence that the quality plan and controls are 

working properly. To assure quality, time must be allocated to review the original quality 

plan and compare that plan to how quality is being created during the execution of the 

project. 

 

1.6.1 Process Analysis 
 

The flowcharts of quality processes are compared to the processes followed during actual 

operations. If the plan was not followed, the process is analyzed and corrective action taken. 

The corrective action could be to educate the people involved on how to follow the quality 

plan or to revise the plan. 

 

The experiments that sample products and processes and collect data are examined to see if 

they are following statistically valid sampling techniques and that the measurement methods 

have small enough tolerances to detect variation within control limits. 

 

Because projects are temporary, there are fewer opportunities to learn and improve within 

one project if it has a short duration, but even in short projects, the quality manager should 

have a way to learn from experience and change the process for the next project of a similar 

complexity profile. 

 



1.6.2 Quality Audit 
 

For additional confidence and assurance, an outside group can come in and review the quality 

procedures and accuracy of the data. This process is similar to a financial audit and is called a 

quality audit. The purpose of a quality audit is to compare the stated quality goals of the 

project against the actual practice and procedures that are used. It is not a certification of the 

quality of the products themselves. 

 

Review Questions 

1. Describe the difference between chance cause and assignable cause. How do these 

terms relate to Deming‘s system of profound knowledge?  

2. How is a quality audit different from a quality plan?  

3. According to the text, why did the quality of manufactured goods decline in the 

United States after World War II, and how did Japan take advantage of that situation?  

4. What are the roles involved in maintaining Quality of Project? 

Discussion Questions 

Consider a product that has suffered from a failure in its quality. Describe how the 

company handled the problem and its effect on your personal perception of the 

company and your confidence in buying its products. 

 

Application Exercises 

1. Describe a project activity where the cost of prevention might be much higher than 

the cost of failure and unlikely enough to accept the risk of its failure rather than pay 

the cost of prevention. Similarly, describe a project activity where the cost of 

prevention is smaller than the cost of failure? 

2. Consider a project you have been involved in, in which the cost of prevention would 

be part of the project budget but the cost of failure would be incurred after the project 

was completed. Describe why you think top management would have to be involved 

to make the best decision for the company. 

3. Consider a project in which you have been involved where there was a quality 

management plan or where such a plan was missing. Describe the effect of having or 

not having such a plan. 



CHAPTER 2 

Responsibility for quality in projects 
 

Learning Objectives 

 To explain about Project Quality Management. 

 To analyse about Quality Planning of Project. 

 To recognise the role of Quality Coordinator. 

 To explain the processes involved in Quality. 

 To identify the roles governing the quality. 

2.1 Introduction 
 

Project Quality Management includes 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 responsibilities and 

implements them by means such as quality planning, quality control, quality assurance, and 

quality improvement, within the quality system‖ 

 

The quality management provides an overview of major project quality management 

processes: 

 

2.1.1 Quality Planning 
 

Identifying which quality standards are relevant to the project and determining how to satisfy 

them. 

 

2.1.2 Quality Assurance 
 

Evaluating overall project performance on a regular basis to provide confidence that the 

project will satisfy the relevant quality standards. 

 

2.1.3 Quality Control 
 



Monitoring specific project results to determine if they comply with relevant quality 

standards and identifying ways to eliminate causes of unsatisfactory performance. These 

processes interact with each other and with the processes in the other knowledge areas as 

well. Each process may involve effort from one or more individuals or groups of individuals 

based on the needs of the project. Each process generally occurs at least once in every project 

phase. Although the processes are presented here as discrete elements with well-defined 

interfaces, in practice they may overlap and interact in ways not detailed here.  

 

The basic approach to quality management described in this section is intended to be 

compatible with that of the International Organization for Standardization (ISO) as detailed in 

the ISO 9000 and 10000 series of standards and guidelines. This generalized approach should 

also be compatible with  

a) proprietary approaches to quality management such as those recommended by 

Deming, Juran, Crosby, and others 

b) non-proprietary approaches such as Total Quality Management (TQM), Continuous 

Improvement, and others. 

 

Project quality management must address both the management of the project and the product 

of the project. Failure to meet quality requirements in either dimension can have serious 

negative consequences for any or the entire project stakeholder. Quality is ―the totality of 

characteristics of an entity that bear on its ability to satisfy stated or implied needs‖. A critical 

aspect of quality management in the project context is the necessity to turn implied needs into 

stated needs through project scope management. 

 

The project management team must be careful not to confuse quality with grade. Grade is ―a 

category or rank given to entities having the same functional use but different requirements 

for quality‖. Low quality is always a problem; low grade may not be. For example, a software 

product may be of high quality (no obvious bugs, readable manual) and low grade (a limited 

number of features), or of low quality (many bugs, poorly organized user documentation) and 

high grade (numerous features). Determining and delivering the required levels of both 

quality and grade are the responsibilities of the project manager and the project management 

team. The project management team should also be aware that modern quality management 

complements modern project management. For example, both disciplines recognize the 

importance of: 



 Customer satisfaction—understanding, managing, and influencing needs so that 

customer expectations are met or exceeded. This requires a combination of 

conformance to specifications and fitness for use. 

 Prevention over inspection—the cost of avoiding mistakes is always much less than 

the cost of correcting them. 

 Management responsibility—success requires the participation of all members of the 

team, but it remains the responsibility of management to provide the resources needed 

to succeed. 

 Processes within phases—the repeated plan-do-check-act cycle described by Deming 

and others is highly similar to the combination of phases and processes. 

 

In addition, quality improvement initiatives undertaken by the performing organization (e.g., 

TQM, Continuous Improvement, and others) can improve the quality of the project 

management as well as the quality of the project product. However, there is an important 

difference that the project management team must be acutely aware of the temporary nature 

of the project means that investments in product quality improvement, especially defect 

prevention and appraisal, must often be borne by the performing organization since the 

project may not last long enough to reap the rewards. 

 

2.2 Quality Assurance 
  

A may be performed by a QA contractor or by qualified State staff. The QA contractor must 

not be the same as the project management contractor just as State QA staff should be 

independent from the project management or development staff. Implementation QA includes 

independent monitoring of project status indicators, such as schedules, accomplishments, 

deliverables, and costs. Implementation QA also incorporates formal reviews of development 

and implementation activities. These reviews are critical to the oversight of development 

projects.  

 

Among the FNS expectations for the development of State automation projects is that a State 

establish a s as a condition of project approval. Contract monitoring and formulae are specific 

aspects of overall project monitoring. The results of Status. planning and monitoring process 

acceptance of contracted service agency monitoring are reported either in the APDU or at 

critical junctures in project development. FNS may require specific State monitoring 



activities to ensure appropriate project oversight and may participants State agency 

monitoring activities or conduct additional review activities at its discretion. 

 

The quality circles approach allowed a gain in quality improvement ideas from the people 

actually involved in the production process. Deming's next step was to build mechanisms 

allowing this information to be most effectively communicated to the company decision- 

makers and to make this process continuous. In Japan, it soon became such a powerful tool 

that it helped increase productivity in Japanese companies by 10 percent and played an 

important role in the later ability of Japanese companies to conquer a significant share of 

American markets. Unfortunately, when Deming came back to the United States and tried to 

publish his findings and implement them at American enterprises, he was not heard . 

American enterprises at that time thought the very idea of changing something in the way 

they operated and, moreover, using the experience of Japanese companies was completely 

ridiculous. Only twenty years later, after losing a large share of its markets, American 

business rediscovered the idea of TQM. It became an extremely popular concept after it 

proved to be one of the major causes for the "Japanese economic miracle ". Since then, it has 

been considered one of the most cost-efficient ways of improving the quality of processes in 

the organization. However, as in many other good management practices, its usefulness has 

been largely unappreciated by many cases of misapplication when tried in Western 

companies. 

 

Later on, some of the Western and Japanese managers understood that the approach of TQM 

can be applied to all the processes of the organization, not only the quality processes. This is 

largely how the concept of CPI, or continuous process improvement, was developed. This 

concept has now become a basic idea underlying most modern standards and thus illustrates 

the parallels in the development of various streams of management thought. 

 

This last statement is important. As has been mentioned previously, the ideas of TQM had 

been largely misapplied and misused around the world. However, very few ideas developed 

by humanity are truly new, and the area of management is no exception. It does not really 

make much difference if we call this approach TQM, a concept of continuous improvements, 

or modern quality management practices. The major principle is what stays unchanged, and 

with that we continue by describing these principles as best we can. 

 



As described, the Total Quality Management to Work, TQM is a relatively established entity 

with accepted components of teamwork, systems thinking, and statistical tools being applied 

to the areas of "customer, counting, and culture". Major principles of TQM are: 

 

 Maintain constancy of purpose. 

 

 Adopt a new philosophy. 

 

 Eliminate need for inspection. 

 

 Consider only total cost, not price. 

 

 Improve constantly. 

 

 Initiate on-the-job training. 

 

 Initiate leadership. 

 

 Drive out fear. 

 

 Break down barriers. 

 

 Eliminate slogans, targets, and the like. 

 

 Eliminate management by standards and quotas. 

 

 Remove barriers to pride of workmanship. 

 

 Institute education and self-improvement. 

 

 Get everyone involved. 

 

A strong orientation toward getting all the participants of the process involved in 

implementation makes this approach similar to the modern project management approach of 

basing project efficiency on team members ' high level of involvement and responsibility in 



project activities. Modern quality management practices generally require the implementation 

of the whole new concept of personnel management, "human resource development", or even 

the latest concepts representing some of the Japanese human resource ideas as applied to 

Western ground, "human being management". Briefly, all of these modern concepts suggest a 

high level of people's responsibility and involvement. This in turn develops a feeling of 

ownership within the company as well as a global company philosophy. The result of this 

type of thinking is enriched job assignments introducing elements of creativity and 

challenging tasks to be fulfilled.  

 

The other important component of modern quality management is its orientation to the client 

or customer, the ultimate user of the product or service produced by the project. In the 

context of the customer, we are interested in a product or service from the point of view of its 

"fitness for use" the guarantee that the customer receives the goods or services that justify 

what was paid for them—and customer satisfaction the customer's feeling after receiving the 

product or service. 

 

Another important feature of modern quality management is that it considers small 

incremental improvements as the best approach to improving quality. The TQM approach has 

a number of formalized practices for introducing step-by-step, small change processes in the 

normal operational cycle of the organization. Moreover, there are special systems set up that 

allow all the participants in any process to suggest their changes for improving the quality of 

processes and products. In the case of projects, these people are the project team members. 

 

The quality circle is Deming's idea that people having a low position in the organization, the 

actual producers of the product, be involved in the decision-making process, introducing 

small changes to the production cycle. The idea was to allow special time during the working 

day for these people to get together and talk about possible quality improvements. In order to 

make it more efficient, each quality circle had a person from middle management assigned to 

it whose responsibilities included providing overall methodological support to these people as 

well as making sure that their ideas reaches the organization's decision makers. For 

introducing small incremental improvements to the processes, Deming suggests a so-called 

PDCA, or Plan-Do-Check-Act cycle. 

 

In the planning phase, Deming suggests that you select the problem, describe it and the 

process and all potential causes for the problem, and then develop a solution. In the do phase, 



you put a solution into a process—in other words, you carry out a pilot process with the 

solution implemented. In the check phase, you see how the solution worked and, if it did, you 

act, moving on to operate this process with the solution. The steps of Deming's cycle 

correspond very well to what is later suggested as the four steps for process improvement in 

CPI, as shown in Figure 2.1. 

 

Fig 2.1 

2.3 Scope 
 

Quality is ―the degree to which a set of inherent characteristics fulfill requirements‖. Stated 

and implied needs are the inputs to developing project requirements. A critical element of 

quality management in the project context is to turn stakeholder needs, wants, and 

expectations into requirements through Stakeholder Analysis, performed during Project 

Scope Management. 

  

Quality and grade are not the same. Grade is a category assigned to products or services 

having the same functional use but different technical characteristics. Low quality is always a 

problem; low grade may not be. For example, a software product can be of high quality (no 

obvious defects, readable manual) and low grade (a limited number of features), or of low 

quality (many defects, poorly organized user documentation) and high grade (numerous 

features). The project manager and the project management team are responsible for 

determining and delivering the required levels of both quality and grade. 

  

Precision and accuracy are not equivalent. Precision is consistency that the value of repeated 

measurements are clustered and have little scatter. Accuracy is correctness that the measured 

value is very close to the true value. Precise measurements are not necessarily accurate. A 



very accurate measurement is not necessarily precise. The project management team must 

determine how much accuracy/precision or both are required. 

  

2.3.1 Customer satisfaction:  
 

Understanding, evaluating, defining, and managing expectations so that customer 

requirements are met. This requires a combination of conformance to requirements (the 

project must produce what it said it would produce) and fitness for use (the product or service 

must satisfy real needs). 

 

 Prevention over inspection: The cost of preventing mistakes is generally a lot less 

than the cost of correcting them, as revealed by inspection. It is said that the cost of a 

bug rises exponentially as the project reaches completion. Think of how much more a 

problem costs if it reaches the field and a new release has to be manufactured to fix it. 

This not only costs in the obvious dollars but also in the reputation of the firm 

delivering the product, especially in shops that run 24*7. 

 Management responsibility: Success requires the participation of all members of the 

team, but it remains the responsibility of management to provide the resources needed 

to succeed. 

 Continuous improvement: The plan-do-check-act cycle is the basis for quality 

improvement. In addition, quality improvement initiatives undertaken by the 

performing organization, such as TQM and Six Sigma, can improve the quality of the 

project‘s management as well as the quality of the project‘s product. Process 

improvement models include Malcolm Baldrige, CMM, and CMMISM. The cost of 

quality refers to the total cost of all efforts related to quality. Project decisions can 

impact operational costs of quality as a result of product returns, warranty claims, and 

recall campaigns. However, the temporary nature of the project means that 

investments in product quality improvement, especially defect prevention and 

appraisal, can often be borne by the acquiring organization, rather than the project, 

since the project may not last long enough to reap the rewards. 

 

2.3.2 Cost-Benefit Analysis:  

 

Quality planning must consider cost-benefits tradeoffs. The primary benefit of meeting 

quality requirements is less rework, which means higher productivity, lower costs, and 



increased stakeholder satisfaction. The primary cost of meeting quality requirements is the 

expense associated with Project Quality Management activities. 

 

2.3.3 Benchmarking: 

 

Benchmarking involves comparing actual or planned project practices to those of other 

projects to generate ideas for improvement and to provide a basis by which to measure 

performance. These other projects can be within the performing organization or outside of it, 

and can be within the same or in another application area. 

 

2.3.1.1 Design of Experiments: 

Design of experiments (DOE) is a statistical method that helps identify which factors may 

influence specific variables of a product or process under development or in production. It 

also plays a role in the optimization of products or processes. Think of the scientific method. 

 

An example is where an organization can use DOE to reduce the sensitivity of product 

performance to sources of variations caused by environmental or manufacturing differences. 

The most important aspect of this technique is that it provides a statistical framework for 

systematically changing all of the important factors, instead of changing the factors one at a 

time. The analysis of the experimental data should provide the optimal conditions for the 

product or process, highlighting the factors that influence the results, and revealing the 

presence of interactions and synergisms among the factors. For example, automotive 

designers use this technique to determine which combination of suspension and tires will 

produce the most desirable results in the time given. 

 

2.3.4 Cost of Quality (COQ): 
 

Quality costs are the total costs incurred by investment in preventing nonconformance to 

requirements, appraising the product or service for conformance to requirements, and failing 

to meet requirements (rework). Failure costs are often categorized into internal and external. 

Failure costs are also called cost of poor quality. 

 

2.3.5 Additional Quality Planning Tools 
 



Other quality planning tools are also often used to help better define the situation and help 

plan effective quality management activities. These include brainstorming, affinity diagrams, 

force field analysis, nominal group techniques, matrix diagrams, flowcharts, and 

prioritization matrices. 

 

2.4 Value & Responsibility 

 

Quite simply, quality adds value by improving your end result. Implementing the practice of 

quality assurance in all phases of the project lifecycle and with all members of the project 

team is how to get it. 

Every resource has the potential to add quality while working within their respective roles on 

the project. Everyone inherits this responsibility as part of the project team. Even with a 

resource filling the role of tester, it does not let others off the hook for maintaining quality 

while working on the project. 

In much the same way a player on a sports team contributes to its overall success, each 

member of a project team is able to provide the same contribution to quality within a project. 

Working together as a team towards improving quality produces better results. Whether your 

business sponsor steps forward to clarify vagueness in a requirement, your project manager 

catches an error in estimates, or your developer corrects a defect prior to system testing, each 

person has contributed to improving the quality of the final result. 

As a matter of fact, errors corrected earlier in the project lifecycle, whether they be in 

planning or defects in actual code, result in less overall expense to the project as a whole 

since they were not carried downstream. The further downstream errors and defects go, the 

more costly they become to correct in hours burned, resource engagement and budget 

consumption. 

In the case of a production defect, while you can go back and correct one that‘s been exposed 

to your users after release, you may have a hard time, or possibly never, overcome negative 

perceptions and opinions formed as the end user encountered the issue. The risk and potential 

impact to your business is significantly reduced by having quality assurance processes in 

place to minimize this situation from occurring to begin with. 



Dedication to quality assurance will involve commitments to time, budget and resources 

around quality tools and practices used in the project. Include expenses for resource(s) to fill 

the role of tester in your project budget. Plan time for unit, integration, system, regression and 

user acceptance testing, both manually and automated if possible, prior to release. Provide the 

needed tools and environments for testing resources to verify and validate project 

requirements. And finally, use a system to log defects and track tasks for the project as a way 

to manage work and minimize risk prior to release. 

Once you have the people and tools in place, commit to following through on addressing 

issues that impact quality. If you are doing the work to identify these issues in your product 

or processes, you must also follow through with getting the effort required to correct them 

into your project workflow to realize the value of your investment in quality. 

2.4.1 Misconceptions surrounding quality, quality assurance and testing 
 

Misconceptions about quality, quality assurance and testing can easily work their way into 

technical groups and project teams. Be aware of the differences in some of these common 

misconceptions surrounding quality to keep your team and project focused on delivering high 

quality results. 

2.4.1.1 Quality, quality assurance, and testing are all the same thing. 

 
While they are all related to one another, they are different. Quality is the goal, quality 

assurance is the process, and testing is one of the primary tools used within quality assurance 

to increase quality. It‘s easy to lump them all together as one, and place that responsibility on 

one person only. By doing so, you narrow the potential for improving quality by limiting 

resources who can otherwise have a positive impact on your end result. 

2.4.1.2 Quality assurance guarantees perfect results. 

 

While quality assurance processes can greatly improve the overall end result of a project, it is 

not a system designed to create perfection. When instituting a culture of quality amongst your 

project team, it is important to note that while perfection itself may be unattainable, it is not 

an excuse to disregard processes intended to improve quality. Higher quality typically results 

in higher end user satisfaction with a product. 



2.4.1.3 Focused on quality 
 

Even with everyone focused on quality, the role of a tester in software development is still 

one which we highly recommend be included in your project team. Acute testers have the 

ability to not only put themselves in the shoes of the end user, but also provide valuable 

details on where defects are happening and how to recreate them. This is the key to turning 

reported defects into implemented fixes quickly and accurately. Developers are often too 

familiar with the code to see some issues while end users are often not familiar enough to 

know if something is working as designed. Having the tester in the middle helps bridge the 

gap, and will help bring a higher level of confidence to your deliverables. 

2.4.1.4 Quicker Working 

 

Unit testing by developers is one of the easiest ways quality can add value to a project. When 

a developer finds an issue as a result of testing done as they develop, they have the ability to 

implement a fix much quicker than at any other time in the project. This conserves time, 

resources, budget and potential impact on other areas of code once integrated. Testing 

resources will once again verify this code as part of the whole, either directly or indirectly, 

during system and integration testing downstream. Unit testing will not uncover all defects in 

software, which is why system and regression testing is necessary as well. Unit, system and 

regression tests are intended to complement each other. Quality will suffer and project 

resources will be wasted unnecessarily if any one type of testing is used as a replacement for 

another. 

2.5 Quality organisation 

The quality coordinator (QCO) is responsible for monitoring the implementation of quality 

management throughout the project and supporting all levels of project management. The 

QCO reviews formal project deliverables and monitors project activities for compliance with 

EPISODE3 policies, and with methods, processes and associated standards and procedures.  

The QCO coordinates ongoing support activities with the work package leaders, but reports 

administratively to the project coordinator. 

Issues identified by the QCO that cannot be solved by the work packages are escalated to the 

PCO and the PMB. This relationship is depicted in the figure 2.2: 



 

2.5.1 Quality RACI matrix 

The major quality assurance (QA) and quality control (QC) activities are described in the 

following table. It is to be noticed that these responsibilities could be taylored regarding the 

nature of the deliverable. 

Activities QCO PCO PMB 
WP 

leader 

Task 

leader 

Perform intermediate reviews 

(do we work as planned?) 
C I I A R 

Perform technical review of 

documents (do the results are 

compliant with the 

expectations?) 

C I I A R 

Perform quality reviews of 

documents 
R I I A C 

Document quality problems or 

symptoms 
R A I C C 

Identify root causes of 

problems, not symptoms 
R A I C C 



Identify alternative solutions 

to problems and impacts of 

each solution to the project 

C I I A R 

Select the best alternative C I I A R 

Create and implement an 

action plan 
C I I A R 

Validate that quality has 

improved as expected 
R A I C I 

Log, track, and monitor 

problems to bring them to 

resolution 

R A I C I 

Report quality problems in 

project status report 
C R A C I 

Update the Quality 

Management Plan 
R A I C I 

Evaluate processes R A I C I 

Promote processes and quality 

activities 
R A I C I 

Verify processes R A I C I 

  

―R‖ means Responsible, person who does the work 

―A‖ means Accountable, the person who approves the work 

―C‖ means Consulted, the person who can give his/her opinion before the approval 

―I‖ means Informed, the person who access to the results after the approval. 

2.5.2 Support from the Quality Coordinator 



The quality coordinator provides support on questions of quality and participates in approval 

and acceptance activities. He or its representative could monitor the quality of the different 

deliverables. This activity includes 

 participation in reviews and inspections of all relevant deliverables to be produced by 

the EPISODE3 projects. It is the quality coordinator's duty to bring the 

EPISODE3 Project coordinator and all the project management board's attention to 

any problems related to quality and to advise them on possible solutions to problems 

as they occur. 

 participation at the Work packages' progress meetings 

 participation at the Project Management Board 

 participation at the cell meetings 

 

Review Questions 

1. Who is responsible for the quality management? At which level of the project?  

2. How is quality control of a project different from quality control of a manufacturing 

process??  

3. Explain the role of Quality Coordinator in maintaining the quality of the project?  

4. What are the specific roles of Quality Manager in designing a Quality Project?  

Discussion Questions 
Consider a project you have been involved in, in which the cost of prevention would be part of the 

project budget but the cost of failure would be incurred after the project was completed. Describe why 

you think top management would have to be involved to make the best decision for the company. 

 

Application Exercises 

1. Describe a project activity where the cost of prevention might be much higher than 

the cost of failure and unlikely enough to accept the risk of its failure rather than pay 

the cost of prevention. Similarly, describe a project activity where the cost of 

prevention is smaller than the cost of failure? 

2. Consider a project you have been involved in, in which the cost of prevention would 

be part of the project budget but the cost of failure would be incurred after the project 

was completed. Describe why you think top management would have to be involved 

to make the best decision for the company. 



CHAPTER 3  

 Quality management at different stages of project 
 

Learning Objectives 

 To explain about Quality Management. 

 To analyse processes of Quality Management. 

 To recognise the analysis of Project Management. 

 To explain the knowledge areas of Project Management. 

 To identify Critical Chain Project Management. 

3.1 Process 
 

As a discipline, Project Management developed from different fields of application including 

construction, engineering and defense. In the United States, the forefather of project 

management is Henry Gantt, called the father of planning and control techniques, who is 

famously known for his use of the Gantt chart as a project management tool, for being an 

associate of Frederick Winslow Taylor's theories of scientific management, and for his study 

of the work and management of Navy ship building. His work is the forerunner to many 

modern project management tools including the work breakdown structure (WBS) and 

resource allocations. 

  

The 1950s marked the beginning of the modern Project Management era. Again, in the 

United States, prior to the 1950s, projects were managed on an ad hoc basis using mostly 

Gantt Charts, and informal techniques and tools. At that time, two mathematical project 

scheduling models were developed:  

 

1. the "Program Evaluation and Review Technique" or PERT, developed by Booz-Allen 

& Hamilton as part of the United States Navy's Polaris missile submarine program;  

2. the "Critical Path Method" (CPM) developed in a joint venture by both DuPont 

Corporation and Remington Rand Corporation for managing plant maintenance 

projects. These mathematical techniques quickly spread into many private enterprises. 

  

At the same time, technology for project cost estimating, cost management, and engineering 

economics was evolving, with pioneering work by Hans Lang and others. In 1956, the 



American Association of Cost Engineers was formed by early practitioners of project 

management and the associated specialties of planning and scheduling, cost estimating, and 

cost/schedule control. AACE has continued its pioneering work and in 2006 released the first 

ever integrated process for portfolio, program and project management. 

The Project Management Institute was formed to serve the interests of the project 

management industry. The premise of PMI is that the tools and techniques of project 

management are common even among the widespread application of projects from the 

software industry to the construction industry. In 1981, the PMI Board of Directors 

authorized the development of what has become A Guide to the Project Management Body of 

Knowledge, containing the standards and guidelines of practice that are widely used 

throughout the profession. The International Project Management Association (IPMA), 

founded in Europe in 1967, has undergone a similar development and instituted the IPMA 

Competence Baseline (ICB). The focus of the ICB also begins with knowledge as a 

foundation, and adds considerations about relevant experience, interpersonal skills, and 

competence. Both organizations are now participating in the development of an ISO project 

management standard. Typically, a project management process follows a flow similar to the 

―Plan-Do-Check-Act‖ cycle, defined by Shewhart and modified by Deming. Simply, the 

phases or steps of the PDCA cycle are linked together by results – the result of one step 

becomes the input to another. 

A successful project management process must address the various phases of the project 

lifecycle. In some cases the work phases are arbitrary, based on organizational project 

practices. In all cases, the phases are well defined and the transition from one work phase to 

another typically involves the transfer of some sort of deliverable. 

Alignment between project management processes and the project lifecycle is driven by 

project work, deliverables, and milestones. Although project lifecycle phases appear to be 

sequential, involving the exchange and approval of deliverables, the vast majority of all 

projects are actually highly iterative. Work phases of a project are defined by specific 

schedule milestones and deliverables, or Work Product. 

Project management steps or phases of the project lifecycle are similar to those of most 

project management processes. 

 The project management process defines the following 

1. what work needs to be accomplished in each project phase 



2. Who performs the work in each project phase 

3. When the deliverables are produced and delivered in each project phase 

4. Who is responsible for review and approval of each deliverable 

5. How the delivery, review and approval of each deliverable, as well as the 

work of each project phase, is monitored and controlled 

 The criteria which determines the conclusion of the project phase and the initiation of 

the next phase 

6. What is the deliverable acceptance criteria 

7. Which group is responsible for the deliverable requirements, review, and 

acceptance 

Typically, the project management process includes the following project characteristics: 

 Stakeholders have much more ability to influence the project (cost, deliverables, 

resources, and schedule) earlier in the project rather than later 

 Project costs and resource levels begin low, peak during the middle phases (the 

Project Execution steps), and drop-off as the project nears closure 

 Project risk and uncertainty are highest early in the project and will typically reduce 

as the project progresses – assuming it is on-schedule and on-budget 

The project management process defined by the PMBOK, from PMI, mirrors the typical 

project lifecycle phases. Remember that all organizations apply the phases of the project 

lifecycle differently; and even differently for different projects. For example, one company 

may apply a single design phase while another might apply 2 or more design phases during a 

single project. 

3.2 Project Management Statistics and Performance 

Poorly planned, mis-managed, undisciplined and poorly executed projects are doomed to 

failure. Some statistics look like: 

 if a project is in trouble within 15% into the project, the project will never recover and 

stay in trouble through completion (from a DOD study of over 700 projects). 

 it almost always takes twice as long to complete a task as what we originally thought 

it would take (more a ―true-ism‖ than a statistic). 



 70% of projects fail to deliver the benefits anticipated at the outset. 

 a government study (GAO) showed that major projects were overrunning budgets by 

75% on average and that the huge projects ($1B and over) were 14% over budget. 

Seven years later, these overruns were measured at 140% and 189% respectively. 

 using the "80/20 Rule", we will typically accomplish 80% of our results using 20% of 

our resources. While the other 20% of additional results comes from using about 80% 

of our resources. (Again probably more of a truism.) 

 over 90% of project failures are due to poor planning. 

As per the Information Technology project survey of 203 participants indicates the following 

reasons for failure: 

 75% deadlines missed, 

 55% budget exceeded, 

 40% poor communications, 

 37% unmet project requirements. 

The same survey indicated the following as project success factors: 

 51% meet milestone objectives, 

 32% maintain quality levels, 

 31% meet budget objectives. 

According to most studies in this area, poor software implementation is due to bad or poorly 

articulated requirements. Many experts agree that 40-60 percent of software defects and 

failures are attributed to bad requirements. 

Most who quote project management failure statistics are quoting, usually out of context, 

from a 1994 report by The Standish Group, called the CHAOS Report. 

The Standish Group has been producing and updating its research report since 1994. Their 

report on project performance, called The CHAOS Report of 1994 documented sobering 

statistics: 31.1 percent of projects cancelled, 52.7 percent "challenged" (completed over 

budget and/or behind schedule), and just 16.2 percent successful. An updated report, 2003 

CHAOS Chronicles, shows a 50 percent improvement in project success rates. 



Even though statistics may look gloomy, they are continually improving due to: 

 Improved information sharing through web sites such as this 

 Self-Discipline through industry associations, such as PMI and IPMA 

 Improved practices through project management certifications and continuing 

education requirements 

 Increasing discipline among company leaders, focused on projects as implementing 

change and ensuring that project meet ROI thresholds 

3.3 Project Management Knowledge 

The Project Management discipline mentioned above is embodied in the various, proven 

project management processes, such as PMI's PMBOK (Project Management Body of 

Knowledge) and the OGC's PRINCE2. Although these are often called ―methodologies‖, they 

play a dual role. They provide the tactical tools and guidance for you as a Project Manager 

and for your Project Team Members to effectively and successfully manage projects to 

conclusion. 

3.3.1 Project Initiation – Project Planning – Project Execution – Monitoring & 

Control – Project Closure 

PMBOK also weaves in 9 ―Project Management Knowledge Areas‖: 

1. Project Integration Management 

2. Project Scope Management 

3. Project Time Management 

4. Project Cost Management 

5. Project Quality Management 

6. Project Human Resource Management 

7. Project Communications Management 

8. Project Risk Management 

9. Project Procurement Management 



PMBOK further defines the Inputs and Outputs for each individual project management 

process within each of the 5 Process Groups. There is enough detail within all of the 44 

project management process, grouped under the 5 process groups, to provide specific tactical 

project management steps, tools and templates. 

Project management is a carefully planned and organized effort to accomplish a specific one-

time effort, for example, constructs a building or implements a new computer system. Project 

management includes developing a project plan, which includes defining project goals and 

objectives, specifying tasks or how goals will be achieved, what resources are need, and 

associating budgets and timelines for completion. It also includes implementing the project 

plan, along with careful controls to stay on the "critical path", that is, to ensure the plan is 

being managed according to plan. Project management usually follows major phases, 

including feasibility study, project planning, implementation, evaluation and 

support/maintenance. 

  

Project Management is the discipline of planning, organizing and managing resources to 

bring about the successful completion of specific project goals and objectives. 

  

A project is a finite endeavor undertaken to create a unique product or service which brings 

about beneficial change or added value. This finite characteristic of projects stands in sharp 

contrast to processes, or operations, which are permanent or semi-permanent functional work 

to repetitively produce the same product or service. In practice, the management of these two 

systems is often found to be quite different, and as such requires the development of distinct 

technical skills and the adoption of separate management philosophy, which is the subject of 

this article. 

  

The primary challenge of project management is to achieve all of the project goals and 

objectives while adhering to classic project constraints usually scope, time and budget. The 

secondaryï¿½and more ambitious challenge is to optimize the allocation and integration of 

inputs necessary to meet pre-defined objectives. A project is a carefully defined set of 

activities that use resources (money, people, materials, energy, space, provisions, 

communication, motivation, etc.) to achieve the project goals and objectives. 

  

3.4 Project Management Approaches 
 



There are several approaches that can be taken to managing project activities including agile, 

interactive, incremental, and phased approaches. 

  

Regardless of the approach employed, careful consideration needs to be given to clarify 

surrounding project objectives, goals, and importantly, the roles and responsibilities of all 

participants and stakeholders. 

  

3.4.1 The traditional Approach 
 

A traditional phased approach identifies a sequence of steps to be completed. In the 

"traditional approach", we can distinguish 5 components of a project (4 stages plus control) in 

the development of a project: 

  

o project initiation stage; 

o project planning or design stage; 

o project execution or production stage; 

o project monitoring and controlling systems; 

o project completion stage. 

  

Not all the projects will visit every stage as projects can be terminated before they reach 

completion. Some projects probably don't have the planning and/or the monitoring. Some 

projects will go through steps 2, 3 and 4 multiple times. 

  

Many industries utilize variations on these stages. For example, in bricks and mortar 

architectural design, projects typically progress through stages like Pre-Planning, Conceptual 

Design, Schematic Design, Design Development, Construction Drawings (or Contract 

Documents), and Construction Administration. In software development, this approach is 

often known as "waterfall development", i.e., one series of tasks after another in linear 

sequence. In software development many organizations have adapted the Rational Unified 

Process (RUP) to fit this methodology, although RUP does not require or explicitly 

recommend this practice. Waterfall development can work for small tightly defined projects, 

but for larger projects of undefined or unknowable scope, it is less suited. The Cone of 

Uncertainty explains some of this as the planning made on the initial phase of the project 

suffers from a high degree of uncertainty. This becomes specially true as software 

development is often the realization of a new or novel product, this method has been widely 



accepted as ineffective for software projects where requirements are largely unknowable up 

front and susceptible to change. While the names may differ from industry to industry, the 

actual stages typically follow common steps to problem solving ï¿½ "defining the problem, 

weighing options, choosing a path, implementation and evaluation." 

  

3.4.2 Critical Chain Project Management 
 

Critical Chain Project Management (CCPM) is a method of planning and managing projects 

that puts more emphasis on the resources required to execute project tasks. It is an application 

of the Theory of Constraints (TOC) to projects. The goal is to increase the rate of throughput 

(or completion rates) of projects in an organization. Applying the first three of the five 

focusing steps of TOC, the system constraint for all projects is identified as resources. To 

exploit the constraint, tasks on the critical chain are given priority over all other activities. 

Finally, projects are planned and managed to ensure that the critical chain tasks are ready to 

start as soon as the needed resources are available, subordinating all other resources to the 

critical chain. 

  

For specific projects, the project plan should undergo Resource Leveling, and the longest 

sequence of resource-constrained tasks is identified as the critical chain. In multi-project 

environments, resource leveling should be performed across projects. However, it is often 

enough to identify (or simply select) a single "drum" resource that acts as a constraint across 

projects and stagger projects based on the availability of that single resource. 

  

3.4.3 Extreme Project Management 
 

In critical studies of Project Management, it has been noted that several of these 

fundamentally PERT-based models are not well suited for the multi-project company 

environment of today. Most of them are aimed at very large-scale, one-time, non-routine 

projects, and nowadays all kinds of management are expressed in terms of projects. 

  

Using complex models for "projects" (or rather "tasks") spanning a few weeks has been 

proven to cause unnecessary costs and low maneuverability in several cases. Instead, project 

management experts try to identify different "lightweight" models, such as Agile Project 

Management methods including Extreme Programming for software development and Scrum 

techniques. 



  

The generalization of Extreme Programming to other kinds of projects is extreme project 

management, which may be used in combination with the process modeling and management 

principles of human interaction management. 

  

3.4.4 Event Chain Methodology 
 

Event chain methodology is the next advance beyond critical path method and critical chain 

project management.. Event chain methodology is an uncertainty modeling and schedule 

network analysis technique that is focused on identifying and managing events and event 

chains that affect project schedules. Event chain methodology helps to mitigate the negative 

impact of psychological heuristics and biases, as well as to allow for easy modeling of 

uncertainties in the project schedules. Event chain methodology is based on the following 

major principles. 

  

o Probabilistic moment of risk: An activity (task) in most real life processes is 

not a continuous uniform process. Tasks are affected by external events, which 

can occur at some point in the middle of the task. 

o Event chains: Events can cause other events, which will create event chains. 

These event chains can significantly affect the course of the project. 

Quantitative analysis is used to determine a cumulative effect of these event 

chains on the project schedule. 

o Critical events or event chains: The single events or the event chains that have 

the most potential to affect the projects are the critical events or critical chains 

of events. They can be determined by the analysis. 

o Project tracking with events: If a project is partially completed and data about 

the project duration, cost, and events occurred is available, it is possible to 

refine information about future potential events and helps to forecast future 

project performance. 

o Event chain visualization: Events and event chains can be visualized using 

event chain diagrams on a Gantt chart. 

  

3.4.4.1 PRINCE2 

 



PRINCE2 is a structured approach to project management, released in 1996 as a generic 

project management method. It provides a method for managing projects within a clearly 

defined framework. PRINCE2 describes procedures to coordinate people and activities in a 

project, how to design and supervise the project, and what to do if the project has to be 

adjusted if it doesn't develop as planned. 

  

In the method each process is specified with its key inputs and outputs and with specific goals 

and activities to be carried out, which gives an automatic control of any deviations from the 

plan. Divided into manageable stages, the method enables an efficient control of resources. 

On the basis of close monitoring the project can be carried out in a controlled and organized 

way. 

  

PRINCE2 provides a common language for all participants in the project. The various 

management roles and responsibilities involved in a project are fully described and are 

adaptable to suit the complexity of the project and skills of the organisation. 

  

3.4.5 Process-based management 
 

Also furthering the concept of project control is the incorporation of process-based 

management. This area has been driven by the use of Maturity models such as the CMMI 

(Capability Maturity Model Integration) and ISO/IEC15504 (SPICE – Software Process 

Improvement and Capability Determination), which have been far more successful. 

  

Agile Project Management approaches based on the principles of human interaction 

management are founded on a process view of human collaboration. This contrasts sharply 

with traditional approach. In the agile software development or flexible product development 

approach, the project is seen as a series of relatively small tasks conceived and executed as 

the situation demands in an adaptive manner, rather than as a completely pre-planned 

process. 

  

3.4.6 Rational Unified Process 
 

The Rational Unified Process (RUP) is an iterative software development process framework 

created by the Rational Software Corporation, a division of IBM since 2003. RUP is not a 

single concrete prescriptive process, but rather an adaptable process framework, intended to 



be tailored by the development organizations and software project teams that will select the 

elements of the process that are appropriate for their needs. The following are phases of RUP, 

which align to business activities intended to drive successful delivery and deployment of 

projects. It also provides the taxonomy for blue printing and producing enterprise architecture 

artifacts across its different domains. 

  

1. Inception – Identify the initial scope of the project, a potential architecture for the 

system, and obtain initial project funding and stakeholder acceptance. 

2. Elaboration – Prove the architecture of the system. 

3. Construction – Build working software on a regular, incremental basis which meets 

the highest-priority needs of project stakeholders. 

4. Transition – Validate and deploy the system into the production environment 

 

Traditionally, project development includes five elements: control systems, and four stages. 

Regardless of the methodology used, the project development process will have the same 

major stages: 

  

o initiation, 

o planning or development, 

o production or execution, 

o monitoring and controlling, and 

o closing. 

  

3.4.7 Project Control Systems 
 

Project control is that element of a project that keeps it on-track, on-time and within budget. 

Project control begins early in the project with planning and ends late in the project with post-

implementation review, having a thorough involvement of each step in the process. Each 

project should be assessed for the appropriate level of control needed: too much control is too 

time consuming, too little control is very risky. If project control is not implemented 

correctly, the cost to the business should be clarified in terms of errors, fixes, and additional 

audit fees. 

  

Control systems are needed for cost, risk, quality, communication, time, change, 

procurement, and human resources. In addition, auditors should consider how important the 



projects are to the financial statements, how reliant the stakeholders are on controls, and how 

many controls exist. Auditors should review the development process and procedures for how 

they are implemented. The process of development and the quality of the final product may 

also be assessed if needed or requested. A business may want the auditing firm to be involved 

throughout the process to catch problems earlier on so that they can be fixed more easily. An 

auditor can serve as a controls consultant as part of the development team or as an 

independent auditor as part of an audit. 

  

Businesses sometimes use formal systems development processes. These help assure that 

systems are developed successfully. A formal process is more effective in creating strong 

controls, and auditors should review this process to confirm that it is well designed and is 

followed in practice. A good formal systems development plan outlines: 

  

o A strategy to align development with the organizationï¿½s broader objectives 

o Standards for new systems 

o Project management policies for timing and budgeting 

o Procedures describing the process 

  

3.4.7.1 Initiation 

 

The initiation stage determines the nature and scope of the development. If this stage is not 

performed well, it is unlikely that the project will be successful in meeting the business 

needs. The key project controls needed here are an understanding of the business 

environment and making sure that all necessary controls are incorporated into the project. 

Any deficiencies should be reported and a recommendation should be made to fix them. 

  

The initiation stage should include a cohesive plan that encompasses the following areas: 

o Study analyzing the business needs in measurable goals. 

o Review of the current operations. 

o Conceptual design of the operation of the final product. 

o Equipment and contracting requirements including an assessment of 'long-

lead' items. 

o Financial analysis of the costs and benefits including a budget. 

o Stakeholder analysis, including users, and support personnel for the project. 

o Project charter including costs, tasks, deliverables, and schedule. 



  

3.4.7.2 Planning and Design 

 

After the initiation stage, the system is designed. Occasionally, a small prototype of the final 

product is built and tested. Testing is generally performed by a combination of testers and end 

users, and can occur after the prototype is built or concurrently. Controls should be in place 

that ensure that the final product will meet the specifications of the project charter. The 

results of the design stage should include a product design that: 

  

o Satisfies the project sponsor, end user, and business requirements. 

o Functions as it was intended. 

o Can be produced within quality standards. 

o Can be produced within time and budget constraints. 

  

3.4.7.3 Executing 

 

Executing consists of the processes used to complete the work defined in the project 

management plan to accomplish the project's requirements. Execution process involves 

coordinating people and resources, as well as integrating and performing the activities of the 

project in accordance with the project management plan. The deliverables are produced as 

outputs from the processes performed as defined in the project management plan. 

  

3.4.7.4 Monitoring and Controlling 

 

Monitoring and Controlling consists of those processes performed to observe project 

execution so that potential problems can be identified in a timely manner and corrective 

action can be taken, when necessary, to control the execution of the project. The key benefit 

is that project performance is observed and measured regularly to identify variances from the 

project management plan. 

  

3.4.7.5 Monitoring and Controlling Cycle 

 

Monitoring and Controlling includes: 

o Measuring the ongoing project activities (where we are); 



o Monitoring the project variables (cost, effort,) against the project management 

plan and the project performance baseline (where we should be); 

o Identify corrective actions to properly address issues and risks (How can we 

get on track again); 

o Influencing the factors that could circumvent integrated change control so only 

approved changes are implemented 

  

In multi-phase projects, the Monitoring and Controlling process also provides feedback 

between project phases, in order to implement corrective or preventive actions to bring the 

project into compliance with the project management plan. 

  

Project Maintenance is an ongoing process, and it includes: 

o Continuing support of end users 

o Correction of errors 

o Updates of the software over time 

  

In this stage, auditors should pay attention to how effectively and quickly user problems are 

resolved. Over the course of any construction project, the work scope changes. Change is a 

normal and expected part of the construction process. Changes can be the result of necessary 

design modifications, differing site conditions, material availability, contractor-requested 

changes, value engineering and impacts from third parties, to name a few. Beyond executing 

the change in the field, the change normally needs to be documented to show what was 

actually constructed. This is referred to as Change Management. Hence, the owner usually 

requires a final record to show all changes or, more specifically, any change that modifies the 

tangible portions of the finished work. The record is made on the contract documents ï¿½ 

usually, but not necessarily limited to, the design drawings. The end product of this effort is 

what the industry terms as-built drawings, or more simply, asbuilts. The requirement for 

providing them is a norm in construction contracts. 

  

When changes are introduced to the project the viability of the project has to be assessed 

again. It is important not to loose sight of the initial goals and targets of the projects. When 

the changes accumulate, the forecasted end result may not justify the proposed investment. 

  

3.4.7.6 Closing 

 



Closing includes the formal acceptance of the project and the ending thereof. Administrative 

activities include the archiving of the files and documenting lessons learned. Closing phase 

consists of two parts: 

  

o Close project: to finalize all activities across all of the process groups to 

formally close the project or a project phase 

o Contract closure: necessary for completing and settling each contract, 

including the resolution of any open items, and closing each contract 

applicable to the project or a project phase. 

  

A project manager is a professional in the field of project management. Project managers can 

have the responsibility of the planning, execution, and closing of any project, typically 

relating to construction industry, architecture, computer networking, telecommunications or 

software development. Many other fields in the production, design and service industries also 

have project managers. 

  

A project manager is the person accountable for accomplishing the stated project objectives. 

Key project management responsibilities include creating clear and attainable project 

objectives, building the project requirements, and managing the triple constraint for projects, 

which is cost, time, and scope. 

  

A project manager is often a client representative and has to determine and implement the 

exact needs of the client, based on knowledge of the firm they are representing. The ability to 

adapt to the various internal procedures of the contracting party, and to form close links with 

the nominated representatives, is essential in ensuring that the key issues of cost, time, quality 

and above all, client satisfaction, can be realized. 

  

3.5 Project Management Triangle 
 

Like any human undertaking, projects need to be performed and delivered under certain 

constraints. Traditionally, these constraints have been listed as "scope," "time," and "cost". 

These are also referred to as the "Project Management Triangle," where each side represents a 

constraint. One side of the triangle cannot be changed without affecting the others. A further 

refinement of the constraints separates product "quality" or "performance" from scope, and 

turns quality into a fourth constraint. 



  

The time constraint refers to the amount of time available to complete a project. The cost 

constraint refers to the budgeted amount available for the project. The scope constraint refers 

to what must be done to produce the project's end result. These three constraints are often 

competing constraints: increased scope typically means increased time and increased cost, a 

tight time constraint could mean increased costs and reduced scope, and a tight budget could 

mean increased time and reduced scope. 

  

The discipline of Project Management is about providing the tools and techniques that enable 

the project team (not just the project manager) to organize their work to meet these 

constraints. 

  

3.5.1 Work Breakdown Structure 
 

The Work Breakdown Structure (WBS) is a tree structure, which shows a subdivision of 

effort required to achieve an objective; for example a program, project, and contract. The 

WBS may show hardware, product, service, or process oriented. In a project of contract, the 

WBS is developed by starting with : 

o the end objective and 

o successively subdividing it into manageable components 

o in terms of size, duration, and responsibility (e.g., systems, subsystems, 

components, tasks, subtasks, and work packages) 

o which include all steps necessary to achieve the objective. 

  

The Work Breakdown Structure provides a common framework for the natural development 

of the overall planning and control of a contract and is the basis for dividing work into 

definable increments from which the statement of work can be developed and technical, 

schedule, cost, and labor hour reporting can be established. 

  

3.5.2 Project Control Variables 
 

Project Management tries to gain control over variables such as risk. Potential points of 

failure: Most negative risks (or potential failures) can be overcome or resolved, given enough 

planning capabilities, time, and resources. According to some definitions (including PMBOK 



Third Edition) risk can also be categorized as "positive–" meaning that there is a potential 

opportunity, e.g., complete the project faster than expected. 

  

Customers (either internal or external project sponsors) and external organizations (such as 

government agencies and regulators) can dictate the extent of three variables: time, cost, and 

scope. The remaining variable (risk) is managed by the project team, ideally based on solid 

estimation and response planning techniques. Through a negotiation process among project 

stakeholders, an agreement defines the final objectives, in terms of time, cost, scope, and risk, 

usually in the form of a charter or contract. 

  

To properly control these variables a good project manager has a depth of knowledge and 

experience in these four areas (time, cost, scope, and risk), and in six other areas as well: 

integration, communication, human resources, quality assurance, schedule development, and 

procurement. 

  

3.5.3 International Standards of Project Management 
 

There have been several attempts to develop Project Management standards, such as: 

o A Guide to the Project Management Body of Knowledge 

o HERMES method, Swiss general project management method, selected for 

use in Luxembourg and international organisations. 

o The ISO standards ISO 9000, a family of standards for quality management 

systems, and the ISO 10006:2003, for Quality management systems and 

guidelines for quality management in projects. 

o Organizational Project Management Maturity Model 

o PRINCE2, Projects IN Controlled Environments. 

o Capability Maturity Model from the Software Engineering Institute. 

o Total Cost Management Framework, an AACE International's process for 

Portfolio, Program and Project Management) 

 

3.6 Quality Management vs Quality Audit 

In our study, we will make a distinction between Quality Management and Quality Audit. 



 By Quality Management, we mean all the activities that are intended to bring about 

the desired level of quality. 

 By Quality Audit we mean the procedural controls that ensure participants are 

adequately following the required procedures. 

These concepts are related, but should not be confused. In particular, Quality Audit relates to 

the approach to quality that is laid down in quality standards such as the ISO-900x standards. 

The abbreviation "QA" has been generally avoided in the ePMbook as it can mean different 

things - eg "Quality Assurance", "Quality Audit", testing, external reviews, etc. 

3.6.1 Quality is not an absolute requirement 

It is wrong to assume that maximum quality is desirable. Should every car be built to the 

same quality as a Rolls Royce? Should every computer system be held back until there is not 

one single flaw remaining? Required quality should be considered as part of the 

overall Project Definition work. It will impact upon such things as 

the estimates and benefit case. Such things are business decisions. They can only be taken by 

the Project Sponsor and senior management team of the organisation. 

Quality decisions are not just a matter of the reliability of the end product - they can also 

affect the scope and project approach. This is particularly an issue with e-solutions: 

 Do you want something magnificent, or do you want something fast before your 

competitors get ahead? 

 Do you want a complete solution, or will you settle for a partial solution and come 

back to finish it at a later date? 

You need to make it clear that these are mutually exclusive alternatives - you cannot do 

magnificent, complete and fast. Very often, commercial pressures mean that the best business 

decision is to achieve an "80%" solution fast. Many early e-commerce business-to-consumer 

solutions looked great to the customer but involved staff re-keying data into the sales order 

systems or manually processing credit card transactions. 

3.7 Aspects of Quality Management 



Here is a summary of the various aspects of Quality Management. Different organisations 

will use different expressions for these concepts and may package them into other activities. 

This description follows the logical requirements. 

 

Aspect Summary 

Quality Plan Define and agree the needs for quality and the specific 

approaches to meet them. 

Phase Quality 

Requirements 

For each phase, what specific things will be done and 

what specific deliverables will be produced 

Apply Quality Methods Throughout the work the defined approach to quality will 

be followed. Work or deliverables falling short of the 

standards will need to be re-worked to achieve an 

acceptable standard. 

Phase Quality Review Before each phase can be closed, a review is performed to 

ensure that acceptable quality standards have been 

achieved. 

Project Quality Review Before the project can be completed, the overall 

conformance to Quality Methods and requirements 

should be assessed and approved. 

 3.7.1 Responsibilities for quality 

The Project Manager will, of course, have overall responsibility for the quality of the project. 

It is equally true that all participants have a role to play in delivering good results. 

Developing a quality culture amongst the team will normally generate greater value and 

satisfaction. Encourage the belief that the right level of quality is more important than getting 



things done fast. If there is a choice to be made between quality and progress it should be a 

matter for the Steering Committee to decide 

Other managers will also be involved in the Quality Management process. In larger projects 

there may be a Quality Manager and Quality Team. Team Leaders and other senior staff will 

also be involved in the processes. In some environments, certain Quality Management 

functions may be performed by independent reviewers from outside the Project Team. 

Responsibilities for quality should be agreed and communicated to all participants. 

3.7.1.1 The Quality Plan 

The Quality Plan is a broad concept covering many aspects of achieving quality. In many 

projects these might be covered in an array of different deliverables. In particular, procedures 

and standards might be documented separately from quality goals and controls. 

Many organisations will have pre-existing standards and procedures which should be applied. 

Check that they are appropriate to the current project - you do not want to develop using 

standards that were written for custom development of mainframe applications. 

Here are some types of thing you should consider. 

Type of content Description Examples 

Objectives What are the objectives of 

Quality Management? To what 

extent is quality a requirement in 

preference to timescales, costs, 

functionality etc? 

 Acceptable levels of 

functionality to 

achieve 

 Acceptable levels of 

security, bugs etc 

 Investment in testing 

Requirements What specific requirements are to 

be addressed 

 Review and sign-off 

of specific 

deliverables or work 

by specified people 

 Types and depth of 

testing required 

 Availability of 



specified functions 

Quality Methods What approaches and methods  Iterative development 

in specified stages 

 Methodology to be 

followed 

 Peer review of all 

deliverables 

Standards What format and detail should 

deliverables be in 

 web page layout & 

navigation standards 

 coding standards 

 documentation 

standards 

Procedures Specified procedures for project 

tasks 

 check-in and check-

out of code 

 documentation control 

procedure 

 issues management 

procedure 

The Quality Plan is often an evolving document. As the project progresses it will need to 

adapt to changes and decisions.  

3.7.1.2 Preparing for Quality Management at the start of each phase 

When the detailed plan for each phase is completed it will be possible to identify the specific 

Quality Methods and controls that should be applied - and what they should be applied to. 

One basic approach is to create two lists: 

 all the work that should be done (including the methods, techniques and procedures to 

be used) 

 all the deliverables that should be produced (including the formats and standards that 

should be applied) 



This provides a guide for the people conducting the work and a checklist for the phase-end 

review. It is good project management practice, as well as a Quality Management process, to 

identify in advance all the anticipated deliverables. For each one, you should identify: 

 nature, description and purpose of the deliverable, 

 quality standard (eg discussion draft, final quality, reviewed or tested for external 

publication) 

 dependencies (what must be completed prior and what further deliverables depend 

upon this one) 

 date required, 

 author/creator, 

 people who have to review it, 

 people who have to approve it, 

 people who should receive it for information or use (but who do not get the 

opportunity to review or approve) 

 other distribution (eg third parties, auditors, publishing, filing) 

 security/secrecy requirements - ie who can not see or use it 

 currency information (eg must be maintained, updateable, one-off, temporary, final 

project deliverable) 

3.7.1.3 Bringing about quality during the work 

The best Quality Methods will depend on the type of project - the team, application, 

language, technology, participants, environment, etc. They will also be affected by strategic 

decisions about the investment in quality. 

Here are some examples: 

 all requirements should be prototyped iteratively in collaboration with the responsible 

user manager 

 designers are expected to consider any reasonable alternative approaches and discuss 

them with the responsible user manager before creating a detailed design 

 any anticipated impact on timescales, resourcing, deliverables, or benefits should be 

communicated to the project manager as soon as possible and before any revised 

action is taken 

 all documents should include control information such as version numbers, issue 

dates, status, authors, reviewers etc 



 all designs should be reviewed by someone from a different sub-team and by the 

overall solution architect 

 any aspect of a deliverable which could impact upon another deliverable should be 

noted in the issues management system 

 only one person can have update access to a document or system component at any 

one time - access will be controlled through the configuration management and/or 

documentation control procedures 

 all completed work will be signed off by the responsible user manager 

 once a deliverable is completed, signed off and closed it can only be re-opened by 

following the change control procedure 

 developers are not allowed to test their own work 

 appropriate end users must be involved in all systems tests - each test must be signed 

off by the responsible user manager 

 where any correction is applied to a deliverable, all other deliverables which could be 

affected must be re-examined and/or re-tested 

 all components should be sized and tested for absolute peak usage 

 developers cannot access live components directly - they need to check them out 

using the configuration management and/or documentation control procedures. 

There will also be a number of rules, standards and procedures, eg: 

 format of documents 

 techniques to use (eg estimating technique, modelling technique) 

 language(s) to use 

 naming conventions 

 documentation standards 

 procedures to follow (eg documentation control, configuration management, issues 

management, bug reports, testing). 

It will be easier to manage quality if the application of Quality Methods and controls is 

tracked continuously through the project, rather than relying solely on reviews at the end of 

each phase. The status of work and deliverables can be tracked against the lists prepared for 

the Phase. The tracking information should show the stage of progress (eg not started, in 

progress, completed, signed off), and the status of specific controls, reviews, signatures etc. 

In particular, completion should be logged and a check made to ensure that the correct 

methods, controls and approvals were completed. 



One final thing to note about these Quality Methods: they are all rules for people to follow. In 

fact, most people do not respond well to being given rules. The most significant thing the 

Project Manager and Team Leaders can do to ensure appropriate quality is to take a personal 

interest in the quality of work being done, providing coaching and feedback as appropriate. 

3.7.2 Reviewing quality  

There should be little to do at the end of the phase - if there are significant problems it is too 

late to do anything without an adverse impact on costs and timescales. The Quality Methods 

you have applied throughout the phase should have ensured that there is no surprise at the end 

of the phase. 

Before the phase can truly be considered to be complete, you should review that you have: 

 done everything you said you would do in the way you said you would do it, and 

 produced everything you said you would produce to an acceptable standard. 

There will, of course, be deviations. In each case it should be clear whether: 

 the change was agreed and its impact has been dealt with 

 the shortcoming was not desirable but is acceptable in terms of delivering the overall 

benefit from the project 

 the failure will be remedied at a later (defined) stage 

 the fault must be remedied now before the phase can be completed. 

The phase-end Quality Review should be agreed and signed off by the Project Sponsor and/or 

senior leadership representing the organisation. Similar considerations apply at the end of the 

project. The senior leadership will consider the extent to which the project has adequately 

completed the planned work and deliverables (subject to agreed changes during its course). 

As well as the Quality Management aspect of such a review, there will also be many other 

reasons to examine the success of the project, for example, learning lessons, planning further 

improvements, improving estimating techniques, paying contractors and suppliers etc 

 

Review Questions 

5. What is phase-end Quality Review?  

6. What are the different Quality Methods??  

7. Explain the role of Quality Coordinator in maintaining the quality of the project?  



8. What are the specific roles of Critical Chain Project Management?  

Discussion Questions 

A project reviewer asked if they had considered how functional the end result would be. 

Would it be 80% x 80% x 80% x 80% x 80%? That would be 33% - one third what you need. 

 

Application Exercises 

3. Describe the Project Management Triangle? 

4. Explain International Project Management Association?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 4 – TQM in projects 
 

Learning Objectives 

 To explain about Total Quality Management. 

 To analyse the principles involved in TQM. 

 To recognise the analysis of Project Management. 

 To explain the role of TQM in Project Management. 

 To identify the Cost of Quality. 

4.1 Introduction 
 

In the global marketplace increased levels of competition have resulted in quality becoming 

of increasing importance to organisations and consequently Total Quality Management 

(TQM) has become a key management issue. A considerable number of companies are 

applying TQM and the topic is the subject of many books and papers. As the end of the 20
th

 

century approaches, TQM appears to be a well accepted system of management. Yet two 

decades ago the term was not used. What has been the process of development of TQM 

theory and practice and when and why did the term come into being? This paper attempts to 

answer these questions. 

 

Before discussing the origins of TQM it is necessary to examine definitions of the term. This 

is not an easy task as almost every writer on the subject has their own definition, by and large 

devising it to suit their own beliefs, prejudices and business and academic experiences. To 

some degree this is also true in the organisations which have introduced a TQM approach to 

managing the business. The result is a proliferation of unique definitions which confounds 

comparisons and adds to the difficulties of understanding and analysis. Even with the 

publication of an international definition of TQM in ISO 8402 there is ample evidence that 

writers and researchers do not stick to this definition and create their own unique offering. 

Moreover, a large number of interventions not related with TQM are being encompassed 

under the TQM banner; this further complicates the issue of definition and understanding. 

Despite the divergence of views on what constitutes TQM there are a number of common  

elements running through the various definitions (e.g. top management support, customer and 

supplier relationships and employee involvement).  

  



A comparative analysis of the Japanese approach to quality management and an examination 

of Feigenbaum‘s concept of Total Quality Control is made, these constitute two of the major 

inputs into the development of TQM. The visions of the quality management gurus are also 

examined. It can be argued that many of the TQM dimensions outlined in Table 1 were being 

applied by organisations before the TQM movement appeared; consequently, it is not easy to 

establish the exact date of birth of the term TQM. Nevertheless, it is clear that the term and 

the philosophy as a whole appeared around the mid 80‘s. Bemowski states that the term TQM 

was initially coined in 1985 by the Naval Air Systems Command to describe its Japanese-

style management approach to quality improvement.  

  

Perhaps, the main reason for the origin of the term TQM could be a substitution in the 

previously used term of Total Quality Control (TQC), the word ―control‖ by ―management‖ 

with the reasoning that quality is not just a matter of control, it has to be managed. This is 

reinforced by Deming‘s view that sampling inspection should be suppressed and also by 

Crosby who makes the point that control is not necessary when a zero defects level is 

achieved. The term ―control‖ is sometimes understood as meaning control over the 

workforce‘s activities, and this is clearly not the aim of TQM.  In the USA the development 

of quality management resulted from the penetration of its markets by Japanese products 

which started in the 70s, together with the impact of the writings of Crosby, Deming, 

Feigenbaum and Juran.  

4.2 Principles of TQM 

In order to exceed customer expectations, an organization must embrace five principles: 

1) Produce quality work the first time 

2) Focus on the customer 

3) Have a strategic approach to improvement 

4) Improve continuously 

5) Encourage mutual respect and teamwork 

Let's see how Fun Time Travel, an online travel booking website, applies the five principles. 

Producing quality work (the first time) means quality is built into the processes for 

producing products or providing services, and continual improvement measures are taken to 

ensure the processes work every time. Employees are empowered to make decisions to 

improve a process and are provided with continual training to develop their skills. 



The purchasing department at Fun Time Travel evaluates data on client purchases to 

determine which packages are most popular with clients. This helps them to determine what 

stays and what goes. The information technology technicians monitor the website 

continually to assess whether clients are just browsing or actually making purchases. The IT 

guys also evaluate how long a booking takes to determine whether changes need to be made 

to the check-out process. 

Focusing on the customer involves designing products or services that meet or exceed the 

customer's expectations. This involves the product itself, its functionality, attributes, 

convenience and even the means by which the information about a product is received by a 

client. The marketing department is responsible to get the cyber-word out to potential 

clients. Marketers use a wide variety of media sources, like social networking, email and 

even texting, to get the word out about Fun Time's website. If they notice traffic is not 

moving toward the website or that clients are not staying online long enough, they will 

make strong suggestions to the IT department and the research and development department 

to make changes immediately. 

By having a strategic approach to improvement, processes are developed and tested to 

ensure the product or service's quality. This also involves making sure suppliers offer 

quality supplies needed to produce products. The purchasing department monitors client 

reviews to determine whether the ratings on the website are similar to those of actual past 

customers. This makes it possible for purchasing to add more travel packages to the 

company's inventory. 

Improving continuously means always analyzing the way work is being performed to 

determine if more effective or efficient ways are possible, making improvements and 

striving for excellence all the time. The human resources department is interested in making 

sure employees are qualified to perform their jobs. By having qualified and trained 

employees on the team, the website will run effectively. Calls to the travel desk will be 

handled efficiently. Any interruption to the booking process will be quickly fixed, and 

improvements will be made. 

Encouraging mutual respect and teamwork is important because it fosters a single-

organizational culture of excellence by knowing that every employee from top to bottom of 

the hierarchy holds the same core principles at heart. The entire team at Fun Time Travel 

work together to make viewing, planning and booking a vacation on their website a 

pleasurable and easy experience. This requires an inter-departmental approach to TQM. 

4.3 Quality Management 



 

Broadly defined, quality refers to the ability of a product or service to consistently meet or 

exceed customer requirements or expectations. Different customers will have different 

expectations, so a working definition of quality is customer-dependent. When discussing 

quality one must consider design, production, and service. In a culmination of efforts, it 

begins with careful assessment of what the customers want, then translating this information 

into technical specifications to which goods or services must conform. The specifications 

guide product and service design, process design, production of goods and delivery of 

services, and service after the sale or delivery. Some of these consequences of poor quality 

include loss of business, liability, decreased productivity, and increased costs. However, good 

quality has its own costs, including prevention, appraisal, and failure. A recent and more 

effective approach is discovering ways to prevent problems, instead of trying to fix them 

once they occur. This will ultimately decrease the cost of good quality in the long run. 

 

There are several costs associated with quality: 

 Appraisal costs - costs of activities designed to ensure quality or uncover defects 

 Prevention costs - costs of prevention defects from occurring 

 Failure costs - Costs caused by defective parts or products or by faulty services 

 Internal failures - failures discovered during production 

 External failures - failures discovered after delivery to the customer 

 Return on quality (ROQ) - an approach that evaluates the financial return of 

investments in quality 

This philosophy concentrates on continuous improvement and quality at the source. Six 

sigma is a concept that stresses improving quality, reducing costs, and increasing customer 

satisfaction. Lastly, this chapter gives several examples of quality tools, which include 

flowcharts, check sheets, histograms, pareto analysis, scatter diagrams, controls charts, and 

cause-and-effect diagrams. Successful management of quality requires that managers have 

insights on various aspects of quality. These include defining quality in operational terms, 

understanding the costs and benefits of quality, recognizing the consequences of poor quality 

and recognizing the need for ethical behavior. Understanding dimensions that customers use 

to judge the quality of a product or service helps organizations meet customer expectations. 

 

4.3.1 Dimensions of Product Quality  

 

Performance– main characteristics of the product 



Aesthetics– appearance, feel, smell, taste 

Special features– extra characteristics 

Conformance– how well the product conforms to design specifications 

Reliability– consistency of performance 

Durability– the useful life of the product 

Perceived quality– indirect evaluation of quality 

Service-ability– handling of complaints or repairs 

 

4.3.2 Dimensions of Service Quality  

 

 Convenience– the availability and accessibility of the service 

 Reliability– ability to perform a service dependably, consistently, and accurately 

 Responsiveness– willingness to help customers in unusual situations and to deal with 

problems 

 Time– the speed with which the service is delivered 

 Assurance– knowledge exhibited by personnel and their ability to convey trust and 

confidence 

 Courtesy– the way customers are treated by employees 

 Tangibles– the physical appearance of facilities, equipment, personnel, and 

communication materials 

 Consistency– the ability to provide the same level of good quality repeatedly 

 

4.3.3 The Determinants of Quality 

 
Quality of Design – intention of designers to include or exclude features in a product or 

service. The starting point of producing quality in products begins in the ―design phase‖. 

Designing decisions may involve product or service size, shape and location. When making 

designs, designers must keep in mind customer wants, production or service capabilities, 

safety and liability, costs, and other similar considerations. 

 

Quality of conformance- refers to the degree to which goods and services conform to the 

intent of the designer. Quality of conformance can easily be affected by factors like: 

capability of equipment used, skills, training, and motivation of workers, extent to which the 

design lends itself to production, the monitoring process to assess conformance, and the 

taking of corrective action. 



 

Ease of use - refers to the ease of usage of the product or services for the customers. The 

term ―ease of use‖ refers to user instructions. Designing a product with ―ease of use‖ 

increases the chances that the product will be used in its intended design and it will continue 

to function properly and safely. Without ease of use, companies may lose customers, face 

sales returns, or legal problems from product injuries. Ease of use also applies to services. 

Manufacturers must make sure that directions for unpacking, assembling, using, maintaining, 

and adjusting the product are included. Directions for ―What to do when something goes 

wrong‖ should also be included. Ease of use makes a consumer very happy and can help 

retain customers. 

 

Services offered to the customer after delivery. There will be times when products may fail 

or problems with usage may occur. This is when ―Service after delivery‖ is important through 

recall and repairs of the product, adjustment, replacement or buys back, or reevaluation of a 

service. 

 

Having good quality is a competitive advantage against others who offer similar products or 

services in the marketplace. In addition, good quality can: 

 

 Raise Company's Reputation 

 Rationalize Premium Prices 

 Decrease Liability Costs 

 Increase Productivity 

 Increase Customer Loyalty 

 Increase Customer Satisfaction 

Consequence's include: 

 loss of business and existing market share 

 legal liability 

 lack of productivity 

 increased costs 

Failure to meet quality standards can damage a company's image, reputation or lead to 

external criticism. In the manufacturing field, the quality of raw materials or equipment can 

affect the whole manufacturing process. If defects or poor quality are not detected on time, 



companies may face various costs to solve problems. Discovering and fixing problems on 

time reduces costs. Quality costs include prevention (prevent defects from occurring by 

planning system, training and control procedures), appraisal (ensure quality or uncover 

defects by inspections, testing’s and audits), and failure (caused by defective parts, products 

or by faulty services discovered during the production process - internal or after delivery to 

the customer - external). 

 

4.4 Role of Total quality management (TQM) 

 

It is a constant pursuit of quality that involves everyone in an organization. The driving force 

is customer satisfaction; a key philosophy is continuous improvement. The Japanese use the 

term kaizen to refer to continuous improvement. Training of managers and workers in 

quality concepts, tools, and procedures is an important aspect of TQM. Teams are an 

integral part of TQM. Two major aspects of the TQM approach are problem solving and 

process improvement. Six-sigma programs are a form of TQM. A six-sigma improvement 

project typically has one or more objectives such as: reducing delivery time, increasing 

productivity, or improving customer satisfaction. They emphasize the use of statistical and 

management science tools on selected projects to achieve business results. There are seven 

basic quality tools that an organization can use for problem solving and process 

improvements. A flowchart is a visual representation of a process. As a problem-solving 

tool, a flowchart can help investigators in identifying possible points in a process where 

problems occur. The diamond shapes in the flowchart represent decision points in the 

process, and the rectangular shapes represent procedures. They show the direction of  

“flow” of the steps in the process.arrows  



 
 

A check sheet is a simple tool frequently used for problem identification. Check sheets 

provide a format that enables users to record and organize data in a way that facilitates 

collection and analysis.  

  

 

A histogram can be useful in getting a sense of the distribution of observed values. It is a 

chart of an empirical frequency distribution. 

 



Pareto analysis is a technique for focusing attention on the most important problem areas. 

The idea is to classify the cases according to degree of importance, and focus on resolving 

the most important, leaving the less important.  

 

 

  

A scatter diagram can be useful in deciding if there is a correlation between the values of 

two variables. It is a graph that shows the degree and direction of relationship between two 

variables. A correlation may point to a cause of a problem.   

 

 



A control chart can be used to monitor a process to see if the process output is random. It 

can help detect the presence of correctable causes of variation. It is a statistical chart of 

time-ordered values of sample statistic.  

   

A cause-and-effect diagram offers a structured approach to the search for the possible 

cause(s) of a problem. It is also known as a fishbone diagram because of its shape, or an 

Ishikawa diagram, after the Japanese professor who developed the approach to aid workers 

overwhelmed by the number of possible sources of problems when problem solving. This 

helps to organize problem-solving efforts by identifying categories of factors that might be 

causing problems.   



 

 

A run chart can be used to track the values of a variable over time. This can aid in identifying 

trends or other patterns that may be occurring.   

 

 

 

4.5 Cost of Quality 
 



Market shares of many U.S. firms have eroded because foreign firms have been able to sell 

higher-quality products at lower prices. In order to be competitive, U.S. firms have placed an 

increased emphasis on quality and productivity in order to: 

 produce savings such as reducing rework costs, and 

 improve product quality 

 

Studies indicate that costs of quality for American companies are typically 20-30% of sales. 

Quality experts maintain that the optimal quality level should be about 2.5% of sales. 

 

Costs of quality are costs that occur because poor quality may exist or actually does exist. 

More specifically, quality costs are the total of the costs incurred by  

 

a. investing in the prevention of nonconformance to requirements;  

b. appraising a product or service for conformance to requirements;  

c. failure to meet requirements. 

 

Quality costs are classified into three broad categories: prevention, appraisal, and failure 

costs. Prevention costs are those incurred to prevent defects. Amounts spent on quality 

training programs, researching customer needs, quality circles, and improved production 

equipment are considered in prevention costs. Expenditures made for prevention will 

minimize the costs that will be incurred for appraisal and failure. Appraisal costs are costs 

incurred for monitoring or inspection; these costs compensate for mistakes not eliminated 

through prevention. Failure costs may be internal (such as scrap and rework costs and 

reinspection) or external (such as product returns due to quality problems, warranty costs, lost 

sales due to poor product performance, and complaint department costs). 

 

There are two views concerning optimal quality costs: 

 The traditional view that uses an acceptable quality level 

 The world-class view that uses total quality control 

 

4.5.1 Optimal Distribution of Quality Costs: Traditional View 
 

The traditional approach uses an acceptable quality level (AQL) that permits a predetermined 

level of defective units to be produced and sold. AQL is the level where the number of 

defects allowed minimizes total quality costs. The reasoning of the traditional approach is 



that there is a tradeoff between failure costs and prevention and appraisal costs. As 

prevention and appraisal costs increase, internal and external failure costs are expected to 

decrease. As long as the decrease in failure costs is greater than the corresponding increase in 

prevention and appraisal costs, a company should continue increasing its efforts to prevent or 

detect defective units. 

 

4.5.2 Optimal Distribution of Quality Costs: World-Class View 
 

The world-class view uses total quality control and views the optimal level of quality costs as 

the level where zero defects are produced. The zero-defects approach uses a quality 

performance standard that requires: 

 

 All products to be produced according to specifications and 

 All services to be provided according to requirements Zero defects reflects a total 

quality control philosophy used in just-in-time (JlT) manufacturing. 

 

Quality cost reports can be used to point out the strengths and weaknesses of a quality 

system. Improvement teams can use them to describe the monetary benefits and ramifications 

of proposed changes. Return-on-investment (ROI) models and other financial analyses can be 

constructed directly from quality cost data to justify proposals to management. In practice, 

quality costs can define activities of quality program and quality improvement efforts in a 

language that management can understand and act on - dollars. 

 

The negative effect on profits, resulting from product or service of less than acceptable 

quality or from ineffective quality management, is almost always dynamic. Once started, it 

continues to mushroom until ultimately the company finds itself in serious financial 

difficulties due to the two-pronged impact of an unheeded increase in quality costs coupled 

with a declining performance image. Management that clearly understands this comprehends 

the economics of quality. 

 

4.6 Dimensions of Quality 

 

Dimension Example 



Performance Everything works: fit and finish, ride, handling, acceleration 

Aesthetics Exterior and interior design 

Features Convenience: placement of gauges 

High tech: GPS system 

Safety: anti-skid, airbags 

Conformance Car Matches manufacturer's specifications 

Reliability Infrequent need for repairs 

Durability Useful life in miles, resistance to rust 

Perceived quality Top-rated 

Serviceability Ease of repair 

 

An emphasis on quality control heightened during WWII. Quality control then evolved to 

quality assurance and is now better known as a Strategic Approach, a tool for improving not 

only products but also processes and services. Quality can be thought of as the degree to 

which performance of a product or service meets or exceeds expectations. Quality should be 

measured differently for products and services, and therefore product and service quality are 

judged on their own set of dimensions. Responsibility for overall quality lies with top 

management. Top management must establish strategies, institute programs for quality, and 

motivate managers and workers. Most times managers are on a quest for the quality of an 

organization as a whole; this is referred to as Total Quality Management (TQM). TQM 

involves a continual effort for quality improvement by everyone in an organization. So in 

essence, for an organization to meet and exceed goals of quality control the entire supply 

chain needs to be involved. 

 

4.6.1 Consequences of poor quality 

 

There are numerous consequences with poor quality products which can affect a business and 

a customer in many different ways. Whether it is a small or large problem, the magnitude of 

the problem always affects someone at some point. When a product is designed poorly or 



lacks in quality, customers recognize that very quickly, and it can quickly lead to a problem 

for the business. It does not matter whether the company is a product or a service oriented 

company because poor quality will always, most likely, create negative affects for the firm. 

Eventually, the low cost input in the R&D department and the using cheaper materials will 

lead to loss of business . Therefore, due to the cost associated with satisfying the customer, it 

is best to fix problems in the design phase rather than dealing with it after it's in the hands of 

a customer. The sooner the problem with a product or service is identified and remedied, the 

better! 

 

4.6.1.1 Methods for Generating Ideas 

 

Additional tools that are useful for problem solving and process control include: 

 Brainstorming 

 Affinity diagram 

 Quality circles 

 Interviewing 

 Benchmarking 

 5W2H approach 

o Who 

o What 

o When 

o Where 

o Why 

o How 

o How much 

Brainstorming is used to communicate thoughts and ideas without any criticism. Everyone 

has equal input and ideas are shared in order to facilitate problem solving. 

Affinity Diagram is used to arrange data into categories that may be analyzed. One of its uses 

is to group many responses to similar ideas. It uses the right side of the brain (generates 

ideas) and the left side of brain (analyze and organize). 

 

Quality Circles are usually informal meetings between employees to exchange ideas and 

concerns about processes. Interviewing is a tool used by managers to find information from 

employees through Q & A sessions. 



 

Benchmarking is tool for companies to set standards. It attempts to compare itself to the best 

in the industry in order to meet or exceed the standard set. Usually uses these steps:  

 

 Identify process for improvement.  

 Identify organization that is the best at that process.  

 Study that organization.  

 Analyze data.  

 Improve process at your organization. 

 

5W2H approach asks the questions what, why, where, when, who, how, and how much (5 W 

words and 2 H words). Its purpose is to ask the questions that will lead to improving 

processes 

 

Review Questions 

1) Write the equation that would quantify quality 

2) What is meant by Vision statement? Write a sample one sentence ―Vision 

Statement‖. 

3) State underlying principles of TQM? 

4) Define Quality Cost Index? 

 

Discussion Questions 

Define Quality Cost. Mention four categories of quality cost. 

Application Exercises 

1) What are the steps for Strategic quality planning? 

2) Write down the responsibility & roles of a Leader and Boss. 

3) What is the purpose of Performance Assessment? 

 

 

 

 

 

 

 

 



CHAPTER 5 

Project performance Measurement 
 

Learning Objectives 

 To explain about standard performance measurement cliches. 

 To analyse the role of PMO. 

 To recognise the benefits of Management. 

 To explain the role of High Level Block Diagram. 

 To identify the necessary phases of the project performance. 

5.1 Metrics and measurement  
 

Most of us have heard some version of the standard performance measurement cliches: ―what 

gets measured gets done, if you don‘t measure results, you can‘t tell success from failure and 

thus you can‘t claim or reward success or avoid unintentionally rewarding failure, if you 

can‘t recognize success, you can‘t learn from it; if you can‘t recognize failure, you can‘t 

correct it,‖ ―if you can‘t measure it, you can neither manage it nor improve it, but what eludes 

many of us is the easy path to identifying truly strategic measurements without falling back 

on things that are easier to measure such as input, project or operational process 

measurements. 

 

Performance Measurement is addressed in detail in Step Five of the Nine Steps to Success 

TM methodology. In this step, Performance Measures are developed for each of the Strategic 

Objectives. Leading and lagging measures are identified, expected targets and thresholds are 

established, and baseline and benchmarking data is developed. The focus on Strategic 

Objectives, which should articulate exactly what the organization is trying to accomplish, is 

the key to identifying truly strategic measurements. 

 

Strategic performance measures monitor the implementation and effectiveness of an 

organization's strategies, determine the gap between actual and targeted performance and 

determine organization effectiveness and operational efficiency.    

 

 Good Performance Measures:  

 Provide a way to see if our strategy is working 



 Focus employees' attention on what matters most to success 

 Allow measurement of accomplishments, not just of the work that is performed 

 Provide a common language for communication 

 Are explicitly defined in terms of owner, unit of measure, collection frequency, data 

quality, expected value(targets), and thresholds 

 Are valid, to ensure measurement of the right things 

 Are verifiable, to ensure data collection accuracy 

 If you would like to learn more about how the Balanced Scorecard Institute can help 

your organization develop strategic performance measures, call (919) 460-8180 or 

contact us electronically. 

 

5.2 Role 
 

The role of the PMO has become more critical than ever in supporting strategic business 

priorities. As PMOs become more successful, they also need to be more accountable and 

prove their value. In this blog post we outline our top 10 metrics to track PMO performance. 

Although a PMO may not be able to track all these metrics immediately, as a PMO grows and 

matures, it should be able to track the majority of these metrics on a quarterly performance 

scorecard. 

 

We‘ve organized the ten metrics to map to four business drivers of a PMO:  

 

1) Strategic Alignment,  

2) Operational Efficiency,  

3) Execution  

4) Business Value Delivered. 

 

5.2.1 Strategic Alignment 

 % of Projects Aligned with Strategic Objectives. The number of projects, or weighted 

cost of projects, that are aligned with at least one strategic objective over the total of 

projects. 

 Investment Class Targets ($). Set investment targets for Run, Grow, and Transform 

type of projects and analyze spend variance against these. A simpler alternative is to 

report the percent of effort/cost going toward ‗Keeping the Lights On‘ (KLO) 

activities for IT. 



 Business Unit Investment Targets ($). Set investment targets for cost and effort 

devoted to each business unit and analyze spend variance against these. 

 

5.2.2 Operational Efficiency 

 % Resource Utilization. The percentage of time spent on productive activities such as 

project work, ticket resolution, etc. 

 % Project Effort. For IT PMOs, the percentage of time spent working on projects, as 

opposed to maintenance, enhancements and tickets. This should be measured against 

a target to show delivery of new business/technology investments. 

 % Project Churn. The number of projects put on hold or cancelled over the total 

number of projects in a given period. 

 

5.2.3 Execution 

 % Increase in Project Success Rate (or % Decrease in Failure Rate). This assumes 

success is defined not just by time and budget, but by delivering the business 

requirements (based on satisfaction surveys of the business stakeholders post-

delivery). 

 Variance to Budget ($). Cost savings measured by positive variances to budget. This 

assumes project costs are accurately estimated during planning. Earned Value can also 

be used for this, for instance looking at the % of projects with a Cost Performance 

Index (CPI) over 1. CPI = Budgeted Cost of Work Performed (BCWP)/Actual Cost of 

Work Performed (ACWP). BCWP is Earned Value (this is the PMI definition). PMO 

will need to monitor CPI on a per project basis. 

 

5.2.4 Business Value Delivered 

 Customer Satisfaction (%). A measure of stakeholder/customer satisfaction of 

business value delivered based on surveys post-delivery. 

 Business Value Realized. Business value is realized when the right projects are 

selected and executed at the right time. Selecting the right projects involves 

estimating Economic Value Add from a project. This is best if based on actual 

benefits measurements post-project, but in reality the estimated benefits are simpler to 

calculate tied back to the project delivery date. This can be measured in cost savings, 

additional revenue, increased customer satisfaction etc. A standard scoring model can 

be used to normalize across different benefits, and business value points used to 

demonstrate value delivered. 



 

5.3 Performance Measurement Process 
 

5.3.1 Introduction 
 

Performance measures are recognized as an important element of all Total Quality 

Management programs. Managers and supervisors directing the efforts of an organization or 

a group have a responsibility to know how, when, and where to institute a wide range of 

changes. These changes cannot be sensibly implemented without knowledge of the 

appropriate information upon which they are based. In addition, among many organizations 

within the Department of Energy (DOE) complex, there is currently no standardized 

approach to developing and implementing performance measurement systems. As a result, 

performance measures have not been fully adopted to gauge the success of the various quality 

management programs practiced by members of the Department of Energy Nevada 

Operations Office Family Quality Forum. 

 

To address these issues, the steering committee members commissioned a work group to 

study the development, implementation, and operation of performance measurement systems. 

This guidance document, the product of the work group, provides a comprehensive, step-by-

step explanation of how to develop performance measurements at any level within an 

organization and how to evaluate their effectiveness. 

 

The implementation of performance measurements for a specific process should involve as 

many cognizant employees as possible to stimulate ideas and reinforce the notion that this is 

a team effort requiring buy-in from all involved in order to succeed. Substantial benefits are 

realized by organizations implementing performance measurement programs. These benefits 

are realized almost immediately through an improved understanding of processes by all 

employees. Furthermore, individuals get an opportunity to receive a broadened perspective of 

the organization's functions, rather than the more limited perspective of their own immediate 

span of control. As a process, performance measurement is not simply concerned with 

collecting data associated with a predefined performance goal or standard. Performance 

measurement is better thought of as an overall management system involving prevention and 

detection aimed at achieving conformance of the work product or service to your customer's 

requirements. 

 



Additionally, it is concerned with process optimization through increased efficiency and 

effectiveness of the process or product. These actions occur in a continuous cycle, allowing 

options for expansion and improvement of the work process or product as better techniques 

are discovered and implemented. 

 

Performance measurement is primarily managing outcome, and one of its main purposes is to 

reduce or eliminate overall variation in the work product or process. The goal is to arrive at 

sound decisions about actions affecting the product or process and its output. 

 

5.3.2 Performance Measures 
 

Performance measures quantitatively tell us something important about our products, 

services, and the processes that produce them. They are a tool to help us understand, manage, 

and improve what our organizations do. Performance measures let us know: 

 how well we are doing 

 if we are meeting our goals 

 if our customers are satisfied 

 if our processes are in statistical control 

 if and where improvements are necessary. 

 

They provide us with the information necessary to make intelligent decisions about what we 

do. A performance measure is composed of a number and a unit of measure. The number 

gives us a magnitude (how much) and the unit gives the number a meaning (what). 

Performance measures are always tied to a goal or an objective (the target). Performance 

measures can be represented by single dimensional units like hours, meters, nanoseconds, 

dollars, number of reports, number of errors, number of CPR-certified employees, length of 

time to design hardware, etc. They can show the variation in a process or deviation from 

design specifications.  

 

Single-dimensional units of measure usually represent very basic and fundamental measures 

of some process or product. More often, multidimensional units of measure are used. These 

are performance measures expressed as ratios of two or more fundamental units. These may 

be units like miles per gallon, number of accidents per million hours worked (a performance 

measure of the companies safety program), or number of on-time vendor deliveries per total 

number of vendor deliveries. Performance measures expressed this way almost always 



convey more information than the single-dimensional or single-unit performance measures. 

Ideally, performance measures should be expressed in units of measure that are the most 

meaningful to those who must use or make decisions 

based on those measures. 

 

Most performance measures can be grouped into one of the following six general categories. 

However, certain organizations may develop their own categories as appropriate depending 

on the organization's mission: 

 

1. Effectiveness: A process characteristic indicating the degree to which the 

process output (work product) conforms to requirements.(Are we doing the 

right things?) 

2. Efficiency: A process characteristic indicating the degree to which the process 

produces the required output at minimum resource cost. (Are we doing things 

right?) 

3. Quality: The degree to which a product or service meets customer requirements 

and expectations.  

4. Timeliness: Measures whether a unit of work was done correctly and on time. 

Criteria must be established to define what constitutes timeliness for a given 

unit of work. The criterion is usually based on customer requirements. 

5. Productivity: The value added by the process divided by the value of the labor 

and capital consumed. 

6. Safety: Measures the overall health of the organization and the working 

environment of its employees. 

 

The following reflect the attributes of an ideal unit of measure: 

 Reflects the customer‘s needs as well as our own 

 Provides an agreed upon basis for decision making 

 Is understandable 

 Applies broadly 

 May be interpreted uniformly 

 Is compatible with existing sensors (a way to measure it exists) 

 Is precise in interpreting the results 

 Is economical to apply 

 



Performance data must support the mission assignment(s) from the highest organizational 

level downward to the performance level. Therefore, the measurements that are used must 

reflect the assigned work at that level. Within a system, units of measure should interconnect 

to form a pyramid (Figure 5.1). Technological units start at the base. These are measures of 

individual units of products and of individual elements of service. The next level of units 

serves to summarize the basic data (e.g., percent defective for specific 

processes, documents, product components, service cycles, and persons.) Next are units of 

measure that serve to express quality for entire departments, product lines, and 

classes of service. In large organizations, there may be multiple layers of this category. 

At the top are the financial and upper management units (measures, indexes, ratios, etc.), 

which serve the needs of the highest levels in the organization: corporate, divisional, and 

functional. 

 

 

Fig 5.1 

 

5.3.3 Benefits of Measurements 
 

Listed below are seven important benefits of measurements: 

 

1. To identify whether we are meeting customer requirements. How do we know that we 

are providing the services/products that our customers require? 



2. To help us understand our processes. To confirm what we know or reveal what we 

don't know. Do we know where the problems are? 

3. To ensure decisions are based on fact, not on emotion. Are our decisions based upon 

well documented facts and figures or on intuition and gut feelings? 

4. To show where improvements need to be made. Where can we do better? How can we 

improve? 

5. To show if improvements actually happened. Do we have a clear picture? 

6. To reveal problems that bias, emotion, and longevity cover up. If we have been doing 

our job for a long time without measurements, we might assume incorrectly that 

things are going well. (They may or may not be, but without measurements there is no 

way to tell.) 

7. To identify whether suppliers are meeting our requirements. Do our suppliers know if 

our requirements are being met? 

 

5.3.4 Need for Measurement 

 
If you cannot measure an activity, you cannot control it. If you cannot control it, you cannot 

manage it. Without dependable measurements, intelligent decisions cannot be made. 

Measurements, therefore, can be used for: 

 

1. Control: Measurements help to reduce variation. For example, a typical control for 

DOE contractor accountability measurement is the Work Authorization Directive 

System 

2. (WADS) and Performance Evaluation Plan (PEP). Their purpose is to reduce expense 

3. overruns so that agreed-to objectives can be achieved. 

4. Self-Assessment: Measurements can be used to assess how well a process is doing, 

5. including improvements that have been made. 

6. Continuous Improvement: Measurements can be used to identify defect sources, 

process trends, and defect prevention, and to determine process efficiency and 

effectiveness, as well as opportunities for improvement. 

7. Management Assessment: Without measurements there is no way to be certain we are 

8. meeting value-added objectives or that we are being effective and efficient. The basic 

9. concept of performance measurement involves  

 planning and meeting established operating goals/standards;  

 detecting deviations from planned levels of performance;  



 restoring performance to the planned levels or achieving new levels of 

performance. 

 

5.4 Foundation for a Performance Measurement System 
 

Successful performance measurement systems adhere to the following principles: 

1. Measure only what is important. Do not measure too much; measure things that 

impact customer satisfaction. 

2. Focus on customer needs. Ask our customers if they think this is what we should 

measure. 

3. Involve employees (workers) in the design and implementation of the measurement 

system. 

 

Give them a sense of ownership, which leads to improvements in the quality of the 

measurement system. The basic feedback loop shown in Figure 5.2 presents a systematic 

series of steps for maintaining conformance to goals/standards by communicating 

performance data back to the responsible worker and/or decision maker to take appropriate 

action(s). 

 

 

Fig 5.2 shows a high level block diagram of the performance measurement process 

 

Without the basic feedback loop, no performance measurement system will ever ensure an 

effective and efficient operation, and, as a result, conformance to customers' requirements. 

The message of the feedback loop is that to achieve the goal or standard, those responsible 

for managing the critical activities must always be in a position to know  



i. what is to be done;  

ii. what is being done;  

iii. when to take corrective action;  

iv. when to change the goal or standard. 

 

The basic elements of the feedback loop and their interrelations are: 

1) The Sensor evaluates actual performance. 

2) The Sensor reports this performance to a Responsible Worker. 

3) The Responsible Worker also receives information on what the goal or 

standard is. 

4) The Responsible Worker compares actual performance to the goal. If the 

difference warrants action, the worker reports to a Responsible Decision 

Maker. 

5) The Responsible Decision Maker verifies variance, determines if corrective 

action is necessary, and, if so, makes the changes needed to bring performance 

back in line with the goals. 

 

A brief description of each of the process shown in fig 5.2 follows: 

 

1. Identify the process flow. This is the first and perhaps most important step. If your 

employees cannot agree on their processes, how can they effectively measure them or 

utilize the output of what they have measured? 

2. Identify the critical activity to be measured. The critical activity is that culminating 

activity where it makes the most sense to locate a sensor and define an individual 

performance measure within a process. 

3. Establish performance goal(s) or standards. All performance measures should be tied 

to a predefined goal or standard, even if the goal is at first somewhat subjective. 

Having goals and standards is the only way to meaningfully interpret the results of 

your measurements and gauge the success of your management systems. 

4. Establish performance measurement(s). In this step, you continue to build the 

performance measurement system by identifying individual measures. 

5. Identify responsible party(s). A specific entity (as in a team or an individual) needs to 

be assigned the responsibilities for each of the steps in the performance measurement 

process. 



6. Collect data. In addition to writing down the numbers, the data need to be pre-

analyzed in a timely fashion to observe any early trends and confirm the adequacy of 

your data collection system. 

7. Analyze/report actual performance. In this step, the raw data are formally converted 

into performance measures, displayed in an understandable form, and disseminated in 

the form of a report. 

8. Compare actual performance to goal(s). In this step, compare performance, as 

presented in the report, to predetermined goals or standards and determine the 

variation (if any). 

9. Are corrective actions necessary? Depending on the magnitude of the variation 

between measurements and goals, some form of corrective action may be required. 

10. Make changes to bring back in line with goal. This step only occurs if corrective 

action is expected to be necessary. The actual determination of the corrective action is 

part of the quality improvement process, not the performance measurement process. 

This step is primarily concerned with improvement of your management system. 

11. Are new goals needed? Even in successful systems, changes may need to be revised 

in order to establish ones that challenge an organization‘s resources, but do not 

overtax them. Goals and standards need periodic evaluation to keep up with the latest 

organizational processes. 

 

5.4.1 High Level Block Diagram 



 

 

5.4.1.1 Step 1: Identify Process 

 

In identifying the process, an understanding of what you want to measure is of critical 

importance. Usually there are many processes and functions, each potentially needing 

performance measures. If there are multiple processes, consider the business impacts, and 

select those processes that are most important to the customer (both internal and external) to 



satisfy their requirements and/or those processes with problem areas identified by 

management. These then become the key (or important) processes. 

 

A process needs to be manageable in size. A lot of effort can be wasted if you do not start 

with a well-defined process. You should ask the following: 

A. What product or service do we produce? 

B. Who are our customer(s)? 

C. What comprises our process? 

 • What do we do? 

 • How do we do it? 

 • What starts our process? 

 • What ends our process? 

 

Before you try to control a process, you must understand it. A flow diagram is an invaluable 

tool and the best way to understand a process. Flowcharting the entire process, down to the 

task level, sets the stage for developing performance measures. All parties who are involved 

in the process should participate in creating the flowcharts. In a team environment, 

individuals will receive a new understanding of their processes. As participants, you can 

count on their later support to make the performance measurement system work. 

 

5.4.1.2 Step 2: Identify Critical Activities to be measured 

 

It is important to choose only the critical activities to be measured. We measure these 

activities to control them. Controlling, or keeping things on course, is not something we do in 

the abstract. Control is applied to a specific critical activity. When making your selection, 

focus on key areas and processes rather than people. Examine each activity in the process and 

identify those that are critical. Critical activities are those that significantly impact total 

process efficiency, effectiveness, quality, timeliness, productivity, or safety. At the 

management level, critical activities impact management priorities, organizational goals, and 

external customer goals. 

 

Ask the following: Does it relate, directly or indirectly, to the ultimate goal of customer 

satisfaction? Every critical activity should. For example, on-time delivery is directly related 

to customer satisfaction. Use quality tools such as the Pareto principle, brainstorming, or 

examining data to help prioritize the critical activities. Confirm that the activity is critical. Do 



all concerned agree that this activity needs to be watched closely and acted on if its 

performance is less than desirable? Is it something that should be continuously improved? 

Does the benefit exceed the cost of taking the measurement? If the answer is "no" to any of 

these questions, you should reevaluate why you consider it critical. 

 

Each critical activity becomes the hub around which a feedback loop is constructed. (Figure 

5.2) It is at this step you begin to think about what you want to know or understand about the 

critical activity and/or process. Perhaps the most fundamental step in establishing any 

measurement system is answering the question, ―What do I want to know.‖ The key issue 

then becomes, "How do we generate useful information?" Learning to ask the right questions 

is a key skill in effective data collection. Accurate, precise data collected through an 

elaborately designed statistical sampling plan is useless if it does not clearly address a 

question that someone cares about. It is crucial to be able to state precisely what it is you 

want to know about the activity you are going to measure.  

 

Without this knowledge, there is no basis for making measurements. To generate useful 

information, planning for good data collection proceeds along the following lines: 

 • What question do we need to answer? 

 • How will we recognize and communicate the answers to the question? 

 • What data-analysis tools (Pareto diagram, histogram, bar graph, control charts, etc.) 

do we envision using? How will we communicate the results? 

 • What type of data do the data analysis tools require? 

 

Notice how this planning process (Figure 5.4) essentially works backward through the model 

for generating useful information. We start by defining the question. Then, rather than diving 

into the details of data collection, we consider how we might communicate the answer to the 

question and what types of analysis we will need to perform. This helps us define our data 

needs and clarifies what characteristics are most important in the data. With this 

understanding as a foundation, we can deal more coherently with the where, who, how, and 

what else issue of data collection. 



 

Fig: 5.4  

 

5.4.1.3 Step 3: Establish Performance Goals or Standards 

 

Goals and standards are necessary; otherwise there is no logical basis for choosing what to 

measure, what decisions to make, or what action to take. Goals can be a management 

directive or can be set in response to customer needs or complaints. Know your customers 

and their expectations. For each critical activity selected for measurement, it is necessary to 

establish a performance goal or standard. This is an "aimed-at" target, an achievement toward 

which effort is expended. Standards often are mandated by external sources (e.g., 

Occupational Safety and Health Administration, government regulations, etc.). Knowledge of 

performance is not enough; you must have a basis for comparison before you can decide or 

act.  

 

The concept of establishing performance goals/standards is not limited to numbered 

quantities, i.e., budget, deliveries. Neither is it limited to "things." The concept of standards 

extends to business practices, routines, methods, and procedures as well. 

Performance goals can be established for: 

a. the overall process output,  

b. the critical activities that produce the output.  

 

In any case, if this is the first set of goals or standards to be established, and no basis for 

setting goals or standards exists, a baseline period of observation is appropriate prior to 

establishing the goal or standard. Good performance goals or standards are: 



 Attainable: Should be met with reasonable effort under the conditions that are 

expected to prevail. 

 Economic: Cost of setting and administering should be low in relation to the activity 

covered. 

 Applicable: Should fit the conditions under which they are to be used. If conditions 

vary, should contain built-in flexibility to meet these variables. 

 Consistent: Should help to unify communication and operations throughout all 

functions of the company. 

 All-inclusive: Should cover all interrelated activities. Failing this, standards will be 

met at the expense of those activities for which standards have not been set. 

 Understandable: Should be expressed in simple, clear terms, so as to avoid 

misinterpretation or vagueness. Instructions for use should be specific and complete. 

 Measurable: Should be able to communicate with precision. 

 Stable: Should have a long enough life to provide predictability and to amortize the 

effort of preparing them. 

 Adaptable: Should be designed so that elements can be added, changed, and brought 

up to date without redoing the entire structure. 

 Legitimate: Should be officially approved. 

 Equitable: Should be accepted as a fair basis for comparison by the people who have 

the job of meeting the goal or standard. 

 Customer Focus: Should address areas important to the customer (internal/external) 

such as cycle time, quality, cost schedule performance, and customer satisfaction. 

 

5.4.1.4 Step 4: Establish Performance Measurement(s) 

 

This step involves performing several activities that will continue to build the performance 

measurement system. Each performance measurement consists of a defined unit of measure, a 

sensor to measure or record the raw data, and a frequency with which the measurements are 

made. To develop a measure, the team performs the following activities: 

 translates ―what do I want to know‖ into a performance measure 

 identifies the raw data that will generate the performance measure 

 determines where to locate the raw data 

 identifies the sensor or measurement instrument that will collect the data for the 

performance measures 

 determines how often to make the measurements 



 

At this point, your team has agreed upon which process to measure (Step 1), identified the 

critical activities of your process with emphasis on those that impact quality, efficiency, 

timeliness, customer satisfaction, etc. (Step 2), looked at goals for these activities, products, 

and services (where they exist), and has quantified these goals where possible (Step 3). Your 

team should use the knowledge gained from these previous steps to help state precisely what 

you want to know about the critical activities or the process as a whole. Think of this step as 

one that will allow you to generate useful information rather than just generating data. The 

purpose of this information is to provide everyone involved with an agreed-upon basis for 

making sensible decisions about your processes, products, and services. Don‘t move on until 

the team agrees on what information you are trying to extract from the measurements. 

 

Translate into Performance Measures 

 

Having identified precisely what you want to know or understand about your process, you 

must now assemble this knowledge into a performance measure. Performance measures, and 

the data necessary to generate them, should be chosen to answer the questions you have just 

posed above. At this point, your team must decide how you will ―say it in numbers.‖ 

Performance measures are generally easiest to determine for activities or processes that have 

established and quantified goals. In such cases, the performance measures are usually stated 

in the same units as or similar units to the goals. 

 

5.4.1.5 Step 5: Identify Responsible Parties 

 

Steps 1 through 4 are primarily team activities. To continue the performance measurement 

process, the responsible worker(s) and the responsible decision maker must be defined. (In 

some instances, one person may be responsible for the entire system.) It is now appropriate to 

determine who should: 

 Collect the data 

 Analyze/report actual performance 

 Compare actual performance to goal/standard 

 Determine if corrective action is necessary 

 Make changes 

 



Ideally, responsibility should be assigned to individuals commensurate with authority. This 

means that each responsible party should: 

1. Know what the goals are 

2. Know what the actual performance is 

3. Have the authority to implement changes if performance does not conform to goals and 

standards 

 

To hold someone responsible in the absence of authority prevents them from performing their 

job and creates the risk of unwarranted blame. 

 

5.4.1.6 Step 6: Collect Data 

 

The determination of conformance depends on meaningful and valid data. Before you start 

out to collect a lot of new data, it is always wise to look at the data you already have to make 

certain you have extracted all the information you can from it. In addition, you may wish to 

refer back to Step 2 and review planning for good data collection. 

 

Information, as a term, comprises the answers to your questions. Data are a set of facts 

presented in quantitative or descriptive form. Obviously, data must be specific enough to 

provide you with relevant information. There are two basic kinds of data: 

 

Measured or variables data:  

 

Data that may take on any value within some range. This type of data provides a more 

detailed history of your business process. This involves collecting numeric values that 

quantify a measurement and therefore require small samples. If the data set is potentially 

large, consider recording a representative sample for this type of data. 

 

Examples: 

 Cost of overnight mail 

 Dollar value of stock 

 Number of days it takes to solve a problem 

 Diameter of a shaft 

 

Counted or attribute data:  



 

Data that may take on only discrete values. Attribute data need not be numeric. These kinds 

of data are counted, not measured, and generally require large sample sizes to be useful. 

Counting methods include defective/non defective; yes/no; accept/reject. 

 

Examples 

 Was the letter typed with no errors? 

 Did the meeting start on time? 

 Was the phone answered by the second ring? 

 Was the report turned in on schedule? 

 

Data Collection Forms 

 

There are two types of forms commonly used to aid in data collection. Often combinations of 

these are used: 

 

 Checksheet: A form specially designed so that the results can be readily interpreted 

from the form itself. This form of data collection is ideal for capturing special (worker 

controlled) cause of process variation since the worker can interpret the results and 

take corrective actions immediately. 

 Data Sheet: A form designed to collect data in a simple tabular or column format 

(often related to time-dependent data). Specific bits of data–numbers, words, or 

marks–are entered in spaces on the sheet. As a result, additional processing is 

typically required after the data are collected in order to construct the tool needed for 

analysis. This form of data collection is usually used for capturing common (manager 

controlled) causes of process variations. 

 

Review Questions 

5) Explain the high level performance Block Diagram 

6) What is the role of Identify process in High level Block Diagram? 

7) What is Establish Performance Goals mean? 

8) What are the benefits of measurement? 

 

Discussion Questions 

Define Performance Measure with suitable Examples. 



Application Exercises 

4) What are Performace Measurement Processes? 

5) Write down the responsibility & roles of Strategic Alignment. 

6) What is the role of the PMO? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 6  

Control Management 
 

Learning Objectives 

 Understand what is meant by organizational control. 

 Differentiate among different levels, types, and forms of control. 

 Know the essentials of financial controls. 

 Know the essentials of non-financial controls. 

 Know the basics of lean control systems. 

 Craft a Balanced Scorecard for an organization or yourself. 

 

6.1 Organizational Control 
 

The fourth facet of P-O-L-C, organizational control, refers to the process by which an 

organization influences its subunits and members to behave in ways that lead to the 

attainment of organizational goals and objectives. When properly designed, such controls 

should lead to better performance because an organization is able to execute its strategy 

better. As shown in the P-O-L-C framework figure, we typically think of or talk about control 

in a sequential sense, where controls (systems and processes) are put in place to make sure 

everything is on track and stays on track. Controls can be as simple as a checklist, such as 

that used by pilots, flight crews, and some doctors. Increasingly, however, organizations 

manage the various levels, types, and forms of control through systems called Balanced 

Scorecards. We will discuss these in detail later in the chapter. 

 

Organizational control typically involves four steps:  

 establish standards,  

 measure performance,  

 compare performance to standards,  

 take corrective action as needed.  

 

Corrective action can include changes made to the performance standards setting them higher 

or lower or identifying new or additional standards. Sometimes we think of organizational 

controls only when they seem to be absent, as in the 2008 meltdown of U.S. financial 

markets, the crisis in the U.S. auto industry, or the much earlier demise of Enron and 



MCI/Worldcom due to fraud and inadequate controls. However, as shown in the figure, good 

controls are relevant to a large spectrum of firms beyond Wall Street and big industry. 

 

6.1.1 Need for Control in Not-for-Profit Organizations 
 

We tend to think about controls only in the for-profit organization context. However, controls 

are relevant to a broad spectrum of organizations, including governments, schools, and 

charities. Jack Siegel, author of A Desktop Guide for Nonprofit Directors, Officers, and 

Advisors: Avoiding Trouble While Doing Good, outlines this top 10 list of financial controls 

that every charity should put in place: 

 

1. Control 1—Require two signatures for checks written on bank and investment 

accounts. This prevents unapproved withdrawals and payments. 

 

2. Control 2—The organization‘s bank statements should be reconciled on a monthly 

basis by someone who does not have signature authority over the accounts. This is a 

further check against unapproved withdrawals and payments. 

 

3. Control 3—Since cash is particularly susceptible to theft, organizations should 

eliminate the use of cash to the extent possible. 

 

4. Control 4—Organizations should only purchase goods from an approved list of 

vendors. This provides protection from phony invoices submitted by insiders. 

 

5. Control 5—Many charities have discovered ―ghost employees‖ on their payrolls. To 

minimize this risk, organizations should tightly control the payroll list by developing 

a system of reports between payroll/accounting and the human resources department. 

 

6. Control 6—Organizations should require all otherwise reimbursable expenses to be 

preauthorized. Travel and entertainment expenses should be governed by a clearly 

articulated written policy that is provided to all employees. 

 

7. Control 7—Physical inventories should be taken on a regular and periodic basis and 

then be reconciled against the inventories carried on the books. Besides the possible 



detection of theft, this control also provides a basis for an insurance claim in the case 

of a fire, flood, or other disaster. 

 

8. Control 8—Every organization should develop an annual budgeting process. The 

nonprofit‘s employees should prepare the budget, but the board should review and 

approve it. 

 

9. Control 9—Organizations should use a competitive bidding process for purchases 

above a certain threshold. In reviewing bids, organizations should look for evidence 

of collusion. 

 

10. Control 10—Organizations that regularly received grants with specific requirements 

should have someone who is thoroughly versed in grant administration. 

 

6.1.2 Costs and Benefits of Organizational Controls 
 

Organizational controls provide significant benefits, particularly when they help the firm stay 

on track with respect to its strategy. External stakeholders, too, such as government, 

investors, and public interest groups have an interest in seeing certain types or levels of 

control are in place. However, controls also come at a cost. It is useful to know that there are 

trade-offs between having and not having organizational controls, and even among the 

different forms of control. Let‘s look at some of the predominant costs and benefits of 

organizational controls, which are summarized in the following figure. 

 

6.1.2.1 Costs 

 

Controls can cost the organization in several areas, including: 

 financial,  

 damage to culture and reputation,  

 decreased responsiveness,  

 botched implementation.  

 

An example of financial cost is the fact that organizations are often required to perform and 

report the results of a financial audit. These audits are typically undertaken by external 

accounting firms, which charge a substantial fee for their services; the auditor may be a large 



firm like Accenture or KPMG, or a smaller local accounting office. Such audits are a way for 

banks, investors, and other key stakeholders to understand how financially fit the 

organization is. Thus, if an organization needs to borrow money from banks or has investors, 

it can only obtain these benefits if it incurs the monetary and staffing costs of the financial 

audit. 

 

Controls also can have costs in terms of organization culture and reputation. While you can 

imagine that organizations might want to keep track of employee behavior, or otherwise put 

forms of strict monitoring in place, these efforts can have undesirable cultural consequences 

in the form of reduced employee loyalty, greater turnover, or damage to the organization‘s 

external reputation.  

 

Less theoretical are practical examples such as Hewlett-Packard‘s (HP) indictment on 

charges of spying on its own board of directors. In a letter to HP‘s board, director Tom 

Perkins said his accounts were ―hacked‖ and attached a letter from AT&T explaining how the 

breach occurred. Records of calls made from Perkins‘s home phone were obtained simply 

with his home phone number and the last four digits of his Social Security number. His long-

distance account records were obtained when someone called AT&T and pretended to be 

Perkins, according to the letter from AT&T. HP Chairman Patricia Dunn defended this rather 

extreme form of control as legal, but the amount of damage to the firm‘s reputation from 

these charges led the firm to discontinue the practice. It also prompted the resignation of 

several directors and corporate officers. 

 

The third potential cost of having controls is that they can afford less organizational 

flexibility and responsiveness. Typically, controls are put in place to prevent problems, but 

controls can also create problems. For instance, the Federal Emergency Management Agency 

(FEMA) is responsible for helping people and business cope with the consequences of natural 

disasters, such as hurricanes. After Hurricane Katrina devastated communities along the U.S. 

Gulf Coast found that it could not provide prompt relief to the hurricane victims because of 

the many levels of financial controls that it had in place. 

 

The fourth area of cost, botched implementation, may seem obvious, but it is more common 

than you might think. Sometimes the controls are just poorly understood, so that their launch 

creates significant unintended, negative consequences. For example, when Hershey Foods put 

a new computer-based control system in place in 1999, there were so many problems with its 



installation that it was not able to fulfill a large percentage of its Halloween season chocolate 

sales that year. It did finally get the controls in working order, but the downtime created huge 

costs for the company in terms of inefficiencies and lost sales. Some added controls may also 

interfere with others. For instance, a new quality control system may improve product 

performance but also delay product deliveries to customers. 

 

6.1.2.2 Benefits 

 

Although organizational controls come at some cost, most controls are valid and valuable 

management tools. When they are well designed and implemented, they provide at least five 

possible areas of benefits, including: 

1. improved cost and productivity control,  

2. improved quality control,  

3. opportunity recognition,  

4. better ability to manage uncertainty and complexity,  

5. better ability to decentralize decision making.  

 

6.1.2.3 Key Costs 

 

Financial costs—direct (i.e., paying for an accountant for an audit) and indirect (i.e., people 

such as internal quality control the organization employs whose primary function is related to 

control). 

 

Culture and reputation costs—the intangible costs associated with any form of control. 

Examples include damaged relationships with employees, or tarnished reputation with 

investors or government. 

 

Responsiveness costs—downtime between a decision and the actions required to implement 

it due to compliance with controls. 

 

Poorly implemented controls—implementation is botched or the implementation of a new 

control conflicts with other controls. 

 

Key Benefits 

 



1. Cost and productivity control—ensures that the firm functions effectively 

and efficiently. 

 

2. Quality control—contributes to cost control (i.e., fewer defects, less 

waste), customer satisfaction (i.e., fewer returns), and greater sales (i.e., 

repeat customers and new customers). 

 

3. Opportunity recognition—helps managers identify and isolate the source 

of positive surprises, such as a new growth market. Though opportunities 

can also be found in internal comparisons of cost control and productivity 

across units. 

 

4. Manage uncertainty and complexity—keeps the organization focused on 

its strategy, and helps managers anticipate and detect negative surprises 

and respond opportunistically to positive surprises. 

 

5. Decentralized decision making—allows the organization to be more 

responsive by moving decision making to those closest to customers and 

areas of uncertainty. 

 

First, good controls help the organization to be efficient and effective by helping managers to 

control costs and productivity levels. Cost can be controlled using budgets, where managers 

compare actual expenses to forecasted ones. Similarly, productivity can be controlled by 

comparing how much each person can produce, in terms of service or products. For instance, 

you can imagine that the productivity of a fast-food restaurant like McDonald‘s depends on 

the speed of its order takers and meal preparers. McDonald‘s can look across all its 

restaurants to identify the target speed for taking an order or wrapping a burger, then measure 

each store‘s performance on these dimensions. 

 

Quality control is a second benefit of controls. Increasingly, quality can be quantified in 

terms of response time (i.e., How long did it take you to get that burger?) or accuracy (Did 

the burger weigh one-quarter pound?). Similarly, Toyota tracks the quality of its cars 

according to hundreds of quantified dimensions, including the number of defects per car. 

Some measures of quality are qualitative, however. For instance, Toyota also tries to gauge 

how ―delighted‖ each customer is with its vehicles and dealer service. You also may be 



familiar with quality control through the Malcolm Baldrige National Quality Program Award. 

The Baldrige award is given by the president of the United States to businesses—

manufacturing and service, small and large—and to education, health care, and nonprofit 

organizations that apply and are judged to be outstanding in seven areas: leadership; strategic 

planning; customer and market focus; measurement, analysis, and knowledge management; 

human resource focus; process management; and results. Controlling—how well the 

organization measures and analyzes its processes—is a key criterion for winning the award. 

The Baldrige award is given to organizations in a wide range of categories and industries, 

from education to ethics to manufacturing. 

 

The third area by which organizations can benefit from controls is opportunity recognition. 

Opportunities can come from outside of the organization and typically are the result of a 

surprise. For instance, when Nestlé purchased the Carnation Company for its ice cream 

business, it had also planned to sell off Carnation‘s pet food line of products. However, 

through its financial controls, Nestlé found that the pet food business was even more 

profitable than the ice cream, and kept both. Opportunities can come from inside the 

organization too, as would be the case if McDonald‘s finds that one of its restaurants is 

exceptionally good at managing costs or productivity. It can then take this learned ability and 

transfer it to other restaurants through training and other means. 

 

Controls also help organizations manage uncertainty and complexity. This is a fourth area of 

benefit from well-designed and implemented controls. Perhaps the most easily understood 

example of this type of benefit is how financial controls help an organization navigate 

economic downturns. Without budgets and productivity controls in place, the organization 

might not know it has lost sales or expenses are out of control until it is too late. 

 

6.1.2.4 Performance Analysis, Review, and Improvement 

 

How do you review organizational performance and capabilities? What analyses do you 

perform to support these reviews and to ensure that the conclusions are valid? How do you 

use these reviews to assess organizational success, competitive performance, and progress 

relative to strategic objectives and action plans? How do you use these reviews to assess your 

organization‘s ability to respond rapidly to changing organizational needs and challenges in 

your operating environment? 

 



How do you translate organizational performance review findings into priorities for 

continuous and breakthrough improvement and into opportunities for innovation? How are 

these priorities and opportunities deployed to work group and functional-level operations 

throughout your organization to enable effective support for their decision making? When 

appropriate, how are the priorities and opportunities deployed to your suppliers, partners, and 

collaborators to ensure organizational alignment? How do you incorporate the results of 

organizational performance reviews into the systematic evaluation and improvement of key 

processes? 

 

The fifth area of benefit in organizational control is related to decentralized decision making. 

Organization researchers have long argued that performance is best when those people and 

areas of the organization that are closest to customers and pockets of uncertainty also have 

the ability (i.e., the information and authority) to respond to them. 

 

6.2 Financial Controls 
 

6.2.1 Introduction 
 

Financial controls are the rules and procedures that have been put in place to ensure that you 

are effectively running your organisation. The main reason for having financial controls is to 

reduce the risk of error and fraud.  If errors are made it is likely to result in a loss of money, 

without good controls you are unlikely to have good records and therefore be unable to 

highlight any errors. 

 

Potential donors are more likely to give money to organisations that they can trust and 

therefore if you have good financial controls in place the level of trust a donor can place on 

the organisation increases and are more likely to give donations to your organisation in the 

belief that the money will be spent wisely. 

 

For organisations registered under the Charities Act 1993, their Trustees have a legal duty to 

safeguard the assets of the organisation and ensure that the assets are used to achieve the 

organisation‘s objectives. Based upon this you need to have good financial controls in place 

to ensure that you maintain good control over your assets. 

 

6.2.2 Implementing financial controls 



 

The first thing to do is to consider what you want your financial controls to do (e.g. ensure all 

income is banked; all expenditure is approved before it is incurred; etc). 

 

The next thing to do is to document your controls (e.g. all cheques must be signed by two 

Trustees). Once you have written down these rules you need to review how the control will 

work and consider if the control can be bypassed in anyway. 

 

Once you have established you financial controls they should be discussed and approved by 

the trustees at the next committee meeting. You need to ensure that you have the support of 

all the Trustees before implementing any new plans. 

 

The next stage is to implement the financial controls noting who will be responsible for each 

stage of each control. By making someone accountable for a financial control it is more likely 

to be effective as the person will not want to be responsible for the control failing. 

 

Now that the controls are in place it does not mean you can sit back and relax. Controls are 

only good if they are relevant, therefore you need to ensure that you are constantly reviewing 

your controls to see if they are still effective. As things change in the organisation you need 

to think about if you need to make changes to your controls as your organisation evolves. 

 

Just because there maybe some controls in place in an organisation it is no good to just say 

lets keep doing this as its what we have always done. Old financial controls which have not 

been reviewed may not be good for your organisation and therefore they need to reviewed to 

ensure they are effective and changes need to be made where required. 

 

It can be hard to make changes to controls which have been embedded in the organisation but 

assessing why the controls are no longer any good and how the implementation of new 

controls can help the organisation will aid you in putting the changes into place within your 

organisation. 

 

6.2.3 Types of financial controls  
 



We cannot give you a comprehensive list of everything you need, the types of controls in 

place differ with each organisation however we can give you an idea of the core areas which 

need to be covered: 

 

6.2.3.1 Budgets 
 

By having a budget in place at the beginning of the year you can access performance and be 

able to identify overspends. 

 

6.2.3.2 Bank Mandate 
 

You need effective controls over who has authority to make payments of the bank account, 

the level of authority and rules over cheque signatories. 

 

6.2.3.3 Expenditure Authorisation 
 

You need to ensure that people have sufficient authorisation to spend the organisations 

resources 

 

6.2.3.4 Salaries 
 

This can be a significant area of fraud without strong financial controls in place over new 

staff, leavers, changes to salaries and who calculates and pays the salaries. 

 

6.2.3.4 Petty Cash 
 

As this is physical cash it is easy for money to go missing, it is essential to maintain good 

records and ensure it is reconciled regularly 

 

6.2.3.5 Cash Income 
 

If you receive lots of cash there are risks that not all of it will be deposited in the bank 

therefore controls need to be put in place over who counts, banks and records it. 

 

6.2.3.6 Bank Reconciliation 



 

This is an important process for any organisation to go through to ensure that the amount in 

the bank account agrees with what you expect there to be.  

 

6.2.3.7 Confidential information 
 

You need to ensure you know what information is confidential, how long you are supposed to 

keep it and that it is fill away correctly. 

 

6.2.4 Types 
 

6.2.4.1 Introduction 

 

Financial controls are a critical part of any financial system. They ensure that the resources of 

the Housing Association are being correctly and effectively used and that activities are 

correctly and accurately reported. Poor controls can lead to the risk that resources are used 

inefficiently or are subject to theft, fraud or abuse. 

 

It is the responsibility of the Board of the Association to ensure that good financial controls 

are in place. It is the responsibility of management to ensure that the controls are operating 

effectively. When establishing what controls are necessary, the Association should consider: 

 

1. the nature and extent of risks they face; 

2. the likelihood that the risks will occur; 

3. the extent and type of risk which would be acceptable to bear; 

4. the ability to reduce the incidence and impact of risks that do occur; and 

5. the cost of implementing a control compared to the benefit that would be 

obtained by implementing it. 

 

Controls protect both the Association and its staff. These controls should: 

 

1. be embedded in the operations and culture of the Association; 

2. be able to evolve if the type of risks the Association faces are changing; 

3. include procedures which enable immediate reporting to the relevant area 

of management should a problem occur. 



 

Even when a good system of Financial Controls is in place and is fully utilised, it can only 

provide reasonable, and not absolute, assurance against material misstatement of accounts, 

loss or misuse of resources and non-compliance with laws or regulations. There are several 

areas where Associations should consider putting controls in place. The type and extent of 

controls will vary from one Association to another depending on their individual 

requirements. The Associations should consider taking professional advice when deciding on 

relevant controls. A brief description of some controls which should be considered is given 

below. This list is not exhaustive. It is the responsibility of the Board to ensure that adequate 

appropriate controls are in place.  

 

 Segregation of duties 

 

It is important, where ever possible to separate those responsibilities or duties which if 

combined would enable one person to record and process a complete transaction. This 

reduces the scope for errors and omissions and for deliberate manipulation or abuse. 

 

Qualification of staff and advisors 

 

1. Staff should be properly trained, qualified and competent for the tasks that they 

are required to perform. This reduces the scope for errors.  It is also important that 

regular contact should be maintained with professional advisers. Procedures 

should be established to ensure that general or specific independent advice 

received is brought to the attention of management and the Board. 

2. A useful free financial management e-learning tool for non-financial staff, 

including Board members is available from the Audit Commission  

3. When registering for the e-learning tool you will be required to provide some 

information. Where it asks you to select Department choose ‗Housing Services‘ 

from the drop down list and for Body, select ‗Other‘. Although some of the 

information in the training is only relevant in England, most of the basic financial 

information is relevant for all. 

 

6.2.4.2 Budgetary Controls 

 



Revenue Budgets - Annual budgets with realistic estimates of income and expenditure should 

be prepared. By comparing actual results to those budgeted, the Association can quickly 

highlight areas of the business which may need attention.  Comparisons also aid preparation 

of future budgets by identifying possible flaws in previous assumptions used. 

Capital Budgets – Financial viability of new schemes should be assessed before a project is 

approved by the Association. 

 

6.2.4.3 Bank and Cash Controls 

 

Controls are required to ensure that all monies received are recorded, safeguarded against loss 

or theft and banked. In relation to payments, controls should ensure that all payments are 

correctly authorised, made to the correct payees and recorded. Bank reconciliations and other 

cash controls will highlight issues relating to cash balances including errors, loss, theft or 

other misstatement. 

 

All money due to the Association should be recorded, pursued and properly accounted for. 

 

6.2.4.4 Expenditure and Purchasing Controls 

 

All Associations should have procedures for the authorisation of expenditure. Controls can 

ensure that only those goods required are ordered, that purchases are at the best prices and all 

transactions are recorded. They can also ensure that goods received are undamaged, have all 

been received and that the price invoiced matches the original orders. The provision of 

external goods and services procured on an ongoing basis should be tendered for on a regular 

basis ensuring best value for money. 

 

6.2.4.5 Investment Appraisal 

 

To inform Board decisions on capital/ revenue schemes, Associations should carry out an 

investment appraisal before committing to any capital or revenue investment, to ensure that 

their funds will be spent in the most efficient way and provide the greatest benefit possible. 

Further information is available in the Scheme Approval guide 

 

6.2.4.6 Payroll and Personnel Controls 

 



Controls are required to ensure that salary and expense payments are properly authorised and 

statutory payments such as PAYE are correctly deducted and paid to the required timescales.  

Controls over recruitment and personnel are also necessary to protect the Association from 

the possibility of errors or ‗ghost‘ employees. 

 

6.2.4.7 Controls over Assets 

 

This area covers such items as land, housing, offices, vehicles, fixtures and fittings, and 

equipment (e.g. computers) which are used in the Associations activities.  Controls, such as 

Asset Registers, are required to confirm the existence and value of assets and ensure their 

safe keeping. 

 

6.2.4.8 Treasury Management 

 

Treasury Management involves the optimum management of cash flows, banking, money-

market and capital-market transactions and the control of risk associated with these activities.  

It covers an organisation‘s use of working capital and scheme financing, borrowing, 

investment and hedging instruments and techniques.  Effective controls are vital in this area 

and guidance can be obtained from CIPFA 

 

6.2.4.9 Internal Audit 

 

Housing Associations must use Internal Audits to appraise and evaluate compliance with 

their policies and procedures. This can give an indication of the reliability of their financial 

reporting, the security of assets and compliance with statutory requirements etc. The Internal 

Auditors can then provide the Board with recommendations for improvements to their 

systems. 

 

6.2.4.10 Insurance 

 

It is important that Associations have all relevant insurances in place. 

 

6.3 Lean Control System 
 



A lean manufacturing system is one that meets high throughput or service demands with very 

little inventory. Despite its significant success, kanban control is not a perfect mechanism to 

control a lean system. Kanban control uses the levels of buffer inventories in the system to 

regulate production. When a buffer reaches its preset maximum level, the upstream machine 

is told to stop producing that part type. 

This is often implemented by circulating cards, the kanbans, between a machine and the 

downstream buffer. The machine must have a card before it can start an operation. It can then 

pick raw materials out of its upstream (or input) buffer, perform the operation, attach the card 

to the finished part, and put it in the downstream (or output) buffer. The number of cards 

circulating determines the buffer size, since once all cards are attached to parts in the buffer, 

no more parts can be made. When the machine picks up raw materials to perform an 

operation, it also detaches the card that was attached to the material. The card is then 

circulated back upstream to signal the next upstream machine to do another operation. This 

way, a demand for a unit of finished goods percolates up the supply chain. 

  

Fig 6.1 Kanban control. Movement of parts shown in blue, circulation of kanban in red. 

Machines are shown as circles and buffers as triangles. The last buffer is the finished goods 

(FG) inventory.  

Kanban control ensures that parts are not made except in response to a demand. The analogy 

is to a supermarket: Only the goods that have been sold are restocked on the shelves. 

However, it has a major drawback: It uses the parts themselves as carriers of information. A 

machine is told to stop production when its output buffer is full. This requires that a number 

of parts sit in the buffer without serving any apparent purpose but to block the upstream 

machine. 

That's not quite right, though. The parts waiting in a buffer do serve a purpose: They act as 

a buffer inventory, partially decoupling the operation of downstream machines from any 

interruptions of upstream production. If a machine fails, the machine downstream of it can 

continue production by consuming the parts that are already in the buffer. With luck, the 

upstream machine will be repaired before the buffer is empty, and the failure will not affect 



the downstream machine (or the customer on the downstream end of the chain). But we can 

do this in a better way. 

6.3.1 CONWIP control 

CONWIP stands for Constant Work-In-Process, and designates a control strategy that limits 

the total number of parts allowed into the system at the same time. Once the parts are 

released, they are processed as quickly as possible until they wind up in the last buffer as 

finished goods. One way to view this is that the system is enveloped in a single kanban cell: 

Once the consumer removes a part from the finished goods inventory, the first machine in the 

chain is authorized to load another part. 

  

Fig 6.2 CONWIP control. Movement of parts shown in blue, circulation of release 

authorizations in green. 

This leads to subtly different behavior from a kanban control. First of all, like kanban, the 

CONWIP system only responds to actual demands that have occurred, so it is still a ``pull'' 

type system. But unlike kanban, the resting state of the system has all buffers empty, except 

finished goods, which is full. This occurs because any part released to the system will move 

to finished goods. New parts will not be released if the finished goods buffer is full. The 

inventory in finished goods is now available to serve the customer, and there is no internal 

inventory to collect dust. 

But what about the buffer inventories and the decoupling against failures? Something subtle 

called ``part/hole duality'' is happening. It is true that inventory in a buffer protects the 

downstream portion of the line against the consequences of failures upstream. But it does not 

protect the upstream portion of the line against failures downstream. If a buffer is full, and the 

machine downstream of it fails, a kanban line will stop production upstream of the failure, no 

matter how many raging customers line up at the end. When the failed machine is repaired, it 

will suddenly impose an increased workload on the upstream portion of the system, since it 

needs to catch up with the demand. 

The mostly empty buffers in a CONWIP line contain valuable (but cheap) empty space. This 

space is used to decouple the upstream portion of the line against failuresdownstream. If the 



last machine in the line fails, the customers will be served from the finished goods buffer, 

while new parts will be released to the line as usual and proceed to the buffer in front of the 

failed machine. There they wait for the repair. When the machine is repaired, it has a 

sufficiently large number of parts in its input buffer to catch up with demand and replenish 

the finished goods buffer. 

Empty buffer space acts to decouple the machines also in a kanban line. But there, the control 

policy is to fill up the buffers whenever possible. And this is possible most of the time, unless 

the demand rate is greater than the system capacity. 

Something remarkable just happened: We separated the flow of parts and information. Then 

we got a control policy that allows the same throughput and service levels as kanban, but at 

lower inventories. Intuitively, the advantage over kanban will be larger for systems with more 

stages (since there will be more internal buffers), and for systems with more process 

variability (since that requires larger buffer inventories to achieve the same throughput). 

As an added bonus, the CONWIP control is even simpler to implement than kanban, since 

just one set of cards is circulating. 

6.3.2 Hybrid control 

Sometimes, if the system is very heavily utilized or there is a bottleneck in the line, the 

buffers towards the upstream end of a CONWIP line will have quite high levels. On the other 

hand, kanban control was designed to prevent individual buffer levels from exceeding 

designated limits. 

Therefore, we construct a hybrid control policy where the CONWIP control is supplemented 

with secondary kanban cells. These detect problems in the line, and block release of parts to 

the line if they cannot be processed further. We do not need a separate kanban cell to block 

the last machine, since any material that has gotten this far surely will reach the finished 

goods buffer if the machine can do an operation. The resulting control policy acts mostly like 

CONWIP, but at decreased inventories when trouble occurs. 



  

Fig 6.3 Hybrid CONWIP/kanban control. Movement of parts shown in blue, circulation of 

kanban in red, and release authorizations in green.  

Note how similar this is to a kanban control: We circulate cards between the machines and 

buffers. The sizes of the buffers are determined by the number of cards in circulation. The 

only difference is that cards detached from finished goods are passed to the firstmachine 

instead of the last. From there, they follow the parts back to the finished goods buffer. 

6.3.2.1 How big is the improvement? 

In our simulation studies, we have seen service improvements of more than 40% (average 

backlog) combined with inventory decreases of about 25%, compared with the best possible 

kanban control of the line. This was a 10-machine line running at about 80% utilization, 

where the parameters were chosen such that 75% of the demand was served from stock in 

both cases. The advantage over kanban grows with the length of the process, the degree of 

process variability, and the service level target. The advantage of the hybrid policy over 

CONWIP grows with the system utilization. 

  

Fig 6.4 Service level vs inventory for various parameter choices. Kanban in red, 

CONWIP/kanban hybrid in green.  



This figure is generated from simulations of several hundred parameter configurations for 

each of the policies. For each choice of buffer sizes and inventory limits (when applicable), 

the system was simulated for two years, and the resulting service and inventory levels were 

recorded. The service level or fill rate is the fraction of demand for finished goods that is 

served from stock. The inventory is all material in the line and in the finished goods buffer. In 

this plot, leanness is indicated by high service levels at low inventories, i.e., by points 

towards the lower right corner. Note that for any target service level, many parameter choices 

for the hybrid policy achieve the target with less inventory than the best kanban policy. 

For example, to achieve 98% fill rate in the six-machine line where these data are taken from, 

the best kanban policy has 66.6 units of inventory, and the best hybrid policy just 49.2. This 

is a 26% difference. 

 

Review Questions 

9) Explain Implementing financial controls 

10) What is organizational performance and capabilities? 

11) What is Cost and productivity control? 

12) What are the benefits of organizational controls? 

 

Discussion Questions 

Define Lean Control System with suitable Examples. 

 

Application Exercises 

7) What are Budgetary Controls? 

8) Write down the work of Financial controls. 

9) What is the role of Federal Emergency Management Agency? 

 

 

 

 

 

 

 

 

 

 



CHAPTER 7 

Performance, schedule, and cost of Projects 
 

Learning Objectives 

 Understand communicating performance standards. 

 Know about performance objectives and standards. 

 Know about the key elements of coaching. 

 Know the essentials of project scheduling. 

 Know the basics of project cost. 

 

7.1 Performance  
Setting and clearly communicating performance standards and expectations, observing and 

providing feedback, and conducting appraisals enables you to achieve the best results through 

managing employee performance.  

To begin the process, you and the employee will collaborate on the development of 

performance standards. You will develop a performance plan that directs the employee's 

efforts toward achieving specific results, to support organizational growth as well as the 

employee's professional growth. Discuss goals and objectives throughout the year, providing 

a framework to ensure employees achieve results through coaching and mutual feedback. At 

the end of the rating period, you will appraise the employee's performance against existing 

standards, and establish new goals together for the next rating period. As the immediate 

supervisor, you play an important role; your closest interaction with the employee occurs at 

this level. 

7.1.1 Observation and Feedback (Coaching) 

Once performance objectives and standards are established and clearly communicated, you 

should observe employees' performance and provide feedback. You have a responsibility to 

recognize and reinforce strong performance by an employee, and identify and encourage 

improvement where it is needed. You provide informal feedback almost every day. 

By observing and providing detailed feedback, you play a critical role in the employee's 

continued success and motivation to meet your performance expectations. 

Coaching is a method of strengthening communication between you and the employee. It 

helps to shape performance and increase the likelihood that the employee's results will meet 



your expectations. Coaching sessions provide you and the employee the opportunity to 

discuss progress toward meeting mutually-established standards and goals. A coaching 

session focuses on one or two aspects of performance, rather than the total review that takes 

place in a performance evaluation. 

7.1.2 Guiding Principles 
 

Effective coaching can: 

1. Strengthen communication between you and the employee 

2. Help the employee attain performance objectives 

3. Increase employee motivation and commitment 

4. Maintain and increase the employee's self-esteem 

5. Provide support 

7.1.3 Key Elements of Coaching 
 

To make your coaching session effective, you must understand the key elements of coaching: 

 Coach when you want to focus attention on any specific aspect of the employee's 

performance. 

 Observe the employee's work and solicit feedback from others. 

 When performance is successful, take the time to understand why. 

 Advise the employee ahead of time on issues to be discussed. 

 Discuss alternative solutions. 

 Agree on action to be taken. 

 Schedule follow-up meeting(s) to measure results. 

 Recognize successes and improvements. 

 Document key elements of coaching session. 

7.1.3.1 Questions to Consider When Coaching 

 

To provide effective feedback you must understand the elements of performance and analyze 

marginal performance. Keep these questions in mind: 

 How is the employee expected to perform? 



 Does the employee understand these expectations? If not, why not? 

 Does the employee know what successful results look like? How do you know? 

 Does the employee know the performance is marginal? How do you know? 

 Are there obstacles beyond the employee's control? Can you remove them? 

 Has the employee ever performed this task satisfactorily? 

 Is the employee willing and able to learn? 

 Does satisfactory performance result in excessive work being assigned? 

 Does unsatisfactory performance result in positive consequences such as an 

undesirable task being reassigned? 

7.1.4 Coaching Behaviors 
 

To make the most of coaching the employee, remember to practice these coaching behaviors: 

 Focus on behavior, not personality. 

 Ask the employee for help in problem identification and resolution. Use active 

listening to show you understand. 

 Set specific goals and maintain communication. 

 Use reinforcement techniques to shape behavior. 

 

7.1.4.1 During the Coaching Session 

 

If you conduct a coaching session to provide positive feedback to the employee, keep the 

following ideas in mind: 

 Describe the positive performance result or work habit using specific details. 

 Solicit your employee's opinion of the same product or behavior. 

 Ask the employee to identify elements that contributed to success (adequate time or 

resources, support from management or other employees, the employee's talent and 

interest in the project). 

 Discuss ways in which you and the employee can support continued positive results. 

 Reinforce for the employee the value of the work and how it fits in with the mission, 

vision, values and goals of the work unit or department. 



 Show your appreciation of the positive results and your confidence that the employee 

will continue to perform satisfactorily. 

 Document your discussion for the employee's file, as you would all coaching and 

counseling sessions, noting day, date, time and key elements. 

When you conduct a coaching session to improve performance, you may want to use the 

following format: 

 Describe the issue or problem, referring to specific behaviors. 

 Involve the employee in the problem-solving process. 

 Discuss causes of the problem. 

 Identify and write down possible solutions. 

 Decide on specific actions to be taken by each of you. 

 Agree on a follow-up date. 

 Document key elements of the session. 

If your coaching session is conducted to address poor work habits such as continued 

tardiness, keep these steps in mind: 

 Describe in detail the poor work habit observed. 

 Say why it concerns you. Tie it to the performance standards and goals. 

 Ask why it occurred and listen non-judgmentally to the explanation. Describe the 

need for change and ask for ideas. 

 Discuss each idea and offer your help. 

 Agree on specific actions to be taken and set a specific follow-up date. 

 Document results from the session. 

7.1.5 Follow-Up Discussion 
 

To conduct a follow-up discussion, consider the following steps: 

 Review the previous discussion(s). 

 Discuss insufficient improvement and ask for reasons why. 

 Indicate consequence of continued lack of improvement. (No threats! This isn't an 

oral warning.) 

 Agree on action to be taken and set a follow-up date, if appropriate. 



 Convey your confidence in the employee. 

 Document your discussion. 

7.1.6 Other Resources 

1. The Performance Management Program 

2. Relevant personnel policies and collective bargaining agreements 

3. UCSF Supervisory Certification Program including . 

7.1.7 Performance Appraisal 

The campus carries out its mission through the individual and collective contributions of its 

employees. To do their best, staff members need to know that those contributions will be 

recognized and acknowledged. Overseeing performance and providing feedback is not an 

isolated event, but rather an ongoing process that takes place throughout the year. The 

performance appraisal is part of that process, and provides an excellent opportunity for you to 

communicate with the employee about past performance, evaluate the employee's job 

satisfaction, and make plans for the employee's future performance. 

Remember that the performance appraisal summarizes the employee's contributions over the 

entire appraisal period (usually one year). It is not a step in the disciplinary process. It may 

occur as often as you believe is necessary to acknowledge the employee for accomplishments 

and to plan together for improved performance. 

7.1.8 Guiding Principles 
 

The goal of the performance appraisal process is to help the employee feel: 

 Positive about the job 

 Motivated to do well and to develop 

 Benefited by specific, constructive feedback 

 Appreciated for specific contributions 

 Informed about current and future performance objectives 

 Involved as a participant in the process 



 

7.1.8.1 Preparing for the Appraisal 

 

Both you and the employee play an important role in creating a productive performance 

appraisal process. Here are some suggestions to get the employee involved: 

 Schedule a mutually convenient time and place for the performance appraisal 

discussion. Allow enough time and ensure privacy. 

 Explain that you would like the discussion to be a dialog, with input from both of you 

included in the final written document. 

 Give the employee some options about how to prepare for the discussion. For 

example: 

o Ask the employee to prepare a self-evaluation using the same form you will 

use for your draft. The employee can address accomplishments and things that 

could be done better. Explain that you will be doing the same and that you 

may exchange these documents a few hours before your meeting 

 Give the employee a list of questions to consider to evaluate his own performance. 

Sample questions might be: 

o What have been your major accomplishments? 

o What could you have done better? 

o What could I do as your supervisor to help you do your job better? 

o Would you like to see your responsibilities change? If so, how? 

 Prepare a draft appraisal, making sure you have as much information as possible, 

including: 

o job description 

o performance standards 

o previous appraisals 

o letters of commendation and/or criticism 

o samples of work 

o records of disciplinary action 

 Consider the question, What can I do to help the employee do the job better and 

achieve developmental goals? 



 

7.1.8.2 Conducting the Appraisal Discussion 

 

Continue the momentum you have established throughout the year with your ongoing dialog 

about performance. You want to set the tone for an open and productive discussion. Here are 

some steps you can take to make it as successful as possible: 

 Create a supportive environment by stating clearly the purpose of the discussion. Be 

as non-threatening and open as possible since the employee may be tense or 

uncomfortable. 

 Discuss key areas of responsibility and give examples of specific results. Have the 

employee go first, based on the self-appraisal or the questions you provided in 

advance. Ask lots of questions and get clarification to make sure you understand the 

employee's point of view. 

 Discuss what could have been done better. Identify your concerns and listen to the 

employee's explanations. 

 Ask your employee for help in resolving problems. Focus on future performance and 

be sure the employee takes responsibility for improvement. 

 Make sure you and the employee have an understanding the same understanding of 

future expectations regarding performance. 

 Give positive recognition for performance that reinforces the goals of the work unit. 

 Discuss the employee's interests and potential new responsibilities. Discuss both of 

your roles in achieving new objectives while maintaining ongoing responsibilities. 

 Conclude on a positive note, emphasizing the benefits of your dialog. 

7.1.8.3 The Final Appraisal Document 

 

Record the results of your discussion on the performance appraisal form. Ask the employee 

to sign the form, and explain that this signature acknowledges discussion of the contents, not 

necessarily agreement with them. Route to your manager for final signatures and placement 

in the employee's departmental personnel file. Give a copy of the signed appraisal to the 

employee. 

7.1.9 Performance Standards 



Performance expectations are the basis for appraising employee performance. Written 

performance standards let you compare the employee's performance with mutually 

understood expectations and minimize ambiguity in providing feedback. 

Having performance standards is not a new concept; standards exist whether or not they are 

discussed or put in writing. When you observe an employee's performance, you usually make 

a judgment about whether that performance is acceptable. How do you decide what's 

acceptable and what's unacceptable performance? The answer to this question is the first step 

in establishing written standards. 

Standards identify a baseline for measuring performance. From performance standards, 

supervisors can provide specific feedback describing the gap between expected and actual 

performance. 

7.1.9.1 Guiding Principles 

 

Effective performance standards: 

 Serve as an objective basis for communicating about performance 

 Enable the employee to differentiate between acceptable and unacceptable results 

 Increase job satisfaction because employees know when tasks are performed well 

 Inform new employees of your expectations about job performance 

 Encourage an open and trusting relationship with employees 

 

Key Areas of Responsibility 

Write performance standards for each key area of responsibility on the employee's job 

description. The employee should participate actively in their development. Standards are 

usually established when an assignment is made, and they should be reviewed if the 

employee's job description is updated. The discussion of standards should include the criteria 

for achieving satisfactory performance and the proof of performance (methods you will use to 

gather information about work performance). 

 

7.1.9.2 Characteristics of Performance Standards 

 

Standards describe the conditions that must exist before the performance can be rated 

satisfactory. A performance standard should: 



 Be realistic, in other words, attainable by any qualified, competent, and fully trained 

person who has the authority and resources to achieve the desired result 

 Describe the conditions that exist when performance meets expectations 

 Be expressed in terms of quantity, quality, time, cost, effect, manner of performance, 

or method of doing 

 Be measurable, with specified method(s) of gathering performance data and 

measuring performance against standards 

 

7.1.10 Expressing Standards 

 

The terms for expressing performance standards are outlined below: 

 Quantity: specifies how much work must be completed within a certain period of 

time, e.g., enters 30 enrollments per day. 

 Quality: describes how well the work must be accomplished. Specifies accuracy, 

precision, appearance, or effectiveness, e.g., 95% of documents submitted are 

accepted without revision. 

 Timeliness: answers the questions, By when? , How soon? , or Within what period? , 

e.g., all work orders completed within five working days of receipt. 

 Effective Use of Resources: used when performance can be assessed in terms of 

utilization of resources: money saved, waste reduced, etc., e.g., the computer 

handbook project will be completed with only internal resources. 

 Effects of Effort: addresses the ultimate effect to be obtained; expands statements of 

effectiveness by using phrases such as: so that, in order to, or as shown by, e.g., 

establish inventory levels for storeroom so that supplies are maintained 100% of the 

time. 

 Manner of Performance: describes conditions in which an individual's personal 

behavior has an effect on performance, e.g., assists other employees in the work unit 

in accomplishing assignments. 

 Method of Performing Assignments: describes requirements; used when only the 

officially-prescribed policy, procedure, or rule for accomplishing the work is 

acceptable, e.g., 100A Forms are completed in accordance with established office 

procedures. 



 

7.1.10.1 Performance Measurements 

 

Since one of the characteristics of a performance standard is that it can be measured, you 

should identify how and where evidence about the employee's performance will be gathered. 

Specifying the performance measurements when the responsibility is assigned will help the 

employee keep track of his progress, as well as helping you in the future performance 

discussions. 

There are many effective ways to monitor and verify performance, the most common of 

which are: 

 Direct observation 

 Specific work results (tangible evidence that can be reviewed without the employee 

being present) 

 Reports and records, such as attendance, safety, inventory, financial records, etc. 

 Commendations or constructive or critical comments received about the employee's 

work 

7.2 Project Schedule 
 

The project schedule is a document that, if properly prepared, is usable for planning, 

execution, monitoring/controlling, and communicating the delivery of the scope to the 

stakeholders. The main purpose of a project schedule is to represent the plan to deliver the 

project scope over time. A project schedule, in its simplest form, could be a chart of work 

elements with associated schedule dates of when work elements and milestones (usually the 

completion of a deliverable) are planned to occur. In addition to guiding the work, the project 

schedule is used to communicate to all stakeholders when certain work elements and project 

events are expected to be accomplished. 

 

The project schedule is also the tool that links the project elements of work to the resources 

needed to accomplish that work. As a minimum, the project schedule includes the following 

components: 

 

 All activities 

 A planned start date for the project 



 Planned start dates for each activity 

 Planned finish dates for each activity 

 Planned finish date for the project 

 Resource assignments 

 Calendar based 

 Activity durations 

 The ―flow‖ (sequence) of the various activities 

 The relationships of activities 

 An identified critical path(s) 

 Total and free float 

 

7.2.1 Developing a Project Schedule 
 

PMI has a Develop Schedule process and the main output is the project schedule. This is the 

result of four previous processes plus the work of up to eight tools and techniques for the 

Develop Schedule process. The previous processes are: 

 

 Define Activities (work elements) 

 Sequence Activities 

 Estimate Activity Resources 

 Estimate Activity Duration 

The tools and techniques available to develop the schedule are: 

 

 Schedule network analysis 

 Critical Path Method 

 Critical Chain Method 

 Resource leveling 

 What-if scenarios 

 Leads and lags 

 Schedule compression 

 Scheduling tools 

 

7.2.2 Importance of Project Schedule 
 



Based on the work above, we now have a schedule for: 

 

 Individual Activities 

 Work Packages 

 Deliverables 

 The Total Project 

 

This level of detail allows a project manager evaluate the schedule performance of the project 

from the top down or from the bottom up. If a deliverable is slipping or is in danger of 

slipping, the project manager can drill down until he/she finds the problem or potential 

problem. One other very powerful tool that will help in this analysis is the Earned Value 

Method (EVM). EVM can assist you in evaluating project schedule performance (what have 

accomplished related to the plan), calculate a Schedule Performance Index (SPI) which is a 

representation of the effectiveness of accomplishing your planned schedule. 

 

EVM can also calculate a Schedule Variance (SV) which is the difference between the value 

of the work completed and value of the planned work. This will tell you the magnitude of the 

behind schedule, ahead of schedule, or if zero you are on schedule. EVM can be applied 

down to the work element level, if the appropriate level of detail exists. EVM does have 

several draw backs, but there are solutions to the draw backs: 

 

EVM ignores the critical path. There are two things we can do to solve this problem. 

 Perform a separate CP analysis. 

 Strip out all non-CP work elements and perform a second EVM analysis. 

As the project nears completion, EVM breaks down for schedule analysis. This is because as 

the project nears completion, EV approaches PV, and in fact reaches PV at project 

completion. SV and SPI lose their meaning. 

 

Variance analysis is another tool to help the project manager understand why work elements 

(or above) are behind or ahead of schedule. The Time Management Plan probably sets 

thresholds for behind schedule (say 5%), a different threshold for ahead of schedule (say 

10%), to trigger your attention. Understanding why work elements are behind schedule will 

assist the project manager in developing solutions (action plans) to bring the project back 

within acceptable ranges. Understanding why work elements are significantly ahead of 



schedule will assist the project manager in feeding this information forward to new project 

schedule development. 

 

Regardless of care or execution, project schedule slippages will occur. This is just another 

fact of the project world. While they cannot all be eliminated, they can be reduced for future 

projects. Some (not many) projects will finish very close to the schedule date. More projects 

will finish within acceptable ranges (+/-5%). Others (we hope not many) will finish well 

outside the acceptable range (>10% behind or ahead). Using the techniques outlined here will 

reduce the number of projects in this category and reduce the size of the behind variances. 

 

7.2.3 Managing Project Scheduling 
 

 Use all of the tips from ―Successfully Managing a Project Budget‖. 

 Avoid the pitfalls in Section IV. 

 Get reports, even if you have to have them customized, from your scheduling 

software that tells YOU what is going on with the project and schedule 

accomplishment. 

 When work elements slip, analyze the cause and impact. Take action as necessary. 

These things will not fix themselves. 

 When resources do not materialize as planned and agreed, estimate the impact, and 

communicate this to management! 

 When things go wrong, analyze why, estimate the impact, communicate with 

stakeholders and take action to bring the schedule accomplishment back within 

acceptable ranges. 

 

7.3 Project Cost 
 

7.3.1 Introduction  
 

Statistics will tell you that over 85% of projects go over budget. But Why? What are the 

mechanics behind project cost overruns and project schedule delays? Plenty of talented and 

experienced professionals engage in dialog about this very topic every day, and try to arrive 

at conclusions about how to stop projects from going over budget. In this article I‘d like to 

shed some light on the underlying workings as to the root causes of cost overruns and 



schedule delays. In order to tackle the problem of how to eliminate overruns, it‘s important to 

understand the main reasons why they happen.‘ 

 

Obviously, there‘s no one-sentence answer to these questions since every project is unique 

and the influences that trigger overruns can vary tremendously.Luckily, however, there‘s 

been quite a bit of research and experimentation around this exact problem – since it is a 

pervasive issue that so many businesses, large and small, struggle with. As a result, there 

have emerged some key factors we can point to that are the major contributors to projects 

going over budget and suffering schedule delays. 

 

A lot of project managers and business owners have their own theories; and after a good deal 

of listening and reading, many will have you believe that it all comes down to one thing: 

Project Changes. Technically speaking project changes are arguably the biggest contributor to 

projects going over budget and blowing schedule deadlines, but for the purposes of this 

discussion, let‘s leave Change and Change Management out of it. I‘m saying that because I 

don‘t believe changes are truly the root cause of cost overruns. I believe that if you approach 

a project anticipating that things will change throughout the project – and you have good 

mechanisms & methodology to track and account for change – Project Changes aren‘t really 

the root of the problem and should not result in a project cost overrun.  

 

Project Changes may alter the original budget and schedule, however if you have appropriate 

tracking and change management processes in place, they shouldn‘t result in a project cost 

overrun. They‘ll just shift the size and duration of the project. 

 

That‘s all fine in theory of course, and I know that in reality nothing works quite that 

smoothly; but rarely does anything in a project work as smoothly as originally planned. The 

changes and addendums that get added & removed to a project should be viewed as merely 

extensions of the original plan. Your ability to handle change management is therefore 

directly related to your ability to plan and negotiate on the fly. So, yes, if you can‘t do this 

very well, it‘s going to lead to some serious cost overrun and schedule delays. My take on it, 

is that if you‘re ok with looking at it that way, it‘s truly the controls, planning and estimating 

pieces that are the root of the change management dilemma. 

 

It‘s key to first of all understand that cost overruns and delays don‘t just suddenly happen: 

they in fact happen all the time, every day in every phase, mostly in small incremental 



chunks. They happen in Planning, Execution, Close-out and Reflection phases along with 

every stage within those. To get to the bottom of why, let‘s look at the 4 major triggers for 

cost overruns and schedule delays; which will be explained as: 

 

 Inaccurate Estimates 

 A lack of real-time visibility and control 

 Poor methods to determine project progress 

 Insufficient historical Information 

 These 4 items relate directly to the major phases of a typical project: Planning, 

Execution, Close-out and Reflection. 

  

7.3.2 Project Planning 
 

So, let‘s talk about the first one, Accurate Estimating. This is probably the most obvious 

culprit since if you‘re running a $10million project that was estimated to be a $7million 

project, well you‘re pretty likely screwed to come in on budget and on schedule. Overly 

optimistic estimates are common and estimates done in a hurry are common. Project 

estimators that rely a little too much on gut-feel without documenting and qualifying their 

numbers, can also cause estimating snags. I‘m a believer in gut-feel, by the way – my only 

qualifier on that is with the communication and transparency around quantifying where those 

gut-feel numbers come from. I‘ll get to that more when discussing the value of good 

historical information. 

 

7.3.3 Project Execution 
 

The second item, real-time control, is easily the most insidious of the 4. It‘s all about having 

accurate, up-to-date information about what‘s going on in the project. Of course, part of this 

control thing is covered by the old-school methodology of being physically present on the 

job-site. The even bigger control factor, however, really boils down to project tracking. When 

you track all your labor, equipment, materials, subcontractors, suppliers, etc., you‘re able to 

view daily reports on everything that‘s happening on your project. You‘re empowered with a 

wealth of information that is the ultimate key to ‗control‘. You don‘t have to wait until the 

end of the month to find out what happened weeks ago and that currency of information 

becomes the critical element of managing successful projects. Here‘s an interesting fact: 

when something goes wrong on a project, the size of the impact that it will have on cost and 



schedule is exponentially related to how fast you can apply corrective action. In other words, 

every day that goes by without fixing a problem that‘s occurred on a project will accelerate 

the budget impact. 

 

The third item, determining Project Progress, is also a nasty contributor to cost overruns 

during the execution phase. If you don‘t constantly take the pulse of where you‘re at with 

your project, how can you possibly know if you‘re on budget or on schedule? You may have 

spent 50% of your budget, but if you‘re only 30% complete, you might have a pretty big 

problem. The earlier you can find out that you‘re facing a potential cost overrun in your 

project, the more chance you‘re going to have to correct it. 

 

7.3.4 Project Close Out 
 

Having agreed-upon project progress milestones and sign-off is absolutely vital to being able 

to control costs and get paid. This is partly covered early on during the planning and 

negotiation phases when you‘re defining what it means to be finished; but it obviously has to 

also be viewed as a continuous evaluation during the life of the project. Being able to 

seamlessly close-out a phase, level, task and the project as a whole enables you to stop 

spending money and squandering valuable time. You need to do regular forecasts on your 

project to get a financial and schedule picture of how far along the project is, and whether 

you‘re ready to achieve closure on any piece of the project. Again, I know this all sounds 

great in theory; but the thing is, if you don‘t do it, that‘s where the insidious overruns creep 

gradually and dangerously into your projects. 

 

7.3.5 Project Reflection 
 

Looking back on a completed project (or even partially-completed project) to examine where 

things went well and where things didn‘t go so well, is an indispensable part of running 

consistently successful, profitable projects. Otherwise you‘re doomed to repeat the same 

mistakes over and over. A project retrospective is more than just having a big group-hug with 

your team and your subcontractors (although, a little love-collateral can help keep the peace 

and smooth any hiccups). A reflection is also about examining the numbers, and using that 

information to feed future projects. First, however, you need to actually have those numbers – 

and the metrics; and the reports – and this means you need to have executed on project 

tracking and earned value management during the execution phases of your project. 



 

Insufficient historical information plagues many businesses trying to run profitable projects. 

Sadly, it‘s often the case that very little data is collected during a project, so very little is 

known about what happened. All that‘s typically available to many project managers, is the 

summary totals contained in the corporate ERP. This is only marginally helpful, as it‘s 

missing so many crucial details that help planners and estimators get better at their job. 

Equally tragic, is when information is tracked, but it‘s stored in a series of spreadsheets. As 

we all know, the reporting and metrics you can achieve from spreadsheets is terse, vague and 

time-consuming to obtain. 

 

Review Questions 

13) Explain Project Scheduling 

14) What is the benefit of Project Performance? 

15) What is Project Cost? 

16) What are the benefits of Project Planning? 

 

Discussion Questions 

Define Project Cost? How will a developer be able to analyse a Project Cost. 

 

Application Exercises 

10) What is Project Reflection? 

11) Write down the work of Project Execution. 

12) What is the role of Project Scheduling? 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 8  
Earned value Management 

 

Learning Objectives 

 Understand controlling of Project. 

 Know about Earned Value Management. 

 Know about Performance Based Earned Value. 

 Know the essentials of Systems Engineering Plan. 

 Know about EVM versus PBEV. 

 

8.1. Introduction 

In the project management, one of the keys for the project success is the control of the project 

in terms of performance, progress and cost. The first practice to control a project is just 

checking the financial reporting and therefore the project control is only based on the cost 

control. But the experience, especially from projects that failed, shows that a more efficient 

project management requires controlling also the project performance and scheduling besides 

the cost. 

The Earned Value Management (EVM) is a methodology that integrates the management of 

project scope, schedule and cost. It has been widely and successfully used for over 40 years 

and it should apply to any project, large or small, at any industry. The interest about the EVM 

has increased in the last ten years and a substantial amount of research has been carried out 

regarding the EVM, generating new extensions of the methodology and specific applications. 

In parallel, many guidelines and rules have been published to implement properly the EVM, 

coming mainly from the U.S. Government who originally developed the EVM, but not only, 

because also the ANSI organization has established a standard defining the EVM. 

The contribution of this work is twofold. First of all, it aims to identify the principal lines of 

research in the project management control using earned value management across the 

academic research and organizations practice. Following, the attention is focused on the 

characteristics of one of these research lines, the PBEV. This extension pretends to be not 

only an EVM parameters enhancement but a complete managing system based on the 

technical performance, which could be a useful EVM improvement to be used in engines 

engineering projects where the technical objectives are the main target. Secondly, it lies in the 



intention of this work to evaluate the applicability and the efficiency of the PBEV with two 

case studies of two real-life engineering projects of combustion engines development for 

energy generation applications. 

8.2. Earned value management 

8.2.1. EVM STANDARD 

Basically, the EVM requires a fixed point-of-reference, given by the project baseline 

schedule and the budget at completion (BAC), in order to periodically measure the project 

performance along the life of the project. Project performance, both in terms of time and 

costs, is determined by comparing the three key parameters of the EVM, planned value (PV), 

actual costs (AC) and earned value (EV), resulting in performance variances known as 

schedule variance (SV=EV-PV) and cost variance (CV=EV-AC) and performance indexes as 

the schedule performance index (SPI=EV/PV) and the cost performance index 

(CPI=EV/AC). Figure 8.1 shows the EVM key parameters. 

 

FIGURE 8.1. EVM key parameters. 

For a better understanding of the state of the art of the EVM it is necessary to know its 

origins, widely commented and the official sources of EVM guidelines and standards. 

The earned value concept originally came from industrial engineers in factories in the early 

1900s who for years have employed a three-dimensional approach to assess true ―cost-

performance‖ efficiencies. To assess their cost performance, they compared their earned 

standards (the physical factory output) against the actual cost incurred. Then, they compared 

their earned standards to the original planned standards (the physical work they planned to 



accomplish) to assess the schedule results. These efforts provided earned value in its most 

basic form. Most important, the industrial engineers defined a cost variance as the difference 

between the actual costs spent and the earned standards in the factory. This definition of a 

cost variance is perhaps the indication to determine whether one uses the earned-value 

concept. Later on, in 1965 the United States Air force acquisition managers defined 35 

criteria which capture the essence of earned value management. Two years later the U.S. 

Department of Defense (DoD) adopted these same criteria as part of their Cost/Schedule 

Control Systems Criteria (C/SCSC). Then, in 1996, after a rewrite of the C/SCSC 35 criteria 

by private industry, the DoD accepted the rewording of this criteria under a new title called 

Earned Value Management System (EVMS), and the total number of criteria was reduced to 

32. In 1998, National Defense Industrial Association (NDIA) obtained acceptance of the 

Earned Value Management  

8.2.2. EVM FURTHER RESEARCH LINES 

As mentioned in the introduction, the use of EVM and parts of it, or tailoring it to specific 

situations continue to grow and a substantial amount of research is being carried out. The 

main investigations could be grouped at least in six big research lines as follows. 

1. EVM and fuzzy determination of EV. One of the major difficulties in the 

determination of EV is the evaluation of in-process work. There are some techniques 

to quantify the accomplished work and some of them propose fuzzy techniques. As 

explained. 

2. EVM forecast accuracy. Some studies about EVM are focusing on the improvement 

of the accuracy of EVM to calculate forecasts of project cost and schedule at 

completion.  

3. EVM and Earned Schedule. Another object of studies is an enhancement to Earned 

Value Management, called Earned Schedule that appeared in 2003. This method 

propose the parameters of the EVM in terms of time instead of cost, and it could be 

postulated to give more forecasting accuracy in the latest stages of the project.  

 

The research line criticized the use of the classic SV and SPI metrics since they give false 

and unreliable time forecasts near the end of the project. Instead, he provided a time-based 

measure to overcome this unreliable behavior of the SV and SPI indicators. This earned 

schedule method relies on similar principles than the earned value method, but translates the 

monetary metrics into a time dimension. He reformulated the time performance measures SV 



and SPI to SV(t) and SPI(t) (where the t between brackets is used to distinguish with the 

original performance measures) and has shown that they have a reliable behavior along the 

whole life of the project. Since its introduction, a considerable stream of publications on the 

project time performance measurement and/or the earned schedule concept has been 

published in the academic literature. Statistical validation of the time performance indicators 

and stability studies on empirical data can be found in. 

 

4. EVM to integrate risk management. There are project tools for risk analysis mainly 

focused on network based techniques, such as, CPM (Critical Path Method) and 

PERT (Program Evaluation and Review Technique) and others based in statistical 

probabilities like Montecarlo Simulations. Nevertheless, EVM contains no guidelines 

on risk management. Therefore, some investigations are conducting to integrate risk 

analysis in the EVM. First, including risk management activities in the WBS (Work 

Breakdown Structure) and second considering that Estimated at Completion (EAC) 

should be based on both project performance and quantified risk assessments. Other 

investigations try to combine the risk analysis tool results, for example Montecarlo 

simulations, with EVM metrics.  

5. EVM to integrate quality. The quality of the product must be tracked in an 

engineering project to evaluate the success or failure of the product. Some studies are 

proposing to apply a quality factor to the EV, such as, reducing the EV when poor 

quality occurs.  

6. EVM to integrate technical performance. In engineering projects not only cost and 

schedule must be tracked but also the technical performance. Further investigations 

are being done to integrate technical requirements accomplishment with EVM. One 

proposal is an EVM extension called Performed-Based Earned Value (PBEV).  

This last extension of the EVM integrating the technical performance, the PBEV, will be 

deeply analyzed in the following points due to it is not only a new manner of measuring the 

earned value but it is an entire management system which include concepts and procedures to 

manage the technical issues that could enhance the engineering projects in general. Therefore, 

it will be studied its suitability to engine engineering projects. 



 

FIGURE 8.2. EVM evolution and research lines. 

8.3. PBEV: The EVM extension focusing on technical performance 

8.3.1. PBEV INTRODUCTION 

The Performance Based Earned Value (PBEV) is an enhancement to the EVM standard that 

overcomes the standard´s shortcomings with regard to measuring technical performance and 

quality because it is based on standards and models for systems engineering, software 

engineering, and project management. The distinguishing feature of PBEV is its focus on the 

customer requirements. PBEV provides principles and guidance for cost effective processes 

that specify the most effective measures of cost, schedule, and product quality performance. 

The PBEV has been formulated by the author Paul J. Solomon, whom experience at programs 

management and concretely with the EMVS explains the origin of the PBEV. Solomon 

manages the EVM for Northrop Grumman Corporation, Integrated Systems and he has 

participated in programs for the U.S. Government as the B-2 Bomber, Global Hawk and F-35 

Joint Strike Fighter. He is on the board of the National Defense Industrial Association, 

Program Management Systems Subcommittee that authored ANSI/EIA-748. 

 

8.3.2. EVM SHORTCOMINGS 

The cancellation of the US Navy‘s A-12 Avenger stealth aircraft program in January 1991 

resulted in research during the 1990s, which investigated the reliability of EVM cost 

prediction and the project management failures in accurately reporting project performance, 

using U.S. Department of Defense (DOD) project data. These research findings have come to 

be regarded as generally applicable across all project types using EVM across multiple 



industry sectors. The U.S. Government Accountability Office (GAO), for example, studied 

failures in acquisition of weapons systems and information technology systems. Some report 

of the GAO concluded that DOD paid billions in award and incentive fees regardless the 

contractors not held cost goals, schedule goals and the program did not capture early on the 

warnings needed to effectively manage program risk. The GAO concluded that, if EVM is 

not properly implemented, the data may be inaccurate and misleading. 

The EVM standard, which is formulated in the ANSI/EIA Standard-748-A-1998, has 

significant shortcomings with regard to measuring technical performance and quality. First, 

the EVMS standard states that EV is a measurement of the quantity of work accomplished 

and that the quality and technical content of work performed are controlled by other 

processes. A program manager should ensure that EV is also a measurement of the product 

quality and technical maturity of the evolving work products instead of just the quantity of 

work accomplished. Second, the EVMS principles address only the project work scope. 

EVMS ignores the product scope and product requirements. Third, EVM is perceived to be a 

risk management tool. However, EVMS was not designed to manage risk and does not even 

mention the subject. 

Thus, the EVM will provide more reliable information for analysis and decision-making if 

the EVM guidelines are augmented by guidance regarding maintaining the technical baseline, 

measuring technical performance, and managing risk. 

8.3.3. U.S. DOD POLICY AND INDUSTRIAL STANDARDS 

Most of the guidelines and best practices for planning and measuring the technical 

performance considering also the EVM are provided by two sources: the U.S. Department of 

Defense (DOD) and some industrial standards. 

First of this sources, the U.S. DOD, issued an acquisition policy which states that programs 

implement Systems Engineering Plans (SEP). DOD also published guides to implement the 

policy, such as: 

1. The Defense Acquisition Guidebook (DAG). 

2. The Systems Engineering Plan Preparation Guide (SEPPG). 



3. The Work Breakdown Structure Handbook (MIL-HDBK-881A (WBS)) 

4. The Integrated Master Plan (IMP). 

5. The Integrated Master Schedule (IMS) Preparation and Use Guide. 

6. The DOD guides refer also to EVMS. 

These guides show the enormous importance that the U.S. DOD gives to measuring technical 

performance, hence, according to U.S. DOD it should be one of the parameters to control 

during project progress. The second source of guidelines for planning and measuring the 

technical performance are some industry and professional standards, that have been 

incorporating the technical performance accomplishment for the project control and they 

have been at the same time sources themselves for defining the DOD policy, as well as: 

 The Institute of Electrical and Electronics Engineers (IEEE) 1220. 

 EIA 632. 

 ―A Guide to the Project Management Body of Knowledge‖ (PMBOK). 

 Capability Maturity Model Integration (CMMI).  

 

In the following points are explained the main concepts defined by the U.S. DOD guidelines 

and the industrial standards that are used by the PBEV. Figure 8.3 shows the guidelines and 

standards and their sources for technical performance treatment at projects. 

 

FIGURE 8.3. Guidelines and standards to manage technical performance. 

8.3.4. PBEV GUIDELINES 



The PBEV is a set of principles and guidelines that specify the most effective measures of 

cost, schedule, and product quality performance. It has several characteristics that distinguish 

it from standard EVMS: 

 Plan is driven by product quality requirements, not work requirements. 

 Focuses on technical maturity and quality, in addition to work. 

 Focuses on progress toward meeting success criteria of technical reviews. 

 Adheres to standards and models for SE, software engineering, and project 

management. 

 Provides smart work package planning. 

 Enables insightful variance analysis. 

 Ensures a lean and cost-effective approach. 

 Enables scalable scope and complexity depending on risk. 

 Integrates risk management activities with the performance measurement baseline. 

 Integrates risk management outcomes with the Estimate at Completion. 

PBEV augments EVMS with 4 additional principles and 16 guidelines. The following are 

PBEV principles that set it apart from EVMS: 

1) Product scope and quality. Integrate product scope and quality requirements into the 

performance measurement baseline. This principle focuses on customer satisfaction, 

which is based on delivery of a product that meets its quality requirements and is 

within the cost and schedule objectives. 

2) Product quality requirements. Specify performance toward satisfying product quality 

requirements as a base measure of earned value. A product quality requirement is a 

characteristic of a product that is mandatory in order for the product to meet verified 

customer needs. 



3) Risk management integration. Integrate risk management with EVM. 

4) Tailor PBEV. Tailor the application of PBEV according to the risk. 

And the PBEV guidelines are listed following. 

1) Establish product quality requirements and allocate these to product components. 

2) Maintain bidirectional traceability of product and product component quality 

requirements among the project plans, work packages, planning packages, and work 

products. 

3) Identify changes that need to be made to the project plans, work packages, planning 

packages, and work products resulting from changes to the products quality 

requirements. 

4) Define the information need and objective to measure progress toward satisfying 

product quality requirements. 

5) Specify work products and performance-based measures of progress for satisfying 

product quality requirements as base measures of earned value. 

6) Specify operational definitions for the base measures of earned value, stated in 

precise, unambiguous terms that address communication and repeatability. 

7) Identify event-based success criteria for technical reviews that include development 

maturity to date and the products´s ability to satisfy product quality requirements. 

8) Establish time-phased planned values for measures of progress toward meeting 

product quality requirements, dates of frequency for checking progress, and dates 

when full conformance will be met. 

9) Allocate budget in discrete work packages to measures of progress toward meeting 

product quality requirements. 

10) Compare the amount of planned budget and the amount of budget earned for 

achieving progress toward meeting product quality requirements. 



11) Use Level of Effort method to plan work that is measurable, but is not a measure of 

progress toward satisfying product quality requirements, final cost objectives, or final 

schedule objectives 

12) Perform more effective variance analysis by segregating discrete effort from Level of 

Effort. 

13) Identify changes that need to be made to the project plans, work packages, planning 

packages, and work products resulting from responses to risks. 

14) Develop revised estimates of costs at completion based on risk quantification. 

15) Apply PBEV coverage to the whole work breakdown structure or just to the higher 

risk components. 

16) Apply PBEV throughout the whole system development life cycle or initiate after 

requirements development. 

8.3.5. PBEV CONCEPTS 

The PBEV feeds on concepts from the U.S. DOD guidelines and industrial standards 

mentioned above. In the following points are explained in detail the main concepts used in 

the PBEV coming from those sources, such as, the Systems Engineering Plan (SEP), the 

products metrics and quality, the success criteria, the Technical Performance Measurements 

(TPM) and Capability Maturity Model Integration (CMMI). The concepts that feed the PBEV 

are shown in figure 8.4. 

 



FIGURE 8.4. The concepts that feeds the PBEV 

1. Systems Engineering Plan (SEP) 

The purpose of the Systems Engineering Plan (SEP) is to help programs develop their 

Systems Engineering (SE) approach, providing a firm and well-documented technical 

foundation for the program. The SEP is a living document in which periodic updates capture 

the program‘s current status and evolving SE implementation and its relationship with the 

overall program management effort. Although the detailed content of each SEP is customized 

according to the particulars of a program and each update may vary depending on the 

program‘s acquisition phase, using a common framework encourages sound technical 

planning throughout the program‘s life cycle. The emphasis should be on the rigor of the 

technical planning as captured in the SEP, not on the SEP itself. The SEP also serves as a 

common reference to achieve shared stakeholder insight regarding a program‘s planned 

technical approach. It provides a documented understanding of how the program will 

accommodate cost, schedule, performance, and sustainment trades; the expected products of 

the SE effort; and how these products will contribute to program decision making. 

 Products metrics and quality 

The IEEE 1220 and the EIA 632 have similar guidance regarding product metrics and 

quality. Product metrics allow assessment of the product´s ability to satisfy requirements and 

to evaluate the evolving product quality against planned or expected values. Of equal 

importance are a disciplined requirements traceability process and a requirements traceability 

database. 

 Success criteria 

The standards discuss the importance of holding technical reviews at various stages of 

development to assure that all success criteria have been met. IEEE 1220 provides success 

criteria to be used at major technical reviews. For example some of the success criteria for a 

preliminary design review are the following: 

1) Prior completion of subsystem reviews. 

2) Determine whether total system approach to detailed design satisfies the system baseline. 



3) Unacceptable risks are mitigated. 

4) Issues for all subsystems, products, and life-cycle processes are resolved. 

The success criteria should be defined in a SEP or other technical plan. The customer should 

review this plan with the supplier and reach agreement on the success criteria to be used at 

technical reviews. 

 Technical Performance Measurement (TPM) 

Technical Performance Measurement (TPM) are defined and evaluated to assess how well a 

system is achieving its performance requirements. TPM uses actual or predicted values from 

engineering measurements, test, experiments, or prototypes. IEEE 1220, EIA 632 and ―A 

Guide to the Project Management Body of Knowledge‖ (PMBOK guide) provide similar 

guidance for TPM planning and measurement and for integrating TPM and EVM. 

 Capability Maturity Model Integration (CMMI) 

The CMMI provides many practices that augment the EVMS guidelines. CMMI also lists 

Typical Work Products (TWPs) within process areas. To ensure traceability of product 

quality requirements to work tasks and work products, these TWPs, or similar artifacts, 

should be the outcome of work packages. Here are some TWPs in CMMI. 

TWPs include the following: 

1. Product-component requirements. 

2. Activities diagrams and use cases. 

3. Verification criteria used to ensure requirements have been achieved. 

4. Exit and entry criteria for work products. 

8.3.6. PBEV PROS AND CONS 

Following are listed the advantages and disadvantages of the PBEV that it has been used also 

in the following case studies analyzed during this work. 



The main PBEV pros are: 

 It integrates effectively the technical performance with the cost and schedule control. 

 It collects the best practices of the U.S. DOD guides and industry and professional 

standards related with project management and then apply the EVM. 

 It is based on client or product requirements. 

 By the other hand, the PBEV could have the following cons: 

 It gives a very large methodology to implement to be able to integrate the technical 

performance in the project management control but there is no mention to any 

parameter, or metric definition to implement easily that allows calculating EVM 

variances or indexes with results of technical performance status. 

 It only influences somehow the work breakdown structure but not the EVM metrics. 

 The customer should review the SE plan with the supplier and reach agreement on the 

success criteria to be used at technical reviews. It would be more objective to define a 

technical parameter to evaluate success criteria, as for example, the strength safety 

margin of a mechanical part. 

8.4. PBEV model adaptation to industrial production environment 

They have been performed two case studies of the applicability and the efficiency of the 

EVM standard and one of its extensions, the PBEV which is based on technical performance, 

for the engines engineering projects control in the energy field. 

8.4.1. TYPE OF PROJECTS ANALYZED 

They have been analyzed two real-life projects of engine engineering in the energy field 

performed between 2004 and 2005 by a company dedicated to the development and 

manufacturing of combustion engines for power generation. 

These projects are characterized by including the typical phases of the industrial engineering 

projects, such as, the concept design phase, detailed design phase, simulation, prototyping, 



testing and launch mass production, where the level of compliance of the technical objectives 

is strongly important besides the cost and scheduling control. The two projects analyzed are 

also featured by the fact that they are large projects in the energy field as they have budgets 

of several million euros, durations between 2-4 years and the risk of developing new products 

for the market. The large size of the projects makes the breakdown structure of the tasks 

(WBS) to be also quite large. Another property that characterizes these two projects, and in 

general all the engine development projects in the energy field, is that they are pretty similar 

to engine development projects in the automotive field since the product is similar. Therefore, 

the engines made for energy field are fed with many of the technologies used in automotive 

field, as well as, with the methodologies and requirements to create new products that meet 

the market requirements. The competitiveness for obtain improved technical results makes 

that in both, energy projects and automotive projects, the technical objectives are a critical 

parameter to control for the project, just with the costs and the schedule. Hence, the PBEV 

could be a suitable and useful tool for integrating scope, schedule, cost and technical 

performance in these projects. Moreover, in both fields, energy and automotive, the 

continuous technology evolution makes the technical objectives to be overpassed from one 

project to the following. For that reason is a real-life practice in these fields that at new 

product development projects, with the existing technology in that moment, that, if the 

technical objectives are not met but they are inside of an allowable range, the project could be 

accepted with penalties. 

In summary, the projects analyzed with PBEV are characterized for being classical industrial 

engineering projects with large size of the WBS, also for having the technical performance as 

a key parameter to control where the technical objective could be in a range of tolerance for 

accept the successful of the project. The project number 1 consists on the development of a 

new engine of higher efficiency and power than the existing ones in the company and the 

project number 2 was dedicated to development a new injection system for the current 

engines. Figure 8.5 shows the type of engine developed in project 1 and 2. 

 



FIGURE 8.5.Type of projects analysed 

 

8.4.2. PROJECT INFORMATION 

The project 1 began in January 2004 and was delayed one year by material procurement 

problems but once they were negotiated new deadlines with suppliers in 2005 was launched 

again and began an overall tracking of the technical targets, cost and schedule. In this project, 

the engineering consultancy delivered a design that was slightly below the technical targets of 

engine performance and efficiency, which was penalized in his fees. The engine efficiency 

target was 42% but an engine with 40% was obtained. Finally, the project was completed in 

January 2008, bringing to the market the new engine with a very good acceptance and overall 

rating of satisfactory. 

Regarding the project 2, it began also in 2005 and although the design and material 

procurement were on time, the project turned 180º in 2007 when it was found that to 

accomplish the technical targets of the new injection system it was necessary to implement a 

technology 10 times more expensive than originally planned. This event made management 

direction to stop the project after making a rough estimation of the overall cost of the project 

with the implementation of the new technology. 

From these two project data, here is proposed to apply the PBEV to analyze if it is possible to 

report the status of the project in time, cost and technical compliance, to predict future states. 

In the two projects analyzed the available information during the duration of all the project 

was the following documents and reports. 

1. A project specification document which collects all the technical specifications to 

meet with contractual nature. 

2. A Statement Of Work (SOW) document which collects the definition of all the tasks 

to be performed in the project and has contractual nature. 

3. The initial baseline schedule in an MS project file. It is detailed with several tasks 

levels and including the starting and finishing dates, as well as, the dependences 

between them. 



4. The total budget of the project made at the beginning of the project and broken down 

in general spending issues. The general spending issues are the following six: material 

costs, the tooling investments, engineering hours, outsourcing expert consultancy 

support hours, testing costs, and trips. Intermediate budget estimation was not 

performed during the project progress. 

5. The general accounting of the project with the invoiced costs per month. They are 

available the figures of monthly costs of the general issues. 

6. A monthly report with the technical, economical and scheduling tracing. The 

technical part of the report included a list of all manufacturing drawings and the 

testing results. Figure 8.6 shows engine control units screen where technical 

parameters are monitored, as for example, the engine performance. These technical 

values are the reference to check the technical accomplishment. The economical part 

of the report included cost monthly figures of the general spending issues collected 

from the invoices. The scheduling part of the report included approximate deadlines 

for the critical tasks but not a detailed scheduling track. 

 

FIGURE 8.6.Engine control unit monitoring engine performance 

8.4.3. METHODOLOGY 

Due to fact that the available data in the two projects analyzed are the initial budget, 

accumulated costs and the engineering hours accumulated only for the higher level of the 

WBS, the EVM is applied only at this top level. This way of controlling is called top-down 



project control. According to reference, the EVM offers calculation methods yielding reliable 

results on higher WBS levels, which greatly simplify final duration and completion date 

forecasting. These early warning signals, if analyzed properly, define the need to eventually 

go down into lower WBS levels when action thresholds are exceeded. In conjunction with the 

project schedule, it allows taking corrective actions on those activities which are in trouble 

(especially those tasks which are on the critical path). 

 

The methodology used to implement the EVM based on technical performance in the two 

projects under study has two steps. The first step is to apply the EVM standard and check if 

the results are consistent. The second step is to apply the PBEV through the use of penalties 

in the obtained EV when the technical requirements are not met and check if the results are 

consistent with the reality of the project. An objectively way of establish the penalties 

depends on the technical parameter selected to control and on the technical performance 

measurement, therefore, it depends on the internal mechanisms of each company to evaluate 

the objectives compliance as explained in reference. 

 

To carry on the first step, this is to apply the EVM standard on the two projects, from the 

available data, one begins by determining the values of the three basic parameters of the 

EVM, and this is, PV, AC and EV. Because PV is not available monthly, it is considered the 

hypothesis of distributing uniformly the initial budget between the months of the project, and 

then the PV accumulated is lineal. The figures of the monthly AC are available in the project 

data. Finally, to calculate the EV, the engineering hours performed are taken as the indicator 

of work accomplished. And from the 3 basic parameters they are calculated the Cost and 

Schedule Variances (CV and SV) and the Cost and Schedule Performance Indices (CPI and 

SPI) to check if the results of de EVM are consistent. 

To implement the second step, this is to calculate the PBEV, a reduction of the EV is applied 

in the monthly work accomplished when the technical objectives are not met, so in this way it 

is shown that the project is farther from the objectives and then from finish than planned. 



 

FIGURE 8.7.Methodology to apply PBEV to engine engineering projects. 

8.5. Case studies: Applying PBEV to engine engineering projects 

8.5.1. RESEARCH QUESTIONS 

The two case studies carried out with engine engineering projects have been raised as a series 

of research questions to be answered in order to draw conclusions. The research questions are 

the following: 

 Q1: Is it possible to apply the EVM standard to engines engineering projects only 

with the data that is usually controlled in such projects? 

 Q2: Is it possible to apply the PBEV to engines engineering projects? 

 Q3: Does the PBEV capture the real project progress in engines engineering projects 

with only the project information available? 

 Q4: Is it useful the information resulting from the PBEV to take decisions in the 

engine engineering projects? 



8.5.2. RESULTS 

In this point are summarized the two case studies results. Table 8.2 shows the project 1 

cumulative cost data. The Budget At Completion (BAC) for project 1 was 2.427.950 euros. 

The costs and BAC are used as input to calculate the EVM and the PBEV parameters which 

are shown in table 8.2. 

PROJECT 1 - CUMULATIVE COST DATA (€) 

ITEM Oct-07 Jun-08 Aug-08 Nov-08 Dec-08 

MATERIALS 416.686 444.229 445.059 471.645 472.736 

INVESTMENT 279.356 279.356 279.356 279.356 279.356 

LABOR HOURS 308.880 400.650 424.890 474.750 487.560 

TESTING 

HOURS 
2.935 4.036 4.353 4.688 4.688 

ENGINEERING 

OUTSOURCING 
1.443.296 1.522.324 1.522.605 1.526.015 1.526.015 

TRIPS 13.021 16.435 16.435 22.524 22.730 

TOTAL 2.464.174 2.667.030 2.692.698 2.778.978 2.793.085 

TABLE 8.1. 

Project 1 cumulative cost data in euros. 

PROJECT 1 - EVM AND PBEV CALCULATED PARAMETERS 

PARAMETER Oct-07 Jun-08 Aug-08 Nov-08 Dec-08 

PV 1.824.282 2.169.235 2.255.473 2.384.831 2.427.950 

AC 2.464.174 2.667.030 2.692.698 2.778.978 2.793.085 

EV 1.538.160 1.995.156 2.115.866 2.364.159 2.427.950 



PROJECT 1 - EVM AND PBEV CALCULATED PARAMETERS 

CV -926.014 -671.874 -576.832 -414.819 -365.135 

SV -286.122 -174.079 -139.607 -20.672 0 

CPI 0,62 0,75 0,79 0,85 0,87 

SPI 0,84 0,92 0,94 0,99 1,00 

PBEV 1.300.000 1.600.000 1.700.000 1.900.000 2.000.000 

TABLE 8.2. 

Project 1 EVM and PBEV calculated parameters. 

Figure 8.8 shows the calculated EVM parameters and figure 8.9 shows the calculated PBEV 

against the EVM for project 1. 

 

FIGURE 8. 

Project 1 calculated EVM parameters AC, PV, EV. 



 

FIGURE 8.9.Project 1 EVM versus PBEV. 

Following is explained the calculation of the points of figure 8.9. Let instant time June 2008, 

for example, the Actual Cost, AC, is 2.667.030€, which is a project data defined in table 8.1. 

The Planned Value, PV, is the proportional part of the total budget, BAC, corresponding to 

the month 30, that is June 2008, over the total number of months of the project which is 36 

from December 2005 to December 2008. Previously, to the initial BAC of the 2004 which 

was a project input data of 2.427.950€ is subtracted the costs from 2004 to 2005 of 875.661€ 

to consider the initial BAC updated to 2005 because in this year the project was launched 

again after a delay an all the project data start in 2005. The Earned Value, EV, is calculated 

with the rate labor hours at June 2008 over the total labor hours multiply by the BAC, 

resulting in 1.995.156 €. For calculating the PBEV it is considered a penalty of 25% in the 

EV because the engine efficiency target of 42% is not achieved and instead of that is obtained 

40%. 

 

Table 8.3 shows the project 2 cumulative cost data. The Budget At Completion (BAC) for 

project 2 was 2.616.831 euros. The costs and BAC are used as input to calculate the EVM 

and the PBEV parameters which are shown in table 8.4. 

 

PROJECT 2 - CUMULATIVE COST DATA (€) 

ITEM Jan-07 Feb-07 Mar-07 Apr-07 May-07 

MATERIALS 297.018 298.606 315.487 315.742 324.575 



PROJECT 2 - CUMULATIVE COST DATA (€) 

INVESTMENT 54.467 54.467 54.467 54.467 54.467 

LABOR HOURS 307.170 320.940 338.220 346.530 366.480 

TESTING 

HOURS 
111.854 126.781 138.642 147.510 159.630 

ENGINEERING 

OUTSOURCING 
139.290 139.290 139.290 139.290 139.290 

TRIPS 18.770 18.770 18.770 18.770 19.370 

FUEL 2.822 3.000 3.256 3.408 3.986 

TOTAL 931.391 961.854 1.008.132 1.025.717 1.067.798 

TABLE 8.3.Project 2 cumulative cost data in euros. 

PROJECT 2 - EVM AND PBEV CALCULATED PARAMETERS 

PARAMETER Jan-07 Feb-07 Mar-07 Apr-07 May-07 

PV 2.030.091 2.176.776 2.323.461 2.470.146 2.616.831 

AC 931.391 961.854 1.008.132 1.025.717 1.067.798 

EV 307.170 320.940 338.220 346.530 366.480 

CV -624.221 -640.914 -669.912 -679.187 -701.318 

SV 
-

1.722.921 

-

1.855.836 

-

1.985.241 

-

2.123.616 

-

2.250.351 

CPI 0,33 0,33 0,34 0,34 0,34 

SPI 0,15 0,15 0,15 0,14 0,14 



PROJECT 2 - EVM AND PBEV CALCULATED PARAMETERS 

PBEV 300.000 300.000 300.000 300.000 300.000 

TABLE 8.4.Project 2 EVM and PBEV calculated parameters. 

Figure 8.10 shows the calculated EVM parameters and figure 8.11 shows the calculated 

PBEV against the EVM for project 2. 

 

FIGURE 8.10.Project 2 calculated EVM parameters AC, PV, EV. 

 

FIGURE 8.11.Project 2 EVM versus PBEV. 

 



Review Questions 

17) Explain Capability Maturity Model Integration 

18) What is Technical Performance Measurement? 

19) Explain PBEV guidelines? 

20) What is Performance Based Earned Value? 

 

Discussion Questions 

What are the different Practices involved in Controlling Project? Explain? 

 

Application Exercises 

13) Is it possible to apply the EVM standard to engines engineering projects only 

with the data that is usually controlled in such projects? 

14) Does the PBEV capture the real project progress in engines engineering 

projects with only the project information available? 

15) Is it useful the information resulting from the PBEV to take decisions in the 

engine engineering projects? 
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