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 This paper discusses the essences of total quality management (TQM) concept 

and identifies the principles of successful TQM implementation. It contrasts the Quality 

Seven (Q7) and the Management Seven (M7) tools commonly used in the TQM process. 

It also describes the Deming's quality management concept and his fourteen point 

management method. It briefly explains the similarities between software development 

process and product development process. Software development is becoming more and 

more complex. Traditionally and to date, the software development process rather 

corresponds to job-shop manufacturing. Therefore, the ever growing demands for 

different kinds of software as well as the ongoing globalization require more efficient 

development processes. Finally, it discusses how to instill Deming's TQM method in 

software development process and provides recommendations to TQM prospects or 

participants for avoiding pitfalls and ensuring success during TQM implementation. 
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1)  Introduction 

The total quality management (TQM) concept represents a fundamental change in 

the definition and treatment of quality in product development. The philosophy of ―if I 

make it, someone will buy it‖ was prevalent among manufacturing companies. 

Gotzamani and Tsiotras, 2002) Most of these papers were descriptive. Many other 

researchers have also analyzed the impact of TQM implementation on business 

performance any software organization that is planning to implement the TQM must have 

the critical mass of its employees embrace the TQM philosophy and methods before 

jumping onto the bandwagon. That is, all employees regardless of their ranks must fully 

understand (or be trained with) and internalize the TQM concept and tools. To increase 

the chance of success, a TQM implementation project should start from the top 

Management and unfold it downward to lower-level management and workers with a 

goal to benefit the critical mass of employees. Under this traditional philosophy, the view 

of quality is as follows [Strickland, 1988]: 
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A) Conflicting goals of productivity and quality: 

Improving quality consumes additional corporate resources that are needed to 

maintain productivity. Therefore, quality can be improved only at the expense of 

productivity. 

B) Quality is defined as conformance to standards: 

Such conformance pays no attention to incorrect specifications or obsolete 

standards that are prevailed in most companies. 

C) degree of nonconformance helps to measures the quality: 

It is usually measured by the defect count in "parts per million"— the famous six-

sigma measurement. Such measurement focuses on the degree of non-

conformance instead of customer satisfaction. 

D) Intense product inspection is necessary to achieve the quality: 

Such inspection consumes much of the corporate resources. If a product fails the 

inspection, it needs to be reworked or scraped. 

E) When a product meets minimum quality standards some defects are allowed: 

This implies that customers are willing to pay for a ―buggy‖ yet working product. 

F) Quality is a separate feature of production: 

It is assumed that the production group will welcome such independent quality 

function. 

G) Most of time workers are blamed for poor quality: 

However, replacing a worker does not mean improving quality. Furthermore, poor 

quality may come from the supplier side. 

 

 This view of quality has taken a dramatic turn since the emergence of TQM 

concept in the early 1980's. In fact, TQM is by no means an overnight invention. It is 

combined teachings of various quality experts and pushing zero defects as the default 

standard of performance and not the exception. Under the TQM culture, the traditional 

goals of maximizing profit or benefit, minimizing costs, and achieving controlled growth 

have been replaced by improving customer satisfaction, improving quality, and reducing 

schedule. The purpose of this article is to review the TQM concept, identify the principles 

of TQM implementation, introduce Deming's management method, and apply the method 

to software development processes. 

 

2) Total Quality Management (Definition) 

 According to the Webster‘s Dictionary, "quality" is ―a degree of excellence; a 

distinguishing attribute.‖ That is, quality is the degree to which a product lives up to its 

performance, endurance, maintainability, and other attributes that a customer expects to 

receive from purchasing this product. In order to produce quality product, one must instill 

TQM concept into one's product development process. 

 The word "total" means the total of everything in an organization. That is, it 

covers every process, every job, every resource, every output, every person, every time 

and every place. According to the American Society for Quality Control (ASQC), total 

quality management (TQM) "is a management approach to long-term success through 

customer satisfaction. TQM is based on the participation of all members of an 

organization to improving processes, products, services, and the culture they work in. 
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TQM benefits all organization members and society. The methods for implementing this 

approach are found in the teachings of such quality leaders as Philip B. Crosby, W. 

Edwards Deming, Armand V. Feigenbaum, Kaoru Ishikawa, and J.M. Juran." 

[Bemowski, 1992] The Department of Defense also provides a concise and accurate 

definition as below: 

"TQM is both a philosophy and a set of guiding principles that represent the foundation 

for a continuously improving organization. TQM is the application of quantitative 

methods and human resources to improve the material and services supplied to an 

organization, and the degree to which the needs of the customers are met, now and in the 

future. TQM integrates fundamental management techniques, existing improvement 

efforts, and technical tools under a disciplined approach focused on continuous 

improvement.‖ [Department of Defense, 1991] 

 

3) Principles of TQM Implementation: 

Based on the lessons learned by various companies implementing TQM as 

reported in the literature, there are some principles of practices that are instrumental to 

the success of TQM implementation [Department of Defense, 1990; Moore, 1990]: 

 

 Quality is everyone’s business. 
Quality is the concern of not only the management but also the workers. 

By empowerment, that is empowering employees with the ability to stop 

production if quality is sacrificed, quality can be dramatically improved. Workers 

feel a sense of belonging to the process and a pride in the quality of their work. 

Quality is perceived as a team effort. Auto factories are now empowering their 

employees with the ability to stop the whole production line if someone discovers 

a quality defect. 

 Customer Emphasis. 
One must focus on satisfying internal and external needs, requirements, 

and expectations, not just on meeting specifications. This is essentially creating a 

customer focus. Since customers are the ones that drive production, their needs 

and expectations should be the focus of all improvement efforts. Customers are 

not only those who buy finished products. There are also workers within the 

company who use the components produced by other workers. These workers are 

internal customers. A production line can be conceived as having a string of 

customers, starting with the one who is making the contract. Each person is 

responsible for improving the quality of the product that they pass on to the next 

customer. Under the TQM culture, everyone has a customer. 

 Quality must be built into the product 
Quality cannot be an afterthought. It must be constantly measured and 

quantified. The question: ―Is this good quality?‖ must be a centerpiece in any 

development project. It must be a concern from beginning to end. Quality is not 

determined by picking the best of the bunch after production and recycling the 

bad ones. ―Bad ones‖ should never exist in a TQM environment. Defects should 

be discovered before any production occurs. This is accomplished by building 

quality into the product. It is easiest to understand this concept by thinking about 

quality as a part of a product. The product cannot work without the quality 
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component installed. Therefore, during every stage of the development process, 

the developer must ask him: ―Have I installed the quality component in this 

product?‖ 

 TQM accomplishment involves continual training. 
Continuous improvement includes the improvement of one's ability in 

performing one's job. An employee must be trained in TQM principles and in the 

tools and techniques for implementing TQM. Such training credential should be 

treated as an accomplishment for performance evaluation. 

 Leadership is substituted for slogans and exhortations. 
We have all heard the slogan: ―Quality is job one.‖ This example is from 

Ford Motor Company. However, slogan means nothing when we say it but we do 

not do it. Ford still produces buggy cars despite its great success in Team Taurus 

project [Walton, 1986].What Ford needs is better leadership in quality 

improvement. 

 Long-term emphasis on measurable processes and productivity 

improvement. 
TQM cannot be implemented overnight. It is a long-term process that 

takes years to implement. It is a complete cultural change in the organization to 

focus on continuous improvement. The problem with achieving continuous 

improvement is that it requires measures to be compared against. Therefore, a key 

element of the TQM culture is qualified metrics–measurements taken 

continuously in order to chart progress. 

 Understand the current process before improvement begins. 
We must understand how things work in the organization to be able to 

improve it. Understanding how it works involves being able to measure the 

process in order to compare ―improvements‖ against it. 

 Cross-functional orientation and teamwork. 
The essence of cross-functional teams is to integrate many different parts of 

the organization into the development process. For instance, programmers must 

involve users from finance, accounting, marketing, and other departments in the 

development of a software product. This philosophy is developed with the thought 

that developing a product is not just the designer's concern. Everyone who is 

involved with the development, distribution, and maintenance of a product should 

have a say in the development of the product. 

 

4) The Product Development Life Cycle (PDLC): 

 Product development life cycle is a systematic and orderly approach to managing 

product-development activities. It usually follows the problem-solving steps prescribed 

by Herbert A. Simon: intelligence, design, choice, and review [Simon, 1977]. The 

development of a new product begins with the stage of requirements analysis. During this 

stage, the needs of customers are collected, analyzed, and evaluated in order to develop 

product specifications. Based on the customers' needs and the product specifications, 

design blueprints of the product are developed during the design stage. These blueprints 

include manufacturing design specifications and bill of materials. According to these 

blueprints, prototypes of the product are built and tested to evaluate the quality of the 

prototypes. If a prototype fails the test, the cause of failure is analyzed and identified.  
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Software Development Life Cycle (SDLC): 

There are various software development approaches defined and designed which 

are used/employed during development process of software, these approaches are also 

referred as "Software Development Process Models". Each process model follows a 

particular life cycle in order to ensure success in process of software development. 

Waterfall Model 

Waterfall approach was first Process Model to be introduced and followed widely 

in Software Engineering to ensure success of the project. In "The Waterfall" approach, 

the whole process of software development is divided into separate process phases. The 

phases in Waterfall model are: Requirement Specifications phase, Software Design, 

Implementation and Testing & Maintenance. All these phases are cascaded to each other 

so that second phase is started as and when defined set of goals are achieved for first 

phase and it is signed off, so the name "Waterfall Model". All the methods and processes 

undertaken in Waterfall Model are more visible. 

The stages of "The Waterfall Model" are: 

Requirement Analysis & Definition: All possible requirements of the system to be 

developed are captured in this phase. Requirements are set of functionalities and 

constraints that the end-user (who will be using the system) expects from the system. The 

requirements are gathered from the end-user by consultation, these requirements are 

analyzed for their validity and the possibility of incorporating the requirements in the 

system to be development is also studied. Finally, a Requirement Specification document 

is created which serves the purpose of guideline for the next phase of the model. 

System & Software Design: Before a starting for actual coding, it is highly important to 

understand what we are going to create and what it should look like? The requirement 

Product Development life cycle 
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specifications from first phase are studied in this phase and system design is prepared. 

System Design helps in specifying hardware and system requirements and also helps in 

defining overall system architecture. The system design specifications serve as input for 

the next phase of the model. 

Implementation & Unit Testing: On receiving system design documents, the works 

divided in modules/units and actual coding is started. The system is first developed in 

small programs called units, which are integrated in the next phase. Each unit is 

developed and tested for its functionality; this is referred to as Unit Testing. Unit testing 

mainly verifies if the modules/units meet their specifications. 

Integration & System Testing: As specified above, the system is first divided in units 

which are developed and tested for their functionalities. These units are integrated into a 

complete system during Integration phase and tested to check if all modules/units 

coordinate between each other and the system as a whole behaves as per the 

specifications. After successfully testing the software, it is delivered to the customer. 

Operations & Maintenance: This phase of "The Waterfall Model" is virtually never 

ending phase (Very long). Generally, problems with the system developed (which are not 

found during the development life cycle) come up after its practical use starts, so the 

issues related to the system are solved after deployment of the system. Not all the 

problems come in picture directly but they arise time to time and needs to be solved; 

hence this process is referred as Maintenance. 

 

 
Conclusion: 

 Total quality management is not only a philosophy of work but also an ethic of 

workers. It is coming from the wisdom and the teachings of many quality improvement 

gurus. It has helped many companies to improve quality of products and processes, and in 

turn, increase the productivity and the profitability. Any software organization that is 

planning to implement the TQM must have the critical mass of its employees embrace the 

TQM philosophy and methods before jumping onto the bandwagon. That is, all 

Waterfall Model 
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employees regardless of their ranks must fully understand (or be trained with) and 

internalize the TQM concept and tools. To increase the chance of success, a TQM 

implementation project should start from the top management and unfold it downward to 

lower-level management and workers with a goal to benefit the critical mass of 

employees. 
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