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2 LITERATURE REVIEW 

Literate review section provides a comprehensive review of published work from the 

secondary sources in software quality assurance subject area. Literature Review helps in 

identifying the subject areas precisely through what is already known or proven. Further the 

exercise will help in identifying important variables for the research. Chapter will start 

defining the term “quality” and will evolve the discussion through popular quality models 

and philosophies without any deep drilldowns. 

2.1 WHAT IS SOFTWARE QUALITY 

The IEEE standard ANSI/IEEE 730-2002 defines software quality assurance as “a 

planned and systematic pattern of all actions necessary to provide adequate confidence that 

the software conforms to established technical requirements”[2]. By going down the path of 

IEEE definition, there are two major camps when defining software quality[6]: 

1. Conformance to specification: quality defines in terms of the level which the 

product or service meets its’ written specifications. 

2. Meeting customer needs: meeting customer’s explicit or implicit needs, 

irrespective of any measurable product or service characteristics. 

Currently software quality assurance is measured in two ways: from technical 

perspective and from user perspective[7]. 

In the technical perspective of measuring software quality is based on specifications. 

Developers measure quality and ensure specifications in terms of errors in code through 

testing process and through other mechanisms such as formal specifications, structured 

programming[8]. 

End-user perspective of software quality is measured through user experience to 

denote how well software meets user expectations. User dissatisfactions do not necessarily be 

resulting from failure to meet specifications or coding errors.  

2.2 SOFTWARE QUALITY MANAGEMENT PHILOSOPHIES 

This section of the literature presents different philosophies of quality from view 

points of quality management gurus. These quality management philosophies could be a good 

alternative to formalized quality models which the research is going to based on. Quality 



 
5 

 

management requires customer satisfaction, prefers prevention to inspection, and recognizes 

management responsibility for quality[9]. 

2.2.1 DEMING AND FOURTEEN POINTS FOR MANAGEMENT 

Walter Edward Deming defines quality in terms of customer satisfaction[10]. 

Customer satisfaction is beyond conformance to specifications. According to Deming, the 

judge of quality should be the end user or the customer. Deming argues that management 

system should implement in a way that everyone in the organization to be responsible for 

quality of their output to the internal stakeholders. He introduced fourteen points for 

management for people to understand and implement necessary quality transformation[10]: 

1. Create constancy of purpose for improvement of product and service: Stay in 

business and provide jobs through innovation, research, constant improvement 

and maintenance.  

2. Adopt the new philosophy: For the new economic age, management needs to take 

leadership for change into a learning organization. 

3. Cease dependence on mass inspection: Eliminate the need for mass inspection by 

building quality into the product.  

4. End awarding business on price: Aim at minimum total cost and move towards 

single suppliers.  

5. Improve constantly and forever the system of production and service: 

Improvement is not a one-time effort. Management is obligated to continually 

look for ways to reduce waste and improve quality.  

6. Institute training: Workers should be trained properly on their jobs. 

7. Institute leadership: Leading shall consist of helping people to do a better job and 

to learn by objective methods.  

8. Drive out fear: To assure better quality and productivity, people feel secure.  

9. Break down barriers between departments: Team work culture across 

departments.  

10. Eliminate slogans, exhortations and numerical targets: Let workers formulate their 

own slogans. Then they will be committed to the contents.  

11. Eliminate numerical quotas or work standards: Quotas take into account only 

numbers, not quality or methods. They are usually a guarantee of inefficiency and 
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high cost. A person, in order to hold a job, will try to meet a quota at any cost, 

including doing damage to the company.  

12. Remove barriers to taking pride in workmanship: People are eager to do a good 

job and distressed when they cannot.  

13. Institute a vigorous programme of education: Both management and the work 

force will have to be educated in the new knowledge and understanding, including 

teamwork and statistical techniques.  

14. Take action to accomplish the transformation: It will require a special top 

management team with a plan of action to carry out the quality mission.  

A critical mass of people in the company must understand the 14 points. 

2.2.2 JURAN AND THE IMPORTANCE OF TOP MANAGEMENT COMMITMENT TO QUALITY 

Joseph M Juran proposes two meanings to quality[11]:  

1. Quality consists of those product features which meet the need of customers and 

thereby provide product satisfaction. 

2. Quality consists of freedom from deficiencies. 

In the handbook Juran propose quality as “fitness for use” rather than “meeting 

customer needs” he argues that it is not a feasible task to meet customer need. His view is 

much closer to the thought – “conformance to specifications”. Juran proposes three 

fundamental managerial processes for the task of managing quality. The three elements of the 

Juran Trilogy are[11]: 

1. Quality planning: A process that identifies the customers, their requirements, the 

product and service features that customers expect, and the processes that will 

deliver those products and services with the correct attributes and then facilitates 

the transfer of this knowledge to the producing arm of the organization. 

2. Quality control: A process in which the product is examined and evaluated against 

the original requirements expressed by the customer. Problems detected are then 

corrected. 

3. Quality improvement: A process in which the sustaining mechanisms are put in 

place so that quality can be achieved on a continuous basis. This includes 

allocating resources, assigning people to pursue quality projects, training those 
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involved in pursuing projects, and in general establishing a permanent structure to 

pursue quality and maintain the gains secured. 

2.2.3 CROSBY AND STRIVING FOR ZERO DEFECTS 

Philip B Crosby is a “conformance to specification” adherer. Crosby summarizes his 

perspective on quality in fourteen steps that is built around four fundamental "absolutes" of 

quality management[12]: 

1. Quality is defined as conformance to requirements, not as “goodness” or 

“elegance” 

2. The system for causing quality is prevention, not appraisal. That is, the quality 

system for suppliers attempting to meet customers' requirements is to do it right 

the first time. Crosby is a strong advocate of prevention, not inspection. In a 

Crosby oriented quality organization everyone has the responsibility for his or her 

own work. There is no one else to catch errors. 

3. The performance standard must be Zero Defects, not "that's close enough". 

Crosby has advocated the notion that zero errors can and should be a target. 

4. The measurement of quality is the cost of quality. Costs of imperfection, if 

corrected, have an immediate beneficial effect on bottom-line performance as well 

as on customer relations.  

2.2.4 ISHIKAWA AND FISHBONE DIAGRAM 

Kaoru Ishikawa defines quality as “meeting customer needs”[13]. He further argues 

that no specific quality standard could ever define and following them does not meet the 

expected quality levels. According to Ishikawa, quality is a very broad concept which goes 

beyond product, service, process, information quality, etc. He introduced quality circles 

through Fishbone diagrams. 

2.2.5 FEIGENBAUM AND TOTAL QUALITY CONTROL 

Armand Vallin Feigenbaum built his thought around “total quality control”[14]. 

Feigenbaum states that quality is a dynamic factor which must be defined in terms of 

customer experiences. He further states that quality should satisfy customers’ explicit and 

implicit needs[14]. 
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2.3 SOFTWARE QUALITY MODELS 

Previous section focus on different view points of quality management gurus. These 

points will be helpful in solving common quality management problems in Sri Lankan, 

offshore enterprises.  Quality management philosophies presented in the previous section 

represent flexible and qualitative view of quality; this section will present a rigid and 

quantitative[15] quality structure, which will be a roadmap of identifying independent 

variables for current study. 

2.3.1 MCCALL’S QUALITY MODEL 

Jim McCall’s quality model is primarily aimed towards the system developers and 

development process, however he has tried to bridge the gap between users and developers 

by focusing on number of quality factors, considering both user’s and developer’s 

priorities[16, 17]. The quality model is organized around three quality characteristics[16]: 

 

Figure 1: McCall’s quality model organized around three types of quality characteristics 

McCall’s model furthermore elaborated with a hierarchy of factors, criteria and 

metrics around the three types of major perspectives. 
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Figure 2: McCall’s quality model  

Eleven factors on the left-hand side of the model represent the external view of 

quality as viewed by end users. These eleven factors attribute to twenty three quality criteria, 
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which describe the internal view of software. The evaluation is done by answering each 

quality criteria with “yes” and “no”. Finally the quality level is derived as a percentage based 

on the responses received as “yes”. 

2.3.2 BOEHM’S QUALITY MODEL 

Barry W Boehm’s model has similarities to McCall’s model. His qualitative approach 

of defining quality stems from three levels in the hierarchy, which ends with primitive 

characteristics[18]. These primitive characteristics individually contribute to the overall 

quality level.  

Figure 3: Boehm's software quality characteristics tree[19]. 
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Quality measurement is carried out through extent or degree to which the product or 

service achieves each characteristic[19]. 

2.3.3 ISO 9126 

Among the ISO 9000 series of quality standards, ISO has released the ISO 9126: 

Software Product Evaluation[20].  

 

Figure 4: The ISO 9126 quality model [20]. 

ISO further proposes quality characteristics/guidelines to evaluate the above six areas 

of importance. 

Figure 5: ISO 9126 quality attributes 
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Each quality factor/ six areas of importance is represented by sub-factors as depicted 

in the above diagram. Details of each selected attribute will be discussed in the next chapter. 

2.3.4 SOME OTHER QUALITY MODELS 

Apart from McCall, Boehm and ISO9126 quality models, there are various other 

models available in literature. However through the preliminary literature survey, the author 

has selected these 3 models for the study considering their applicability in Sri Lankan 

context. Following are some other quality models in summary form. 

2.3.4.1 FRUPS QUALITY MODEL 

Robert Grady has presented a similar model to McCall and Boehm. FRUPS stands for 

Functionality, Usability, Reliability, Performance and Supportability. FRUPS categories have 

been divided into two main categories: Functional and Non-functional[21]. These categories 

are said to be usable in assessing product and requirements quality levels. Since FRUPS 

represents both McCall and Boehm models, the author has substituted FRUPS for McCall 

and Boehm for this study. 

2.3.4.2 DROMEY’S QUALITY MODEL 

Another similar recent model presented by Geoff Dromey which represents software 

product quality through product properties and quality attributes. Dromey’s model subdivides 

product quality to four main product properties and each product property is subdivided into 

multiple quality attributes[22]. Dromey’s quality attributes are a sub set of McCall and 

Boehm; therefore this model also got substituted for the study. 

2.3.4.3 ISO 9001 

ISO 9001 is the internationally accepted quality management system across all 

business domains. ISO 9001 addresses process quality including controlling and assuring up 

to the point of product/service delivery. ISO 9126 is selected for the study, as ISO 9126 is 

directly for quality evaluation. 

2.3.4.4 CMMI 

The Carnegie Mellon Software Engineering Institute (SEI) introduced Capability 

Maturity Model Integration, to evaluate organization maturity levels through Process 

management, Project management, Engineering and Support maturity levels. CMMI defines 
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five stages based on maturity levels. Since CMMI is not a defined product or service quality 

evaluation criteria, CMMI also was out of this study. 

  


