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Abstract: In this paper, architecture is designed in such a way that will enhance quality of specification of 

modules that result to enhance quality of software module design. It does not directly depends only upon 

specification factor (feasibility study), but also depends upon some other attributes that may be 

directly/indirectly(Reusability, Under-stability, Correctness, Completeness, Well documented, Flexibility). 

Hence quality of specification is directly proportional to design of software module to enhance reliability of 

modules. The proposed model designed in such a way that it remove the maximum faults or errors in early 

phase of development using Risk analysis( by cause and effect diagram), fault prediction, validate SRS by using 

testing and evaluation. 

Keywords:- Quality, productivity, cause and effect diagram, fault prediction, reliability 

 
I. INTRODUCTION 

Software quality is one of the pivotal aspects of a software development company. Software quality 

assurance starts from the beginning of a project, right from the analysis phase. 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 present time, quality is defined and judged by the customer.  

Therefore, it acknowledges a customer-driven economy.  It focuses on continuous process improvement to 

achieve high quality of product (or service). It suggests that any improvement that is made in the business, be it 

a better design of a component or a better process of a system, will help to improve the quality of the 

organization and the quality of the final product.  Under this philosophy, the view of quality is very different 

from the traditional one. The proposed model includes the systematic process of assuring that standards and 

procedures are established and are followed throughout the software development life cycle and test cycle as 

well. The proposed model ensure that hard work done in the beginning(Requirement and analysis phase) of the 

product not only reduces the risk,   also results in faster and accurate development in the further processes. 

 
II. LITERATURE REVIEW 

Quality can be described in five different perspectives: user view, transcendental view, manufacturers 

view, product view and value based view. Quality must be monitored from the early phases of development 

such as requirement analysis, design, implementation and maintenance phases. A number of models are 

presented by software developers to enhance the quality. Some of the standard models are listed here:  

McCall‟s et al model (1979) is one of the earliest model regarding the productivity gave emphasis on Triangle 

of Quality. McCall‟s quality model [1] addresses three perspectives: (i) Product operation (ii) Product revision   

(iii) Product transition. It covers some characteristics of quality these are efficiency, integrity, re-usability, 

reliability, usability, accuracy, testability, flexibility, maintainability, interface, transferability, interoperability. 

Boehm Quality Models (1976, 1978) attempts to define equality of software using a predefined set of attributes 

and metrics. Boehm classified [2] General utility into Asis utility, portability, maintainability, which are further 

classified into characteristics like device independence, self-contentedness, Integrity, Consistency, Device 

efficiency, Accessibility, Accuracy, Completeness, communication, Self-descriptiveness, Legibility, 

Structuredness, Conciseness, Augment ability.  

FURPS - The following characteristics are considered in FURPS model are Functionality (include 

feature sets, capabilities and security), Usability (human factors, aesthetics, consistency in the user interface, 

online and context-sensitive help, wizards and agents, user documentation, and training materials),  Reliability   

(frequency, severity of failure,  recoverability, predictability, accuracy, mean time between failure), 

Performance (speed, efficiency, accuracy, throughput, response time, availability, recovery time, and resource 

usage), Supportability (testability, extensibility, maintainability, compatibility, adaptability, configurability, 

serviceability, installability, Localizability)   

Dromey‟s Quality Model [3] presented a framework to evaluate requirement determination, design and 

implementation phases. The framework consists of three models, i.e. Requirement quality model, Design quality 
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model and Implementation quality model. The high-level product properties for the implementing quality model 

include (i) Internal measures (ii) Contextual measures (iii) Correctness measures (iv)Descriptive measures. It 

includes high level quality attributes: functionality, efficiency, usability, reliability, maintainability, portability, 

reusability and process maturity. 

Kitchenham (1996) defined quality as “Quality is a complex concept, because it means different things 

to different people, it is highly context-dependent. Just as there is no one automobile to satisfy everyone's needs, 

so too there is no universal definition of quality. Thus, there can be no single, simple measure of software 

quality acceptable to everyone. To assess or improve software quality in your organization, you must define the 

aspects of quality in which you are interested ISO 9000 provides guidelines for the quality assurance. ISO 9001: 

2000 [4] structured gives the requirement forthe development of quality management system. The standard has 

eight clauses related to references, scope, terms & definition, Requirement ( documents, quality manual, control 

of documents, control of records), management responsibility ( commitment, customer focus, quality policy, 

planning, management review, responsibility of authority and communication), resource management, product 

realisation, measurement, analysis & improvement )   

ISO 9126 [5] – ISO 9126 is an international standard for software development and evaluation. The 

standard is divided into four parts which addresses, the following subjects: quality model; internal metrics; 

external metrics and quality in use metrics. The ISO 9126-1 software quality model identifies 6 main quality 

characteristics, these are: Functionality (Suitability, Interoperability, Compliance, Accurateness, Security), 

Usability (Learnability, Operability), Reliability (Maturity, Recoverability, Understand ability, Fault tolerance,), 

Efficiency (Resource behaviour, Time behaviour, Analysability), Portability (Installability, Replaceability, 

Conformance,). Maintainability (Stability, Testability, Adaptability, Changeability)  

According to R. Fitzpatrick(1996) Software quality is the extent to which an industry-defined set of 

desirable features incorporated into a product to enhance its lifetime performance. [6] 

and then decide how you are going to measure them”. [7] Eldon Y. Li.(2000) contrasts the Quality 

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

Deming's quality management concept and its fourteen point management method. It briefly explains the 

similarities between software development process and product development process. [8] 

According to Card (2006), Simple Model of Productivity considers the entities such as Product, 

Process or Sub-process, Requirements, Value, Cost, and Effort.  

According to Dr. Rao(2011) Seventy-two percent of the survey population was of the opinion that 

quality assurance should be introduced in all phases of the SDLC. The remaining 28% fell into a different 

category. Other trends that affected the inclusion of QA in all phases of the SDLC included (a) too much time 

spent in the process, (b) inconsistent methodologies, (c) over commitment. [9] 

According to Amit C. Joshi(2012) 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.[10] 

According to David Chappell, Both functional quality and structural quality are important and they 

usually get the lion‟s share of attention in discussions of software quality. Yet the third aspect, process quality, 

is also critically important. The quality of the development process significantly affects the value received by 

users, development teams and sponsors and so all three groups have a stake in improving this aspect of software 

quality.[11] 

According to SadiaRehman(2012) Global Software Development (GSD) is a modern software 

engineering paradigm adopted by many client organizations in developed countries to get high quality product at 

low cost in low wage countries. Production of high quality software is considered as one of the key factor in the 

rapid growth of GSD.[12] 

KarineMordal(2012) states that most software quality metrics are defined at the level of individual 

software components, there is a need for aggregation methods to summarize the results at the system level. 

Second, because a software evaluation requires the use of different metrics, with possibly widely varying output 

ranges, there is a need to combine these results into a unified quality assessment. [13] 

According to Wallin(2012), the effort of designing and evolving the architecture is often neglected 

during system development. 

Mrinal Singh Rawatet al.(2012) examine the realm of software engineering to see why software metrics 

are needed and also reviews their contribution to software quality and reliability. Results can be improved 

further as we acquire additional experience with variety of software metrics.[14] 

Dr. DeepshikhaJamwal(2012) discussed different quality models (McCall‟s Quality Model, Boehm‟s 

Quality Model, Dromey's Quality Model, FURPS Quality Model, ISO 9126 Quality Model.) and concluded that 

only “reliability” is the common attribute in all models. A criterion has been defined based on some questions in 

order to choose quality model for any organisation that will save organisation‟s time. [15] 



Software Quality And Productivity Enhancement Model 

75 

According to IderpalSingh(2013) Different quality models include different factors in relation to functional and 

non-functional requirements but reliability is an important factor for quality measurement. It is important to 

have good software specification requirements to have best results. It should be noticed that phases like 

planning, requirement, coding implementation should be done in proper manner to have quality.[16] 

According to Hongyi Sun et al.(2014)  Except for the time to market, quality, productivity and cost performance 

are all significantly better with more re-used modules 

SabaAwan et al.(2015)in their studiescompute multiple features of different software quality models and 

evaluated their relative significance.[17] 

1. Proposed model:- 

 
Fig. 1.Software Quality and productivity enhancement model 

 

The proposed model includes the systematic process of assuring that standards and procedures are 

established and are followed throughout the software development life cycle and test cycle as well. The 

proposed model designed in such a way that it remove the maximum faults or errors in early phase of 

development using Risk analysis( by cause and effect diagram), fault prediction, validate SRS by using testing 

and evaluation. It includes 

 

1.1 Requirement analysis:- it help the annalist to understand, interpret and organise the software 

requirement to assess its physical, logical, economical, legal, social feasibility, as well as completeness and 

consistency of the requirement. Requirement analysis also includes  

- Communication 

- Initiation 

- Objectives and scopes 

- Limitations 
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Fig. 2 Requirement analysis phase 

In proposed model this phase includes Define task, underline task, task defects etc. 

A “School Management Software” is designed using the proposed model. The main task is to develop 

school management software. The requirement analysis process is started, the entire requirement are collected 

from principal, staff and students as well as from their parents. The task is further defined and divided into 

subtask. Subtask is further defined and broken into its lowest level according to the requirement analysis. These 

task and subtask are further checked to identify any unassigned or hidden task in the underline task. The task 

that is not properly understood is moved to task defect. During this process we find 8 unassigned 

task(requirement) which are either not assigned properly or not as per the requirement. These tasks are further 

send to define task panel. These requirements are further defined again and verified that they are as per the 

requirement. This phase also helps to discuss the objectives and scope of the proposed software, what can be 

achieved with the proposed software and its limitations?  As the entire requirement of the customer are properly 

defined and as per the requirement, the quality attributes(Reusability, Understability, Correctness, 

Completeness, Well documented, Flexibility ) are assigned. 

 

1.2 Property Specification:- In property specification quality attributes are applied. Quality comprises all 

characteristics and significant features of a product or an activity which relate to the satisfying of given 

requirements, Quality is achieved when all activities are carried out to satisfy the total requirements of every 

customer, internal as well external. Quality attributes are assigned to these task or sub task. The quality 

attributes are as follows. 

i. Reusability 

ii. Efficiency 

iii. Understability 

iv. Well documented 

v. Correctness 

vi. Completeness 

vii. Usability 

viii. Flexibility 

ix. Integrity 

 

These are the quality attributes that help to create SRS of required requirement of customer. These 

quality attributesspecifies and evaluates the quality of a software product in terms of internal and external 

software behaviour and their connection to attributes. The model categorizes software quality attributes into 

three categories such as: Operational specification (Correctness, Reliability, efficiency, Integrity etc.)Product 

Revision(Maintainability, Flexibility, Traceability etc.)Product Transition( Portability, Reusability, 

interoperability etc.) 

 

1.3 Risk Analysis:- During risk analysis, not only analysis the risk associated with technical, potential, 

financial but also related to requirement of customer. Such kind of risk are validate by applying cause and effect 

diagram, to justify the quality and productivity of customer requirement i.e. used to find the alternate solution of 

the problem that is associated with highest risk(Requirement, time or cost). It helps us to think through causes of 

problem thoroughly. Its major benefit is that it pushes us to consider all possible causes of the problem, rather 

than just the one that is most obvious. This phase includes risk analysis by using cause and effect diagram, fault 

prediction, testing and evaluation. 
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Fig. 3(a)Risk analysis phase and Fig. 3(b) use of cause and effect diagram to find defects. 

1.4 Fault prediction model:- The major goal of this model is to detect faults as early as possible in the 

development life cycle. This model[11] helps us in better designing of modelling algorithm in incremental 

development, towards improving quality and productivity. Before the delivery of final SRS, to find the pre-

release defects the fault prediction model is applied. It helps to validate the model.Before the final SRS, if any 

how any failure or faults remains after applying quality attributes, the cause and effect diagram is applied. This 

help to remove these faults. Before the delivery of SRS to design phase, to find the pre-release defects the fault 

prediction model is applied. 

 

 
Fig. 4 Fault prediction phase 

 

It helps to identify the process of providing input, how output comes and how it fulfils the requirement 

of user. To find projects limitation, the boundary analysis is done. Whatever number of times analyst is 

executing the process, it is running exactly that number of times or not. Independent path is verified and process 

validates whether every requirement gathered is once achieved or not. All validate requirement:-every 

requirement is checked n number of times or not. During this process three modules or components detected that 

are not validates during the system progress are moved back to the risk analysis for further consideration and 

defect removal. 

 

1.5 Architectural Design:- on the basis of user requirements and the detailed analysis by fault prediction 

model high level design and detailed design is done. High level design includes overview of modules, number of 

modules and what these modules do, irrespective how they do? In detailed design view the logic of the modules 

is discussed. 

 
Fig. 5 Architecture design phase 
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In the design phase the SDLC process continues to move from what questions of the analysis phase to 

the how. The logical design produced during the analysis is turned into a physical design - a detailed description 

of what is needed to solve original problem. There are several tools and techniques that are used for describing 

the system design of the school management. These tools and techniques are: Flowchart, Data flow diagram 

(DFD), Data dictionary, Decision table and Decision tree etc. 

1.6 Construction (Coding):- After completing the design documents, the work is divided in modules/units 

and actual coding is started. Since, in this phase the code is produced so it is the main focus for the developer. 

This is programming phase in which the programmer converts the program specifications into computer 

instructions. It‟s an important stage where the defined procedures are transformed into control specifications 

with the help of a computer language. The programs coordinate the data movements and control the entire 

process in project. 
 

 
Fig. 6 Construction (coding) phase 

 

A well written code reduces the testing and maintenance effort. Programming language effect the 

quality of project, right programming language should be chosen. 

 

1.7 Testing :- After the coding is developed, it is tested against the requirements to make sure that the 

product is actually solving the needs addressed and gathered during the requirements phase. It brings all the 

pieces together into a special testing environment, then checks for errors, bugs and interoperability.During this 

phase all types of functional testing like unit testing, integration testing, system testing, acceptance testing are 

done with non-functional testing such as defect testing, path testing etc. 
 

 
Fig. 7 Testing phase 

 

During the testing phase four errors detected in school management software which are further rectified 

and removed.  When it is ensured that the „School Management System” is running error-free, the users are 

called with their own actual data so that the system could be shown running in their environment, conditions as 

per their specified requirements. So, that prerelease defects are identified and removed before the final product. 

 

1.8 Implementation:-When the project satisfies the entire user‟s requirement and is free from bugs and 

errors, the implementation phase begins. Implementation is that stage of a project during which theory is turned 

into real practice. The major steps involved in this phase are: 

 Acquisition and Installation of Hardware and Software 

 Conversion 

 User Training 

http://istqbexamcertification.com/what-is-functionality-testing-in-software/
http://istqbexamcertification.com/what-is-unit-testing/
http://istqbexamcertification.com/what-is-integration-testing/
http://istqbexamcertification.com/what-is-acceptance-testing/
http://istqbexamcertification.com/what-is-non-functional-testing-testing-of-software-product-characteristics/
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 Documentation 

1.9 Review and feedback:- Once when the customers starts using the developed system then the actual 

problems comes up and needs to be solved from time to time. The feedback is taken from the user for any 

modification if however required. The review of the system is done for: 

 knowing the full capabilities of the system 

 studying the performance  

 knowing the required changes or the additional requirements. 

 

 
Fig. 8 Review, feedback and maintenance phase 

 

1.10 Maintenance:- Maintenance is necessary to eliminate errors in the system during its working life and 

to tune the system to any variations in its working environments. It must meet the scope of any future 

enhancement, future functionality and any other added functional features to cope up with the latest future 

needs. It has been seen that there are always some errors found in the systems that must be noted and corrected. 

Further improvement of school management is based on corrective, adaptive, perfective and preventive 

maintenance. 
 

All activities takes place recursively, each and every phase of model is reliable to Every requirement of 

software module, until software project not complete, not only today, but also during software maintenance and 

post maintenance of software to enhance quality and productivity of software. It validates the final product, 

weather it is as per the user requirement or not. Now direct and indirect attributes are applied and measured with 

the help of metrics. A number of metrics are applied to measure the quality and productivity of school 

management software. The final product so obtain has higher quality and productivity as compared to other 

product. 

 

III. JUSTIFICATION OF PROPOSED MODEL 
There are lots of quality software development models available in market/ software engineering. 

Quality characteristic are found in number of models. Efficiency, reliability, Maintainability, Usability and 

Functionality are considered by most of recent models. The table I shows the quality factors/ attributes/ 

characteristics supported by various models.[15,18,20,21,22] 

 
Factors/ Attributes/  

Characteristics 

McCall Boehm Dromey's FURPS ISO 

9126 

Quality 

Enhancement  Model 

Maintainability                     

Flexibility                   

Testability                   

Correctness                   

Efficiency                       

Reliability                         

Integrity                 

Usability                         

Portability                       

Reusability                  

Interoperability                  

Human Engineering                 

Understandability                 

Modifiability                 

Functionality                     

Performance                 

Supportability              

Table I Represents comparison of various models on the basis of factors/ attributes/ characteristics 
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The above table shows that the quality attributes Reliability, efficiency, usability, portability, functionality and 

maintainability are supported by most of quality models. Other attributes such as reusability, integrity, 

testability, understability, correctness and well documented are not supported by every model. These attributes 

also have their direct or indirect impact on quality and productivity.The table given below[23] shows the 

comparison of the different quality models with the proposed model on the basis of their structure, number of 

levels, relationship, their advantages and disadvantages. 

 

 

 
Characteristics 
                 

Model 

McCall Boehm FURPS Dromey‟s ISO 9126 Quality 
Prediction 

Model 

Structure Hierarchical Hierarchical Hierarchical Hierarchical Hierarchical Network& 
Relational 

No. of Levels 2 3 2 2 3 n- level 

Relationship Many-Many Many-Many One-Many One-Many One-Many Many-

Many 

Major 
advantage 

Evaluation 
Criteria 

Hardware 
factors 

included 

Separation of 
FR & NFR 

Different 
Systems 

Evaluation 
Criteria 

Evaluation 
criteria 

based on 

reliability 

Major 

disadvantage 

Components 

Overlapping 

Lack of 

Criteria 

Portability is 

not 

considered 

Comprehe-

nsiveness 

Generality  

--------------

- 

Table II shows comparison of quality models and their architecture 

 

    McCall Boehm Dromey‟s ISO 9126 

Quality 

Enhancement 

Model 

Quality 

attributes   

P
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r 
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B
est 

P
o

o
r 

A
v

erag
e 

G
o

o
d
 

B
est 

Requirem
ent 

Analysis 

Are the basic 
requirements of 

software fulfilled?   Y         Y     Y       Y           Y 

Reusabilit
y 

Either part of 

application / entire 
application    Y       Y       Y       Y         Y   

Testabilit
y 

Is the software 

tested and 
validated?     Y       Y       Y       Y         Y 

Correctne

ss 

Is software removes 

all faults/ errors?   Y       Y       Y         Y         Y 

Complete

ness 

Is the software 
complete as per user 

needs in all 

respects?   Y         Y     Y         Y         Y 

Well 

document

ed 

Is software properly 

documented?                           Y           Y 

Understab
ility 

Is software easy to 
understand?       Y             Y       Y         Y 

Functiona
lity 

Are the required 

functions available 
in the software?           Y       Y         Y         Y 

Maintena

nce     Y       Y         Y       Y         Y 

Flexibility 
Is the software 
flexible?     Y     Y       Y         Y       Y   

Usability 

Is software easy to 

use?   Y       Y       Y       Y         Y   

Efficiency 
How efficient is 
software?    Y       Y         Y       Y         Y 

Reliabilit

y 

How much reliable 

is the software?    Y       Y         Y       Y         Y 

Table III comparison between quality models w.r.t. characteristics.[18,20,21,22] 

 

Most of the software development models provide the basic method to develop a software product. 

They do not consider the quality attributes and their impacts while developing the software product. Table given 
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below shows the comparison of quality prediction model with the most common software development models 

methodology. 

 

IV. CONCLUSION 
A School Management Software is developed by using the proposed model. The proposed model 

ensure that hard work done in the beginning(Requirement and analysis phase) of the product not only reduces 

the risk,   also results in faster and accurate development in the further processes. The use of cause and effect 

diagram help in risk analysis and fault prediction help to reduce the maximum fault in early phase of 

development. Different metrics of quality, productivity and their attributes are applied and results are observed. 

It ensure that to increase the quality of the product the analyst has to understand the requirement thoroughly and 

reduces the maximum faults at every phase of development  and measure it quality by using various metrics. 

Metrics not only help to measure the quality of product but also help to increase the quality of product, which 

automatically increase the productivity of the product. In further work we measure the quality and productivity 

of products developed by using quality and productivity enhance model. 
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