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ABSTRACT 

Software development is similar to other engineering 

disciplines: a managed approach is likely to improve the 

quality of the product. As software becomes more and more 

pervasive, there has been a growing concern in the 

information technology industry about software quality. 

Though various software quality models are in place to 

measure and manage the software quality, there is no effective 

relation among software quality models and the practice of 

assessing the software quality remains unsolved. The 

objective of this paper is to assess characteristics of software 

quality quantitatively for CRM based applications. We use the 

quality attributes defined by the International Standard for 

Software Product Evaluation ISO/IEC 9126 and a set of 

software metrics proposed in this research study have been 

applied to these attributes for its measurement. The results are 

then validated using statistical techniques. The statistical 

analysis gives an input to the software quality assurance team 

to focus at the specific software quality attributes which leads 

to the poor quality of the software. The software quality 

metrics are applied on the CRM applications. The 

significance of our research study is illustrated with suitable 

datasets and future research directions are indicated. 

Keywords 

 Software quality, software metrics, quality model, software 

quality characteristics, quality assessment, CRM. 

 

1. INTRODUCTION 
The significance and need of high-quality software has 

expanded with the fast transition of humanity to information-

oriented era. [7] [19].  Software quality is defined as 

conformance to explicitly state functional and performance 

requirements, explicitly documented development standards, 

and implicit characteristics that are expected of all 

professionally developed software. Software  

Quality Assurance is a sunshade undertaking that is applied 

all through the software process. Software quality metrics are 

a subset of software metrics that focus on the quality aspects 

of the product, process, and project. In general, software 

quality metrics are more closely associated with process and 

product metrics than with project metrics. The growing 

complexity of software systems, construct  mostly integrating 

components offering services, rises the need of more rigorous 

approaches for considering the software quality 

quantitatively. Therefore, it is nowadays of foremost 

significance to fulfill not only the customer’s obligations that 

the software accomplishes, but also to take into account the 

quality of the software. A software system that undergoes 

continuous change, such as having new functionality added to 

its original design, will eventually become more complex and 

can become disorganized as it grows, losing its original 

design structure [5]. The object deployment of distributed 

software has a great impact on its performance [8]. Knowing 

your customers better will enable you to serve them better and 

keep them loyal forever. CRM is relationship orientation, 

customer retention and superior customer value created 

through process management [35].  CRM is the building of a 

customer-oriented culture by which a strategy is created for 

acquiring, enhancing the profitability of, and retaining 

customer that is enabled by an IT application; for achieving 

mutual benefits for both the organization and the customers 

[36]. 

     According to ISO 9126, quality is defined as a set of 

features and characteristics of a product or service that bear 

on its ability to satisfy stated or implied needs. Software 

quality can be viewed from many different, equally valid 

perspectives; they are Contractual, attributes and User-

Focused. Software quality metrics for CRM are a subset of 

software metrics that focus on the quality aspects of the 

product, process, and project. Product metrics are also 

referred to as software metrics. They are directly associated 

with the product itself and attempt to measure product 

quality or characteristics of the product that can be 

connected with product quality. Process metrics concentrate 

on the process of software development and measure 

process structures with the aim of either distinguishing 

problems or pushing forward effective practices. Resource 

metrics are associated with the properties that are essential 

for the development of software systems and their 

realization. 

The objective of this research study is to enable the software 

engineering group to is consigned to the customer. Though 

not all quality characteristics are of identical significance to a 

software product and the quality characteristics are generally  

not part of the stakeholders’ terminology, it is essential to 

ensure that software products encounters international 

standards. Since 1920, software metrics and software quality 

models are known as major reference in the field of software 

quality assessment. But there is still no clear procedure for 

considering software quality via software metrics for CRM. In 

the first part of the paper, we review the quality models in 

practice, some problems and solutions available. In the second 

part, we introduce a practical example of software quality 

assessment based on a set of software metrics for CRM 
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proposed in this research study.  With increasing demands on 

software functions, software systems become more and more 

complex [32]. CRM architecture is shown in Figure1. 

 

Fig 1.CRM Architecture 

 

     We define CRM as    an approach that achieves an 

optimum balance between corporate investments and the 

satisfaction of customer     needs in order to generate 

maximum profits. This entails: 1. acquiring and continuously 

up dating knowledge on customer needs, motivations, and   

behavior   over   the lifetime of the relationship. 2. Applying 

customer knowledge to continuously   improve    performance    

through a process of learning from successes and failures.  3. 

Integrating marketing, sales, and   service    activities   to 

achieve       a common goal.  4. The implementation of 

appropriate systems to support customer knowledge 

acquisition, sharing, and the measurement of CRM 

effectiveness. To integrate marketing, sales, and service 

activities, CRM requires the strong integration of business 

processes that involve customers .Their performance is 

predominantly influenced by the underlying supply of 

knowledge on products, markets, and customers. 

 

2. LITERATURE REVIEW 
 The quality model in ISO/IEC 9126 [2] has been developed 

through the models from Boehm [1], McCall [15]. The first 

software metrics were suggested in the mid ’70s and since 

then, a great number of metrics have been recommended in 

the following years. Capability Maturity Model (CMM) 

developed by the Software Engineering Institute (SEI) is a 

model of 5 levels of process 'maturity' that determine 

effectiveness in delivering quality software. 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 [25].  It can be used 

to guide process improvement over a task, a division, or an 

entire organization. CMMI helps to integrate conventionally 

distinct organizational functions, set process enhancement 

goals and main concerns, provide guidance for quality 

processes, and provide an issue of reference for appraising 

current processes. During the development [28] 

systematically performed measurements on the source code, 

using software metrics that have been proved to be correlated 

with software quality, such as the Chidamber and Kemerer 

suite and Lines of Code metrics. The important elements of 

the quality of the software that is considered a service to a 

business function are analyzed [34].   

     In [1], a conceptual framework is proposed for the 

characteristics of software quality.  From [3], it is evident 

that software quality characteristics can be measured using 

software metrics. In [4], a method is used to identify the 

most important quality characteristics defined by ISO 9126 

Standard by means of a risk assessment. [6] believes that 

the software quality metrics can be used to detect and 

remove problems with the software processes. Ion I. [31] 

presented a model and proposed standards for measuring 

software quality and also few software metrics for software 

complexity. In [12], it is reported that application of 

software metrics acts as an improvement driver for 

Capability Maturity Model (CMM). In [10], a quantitative 

software quality evaluation model is proposed with respect 

to the Component Based Development (CBD) 

methodology. In [14], it is mentioned that the CMM, a 

popular software quality model is meant for improving the 

software processes during the software development. [17] 

provides a methodology for identifying and analyzing 

software quality requirements. Thomas E. Murphy [20] 

focused on software quality and testing tools to manage 

software quality assurance activities. Wojciech Basalaj [21] 

proposed coding standards compliance as a measure of 

internal quality of a software system. [27] Presents a novel 

metric for measuring the readability of Software Source 

Code (SC). 

The ISO/IEC 9126 Standard has been used in a number of 

previous studies: measuring the quality of architectural design 

[13], R&D project evaluation [16], identifying relevant 

criteria for evaluating software products [18] and measuring 

customer’s perception of software quality [22]. From the 

literature review we observe the following: (a) Few quality 

models are found in the literature and no systematic 

methodology is found to quantitatively assess the software 

quality to improve the software processes there by the 

software product (b) Software metric is the most suitable 

methodology to assess the software quality characteristics (c) 

Of all the software quality models discussed here, the 

ISO/IEC 9126 quality model is appropriate quality model for 

our research study. (d) Investigation of the quality attributes 

defined in the software quality model is very much essential 

to ensure customer satisfaction and increase product quality. 

(e) ISO/IEC 9126 quality model possesses quality 

characteristics to measure the software processes involved 

during the software development as well as the software 

product. Activity-based quality models break down this 

complex concept into concrete definitions, more precisely 

facts about the system, process, and environment as well as 

their impact on activities performed on and with the system 

[23]. According to the IEEE standard glossary of software 

engineering, Object-Oriented design is becoming more 

important in software development environment and software 

Metrics are essential in software engineering for measuring 

the software complexity, estimating size, quality and project 

efforts [26]. Production of high quality software is considered 

as one of the key factor in the rapid growth of Global 

Software Development (GSD) [28]. 

Software metrics are valuable entity    in the entire     software 

life cycle. Software metrics provides measurement of the 
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software product and the process of software production [38] 

[39]. Good metrics should enable the development of models 

that are efficient of predicting process or product spectrum. 

Thus, optimal metrics should be: Simple, Objective, Easily 

obtainable, Valid, Robust [40].  From [41], we found 

functionality and portability are very much important for 

CRM based applications and sub-characteristics of 

Functionality are Suitability, Security, Compliance, Accuracy 

and Interoperability and sub-characteristics of Portability are 

Adaptability, Installablility, Conformance and Replaceability. 

 

3. RESEARCH OBJECTIVE 
     Estimations are the basis from which planning is 

performed on a program. Planning a software quality 

assurance requires a frame of reference and an ability to 

measure against it. The program manager has three major 

measures with which to estimate the program: products, 

processes, and resources. It is argued that the quality of 

software product has an effect on the degree of success or 

failure of a software development program. We have 

developed a metric for measuring the quality of software 

management along the software quality attributes. The quality 

of software development management tools has improved 

over the past 30 years.  

     User satisfaction is often considered a critical outcome of 

quality management and the studies have shown a positive 

impact on organizational cost, profit and sales growth. 

Although the information technology market is rapidly 

growing, users are often dissatisfied with software quality. 

While several studies have developed a variety of software 

quality models to produce software with rich quality, there has 

been little or no attempt to assess the software quality 

characteristics defined in the quality model using appropriate 

methodology. The main concern of this research study is 

measuring the software quality characteristics defined in the 

quality model ISO/IEC 9126 [2] [13] using software metrics. 

To achieve this goal, we have defined a set of software 

metrics to assess the presence of each of the quality 

characteristics defined in the quality model. The significant 

feature of this study is the results obtained after the 

application of the proposed software metrics are validated 

using correlation, a statistical technique. We found from the 

literature [41] that software quality characteristics 

functionality & portability are much important for a CRM 

applications. Hence we have found a new metric for CRM 

applications.  

3.1. Software Metrics and Software 

Quality 

Software quality is defined as the quality that ensures 

customer satisfaction by offering all the customer deliverables 

on performance, standards and ease of operations. Software 

metrics and quality models play a significant role in software 

system quality measuring. Software metrics are characterized 

as benchmark of measurement, utilized to refer the attributes 

of certain thing being measured, such as quality or 

complexity, in a target kind, but subjective measurement of 

quality comes from human estimation. The most important 

objective of any engineering activity is to produce high 

quality product with limited resources and time. The quality 

of the product cannot be determined if it is be measured.  

The quality of the end result depends upon the quality of the 

intermediate work products. If the requirements, design, code, 

and testing functions are of high quality, then the chances are 

that the end product will also be of good quality. At the 

project level, the primary focus is to measure errors and 

defects and derive relevant metrics such as requirement or 

design errors per function point, errors uncovered per review 

hour, errors per thousand lines of code. These metrics provide 

an insight into the effectiveness of the quality assurance 

activities at the team as well as individual level. Unlike in 

other engineering discipline, SE has not yet attains a level 

where there are standard and globally acceptable 

measurement metrics and models [29] 

Software metrics can be classified into three categories: 

product metrics, process metrics, and project metrics. Product 

metrics describe the characteristics of the product such as 

size, complexity, design features, performance, and quality 

level. Process metrics can be used to improve software 

development and maintenance. Project metrics describe the 

project characteristics and execution. In this paper we use 

product metrics and process metrics to assess the software 

quality characteristics. In the specific case of libre (free, open 

source) software, the availability of a mature and reliable 

development community is an important factor to be 

considered, since in most cases both the resolvability and 

future fitness of the product depends on it [24]. Till date, the 

quality models for communities have been based on the 

manual examination by experts, which is time-consuming, 

generally inconsistent and often error-prone. In [24], an 

automated quality model has been proposed. The quality 

model used is a part of the Qual OSS quality model, while the 

metrics are those collected by the FLOSS Metrics project. 

The ISO/IEC 9126 standard describes a software quality 

model which categorizes software quality into six 

characteristics (factors) which are sub-divided into sub-

characteristics (criteria). The characteristics are manifested 

externally when the software is used as a consequence of 

internal software attributes. The internal software attributes 

are measured by means of internal metrics (monitoring of 

software development before delivery). The quality 

characteristics are measured externally by means of external 

metrics (evaluation of software products to be delivered). As 

discussed in the literature review, in this research study, we 

have considered the software quality characteristics proposed 

by the ISO/IEC 9126 as it enables the software engineering 

community to evaluate the software product as well as the 

software processes involved in the software development. 

Measures of software quality, correctness, maintainability, 

integrity and usability provide useful insight. 

 

3.2. Proposed Software Metrics for CRM 
     We have considered the two quality characteristics found 

from literature functionality and portability defined in 

ISO/IEC 9126 and proposed a set of software metrics to 

assess these characteristics and associated sub-characteristics 

quantitatively. The set of well defined metrics to achieve this 

task is shown in Table 1. Detailed explanation on ISO/IEC 

9126 shall be found in [2] [13]. There are totally two quality 

characteristics and nine sub-characteristics.  

   The metrics are well defined in such a way that it can be 

easily validated once the results are obtained after applying it 

to a software product. This will increase the confidence level 

of the software engineering group on the measurement of 

software quality. 

 



International Journal of Computer Applications (0975 – 8887)  

International Conference on Computing and information Technology (IC2IT-2013) 

29 

Table 1. Software Metrics to Assess Software Quality  

Software Quality  

Characteristics 

Sub 

-Characteristics 

Proposed Metrics 

 

 

 

 

 

 

 

1-Functionality 

A-Suitability 

 

No. of undetected 

 functions during 

 system testing / 

 total no. of 

 functions in the 

 specification 

B-Accurateness 

 

Total number of  

variations in the 

 obtained results 

 to the expected 

 results for a set of 

 given inputs 

C-Interoperability 

 

Interaction found 

 with no. of system 

 / total no. of given 

 System 

 

D-Compliance 

 

 

No. of satisfied  

requirements / 

 Total no. of 

 requirements 

E-Security No. of attempts  

(succeeded /failed) 

 / Total no. of  

attempts 

 

 

 

 

 

 

 

 

2-Portability 

A-Adaptability 

 

 No. of platforms to 

which the software 

is applicable / Total 

no. of platforms 

B-Installability 

 

Time required to 

install the s/w in 

the specific 

environment / 

standard 

installation time 

C-Conformance 

 

No of (Standards/ 

conventions ) 

performed to 

which the 

software adheres  / 

Total no. of  

(standards / 

conventions)    

D-Replaceability Adaptability + 

Installability 

 

     Software metrics refers to a broad range of measurements 

for computer software. Measurement can be applied to the 

software process with the intent of improving it on a 

continuous basis. Some software development practitioners 

point out that simplistic measurement can cause more harm 

than good. Measurement enables the Organization to improve 

the software process; assist in planning, tracking and 

controlling the software project and assess the quality of the 

software thus produced. It is the measure of such specific 

attributes of the process, project and product that are used to 

compute the software metrics. Metrics are analyzed and they 

provide a dashboard to the management on the overall health 

of the process, project and product. Generally, the validation 

of the metrics is a continuous process spanning multiple 

projects.  

4. CASE STUDY, DATA ANALYSIS AND 

FINDINGS 
     We have applied the proposed software metrics to a CRM 

application, module B of Auto Mart system containing the 

following functions: Financial accounts, MIS Report, Payroll, 

Equipment maintenance, user management, Inventory; 

Application of the software metrics to all the modules of 

software will give an entire image on the degree of software 

quality possessed by the software product. The different 

modules are identified with one another. There exists intra 

and inter relationship among the modules. Functionality and 

Portability of this product were examined utilizing the 

proposed metrics. The correlation between the various 

software quality attributes has been found to analyze the 

impact of one quality attribute over another.  The project 

documentation of the software product was found useful in 

fetching the data for the software quality metrics.  

The detailed analysis was conducted with the software 

engineering team comprising the software quality group from 

the association involved in the software development and the 

software installation team from the Auto Mart. The results of 

various test cases executed by the software testing team using 

manual testing and automated testing tools were also found 

useful and recognized as inputs for the proposed software 

metrics. For every quality attribute, there exist sub-

characteristics. The computation is done for every sub-

characteristic for the module B. In some modules, some of the 

quality characteristics will not be covered at all during the 

design. In these cases, the computation cannot be done, as no 

input data will be available. Here, the respective quality 

characteristics have to be added to the software design, in 

concurrence with the customers. There are cases, where the 

customer may not require certain software quality 

characteristics to a greater extent and some quality attributes 

may not be applicable to them. All these issues must be 

thought seriously about by the software quality team during 

the quantitative appraisal of software quality using software 

metrics.  

Table 1 shows the software metrics proposed in this 

research study to measure the degree of quality possessed by a 

software product. These metrics will be applied to software 

after the testing procedure is finished and before it is 

conveyed to the client. In any case, few of the metrics could 

be connected as and when a part or a module of the software 

product is primed, rather than sitting tight for the finish of the 

whole software product. These metrics will measure the 

degree at which the developed software product meets the 

customer requirements as well as the other quality 

requirements specified in the quality model ISO/IEC 9126. 

The essential data source for these metrics to evaluate the 

software quality is the Software Requirements Specification 

(SRS) document and results from the software testing team. 

The next step is to identify a team who are involved in the 

software development to execute the software product under 

the different circumstances cited in the table 1 and compute 

the software metric for the respective software quality 

characteristics and sub-characteristics. The results are shown 

in Table 2 and Figure 2. 
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Table 2. Application of Software Metrics to Quality 

Characteristics 

Software Quality 

Characteristics 

Sub-Characteristics Software 

Quality 

Estimation 

1-Functionality A-Suitability 

B-Accurateness 

C-Interoperability 

D-Compliance 

E-Security 

28 

52 

51 

73 

65 

2- Portability A-Adaptability 

B-Installability 

C-Conformance 

D-Replaceability 

62 

63 

74 

63    

                                   

From the table 2 and figure 2, we find that the module B of 

the Auto Mart software adheres to the software quality 

characteristics defined in the ISO/1EC 9126 quality model. 

To be specific, except the few quality attributes like 

suitability, adaptability and security, the other quality 

attributes are satisfied by the module B of Auto Mart software 

system to a greater extent.  The application of software 

metrics to the module B gives good clarity of comprehension 

of the software quality possessed by it. This poses a positive 

climate for the measuring the software quality attributes using 

the software metrics. Using the results shown in the table 2, 

the software engineering team can customize the software 

product based on the quality attributes in which the software 

product is yet to improve and perform to fulfill the ISO/IEC 

9126 quality requirements. Similar to the module B, the 

software metrics can be applied for each of the modules of the 

Auto Mart software system. The result of this exercise is used 

to validate the software metrics used for measuring the 

software quality characteristics. 

This is done using the Pearson's Correlations Coefficient 

[30] for the Auto Mart software system as shown in the 

following table 3.  Table 3 will enable the software 

engineering team to get an idea on the relationship between 

the different software quality characteristics. Positive 

values indicate a relationship between the two variables and 

negative values indicate the existence of negative 

correlation between the two variables. Table 3 enables us to 

identify the influence and the impact of one quality 

characteristic over the other.  

 

Fig. 2. Software Quality Characteristics 

Using table 3, the software engineering processes can 

be redefined and quality requirements can be achieved for a 

software product. 

Table 3. Correlation Matrix for Software Quality 

Characteristics 

 Functionality Portability 

1-Functionality 

 

1 0.641 

2-Protability 

 

0.616 1    

 

5. CONCLUSION AND FUTURE 

RESEARCH SCOPE 
     The significant and positive impact of proposed software 

metrics on development quality demonstrated the contribution 

of certain quality attributes in improving the software 

development process: they may allow a semi-automated 

software development process, thereby introducing fewer 

errors in the code. The significant and positive relationship 

between software quality attributes indicated that, for our 

dataset, larger projects tended to have less defects identified 

during the development process; it is possible that developers 

are more careful when they work on large projects. The 

findings are highly relevant to software managers, as they 

illustrate the positive effect of software metrics on the 

software quality measurement and management. Our study 

was unique in that it used data on projects from a real time 

environment. The use of such comprehensive data for the 

empirical validation of the proposed software metrics 

enhanced the generalizability of our results. Data on real time 

software projects were used to validate the proposed model.  

The greatest challenges in producing a quality software 

product are: (i) To find a suitable quality model that will 

provide systematic guidance for building quality into software 

and (ii) Assessment of software quality characteristics defined 

in the quality model. Thus it is evident that achieving the 

software quality is the need of the hour in software projects. 

Our approach is based on the quality characteristics of 

ISO/IEC 9126 quality model. We have defined a set of 

software metrics to assess quantitatively the quality 

requirements possessed by the software product according to 

ISO/IEC 9126 Standard. This has been applied to a software 

product and the results obtained are very much compelling. 

Correlation, a statistical technique is applied to find the 

degree of relationship between one quality attribute and 

another, thereby finding the influence of one over the other. 

Measurement always includes some amount of random error. 

Sub characteristics are relatively reliable if random 

measurement error minimally affects them. The above 

software quality metrics are well suited for CRM applications. 

Therefore, to give confidence to our results, it is crucial to 

estimate the amount of error in the software quality 

assessment.    

As a future research work, remaining quality 

characteristics can be checked. 
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