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Abstract: Quality of a software component is inversely proportioretite number of inadequacies found in a component. Individua
software components must be selected with utmost care s #ne crucial to the success of CBSE approach. In this papsability
based component quality framework (RQF) is used to idettifhly reusable software components. A component qualibgeh

as a part of RQF is also developed using statistical apprdatias six essential quality characteristics which aréednby three
stakeholders according to their preferences. Subsegquefféct of characteristics of component quality model emsability is tested
using ordered probit model which showed that reliabilityhis most influential characteristic which is instrumentairicreasing the
reuse of software components.
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1 Introduction as these are already tested and are not to be built from
scratch. Further, overall product quality improves if
CBSE is a systematic, quantifiable and disciplined set ofquality components are reused. |
activities that aims at constructing and designing soféewar ~ Besides several benefits of reuse, it is however
by using a set of reusable software componetislf is obligatory to deliberate about the questioB§ [9], [10]
reported by Ampatzoglod] that in FreeBSD (a well related to reuse beforehand such as:
known operating system) about 43% of the classes have
been reused from other projects and that open source
software reuse rates are extremely high. More
specifically, 53% of the projects have performed reuse
activities in 30% of their development process and that
49% of projects have reused more than 80% of their code.
The CBSE asserts component reuse that provides
software engineers with a number of measurable benefits
such as lower defect density (almost 50% less), higher
stability between releases which leads to the high quality
component in reduced cost and shortened time hence
improved productivity B], [4], [5]. Based on the claims of
studies 1], [6], with reuse actual efforts made in different
software development phases are 17% to 20% lower for
releases than the actual effort without reuse; component
assembly leads to a 70 percent reduction in development
cycle time; an 84 percent reduction in project cost, and a
productivity index of 26.2, compared to an industry norm  These questions crop up since there is no certification
of 16.9. Intuitively, savings occur with components reusestandard or quality framework which may assure

—Is the component reusable in many implementations
with only minor changes?

—How common is the component’s function within the
domain?

—Is reuse through modification feasible?

-Will the component fit into the system without
damaging or harming the already existing system?

—Has the component been effectively tested by the
component vendor before its appearance on the
component market?

—Is the component reliable?

—If there are problems later with the component will it
be easy to correct the problems and maintain the
component with ease?

—Does the component satisfy the requirement of the
component purchaser or end user?
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stakeholders that a particular component is of high qualityvarious dimensions including quality evaluation, quality
and highly reusable. And, if these questions are notimprovementand stakeholder’s view of quality.
addressed and low quality components are used, it may As shown in Fig. 1, these models are categorized into
cause damage to the existing system leading to amasic quality models (1970-2001) and tailored quality
avalanche. Therefore, success of CBSE is largelymodels (2002-2012). In the year 1970, the research in
dependent on the quality of each component thatquality improvement and software evaluation uplifted due
comprises the systerd]| [10], [11]. to growing quality expectations of customers from
Quality is a significant factor during component software. During the period (1970-2001), less number of
selection since almost all software components providesoftware organizations were existing, CBSE paradigm
the required functionality but a component which exceedsyas not prevalent and nature of software products was
customer expectations is selected. Hence, a qualityess diversified. So, only five quality models are
framework is needed for specifying quality requirementsintroduced in this period. Most of these models,
and to evaluate qualitylP], [13]. It must also focus on  especially ISO 9126 serves as a basic model for the
reusability of software components to get more supportmodels proposed after year 2001. During (2002-2012)
from industry B], [4], [11]. Many proposed quality software industry expanded rapidly with tough
frameworks 2], [13], [14],[15] are general in nature and competition of providing high quality software products
focus on software quality rather than addressing qualitythat stimulated research in this discipline. Researchers i
issues of components. Therefore, a separate qualityhis period proposed twenty one quality models which are
framework is needed because software components hawgnhanced forms of basic quality models and are according
different architecture, smaller in size and lesser in scope to the needs of distinct applications, domains and
In this paper, a reusability based quality framework stakeholders.
(RQF) is proposed that is useful for stakeholders to
identify highly reusable and high quality components for
software development. A high quality component can be

identified with the involvement of concerned stakeholders Basic Quality Models | Tailored Quality Models
in quality framework at various levels such as at initial -

stage to specify their quality requirements and at the end e

to validate the software componentl], [13]. Three g Lt s
major stakeholders are user, developer and manage ., | nsrnt st
Their satisfaction level from the quality of component 77 oo (2005) Srivastava;

must be given suitable importance at the time of quality 009)
evaluation [L6]. The quality framework emphasizes use of
blackbox components since use of whitebox components **™

increases the cost of project which would defy the goal of

Upadhyay;
Andreu; Bassem ;
Sibisi ; Alvaro;  (2011)

iGoulao;
:Bertaa;
${2002)

Boehm (2007) Bawane;

reuse 17]. The reusability based approach and flexibility (1975] e Kalaimagsl;
of its application in various domains will provide - tacoe) e
adequate confidence to the organizations to practice it for _ ) )

the benefits like reduction in development cost, shorter Fig. 1: Quality models proposed till 2012.

development times and hence development of highly
reliable and stable softwaré][ [18].

In section 2, literature of quality models from year As we are concerned with only component quality
1970 to 2012 is briefly discussed and their shortcomingsmodels, we identified some major shortcomings of
are brought out. In Section 3 development of reusabilityexisting component models:
based quality framework is discussed. Section 4 discusses
the design of statistical study conducted. Ordered probit 1.In [3], [10], [12], [14], the stakeholders and
model is briefly explained in Section 5. Section 6 independent parties are not involved in the process of

elaborates the results obtained of the statistical study. W  requirement elicitation and quality
concluded this in Section 7 paper by outlining the  evaluation/validation of quality model.
important characteristics for reusability. 2.1t is not clarified in #], [12], [13], [20], [2]] that how

a quality model can increase the reuse of software

components. It is also obscure how to evaluate the
2 Literature of quality frameworks software components and how to assess relation and

impact of each characteristic, sub-characteristic and
The literature pertaining to quality frameworks is attribute.
extensively studied and 26 quality models and framework 3.The models3], [13], [15], [20Q] are not confined to any
from year 1970 to 2012 are identifiedq. All of these domain or application which doubts their applicability.
models are introduced with the purpose of defining  Also, Characteristics are not prioritized depending on
quality in a new way. These models discuss quality with  the needs of particular domain or stakeholders.
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4.No guidelines are suggested related to use or: COMPONENT QUALITY MODEL | COMPONENT QUALITY EVALUATION |
application of given models in different applications i
and domainsg], [11], [15].
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The objective of reusability based quality framework ! i 1 ;
(RQF) is to identify highly reusable and high quality | - ji [ et :
software components. Fig. 2 presents the functioning of | * Wetrcs wich aucues) i seslcrin/damain) ;
RQF. It consists of two stages, development of a : i ) ;

Plevel2  gigranolders

component quality model and quality evaluation of a ¢ ... . T .

component. The implementation of RQF is mentioned in
the following steps: Fig. 2: Reusability based quality framework.

Stakeholders
T
efines
i al

nce of concerned with

decomposed to
Quality Goal
Quality Metric

1.Elicit quality goals of stakeholders and map these
goals into high level characteristics of software
components.

2.These higher level characteristics are decomposed t(
the lowest level of hierarchy that covers all implied
aspects of component quality. From this hierarchy,
relationships may be drawn out among characteristics
and sub-characteristics.

3.Assign software metrics to the lowest level of quality
hierarchy, here, attributes of software components.

4.Requirements for selection or evaluation of
appropriate component in particular application or
domain are specified by stakeholders.

5.Candidate components are evaluated against the
specified requirements with the help of metrics that Fig. 3: Attribute relationship diagram of quality model.
are associated to component quality model.

6.Results are analyzed in order to validate the
component for final selection. If results are
satisfactory then component is recommended forto which a metric can be assigned, where a metric is a
integration with the system or may be stored for procedure for examining a component to produce a single
future use in internal component repository. In case ofnumber.
unsatisfactory results, another component is selected
for evaluation.

Involvement of stakeholders in RQF is intuitive since 3.1 Development of Component Quality Model
quality can be perceived only with the eyes of users.
Three main categories of stakeholders involved inIln the present paper, the first stage of RQF is
software engineering activities are user, manager andmplemented, that is development of a quality model for
developer. Each of these has different quality goals suclsoftware components. A quality model is the set of
as users want ease in using troublefree softwarecharacteristics and sub-characteristics, as well as the
managers are interested in economical use of resourceglationships among them and it largely depends on the
and developers are interested in less rework. Sokind of target product to be evaluate2h].
stakeholders must be satisfied from quality of a  Table 1, shows all the important quality characteristics
component, although, to some extent. which are preferred by existing component quality

Fig. 3 shows relationship diagram of a quality models. It is clear from the table Functionality,
attribute with other facets of RQF. According t87, a Reliability, Usability, Efficiency, Maintainability and
characteristic is a set of properties by which quality canPortability are most preferred characteristics for sofeava
be described and evaluated. It can be refined into multipleomponents. Functionality as a quality characteristic of a
levels of sub-characteristics and a sub-characteristic casoftware component is explicitly stated by stakeholders
be refined into attributes. An attribute is a quality propert but other characteristics Reliability, Usability, Effinigy,

Weight

has impact to

used to improve
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Table 1: Important characteristics of software components

Characteristics
/ Quality models Functionality Reliability Usability Effiency Maintainability Portability Reusability Traceabjl Security Interoperability Testability Usability-inse Safety-in-use Manageability Modularityy
Andreou B] 1 1 1 1

Upadhyay$]
Kalaimagalp]
Sharmal (]
Alvaro[1]]
Bertoap3
Rwashdet}4]
GoulaoRg
Choi [26]

1 1
1 1 1 1 1 1

RPRRRRP R
PRRRRPRRE
RPRRRRPP R
RPRRRRPRRRER
PRRRRPRRE
PRRP e

-

Maintainability and Portability are desired factors and ar 4 Design of the statistical study
decisive at time of component selection. Presence of all

these six characteristics increases the prospects of 1 Theoretical basis

component reuse as these are indispensable for all kind of

applications or domains. The proposed component quality model is statistically
investigated in this section. We investigated higher dyali
Table 2 shows 24 sub-characteristics which areof which characteristics indicate higher Reusability and
preferred by these models. These sub-characteristics catie are interested in determining positive association
be appropriately associated to 6 characteristics seléwted between Reusability and characteristics of quality model
Table 1 by using factor analysis technique. For this, KMOin regression model. To check this following hypotheses
and Bartlett’s test was conducted on collected data, thére assumed:
value of KMO from the results was (0.803) which should  _,1.
be above 0.5 and also the value of Bartlett's test was
significant (0.000). Thus, from the perspective of KMO
and Bartlett’s test, factor analysis test is suitable fa th
given sample. The extraction communalities estimated
that amount of variance in 16 sub-characteristics is above
(0.5), these are selected and 8 sub-characteristics with
variance below (0.5) are discarded.

there is a significant association between
characteristics and sub-characteristics of quality
model

—HO02: there is a significant association between
stakeholders (User, Developer and Manager) and
characteristics of quality model

—HO03: there is a significant association between
reusability and component quality model

Table 3 shows highest factor loadings of

sub-characteristics under six components, other factoq.2 Dependent and Independent Variables
loadings with low values are omitted intentionally. The

sub-characteristics accuracy (.725), suitability (.7d44dl  Reusability is defined as the capability of a software
security (.789) have the highest factor loadings at firstcomponent to be used in different contexts repeatedly.
component. Hence, these are grouped under the factqReusability may be described in terms of user
named Functionality. Sub-characteristics maturity (896 satisfaction, effectiveness and productivi®Z]. These
recoverability (.775) and fault-tolerance (.659) have thethree factors are desired goals of all the stakeholders.
highest factor loadings at second component, so these aReusability is taken as a dependent variable. The
grouped under the factor Reliability. Similarly, independent variable is component quality model, which
sub-characteristics understandability (.833), Lealitgbi consists of six characteristics (Functionality, Reliepil
(.615) and operability (.547) are grouped under Usability; Usability, Efficiency, Maintainability and Portability).
resource efficiency (.687) and time efficiency (.822) underthese characteristics as independent variables are
Efficiency; testability (.861) and replaceability (.524) measured by judgments of respondents to the

under  Maintainability; interoperability — (.787), questionnaire concerning the significance of these
adaptability (.540) and deployability (.596) are groupedcharacteristics to increase the reuse of software
under Portablllty. components.

Table 4 shows the component quality model with 6

characteristics and 16 sub-characteristics chosen frord.3 Pilot survey

Table 1 and Table 3. The sub-characteristics are refined

into attributes which are specific for black box software The questionnaire used for the survey is a structured and
components and these can be directly measured by usingpnsisted of two major sections. The first section intended
metrics. It is to be noted that only those characteristicsto collect the various demographic factors; the second
sub-characteristics, attributes are incorporated in fmhodesection is intended to collect the responses about the
which are statistically important to increase the reuse andeusability. The pilot survey was conducted on a group of
quality of software component. 50 students of master degree. Subsequently, it was

(@© 2018 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.12, No. 1, 159-170 (2018)www.naturalspublishing.com/Journals.asp NS = 163

Table 2: Important sub-characteristics of software components
Sub-Characteristics Andre@][Upadhyayp] KalaimagalP] Sharma L0] Alvaro[11] Bertoa R3] Rwashdeh?4] Goulao R5] Choi [26]

Security 1 1 1 1 1 1 1 1
Completeness 1 1 1
Suitability 1 1 1 1 1 1
Accuracy 1 1 1 1

Interoperability 1 1 1 1 1 1
Compliance 1 1 1 1 1

Maturity 1 1 1 1 1 1 1 1
Recoverability 1 1 1 1 1 1
Fault tolerance 1 1 1 1
Learnability 1 1 1 1 1 1 1 1
Operability 1 1 1 1 1 1 1 1
Understandability 1 1 1 1 1
Configurability 1 1 1

Time behavior 1 1 1 1 1 1 1
Resource behavior 1 1 1 1 1 1
Scalability 1 1 1
Customizability 1 1

Testability 1 1 1 1 1 1 1 1
Changeability 1 1 1 1 1 1 1 1
Component stability 1 1 1

Deployability 1 1

Replaceability 1 1 1 1 1 1
Adaptability 1 1 1 1
Installability 1 1

Table 3: Factor analysis results of sub-characteristics

Sub-
characteristics

Component

1 2

3 4 5 6

Accuracy
Suitability
Security
Maturity
Recoverability
Fault-tolerance

0.725
0.744
0.789
0.896
0.775
0.659

Understandability

Learnability
Operability
Resource
Efficiency
Time efficiency
Testability
Replaceability

0.833
0.615
0.547
0.687

0.822
0.861
0.524

Interoperability 0.787
Adaptability 0.540
Deployability 0.596

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

conducted on 15 Assistant professors of Information4.4 Data collection

technology. As a result of their feedback, some questions

were rephrased to make the language simple torne study is based on primary data with a sample size of

understand. 124 respondents. A total of 250 experienced
academicians, software professionals were contacted
telephonically and personally and they were explained in
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Table 4: Component Quality Model
Characteristics  Sub-characteristics  Attributes

Functionality Security Access control
Encryption
Auditing
Accuracy Correctness
Suitability Coverage
User-Satisfaction
Reliability Recoverability Restore Point
Fault-tolerance Error-handling
Availability
Maturity Versions Released
Usability Learnability Time to use

Time to configure
Time to administer
Operability Operating effort
Administer effort
Customizing effort
Understandability Documentation availability
Documentation readability
Demonstration/Training
Efficiency Time efficiency Throughput
Response time
Resource efficiency Memory utilization
Processor utilization
Disk utilization

Maintainability = Testability Test material
Proof of test
Replaceability Backward-compatibility
Portability Deployability Complexity
Documentation
Interoperability Hardware compatibility

0.S. Compatibility
Data-format Compatibility
Adaptability Adjustability

detail about the survey. These respondents aralpha coefficientto 1.0 the greater is internal consistency
stakeholders who are directly involved in software of the items in the scale2f]. The calculated value of
engineering activities and are categorized into threeCronbach’s alpha for our data is (0.862), which indicates
categories namely user, developer and manager. a high level 0.7) of internal consistency.

4.5 Measurement Scale )
5 Analysis Method

A five point rating scale ranging from not important to

most important is used to capture the responses o o . )
measuring  significance  of  characteristics  andA statistical analysis is conducted on six characteristics

sub-characteristics to increase the reuse of softwarguality model with respect to Reusability. At first stage,
components. Numerical values 1(Not Important) tothe correlation coefficients —between pairs of
5(Most Important) are assigned to the ratings. This ischaracteristics and sub-characteristics were assessed. A
ordinal scale where each category is ordered according t§écond ~ stage, univariate regression for individual
its level, such that 5 being superior to 4. characteristics was conducted. Since, our dependent
variable Reusability is measured with five point rating
scale (1-5) and rating has natural ordering, an appropriate
4.6 Reliability of Measures regression model in this situation is an ordered probit
regression2g], [29], [30].
Internal consistency of collected data is measured with  An ordered probit model assumes that a dependent
Cronbach’s Alpha. The closer the value of Cronbach’svariable (Reusability) is a linear combination of the
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independent variables (characteristics): (38.7%) have 5-10 years and (22.6%) have more than 10
, _ years of experience. All the respondents have expertise in
yi =B’ +&,wherei=1,2,---.n various aspects of software engineering such as project

. . management (9.7%), software development (41.9%),
Here,y" is a dependent variable coded as 1,2,.. qyality assurance (14.5%) and other software engineering
where J is the maximum rating given by a user t0 ggpect (33.9%). The academicians and research scholars
Reusability(in our case)'s value is 5),i is the number of \\ho are well versed with Software Components and

respondents is a vector of coefficients; is a vector of  cgSE gave their responses in other category of expertise.
independent variables angl is a standard error term,

normally distributed oveN[0,1]. Out of 124 respondents, there are 48 (38.7%) users,
1ty < 22 (17.7) managers and 54 (43.5) developers. Fig. 4

y= =t shows that there are more Users (29.8) with master degree

and more Developers (22.5) with graduation degree. It
y=2 if n<y < o can be seen Mapagers have more overall experience than

Developers. This reflects the fact that employees in

. software companies with more experience tend to be

y=J if wya=y = managers.
The cutpoint or threshold value

(g < Hy < oo < y), is to be estimated with
parameter. The range of dependent variabjé is

40

partitioned intoJ mutually exclusive regions. In other o5 ——lizer
words, the ordinal variablg* indicates the region into * \ A
which a particular observed response falls. The

cumulative probability distribution ofy*  can be By 26 pevshorer

determined as follows:
priy=1] = pr(y)* < p1) = pr(B'xi + & < p1)
=pr(—B'% <& < p1— B'%)
= Dk — B'%) = P(=B'%)

oo
508
n
=
E

A AN

_ ; T

\z 4

Master Graduate 3-5years 5-10years Above 10year

MNo. of Respondents
b2
i

=
n =

prly = 2] = ®(uz — B'xi) — (U1 — B'x;)

=)

Fig. 4: Demographic information of stakeholders.
priy=1J]=1- ®(uy-1—B%) ? o

Therefore, the probability thay; selects thejth
alternative is given by,

priy=J1=®(u;— B'x)— ®(u3-1—PB'%),j =0,1,...,3 6.2 Significant Characteristics and

Here, u; and uj_; denote the upper and lower Sub-characteristics

threshold values for categodyand ® denotes a standard  4pje 6 shows the weighted mean and standard deviation

normal cumulative distribution function (CDF) for the responses given by different stakeholders to the
questions on the characteristics of quality model.
Functionality is essential characteristic for all kind of

6 Results software components; its weighted mean (4.82) is higher
than any other characteristic for all types of stakeholders
6.1 Descriptive Statistics (4.81, 4.81 and 4.86). The mean value shows users prefer

Usability (4.58) and Reliability (4.56), Developers prefe
For the given study STATA/SE 12.0 is used. Table 5 Portability (4.78) and Maintainability (4.56) and Manager
shows the demographic information of 124 respondentsprefer Efficiency (4.55) the most. Last column (total) in
There are (62.9%) male and (37.1%) female respondentshe table gives the combined judgment of all the
(52.4%) are 30-40 years of age and (39.5%) are below 3@espondents related to characteristics.
years of age. Educational qualification of (63.7%)  Table 7 shows the mean, standard deviation and
respondents is master degree whereas (31.5%) areorrelation coefficients of sub-characteristics which
graduates. Majority (61.3%) of respondents have moredetermine their importance and association with
than 3 years experience wherein (21.0%) have 3-5 yeargharacteristics. The more closer the value of mean to 5,
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Table 5: Demographic information

Gender Male 78  62.90%
Female 46 37.10%
Age Below 30 years 49  39.50%
Between 30-40 years 65 52.40%
Between 40-50 years 9 7.30%
Above 50 years 1 0.80%
Education qualification  Master 79  63.70%
Graduate 39 31.50%
Any other 6 4.80%
Total experience  0-1 year 5 4.00%
1-3 years 17 13.70%
3-5 years 26 21.00%
5-10 years 48 38.70%
Above 10 years 28 22.60%
Expertise  Project Management 12 9.70%
Software Development 52 41.90%
Quality Assurance/Testing 18 14.50%
Other 42 33.90%
Quality certification of organization 1SO 20 16.10%
Six Sigma 2 1.60%
CMM/CMMI 57 46.00%
Any other 45  36.30%

Table 6: Descriptive statistics of characteristics

User Developer Manager Total

Characteristics Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Functionality 481 0673 4.81 0392 486 0.351 4.82 0.511
Reliability 456 0.649 452 0.637 441 0.666 4.48 0.643
Usability 458 071 437 0681 445 0.671 4.45 0.667
Efficiency 433 0.808 453 0664 455 059 4.45 0.725
Maintainability 446 0651 456 0604 441 059 453 0.617
Portability 45 0684 478 0462 414 0.774 459 0.663

the more it is important to corresponding stakeholder andp<0.05) for Reusability. There are two cuts and three
characteristic. Association of a sub-characteristic withmarginal effects for this model since respondents rated
corresponding characteristic for a stakeholder isonly three categories (5-Most important, 4-Very important
calculated by Pearson correlation method (a factor isand 3-Important) of the dependent variable (Reusability).
highly positively associated to its corresponding facfor i

its Pearson correlation value is closer to 1.0). For A hiah value of the coefficients as shown in Table 8
example, Accuracy’s mean value is greater than all. 9

sub-characteristics so it is considered most importan{r.nplles a greater impact on Reusability. The relative

sub-characteristics of Functionality by all stakeholdérs significance of marginall changes. in the CharaCt.GF iStiC.S is
is found highly correlated (P. Corr. 0.505 and Sig. O 000calculated from the partial derivatives of Reusabilitytwit

at 99% level) to Functionality. respect to individua! cha'racterist?cs in the model. The
marginal value provides information on changes to the
Reusability probabilities brought about by a unit change
in the value of a characteristic from its mean value
. ) assuming mean values for the all other characteristics
6.3 Marginal Analysis [31). Table 8 shows Reliability (1.2475) is the most
important characteristic which impacts Reusability and
Table 8 shows ordered probit estimates of characteristicPortability (0.2372) is the least important characteristi
for the Reusability. The overall model is statistically Statistically, a one unit increase in the Reliability bisng
signif-icant (p=0.0000), therefore our hypothesis hasibee about (1.2475) increase in the importance of Reusability.
accepted which states that there is a significant impact oAlso, z value of Reliability (5.36) is higher than other
characte-ristics of quality model on reusability. Most of characteristics which indicate its significant influence on
characteristics (except portability) are significant the independent variable to the dependent variable.

(@© 2018 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.12, No. 1, 159-170 (2018)www.naturalspublishing.com/Journals.asp NS = 167

Table 7: Descriptive statistics of sub-characteristics

User Developer Manager Total
Characteristics Sub-Characteristics Mean SD. P.corr.  g. ST Mean SD. P. corr. Sig. Mean SD. P.corr. Sig. Mean SD. ofe. ¢ Sig.
Functionality Security 4.27 1.005 0.297* 0.041 4.54 0.693 0.165 0.234 4.36 0.581 0.021 0.925 4.4 0.816 0.232* 0.01
Accuracy 4.81 0.532 0.672* 0 4.78 0.42 0.319* 0.019 4.82 0.395 0.156 0.488 4.8 0.459 0.505** 0
Suitability 4.35 0.699 0.234 0.109 4.59 0.533 0.445* 0.001 4.45 0.596 0.31 0.16 4.48 0.618 0.295** 0.001
Reliability Recoverability 4.52 0.799 0.104 0.482 4.59 B5 0.19 0.17 4.59 0.503 -0.187 0.404 4.56 0.641 0.093 0.307
Fault-tolerance 4.65 0.758 -0.095 0.52 4.57 0.602 0.144 990.2 455 0.51 0.153 0.497 4.6 0.649 0.035 0.701
Maturity 4.4 0.736 -0.12 0.416 4.44 0.664 0.114 0411 436 72D. -0.027 0.906 4.41 0.699 -0.005 0.958
Usability Learnability 4.58 0.739 0.337* 0.019 4.5 0.795 130 0.315 4.45 0.671 0.184 0.412 4.52 0.749 0.222* 0.013
Operability 4.38 0.733 0.085 0.556 4.48 0.574 0.066 0.635 364. 0.727 0.07 0.757 4.42 0.664 0.065 0.476
Understandability 4.81 0.673 0.300* 0.038 4.76 0.473 0.106 0.445 4.73 0.456 0.574* 0.005 4.77 0.553 0.256** 0.004
Efficiency Time efficiency 4.69 0.719 0.366* 0.01 4.33 0.752 113 0.414 4.59 0.666 -0.097 0.668 4.52 0.738 0.153 0.089
Resource efficiency 4.69 0.624 0.464* 0.001 4.28 0.811 444 0.001 4.5 0.512 0 1 4.48 0.715 0.335* 0
Maintainability Testability 4.67 0.694 0.283 0.051 4.69 460 0.23 0.095 4.23 0.685 0.465* 0.029 4.6 0.624 0.309* 0
Replaceability 4.56 0.649 0.192 0.19 4.56 0.604 0.379*  0B.0 4.45 0.51 0.302 0.172 4.54 0.604 0.291* 0.001
Portability Deployability 4.08 1.069 0.103 0.487 4.28 ®65 -0.104 0.456 4.23 0.685 -0.151 0.503 4.19 0.843 0.013 0.889
Interoperability 4.58 0.679 0.25 0.086 457 0.602 0.128 56.3 4.23 0.813 0.554* 0.007 4.52 0.681 0.330** 0
Adaptability 4.46 0.683 0.139 0.346 4.44 0.744 -0.037 0.793 4.27 0.631 -0.372 0.088 4.42 0.7 0.007 0.94

** Correlation is significant at the 0.01 level(2-tailed)
*.Correlation is significant at the 0.05 level (2-tailed)

Ordered Probit model estimates Reusability as a linear
function of the characteristics as follows:
Reusability = 0.8268 x Functionality
+ 1.2475 x Reliability
+ 0.6772 x Usability
+ 0.9241 x Efficiency
+ 0.8304 x Maintainability
+ 0.2372 x Portability

Standard nomal COF

prz= 100013 pr,= 05483 pre=0.4504
Predicted probabilities of Reusability as shown in Fig. » 54“1'_;5-,( 54 rﬂ%_,ﬁ

5 are estimated as

. - Fig. 5: Estimated probabilities of ordered probit regression.
pr(3="important’) = pr(g < 18.54058— Reusability 9 St P HHes probit regress!

pr(4 ="very important) = pr(18.540508- Reusability

< & < 216776~ Reusability improvement in their preference to most important

category is required. To check the importance of each
pr(5="most important) = pr(21.6776—Reusability< &) characteristic, the marginal effects of ordered probit
model have been used as shown in Table 9, to explain the

As an example, the marginal values of changes iNariation in most important category (prs).

Functionality on the five probabilitiep(1, - - - ,pr5) of the

Reusability are obtained by derivatives as follo®$]{ Table 9 shows that signs of all characteristics are
positive it means Reusability will increase with the per
dpr(1="not important) unit increase in these variables. It is observed that all the
d(Functionality) - characteristics (Functionality, Reliability, Usability
Efficiency, Maintainability and Portability) are positiye
dpr(2 ="averagé) and signifi_cantly affecting the_ probabilit_y of category 5.
d(Functionality) The most important characteristic affecting probability o

category 5 is Reliability with p-value 0.000. Thus, an
. increase in the Reliability by one unit per its mean will
apr(3=" |mportant’): —o(—B = x)B enlarge the probability of category 5 by (0.4938%).

dFunctionality) Table 10 shows the marginal satisfaction of each
characteristic. Note that the marginal effects sum to zero
dpr(a="veryimpontant) _ o, 1554 g y)_ o(—p = x)|B because this follows from the requirement that the
9(Functionality probabilities add to 1. It can be interpreted for example of
functionality, increasing its value by one unit does not
= —[®(2167—B' = %) — D(1854— B = x)]B: change the probability of a value of 1 for Reusability; the
probability of a value of 2 also does not bring any change
As shown in Fig. 5, among respondents, reusability isfor reusability; the probability of a value of 3 for
observed to be important (pr4) with highest probability reusability decreases it by (0.0035); the probability of a
(54.83%). However, (45.04%) respondents fall in thevalue of 4 also decreases it by (0.3237) whereas the
most important (pr5) category. As majority of the probability of a value of 5 increases it by (0.3273).
respondents are falling in the important category, the

dpr(5="most importarit)
JdFunctionality)
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Table 8: Ordered probit model results

[95% Conf. Interval]

Reusability Coef. Std. Err. z Pz| Lower bound  Upper bound
Functionality 0.8268871 0.3578513 2.31 0.021 0.1255114 528R63
Reliability 1.2475632 0.2328388 5.36 0 0.7912076 1.703919
Usability 0.6772183 0.2155222 3.14 0.002 0.2548026 18996
Efficiency 0.9241408 0.2153377 4.29 0 0.5020866 1.346195
Maintainability =~ 0.8304527 0.2489749 3.34 0.001 0.3424708 1.318435
Portability 0.2372831 0.2224814 1.07 0.286 -0.1987725 738887
cutl 18.54058 2.729175  (Ancillary parameters)

cut2 21.6776 3.02884

Table 9: Marginal effects on probability of reusability’s categ@Brmost important)

Characteristics dy/dx Std. Err. z >Pz| [95% Conf.Interval] X

Functionality 0.3273238 0.14039 2.33 0.020 0.052174 (@B02 4.82258
Reliability 0.4938488 0.09195 5.37 0.000 0.313636 0.674064.47581
Usability 0.2680773 0.08546 3.14 0.002 0.100569 0.435585451461
Efficiency 0.3658218 0.08458 4.32  0.000 0.200041 0.53160245141
Maintainability 0.3287353 0.09885 3.33 0.001 0.13499 P41 4.53226
Portability 0.0939287 0.08793 1.07 0.285 -0.078415 0.2862 4.58871

Table 10: Marginal satisfaction value

Reusability Functionality (4) Reliability (1) Usability (5) Efficien€2) Maintainability(3) Portability(6)
probability
1 - Not Important 0.000 0.000 0.000 0.000 0.000 0.000
2 - Average 0.000 0.000 0.000 0.000 0.000 0.000
3 - Important -0.0035 -0.0053 -0.0028 -0.0039 -0.0035 -D.00
4 - Very Important -0.3237 -0.4885 -0.2651 -0.3618 -0.3251 0.0929
5 - Most Important 0.3273 0.4938 0.268 0.3658 0.3287 0.0939
7 Discussion & conclusion which can be applied to any application by modifying or

removing some of its  characteristics  or
The role of quality model is to standardize the quality Sub-characteristics. The purpose of this study is to
evaluation process and it helps stakeholders in selectingetermine the effect of characteristics of components
software according to their requirements and applicationquality model on the reusability. From the results it is
area. A quality model always depends on the kind ofdetermined that there is a significant association between
target system to be evaluated. Because of this, a separag@mponent quality model and reusability. Further, it is
quality model is emphasized for software componentsalso determined that stakeholders are interested in specifi
since these are smaller in size, different in architecturecharacteristics. The main concern of managers is high
and limited in functionality. Development approach and productivity and economy. Hence, they are interested in
process is also different in case of software componentsefficiency as it helps in increasing productivity and in cost
Therefore, in component quality model, only those cutting by optimal use of resources in reduced time. Users
aspects or characteristics of quality are needed to bare ultimate end-users of the product and expect fault free
considered which are essential for components. Ideally, iProduct which leads them to incline towards usability and
is expected that software system must possess the highegitliability characteristics. Developers are most tecahic
measure of quality but in practice, everybody involved people who develop the software products by integrating
with the system, from developers to managers, has tearious software components. Results of survey indicated
compromise and focus on the most important qualitythey considered portability and maintainability as most
characteristics. Three major stakeholders namely usefmportant characteristics. The number given under the
manager and developers are identified which are involvegharacteristics in Table 10 denotes the importance of a
at appropriate levels of software engineering activities.characteristic to reusability. It shows the most important
Accordingly, a quality model is proposed which best characteristic for reusability is Reliability which indites
represents the quality properties expected by varioushat a component seems most reliable to stakeholders
stakeholders that are essential to increase the reuse ®fhen it is capable to withstand or recover from failures
software components. This model is a general modeRnd has a number of versions available in the market. The
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second most important characteristic is efficiency which[13] P.R. Srivastava and K. Kumar, An Approach Towards
is the degree to which a component provides adequate Software Quality Assessment, in Proc.3rd Intl. Conf.
performance at nominal use of resources. The third Information Systems, Technology and Management,
important characteristic is maintainability which is the  Ghaziabad31(6) 150-160 (2009). DOI:10.1007/978-3-642-
capability of a component to be verified and replaced  00405-619 .

easily. Fourth important characteristic is functionality [14] M. Coté, W. Suryn and E. Georgiadou, In Search for a
which is the capability of a component to provide stated ~ Widely Applicable and Accepted Software Quality Model
services to the stakeholders. Functionality is considered [0 Software Quality Engineering, Software Quality Journa

most important characteristic by all the stakeholders a§15]1§|(4)‘5i8v{a':;6£30?'v Srikrishna. A Novel Method for
shown in Table 6. Usability is fifth important ) . )

. . R o Quantitative Assessment of Software Quality, Internation
characteristic for reusability which is the capability of &  j5,inal of Computer Science and Securd(), 508-517
component to easily learned, operate and understood. (2010). '

Portablhty is the capability of a component to be [16]H.W. Jung, Validating the External  Quality
integrated and deployed under multiple conditions.  Subcharacteristics of Software Products According to

Although reusability is least effected by portability but i ISO/IEC 9126, Journal of Computer Standards & Interfaces
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