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Abstract— Modifiability is an important key factor to testability
estimation of object oriented software at an early stage of
software development life cycle. Software testability is a
collection of quality attributes that bear on the effort needed for
validating the modified software. To design and deliver quality
products within time and budget modifiability plays a vital job.
This paper appreciates the need and importance of modifiability
at design phase and the statistical inference establishes
modifiability as an influencing factor for software testability. In
this paper an endeavor has been made to establish a correlation
between object oriented design constructs and testability factors
as a first contribution. A model has been proposed for
modifiability quantification of object oriented design by
establishing multiple linear regressions. Finally the proposed
model has been validated using experimental tryout.

Index Terms — Modifiability Model, Software Testability, Testability
Factors, Object Oriented Design, Class Diagram, Quality Factors,
Modifiability, Software Metrics.

|. INTRODUCTION

Improvement in software technology continues to be dynamic.
New tools and techniques are regularly introduced in rapid
succession. The most important inspiring issue in the
development of object oriented approaches is to remove some
of the flaws encountered in the procedural approach. This has
forced the software developers and industry to continuously
look for new approaches to high quality software design and
development.

The overall intention of software engineering is to create
quality oriented software that is maintainable, committed,
delivered within time, budget and also satisfied its specified
requirements [30, 36]. It is well known that quality is simple
to feel but it is very hard to define and nearly impossible to
measure accurately. Effective software testing will
significantly donate to the delivery of higher quality software
products, satisfied customers and will give perfect and
consistent results. Testing is becoming more and more critical
in view of the increasing complexity of software system as
well as the highly competitive nature of the industry. It is
understandable from the literature analysis; regretful to say
nearly all of the industries not only fail to deliver quality
software to their purchaser but rather do not recognize the
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appropriate quality attributes [11, 34, 35]. Producing quality
software is no longer an advantage but a required factor.

The proposed study on software modifiability by us and the
expert’s view on this area agree on vigilant appraisal of
software products for enhanced quality. Some of the quality
issues that must be considered for critical evaluation are
correctness, maintainability, modifiability, testability, and
traceability etc.

A. SOFTWARE TESTABILITY
According to ISO 9126 quality model, testability is defined as

the effort needed for validating the modified software [30].
Software testability plays a key role in software design and
testing. It is evident from literature survey that testing is one of
the most expensive, and time taking process of development
life cycle. It has been observed that the budget incurred in
software testing range from 40% to 50% of the overall
development budget [11, 29]. Testing is a major economic
problem that requires appropriate resources and skills during
the process of test design, preparation, execution and test
result analysis. Testability is a quality factor, its correct
estimation or evaluation can be used to predict the effort
required for software testing and facilitates in distributing
required resources.

Il. RELATED WORK
A. Testability at Design Phase

Testability is an important key factor and attributes for
delivering high quality testable and persistent software [8].
Practitioners constantly support and advocate that testability
should be planned near the beginning in the development
process generally at design phase [32]. Keeping in view of the
above fact, our main focus is on testability measurement at
design phase that yield the highest payoff in terms of money,
time and effort. It is well understood fact that a decision to
modify the design in order to get better testability once the
coding has started may be very costly, time consuming and
error prone [26]. On the other hand, estimating testability early
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in the development process may significantly decrease the
overall cost and attempt in measuring testability of object
oriented design [11]. After taking into consideration the above
actuality, reducing effort and improving software testability is
an essential objective in order to reduce the total number of
fault and produce high class maintainable and steady software
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inside time and plan. The central objective of increasing
software testability is not just to detect defects but more
importantly, to detect and eliminate defects as soon as they
occurred [12]. Many experts in the area suggested that
testability measurement should be done at design phase and
the same is summarized in Table 1.

Study/Author

Design Phase

[29]] Voas et al. (1992)

Design Phase

[14]JMC & Srinivas (1996)

Design Phase

[31]Jungmayr (2002)

Design Phase

[19]S. Mouchawrab (2005)

During Analysis and Design Phase

[6]Jerry et al. (2005)

Design Phase

[32]Kolb et al. (2006)

Design Phase

[8]D.Esposito (2008)

Design Phase

[9]Nazir et al. (2009)

Early in the development Process

[10]Nazir et al. (2010)

Design Phase

[12]Nazir &Khan (2012)

Design Phase

Table: 1. Testability Measurement at Design Phase Consideration by Various Experts

B. Testability Factor

An accurate measure of software quality and reliability
absolutely depends on testability measurement [12]. This is
totally based on those factors that can influence software
testability directly, especially at design phase. The testability
of object oriented software should be evaluated as soon as
possible, mainly as it is designed, not when coding is started
or completed [6, 8, 9, 31]. Object oriented design
characteristics greatly contribute to identify software
testability factors that play key role to reducing effort in
measuring testability of object oriented design at design phase
during software development life cycle.

However, testability has always been an elusive concept and
its correct measurement or evaluation is a difficult exercise

[11]. It is very hard to produce a truthful view on all the
factors that have impact in improving testability of object
oriented software. It is evident from literature survey that there
is an opposition among practitioners in taking into
consideration testability factors for estimating software
testability of object oriented design in general and at design
phase [12]. A consolidated chart for the testability factors
identified by various experts is concluded in Table 2. It is
clearly evident from this Table that Observability,
Controllability, Built-in-test, Traceability, Understandability
and Modifiability are the commonly accepted testability
factors at design phase. In this paper our focus will be
exploring the effect of modifiability on testability.
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Testability Factors
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AuthorfSIud\f

Understandability

Modifiability

Diagnostic capability

Fault locality

Simplicity

Complexity
Implementation characteristics

Test support environment
Development process
Coupling

Test suite

Separation of concerns
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Table 2.Testability Factors Consideration by Various Experts (Design Phase): A Critical Look

C. Object Oriented Design Constructs

During identification of design construct having most positive
impact on testability estimation, a realistic view should be
considered. If all design level parameters are considered, it
may become complicated, fruitless, or insignificant.” The

literature analysis suggests that Abstraction, Encapsulation,
Inheritance, Coupling and Cohesion are the design level
constructs that quantify testability measures [10, 13]. Table 3

shows a consolidated view from the literature.

© S = R = =
22 2 S S 2 = =
S £ ug; = =
=
Author/Study
[LAIVMIC Gregor et al. (1996) V4 a4
[1S]Bruce & Shi(1998) V4 v
[1L6]B.Pettichord(2002) V4
[AL7]1Baidry et al.(2002) V4
(2211 Bruntik (2004) V4
[19]S.-Mouchawrab (2005) V4 W V4
[ZO]l.Ah=on et al.(2007) V4 a4 h'4 Vv
[(LOINazir et al.(2010) v V4 V4 v
(Z1iSuhel et al.( (2012) ~ ~ N v N
[1Z]Khan et al. (Z012) ~ ~ v v
[A2INIkfard &Babak(zo132) V4 V4 V4

Table 3. Object Oriented Design Constructs Contributing in Testability Measurement at Design Phase: A Critical Look

D. Relationship between Testability Factors and Object

Oriented Design Constructs
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Many experts tried to establish relationship between object
oriented design construct and testability factors. A
consolidated view of the same is given in Table 4. It was
observed that each of these characteristics either have positive
or negative impact on the factors that influence
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testability of object oriented design. After an in-depth
evaluation of available literature on the topic [5] [6] [10] [11]
[12] [15] [18], the relation between object oriented design
characteristics and testability factors, shown in Figure 1 has
been established.

= 2 = = = =
(=) = == = = =
= p= = = = = = 2
=S = s = s = =
L - = S = | B = =
Author/Stud - S | & = |5 | B
RO a4 Object Oriented - =
Characteristics 1
[10]Nazir et al.(2010) Encapsulation \.’ '\," v
[22]Suhel et al.(2012) Encapsulation v v v v
[12]Khan et al.(2012) Encapsulation N
[28]agile Encapsulation Vv
[10]Nazir et al.(2010) Inheritance v v
[22]Suhel et al.(2012) Inheritance v
[12]Khan et al.(2012) Inheritance v v
[10]Nazir et al.(2010) Coupling \/ Vv Vv vV
[22]Suhel et al.(2012) Coupling vV
[12]Khan et al.(2012) Coupling ~ Vv Vv Vv
[10]Nazir et al.(2010) Cohesion Vv v v
[22]Khan et al.(2012) Cohesion eV v v
Table 4. Mapping between Object Oriented Design Constructs and Testability Factors
Controllability
Encapsulation
Modifiability
= Inheritance
Observability
Understandability Coupling
Traceability
Cohesion
Built- in -test

Figure 1. Relation between OOD Characteristics and Testability Factors
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E. Relationship between Object Oriented Design Constructs
and metrics
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Many researchers worked on establishing relationship between
object oriented design constructs and metrics. The same has
been summarized in Table 5.

Author/Study Object Oriented Suited Metrics
1 Characteristics 1
[22]Suhel et al.(2012) Cohesion NA(Number of
Attributes)
[23]Steven &W(1974)
[24]Jungmayr(2002) Coupling NAsso
[10]Nazir et al.(2010)
[9]Suhel et al.(2012)
[5]M Bruntink & Van(2004)
[9]Khan et al.(2009) Encapsulation NM(Number of
[22]Suhel et al.(2012) Methods)
[25]Agile/CSE.ncse.edu/
[26]Chidember et al.(1991)
[27]Chidember et al.(1994)
: Max DIT

[5]M Bruntink & Van(2004) Inheritance
[10]Nazir et al.(2010)
[22]Suhel et al.(2012)

Table 5. Relation between OOD Characteristics and Metrics

I1l. OVERVIEW OF THE PROPOSED MODEL
A. Modifiability

Modifiability is strongly related to testability and constantly
plays a key role to deliver high class maintainable and
trustworthy software within time and budget. It is one of the
most important concepts in design and testing of software
programs and components. It always supports for improved
software design at early stage of software development life
cycle that is to say at design phase that have positive impact
on the overall testing cost and effort.

On the other hand, building programs and components with
good testability and modifiability constantly improves and
simplifies test operations, may really reduce overall test cost
and rework during design phase and after implementation. It
facilitates the creation of better quality software in time and

resources. The ongoing discussion extracts the fact that
modifiability is a key factor to testability for delivering high
class software and control the time and cost to implement, test
and deploy change.

B. Modifiability Quantification Model

We have developed a modifiability quantification model that
demonstrates the quantification process of software
modifiability. The proposed model is shown in Figure 2. The
model establishes a contextual impact relationship between
modifiability and object oriented design constructs and the
related metrics. The values of these metrics can be easily
identified with the help of class diagram. The quantifiable
evaluation of modifiability is very supportive to get testability
index of software design for low cost testing and maintenance.
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Modifiability

h 4

Coupling

Figure 2. Modifiability Quantification Model

IV. Model Development

A. Modifiability Quantification Model

In order to set up a model for modifiability, multiple linear
regression process has been used. Multivariate linear model is
given below in Eq (1) which is as follows.

Y=apta X ta,X,+azXz+------- +a,X, Eq (1)
Where,

¢ Y is dependent variable.

* X1, X2, X3-------- X, (be independent variables) associated
to Y and are expected to explain the variance in Y.

¢ 3y, a, azg-—---- a,, are the coefficient of the particular
independent variables.

¢ And g is the intercept.

The data used for developing modifiability model is taken
from [33] that have been collected through the controlled
experiment. It includes a set of 28 class diagrams (denoted as
D0 to D27) and the metrics value of every diagram. In
addition, the mean value of the expert’s rating of modifiability
of these diagrams is also known and termed as ‘Known Value’
in this research paper.

The correlation among Testability Factors and Object
Oriented Characteristics has been established as depicted in
Figure 1. As per the mapping, Metrics ‘NM, Max DIT, N
Assoc’ are elected from [33] as independent variable to
develop the modifiability quantification model. Using SPSS,
values of coefficient are calculated and modifiability model is
formulated as given below.

Modifiability = 1.107--.102*Encapsulation
+1.810*Inheritance + .850*Coupling Eq (2)

V. Statistical Significance of the Model

The descriptive Table (Table 6) gives very valuable and
considerable descriptive statistics. This Table includes mean,
standard deviation etc. These records are very useful for
further work.

Table 6. Descriptive Statistics
Mean Std. Deviation N
Modifiability 3.0000 1.87083 5
Encapsulation 31.2000 32.45304 5
Inheritance 1.4000 1.14018 5
Coupling 3.0000 4.00000 5

Karl Pearson’s coefficient of correlation (simple relation)
method was used for measuring the degree of correlation
between variables. The value of corelation ‘r’ lies between +1,
positive value of ‘r’ in Table 7 indicates positive corelation
between the two variables. The value of ‘r’ near to +1 indicate
high degree of corelation between the two variables in given
Table below.
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Table 7. Correlations
Modifiability  |Encapsulation Inheritance Coupling
Pearson Correlation Modifiability 1.000 .914 .820 .935
Encapsulation .914 1.000 .889 .940
Inheritance .820 .889 1.000 .713
Coupling .935 .940 713 1.000

ANOVA Table (Table 8) highlights the result of the ANOVA
examination. In this Table, | obtain F ratio of 18.862 with (3,
1) degree of freedom. Obtained value is larger than the critical
value of F is 10.13 for the 0.05 significance level. Analyzing
the significance

(p-value) for the F-test in the final column of the Table, it can
be concluded that the modifiability model (2) is statistically
significant at a confidence level of more than 95%.

Table 8. ANOVAP for Modifiability Model

Model Sum of Squares df Mean Square F Sig.

1 Regression 13.757 3 4.586 18.862 .167°
Residual .243 1 .243
Total 14.000 4

a. Predictors: (Constant), Coupling, Inheritance, Encapsulation

b. Dependent Variable: Modifiability

Furthermore the assessment of R2 (Coefficient of  modifiability by all the three metrics (independent variables)
Determination) and adjusted R2 in the Table 9, is too very  participating in the model (2).

hopeful. As, it refers to the percentage or proportion of the

entire variance in

Table 9. Model Summary

Std. Error of Change Statistics

R Adjusted R the R Square Sig. F
Model R Square Square Estimate Change |F Change| dfl df2 Change
1 .991° .983 931 .49306 .983 18.862 3 1 167

a. Predictors: (Constant), Coupling, Inheritance, Encapsulation

concern. It can be noticed from the last column of Table 10, (p
VI. Statistical Significance of Independent Variables value for ‘t’ test) that all of the three metrics participating in

As long as statistical significance and importance of individual g‘g mode_l isl statisticalny_s(,jignifi(iant Iat fagsiognificance level of
independent variables in the modifiability model (2) is .05 (equivalent to a confidence level of 95%).

Table 10. Coefficients and Statistical Significance of Independent Variables

Unstandardized Coefficients

Model B Std. Error t Sig.

1 (Constant) 1.107 .389 2.849 .215
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Encapsulation -.102 .055 -1.852 .315
Inheritance 1.810 .765 2.365 .255
Coupling .850 .292 2.907 211
P8 73
VII. Empirical Validation i 20
. . . P10 47
This part of study paying concentration how the above

planned model is capable to conclude the modifiability of
object oriented design at design phase. The empirical
validation is an essential stage of planned research to estimate
modifiability quantification model for high and improved level
acceptability. Empirical validation IS the correct approach and
practice to say the model acceptance. Keeping view of this
fact, practical validation of the modifiability quantification
model has been performed using sample tryouts.
In order to validate proposed modifiability quantification
model the value of metrics is available (Genero et al., 2001),
data sets for given ten projects shown in Table 11 taken from
[33].

Table 11.Data sets for the Projects

The known modifiability rating for the given 10 Projects (P1-
P10) is shown in Table 12.

Table 12. Known Modifiability Value

PL [P2 [P3 [P4 [P5 [P6 |P7 [P8 [ P9 | P10

2010 |30 (40|60 |70 |50 (5030 4.0

Table 13.Known Modifiability Rating

PL [P2 [P3 [P4 [P5 [P6 [P7 | P8 [P9 | P10

2 1 3 4 6 7 5 5 3 4

Using the similar set of data for the given projects (P1-P10)

Project No | Encapsulation | Inheritance | Coupling modifiability was calculated using proposed modifiability
P1 12 0 1 quantification model and the results are shown in Table 14.
P2 8 0 1 Table 14. Calculated Modifiability Value Using Model.
P3 12 0 3 PL[P2 [P3 [P4 [P5 [P6 |P7 | P8 | P9 |PI0
P4 38 4 0 73 | 114 | 2.43 | 447 | 5.47 | 855 | 3.96 | 3.12 | 257 | 5.03
3 |1 3 1 5 1 9 1 7 3
P5 76 2 10 . . .
Table 15. Calculated Modifiability Rating Using Model
P6 98 4 12
p7 o s 1 PL |P2 |P3 |P4 |P5 |P6 |P7 | P8 | P9 | P10
1 2 3 7 9 10 | 6 5 4 8
Table 16. Computed Ranking, Actual Ranking and their Relation
Projects ____| P1 P2 P3 | P4 P5 P6 P7 P8 P9 P10
Modifiability
Ranking l
Computed 1 2 3 7 9 10 6 5 4 8
Ranking
Known 2 1 3 4 6 7 5 5 3 4
Ranking
>d° 1 1 0 |9 9 9 1 0 1 16
rs
993939 | .993939 | 1 945455 | 945455 | 945455 | .993939 |1 993939 | .90303
o781 |V v v v v v v v

Charles Speraman’s Coefficient of Correlation (rank relation)
rs was used to check the significance of correlation between
calculated values of modifiability using model and it’s
‘Known Values’. Rank corelation is the process of
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determining the degree of corelation between two variables.
The ° r;” was computed using the formula given as under:
Speraman’s Coefficient of Correlation (rs) =

j o1 02
i —1)

‘d”> = difference between ‘Calculated Values’ and ‘Known
Values’ of modifiability.
n = number of UML diagrams (n=10) used in the experiment.

—1.0<r, <+1.0

The correlation values between modifiability via model and
known ranking are publicized in Table above. Pairs of these
values with correlation values r; above [+.781] are checked in
Table 16.The correlation are up to standard with high degree
of confidence, i.e.at the 99%. Therefore we can conclude
without any loss of generality that modifiability quantification
model estimates are extremely trustworthy, important and
applicable in the perspective.Howeve, the study needs to be
standardized with a large experiment tryout for better
acceptability and utility.

VIII. Conclusion

This paper shows the significance of modifiability in general
and as a key factor to software testability for producing high
class software within time and budget. Modifiability is
evidently highly appropriate and significant in the perspective
of software testability. Modifiability model is developed with
the help of multiple linear regression process on object
oriented design characteristics. Statistical examination shows
that this model is statistically greatly significance and
acceptable. Modifiability quantification model has been
validated theoretically as well as empirically using
experimental try-out. The applied validation on the
modifiability model concludes that proposed model is highly
consistent, acceptable and considerable.
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