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Abstract: Software development is a multifaceted process. It is challenging to define or measure software qualities and quantities and to
determine a valid and concurrent measurement metric. In software development, a metric is the measurement of a particular characteristic of a
program's performance or efficiency.The goal of software metrics is to improve understanding of a product or process. Aspect Oriented
Programming (AOP) extends the traditional object-oriented programming (OOP) model to improve code reuse across different object
hierarchies. AOP can be used with object oriented programming. AspectJ is an implementation of aspect-oriented programming for Java.
Software maintenance is the most desired, but most elusive and difficult task in software engineering. The cost of maintenance is as high as 60%
to 80% of the total cost of the software. So, plenty of this project are going on in software maintenance. Though, Aspect-oriented paradigm has
made it easier, it remains the critical hotspot of research. One way of grappling with the maintenance problem, is to use the complexity metrics.
Many studies were made to understand the relationship among complexity metrics, cognition, and maintenance. This paper wrestles with four
newly proposed object-oriented cognitive complexity metrics to develop maintenance effort prediction models through various statistical
techniques.Empirical study designs are made with ANOVA and experimented.Discussion on results proves the maintenance effort prediction
models are more robust, more accurate, and can be employed to estimate the maintenance effort.
Keywords—maintenance effort prediction; cognitive complexity metrics; object-oriented metrics; software maintenance

I.INTRODUCTION
High software quality is the external hallmark of software
engineering. Among the several software qualities
maintainability and understandability are the most important
and key qualities that are desired in the industry due to
overall reduction in cost and effort [1]. The maintenance
cost is as high as 60% to 80% of the total cost of the
software [2]. In fact, it is the key for the survival of the
product through the evolution as it faces many challenges
from the constantly changing environments [3]. Software
maintenance is the most desired, but most elusive and
difficult task. Software maintenance is defined, as per
ISO/IEC 9126 and IEEE 1219, “the process of modifying
the software system or component after delivery to correct
faults, improve performance or other attributes or adapt to a
changed environment” [4]. There are four categories of
maintenances, namely, corrective, perfective, adaptive, and
preventive maintenance [3]. The corrective maintenance
consumes about 21% and the adaptive and perfective
maintenance takes about 75% of the maintenance effort. The
perfective maintenance is the core problem of software
maintenance during evolution [5]. Maintenance difficulty
depends upon the complexity of the software system. To
reduce the complexity, Aspect-Oriented (AO) paradigm is
adopted which raises the cognition and eases the
maintenance tasks [6]. Even the AO metrics, according to
Wang and Shao [7], cannot reflect the real complexity of
AO code since they consider only the structural aspect and
do not bother about the cognitive aspects in calculating the
code complexity. In fact, maintenance should be measured
not only in terms structural complexity but also the amount
of time taken to understand the program (cognitive aspect)
and the effort needed to do the maintenance task [8]. In spite
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of all these measures, maintenance burden remains a critical
area of research [9]. The relationship between the
maintenance effort and AO metrics is complex and nonlinear [10]. The cognitive weighted AO metrics further
complicate it. Hence, the modeling and prediction of
maintenance effort remain the hotspot of research and a lot
of statistical models and sophisticated techniques are
designed. This paper explores the relationship between
themaintenance and four newly proposed complexity
metrics by the authors.
II. SURVEY OF LITERATURE
Several studies have been conducted to examine the
relationships among design complexity, program cognition
and maintenance. As early as in 1976, Swanson et al., have
categorized maintenance into corrective, perfective,
adaptive, and later with Lientz added preventive
maintenance [11,12] . Benestad et al. studied, how classlevel measures of structural properties can be used to assess
the maintainability of a software product as a whole [13].
In 2012, Al-Fawareh, studied various OO
techniques like polymorphism, inheritance, dynamic biding,
complex dependencies etc., from maintenance perspective
[14]. Aloysius et al., in 2013, utilized three cognitive
complexity metrics to develop a maintenance effort
prediction model [9]. Michura et al. identified valuable
attributes in determining the difficulty in implementing
changes during maintenance [15].
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III. EMPIRICAL STUDY DESIGN
The research design of empirical study is suggests that
design complexity, maintenance task, and programmer
ability influences maintenance performance. Maintenance
performance is the dependent variable whereas design
complexity and maintenance tasks are independent
variables. This study is conducted to find the existence of
relationship between cognitive complexity metrics and
maintenance time, and to develop a model to predict the
maintenance effort.
Maintainability is defined as the ease with which
systems can be understood and modified [17]. In past
studies, it has been measured as “number of lines of code
changed [16] [18], time (required to make changes) and
accuracy [19] [17], and “time to understand, develop, and
implement modification” [20]. In this study, maintainability
was measured as “time to understand, develop, and actually
make modifications to existing programs [20]”. Accuracy
has not been considered in the maintenance measurement
because of the reasons that an inverse relationship exists
between time (for making changes) and accuracy. All these
metrics have been individually validated by comparing their
values with similar metrics and have been found to be a
better metrics.G. ArockiaSahaya Sheelaand Aloysius, the
authors of this article, proposed the four design metrics
namely CWMC [21], CWCAE[22], CWPA[23 ], and
CWCoAR [24 ]these are the measures of design complexity
considered in this study and mathematically defined,
calibrated their cognitive weights, experimented with case
studies.The second independent variable in the study is the
maintenance task. Many of the researchers classify
maintenance activities as adaptive, corrective, and
perfective. Only two maintenance tasks are used in the
study. They are perfective and corrective.
The design complexity is measured using cognitive
complexity metrics, these metrics are to be validated. They
are validated to find if these metrics are indeed valid metrics
of design complexity in the contexts of both ‘Perfective
Maintenance’ (treatment 1) and ‘Corrective Maintenance’
(treatment 2) tasks.
This study has been conducted to find the
relationship between design complexity and maintenance
time. It also proposes a model to predict the maintenance
effort. There are numerous ways to assess the relationship
between two variables. Some of them are t-test/ANOVA,
correlation and regression. They can be used to see whether
each complexity metric is a reliable indicator of expected
maintenance time. The complexities for both the treatments,
with each of the four metrics, CWMC, CWCAE, CWPA
and CWCoAR are measured. Tests are conducted to validate
the proposed metrics CWMC, CWCAE, CWPA and
CWCoAR empirically. This is the primary objective of the
experiment.
IV. EMPIRICAL EXPERIMENT
There are 122 developers who had two years of
programming language experience in which they had at least
six months of AOP experience. That the details are given in
the table I
Table I. Summary of Programming Experience of
Participants
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Programming Experience

Mean

S

Total Programming Experience

43.73

17.3

11.98

5.66

(Years)
AO Programming Experience
(Years)
N = 122 Subjects

Two independent treatments are used in the experiment, one
involving ‘Perfective Maintenance’ and the other involving
corrective maintenance, which constituted a required
assignment Two versions of each treatment are constructed
and designated as the “low-complexity” version and the
“high-complexity” version based on their corresponding
metric (CWMC, CWCAE, CWPA and CWCoAR) values.
That the details are given in the table II.
Table II. Allocation of Subjects to Treatments
Maintenance

Perfective

Corrective

Total

Low

55

69

124

67

53

120

122

122

244

Complexity
High
Complexity
Total

Characteristics of the two systems as well as the
corresponding metrics value are summarized in the Table
III.
Table III. Characteristics of Programs used for Empirical
Validation
Quadrilateral

Tractor – Trailer

(perfective)

(Corrective)

Low

High

Low

High

Complexity

Complexity

Complexity

Complexity

#Classes

2

1

1

3

#Methods

5

18

10

14

CWMC

6

12

17

23

CWCAE

8

11

14

28

CWPA

12

22

23

40

CWCoAR

11

19

22

32

V. RESULTS AND DISCUSSION
For each treatment, a single factor ANOVA is performed to
verify, if the dependent variable (maintenance time) for the
two groups (high complexity and low complexity systems)
are equal.The first and second treatment(Perfective and
corrective) has the high-complexity version of the system
had a higher MMT ( 126.13 for perfective and 159.77 for
corrective) compared to the low-complexity version (109.09
for perfective and 106.10 for corrective). ANOVA is
performed to test the statistical significance of this
difference, and the results are verified. The analysis shows
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Table IV. ANOVAs for differences by Level of
Complexity
Mean

Maintenance

Time

Treat

(MMT)

F

P

ment

Low

High

Complexity

Complexity

1

109.09

126.13

36.15

<0.00001

2

106.10

159.77

55.36

<0.00001

A correlation analysis is applied in assessing the relationship
between the metrics and maintenance time and the results are
tabulated in Table V. From the Table V, it is observed that all the
four metrics have high positive correlation. The maintenance effort
prediction model used 80% data for model building and 20% for
validating the model.

Table V Correlation Analysis for Model Building Data
Model

CWMC

CWCAE

CWPA

CWCoAR

0.47

0.55

0.57

0.52

Variable

p-value

βi

Adjusted

α = .05

R2

n = 244
CWMC

8.28

<0.00001

2.962854

0.22

CWCAE

10.21

<0.00001

2.872796

0.30

CWPA

10.62

<0.00001

2.244747

0.32

CWCoAR

9.45

<0.00001

2.752814

0.27

Predictive Maintenance Time (PMT) with each cognitive
complexity metric can be derived from the data provided in
Table VI. The predicting linear equations are listed below:
PMT = 77.1975 + 2.964761412* CWMC with 22% variance
(1)
PMT = 77.1213+ 2.876116274* CWCAE with 30%
variance (2)
PMT = 66.3855+ 2.245081749* CWPA with 32% variance.
(3)
PMT = 62.6567+ 2.753505918* CWCoAR with 27%
variance. (4)

180
160
140
120
100
80
60
40
20
0

MMT
PMT(CWMC)
PMT(CWCAE)

T1-Low

Building
80%

Test
statistic

Maintenance Time in minutes

that the P-value is lesser than 0.00001. The system is
categorized as high or low complexity, based on the values
of the four metrics, it is concluded that a system with greater
CWMC or CWCAE or CWPA or CWCoAR requires more
time to perform a given maintenance task than the time
required by a system with lower CWMC or CWCAE or
CWPA or CWCoAR. Therefore, it is concluded that
CWMC, CWCAE, CWPA and CWCoAR are valid
complexity metrics, and there is a significant difference in
the maintenance time required to make changes to systems,
for the first treatment of all the four metrics. The table IV
provides the difference level of complexity.

T1-High

T2-Low

T2-High

Program Type

The results of regression analysis conducted to investigate the
importance of the four complexity metrics (independent variables)
in determining the maintenance time (dependent variable) are
discussed in this section. Linear regression with one independent
variable is performed for each of the four variables. Each of the
variables, CWMC, CWCAE, CWPA and CWCoAR is found to
have a statistically significant positive relationship with
maintenance time. Based on the results, it is concluded that all the
four metrics are valid predictors of maintenance time.
There are several criteria to evaluate the predictions of a
model. The coefficient of multiple determinations adjusted R2 is
used to indicate the amount of variance that is accounted for by the
independent variables in a linear model. Because adjusted R2 tends
to be an optimistic estimate of how well the model fits the
population, adjusted R2 also compensates for the number of
independent variables in the model.

Multiple regression analysis with all the four variables
together is performed to determine the combined
explanatory power of these variables.
Table VII. Multiple Regression Analysis between AOPCCMS and MMT
Variable

CWMC
CWCAE
CWPA
CWCoAR

Test
statistic
n = 244
-2.52
-0.24
2.95
0.32

p-value
α = .05

βi

0.012
0.81
0.003
0.9

-4.31
-0.29
4.52
0.69

Adjusted
R2

0.35

The result of the regression analysis shown in
Table VII confirms the percentage of variance as 35, which
is greater than the percentage of variance of any other single
metric value. This regression model is given as follows:
PMT = 63.990756-4.305158621*CWMC -0.289824794*
CWCAE+ 4.52003111* CWPA+0.695203003*CWCoAR
.....(5)
Table VI. Regression Analysis - AOP-CCMS vs.
Maintenance Time
© 2015-19, IJARCS All Rights Reserved
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Thus, it is concluded that it is more appropriate to
use combined cognitive metrics suite to predict maintenance
effort.
180
160
140
120
100
80
60
40
20
0

PMT(AOPCCMS)
MMT

T1-Low T1-High T2-Low T2-High

VI. CONCLUSION AND FUTURE WORK
The main objective of this chapter is to empirically explore
the validation of four Aspect-oriented cognitive complexity
metrics of AOP-CCMS. For empirical validation, a
controlled laboratory experiment is conducted to achieve the
research objectives. Analysis of variance (ANOVA),
correlation, and single and multiple regression analysis are
used to quantitatively analyze the experimental data. It is
found that each of the metrics CWMC ,CWCAE ,CWPA
and CWCoAR metrics suite consisting of all the four are
found to accurately measure the cognitive complexity of AO
systems design. From the multiple regression models, it is
concluded that combined metrics suite is a better predictor
of maintenance effort than the individual cognitive
complexity metrics and the existing metrics suite. Having
empirically validated, the proposed the AOP-CCMS through
maintenance effort prediction model, the following chapter
summarizes the features of the proposed metrics suite and
also provides directions for further research. For future
work, the experiment can include other cognitivecomplexity
metrics to bring out a bigger suite of maintenanceeffort
estimation model. To confirm the results, programmersfrom
software industry can be utilized. Further, large systemsfrom
open sources can be studied for the same purpose.
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