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Table 6:  
 

 
Case 
Study 

Q-EMCQ EMCQ TLBO SCA SOS 
 Ave 
MQ 

Best 
MQ 

Ave 
Time 

(s) 

 Ave 
MQ 

Best 
MQ 

Ave 
Time 

(s) 

 Ave 
MQ 

Best 
MQ 

Ave 
Time 

(s) 

 Ave 
MQ 

Best 
MQ 

Ave 
Time 

(s) 

 Ave 
MQ 

Best 
MQ 

Ave 
Time 

(s) 

Credit 
Card 
Payment 
System 

2.031 2.226 40.876 1.976 2.171 39.016 
 

1.999 2.226 33.531 1.957 2.078 36.953 1.983 2.117 45.080 

Unified 
Inventory 
University 

2.315 2.899 41.673 2.288 2.721 
 

39.312 2.135 2.623 40.080 2.140 2.588 37.782 2.118 2.581 47.282 

Food 
Book 

3.430 
 

4.465 63.530 3.018 4.076 58.850 3.012 3.741 68.130 2.991 3.551 56.798 2.881 3.305 68.250 

 
consider the number of test cases related to the cost      of 
creating, executing and checking the result of each test 
case, we use the number of test  cases  in  a  test suite 
manually created as a realistic measure of cost 
encountered in the industrial practice for the programs 
considered. We assume that the higher the number of tests 
cases, the higher are the respective cost associ- ated with 
each test suite. This section aims to answer RQ5 
regarding the relative cost of performing testing 
concerning the number of test cases generated using Q-
EMCQ in comparison with manually hand-crafted tests. 
As seen in Table  4, the number of test cases for    2 −wise 
and 3 −wise is consistently significantly lower than for 4 
− wise created tests. As seen in Table 5, the cost of 
performing testing using Q-EMCQ for 4 − wise is 
consistently significantly higher (in terms of the num- ber 
of test cases) than for manually created test suites;   3 − 
wise and 4 − wise generated test suites are longer (88 and 
33 more test cases on average respectively) over manual 
testing. There is enough evidence to claim that the results 
between 4 −wise and manual test suites are statistically 
significant with a p-value below the tradi- tional 
statistical significance limit of 0,05 and a stan- dardized 
effect size of 0,157. The effect is weaker for the result 
between 3 − wise and manual test suites with a p-value 
of 0,05 and an effect size of 0,376. 

As seen in Figure 8, the use of 2 −wise consistently 
results in shorter test suites for all programs than for      3 
−wise and 4 −wise. It seems like 2 −wise test suites are 
comparable with manual test suites in terms of the 
number of test cases. Examining Table 5, we see the same 
pattern in the statistical analysis: standardized effect sizes 
being higher than 0,1, with p-value higher than the 
traditional statistical significance limit of 0,05. The effect 
is the strongest for the 2 −wise and 4 −wise with a 
standardized effect size of 0,08. It seems that 4−wise will 
create much more tests than 2−wise which in practice can 
affect the cost of performing testing. 

 
6.2 Answering RQ6 
 
As highlighted in earlier discussion, the experiment for 
RQ6 investigates the generality of Q-EMCQ. 
 
RQ6: Apart from minimization problem (i.e. t-wise 
test generation), is Q-EMCQ sufficiently general to 
solve (maximization) optimization problem (i.e. 
module clustering)? 
 
Referring to Table 6, we note that Q-EMCQ outperforms 
all other algorithms including its predecessor EMCQ as 
far as the best MQ (with 2.226, 2.899, and 4.465) and the 
average MQ (with 2.031, 2.315, and 3.430) are 
concerned.  In the case of Credit Card Payment System, 
TLBO manages to match the best of MQ for Q-EMCQ 
although with poorer average MQ. This is expected as the 
Credit Card Payment System consists of only 14 classes 
as compared to 19 and 31 classes in Unified Inventory 
System and Food Book respectively. In terms of 
execution time, SCA have the best time performance 
overall for Unified Inventory University (with 37.782 
secs) and Food Book (with 56.798 secs) while TLBO 
gives the best performance for Credit Card Payment 
System (with 33.531 secs). Q-EMCQ is trailing behind 
EMCQ while SOS gives the poorest execution time.  

 

7 Discussion 
 
 
Reflecting on the work undertaken, certain observations 
can be elaborated as lessons learned. In particular, we can 
group our observations into two parts.  The first part 
relates to the design of Q-EMCQ and its operators, 
whereas the second part relates to its performance in  the 
industrial case study. 
 
 Concerning the first part, we foresee Q-EMCQ as a 
general hybrid meta-heuristic. Conventional hybrid 


