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Abstract—Recent empirical work has shown that some of the 
most frequently applied Java-based refactorings relate to the 
manipulation of code conditionals and flags. The logic of such 
code is often complex and difficult to test regressively. One open 
research issue thus relates to the fault-proneness profiles of 
classes where these refactorings have been applied, vis-a-vis 
refactorings on other classes. In this paper, we explore six 
releases of three Eclipse projects and the faults in the refactored 
classes of those releases. We explore four specific conditional-
based refactorings and the supposition that: classes where these 
four refactorings have been applied will tend to have relatively 
higher fault incidences because of the inherent complexity of the 
embedded logic given by the constructs they operate on. Results 
showed that one of the four refactorings in particular had been 
applied to classes with higher fault profiles - the ‘Replace Nested 
Conditional with Guard Clauses’ refactoring. Some evidence that 
the ‘Remove Control Flag’ refactoring had also been applied to 
relatively highly fault-prone classes was found. Relative to other 
types of refactoring, the result thus suggests that these two 
effectively signpost fault-prone classes.     

 

Keywords- Refactoring, conditionals, object-oriented, faults 

 

I. INTRODUCTION 
Refactoring has emerged in recent years to become an 
important software engineering discipline [8]. While much 
research in the area has focused on identification of different 
refactorings and opportunities for refactoring of code 
repositories [1, 3, 6, 7], little research has explored the 
relationship between refactoring and class fault-proneness. In 
recent work by Murgia et al., [13], the frequency of 
conditional and flag-based refactorings was found 
(surprisingly) to be comparable in number to ‘core’ 
refactorings applied by developers (i.e., the moving/renaming 
of methods/fields and addition and removal of parameters). 
Because of the effect they have on logic controlling complex 
execution paths, we might expect refactorings which 
manipulate conditional-based code to be ‘corrective’ in nature 
relative to other refactorings. Harman [9] also highlighted flag 
removal and the lack of empirical studies examining this code 
feature from a testability perspective as a gap in our empirical 
knowledge. Compared with other refactorings therefore, it is 
not unreasonable to ask whether classes where these types of 
refactoring have been applied might be more fault-prone than 
classes where they have not. In this paper, we explore three 

versions of three Eclipse projects to investigate this 
hypothesis. We looked specifically at four refactorings and 
compared the fault profiles of classes where these refactorings 
had been undertaken both with each other and with other 
refactorings applied to each code base. Results showed that 
one of the four conditional-based refactorings ‘Replace Nested 
Conditional with Guard Clauses’ [8] had been applied to 
classes with a higher propensity for faults than that of the 
other three refactorings (or indeed any other of forty-eight 
refactoring types); limited evidence was also found for the 
same association between high fault-proneness and the 
‘Remove Control Flag’ refactoring [8]. The strength of the 
results suggests that constructs where nested conditionals and 
flags feature may be the source of relatively higher faults 
through maintenance processes as the code base evolves. 
Developers might thus benefit from prioritizing test effort; in 
particular, to focus on specific types of conditional construct. 
The remainder of the paper is structured as follows. In Section 
II, the motivation for the research and related work are 
described. In Section III, we describe preliminary details of 
our study. Section IV analyses each Eclipse project in terms of 
the fault-proneness of four conditional-based refactorings. It 
provides statistical test support for tabular data. In Section V, 
we discuss issues raised by the results of the study; finally, we 
conclude and point to future work in Section VI.   
   

II. MOTIVATION AND RELATED WORK 

A. Motivation 
The motivation for the research emerges from two sources. 
Firstly, faults require fixing and then regression testing. 
Refactoring itself requires a set of post-tests to ensure that 
program semantics remain unchanged; its association with 
faults or relation to ‘code perfection’ activities can only be 
understood if studies explore whether those refactorings are 
positively associated with faults. Secondly, there is little 
empirical evidence but much anecdotal evidence that 
conditional-based code is the source of faults, because of the 
wide scope for logical (human) errors to be incorporated into 
the code by the developer or maintainer. A recent empirical 
study of open-source by Murgia et al., [13] showed that 
conditional-based code refactorings were undertaken 
frequently relative to most other refactorings. The question as 
to whether that type of refactoring could reflect highly fault-



prone code motivated the investigation into these refactoring 
types presented in the paper.  
 

B. Related work 
In terms of related work, the seminal refactoring text of 
Fowler [8] and work by Opdyke [14] underpin most studies of 
refactoring. The large number of empirical studies of 
refactoring prevents a full treatment of the area; we thus focus 
on studies which have explored the fault/refactoring 
relationship. Weißgerber and Diehl [19] report an empirical 
study based on open source projects. They reported that 
refactorings often occurred together with other types of 
changes and that refactorings were followed by an increase in 
the number of faults. Results also showed that phases where 
there was a large increase in the number of faults coincided 
with high refactoring activity in the system. Ratzinger et al., 
[17], performed a study using open source projects and found 
that refactoring-related features and defects had an inverse 
correlation; in other words, if the number of refactoring 
increases in a previous time period the number of defects 
decreases at a later point. Kim et al. [12] studied the benefits 
of refactoring at Microsoft through three methods: survey, 
semi-structured interviews and quantitative analysis of the 
refactored modules. They observed a significant reduction in 
the number of inter-module dependencies as a result of 
refactoring. Kim et al., [11] studied both quantitatively and 
qualitatively API-level refactorings and fault fixes in three 
open source projects. They found that refactoring edits had a 
strong temporal and spatial correlation with fault fixes. Bavota 
et al., [2] reports an empirical study based on open source 
projects, aimed at investigating to what extent refactoring 
activities induce faults; namely if a refactoring is responsible 
for fault introduction. They concluded that “while some kinds 
of refactorings are unlikely to be harmful, others, such as 
refactorings involving hierarchies (e.g., pull up method), tend 
to induce faults very frequently”.  Finally, Rachatasumrit et al., 
suggest that new strategies for regression testing need to be 
introduced for refactoring edits – emphasizing the link 
between test processes and refactoring [16].  
 

III. PRELIMINARIES 
Our analysis is based on two releases from each of three 
Eclipse projects: jdt.core, jdt.ui and jdt.uiworkbench. We used 
Eclipse since it is a large, long-lived system with more than 
ten years of development. The RefFinder tool [15] was used to 
extract all refactorings between two releases. The RefFinder 
tool is capable of identifying up to 52 refactorings of the 
original set of 72 proposed by Fowler (see Appendix A). The 
data reported thus relates to all classes that had been the 
subject of at least one refactoring between releases and 
contained data on classes with zero as well as multiple faults. 
All faults were therefore considered between the releases 
considered. For all refactored classes, we took into account 
faults between three releases for each project: 3.0 and 3.1 and 
3.1 and 3.2. Fault data was collected manually by one of the 
researchers and subsequently verified by another. We define a 

fault as an observed failure in the system and marked as such 
by Eclipse developers using the Bugzilla fault-tracking 
system. We note that the set of faults and refactorings 
collected as part of the study were disjoint across releases; in 
other words, double counting of either was not a threat. In 
other words, between 3.0 and 3.1, a unique set of faults and 
refactorings were identified and the same for 3.1-3.2.  
 

A. Four conditional-based refactorings 
The motivation for the ‘Remove Control Flag’ (RCF) 
refactoring arises when there is a variable that is acting as a 
control flag for a boolean expression. According to [8]: “Such 
control flags are more trouble than they are worth. They come 
from rules of structured programming that call for routines 
with one entry and one exit point.” The following example 
from [8] uses flags to control loop exit. Each assignment of 
the boolean value is replaced with a ‘break’ statement (the 
code below shows the ‘before’ and ‘after’ refactoring.   
 
void checkSecurity(String[] people) { 
      boolean found = false; 
      for (int i = 0; i < people.length; i++){ 
          if (! found) { 
             if (people[i].equals ("Don")){ 
               sendAlert(); 
               found = true; 
             } 
             if (people[i].equals ("John")){ 
               sendAlert(); 
               found = true; 
             } 
          } 
 } 
    }  
 
void checkSecurity(String[] people) { 
      boolean found = false; 
      for (int i = 0; i < people.length; i++){ 
          if (!found) { 
             if (people[i].equals ("Don")){ 
               sendAlert(); 
               break; 
             } 
             if (people[i].equals ("John")){ 
               sendAlert(); 
               break; 
             } 
          } 
      } 
  } 
 
The motivation for the ‘Replace Nested Conditional with 
Guard Clauses’ refactoring (RNCwGC) arises when a method 
has conditional behaviour that does not make clear the normal 
path of execution. The solution is to use guard clauses for all 
the special cases. A guard clause is a fragment of code at the 
start of a method which serves as a pre-condition. According 
to Fowler [8]:“The key point about […this refactoring] is one 
of emphasis. If you are using an if-then-else construct you are 
giving equal weight to the if leg and the else leg. This 



communicates to the reader that the legs are equally likely 
and important.” The following code illustrates a set of unclear 
paths and a candidate for the RNCwGC refactoring.  
 
double getPayAmount() { 
    double result; 
    if (_isDead) result = deadAmount(); 
    else { 

if(_isSeparated)result=   
   separatedAmount(); 

       else { 
            if(_isRetired)result= 
    retiredAmount(); 
            else result = normalPayAmount(); 
        }; 
    } 
  return result; 
  }; 
 
After being refactored according to the mechanics specified by 
Fowler [8], the code with added guards becomes: 
 

 double getPayAmount() { 
   if (_isDead)  
      return deadAmount(); 
   if (_isSeparated) 
      return separatedAmount(); 
   if (_isRetired) 
      return retiredAmount(); 
   return normalPayAmount(); 
  }; 

 
The motivation for the ‘Consolidate Conditional Expression’ 
(CCE) arises when “you have a sequence of conditional tests 
with the same result”. Combine them into a single conditional 
expression and extract it. “Consolidating the conditional code 
is important since it makes the check clearer by showing that 
you are really making a single check that’s oring the other 
checks together.” The following example, taken from Fowler 
[8] demonstrates the pre- and post- refactoring Java code. The 
original code is as follows:  
 

double disabilityAmount() { 
    if (_seniority < 2) return 0; 
    if (_monthsDisabled > 12) return 0; 
    if (_isPartTime) return 0; 
    // compute the disability amount 
 
The refactored code becomes:  
 
 
 
 double disabilityAmount() { 
          if (isNotEligableForDisability())     
  return 0; 
    // compute the disability amount 
  
The motivation for the ‘Consolidate Duplicate Conditional 
Fragments’ refactoring (CDCF) arises when: ‘The same 
fragment of code is in all branches of a conditional 
expression’. In the example below taken from [8]:  
 

if (isSpecialDeal()) { 
   total = price * 0.95; 
   send(); } 
  else { 
   total = price * 0.98; 
   send(); } 
 
Becomes: 
 
  if (isSpecialDeal()) 
   total = price * 0.95; 
  else 
   total = price * 0.98; 
  send(); 
 
 

IV. DATA ANALYSIS 
 

B. Jdt.core_3.0_3.1 
Table 1 shows statistics for the values of the faults of classes 
for the set of the four conditional-based refactorings and for the 
set of ‘Other’ classes which were refactored (according to the 
other 48 refactorings collected by RefFinder) in the period 
between 3.0 and 3.1 for the Jdt.core application.  It shows the 
number of classes to which at least one of a specified 
refactorings had been applied  (N), the maximum (Max) 
number of faults exhibited by a refactored class, mean, median 
(Med) and standard deviation (SD) fault values. For example, a 
single RCF refactoring had been applied to 30 different classes 
between the two releases, with a mean number of faults for that 
class of 13.77, median of 10 faults and SD 15.71; 1076 classes 
had been the subject of at least one of the ‘other’ 48 
refactorings. The value of 71 for maximum number of faults in 
the table reflects the fact that the 4 refactorings had all been 
applied to the same class (that class experienced 71 faults 
between releases).  

 

Refactoring N Max Mean Med SD 

RCF 30 71.00 13.77 10.00 15.71 

RNCwGC 42 71.00 14.81 11.50 14.78 

CCE 51 71.00 9.53 4.00 14.18 

CDCF 103 71.00 8.77 5.00 11.59 

Other 1076 71.00 8.88 5.00 11.16 

 

Table 1. Refactoring and fault data (jdt.core 3.0_3.1) 

Table 1 shows that the mean and median faults in RCF and 
RNCwGC are significantly higher compared with all other 
refactorings. The CCE and CDCF refactorings, on the other 
hand, are more in line with the trend for the set of ‘Other’ 
refactorings. Tentatively, the data in Table 1 suggests that RCF 
and RNCwGC refactorings had been applied to relatively fault-
prone classes when compared with other refactorings and, to a 
lesser extent, the other two refactorings. To further support this 
supposition, we calculated the number of each of the four 
conditional-based refactorings which had been applied above 



the median number of faults for that releases (in this case the 
median value was 6).  This analysis revealed that 18 of the 30 
RCF refactorings (60%), 32 of the 42 RNCwGC refactorings 
(76.19%), 24 of the 51 CCE refactorings (47.05%) and 51 of 
the 103 CDCF (49.51%) refactorings fell into this category 
above the median. These percentages support the claim that 
RCF and RNCwGC refactorings were applied to highly-fault-
prone classes (amongst all refactored classes). The Mann-
Whitney test [18] compares two non-parametric samples when 
the data is not assumed to be normally distributed. It 
determines if the values in sample one have values 
significantly different to those in sample two. Henceforward, 
we report cases where 10%, 5% and 1% significance is noted. 
For 1% significance for example, there is a 1 in 100 chance of 
a Type I error being made (i.e., of wrongly claiming that a 
difference exists when it does not). We firstly compared the 
number of faults associated with RCF refactorings with the 
faults for all other refactorings according to this test. This 
revealed a significant difference at the 5% level (p-value < 
0.05) between the two groups. We then did the same test for 
RNCwGC and found significance at the 1% level (p-value < 
0.01).  On the other hand, the same test for the CCE and CDCF 
refactorings revealed no significance at the 1%, 5% or even 
10% level (the latter where p-value < 0.10). There is a 
significant difference between the number of faults in classes 
where RCF and RNCwGC refactorings had been applied when 
compared with the number of faults in classes where the other 
two (and all other refactorings from Appendix A) had been 
applied.  

 

C. Jdt.core_3.1_3.2 
Table 2 shows the corresponding statistics for the Jdt.core 
package between releases 3.1 and 3.2.  

 

Refactoring N Max Mean Med SD 

RCF 26 38 7.08 6.00 7.69 

RNCwGC 44 38 9.02 8.00 8.74 

CCE 54 31 7.43 6.50 6.10 

CDCF 105 38 6.00 4.00 6.56 

Other 830 38 5.90 4.00 7.10 

 
Table 2. Refactoring and fault data (jdt core 3.1_3.2) 

In common with Table 1, the values in Table 2 show a similar 
(although not so pronounced) trend for faults in classes where 
conditional-based refactoring had taken place to be higher 
than that for the set of ‘Other’ refactored classes. The 
RNCwGC refactoring stands out in this case with mean 9.02 
and median 8 and to a lesser extent that of RCF. All three 
other refactorings have mean values in excess of that for the 
830 classes in the ‘Other’ category. Again, to support the 
analysis, we calculated the median number of faults across all 
classes (in this case a median value of 4) for this package and 
collected refactorings for each of the four refactorings which 
exceeded that median value. The analysis revealed that 15 of 

the 26 RCF refactorings (57.69%), 27 of the 44 RNCwGC 
refactorings (61.36%), 34 of the 54 CCE refactorings 
(62.96%) and 48 of the 105 CDCF refactorings (45.71%) were 
applied. The Mann-Whitney test for RCF against faults for all 
refactorings gave no significant values at the 1%, 5% or 10% 
level. For RNCwGC however, significance was found at the 
5% level. For the CCE and CDCF refactoring, no significance 
below 10% was found.   
  

D. Jdt.ui_3.0_3.1 
Table 3 shows summary data for the Jdt.ui application 
between releases 3.0 and 3.1. 
 

Refactoring N Max Mean Med SD 

RCF 29 23 3.55 2.00 5.28 

RNCwGC 28 23 4.29 3.00 4.87 

CCE 34 12 2.82 2.00 2.77 

CDCF 66 19 2.77 2.00 3.54 

Other 1866 23 2.57 2.00 3.22 

 
Table 3. Refactoring and fault data (jdt.ui 3.0_3.1) 

Again, the RNCwGC refactoring has the highest mean and 
median number of faults (4.29 and 3, respectively). In fact, all 
of the four conditional-based refactorings have a higher mean 
than for the ‘Other’ category (2.57). The values for the RCF 
refactoring are also remarkable. In terms of the median fault 
analysis, 12 of the 29 RCF refactorings (41.38%),  15 of the 
28 RNCwGC refactorings (53.57%). 14 of the 34 CCE 
refactorings (41.18%) and 25 of 66 CDCF refactorings 
(37.88%) were observed in the category above the median. In 
common with the previous analyses, the RCF and RNCwGC 
refactorings appear to be those applied to the most fault-prone 
classes from the entire set of refactored classes. In terms of 
statistical significance (Mann-Whitney), RCF showed no 
significance while RNCwGC was found to be significant at 
the 5% level (p-value of 0.022). Neither CCE or CDCF were 
significant at the 1%, 5% or 10% level. From the first three 
releases studied, there is a clear tendency for RNCwGC to be 
associated with relatively high numbers of faults. 
   

E. Jdt.ui_3.1_3.2 
Table 4 shows the summary data for the Jdt.ui application 
between releases 3.1 and 3.2.   
 

Refactoring N Max Mean Med SD 

RCF 23 18 3.70 3.00 4.29 

RNCwGC 15 18 2.33 1.00 4.62 

CCE 49 7 2.04 1.00 1.99 

CDCF 98 18 2.47 2.00 2.88 

Other 1392 18 2.48 2.00 2.69 



 
Table 4. Refactoring and fault data (jdt.ui 31_32) 

Only the RCF refactoring has a higher mean number of faults 
than the ‘Other’ category in contrast to the previous 3 tables. 
In terms of the median analysis, 13 of the 23 RCF refactorings 
(56.52%), 3 of the 15 RNCwGC refactorings (20%), 15 of the 
49 CCE refactorings (30.61%) and 32 of the 98 CDCF 
refactorings (32.65%) were identified as above the median 
value. No significance was found for any of the Mann-
Whitney tests applied to the data. The RCF was significant at 
the 20% level only (p-value of 0.16). This release appears to 
contradict the data from the previous three tables.    
 

F. Jdt.uiworkbench_3.0_3.1 
Table 5 shows the summary data for the JDT.ui.workbench 
application between releases 3.0 and 3.1. 
 

 
Refactoring N Max Mean Med SD 

RCF 11 30 7.45 3 10.19 

RNCwGC 10 30 8.50 3 10.37 

CCE 12 30 6.42 3 8.84 

CDCF 39 24 2.74 2 4.04 

Other 777 30 3.83 2 5.47 

 
Table 5 Refactoring and fault data (jdt ui_workbench 3.0_3.1) 

 
In keeping with the data from the majority of the other 
releases studied, the RCF and RNCwGC refactorings appear 
to be those applied to the most fault-prone classes. The mean 
of 8.50 for RNCwGC exceeds all other mean values in the 
table. For the median analysis, 8 of the 11 RCF refactorings 
(72.72%), 6 of the 8 RNCwGC refactorings (75%), 7 of the 11 
CCE refactorings (63.63%) and 14 of the 39 CDCF 
refactorings (35.90%) were observed. In terms of Mann-
Whitney, the RNCwGC showed significance at the 10% level 
(p-value 0.09); none of the other three tests showed any 
significance below the 10% level, however.   
 

G. Jdtui.workbench_3.1_3.2 
Table 6 shows data for the Jdtui.workbench application 
between releases 3.1 and 3.2. The mean of both RNCwGC and 
RCF refactorings are higher than that for the ‘Other’ category.  
 

Refactoring N Max Mean Med SD 

RCF 10 19.00 3.60 2.5 5.66 

RNCwGC 16 24.00 5.00 2.0 6.80 

CCE 13 9.00 2.69 3.0 2.66 

CDCF 34 24.00 2.79 1.5 4.89 

Other 470 24.00 3.46 2.0 4.69 

 

Table 6. Refactoring and fault data (jdt.uiworkbench 3.1_3.2) 

In terms of the median analysis, for a median value of 2, we 
found 5 of the 10 RCF refactorings (50%) 7 of the 16 
RNCwGC refactorings (43.75%), 7 of the 13 CCE 
refactorings (53.85%), and 9 of the 34 CDCF refactorings 
(26.47%) to be in excess of that median value. In terms of the 
Mann-Whitney test, none of the four refactorings showed 
significance. Only CDCF showed any real significance at the 
10% level.  
 

V. DISCUSSION 
 
The preceding analysis raises several issues; firstly, it would 
appear from the analysis that the RNCwGC refactoring (and 
RCF to an extent) may be an indicator of high numbers of 
faults, relative to other refactorings. We could hypothesize 
that it may be that, of the four conditional-based refactorings 
studied, these two reflect convoluted code structures which are 
a magnet for logical human error and resulting faults. Nested 
conditional logic can often be misinterpreted and/or 
misunderstood. Secondly, the datasets used contain only fault 
data for classes which have been refactored; we accept that a 
study of all class faults, irrespective of whether they have 
been refactored or not would be valuable. However, the aim of 
the research was to provide insights into one aspect of 
conditional-based refactoring rather than a system-wide 
analysis. The third issue is that in the ‘Other’ category studied, 
there may well be refactored classes which have a higher 
fault-proneness than the four studied, but this effect has been 
masked by ‘lumping’ all other refactorings in this category 
together. In defense of this criticism, the prior median analysis 
for each release suggests that the four conditional-based 
refactorings associate in the higher bracket of fault-prone 
classes and are therefore on a par in terms of identifying fault-
prone class as any refactoring. Fourthly, we cannot say with 
any degree of certainty the extent to which the refactoring of 
those classes (either by application of the RNCwGC or any 
other refactoring) was a contributory factor to the fault-
proneness of the class. Bavota et al., also suggest that the same 
four refactorings have the potential for seeding of faults [2]. 
We have to seriously consider the possibility that an attempt to 
simplify complexity of conditionals (through refactoring) has 
the potential to ‘make a bad situation even worse’. Based on 
the empirical evidence we do propose that the conditional-
based refactorings studied (particularly RNCwGC and RCF) 
are a reliable sign-post of faults.  Fifthly, the data we extracted 
does not allow us to say, with certainty, that the occurrence or 
faults and refactoring activity are entirely disjoint. In other 
words, we do not assume the process of refactoring to be 
completely infallible; refactoring may, in itself, cause faults to 
be seeded in classes which later cause failures. However, in 
this paper, we view refactoring more as an indicator and 
signpost of faulty code than a creator of faults itself.   
 
Finally, an issue relates to the possibility that classes are fault-
prone not because they contain complex conditional-based 
code, but because they are highly coupled or are relatively 



large. Coupling itself is recognized as a contributor to faults 
[4], so the possibility that coupling is a factor cannot be 
discounted. Inspection of the most highly coupled classes in 
each of the six releases using the JHawk data collection tool 
[10] showed no specific trend for high levels of coupling 
(according to the coupling between objects metric [5]) to be 
associated with the four conditional-based refactorings. In 
other words, coupling is not an obvious confounding factor. 
The other potential confounding factor is the size of refactored 
classes. Inspection of a sample of the project releases revealed 
that many of the large classes (expressed in terms of number 
of methods) had been the frequent subject of ‘add parameter’, 
‘remove parameter’ and particularly ‘move method’ 
refactorings and not necessarily the four conditional-based 
refactorings described in this paper. Further studies would 
permit a stronger set of claims to be made [20].   
 

VI. CONCLUSIONS/FUTURE WORK 
 
In this paper, we explored four specific conditional-based 
refactorings and whether those classes tended to be applied to 
classes with relatively higher fault incidences, vis-à-vis other 
classes that had been refactored. Results showed that one of 
the four refactorings in particular fell into that category - the 
‘Replace Nested Conditional with Guard Clauses’ refactoring. 
Some evidence that the ‘Remove Control Flag’ refactoring 
also indicated fault-prone classes was found. The results 
presented suggest that the two aforementioned refactorings are 
being used in a fault-remedying capacity only and not 
necessarily in the spirit of refactoring for making code simpler 
to understand and/or modify. Future work will focus on 
several aspects extending this work; a study of more releases 
of the three Eclipse projects studied and a replication and 
empirical support for the study of Bavota et al., [2] where a 
taxonomy of refactoring ‘fault-proneness’ was proposed.    
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Appendix A – Fifty-two refactorings extracted by RefFinder [15] 
 

Refactoring 

add parameter, change bidirectional association to unidirectional, change unidirectional association to bidirectional, consolidate conditional expression, 
consolidate duplicate conditional fragments, collapse hierarchy, encapsulate collection, encapsulate downcast, extract hierarchy, extract interface, extract 
method, extract subclass, extract super class, hide method, hide delegate, inline class, inline method, inline temp, introduce assertion, introduce explaining 
variable,  introduce local extension, introduce null object, introduce parameter object, move field, move method, parameterize method, pull up constructor 
body, pull up field, pull up method, push down field, push down method, remove assignments to parameters, remove control flag, remove middle man, 
remove parameter, rename method, replace array with object, replace conditional with polymorphism, replace constructor with factory method, replace data 
value with object, replace delegation with inheritance, replace exception with test, replace inheritance with delegation, replace magic number with symbolic 
constant, replace method with method object, replace nested conditional with guard clauses, replace parameter with method, replace subclass with field, 
replace temp with query, self encapsulate field, separate query from modifier, tease apart inheritance.    

 


